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FP0O4- 0160-00 SPECI FI CATI ON PROJECTI 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 prod&pEOTHICATIOEYnduct or
devices, liquid-crystal display devices, etc. by

phPR{DJE@Q@WWPTF@ABﬁSYmM EXPOSERE APPARATUS, AND

phot ol i t hography for producti on of the seniconduct or

deEXIROSAMRIEQVIEYH(OI3 | npl enented using a projection
exposure apparatus for projecting a pattern inmage of

a Meeknical Eelégticle) through a projection optical
systemonto a wafer (or a glass plate or the |ike) 15

coat ed wlhbe prepéwttinvention retateheo la &xtadioptric qarofedtivm optical
power (resolution) required for the projection

opsystein, sysipesund  tippapatapechndn exposwe e mafhoal atnd, more
i's becom ng increasingly higher and higher wth
i npastesidarly, td atkighatasohutoey catadibptrive psejectiondoptical system
devices and others. As a result, in order to satisfy
t hsuttahjai foafnexp(ssWGrappmrahss usml ng poadyssiger offsamhieonductor
proj ection opti cal stem is necessary to shorten
t hdeviges, dﬂ@ﬁérwyxtz&fdy $plamrdewmesQ gte. |hg)hphf()é)}ﬁ begraphy.

gﬁ Lgand to increase the inmage-side nunerical

chgronpddhirt he proj ection optical system

AR Rl 1 I S

FS%&%%%ES&% ot esh??ﬁ%mhs?@sﬁ%&‘“@s%‘g??n dfesion Q)’E\posure

oSSR IOL Ty 1926 S0 182020 4P RIS hrough
a projection optical system onto a wafer (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'is 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 1s expressed

by k'W/NA (where k is the process coefficient). The image-side
‘numerical aperttire NA 1s represented by n-sinf, where 1 is a refractive

index of a medium (normally, gas such as air) between the projection
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optical systemand the image plane and 0 a maxi num
angl e of incidence to the image plane. In this case,

i f the maxi mum i nci dence angle 0 is increased in FP04-0160-00

order to increase the nunerical aperture NA it wll

result in increasing 5 the input angle to the inmage

pl ane and the output angle fromthe projection optical
system so as to increase reflection | oss on optical
surgphieap gﬁtémt A tHedirha g @ phaftingd 8 4 AlSEmaht &fible/f incidence
i mage-side nunerical apefture. For this reasoh, there

iSt@hﬁehﬂﬁ%@ &hnol ogy of increasing the nunerical
aperture y filling a mediumlike a liquid with a

hi gh 10 fefthgctasee if mexnaRirhlim oRtiléade AAkTE BelsWeRRcased in
the projection optical systemand the inmage pl ane.

Howeder to appeaseatheonumbrichl apeaabaNAg will tBsult in increasing
ordinary dioptric projection optical systens caused

sutle dnpatheanglages thdamadde ane dadd ithel dutput vehgle from the
correct for chromatic aberration and to satisfy the 15
Peprojection captital i systém, wel bs dor ireeeadeoreflesticat doss oh optical
field, and that an increase in the scale of the
opsutfaces und dhusidaili toess bl & latge efffectiveonmagersde manerical
anot her disadvantage that it was difficult to secure a

| anpertuxsf. f elden thas ireaspe, there muther knawnateehnalogynbf iecreasing
wel | suppressing the reflection |oss on_ optical _ _
sutlfeapamerizel apéntvee Nebopychillufg amedings dike 4 hivend ivdth a high
IS to provide a relatively conpact projection optical
syefEaRthay iingex xive the nepliealgipagh hetmesnmihe eprgjeoieon optical
corrected r various aberrations, such as chromatic
abBYSiem mags/plaiee of field, and being capabl e

of secur] a large. effective inmpge-side nunerjcal .
aper t urei'IQ?ﬁ‘fqvgr:v\ﬂi?l? 1cationy ak thigfeehrology tosthecerdipary dioptric
| oss .on.optical ,surfaces. In the case.where the .
orBagetioh episalasysiFie auscdomyshedisrivantages that it was

{: E@ﬂ:@gé O%O g}f%ﬁ) |tn %écﬁg}‘(gtg:c{hgam%@fé %%Ierrg%g‘%e and ooI sia?isfy the
Petzval's condition to well comrect for curvature of field, and that an
mncrease n 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 1imaging
performance as well corrected for various aberrations, such as chromatic
aberration and curvature of field, and being capable of securing a large
effective 1mage-side numerical aperture while well suppressing the
reflection loss on optical surfaces.

In the case where the projection optical system is composed of

-7 .
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optical systemis conposed of a conbination of

- refracting optical nenbers with reflecting opti cal
nmembers, with increase in the nunerical aperture, itgEpo4-0160-00

becones nore difficult to inplement optical path 5

separati on between a beamentering a reflecting

optical nenber and a beamreflected by the reflecting
optical nmenber and it is infeasible to avoid an

| nendpseflebtihf optictl amembdts 4R i thi"¢asRPWhER the projection
menber, i.e., an increase in the scale of the

pr ejpeichl aysehi Ralcomysised ofnaotdpibihfi@s b \8fracting optical
simplification of production and 10 sinplification of
nuinethbady uwithiereflettingt iopticalrem@hberd,t vith desdreald ein  the
to construct a catadioptric projection optical system

of nansirigll apepure At beawiiss inoré liffiads e implémene bpasal path
in the nunerical aperture, it also becones nore

di Sépamatibntletacieney bebhe entdriggla reldetisgpeptalomember and a
between the beamentering the reflecting optical

nebbam seftbctéd byetlre reftdotnige dptibabndinber afileittis ngfeasible to
optical nmenber, and the projection optical system

i nevelsas lncmascahéhe/Sca&:oﬁdhetrjeﬁecting dpteapmesetber, i.e., an
invention is to achieve a large nunerical aperture,

wi tireseasd inctheasseld of theeprgedtzombptioal sydtemenber s

formng a catadioptric projection optical system 20 A
third oblrectorder t ie mdadewe isimglifieatians tof pprodutdican and
exp,osu;ﬁe apparat us and _exposure net hod capabl e of )
pesuplHieaicm of xpubwel edjustmentnef ppbieah mambersait e desirable
wi th high accuracy through a projection optical . o
sy eRnFENGI calashoptEie PTIgEtal GRitcad rsysige aina steglengptical
alarge effective i e-si de nungri cal apeiture and

t hWB¥IEF dReShERTS, r 0aly) desisase vy the savmenical aaparhe, 1t also

|nl\?/ent| on In o‘gl F; Bft&&aggﬁ#gg E‘imﬁgo gég Sggﬁ@gg&@@bemf:en

YRR L e ficedive opRBAE dtahenRR s Hepm pflected

: foﬁy ftﬁén}é}ﬂec?in%e%ﬁﬁ%gl irﬁrggl%ecr),f and the projection optical system

1creases 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

- transcribe 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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first surface on a second surface, the projection
optical systemconprising at |least two reflecting 5

mrrors, and a boundary | ens whose surface on the FP04-0160-00

first surface side has a positive refracting power,
wherein, where a refractive index of an atnosphere in
an optical path of the projection optical systemis
1, an optical path between the boundary |ens and the

Seepii¢ab Yitehe abéofdlh% qe MRt %sﬁ@éjc' SMHPHEEEnR indEntion is a

refractive index larg than 1.1, wherein every

”@ﬁﬁdﬂlé]{)ﬂﬂ%@pﬂﬁ@@tﬁﬁn ﬁcﬁl’ §§r$‘teﬁ?fdnefdﬂnﬁﬁ ﬂ?@@l@éed/‘hhﬁge of a

a refracting power constituting the projéction optica

sy $irstafceadii aneedndlsapfice, si ngl e optical axis, and
the projection optical syst em having an effective

i magi ng ﬁieeﬁrtgéctléﬁ dptivad dSisill dRfpa idRean Mast two reflecting

i ncluding the optical axis. In order to achieve the

abavieratesaid hashisrionderbjdiise urfaveoheehé GirsoRkifeed side has

system accor di ng to a second aspect of the present

| Nagrisitove reﬂ"rza:mgp@lwept ric projection optical system
for formng an inage of a first surface on a second

sur f ace, wiisecipy vilere iaarefrptiveainde Ofsys atnmosphgreiiai argoptical
a first imaging optical systemconprising two nirrors,

f opatlf of the prajectioneoptechlasestemagel phn tdyidal rsath between the
surface; and a second inmagi ng optical systemfor

f obﬁun@lwh]@nsmdrﬂmﬁm sungec o filled withomdnsdinhadeying a
25 wherein the second [ rra?l ng optical system conprises
théeffanl‘{fbmdﬁg agovdhamtlsli n order of passage of a ray
fromthe internmediate -4 FPQ4-0160-00 inage side: a
first fuwbarmnrreoflerrsf teansomidang dnepber andecoveryf iteflecting

mrror;
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
mmage of a first surface on a second surface, the projection optical
system comprising: |

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

a second tmaging optical system for forming the intermediate
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
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a first lens unit conprising at | east two negative

| enses and 5 having a negative refracting power; a

second lens unit having a positive refracting power; FP04-0160-00
an aperture stop; and a third lens unit having a

positive refracting power. In order to achieve the

above- descri bed second object, a 10 projection

optical systemaccording to a third aspect of the

Pr ¢g@Bk sid@vention is a catadioptric projection

optical systemfor formng an image of a first

surface Qfirgt fiekP Ry dratondd\R HapleeCt i on opti cal

system conprising: a first unit disposed in an optical

pat h bet weedohd ¢idld nsrgyr face 15 and the second
surface and having a positive refracting power; a

second upi firdli RpESEMit| Goﬁh@risﬁif% cal ldpst hwhetheearivehRnses and
first unit and the second surface and conprising at

| ehavirfpanepativorefraatiipotvarni t di sposed in an

optical path between the second unit and the second

sur f ace, acoomud &gt hheast a pogitnvegatiragidgepeasr; and

20 having a negative refracting power; and a fourth

uni t di spoapdrtore stopganidcal path between the third

unit and the second surface, conprising at |east

t hree posithirddechenssdavang a gosuive refrpotsig posver.

refracti ng power, wherein an internediate imge is

formed i tordesetonaclueve #hel absverdesetiibednseqard wkject, a

stop .is provided in the fourth unit. In order to
acrajgetiom coptial esyrdemy apedrding oted aobjisdt aspect -af the present
FPO4-0160-00 projection optical systemaccording to a
f olivientiggpica entadieplpice paateciione aptigal isystem for forming an
cat adi optric_projection optical systemfor formng an
i nﬁﬁég"é)f(’f;af firsst swidipean @n sec d\@fmf@@epr@ﬁ@gm optical
proj ection opltj cal system conpri sing:
system comprising:
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 n an optical path between the first unit
and the second surface and comprising at least four mirrors;
a third umt disposed 1n 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 positive refracting power,
| wherein an intermediate image is 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

.._5-
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5 a first imaging optical systemconprising at |east
six mrrors, for formng a first internedi ate i mage

and a second internediate inage of the first surface'FP04_0160_00

and a second imaging optical systemfor relaying the
second internediate i mtage onto the second surface. 10
In order to achi eve the above-described third object,
an exposure apparatus according to a fifth aspect of

t NrofeRBiBRt opANSY 8 écé‘@rdiﬁ%%sﬁr ﬁ)lﬁfﬂp%rsﬁéé'ts of Qhe present
effecting an exposure of a pattern fornmed oh a nask,

OniRyveéntRiiPtio SenHtAdivpudd Aniof@&ltfon tdIRiIRIPEEWA for forming an
apparatus conprising: 15 ah illumnation systemfor

| limeeBabf g firbe stpfike s@i #rekbAdf siifhce, Sthd Pesjectidd optical
the projection optical systemaccording to any ‘one of

thgygtbm/e@nq)@'g@mg;bed aspects, for formng an i nage of
the pattern forned on the mask, on the photosensitive

substrat g fast iraag Steeed v stdn f rigidgl 4t leastedix tirrors, for
achi eve the above-described third object, an exposure
mefdroningca dirdt ngtetmediate itdagesmedta sécdndeinpersediate 1mage of
invention is an exposure nethod of effecting an

exthesfirst soffawepandern formed on a mask, onto a

phot osensitive substrate, the exposure nethod

conpri si agseeond | tnnagingt iopticad epysteni | farmirakyimg the second
mask on which the 25 predeterm ned pattern is forned;
anthtermeshads imege voto tie geordnat sirfacaan exposure of the
pattern of the -6 FP04-0160-00_ mask set on the first

sur f ace, Iarderttheachrsieokherahaverdesartaad thied ebjecsnan ksposure
second surface, .using the projection optical system as.
setPpaaiys agcarding olge aofifid aspect of othes presiengfinvention is an
Description of the Dramngs 5 Fig. 1 is an

i | PXROSUEE | appasNE AR i cdiaatings aBaxRysare ¢ira gatterm dprmed on a

mask, onto a photosensitive substrate, the exposure apparatus
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 is formed; and

an exposure step of performing an exposure of the pattern of the

-6 -
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an exposure apparatus according to an enbodi nent of
the present invention. Fig. 2 is an illustration

showi ng a positional relation between the optical FP04-0160-00

axis and. an effective exposure area of arcuate shape
formed on a 10 wafer in the enbodinent. Fig. 3 is an
illustration schematically showi ng a configuration
bet ween a boundary |l ens and a wafer in the first

exgpleséford IR fiLARAsfBNbntd ik gﬂofo%eﬁﬂti%| stdkiratd 88t on the

schematically showi ng a ctonfiguration 15 between a

boype@hd suefageanding Rl BrojebtibhoeaA N st Setoforten any

enbodiment. Fig. 571s an i'llustration showing a | ens

CoRheH I @lai@R Tofo 44, proj ection optical system
according to the first exanple of the enbodinent. 20

Fi @riéfms&i@taﬂfmwﬂﬁiiaﬂﬁn e transverse aberration
inthe first exanple. Fig. is an illustration

showi ng &ig.ehss soillugrutédn schahatica @hewtih%ra eqptfigalation of
system according to the second exanple of the
emandexposure 2 appagutus dcsoadlicage aanm séiabodgnehe of the present
transverse aberration in the second exanple. -7
FPatvedt&®.00 Fig. 9 is an illustration showng a |Iens
configuration of a catadioptric projection optical
syst em abFg@rdisnan tltusttadianhshaivaxpapositioElgelaton betaveen the
illustration shovvigg a lens configuration of a
cabptitalpaxis andray) effeciove epposate arpatafmrguater sliapg fovmed on a
the fourth exanple. 5 Fig. 11 is an illustration
sh@mfﬁglnatheeemb@dme@tr ea on a wafer in the third and
fourth exanples. . i ) ) .
Fig.'3 1s an illustration schematically showing a configuration
between a boundary lens and a wafer in the first example of the
embodiment.
Fig. 4 i1s 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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Fig. 12 is a transverse aberrati on di agram show ng the
transverse aberration in the neridional direction and

in the sagittal direction of the catadioptric FP04-0160-00

projection optical systemin the third 10 exanple.
Fig. 13 is a transverse aberrati on di agram show ng the
transverse aberration in the neridional direction and
in the sagittal direction of the catadioptric

proj ect i gy opt !ifaein SYas&AibA %ﬁSwﬁﬁgrfglﬁﬁx%ﬁfi%urét?on of a

Fig. 14 is"an illustration show ng

COoRhtAHoBircORopdctipn 6%%@@!! QRkEMCadRopdiRg! tolheGRirdCdtample.

system according to t fifth exanple. ~ Fig. 15 is an

i 'l ustrafi@n 16hpnwiafg jifudteatfors Hovilineathl BhsOodfiguration of a
cat adi optric projection optical systemaccording to

t heagidioprR@o@ion dpticalldystémattcotdingt thathe fousihoyidifiple.

a lens configuration of a "20 catadioptric projection
optical FystEHmsanc dheitrgid shbgiseuadposkddpte ofidwafer in
17 is a transverse aberration di agram show ng the

t r destlard andfeunhexamplest he neridional direction and
in the sagittal direction of the catadioptric

proj ecti brg.ofdd csl syatasvénset abetration diagophe. siRbwving  the
Fig. 18 is a transverse aberrati on di agram show ng the

t r trasseerse atheerratain an the ttherideriali diredtion ramd iian the dagittal
in the sagittal -8 FP04-0160-00 direction of the
cadadcpnr ot the opatatliaptricppropictions optncah syséemi xn hthe third
exanple., Fig. 19 is a transverse aberration diagram
shovamgla.he transverse aberration in the neridional
direction and in the sagittal 5 direction of the )

cat adi optig. c 1gr dsed | Gansyarse alabeyration | fiagrams showing  the
exanple. Fi g 20.is .a flowhart of a nethod of

pr Bansyerge Wy dn othe menidional direction and in the sagittal
direction of the catadioptric projection optical system in the fourth
example.
Fig. 14 is an illustration showing a lens configuration of a
catadioptric projection optical system according to the fifth example.
Fig. 15 is an illustration showing a lens configuration of a
catadioptric projection optical system according to the sixth example.
Fig. 16 1s 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 in the meridional direction and in the sagittal

direction of the catadioptric projection optical system in the fifth
example.
Fig. 18 is a transverse aberration diagra_m showing the

- transverse aberration in the meridional direction and in the sagittal

_8-
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devices as mcrodevices. Fig. 21 is a flowhart of a
met hod of producing a liquid crystal 10 display

device as a m crodevice. Detailed Description of the FP04-0160-00

Preferred Enbodi nents In the projection optical system
according to the first aspect of the present

i nvention, the nedium having the refractive index

larger than 1.1 is interposed in the optical path
betgirpohhefb " A5 i e . :
(secondoglu?;agig%%délr)ggic %ﬂ%@é‘?ﬁ?’%@. i g}gﬁgi ethe soxth
nuhhffde aperture NA. I n passing, "Resolution

Enhancenent of 157- nm Lithography by Liquid

| e si ofigr oMY feda | AraiiEARC Iy Aton | Blgrhi] Csiifwing  the
Technol ogy™ in "SPI E2002 M crolithography” by M. M
Swittdfesesedabbrratibn Rat ihe hinkdidieeslr dieetibhugnd kI tthéOsagittal
(Perfluoropolyethers: trade nane of 3M USA) and

Deidirsicried Whtthkt @sadiophdd daogscti@r opeidab syatedmaint fee seventh
required transmttance for light of wavelength 1 of
noiexampdet han 200 nm In the projection optical system
according to the first aspect of the present

i nvent i ohi1g.t2@ ivptflowkhartr 6fa emethddhef popduting stamiconductor
(first surface 25 side) of the boundary lens is

pr deivnbed agimicrodevipesi tive refracting power, whereby

the reflection loss is reduced on this optical surface

-9 FPO4-BigR b6 adtwycharttafra methedl afr peodifdieg ta liquid crystal
I mage-si de nunerical aperture can be secured. In the
opﬂls@éﬂly dymc@msrmmw@d%wecmi gh-refractive-index

material like |iquid as the mediumon the inmage side,

i t Detailed dPescaiptaon of the RxeefervedeEmabodimaentsige- si de
numeri cal a&zrtwe,to not lLess than 1.Q.5 and, in

turn, to REQieetan rapfinaltsystem reakevding {hélae firpeaspect of
prqj ection .magni.fication is constant, the_ object-side
hufHer Pecsent JBVentien a e, e Jiweng; the TelEaeive index larger

T e, B SREAL A v b} s ane
"efeP5aBY plane (second surface), thereby increasing the image-side
numerical aperture NA. In passing, "Resolution Enhancement of 157-
nm Lithography by Liquid Immersion” reported in "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 mvention, 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

-0.
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menbers, it will be difficult to satisfy the Petzval's
condition and it will 10 result in failing to avoid

the increase in the scale of the optical system FP04-0160-00

Therefore, the projection optical systemaccording to
the first aspect of the present invention adopts the
catadioptric systemof the type conprising at |east
two reflecting mrrors, in which every transmtting

mephgr h@"tﬁnﬁV@{eYIaggée | SRR ﬂﬁg’gsfsidé tinferi&4lr 8641t can be

15 power (pdwer) arranged ong the single optica

axisgci@d. Whilgh th@soptibsl efylseahi tRvin@otRg Hi’g?llaréﬁadtf’s%-index

predet erm ned shape not including the optical axis.

| nnitierinl dkeclid@d aPtheahedush &M Phe imaget yde, iff & feasible to
exanpl e, through action of a concave reflecting

M id@easd the effé@dsd hhagtxidehumdrudl eglerfi@e tbhmt less than 1.0

chromatic aberration and to readily satisfy the

Petadain turdQte enbandothd eesohitioror Hegvevar whwe the projection
curvature of field, and the scale of the optical

sysigmifieative isedistant] hthepraljject-side omtmedtals ypleeture  also

of this type has the configuration wherein every

t r amzoadesi withnmeohease (inetheeisnage-shle hukeyicahdpestarg; therefore,

refl ecting menber with a power (concave reflecting _

m tfr dhe projedteot i kp)ic@ls systemar isncestalated ofieoslyngleracting

optical axis, which is preferable because the degree

of miinilpérsyittwill bephiffacidt tosatistycthesPetevabs gonditeon ehdnt will

ina -10 FP0O4-0160-00 multi-axis configuration

whegssitnintfadingto avvidibhebacseasedndhe saglsdoftbeneptical system.

mul tipl e optical axes. However, in the case of the

si ngl e- akherefemnfthgupeycemommptigal systcropaceuding dpethe first

are arra d along the single, optical axis, the

o hasHRst 1f Hise PFeRCis ANVERGGn  alonts dihef raladiontsicusystem of the

correct 5 for, but :Lehi S problemof correction. for, .

chPBSa SRR Bt odeasin tWe  Telieridnge MIFKIS o xiipVRICh, every

useg of laser light with a narrgwed spectral w.dth .

| Wansptingomenibgn and; fver dolariieg . memben MEEh A gefiacting

of _the present inventi OCE fan realize the Lel ativdal‘%l. hh

c oRPYET (ORFD AT Bt afong, teesingls PRYCRHEXIS an ¢h has
the effective imaging 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
wherem every transmitting member (lenses or the like) and every
reflecting member with a power (concave reflecting mirrors or the like)
are arranged along the single optical axis, which is preferable because

the degree of difficulty in production is considerably lower than in a
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10 excel l ent imaging performance as well corrected for
t he various aberrations such as chromati c aberration

and curvature of field and being capable of securi NIFP04-0160-00

the large effective inmage-side nunerical aperture
whil e well suppressing the reflection |oss on the

optical surfaces. Therefore, an exposure apparatus
and exposure nmethod 15 using the projection optical

sy thli-a%ig0 cohfigut &idd ewhifch ﬁfeoqgftid%fl hﬁ%nb&rsl?ﬁ%‘tananged

invention are able to performan exposure of a fine

patal@iig niditiplé afpifddl bikeshe aweoen hfdIGasé T the single-axis
projection optical system having the excellent

I mephfigupstidiowirned debpial meadet! 4RCairMRgtdBlnISHRsingle
nunmeri cal aperture and therefore the high resol ution.

20 opbtichhexik| th&d clasnestic abetrhiopritenddto beEMEEN o Wl correct
projection optical systemis preferably arranged to

haver, abutevieis protilem &ff cefdeetibnnfbr chrématic hb&ratib® can be
formthe image of the first surface on the second
suoiem®mé, hforughamplesisn usardfelasef light veithi  marroded spectral
the projection optical systemin this configuration
isw&dﬂiiiledAIFdlaseD(}ighte, to the exposure 25 apparat us

and exposure nmethod, not a mrror imge (a flipped _
i mage) butthsn mannerprthe fistf aspeged)f ithageregenteatvention can
i mge or inverted inmage) of -11 FP04-0160-00 the
matgalizgt the reldativalyr eenipant tprejewtiar optheal ebystete having the
ordinary masks_(reticles) can be used as in the case ]

of exeallent pgnagn g ppeifarmanegueppegll warreatad doopthei various
proj ection optjcal system In the first aspect of the

pr abamations, suehoas eliemalis) abemsfionpand apurvatuies péndteld and
preferably conprises:. a fj rsi i magjng.optical system )
cobeings capablensf nsequemg ther large neldgctive i magersigieamaimerical

i mge of the fi rsi surface; anizll a%ﬁecond | magi ng ]
opfRIRyres Yelilin WoH SUPRTST§ING dhenfetlaeiipn: bossnage ths optical
t he second rface: the second i magi opti,cal system

or SHEAGDY y TBGFIPTS can; R3PPSHIC, APRET B BREnEEPSSITe. Method

e e BRIt orBchl el g Cardife o3 Ml Brthaghect of the

present mvention are able to perform an exposure of a fine pattern to
transcribe the pattern through the projection optical system having the
excellent imaging perfonﬁance 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 is preferably arranged to have an even number of reflecting
IrTors, 1.€., to form the image of the first surface on the second surface
through an even number of reflections. When the projection optical
system in 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 inverted image) of
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second field mrror; a first lens unit conprising at
| east two negative |enses and having a negative

refracting power; a second |lens unit having a FP04-0160-00

positive refracting power; an aperture stop; and a

third lens unit having a positive refracting power.
15 In this configuration, the internedi ate i mage of
the first surface is fornmed in the first inaging

OP{hE Fhasky Ph&é‘i‘n, 38 FotthelSont TS WHERS) ﬁ)h?re%@; g{i@ dénhry masks

and securely achieve the optical pat I on

be{meRNled) @ beared ovahdheheiski dfStheSdjRate %ngfsdgﬁs equipped

beam toward the second surface, even'in the

wheyith ﬂt@dwmelﬁgjecﬁ@ﬁrdpﬁ@q S?,gfém.ncreas_ed of the 20

catadi optri C projection optical system Since the

second i g dirstopipeebf Sy peeRei® TRvEmesn, the frofédtion optical

l ens unit having the negative refracting power, the

t obpstehe patforably tduenpasesdiofivst gnagiapesitien IBtdm alomprising

system can be reduced, and adjustnment for satisfying

t hewBeahnvais, $or fomlinii om inteemediateadidge pftHofintdurface; and

Furthernore, the first lens unit 25 relieves variation

due seoondemdigiigoptical systeirefar forgiieg the inkerniedinte image on

expanded by the first field mrror, so as to suppress

octher reegondofurfad® RO 4sddel Gtaghgr opticah.system preferably

Therefore, the good imagi ng performnce can be ,

achvmpeses Khe lfgﬂow_mg enponersriaginleriof passage pdsauray from

area, ~even in the case where the object-side and

i ndgelndegBediate image sider aufiess fadld: marrostafda @encave shape; a

pr oj ecti%n optical systemare increased in qorder to

enstaend figld nirrars @1 tigstolens| unitheompoisngl @t deasielwo negative

configuration, preferably, .the first imaging optical .
v§ apBehhavees a nogative refllaging hawetad segoaddens unitehaving

refractij.n wer., a negative lens, a concave myfrr

and ROSIBYE i (CATaCHREN POREE A At [ARGTHRTE r BOP; sl ehdlurdl lens unit

| | BAGRE RriG EHOENRE POFEET | magi g opti cal System

passes ISYaR KIS HOU Uhe! SRS miHh S IMab0 %S¢ 1RI%A Surface
is formed 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 variatton due to the difference of field angles of the beam

- expanded by the first field mirror, so as to suppress occurrence of
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the concave mrror, and passes again through the
negative lens to be guided to the optical path

separating mrror; the light reflected by the opticakpys.0160-00
d

path separating mrror is reflected by the first fie
m nor and 15 the second field mnor and thereafter
directly enters the first lens unit in the second
i magi ng optical system In this configuration, the

pr abeghiien. oMtctaforsyfeegbean Iirg%?e?ﬁﬁ*ﬁiz{ﬂc‘é Ot b@l%chieved

first surface side because the I magi ng optica

Syﬂhﬂﬂﬂgﬁ@ﬁ?fﬂéaﬁﬁeh%gi@ii it thé erRpositelarBaVévid fhthe case where
positive refracting 20 power. Since the first imging

optlic dbjeyrsidenandniphageside aungadddl Vaperhfes dhthe bBtadioptric
concave mrror, adjustnent for satisfying the

Peprojettion opndal i ot@an dve ivadabyd PRI f Grdeedidy enhance the
adjusting the negative |lens and the concave mrror.

| nrédodution.st aspect of the present invention, the
projection optical 25 system preferably conprises a

first inhyithg otoveadesysticein confipusitiom, prefeeally, stbe first

mrrors, for formng a first internediate i mage and a

setmaging- opficalFfteM166mPPiscs rd dourtli lehe uniadaviig tahpositive

first surface; and a second inmaging optical systemfor

r etedydatong pewsecondgative deoms]i aceoncaregminmrpand ensepocal path

surface. Since this configuration conprises at |east

si separating gnirrere dnd she forst nmagwegioptecal rygterand amenged as

secaond i nternedi ate i nage_can_be fornmed w thout

i nkbaes light nkaveling nerdfen fisst timagiag aaptipal isystem passes

projectjon optical] system, and the_good inaging

pethrgp ﬁﬂ% @H-ﬁflbi@nédmlb@@d ther BegMbyr lensas ght:n meflected by

region in the exposure area, even in the case where

t HBleoppREAVE ENHOT.aARd (RRSSEHagaIR i tHEOURIhdhe qggative lens to be

apertures of the catadioptric 10 projegtian. optjcal

Sy &1l foetlicnepEsalchai SRz g iR ALndie [ight reflected by the

oS dpab S SR FIETeS WY W Bld 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 lens 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 invention, 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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internediate image is forned between a mrror that
light enmerging from the first surface enters second

and a mirror that the Iight energing from15 the fi rSFPO4—016O—OO

surface enters fourth, out of the at least six mrrors
in the first 1imaging optical system In this
configuration, the first internediate image is forned
between the mrror that the Iight energing fromthe

fi nglersenfasq eph the TR GiRiidet %mhrg&bnﬁhghagﬁ% optical

light 'energing ffomthe first surface 20 enter
fogystem Toenelfify féeRetind NatGasedivheimaoReonto the second

obj ect -si de an I'mage- si de nunerical apertures of the
cakaeheptri c projection optical systemare increased
in order to enhance the resolution, it is feasible to

readi |y Siftesg#siicehficaedtion & onisrisdd ht BasPabh mirrors, the first
separation between the beamtoward the first surface

anmtbhaedﬁ@eniﬁmgarﬁxd hiee second mtsrhaediabimage tean be formed
achi eve the good i magi ng performance throughout the
enwitimutirgicase im thd eotak persgtheo farheacatad o0 Hrojdadd@Ooptical
Incidentally, since it is necessary to formthe

i nspstorgiaadethicngme magitghperfopiianpe siani loa achievedethrowghout
construct the catadioptric projection optical system

of thehentwiemgigeompt theatxposiae areay eiangin thet ¢asefwhete the object-
aspect of the present invention, it is desirable to )
cosisier waid tthe pnojgeetidon nomeérnted! Zpeysresn af the catadioptric
rei magi ng optical system In_order to avoid nechani cal

i npEjEeliem cepiiealwaystapt iacal maseasad Whiordencto eonlgpnce the
the optical path separation with the internedi ate

i nEFOIBEMhg formed near the pupil position of the

first impging, the pupil dianmeter of the first inmaging
needs tg&oeﬂ@eta crfRiipngd Jgmatienenpreferaldycathe first
where th

e She A L 2 BRSL Y T3 i fom
Sy Beciet Pitafie cpRs scaopd kR THEPTpNaL S ey Erersine from
t h&l%eéf)srt es\nfarég enters fourth, out of the at least six mirrors in the first
imaging optical system.
In this configuration, the first intermediate image is formed
between the muror 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
image-side numerical apertures of the catadioptric projection optical
system are mncreased m 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 1n the exposure area.
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projection optical system preferably conprises: a
first imaging optical 15 system conprising at | east

two reflecting mrrors, for formng an internediate FP04-0160-00

i mge of the first surface; and a second inmaging
optical systemfor formng a final inmage on the
second surface on the basis of a beamfromthe
internediate image. In this case, specifically, the
first i [ [ ¥ole:
st et it IS pRCaaly 18 ARt Rl fimage
a fiensthé PubfACHOEER ff OFdH BPESREr HetricAfecti
bet ween t %Eelbf [ ff)g%iﬁloglnlgl gﬁliétiL %ﬁg t he (%%ntfﬁgr @nggpgﬁgj ¢ ction
| Me@gicahB¢stam 8F RN in b | Rfid ' ' i
opti cal gg? h bet vveeﬁ t%g cgji%rdsﬂp le?ée? ngértc?%%@nﬁﬁgrfngﬁ%@pea of
t hehe presomedhoestionpiieis MEsifabl@hbYsorsh@ict ithétprojection optical
reflecting mnor is a concave reflecting 25 mnor
di speieatl agenremndeipil oplisdlespdtetne fi obsder t@Gvadd mechanical
optical system and at |east one negative lens is
di sitesfeterioe betvaserdopticsl aimbeds waile achlifving the optical path
FP04-0160-00 formed by the concave reflecting mrror.
By separationnwvithu tied itaternietiaicn image nbgiali Yermedsnéa the pupil
di sposed in the back-and-front optical path forned by
t hpositionavé theffiest tinmagimey the pupil Bafietet off nthgi figst imaging
optical system it becomes feasible to well correct
f oncedreta bewast asesroél] fasepasstblenéven itedlié Icpse avharfeyihegobject-
the Petzval's condition, and to well correct for the
cheideanimesisal rapdroneass Wage; thheeforgathe dinsenmaging heptical
back-and-front optical path is desirably disposed o
nesysteme withithe pyaalli pwmenipal tapsrtirears dpsirablye aotatadéoptric
negative |ens becones smaller because the pupil
di 3Y#€® of the first inmaging 10 needs to be kept as

the fluence (= ener

smal | as,  possible; therefore,
“amount E’&t?@rﬁlist areectaidhg hresent sugntiepgtherefaiec

hi gher at th egative |lens,., Therefore, if the . .
n'eg%ﬂl?%m optical Syslem &Fegifﬁb]éfa,coﬁlﬂfb‘@ﬁi a I magingeptical
or_col a_ction.will Eelcorre Iikelﬁ to occur due to .

vol r COMIISIRE agt 16AdeWor Fstecing noitons, ek forming an

' 9 e mibee .inqaég "8 i Birst surface; and a second 1maging 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 umit and the intermediate image, and a
second reflecting mirror disposed in an optical path between the first
'reﬂecting mirror and the intermediate image.

Preferably, the first reflecting mirror is 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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15 i magi ng performance of the projection optical
systemw || degrade. Likew se, the boundary |ens

| ocated in the vicinity of the imge plane also has FP04-0160-00

smal | clear aperture and the fluence is likely to

becone high there. Therefore, if the boundary lens is
made of silica, it will result in likely causing the
conmpaction and degradi ng the imgi ng 20 perfornmance.

| N fhAfledl! byt tBEPEGAcAe LRECBFiRSE Hhirt Y ENBYNthit NEonfigurati
degradation of imaging perforlrrgnce1 due to jfhe .1gurat10n
CoRpRstiPthe ABgAitve RUR i@Qﬁsﬁdseﬂi BPH¢ BH&]@IaJn@UfrWﬁF bptital path

the negative | ens disposed 1n the back-and-fron

optfoaatd Py Nhe ofdRAveY rdflitiFeN ¢direor ¢ [thet { hAE ot
R ook Lt Sht o e he nauaagy ca

| engstdins pitsbecdried Heastbley i¢ ikl Yedtedthfor BROGuBYANL: I0F field
the second imagi ng optical systemare nade of

f 1 wdiild ecacily6 saREH i)l B BRtzval'st benditiosl adgipRcivedf cbiiect for
present invention, the projection optical system

deslie elmfomatat bbéirasofandiigiion (1) bel ow. In Condition

(1), FI is the focal length of the first lens unit,

and Yo aThexicgatveregs ith¢he hiackemd-fiers equivdl patli & desirably
5 5 <F /Yo < 15 (1) The range above the upper limt

of dGpoded irwar (thy pupilipdssioming theeclgas apettaroufithe negative
dianmeter of the first imaging is too large to avoid _
meldmsnbeeomes smdlarebeaauiset theepupilt dieaictoe ofiethe frst imaging
descri bed_above. On the other hand, the range bel ow

t heeedsnto bei kept a siosHdas possibly; theralorenthss ?lnu@nce (= energy
because there occurs a_large difference dependi ng upon

o bBUNA QT B aptsaganch gmflse)w@mttmbegmn@ dugher at the
reflecting mrrQr field angle difference) and. it.
bebegAttvaiiams; culhereborge Hi theenegatieelansnistgde of silica, a local

aberyati ons such as coma and .qurvature of field. For
bet Cg‘éﬁgﬁsf’F afPmpachen wiiedecomg hlgkfﬂye%npccm due to

SRy SR B e Bab a0, e
imaging performance of the projection optical system wili 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 hkely 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 are

made of fluorite.
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7. In the first aspect of the present invention, the
first lens unit preferably conprises at |east two

positive |lenses. This configuration permts the FP04-0160-00

positive refracting power of the first Iens unit to be
set to a 20 large value to readily satisfy Condition

(1) and it is thus feasible to well correct for cong,
distortion, astigmatism and so on. It is difficult to

produce @ ik Fegt dpRciof ﬂ‘i’é #géééht hh0Entieh | Biet u;ﬁ%g@ctnﬁ[‘ fptical

hi gh endurance, and use of ny reflecting s ces

W lsyste@s desirabily dadisfick IComditionl (19Uslbit Y- In! @ohﬁﬁl(fﬂ gli} F1 is
aspect of the present invention, 25 therefore,

t hehfogsiclehgth opthe ﬁrstslaisemnltsmm Q%aiﬁﬁum(ﬁﬂﬁg@ height
to the exposure apparatus and exposure nmethod, th

seoanticiseaghdgurfade FPO4- 0160- 00 optical systemis
preferably a dioptric systemconprised of only a

pluralityoFlfYarsiitting nenbers, in {i)ew of

I mprovenent in throughput. Fluorite is a crystal

mat er i al Thewange iabowve rthe anpperdimiing® Qlomdidod (d) i undesirable
transmtting nenber made of fluorite is considerably

af becaust the phpilefrainmgencsd, theafirsic unaging i dool lagpe tof avoid
wavel ength of not nmore than 200 nm For this reason,
anmgehaowial aptarfarenee betwegn soptical | menitices as described above,
transmtting nenbers needs to suppress the degradation

of Omthe etherr hpndpdhe wm&&l@wdheolobwrehmlh@ér@em&nymn (1) is

conbining the fluorite transmtting 10 nenbers of
di nndesirablerbegause i these gicaairy sa dargex skfferancee dependilg upon
sures cannot conpl etely suppress_the

Couﬁ rﬁﬁ@tsmpagaangiﬂs dtfeincad@it behi dgetheereflecting mirror

i Hielimle mﬁéﬁﬁai%ﬁ“bégé‘éntﬁgél it o adluene porrection for

 ADESTOR | SREoPS UERT I - SHDEAE rié‘p}%@i‘%&{ s For better

g? f?lﬁéﬂ%{re{l%tt?]sngﬁ"s?e/ ggf&%aﬁ'?esteﬂ inve 19 e fl?prprcrearmﬁmlt of
Condition (1) 1s more preferably set to 13 and the lower limit thereof to
7.

In the first 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 1s 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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system therefore, it is preferable to avoid use of
fluorite as nmuch as possible. For decreasing use of

fluorite as much as possible, therefore, the presentFP04_0160FOO

invention is preferably arranged so that 70% or nore

of the 20 transmtting nenbers constituting the second

i magi ng optical systemof the dioptric systemare

made of silica. In the first aspect of the present

in [ I fea eff LVE, i Bl :

an ORcaD By SR IS BloferdS o SHCRRLL St PhRieR Miconly o
sabhghi; N Ghi- ol I n; b (¢ j :
2 PLERS® PRy Ry ABerss dgaRr N oy pgprdvenient i
ef ﬁ%hig‘hgu{_nagi ng area, and Yo a maximum image hei ght

on the second surface as described previously. -18

FPO4- 016PhRfiteds Qrysidlt ¥eaterihPhbvding htfifiSic birefrifseiRe! and a
of the present invention, the projection optical

sy ahammiRig hcRibbechiade igTadhngiter &8 @insddéablye sfféped by
not including the optical axis, whereby the optical
pablrecfiengdiiel, partiariake, faaldiht ofohvel@atbth othihdtemore than 200
avoi ding the increase Iin the scale of the optical

syafrem Fdtowhicerreadan, ewargptecal wegstent himchidingctsueh fluorite
optical systemis applied to the exposure apparatus
anttanspasmpemenibers neetls ite slippiéssuttie degradafionrdfythe imaging

illuminate an illumnation area of arcuate shape on
t hperfaskancd dee 6 durefriagenthbg ¢cambminddhe dihdrstecnansohitting
[imting an illum nation 10 beam of rectangul ar shape

c omessprrsdiofigdifterant eatiemtgtioans ofgicoystali rcdesdi gt tehven  such
area of the arcuate shape, by a field stop having an
apeunieEmeaswyhs teamti t compleely i ospesar cthat e performance
shape. In this case, in order to reduce loss in |ight
qudegradption eluegothiecfringencet op, it is necessary to

keep the_radius R of .cyrvature of_ the arc defini ng,the .
ef fecti SIROREgth @S ndhpbtbe rgfragbyei mdex distribution

(Aeide thitise; P B hatequaaon ompAIte andotic gagion in
| *re %c%%l %n iggst ihc i} 11(1ega "Such high-frequency components causes
flare to eastly degrade the nmaging performance 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
transmittimg members constituting the second imaging optical system of

the dioptric system arc 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 is 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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| oss due to the field stop becones so large as to
decrease the throughput due to reduction of

illumnation efficiency. On the other hand, the 20 FP04-0160-00

range above the upper limt of Condition (2) is
undesirabl e because the radius R of curvature is so

| arge that the required aberration-corrected area
becones large in order to secure the effective imaging

area in a Oggqyjyoeg Wi dth for reducti O@I)I n oven-an
| ength during scan exposure, so as to'result in

i ncr easert, S i ; . .
et tor oL umes ARt B theBriint flcriicn, W Fidfection optical
in . o

or ST Srabl . St o g and B [Ster ML {hareor (o, ng the

- 19phiPaads 6Aheeebyl Y op!fi@alt]ﬁﬁhcs%bﬁﬁﬂtﬁﬁi Ehi¢ bRr1Rh8RY #RRieved

optical systemof the <aforenmentioned type, even in

t hevigRs eavifigit; tihe dptieaRk PRt the Osddle of MHgs @;Ibt@@aﬁ system.
(second surface) is not filled with the nedium’ike

| i However, fdregxdmplep wheaettheprofddtioal optisilesysiani isfdpgdied to

Condition (2), it is feasible 1o avoid the reduction

of thehexpigsupe tappaeatiie andeexqrpueaseethbdi it grdifituleno uniformly
efficiency and to avoid the increase in the scale of

t hdlupinatel anydilamindtient artdeof naraase ishapbe on the mask.
required aberration-corrected area. \Were the
pr dhertfors) apnethad &y dteeadopiethis pne sehlinminvmentn ablunsination
apglied to the 10 exposure apparatus and exposure .
mebéat, oft réctapgelaer abape t comesporidong  éxaaplectang@ar region
| aser |ight (wavel ength 193.306 nm) as the exposure
| | gieludingnthd emeafof ilee targnste shapee byt at fieldestopnhaving an
(liquid or the like) filled between the boundary |lens
andpeThae it transieittingepasigndcofoaravate shapg.  dn thirecase, in
| aser light, apd so on. 15 The oj ectign optical,
sy@i‘{?ihtaé@@‘#%ﬁ F@ﬁsma light quaniity cg@p%uheoﬁeld sfeppitdsapcessary
invenption.is a,catadigptric projection opjical syste X
f ofo KegPriiegradiusnig ot gpuryanreopl sber st dsining otfsn ilective
sur face, congéﬁsing: a first imging optical system
cOMREIRE IR 4B IARERASPOSIRICS or i ng an
Namely, the range below the lower limit of Condition (2) is
undesirable because the radius R of curvature is 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
radios R of curvature is so large that the required aberration-corrected
arca becomes large in order to secure the effective imaging area in a
required width for reduction 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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intermedi ate image of the first surface; and a second
i magi ng optical 20 systemfor formng the internedi ate

i mage on the second surface, wherein the second FP04-0160-00

i magi ng optical system conprises the follow ng
conponents in order of passage of a ray fromthe
internmedi ate image side: a first field mrror of a
concave shape; a second field mrror; a first |ens
unijtggonprising at | east two negative |enses and
having a negative 25 refracting power; a second |ens

uni t havig thopOShatddiBphrR! I FLICIGH WRIptical? ARIEHUT OF  the

stop; and a third Iens unit "having a positive

r ehf@ehi iR type, - efer TR4HR168sDWh&ienaR: ioptichl ath to the
configuration the internmediate image of the first

Suimage plané ge®shd Burfhe Y Ist bt filtedi Wthote AridngmSEREiquid,
it is feasible to readil'y and securely achi eve the

opivital theapfojsean Apteal BpiteReRatises ORAItIONALY i HE feasible
first surface and the beamtoward the second surface,

5 eaveanoidthdheediatenbltleotpbpavdee itoahe aliéaveest dfumination,
the catadioptric projection optical systemare

i neffecsncly afidnte avbed tlee anctrcasagnnhe sgile adl theyopgoal system
conprises the first lens unit having the negative

r eflnadoi thy pawease tinghe atglircdngbdrrationvorcated iavpa.r i &Vhere
projection optical system can be decreased and the

adthes prygectibnroptatal sfygtemy afhehePptesent isvaticonsliapphed to the
can be readily perforned. Furthernore, the first |ens
unEXposieE i anpearatuse andréxpastine duethodl, t iteisdprdferable doofise, for

field angles of the beam expandedc%/ the first field
m example Ads laser dighp (weselsagtih 183c0@nm aasctheaipssure light,

Therefore, _even in the case where fhe ohject-side an

d
i niyaiew def therivansmittapee wafr e predinm ¢hgutd opttheclike) filled

projection optical 15 systemare increased n order to .
enhahween the @wfwﬁ%ﬂs apd bhe nRage an%etﬁﬁdi%%@?@aﬁowmg
be élh?lr ved .tgplrou hout the entire region in the

sek bght, |3tk .08y oj ecti on optical system

o S B P AR LI IR hagond aspect of
Syﬁlteegresent mvention is a catadioptric projection optical system for
forming an 1mage of a first surface on a second surface, comprising: a
first imaging optical system comprising two mirrors, for forming an
itermediate 1mage of the first surface; and a second imaging optical
system for forming the intermediate image on the second surface,
‘wherein the second mmaging 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 unit 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.

-20-



10

15

20

25

20 conprises a fourth lens unit having a positive
refracting power, a negative |lens, a concave mrror,

and an optical path separating. mrror; and the fi rStFPO4-0160-00

i magi ng optical systemis arranged as follows: [|ight
traveling in the first imaging optical system passes
through the fourth I|ens unit and the negative | ens,
is then reflected by the concave mrror, 25 and passes

agai n t hionah 1 hidegatl _\ﬁ?aﬁ&i‘%héﬁg@&%kﬁ?\?&f gg]ggéh&f the first

optical path separating mrror,; cted
by | feithn GG 5 - 05 ;
m SUIRPRS R ol iR HRSE i ing b st M foasible to

seqeadly i 8ldd sBburehf RALV e afFtRial %ﬂﬁ%&pﬁﬁﬁ&ﬁr@emﬂm the

first I'ens unit i the second i'magi ~optical system
Si beand fowhid tEORitdtRir8idoand RBe fiidadt thwasd e @@é%mlsmface,

system 5 conprises the fourth Iens unit having the
pogivbhVin R r @il PEhaROVie nufferiddlohpeitiRy @t fheakatadioptric
system can be nmade telecentric on the first surface

si peojettibaeoptieall ysteni maei fittrepdddal Shwet €ie GeEBhiSABaging
the negative |ens and the concave mrror, the
adppsicakndystam satimisdsnght héirfletienal uait dendngi tie cagpative
be readily perfornmed by adjusting the negative lens
andgefractimgd poveg the total rlengthl of tthe qatadieptrioprojddtioal optical
system according to the second aspect of the present

i nggsteioan peedenraidegd and¢hé iadsustinest donisatistying tthetRetzval's
light entering the first field mrror, so as to bend

t heohdigiom ican da reladiby tiavformedhar Hurthermpré c the dirss larfs unit
the catadi optric_projection optical system 15 In the

pr jlevesolcoyrriation dysttonthecddiatienge taf fielkd segleadof the beam
aspect _of .the present .invention, preferably, the
seexpandade by the rfanst Haglda musrares0 aRafse suppressdpagumence of
these caonfigurations, a ray incident to the first .

f | aberrafion orThegefgxse,p gveadimsthge pase nvbers dhe cebjegtrside and

toward the optical .axis of th 20 catadioptric . )
sygﬁa&?-swﬁ?e gl 3RSt PbIthenFARGIORER BEOjection optical

construct ed. . . . .
system are mncreased m order to enhance the resolution, good imaging

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 mnaging optical system 1s arranged as follows: light
traveling in the first imaging optical system passes through the fourth
lens unit and the negative lens, is then reflected by the concave mirror,
- .and passes agamn through the negative lens to be guided to the optical
path separating murror; the light reflected by the optical path separating
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in a conpact size even in the case where the nunerical
apertures of the. catadioptric projection optical

system are increased. Accordingly, the optical path FP04-0160-00

separation between the beamtoward the first surface

and the beamtoward the second surface can be readily
perfornmed even in 25 the case where the object-side

and inmage-side numerical apertures are increased in

Or Qe 10 sCRUFRRER] E)Pgtg]’éeﬁﬂt Uik RN mirres 4P thd %?&SIQP ﬁeﬂ(g mirror

the projection op _systemaccording to the secon
aspadt thefedfhe MESP) lentdrsefd HPst R:'hglflﬁﬁﬁtihythet f&dnifPimaging

mrrors in the first inaging optical systemare a
M ppeicaPsystemoncave shape and a mrror of a convex
shape whi'ch are arranged in order of incidence of

light freiaddénf iliist confisiifatich thedfiMtennhpird emRNGystem
P

field mrror in the second inmaging optical systemis

a gbniprisesftha foarthehens hatie hadaso ek E@Sit'ﬁvet Riffacting power, the
configuration, the two mrrors 1n the first inmaging

opprejettion sigivadrsystdmt dn benaride sdiegataidotn theclivtesturface
shape, and the second field mrror has the convex

shagle; theceftheefirstt imagingaspbical 5§stem remdptiyesinte negative
securely guide the beam energing fromthe first

i miagisnand oipt contawy stiemyr, the tdpsteecatdor sagsfying the Retzval's
system In the projection optical systemaccording to

t heosditiomdcars pecteaddly pérdopmeddmy aidmstntg te negative lens and
aperture stop is disposed between the first field

m theoeongavetthgrecond surface, and the projection

optical system 15 satisfies the follow ng condition;

0. 17<Ma/ Iixthes projeetioe apticad systimtacsosdomg tnthpseeend aspect
axi f between the first field mrror and the second ,
sup¥ dae prasant inyention aprefcrtblxe die divst ficld muter guputs light
and the second surface. 20 Accordinhg to thi ) . .
coﬁ‘?ﬁe@@lgaaleo %,rstlvﬁf:i FRUTCL; 6 a3 ﬁﬁr‘bf@lél the glélt'i mtoa direction
th f i ble.t [ hani cal. i nterf f th

fi @yaraa I d)}ﬁa}qa? 3?%’3051‘[1 threr:egatg(qio%%]c Ip?OJeerctl%rneg;gt?caq syste?n.

In the projection optical system according to the second aspect
of the present invention, preferably, the second field mirror has a convex
shape.

According to these configurations, a ray incident to the first field
mirror 1s outputted as bent into a direction toward the optical axis of the
catadioptric system, whereby the second field mirror can be constructed
in a compact size even m the case where the numerical apertures of the

-catacioptric 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 in order to enhance the resolution.
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with the first lens unit and with the second | ens
unit. Since Ma/L is snmaller than 0.6, it is feasible

to avoid an increase in the total length and an FP04-0160-00

increase in the size of the catadioptric projection
optical system 25 In the projection optical system
according to the second aspect of the present

i nvention, preferably, the first lens unit in the

second B3P %goﬁ%ﬁ@n?@%&ﬂi%@%?%&&ah} %'i Ii’i REsBaSnd taspect

| east one aspheri cal to

COBE KR IPAICAR i Pl AR ProBRLR!. tRB'Y&PIiRLRIRY the first imaging

constituting the first lens it isalens o

aspPAthCH)st@iane Lhfrob W zﬁ@@ﬂca\}é@‘iﬁg@aﬂ@ A R{BABE a convex
can be achi eved throughout the entire region in 5 the

eX RN SVHHAER aire GeAngad M eraas ofViefdenicBeoP bighe tréindthe first
and i nage-side nunerical apertures are increased. The

pr om€até, ond PWherdin sthet seedRt dielid naifror tife thdisedond imaging
aspect of the present invention is a catadioptric

pr opicili Rtantis aahirsysbEmdonvekahapeg an i mage of a

first surface on a second surface, conprising: a first

unit 10 Aicepakrg io this ophtigakatpai htheettweemirhersf in sthe first
surface and the second surface and having a positive

r efmaginignopticalesystaan see wfdthenidncdiveshapd arichtlenconvex shape,

optical path between the first unit and the second _
suaidhthe sewbndchelol ingirog has the ashvéxshape;rtherefore, it s fehsible
unit di sposed in an opti cal gat h between the second )
unia readdyt and seauely gurdeatte; beampeineigiggairomethst firstomaging
15 negative |l enses, and having a negative refracting
poopiical systeans outhersecondtingigpg opdicahsystenbt i cal pat h
between the third unit and the second _surface,
conpr i silgthe prasgeiion mpdicap syptam accerdiag, toathe Resondyaspect
a positive refracting, power, wherei.n an internedi at
i n@fgt-bq prosephinveniiom dhe amsrire [op inISR@ssdchewgen the first
apgrture stop j rovided ip the fourth unit. 20 In
t e%fS}‘E”@F i%ﬁi g}ﬁ?is%q)mi a@B8r @Eenﬂrqjﬁc"ﬂ% QIHIG system
aspect. of resent ,invention, the internediate
i n%%@%’&ﬁtbﬁigﬁ?\%&g SORARING s formed in the second
unit ancb 'l&éﬁﬁjﬂué 0fgasi ble to readily and securely
where Ma 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.
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
with the first lens unit and with the second lens unmit. Since Ma/L is
smaller than 0.6, 1t 1s feasible to avoid an increase in the total length and
an increase n 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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achi eve the optical path separation between the beam
toward the first surface and the beamtoward the

second surface, even in the case where 25 the FP04-0160-00

nuneri cal apertures of the catadioptric projection

optical systemare increased. Since the projection
optical systemconprises the third unit -24

FPO4 0160-00 having the negative refracti ng power,

opt [ chﬁé E‘t%ﬂt%m% tﬂhg‘eéé?éggg an gﬁﬂés? ?rent for
satisfyi ng %;QE& g’fozﬁﬁb C%Hfl%‘ﬂigé 16R) naf%spﬁné%ﬁdé thal clements

per f or med. [ rragl ng perfor

CaRoReti e %Cﬁtts?'lé}i&ﬁlﬁhﬁs 'éi'"l@n?mﬁ &1éﬁ%bh% e dttgﬁ:‘ls good

exposure area, even int case

angmaks g@?l eRfofManeBBEdif e Qﬂﬁé%ﬂ qﬁr(ﬁi%ﬁ&ﬁ the entire region in

cat adi C DTOJeCtlon optlca system are | ncrease

| N tigg éﬁ;ﬁoélﬁe QPERNSRN! iNStheeRRE Uh&R. thlerbﬁgﬁé‘t ﬁﬂ@ﬁﬂirﬂﬁge side
optical systemdccording to the third aspect of th

Pr aaftridaly Bﬁhﬁéb ane'iabrgaaetly, the second unit
conprises t 10 foll ow ng conponents in order of

i nci denchef rbje@iﬁionfcﬁlﬁtma*l@sfdm%bcétthhgct@ the tﬁlrd&ispect of the
reflecting mrror of 'a conCave shape; a second

r eprexeht novention B a ohtaaliopiricepragbetien optidal keistem for forming
reflecting mrror of a concave shape; and a fourth

r ehh antagegofiva rfiret sufface cona sxcohdperfates oomprgsmg aMfirst unit
configuration, the second unit conprises the
codtsmeemmoan aptecat grathxbetwecar the Hest onctace amal rthe, second

and the convex mnor in order of incidence of |ight

f r ownfa¢ee and havisgra positivencefracting power; hesesiontdeunid disposed
readily and securely guide the beam energing fromthe

fi ms@n ppagainpatipbicbaben ythe efirsttenit rand éborsecondgsurdace and
optical system In the projection optical stem
aceomprisyg at lagst fowr mirressca third wot disp qscég@ran optical path

I nyention preferabl t he secon t conprises at

| eRewesmetherseg qndyanit ap tﬁaﬁ@c@mg §Bﬁ‘|13€§J cemprsig at least two
| ocated n arest t& the third unit é& t he opti cal atg

of NegANS KIFasuANd hay g megatine mefTactinEngowcRoand ra Jourth

dOUth edlgggssédl &”inté‘ﬁt?c“aﬂ hpﬁml h[vxlfee%h%hepﬁmf %ntigM hiid 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 is provided in the fourth unit.

In the projection optical system according to the third aspect of
the present mvention, the intermediate image of the first surface is
formed 1n 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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According to this configuration, since the optical
el ement 25 | ocated nearest to the third unit in the

optical path of the second unit is the fourth EP04_0160_00

reflecting mnor or the double pass |lens through whic

the -25 FP04-0160-00 |Iight passes tw ce, the

adj ustnent for satisfying the Petzval's condition can

be readily perfornmed by adjusting the lens in the
thitpgiifie hay | i@ optri
t oy ot the HEYOR: relRAPBOWNE, IR (ARG I RRUPiThe BRilioptric
5 lofdetioRr Bpaighl AYsRM | 6 1Y IQRALO AN ghd udjistment for
thiIIjri'aJt _aspect@bof _tﬁe present invention, pref erg%c_py,

t h%aﬁbf_yilgg thd PREAVATY dBNdii96n @eh e ﬁeddil%'"’ﬁ;erf@ﬁh@ﬂ.! NTherefore,
the third reflecting mrror, so as to bend the [ight

i ntige Foodl (MNP pbaBMANEE ecPbecathiaveéd thfodgtfout the entire
catadioptric projection optical system 10 This

conégionr ml theNexgisdvl € aréd, nevainid Zed case Whdrbeahé wbjedt-side and
reflecting mrror because a ray incident to the third

r efinagtiside muericals apetthines tofdthas chemtioptrico pa%]'ection optical
direction toward the optical axis of the catadioptric

pr systetn are metéased inystiento Ehhamfotte résbhittorf.easi bl e

to readily and securely achieve the optical path

separ at i b tie prejectivhepticd eysicmvwmcdrding fa tist third aspect of
surface and the beamtoward the second surface, even

i nthehepreaent wineentivhe pijferablyi dbeasdcondganst demprises the

nunmerical apertures are increased in order to enhance

t héolleamgitdasnponents i prdeecfi orcidpnée adf dightefrom the first
according to the third aspect of the present .

i nvafacem fiesterellestingrmigen pf issconepsssnpss tasenondneeflecting
third 20 reflecting mnor_ and the second surface, and

t hBnipiosj &ca conveptshane; adhideareflesting mawor 1 3 soneavaghape;
condijtion: 0.17 < MaJL < 0.6, where ,Ma is a distance

on2B¢ c §gﬂﬂﬂﬁﬁ%ﬁfﬁﬁ@ﬂWﬁKﬁ@apﬁefIecting m nor

and the i%%SPcﬂnE“th this ’co%?fjgulfatallog,i ﬁgeagggor?g tuvr\ﬁ‘f go}nl})%ses the
concave murror, the convex mirror, the concave mirror, and the convex:
mirror in order of incidence of light from the first surface, and it is thus
feasible to readily and securely guide the beam emerging from the first
mmaging optical system, to the second imaging optical system.

In the projection optical system according to the third aspect of
the present mvention, preferably, the second umit 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 unmit m 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 first surface and the second surface. In this
configuration, Ma/L is larger than 0.17, and it is

thus -26 FP04-0160-00 feasible to avoid nechani cal FP04-0160-00

interference of the third reflecting mrror with the
second unit and with the third unit. Since Ma/L is
smaller than 0.6, it is feasible to avoid an increase
in the total length and an increase in the size of

t o RAdE PRI, @I‘i@la StRfRn® Fbt %ﬁhsgbiﬁ g qRE Ifétk{?all'é"' Bondition

pr oj ec ion optical system according third

as l@ﬁﬁtbé)feadﬂﬂ/ep@ﬁf@ﬁﬁeﬁ By udhidt ’[Hé1 R:ﬂshiﬂ theuﬂiﬁrd unit having
conprises at "l east one aspherical lens. Since in this

coflid Gieativerefitactinasporee, ahd ol ﬁﬁiﬁl@'r@ﬂ@@tﬁg mirror or the
constituting the third unit is the aspherical Tens,

god@ublmpagsqen@erfor mance can be achi eved thr oughout
the entire region in the 10 exposure area, even in the

case whelethd projereon (gjtﬁﬁil avdtdmegeosditg tontheethichhspect of
apertures are iIncrease The projection optical system

ac tw presgnt mveneioho préferatslyethe tiird tdfbeqiimgs antror outputs light
invention is a catadioptric projection optical system

f oentefrongrithg third mafecinig anfirnos) ssuaf atwe benda thedoght into a
surface, the projection 15 opti cal system conpri si ng:

a flircstion ragiard thpt dptatalsyxiseof tempatadiogtrat proasion optical
six mrrors, for formng a first internedi ate inage
ansyﬁemecond internedi ate i mage of the first surface;

and a second imaging optical systemfor relaying the
second i hhis ationgecoaklest HBinyabwiwatiosur phcdhe 2dourth
Since the projection optical systemaccording_ to. the |

f otgllectingsparor diecanse priayemcidenteto thent mmﬂ@@g}&f{mnor is
least six mrrors, the first. internmedi ate i mage an

t heutpagisdy asn @nhéatcataa dﬁﬁ@éoaaw\ts@rdr d ﬁe@ptica] t?-ﬁ@&t of the
i ncre i.n the tatal ngth of the atalopt

pr 6?@8%‘?99?908{(?]@8@0‘1 s9E"t1 SYa¢ %00 Ihsrg rﬁg lt 15 feasible to

;ctsegy, Ao Caﬂv;%a;saq e cthe' BpBHEL Reti °pataihbebveen the

t hge of t%%&ar & first surface and the beam toward the second surface,
even i the case where the object-side and image-side numerical
apertures are increased in 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 safisfies the following condition: |

0.17<Ma/L <06,

where Ma 1s 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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and i mage-side nunerical apertures of the catadioptric
projection optical -27 FP04-0160-00 system are

i ncreased in order to enhance the resolution. In the FP04-0160-00

projection optical systemaccording to the fourth
aspect of the present invention, preferably, the
first internediate inage is forned between a mrror
that light emerging fromthe first surface enters

segendbl ﬁﬁQv@id‘h{erc%?fdﬁtinﬁé}feﬂeh%tofeﬂi%r Sing [‘réﬂé’@ﬂiﬁ &nirror

first surface enters fourth, out of said at [east sTX

. M Ryigl $hé kebBAd Munif landRGtH hORhirdaink Y SISiite NIafD!i§ dsmaller

configuration, the first internediate imge is forne

betlge.6,hR ¥ feadiblé hatavdid Am dhEreRBrigi e fdt@Méd@h and an
first surface enters second and the mrror that the

| i gidreaseiioibecsiye oftlideafadihirie rb?@&idi@o fE&r System.
fourth. Therefore, it is fe(?si bILtfe 0 readlﬁly asr%l

secur el ylinelii pygectibg dnidat dlysteah hcsepdinat foothebgiiv®aspect of
the beamtoward the first surface and the beam toward

t hehes peexent suvéagen atte tlardbiat togepdsésmagilegst one aspherical
per formance throughout the entire region in the

exfasur eSmiceain ethen domfigiratioasat ibaste onbe obbpptitals ietements
and i mage-side nunerical apertures of the 15

catemstdptingc the oftecd i anitopsi ¢he ayshencadr densicrgmrkdimaging
in order to enhance the resolution. In the projection
oppedarmanet ecamchoratimegved threughomt Hthaspatite ofegiohein the
present invention, preferably, the first imaging ]
opexpeture yeancveniprihseease friheirel thensbjant—s1dgeoapdi1srmge-s1de
of a transmtting optical elenent 20 and having a
poBuENevisal aperiercsaye pesieasednd the at | east six

mrrors agre .arranged so _as to continuously reflect

li ght t r kb dretesgiopyopteals system aeeording to the deartbnaspect of

this configuratiaon the first inmaging optical system
cothsr PLesent HEVENEPR 156 As CHRIIORCh Piplechen; ppligal system for

oplarBHNE G RBAES ofi FErk R o SPrad gHrtase, the projection

g?éﬁr)tg%l?sgrﬁ eglétq%ﬁléi?;gz i@ﬁfngst liﬁl%?giﬁjg iotp‘uz%:ra]fI sgfgt%m comprising at
least six mirrors, for formmng a first intermediate image and a second
mtermediate 1mage 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 imvention comprises at least six mirrors, the first
mtermediate image and the second intermediate image can be formed,
without increase 1n the total length of the catadioptric projection optical
system, and good imaging performance can be achieved throughout the
entire regton m the exposure area, even in the case where the object-side

and image-side numerical apertures of the catadioptric projection optical
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. prsréoEBaNCe

-28 FP04-0160-00 can be nade telecentric on the first
surface side. Since no lens is disposed in optical

paths between the at least six mrrors, it is feasiblgpgs_.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 &{gem dfe inbfediedl iRUriEP 1@ Bhh&Rle SXSI8BARAPLT di ng to
of the present invention, the first

the fourth aspect _ _
I magl ng BPHeC Qj@&%@)ﬁ@p@ﬂbﬁf Sy ABhY ac &I f@%lllé‘f(lﬁﬂlﬂll %tspect of

lens unit conprised of "a transmtting optical elenen

anthd'prdseit fRAFIdH, fref@RbRE (the FirbP HRErmaafhté ifalger Stformed
I magi ng optical 10 system preferably conprises at

| ebetwedira Megair that lighs eﬁ%&%ﬁ@*ﬁénﬂﬁd fikst §1ﬁﬁice|dérﬁ8fs second
a

energing fromthe first surface enters first an

m andra inivebr thdtethlel Igght @merghpdrdmothd Aestfdurfidcesgntbas fourth,

enters sixth, out of the at least six mnors. Since

I notthoBsamdridtilgastaix enirtdre ih iths firstnidgagia papitica Isysteti.em

15 conprises the field lens unit with the positive

r ef r act i hg thsweonfigaratiors e theoffitshanteramsdintd iingge is formed

optical elenment, the projection optical systemcan be

mabletwesnethentmiror dhat the fighs ensugirar rosn dhe fRistsarfabe enters

optical system conprises at |east one negative | ens

besaoand ahé thicr marrort that thhelightylemergmgyithomf tlenfirse surface

first surface enters first and the mnor 20 that the

| i gfersefandhi.ng Theoeforeeitfisrfeasible taceadily ensl s¢curhly achieve

correction for chronmatic aberration can be readily

nedis optiealj pathi sepamtiennkefstdenctheeheamateward ithe dirsy surface
ke rs‘)uch adjustnment as to satisfy the Petzval's . .
tthe beapn toward the evacond sptacalandytn ebtaiscspad dgaging

to the fourtgvaspﬁgt of 25 the present invention, )

oughgpt tlae enlire gegonch thg EXPPRY <t Hea, cven m

gg- Oggqsie gyalgei;fg%}lg%ﬁ%lmag%tggr?n{asge%sit 'eaﬁlfﬁné}itcjapgpertures of the
catadioptric projection optical system are increased in order to enhance
the resolution.

In the projection optical system according to the fourth aspect of
the present invention, preferably, the first imaging optical systefn
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
unit.

Since in 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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FP04-0160-00 a reduced i mage of the first surface on
the second surface. This configuration is free of the

optical path separation | oad because every opti cal FP04-0160-00

el ement formng the second i magi ng optical systemis
atransmtting optical elenment. Therefore, the

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

re tﬁﬁeﬁeirﬁﬁﬂg fefdtRfrid thr%“?ﬂe afgsgo 9cd es?d’é:t i Sﬁlcreah;é‘)ylens is

on e second surface. I'S easi bl e 'to readi

co ' 3 G ;
digfdselqh gﬁ{i@ép@ﬂfﬁ HRMRELCRE d@ggégtaaﬁﬂt( ‘ri]fgmf‘dlﬁ jthe feasible to

proj ection syst em accor to ourth

asRe&lireXd redidntfde &M EadiMBRL Ahd R BEHBLhYLd E8¢h mirror.

second inegding optical "'system conprises thé follow ng
COBPAE i Hght Ok d(%ntﬁ{u(ﬁxl%?ﬁ Feflcefed b?htt:ach9 RN ghé RTrval's

the first imging optical system a first lens unit

hagbnditibn €46 bt irvadil ehitidlid By RRYEStinS e4€l¢ BRigrdrens
unit having a negative refracting power; a third |ens

uni t havimthe@prssction eptiehl %’céﬁga@@ﬁﬂﬁng ad tHd fourth aspect of
aperture stop; and a fourth lens unit having a

potlid ipresetf navention paker firstAdaRigdnfg OEﬁcahigzstem preferably
configuration, the first lens unit with the positive

r etomprriseg pfietd lenshens econpribed ofunttansiittitgheptical element
negative refracting power, the third lens unit with

t hengdsdving ea rpefsitaed irefrapong rpoweheamp ehe uliest sineggingndptical
the fourth lens unit with the positive refracting 20
posstesopsfetably kgmpreseseatdoasti omynagatope lams betystamna mirror
advant ageously function to satisfy the Petzval's
cottuittlight. cmergingafrem theadirs sunfaceesiers farstiansk aapgror that
in the total Iength of the catadioptric projectiaon
opthechght emperging from the firsl] sefaem eofars saxths pat @hthe at least
according to the fourth aspect of 25 the present

i NYEADIERIS-a mirror di sposed at a position where |ight

enmerging_ fromthe.first.surface is st.distant fro
the opti-odiceaint sthiy conftguptiono sy fixst imaging optlcafn system

comprises the field lens unit with the positive refracting power
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 hight emerging from the first surface enters sixth, correction for
chromatic aberration can be readily made by adjusting this negative lens
~and it 1s easy to make such adjustment as to satisfy the Petzval's
condition.
In the projection optical system according to the fourth aspect of
the present mnvention, preferébly, every optical element constituting the

second imaging optical system is a transmitting optical element to form
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- goBmer giag; frgmbthicr

the catadioptric projection optical system out of the
at least six mrrors is preferably a mrror of a

concave shape, and the aperture stop is preferably FP04-0160-00

di sposed between the mrror of the concave shape and
the second surface. Preferably, the projection
optical systemsatisfies the 5 follow ng condition:
0.2 < M/L < 0.7, where Mo is a distance on an opti cal

axiasfe@ﬁbweﬁlage?gdﬂle RSt QirfaddBnIALSEYENS Eafﬁ?@.nd the

second surfac L a di stance between the Irst
surface gnds tdhREAAEN ST frdgeof fc! HpliddISpath _s?paration load
It 1s

configuration, since Mdo/L is larger than 0.2,

fedrchise dverpvepticdteehanésalfolmiggs fipkelecod iMing optical
0

mrror of the concave shape |ocated at the positi

nogysidnstisnd ttamymittige opplicd! cmento! Therefore, the ima%e-side
catadi optric projection optical system with fhe firs

| emsmttidal dpeetigeashihe d:ﬁﬁdidpiﬁb,%@;@bt_i({}ﬁ_obﬁhaﬂ sy&ef can be
i

unit. Since Mo/L is smaller than 0.7, 1S 15

f eastrohsed andthe dedlmcddﬁﬁn&%s eahrbd feanied at allaphtredasdon rate

an increase in the size of the catadioptric

pr ojethtei secomok swdhcey sttern also feasibie dpextadily optreciafor coma

system according to the fourth aspect of the present

i naadispbericalr afeeration,, the second lens unit and the

fourth lens wunit have at | east one aspherical |ens.

20 Si nceln tha progectoon ogtical system a¢eadingte the fmpth aspect of

el ements constituting the second lens unit and the

f otha presemt iowentips, prefmablyt thaspenonde amaging egptical i system

feasible to readily make the aberration correction ]

angomprisgs; theafollabvings somparieats oinalordengeh pssage of light

cat adi optrjc projfgft i.on .optical_ system Therefore, .
stamagieg aphsabsystene @ bestdenougidiaving a

the entire fregi.on in the exposur rea, even i.n the )

c aB@SHIYE delrpgiangH PEWEr 5 eSS n@@ééméfe hawng; @ainegative

PSR B TS Wi b5 98056 e Bt pover: an
as }%c %fstop; and a fourth lens unit having a positive refracting power.
According to this configuration, the first lens unit with the
posittve 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 umit with the positive refracting
power constituting the second imaging optical system advantageously
function to satisfy the Petzval's condition. Tt is also feasible to avoid
an 1ncrease m the total length of the catadioptric projection optical
system.
In the projection optical system according to the fourth aspect of
the present mvention, 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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the present invention is preferably as follows: the
catadioptric projection optical systemis a thrice

i maging (three-time inmaging) optical system for FP04-0160-00

formng the first internmedi ate i nage bei ng an

intermedi ate image of 5 the first surface, and the

second internedi ate i mage being an imge of the first
internedi ate image, in an optical path between the

Fi k3 catidiGoe: dtltsh SpFeAlsyUERAGRt dfMthkNitSeast six mi
confi gur at@gtﬁl,c @E)ge proj ection %pti égﬁl system i Sea§ hseIX TIHTTors
t hid GRrefdrABEi AIn{ifrdf e6f td FBNCHPY| cORidC Mhe BPErRIFL stop is
y\herggythefirst 10i_nterrrediate'rrfageis an P

! np@ef&@@b]ymﬁpo@éd beewkéii Sheswifrag &f Heecs/€LRdshape and the
internediate 1 mage is an erect image of the first

sugéestl sﬁﬂﬁcé.heﬂréf&%l%/,f dhigptofuetioneopaesing stenf sstesfics the

is an inverted i mge. Therefore, in the case where

“t héolievid opbditionpr oj ection optical systemis nounted

on the exposure apparatus and where an exposure is
carried 612 <WIbA sc@fini ng 15 of the first surface and

the second surface, the scanning direction of the

first suwhece Mhns hedistecoppani dptidab axiebeveesti tge mirror of
direction of the second surface, and it is easy to
petlicocomenehshapieumichthe secontd sudaceand L a distmge batween the
the center of gravity of the entire exposure
apﬁmtaiumﬁtcelandgﬁle ssicondfsaaficel e t o reduce vibration of

the catadioptric projection optical 20 system caused ]
by the chufiye configheatiemtsincofMbrlavs targer thaneOchtit ixfeasible
exposur e_appar at.us, . and. good i magi ng .performance can

etk @nptd, apechamenlghverferancee of it%@ vagosofi the wencave shape

exposure area. The .projectiaon optical systens )
ac&w&?(ﬁgatt hg HRositien nEast pdastanty freme theuppHcak gads of the

of the.present.invention_ are characterized in that_a
| eFRiAdiSPIEE praiestion Qfical Systera piid@ediish 1ot wik.ohe second

B P PR L RIB L kPR 47,
RS0 e TS AR B Ralfie in e
Calind oS ohtai B HrBfe AR SBlicSY st S 1 @ medium
In the projection optical system according to the fourth aspect of
the present mvention, prcferabiy, the second lens unit and the fourth lens
unit have at least one aspherical lens.
Since in this configuration at least one of optical elements
rconstimting the second lens unit and the fourth lens unit is a lens of
asphenical shape, it is feasible to readily make the aberration correction
and to avoid an increase m 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 1mage-side numerical apertures are increased.
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having a refractive index larger than 1.1 is
interposed in an optical path between the |ens

nearest to the second surface, and the second surfaceppg4-0160-00

5 1n this configuration, the nmedium having the
refractive index larger than 1.1 is interposed in the
optical path between the |ens |ocated nearest to the
second surface in the catadioptric projection optical

syst em aTHe the&aRadphiehl 8¢&end ﬁ@c&ﬁlﬁtﬁi‘? q8%hE Rhurth aspect of

exposure |1 htjlnthe mediumis 1/n s that in al

V\hﬁi@?fd%@nf Rivieationvi8 preftaubRBf ad FellewRY! 8 cakQdioptic @Bftction
thus the resolution can be énhanced. The projection
opbptiahl Sysitants aadeicd Mhdiagt breedadimapatd) dpticdlngystem
fourth aspect of the present “invention are preferably

cofibr frnfiflgshe filkdintanmegdidte dmapel Seink AV aityrrapliat@limage of
el enent with a predeterm ned refracting power in the

c atladfiogtt suracey, eingctheosecanid fmbrmydiaenimagéShanpangenage of
substantially on a single straight line, and so that a

r etlieofirstfintermddimigeiniagerad anopheabpatbnbetsvsdmatize fiyst surface
the catadioptric projection optical systemis an

of indithesewgidosurfimte.i ncl udi ng t he optical axis.

According to this configuration, the optical axis of

every oplin thas confemwrationntheprajectidnamptical systgrasithe thrice
optical systemis arranged 20 substantially on the

si hpagngt r(@hegettimieneimaging)t apgicahusysteasi bwbeteby the first
reduce the degree of difficulty of production in

pr bde@aedinteoimage is anaavepediimags of éhe ifoat swihes the second
systemand to readily performrel ative adjustnent of .
eabiticigmediaty image sy anTreckupage s the fusksusfagecandithg image
to.the fifth aspect of .the, 25 present. invention is an
exismsdeon ghe rsecoadrgutager iscan Apveried imnger ¢ bhergtore, 1n the
pattern, forged on.,a nmask, ontp a photosensitijve

S pAserahere Henpndiopine prieqtiamobtigel Ststemn's mounted on the

iIIurrinationsstemfohillumnatin.the k set..on ;

t HXROSES aPRAFats ANd WReTRAR CXPOSTT IS BRTiedapuG i anning
di t f the fi { t tot .

7 OOPER  SBrAY AREens! séclid 1irthed 1B5 Sorpihe dfiertion of the

' TRAF Qlrfdd2® can be made oppostte to the scanning direction of the

second surface, and it 1s 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 in 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 optibal system has a
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pattern fornmed on the mask, on the photosensitive
substrate set on the 5 second surface. According to

this configuration, the exposure apparatus conpri SeSEP04-0160-00

the conpact catadioptric projection optical system
with the ||arge nunerical aperture, and thus the
exposure apparatus is able to suitably perform an
exposure of a fine pattern on the photosensitive 10

S!J?ébftﬁleereﬂﬁbﬁ r?%&ﬁﬁ? Wne APPRARIWEERS 8 el 08iveOiddd& of an
fi

th aspect of e present invention, preferably,

t hatrbbptidreahi the Giadiopnie PRbjcesion dpticAlNAistean i5119h Iéledium

which i's s-polarized Iight with respect td the secon

suhh@iir: a Tofractieinden Pdrﬁ@f‘ tenhanc esirtbeasettinagt opfical path
the image formed 15 on the photosensitive substrate

anbepeedt e kenk alcaeesi epthe eécdmt varfaé&Amd the second surface.
Particularly, the projection optical systens according

to the Tid this espfgtrdt@n hef nwdihnﬁhaeﬁi% qhe tie€ractive index
present invention permt the optical path separation

t oldvgemthunel ddiswntdrpotedi sie teé opicappatiabetyaddn the lens located
defl ecting mrror (bending mnor) having a function of
defitarest g thee 20ondt swdhcaxins thd heatadioptac hpogjectisk optical
of causing a | arge phase difference. between

p- pydtem ziedl the ghconmhdustape) the waweldmgth ofeéxmesued light in the
the optical path deflecting mrror, and in use of the
optegampiatiin denes thatnyg an Wgnere the refeactimes imdleff octhietmedium
to.supply illumnation |light of s-polarized light with
reggeanti/@usﬁbegéwnaogmmsenb@mgbe of this

reflecti og@pha,se 25 di f_(frirence; nanely, there arises a

pr obl em Thepresestion epficadsysiems gegonding o the second aspect to
s-pol arized light_qn the second surface eyen,through

ge&’@r ‘Féh aéPe‘%-@ﬁl paeawéonwt%meing¥¢ra }}[ ﬁop%gured S0
circunferential diregction with res&%glt to Iﬂe optical .
axthat an gphical| s nat <RIy peplcal glamert withcanpredstermined

optetatingy uBHE" L g, gAOHE:  praectigupaptionh Hhgem is

f Q%ﬁ@gea(isgt%:sttaﬁfiaﬁ}b on™ gi%%i‘et Sﬁgl%%? thin%r,] and so that a region of an
immage formed on the second surface by the catadioptric projection
optical system 1s an off-axis region not including the optical axis.

According to this configuration, the optical axis of every optical
element in 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
cach 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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5 1n the exposure apparatus according to the fifth
aspect of the present invention, preferably, the

proj ection exposure of the pattern of the mask onto gPO4-0160-00

t he photosensitive substrate is performed while novin

the mask and the photosensitive substrate along a
predetermned direction relative to the projection

optical system 10 The exposure nmethod according to

t h%nﬁﬂ?&&ﬁinﬁﬁﬁﬁ?‘ys@m@? illlﬁh‘ﬁ?&?ﬁﬁ% iy ﬁfﬁ§k°§]:ft'0§1 He rst surface;
exposure method-of effecting an ‘exposure of a pattern

f oLEAhe DrajdPhvk ottt sgstrémhe%ﬁﬁhg't& bptife first aspect
conprising:” an illumnation step of Illamnating the

ek 1 (YRS Aspé@ ofthe gﬁbgéﬂﬁ iREnfdh! farfdrih g raﬂei%z}ge of the

and an exposure step of performng an 15 exposure o
t hpafteint €6fmed o eha BRISkS O He ph@tégehgftixﬁsiéﬁ@sgpate QR2t On the

the photosensitive subsfrate sét on the secon

sukdéesd sdhew the projection optical system

according to any one of the first aspect to the fourth
aspect oAccbedipeesent thigvenifirationt hilse ex?osure apparatus
configuration, the exposure is performed by the

ex posipreses 20 cagpapatiusatadidptedicnprdjbetionnagstidal system with the
catadioptric projection optical system wth the |arge
nulerge caimaneal apertuvdienrd ythasf thee eppbs@ren appardpes is able to
sui tably ;)_}gosed. Enbodi nents of the present

i nsaitablynpeifbtmban degwsube dfbel fime pattdror efiethenphotosensitive
the drawings. 25 Fig. 1 is a schematic configuration

di sypsiratehowi ng an enbodi nent of the exposure

apparatus of the present invention. -35 FP04-0160-00

In Fig. I th&exprpesuappamias aceerdixghtes the rfdih dspect of the
stage RST supporting a reticle R (mask), a wafer stage
WSITesEBb o ARyeRj1en, wapkeferablys thes updemanatiomn system  supplies

il l.um patjon _opti cal s,ysteniILfor, illum nating the

r etlfnmagion Hbt peuchys ipolastzed) ight agth respechiterthe second
F ORI o Bl enTi bR ke be E0piashot the image formed
on the photosensitive substrate and secures a large depth of focus
(DOF). Particularly, the projection optical systems according to the
first aspect to the fourth aspect of the present invenfion permit the
opitcal path separation to be achieved without use of an optical path
deflecting marror (bending mirror) having a function of deflecting the
optrcal axis; There is a high risk of causing a large phase difference
between p—polarized hght and s-polarized light reflected by the optical
path deflecting miurror, 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-polarized light on the second surface even through generation of
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i mage of a pattern on the reticle Rillumnated with
the exposure light EL, onto the wafer Wsupported by

the wafer stage WBT, a liquid supply device |I for FP04-0160-00

supplying a liquid 50 onto the wafer W a recovery
device 20 for collecting the liquid 50 fl ow ng out of
the wafer W and a 10 controller CONT for totally
controlling the overall operation of the exposure

ap R aistiidiin The cRRFRTeRIIOAIrEBion Wth Repeasey tieptical

using as an exanple a case where the exposute

appgigofithEXumiRatheROPLRAl RIRASHT eIn 2BAAHAL HS 1ﬂ‘ Ql‘ns problem
perform ng an exposure of a pattern formed on th

retiaedly dbclds Bntiee gﬂ 6 coBiloRr optiohl |s?st%¥r[§3 fab@@ﬂiiﬁg)’to the first
noving the reticle and wafer Walong a scanni hg

di mspédtan thsdom&hla@pe@t oftdenpegcnt AvRatibn. N the
descri ption bel ow, direction coinciding with the

opti cal imthe#@ﬁpﬁsuré pparatie cidcordogt e dhe siifheampdct of the
is defined as a Z-axis direction, the. synchronous

nopecsent idvemtodn,oprefaablyi the prajecnm rgxposutdref rthe i pdttern of
R 20 and wafer Win the plane normal to the Z-axis

di themank onto Hre phatdssnsitiveesubsirte as chafaimed vilvibe moving
(non-scanni ng direction) normal to the Z-axis

di thectinask aandt e photosensiitivet sobstaatea alorgi 8 predetermined
direction. Directions around the X-axis, around the

Y- duestionnglagivetadhe mopcmmfmlmtmd as OX, 0V,

and OZ directions, respectively. The "wafer”

enconpas488 QXD%Slg@nmﬁih@dcﬂWOmgrtCtdhﬁedlﬂﬂlthSm?Ct of the.
resist, and the "reticle" enco mask with a
depr%@nbaw“é}tm 5 BB SXDEISHER @ar@p ﬂfs @ffegtlggrﬁhﬁ?iposw of a
FP04-016 reduction, or unjt magnification onto

t hRatigi Om% of| 3 MAsKande 2P pwﬁng%i%fiﬂhsmt@ gomprising:
system.for. i Iumnat|n iheretlcle R suppprted by

¢ 1@ dlIpptigation g sissT of iillfiinat lggpo@l‘}r enaskon gwhich  the

PSP SRR A e LS g o

O A ey BE BB I 58 P Bt e

| 'ﬁﬂ&o@@ﬂﬁﬁv@ substrate 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 invention.

In this configuration, the exposure is performed by the exposure
apparatus meluding 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 schematlc configuration diagram showmg an

embodiment of the exposure apparatus of the present invention.

-35-



10

15

20

25

beamemtted fromthe |ight source 100, a condenser
| ens for condensing the exposure light EL fromthe

optical integrator, a relay lens system a variable FP04-0160-00

field stop for defining an illumnation area in a 10
slit shape on the reticle Rwith the exposure |ight
EL, and so on. Here the illum nation optical system

IL is provided with an s-polarized |ight converter

110 for r i I'mﬁ hZE hght, f t

| i ght S%S{Fcﬁg f@giﬁei%t 0 poit{a i zaggﬁlléi %?5{ Ihgg a bl Shge RST _
s- sapperlEes kiR iidsk) o5 pester bpbei

(waf g HECER L Sl o pester E?%?’?TS’EFP S’ﬁ‘an a water W
Thassa kabpwh@! iatedllditiee Hiidasydterh TS foY Aflunfinating the
di scl osed, for exanple, in apaneSe Patent No.
32#@&315-R&u@p@ﬁ%ﬂdﬁﬂh@@eﬁbﬂeuﬁag@m@ﬁ, ditReRpodiie llii%ht EL, a
reticle Ris illumnated wth the exposure 1ight

of F)Boj!entif)l_) roptical spsteanPe. fhirgpdrfduhingna Projdeeion exposure of an
i1lum nation optical systemlIL. The exposure |ight EL
emimbge dfropaftornt ba ihel wriciaR dluophated wathstlenexposige light
for exanple, deep ultraviolet light (DUV light) such
asElheomto tlsi omaficr N85 sGppbited, bi- thenevafendstagd iWST,i a liquid
the wultraviolet region froma nercury |lanp and KrF
exsippy dedee 1l faghtupplyingeh diqprid 3M8ntonthe srafendMumrecovery
ultraviolet |ight (VUV I i_gh.t(f1 such as ArF exci mer

| adewceizghfor(aéhﬂtm@ﬁw higaichs§ frowiimRouteéthe weifer 38, and a
(wavel ength_157 nm . The present enbodi nent is assuned

t ocorizotere CANT dwti tobally azontroliiggt the overali- opsation of the
The reticle stage RST is a stage supporting the

r eBXROBURAFPGLAES £46- di nensi onal Iy novable in the

pl ane no | to the optical axis AX of the projection
optical thepsasant cmbedungat wilh bendeserindausingras an example
finel rotatable in the OZ directigp. .The reticle
st%\gégﬁﬁsﬂoﬁl@ed < SXNRPUEE sapRAtaye lgﬁag% #r $GAPNE  exposure
devi ce RSTD such as. a linear notogk. The reticl st.age .

i SR R TFITRINE- A, ERDP Sl ByPAtean dgHREG) PR IRE reticle

miqrgﬂ e%'Ft %Avoﬁggr:r ﬁlnfy g%gﬁcﬁhéhﬁ&yanm@doﬁggaﬂ% ?et?(f:le R and
wafer W along a scanning direction (so called 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 to 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 OX, 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,
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reticle stage RST are neasured in real tinme by a | aser
interferoneter, and the result of the neasurenent is

fed to the controller CONT. The 10 control |l er CONT FP04-0160-00

drives the reticle stage driving device RSTD on the
basi s of the nmeasurenent result of the |aser
interferoneter to position the reticle R supported by
the reticle stage RST. The projection optical system

PL rédu@fish fdarmﬁﬁﬁfa%rnlﬁrﬁwi@l oREPHRCWaPE exposure of a

rd

pattern on the reticle R at a predetermned 15
proj ect i Pheriigmhinatidhi OftialofyisfernNE WahesyNémafst ilRiminating
conposed of a plurality of optical elenerts (l|enses),

whilehreéticle RIBRPpOAEd Dy thel R 1e BRIgeeR SRKvish #hérekpbsure light
menber. In the present enbodi nent,” the “projection

opBLg dasedsdenhlexposarer Bohit fioan $Yighe Rowréd 100efor supplying

projection magnification O of 1/4 or 1/5, for

ex il imitiatiopr bglecin e Wotivisict 28xie1st ehhPlluraindifon optical

either of a 1:1 systemand an enl argi ng system An

opsystain Hl haeah dptemb inté@rater dapaadoriioimet the illensinance of a

barrel PK on the distal end side (wafer Wside) of

t hbegumojenittenn fwpmi cthe dygitersolccef 100g apcendetser lens for

enbodi ment. This optical elenment 60 is detachably

( r epiidersaing ythe atxtpusheel lightt BE frens tharopticdtkintegratine a relay

waf er stage WST is a stage supporting the wafer W and

i slensrsystarad awarkabde ficdd sjep Jor niefiing arhd hwaimation area in a

through the wafer -38 FP04-0160-00 holder, an XY

st HifeStEpesp i retiale thavith theigapasyredightaEbasads® on.  Here

su porlti ng the XY . stage 52. _The wafer stage WBT is . i

dr Wwymatiopaepical; sigterr Hy i preradedeviuBran sceolasiged light
he wafer stage driving dgvi_ce WSTD i.s

ngf%ef?‘gﬁﬂ%g?@ gfn’e ceBNentng dincaddyr podarized Haght dxaigethsy light

coMMGH| 9. 4010 BORzeg Mkt h Srotaieacel Bt vith Gespest 1o the

5 RETUESIT n SaaSi TS B e e s

ﬁc@rgp\é\éﬁghgﬂ{] tcro%lx)e?t%r 3t 'Rid tg}gpg olssi t(ﬁs% oéer}.l,t Pc?r )&ample, in
Japanese Patent No. 3246615.

A predetermined illumination area on the reticle R is illuminated
with the exposure light EL of a uniform illuminance distribution by the
Hlumination optical system II.. The exposure light EL emitted from
the illumination optical system IL is, for example, deep ultraviolet light
(DUV light) such as the emission lines (g-line, h-line, and i-line) 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.

-37 -



10

15

20

25

(the position in the directions substantially parall el
to the image plane of 10 the projection optical system

PL). Nanely, the Z-stage 51 controls the focus FP04-0160-00

position and angle of inclination of the wafer Wto
match the surface of the wafer Ww th the i mage pl ane
of the projection optical system PL by the autofocus
nmet hod and aut ol evel i ng nethod, and the XY stage 52

posi ti onFHeh@titdd Qfagd/ RS T Rea btad g}lgigbﬁﬁig e 286cle™R and is

the Y 15 axis direction. It is nee s to nention

t haivot dienehsid Rty angvablesha®e plany Remalt RofiR! bpﬂti(f:al axis AX

arranged A noving mrror 54 is provided on the wafer

st afeh¥\Bfofectiont@ratecad by stefin BInties f evigiiatte XY plone and finely
di sposed at the position opposite to the noving

m rotatatidé. mTHee O -diigveion. orfBhe pesicld am@nR SNesadgien by a
of 20 rotation of the wafer Won the wafer stage WST

ar ectnedestagel driivingalevide RSTY suvh haaelinéat sioter. ontherreticle
55, and the result of the nmeasurement is fed to the

c ostage! drevin@Qi&vicd RS Ebnisr aortesl €Dy thei cagrdlber GaMT.  The
stage driving device WSTD on the basis of the

me s ordimemsiona (pasitedn antden asgle ofitodatien ofdhereBéletR on the
position the wafer Wsupported by the 25 wafer stage
weetictb stage Sl arebodasmet adogalstimieebyi aydaser interferometer,
i mrersion nmethod, in -39 FP04-0160-00 order to

subBd dhe iresully of itbe taeasunemenp os ficd todhe | congrailes CONTo The
i nprove, the resolution and substantially w den the
depemirobler 6CONT dewvesHhe retisle staga delvipggievaes JBED on the

the surface of the wafer Wang the end, surface (lower _.
f a§a§1$ f&leh@eaﬁmeémmereéﬁﬂhmg the ﬁaseremt@ﬁerqmetﬁaft@r pegition

5 gide. o he projection optical syst PL is filled

Wi @t’ﬁieege?‘gfpﬁr#’ééﬁy Iﬂi?%ﬁ?tédgét%&e ﬁ@ignt during the

peri od transcrj.bi n%pﬁggei mage of.the atfern o !

the retithe RQRFEORN SY§EAsPledsr PBediib fFEiOrMIngG 2

the l.ens. 60 is ex%gsed t he &igst al .gnksi de of fhe . d

or BUESHO SRORHIE o /3 RAHBD O fliSt FUIGTE R 8 sopredetermine

arfu%ﬁg&?oﬂ %S&H‘I%%Eio‘ﬁ Bhorcl){]c! ¥hé a eern\SN,ngd'T}*s” (S:fomposed of a
plurahty 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 B 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 is 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 is
- provided with a Z-stage 51 holding the wafer W through the wafer
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10 prevents corrosion or the |like of the |l ens barrel
PK made of netal. Since the distal end face 7 of the

lens 60 is sufficiently smaller than the |ens barrel w04-0160—00

PK of the projection optical system PL and the wafer
and since the liquid 50 is kept in contact with only
the lens 60 as described above, the liquid 50 is
arranged to be locally filled on the image pl ane 15

Si 4R18¢r, thie X‘Yojsﬁg)ei <)) @ﬁ%}é?ﬁ%ﬂﬁ@&i%&ﬁ%ﬁe Napelyd bhBase 53

i quid-Trmersed tion ection

OptshPBbrtﬁﬁ/gttE@ X %ﬂ%et Ro vefigd Whfet stabl W B! driven by a

smalTer than the waf W The present emnbodi nent uses

PURpafeRistigedrivivy dettdedWSTT U 6h VAL £1ireaP @RS MTthe wafer
not only the ArF ~excinmer laser |light, but also the

expad drivinghledeel WSTB i©x@nirdlRed bghhe ddritolley CONT. As
deep ultraviolet light (DUV light) such as the

entlssi Bthgdnedl i odhives, the | wafer avdhield ithe)thenZ-flege 51 is
ultraviolet region emtted froma nercury |anp and

t heottrblled cisnter theaseditibn ghttheVignesli e difledtidA] fogils pbSition) and
exanpl e. The exposure apparatus EX is provided with

t has Itodhe gositiors up phy 00 addv eaditedteonss upfk the K Yhetage 52 is
predeterm ned liquid 50 to the space 56 between the

di drizvengtit dafer Wistantrelidd fazde the pasiosd) the K Ytdieections
-40 FP04-0160-00 projection optical systemPL and the
wa(the pysitaon ia the duredtiors substantlelly gearallektoathedomgt plane of
recovery device for collecting the liquid 50 in the
sptheepBgectior optichbsystem BL30 dMambky, whé &-stage Thle controls the
liquid supplying, device | is a device for locally

f i foqusgposisiospard angle e Indlywtismed hiedwateroWt tee match the
projectio ptical systemPL with the liguid 50, and )

| sSWiace b dheviveter M avikh the igtagei plpnenet theprejestionaoptical
conpr essj pupp, and a tenperature regulator for

r eSNAtER) h@«”mﬂ‘é’ b riaehod gad) agglevdmg methed, and the
su ied to the. space 56. end of, suppl.y tube 3.is
coRN: S8 12 PSS ai‘ua@aoégﬁ i) ﬂ@ et Baliteciion and in the Y-
ot her end of t .suppl,y tybe 3 j.s cgnnected to

oLt TR, af 5 Rless g TudpliPyithal i Feue ahd’XY stage
s ur%%ly' be mtegrally arranged. _

A moving mirror 54 is 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
time 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 mterferometer 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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the liquid 50 to the space 56 through the supply tube
3 and supply nozzle 4_ The liquid recovery device 2

i's provided with a suction punp, a tank for storing gpg4.0160-00

the collected liquid 50, and so on. One end of 15
recovery tube 6 is connected to the liquid recovery
device 2 and the other end of the recovery tube 6 is
connected to a collection nozzle 5. The liquid

I EGRYEF Yo %ﬂt&ﬁtwﬁlf @hbﬁ@h%hte*&ydgaige gvna?%r eﬂgth% APRS fmprove

56 t hrough the col lection noz overy t

6. therrekblutiond ahﬁesulﬁs@@%fa%? Widdh the ddpid! 8f $Beus NeFor this
control | er CONT drives the 1 i quid 20 supplying device

1 teasompihe thscd batvee® Gthien sﬁ‘rfﬁé@Qﬁt ﬁié“\ﬂ%rawtﬂﬁd the end
per unit tine t hrough the supply tube 3 and supply

nozaifacd {(owkhdacPAcef (Hb opeiedl eldest (lBﬁs baubE the wafer W

recovery device 2°to collect the liquid in a

pr gitkd of the edoprnont optecalusistetnl PE, ltshﬁﬂekﬁl Rwithex Rredetenmned
coll ection nozzle 5 and recovery tube 6 fromt

spaigend &S0 Bhilsasteduting ihe pesiodnof tthansciibying the ﬁﬁag@ of the
the space 56 between the distal end face 7 of the

pr pattetn ofithiptdtdé R epts die Rtafen®.t hAsvddseribadiabdva, the lens
a liquid-imersed portion. Here -41 FP04-0160-00 t he
cofdris|dxposadivn tendiatddiandasideyoStite pigetticuiogtisabpystem PL
amount per unit tine to the space 56 by controlling

t handi thei kiquidpp0 yisrayratesad én igontactdwitin oalys ¢he lens 60.  This
arbitrarily set the liquid collection anbunt per unit

t i prevemtpraosrosiore aathe likchpf cibst tesisl baget MK | ingdiedof metal.
recovery device 2. 5 Fig. 2 is an_ illustration show ng

a pHGa tal eng fasa 7o@f e denhel ipsufizeientyi ssnd&@r than the

ectjve osure area of arcuate shape formed on
Ieéxs bwei%ﬁmfg@@mrmm @@ﬁpal syastf:me b«@ybthe wafer W and
enmbodi

shown in Fig
co?ﬁ“@@tr{ge liggpd abis keplown conf@ct vaﬁb 69@@té%ﬁcnbed

i Bho%, the e 4L a%r%%gfi?téﬁ%i?caiﬂv ﬁw?%%aﬁéhé{a%? plane
RO G prBip 5k oo A A Fmers
portion between the projection optical system PL and the wafer W is
suffictently 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 light, but also the exposure light EL if the exposure light
EL 1s the deep ultraviolet light (DUV light) such as the emission lines
(g-line, h-line, 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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and two line segnents parallel to the X-direction,
spaced by a distance H_Then an effective exposure

region (effective inmaging area) ERis set in an FP04-0160-00

arcuat e shape by two arcs with a radius R of curvature
spaced 15 in the X-direction, and two |ine segnments of
the length D parallel with the X-direction as spaced
by the distance H, so as to be substantially

| N$ehjceltni Hpfidtd AREEMAPI OAng F¥heeRhaEd WROLRY aA'ﬁqufid recovery

arcuate shape. I'n"this manner, the entire effective

| mMigivite 2r8a ERaald Ifét%veli?{/ Qestde for edllé@anlg ﬁYé!iggi‘ic?'éO in the

exists in the region off the optical axis AX 0 The

si zpacd itd1e the diquadt 50noRfiheheagéf a9t i ithd MR@id Supplying
€

?

area ER of arcuate shape is H and the size along th
X- deviet ] enaidevite fort kewtly filbig ghoypacet bie the image plane side

illum nation area of arcuate shape (i.e., the

ef bé¢he peojactionnvpiaddl sy sasrmalP L haithnbiet liguisl 2@, and is provided
shape optically corresponding to the effective

expature taglgi for &Rrofg ahe uhgeidsidpea | comprsssiar mEnpotand a
25 including the optical axis AX, on the reticle R
Thcpaasunceregppatontfos regulahia gpihesempearahodi ofetlie Liguid 50 to
arranged -42 FP04-0160-00 so that the interior of

t hbe puppbeditortheppacalstsysDamdrid o sipply fubead is connected to
airtight state between an optical nenber | ocated '
neﬁreegqutttbsmmdym devece Armrdytheh othogrt drshiof thetsapply tube 3 is
formng the projection optical systemPL (which is o
| epennented to arsapply sozaledt s edbedigudmuppdyingedevice 1i supplies
the third 5 and fifth exanples, lens L21 in the fourth

anthes igurd SOado|tee, spacel Shsthrpaghi ther Repplay diha 3 and supply
exanpl.e), and a boundary lens Lb (lens L217 in the

fi RetZlgdd second exanples, lens L18 in the third

exanpl e, Jens L36 in the fourth exanmple, lens L20 in
the fi ftﬁ‘%i EECOVEHY qepice A ltSHEOéfﬂr&CﬁWI@arﬁblCéandPump, a

S P St DRV BeRRERuh r "egH sm of
8RB D508 BRI eh  2°hnd e
:r: :‘5‘;‘1%? reeﬁg'tr ti%g{eh?ed@@?f ‘B8 s Bnhl&Gesh §'DIRAOE nozze 5.
The liqmd 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 liqmid 50, the controller CQNT drives the liquid
supplying device 1 to supply the liquid 50 in a predetermined amount
per unit time through the supply tube 3 and supply nozzle 4 to the space
56, and drives the liquid recovery device 2 to collect the liquid 50 in a
predetermined amount per unit time through the collection nozzle 5 and
recovery tube 6 from the space 56. This results in placing the liquid 50
i 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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RS are disposed in the narrow optical path between the
illumnation optical systemIL and the projection

optical systemPL, and an interior 15. of a casing  Fpo4-0160-00

(not shown) for hernetically enclosing the reticle R
the reticle stage RS, etc. is filled with an inert
gas such as nitrogen or heliumagas, or kept in a

substantially vacuumstate. Fig. 3 is an illustration
sc ikeaiontRlley SONT Nehrd aebifiarilyr @it e 1:§8IdRAPpH @mount per
boundary | ens and the wafer in"the -first exan‘BI e of

t hemit2fme &s e spﬁ@@dbn’@ﬁtcon‘ﬁydlﬁngeth@rlﬂifﬂﬁ@ Sepplyéhg device 1,

the boundary lens Lb in the first exanple has "a” convex

sumhdcearkalo byl et rthtiléqed( Ebll&dtiorn AM@e®) ped Bnit time
ot her words, the reticle-side surface Sb of the

bodrwaron theewafdrdWhias centrolinig e lighidesdoverpadewice The

opti cal path between the boundary |lens Lb and the

waf er W Fsg f1 {d anlilladthatbormsithwing mpositiownldzidtion between the
refractive index larger than I. I. In the first

exappical axisiand ae dffevtive expssuseareasof sreuatdshupd formed on a
-43 FP0O4-0160-00 Fig. 4 is an illustration

sceafer iinathey prhseitngmbahinfengur dni tre beregerin eniksodiment, as
boundary |l ens and the wafer in the second exanpl e of _

t hehoywnesehig. ehtiti grentwelliaonreatéd fenabetratibing 1.e4, abdrveation-
boundary |lens Lb in the second exanple also has a )
cofQarcedr fegien KRt istdsfinad 1haenrarciialce sbapam byt dsircle with an
reticle-side surface_Sb thereof has a positive .

r ePBisds mfligsweading) Rioncenierad arunskthepppticaloawisAX, a circle
B0 T B g o et ! Sbtcal axis AX,
otAw lehacemeatyerlcldpdhewtagisCouon  Saceany 3 distance
P B PRHESP s DOsBRURH e Feuh Al aree) LR i
e Bl AR AP bt o B0t spaced
e 3 GFkehORTah byl b NEgFGRE T SHETRh 0] GRS i
EXMIPXEdirection 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 1s H, and the size along the X-direction is D.  Although
not shown, the illumination area of arcuate shape (i.e., the effective
1llumination 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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The present enbodi nment is arranged so that during an
exposure 15 by the step-and-scan nethod of perform ng

a scanni ng exposure while noving the wafer Wrel ati VEp04-0160-00

to the projection optical systemPL, the liquid

mediumLmis continuously filled in the optical path

between the boundary |ens Lb of the projection

optical systemPL and the wafer W fromstart to end

of sbhhas ahe Ninb&i@x BEIHE SprofdStidie foptia? dyseém 2PL, is kept in

configuration is such tﬁ%t t he vvafpgr holyder tabl e V\7I'p an

| s afroughit reggtt-coetween ag I Bomber docaged fAearest to the reticle

accomodate the liquid (mediumLm and that the wafer

W amqmpsthé optidabmiebers Byrmaguiie pecjoction optiddl system PL

center of the inner bottompart thereof (in the

|'i qewhodh 1salens i Then tlecfinsil agl sedtimbexsaglés) idmphidache third

Pat ent étﬁ\ﬁpl ication Laid-QOpen No. 10-303114, for 25

ex ang| fefth laxaniyples c bmisi G ahi the, faureh dinght siktleestanfplédieor lens

| ens barrel of the projection optical systemPL is

ar Ladgatheosaveath exemple} and bothdatyi tpnsdlLb-(Jens L217 in the

FPQ4-0160-00 and, consequently, the wafer-side

opiirgaand seeend eexampies,wmdalg iheths third eaahgde lems 136 in

inside of the liquid. In this manner, an atnosphere )

wi the Tqurth exampde.plensd 2} i bee [diposample; kgms lidl in the sixth

f or med imhroughout the entire optical path fromthe 5

| gFmBlsuQTdonod. oim e seseth xanmlehandaeriiabebc gas inside

above, the.illumnation area.on the reticle R and the

exPiSsBracstaon aptical systenm L ds replaced wiiboanaerlegasosuch as

Eﬁ)l on the wafer Ware of the ar_cg?te shape  extendi ng

i nhEIHEMERR PEARiTERCD, TR e dRside ik kepising 2 sbstantialy vacuum
nd subsjrate areuc%gntrolled u

" it ¢ ButhSTadHte tht pasm 5% e riiele b plduetigle stage

SRS A5 oo e B3RP it 1B Geipeindhe dffymination

S B g B Bl b S e
|1, BP9, Bl ORuS AR RIS il R, e
U Gelibfe Ydbd 8! 8R2isSHASI Hvth hACinert gas such as nitrogen or
- helmm gas, or kept in a substantially vacuum state.

Fig. 3 1s an Hlustration 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 b 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 f{irst example, deionized

water 18 used as the medium Lm.
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15 effective exposure region ER and a | ength according
to a scan anount (novenent anount) of the substrate

W on the substrate W In each exanple, an aspherical Fpg4-0160-00

surface is expressed by mathenmatical expression (a)
bel ow, where y represents a height in a direction
normal to the optical axis, z a distance (sag) al ong
the optical 20 axis froma tangent plane at an apex of

the asph@igcal issayi filasira@oR schemdticallyoshdWeng a configuration
aspherical surface at the height y, r a radi us of

cubeaweer thabdundappdens Knd thenveRr iaahtfdetiopdtexamiple of the

C. aspherical coefficients of order n. In each _
ex prgdent emb@iisar f AVithfeferedce rtoelﬁg.hég tikeboahdng leds Lb in
provided with mark * on the right side to a surface

nuithe sec@id Zxan(plerdlsd has 4lconvek surfiekedl t8vard the reticle

CA'y4 + C6 Y6 + C8'y8 + Coyl0 + cl2'yl2 + Cl4yl4d +

Clanglthe retitlg-s1d8 surfaze’ St thdrapf hab aRResiti08 GORACting power as

the first and second exanples, the values of the

as pnéh¢ duist cxaniplei etowetar, tthe GRoadecXamphedig dulfercné from

description thereof is omtted. In each exanple, the

pr thebrstarxampplecial they atpdaneipairallelophates g isadetaclidblytarranged

I magi ng optical systemd for formng an internediate

i miyéhgop lcahpaﬁagcfawemthet heundaiyclensALbi andottedwatier W and

the object plane (first surface), and a second

i niiyithaf Bier ppticak pathe between the dronndpry less udle danidvifye plane-

of the rﬁf'i}&ti %L{g patltler n on the wafer Wdi sposed on the

i nhgkallst plate (g2 and dhe opticatpathobetyreendihei plape-parghiel plate Lp

fromthe interged a image. Here the _first .inmaging .

op?iln@ éﬂe s‘y@‘i[‘férﬁsﬂm iﬁlﬁdc%ﬁml@pm umj&r@m\ﬂagdgﬁr@@wve

firsg 10 congave.reflecting mrror CML and a.second .

coldlsrelarif Alomi Y e Sexpn Sranile Seienied Wit also

opti cal st em. di optri c.system . [First Exanpl e]

Fi \jse‘ﬁ% a}/eaweﬁ}‘%s]?m% ﬁh{‘l%#ﬁ&aglnlsns confi guration

of the ] Lon optihcal system according,to the

irst exREPESR biEbho Elen K HEMATE P HbAC difipirth oxposure

' ef)f "t %?eﬂ-%nﬁls%a&meﬂ{bé ag ;%?Pér%%tn'gog s2Bhh 1C1t|agI expoaid while
moving the wafer W relative to the projection optical system PL, the
liquid medium Lm is contmuously 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 inmer bottom part thereof (in the liquid), as in the technology
disclosed m 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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PL according to the first exanple, the first imaging
optical systemd is conposed of the follow ng

conponents arranged in order fromthe reticle side Fpp4-0160-00

along the traveling direction of light: a biconvex
lens LI1 whose convex surface of aspherical shape is
kept toward the wafer; a 20 biconvex lens L12; a
negati ve neni scus | ens L13 whose concave surface of

as pindr iconkegianty, i thekwpfertidardptidd siefdce! 6f thdboandary lens
first concave reflecti ng mnor CM. In the first

| midi regichps tlainsids b€thTiqual. refl ecting surface of
second concave reflecting mrror CW for reflecting

the |i ghinrsi$ entedehyan hatnhospiere ondtly dittlef hbsérption of the

mrror CM 25 and transmtted by the negative neni scus

| eBXpOSIB‘,e lightins fonmedetimodghouhdhagenipti opticaly puimft@in the
placed in a region not including the optical -46

FP(bnghOlBOum H)0 stonxthisetsmbstratchePbi c dsv edesceibsdL Bbove, the

and the negative nmeniscus |lens L13. Therefore, the

bi thwmenaticanarea |omihie tieticks ddramek thensxpdstire region (i.e., the

constitute a first lens unit havi a positive

r eeHgstive gxposare regienfER3on ﬂmn@%@ Ngfarealﬁtnhg arcnaier shape

CM constitutes a concave reflecting mrror 5 di sgosed
negxtengdang umithe @Kahﬁecamt helherefers, rthguptg;m@ms ofithe reticle R
sy st& l()BI w}he ot her nd,. the second i mg %r
opiﬁi1 substratee WY @pe |09ntr@ dé?éﬂgdhetrﬁec}%sua@wciﬁgl oller RSTD,
0 ts in order, fromthe retjcle side | ong the
ai%elsflﬁgr@'ier é@geoﬁhmngu Yices, (heslaser dntasfrrossersnete. to

QBRuSlY Oy Sc%n) eg@yprept gtﬁgﬁgi@aﬁ] ﬁ@r@ﬁt@@@te stage

oy e fecietic Ee‘:ﬁe%&% SRR Gvafer) B alanpattghissgirection,

C% e SR PRl B e

ARGk Sl e X@Qﬂwaﬁeﬁ% e Y- AlrRRAERCsigE T of the

mf?é&@‘éeﬁsaﬁéaéﬁt it ER R b Al ACGling 1% 5Gh, amount
NEGRGVURHENNOTHT) bR LA, GRWESubstrate W.

In each example, an aspherical surface is expressed 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
posttion on the aspherical surface at the height y, r a radius of curvature
at the apex, x a conical coefficient, and C, aspherical coefficients of
order n. In each example, a lens surface formed in aspherical shape is
provided with mark * on the right side to a surface number,
z= (M1 + {1 -1+ Vi + ey’ + ey’ + egy’ +

o 12 14 16 18 0
ey teny oy teey  Fegy ey (a)
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surface of aspherical shape is kept toward the
reticle; a biconvex lens L29; a biconvex |lens L210; a

positive meniscus lens L2.11 whose convex surface isFpP04-0160-00

kept toward the reticle; an aperture stop AS; a

positive 20 neniscus |lens L212 whose concave surface

is kept toward the reticle; a biconvex |lens L213; a
positive neniscus | ens L214 whose concave surface of
aspheri cdh thbafiesti snckeptondvexagnples, Wad anluds pEthei Mpherical
meni scus | ens L215 whose convex surface is kept toward

t heoeliciehts Ca topOgj arevly anehilesuhe ldessripfdh theeed is omitted.
concave surface of aspherical shape-25 1s kept toward

the waf ein eacl examhipleothepeajdotion bpldal( HowadaPy, ik ertanposed
Lb) whose plane is kept toward the wafer. -47
FPof-0fied-iotging apteeal isysteneXahfbe fomhing he intermediate image
transmtting nmenbers (lenses) and all the reflecting

mewi éhe paitern af ﬂm/\mtloae: Redisposed omrihevebjeef placti(figst surface),
mrror CML and the second concave reflecting mrror _
cvend acsgeondiimagiggtapsioal systeni 612 font farmingyestestnced image of
are arranged along the 5 single optical axis AX

spéhg reticle Ipatternom e water Waskspaseidnen the image plane (second
form ng the second inaging optical system G are nade

of Sueface)-gn t%ﬁeb%)%S i(&aﬁglﬁaﬁ@méhﬂemeﬁrn@dlpt@ml@@gﬁveﬁere the
e L217 .as the _boundary lens Lb _and.the wafer Wis

fi irf]fr%tdmwﬂgtqmlq% aysien b1 sonsatadiaptrss sysieaninededing a first

water. In the first. ex e, the light fromthe_ 10, .
. eFPJaWeV@Rr%ﬂ;%félég PHFSE mh anfleh seeond cpnggve rafiegtzng mirror
ent-er.~t he,f,i rst copncave refl.etin&é{lﬁé%or .CM . The

i G2y 2 s Sepapd aeing Rtical wvs # dippirigsystem.

mm‘gre@wl 1{ vels via the lens L13 and the second
coHI&SFEXq1mp cting minor CM2 to forman internediate

i mge of he .first, concay,

h icle R )
et Poct i TE s i abuSrloR showing | 2 eBS Gptigmation of the
{ . \: h h
¢ nERPEGN SHGal SYSES 2efoflinE o HCASCEE ol PRAHR present
Of efbBdifbht! Wit Yefelénd®{FFig W, in the projection optical system
PL according to the first example, the first imaging optical system G1 is

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 L13 whose concave
 surface of aspherical shape is kept toward the reticle; and a first concave
reflecting mirror CM1. - In the first imaging optical system Gl, 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 is placed in a region not including the optical
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In the first exanple, all the transmtting nenbers
(lenses) formng the projection optical systemPL are

made of silica (SiQ2). 20 The lasing center FP04-0160-00

wavel ength of the ArF exciner |aser |ight being the
exposure light is 193.306 nm and the refractive index
of silica near 193.306 inn varies at a rate of -1.591
x 10-6 per wavel ength change of +1 pm and varies at

a EaieAN beiwbéd the bicdinvesr lews el 2agtithe hrpaeive mediscus lens
pm In other words, the dispersion (dn/dX) of the

r efiridct | Vherefioe the BieomiviekclenssI-11. 288 thel Biddmmexnéats 112
193.306 nm The refractive index of deionized water
negondWRitS atirsmiens urs lmviag mapesitiie réfidckngpdveer The first
-48 FP04-0160-00 wavel ength change of +1 pm and

vacopeavt reflecting ahirrst. EM 1 Idbittipetesva \cenengt eflbetigg mirror
of -1 pm In other words, the dispersion (dn/dX) of

t hdispeised axeiav ¢hé pupil phanalef g fiest inmagingi optical 8ystem G1.
10"6/ pmnear. 193.306 nm 5 In the first exanple, the
refracti (n ithelother hantlj dhe fsocondeimeging optiwak(systgrh G2 is
of 193.306 nmis 1.5603261, the refractive index of )
si Fpawosedrofi s fodowmg compenents 1a3osd@1fronmthe reticle side
1.560325941, and the refractive index of silica for
198lo3@s the dravaing shsections ofoBght: nay pesitive seeszwesolens 121
The .refractive index.of deionized water for. the center

10Whese congaYe shriaog iskephiawardithereticles a bicoayexens L.22; a
10BONIE HENIRGUS Tawe §aswhosk Cativave e bl ashhersal shape
o 15 REPlchsbBiscwatal o heky e MOGPisPUS SFRs L4 nBosgroonvex
P 3% SBSeal Shud R Rb5T! bR bl T Bt
BRI 75 e RUEHET SeR S R RREAE the recct;
iRonki 186, 26! BReSS dehRa¥ Shiles.of BriSigs! shave is kept
t hyward the reticle; a positive meniscus lens L27 whose concave surface
1s kept toward the reticle; a negative meniscus lens .28 whose convex
surface of asphencal shape is kept toward the reticle; a biconvex lens
L29; a biconvex lens L210; a positive meniscus lens 1211 whose
convex surface is kept toward the reticle; an aperture stop AS; a positive
memscus lens £212 whose concave surface is kept toward the reticle; a
biconvex lens 1.213; a positive meniscus Jens 1214 whose concave
surface of aspherical shape is kept toward the wafer; a positive
-mentscus lens 1.215 whose convex surface is kept toward the reticle; a
positive meniscus lens L216 whose concave surface of aspherical shape

18 kept toward the wafer; and a planoconvex lens L217 (boundary lens

Lb) whose plane is kept toward the wafer.
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out si de radius and inside radius of the
aberration-corrected region AR, 20 H and D the

Y-directional size and X-directional size of the FP04-0160-00

effective exposure region ER, R the radius of

curvature of the arc defining the effective exposure
region ER (effective imging area) of arcuate shape,

and Yo the maxi mum i nmage hei ght. Each surface numnber

repr eseniis therfist @xanyfle aal wheaganimetinichendigbés! @enses) and
side along the traveling direction 25 of rays fromthe

r etailctle sefl¢ctoeg meembetevith] £ povdratthe( fitgtstomuaveasslecting
to the wafer surface being the i mage plane (second
sumniigg) , CMA ramdi utheof secofi@l FEOHe DAGOréflectiny vatinree CM2)
of each surface (radius of curvature at an apex: mn

i ncohstitdig tie aropespioar bpakak syftene) PL daen amangzd salong the
spaci ng or surface separation (mm of each surface,
andingle heptieak avtis vA X ndeSpeotficdlly, cdd086 ofiatled etrghdmitting
5 The surface separation d changes its sign every

r emeassbersnformiingr theosecondhemagyrg optichk systehade? are made of
separation d is negatjive in the optical path fromthe

f i pdicac onbasy @ptisel aath lbetivacnotheciylanecemesssdenmd.217 as the

concav reflecting mrror CM2, and positive in the
ot @Bngw s gdt md fhe watedi W st fdlad, avith ethef megdihm Lm

convex surface kept toward the reticle is 10 positive,
anfORHSRE O dergnizedr watar e Inrthearst cxaeuple, tia tighe from the

kept. ,toward the retigle, is n tiv regar dl ess of
¢ hietile & prssesdhireuah thelenses L1 5}1&3ﬂﬁ>gefif§¥ the Brst goncave

TR 2T R e - e

NA= 4. Ro=17. i =11.
rejﬂe%tmg Y Qﬁ{ﬂl &'avejlls valgnt]he lens L13 and the second concave

reflecting mirror CM2 to form an intermediate image of the reticle R
near the first concave reflecting mirror CM1. The light reflected by
the second concave reflecting mirror CM2 travels through the lenses
L.21 to L217 (Lb) to form a reduced image of the reticle R on the wafer
W.
In the fwst 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 hght i1s 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/dX) 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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20 H=26.0mm D-4-.0nnn R=20.86mm Yo=17. Omm
Specification of Optical Menbers 25 Surface -50

FP04-0160-00 nunmber r d n Optical Menber (reticle  Fp04-0160-00

surface) 70.25543 1 444.28100 45. 45677 1.5603261
(1,11) 2* -192.24078 1.00000 5 3 471.20391 35.53423
1.5603261 (L12) 4 -254.24538 122.19951 5* -159.65514
13. 00000 1.5603261(L13) 6 -562.86259 9.00564 7

- 266a2386@h- ShAVLE f (EMpm 48 8/arkf2aB82RAe -IB+2W00 10 pe
1. 5603221??L13) O* -159.65514 -107.19951 10 3162. 83419 pet

144v2addneth@ngeldf -13M. O1R{LotHES . WOFRI the ﬂﬁg&i‘ﬁbn (dn/dR) of
| Shd3ehactue Fhded of-dAGNERINAKIOROMO 16 EDIpEBAE: 193 306
62. 58039 1.5603261(L23) 16* 515.92133 18.52516 17*
35@én87027 20. 00000 1.5603261(L24) 20 18 269.51733
285 2601?11 the first example, the refractive index of silica for the center
wavelength of 193.306 nm 1s 1.5603261, the refractive index of silica
for 193306 am + 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 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 1s 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 image-side (wafer-side) numerical aperture, Ro and Ri the
outside radius and inside radius of the aberration-corrected region AR,
H and D the Y-directional size and X-directional size of the effective
exposure region ER, R the radius of curvature of the arc defining the
effective exposure region ER (effective imaging area) of arcuate shape,
and Yy the maximum tmage height. Each 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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19 665. 61079 35. 16606 1.5603261 (L25) 20 240.55938
32.43496 21* -307.83344 15.00000 1.5603261(L26) 22

258. 17867 58. 24284 25 23 -1143. 34122 51. 43638 FP04-0160-00

1.5603261(L27) 24 -236.25969 6.67292 -51 FP04-0160-00
25* 1067.55487 15. 00000 1.5603261 (L28) 26 504.02619
18. 88857 27 4056. 97655 54.00381 1.5603261 (L29) 28
-283. 04360 1.00000 5 29 772.31002 28.96307 1.5603261

( L210yatudd of8&ith 8i€a% (rA0u0 LB tuhGilul? R umbdp&éd/4¥m in the
1.5603261 (L211) 32 36408.68946 2.30202 33 00

42 c233 08 ap ASphefic s £0%), d4h26n-3RiHGMENE F6BERE separation
(L212) 35 -514.67146 1.00000 36 1530.45141 39.99974

1. ga08p6df (davh3surface; sl 287¢6 Tea0f0e38ndR0. o63de center
36. 15464 1.5603261 (L214) 15 39* 12719.40982 1.00000
a0 waslerghs 41. 83608 1. 5603261(L215) 41 190. 40194
1. 00000 42 151.52892 5242553 1.5603261 (L216) 43* _
108. 67474he. sadese 28epatation 5d0ThaBges00s 751gn 560836 Teflection.
(L217:Lb) 45 00 6.00000 1.47 (L) _ o _
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
radrus of curvature of each convex surface kept toward the reticle is
positive, and the radius of curvature of each concave surface kept
toward the reticle is negative, regardless of the direction of incidence of
light. The notations i Table (1) also apply to Table (2) hereinafter.
[TABLE 1] '
Principal Specification
2=193.306nm
B=t1/4
NA=1.04
Ro=17.0mm
R=11.5mm
H=26.0mm
D=4 .0mm
R=20.86mm
Yo=17.0mm

Specification of Optical Members

Surface
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(Wafer surface) (Aspherical data) 2d surface 25 x=0
C4=8. 63025 x 10-9 C6=2.90424x 10-13 -52 FP04-0160-00

C8=5.43348 X 10-17 C10=1. 65523x1021 C12=8. 78237 X 101@T%V10160 00

Cl14=6. 53360X 10-30 5th surface and 9th surface (sane
surface) K=0 5 C4=7.66590X 10-9 C6=6.09920 X 10-13-
C8=-6.53660x 10-17 C10=2.44925 X 10-20
Cl12=- 3. 14967X10- 24 Cl14=2.21672X10-28 16th surface x=0

10 nGab@. 79715X10-B C6=2 n195 {8yl Meni®is- 9. 40364X
10-17 C10=3 .33573 X 10-21 C12-7.42012X10- 26

Cl4=1((¥eche ¥idad®) TOIsHIB face K--0 15 CA4=6. 69596x
10-8 =1. 67561 X 10-12 (C8-6.18763 X 10-17

C10=2. 6842381000- 2245 45774 0955@03269(Eﬁlﬁ14 =3. 25841 X
10-31 21st surface 0 20 C4-8.68772X 10.8 C6-1.30306x

102%2 cH2246982x 1.00000Clo=-6.56830x 10-21
T 7120301 3553423 15603261 L12)
4 25424538 12219951
5%+ -159.65514  13.00000 1.5603261 (L13)
6 -562.86259 9.00564
7 20623868  -9.00564 (CM1)
§  -562.86259 -13.00000 1.5603261 (L13)
9% _159.65514 -107.19951
10 3162.83419 14420515 (CM2)
11 -389.01215 43.15699 15603261 (L21)
12 -198.92113  1.60000
13 391527567 4201089  1.5603261 (1.22)
14 -43252137  1.00000
15 20316777 6258039 15603261 (L23)
16* 51592133 1852516
17% 35667027 2000000 15603261 (L24)
18 26951733 28526014
19 66561079 3516606 15603261 (125)
20 24055938 3243496
21* -307.83344  15.00000 1.5603261 (1.26)
22 25817867 5824284
23 -114334122 5143638  1.5603261 (1.27)

24 223625969 667292
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25th surface 1r0 25 C4=-1.54049X 10-8 C6=7. 71505 X

10-14 (C8=1.75760X 10-18 C10=1.71383 X 1023 -53

FPO4- 0160- 00 C12=5.04584X10-29 Cl4=2.08622X10-32 39t Ixp4-0160- 00
surface K--0 C4= 3.91974x 10-11 C6=5.90682x 10-14 5

C8=2. 85949X10- 18 C o=-1. 01828X10-22 Cl2=2.26543 X

10-27 Cl4=-1.90645x 10-32 43rd surface K=0

C4=8. 33324X10-8 C6=1.42277X10-u 10 C8=-1.13452X10-15

C1O3F. 18489654878 C130(DRBI3 1540326 @LA8H. 01735X
10-26 (Val ues corresponding to Condition)

F12564. $9A0261917. Q8188 R=20. 86mm (1) Fl/ Y0=9. 66
(2) R Yo=1.227 Fig. 6 is a diagram show ng the

tr 27svedOS68SSat i 64.00881he fli$6032€KehPPE. In the
aberration diagram Y indicates the i mage height, each

20280l i 283.04360e ckBHOBO0wavel engt h of 193. 3060 nm
each dashed line 193.306 nm+ 0.1 pm = 193. 3061 nm
an@9%acf 72002 | n28 DE30306 Ans6032A1 (bR 0N 93. 3059 nm
The notations in Fig. 6 also apply to Fig. 8
heB#i na$599 87889apph06600f romthe aberration diagram
° 3? o 667.92225 5294747  1.5603261 (L211)

32 36408.68946  2.30202

33 o0 4227703 (AS)

34 -205334123  30.00000 1.5603261 (L212)

35 -514.67146  1.00000

36 153045141 3999974  1.5603261 (L213)

37  -54023726  1.00000

38 37056341 36.15464 1.5603261 (L214)

39* 1271940982  1.00000

46 11892655 41.83608  1.5603261 (1215)

41 19040194  1.00000

42 151.52892 5242553  1.5603261 (L216)
| 43*  108.67474  1.12668

44 9154078 3550067  1.5603261 (L217:Lb)

45  w 600000 147  (Lm) |

(Wafer surface) |

| (Aspherical data)

2" surface

k=0

Cs—8.63025%107 (C=2.90424x10"1
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the first exanple secures the very |arge imge-side
numerical aperture 25 (NA = 1.04) and the relatively

| arge effective exposure region ER, the chromatic FP04-0160-00
aberration is well corrected for the exposure |ight
with. the -54 FP04-0160-00 wavel ength band of
193.306 nm 0.1 pm [Second Exanple] Fig. 7 is an
illustration showing a |l ens configuration of the-

pr gest4 3kl tal Csyst 655ageqnding to the second
exanple of the 5 present enbodinent. Wth reference
t 0 (Fh68.78237r 108 nf pi=6cs533600m7Cal system PL
according to the second exanple, the first imaging
opbile slirfasy ahd 9" Gurfscec@apussarfage) he ol | owi ng
conponents in order fromthe reticle side along the
trav@l ing direction of light: a biconvex lens LII
whose convex sugface of aspherical shape is kept

t oGard GORO0NAET ;| x=600992nMEX | ens L12; a negative
neni scus | ens L13 whose concave 0surface of aspheri cal
sh€m€-6§366ﬁt<lﬂbvvar(amFEeM%Sﬂ(ﬁ‘? and a first concave
reflecting mrro Inthefirgt i magi ng opti cal

CM .
sy€hem3d 9@7x}(5{4l e€liry246722d678f a second concave

reflecting mrror CVM2 for reflecting the |ight
reﬁﬁéhtsgufgaﬁf.! the first concave reflecting nmirror CML
15 and transmitted by the negative neniscus |ens L13,
t oafd t he second i magi ng optical system &Q is placed
in_th iLncl u thg, optical axis AX

be%&gsﬁig’glé}ga\@fé-égg?gﬁ%nd t he negative
BTSRRI (s B RS Tt Ut e a first lens
cohezrd VG i bBSERE<eBast  tut es a concave
{7 gl ng opt; cal system G | @n the ot her

hand, the second imaging optical system @ is
coﬁgsed of the follow ng conponents in order fromthe

reEl ClE6§566x10° C=1.67561x10™2
Cg=6.18763x10""  C;;=2.65428x10°*
C1=4.09555x10%°  C,4=3.25841x10™
21st surface
k=0
C,;~8.68772x10° (Cg=-1.30306x107"
Cg=-2.65902x10"7  C;=-6.56830x107
C12=3 669805107  C14=-5.05595x107
25th surface
k=0
Cs=1.54049x10° Cs=7.71505%x107"*
- Ce=1.75760x10"%  C1=1.71383x107%
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25 along the traveling direction of light: a positive
nmeni scus | ens L21 whose concave surface is kept toward
the reticle; a biconvex lens L22; a -55 FP04-0160-00
positive nmeniscus | ens L23 whose concave surface of FP04-0160-00
aspherical shape is kept toward the wafer; a negative
nmeni scus | ens L24 whose convex surface of aspherical

- shape is kept toward the reticle; a negative neniscus
| egs, L S8 nEdNVEeX {G§3kept toward the
re?%&|§?”§%g choné%V;§ﬁ§%§£%2g§mhose concave surface
of a¢pRkeFheal shape is kept toward the reticle; a
positive neniscus | ens L27 whose concave surface is
kept-gfoward the reticle; a negative neniscus |ens L28
whose convex surface of aspherical shape is kept

t o@ed3 we7aetoch e,Cca-Ppogggyexoliens L29; a biconvex

| ens L210; a positive neniscus |ens L211 whose 10

cogye $394nc ¥s Kept-1tEVRIgkIM® reticle; an aperture
stop AS; a positive neniscus |lens L212 whose concave

su(h§€3255433904fow@h&_L@@ﬁmg&ﬂQr%; a biconvex |ens

- L213; a positive neniscus |ens L214 whose concave
sudBad sudhc@aspheri cal shape is kept toward the wafer;

a positive nmeniscus |lens L215 whose convex surface is

kegt=0t oward the reticle; a 15 positive neniscus |ens

L216 whose concave surface of ﬁspherical shape is

k e il,=8Bdd2d <t1i0e” whised ;428U >al (bi'anoconvex | ens L217

(boundary | ens J}b) whose pl ane hs kept toward the

wafer-1.1840Rsl1€ecord pet <K pl ane-paral l el plate

Lp is disposed in the optical path between the

pl &npedm¥ad 1eE L2125 0dA858d0ndary 20 I ens Lb and

the wafer W The nedi um Lm consi sting of deionized

waf ¥alues corespendingitpeCopditial) pat h bet ween t he

boundary | ens Lb and the plane-parallel plate Lp and

inFﬂﬁé6géﬁHﬁﬂ pat h between the plane-parallel plate

Lp ni]the wafer W In the second exanple, the

trXosh? Wy nenbers (I enses) constituting the

prgjection optical system PL are nade 25 of silica or
fl%ﬁl%r%&{]@fhﬁ). Specifically, the lens L13, |ens

L2H8r1 9 66
(2)R/Y=1227

Fig. 6 1s a diagram showing the transverse aberration in the first
example. In the aberration diagram, Y indicates the image height, each
solid hine the center wavelength of 1933060 nm, each dashed line
193306 nm + 0.1 pm = 193.3061 nm, and each chain line 193.306 nm -
0.1 pm = 1933059 nm. The notations in Fig. 6 also apply to Fig. 8
heremafter.  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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| ens L217 (Lb) are made of fluorite, and the other
| enses and pl ane- -56 FP04-0160-00 parallel plate Lp

are made of silica. Namely, approximately 88%of the gppa.0160-00

transm tting nmenbers form ng the second i magi ng
optical system & are made of silica. Furthernore, in
the second exanple all the transmtting 5 nenbers

(I enses and plane-parallel plate) and all the

re j i irst concave
ae\félexg%(h sl %%QE nROYer ph.

reflecti mrror econd® concave reflecting

m gS@éo&l@){af.’ gLng the projection optical system PL
are arranged al ohg the single optical axis AX. In the

second gxanpl & ahhdfustidifor 's%whgom Ieh8 é@ﬁﬁ%ﬁf’aﬂ%n of the
travel s through the Ienses LI | 107to L13 to ehter the :
fi F)iéje@ﬁf}ﬁah&ptibﬁlf |s§Steni ad oridpig QYL -thd heeddiihtexample of the
refl écted by the first concave teflecting m nor

tr ?Y@e‘il_t ¢htbddigenens With Jefentd go F86 ONdinChRCA\Fection optical
reflecting mrror CM to forman internediate imge

of sydtent @i ateoridimean theesddomst egamde etheefirsicimmaging optical
mrror CM_ The light reflected by the second conCave
retystetri G Scemposed GFRhe rfallemanghcmuponéing ineosks from the
L21-L217 (Lb) and the plane- parallel plate Lp to form

a rettile enide rmabgreg dhe ttiwvelrig direcRonroft hightvah dricoivext dens 1.11
the second exanple, the lasing center wavel ength of

t hwhase comvexnsurthees ef dsphbtichbshape he keppdswaed| thghwafer; a
is 193.306 nm and the 20 refractive index of silica
nebrconyex3bmsnh Mgr aepegative rimeaissius- e501.33 1@h6speconcave
wavel engt h change of +1 pmand varies at a rate of
+1swdace of asplermal shape itkhgphtamandydeoeticle;mnd a dirst concave
ot her words,_ the dispersion édn/ da.) . of the

r efatlatinge ey (¥ 1si | I dhaekirst: gpagoe mntical - sygem G1, a
10-6/pm The refracgtive index of fluorjite near.193. 306
nnfsilactag Co50f a2 eSesondy copgaye 1tefleghing mispe g2 for

change of +1 and, vari es at rate of +Q.980 x 10-6
pefe'}%é‘«mge- %ﬁ%&@@ %-Yl 15t copcaxe rgeqng mirror CM1

and transmitted by the negative meniscus lens L13, toward the second

mmaging optical system G2 is placed in the region not including the
optical axis AX between the biconvex lens L12 and the negative
meniscus lens 1.13.  Therefore, the biconvex lens L11 and the biconvex
lens 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 traveling direction of light: a positive meniscus lens L21

- whose concave surface is kept toward the reticle; a biconvex lens 1.22; a
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-57 FP04-0160-00 the dispersion (dn/6) of the
refractive index of fluorite near 193.306 nmm is -0.980

X 10-6/pm Furthernore, the refractive index of FP04-0160-00

dei oni zed water near 193.306 urn varies at a rate of

-2.6 x 10" per wavel ength change of +1 5 pm and

varies at a rate of +2.6 x 10-6 per wavel ength change

of -1 pm In other words, the dispersion (dn/dA. ) of

th oﬁﬂf\feaﬁfe'n‘(&ds”ﬁ% 1043 AR \)’é,atsﬁrfa?@%f %ﬁﬁeﬁ@ﬁl shape

nmis -2.6 x 106/pm In t secon exanpl e

refy R@gt YowhitP ere Qbafel! 4 6@ Eﬁﬁ/etrﬁ@nﬁ%ﬁﬁ qenya\el Wlﬂis'é convex
of 306 rimis 1.5603261, the refractive index

si kiefacE o6f aphdfieanBhhPe ti KeptMewaRB. (he6 tetidle; '§ negatwe
1.560325941, and the refractive index of silica for

19%heiiScuylensOL2 5 pwhasd L3nseR SurfadeSisl kepd BrRakP thé' keticle; a

refractive index of fluorite for the center wavel ength

of bickfizasdeninli2o WhoktAdditavehqurfade @ﬁtasghenﬁﬂe%heqfe is kept
fluorite for 193.306 nm+ 0.1 pm= 193. 3061 nmis

1. idddt it2retriel 4 positbfe acnissi lede{ 27T wikodd ¢midave surface
for 193.306 nm- 0.1 pm = 193.3059 nmis 1.501454898.

Furs kepitoveard: the redioleica inegatindaneniscdeilons 198 wdtose convex

for the center wavelength of 193.306 nmis 1.47, the

r eburdace of dspliexcal shiapons kept tomted theretioh:; 30biconvex lens
0.1 pm= 193.3061 nmis 1.46999974, and the

reL.28¢ctd iacomde lohs de2blj zepositier honist@s. BME Li2d1 whose
0.1 pm = 193.3059 20 nmis 1.47000026. Table (2) bel ow

pr egeyRsswidacRts keptstprartitbareoele; an apebirprstpp S onpositive
opti cal system PL in the second. exanple [ TABLE 21

( PRICHES S| es'p)éeﬂlfz whosereopcaye sustagesaepesopiard the reticle; a

prlconvex lens L213; a positive meniscus lens 1.214 whose concave
surface of aspherical shape is kept toward the wafer; a positive
mentscus lens L215 whose convex surface is kept toward the reticle; a
positive meniscus lens L216 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.
In the second example, a plane-parallel plate Lp is disposed in
the optical path between the planoconvex lens 1.217 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 plat.e Lp and in the optical path between the plane-parallel
plate Lp and the wafer W. In the second example, the transmitting
members (lenses) constituting the projection optical system PL are made
of silica or fluorite (CalF,). Specifically, the lens 113, lens L216, and
lens L217 (Lb) are made of fluorite, and the other lenses and plane-
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FP04-0160-00 Ro=17.0mm Ri =11.5mm H=26. Omim D=4.0Omm 5
R=20. 86mm Yo=17. Omm (Specifications of Opti cal

Menbers) Surface Nunber r d it Optical nenber 10 FP04-0160-00

(reticle surface) 72.14497 1 295.66131 46. 03088
1.5603261 (LI 1) 2* -228.07826 1.02581 3 847.63618
40. 34103 1.5603261 (L12) 4 -207.90948 124.65407 15 5*
-154. 57886 13. 00000 1.5014548(L13) 6 -667.19164

" A P el alt ety ¥ ode oy Narmly R
g _ 7: 1-

1. SeosusaiRing Hedbe (Ol U o55ahd g lRE Csystem

40 PO dBEN3644 L22) 14 -454.81020 8.23083 25 15

206. 30063 58. 07852 1.5603261 (L23) 16* 367.14898

24. 95516 Fubtheiiofe 0190-®@ second example all the transmitting
members (lenses and plane-parallel plate) and all the reflecting
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 L11
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
mtermediate 1mage of the reticle R near the first concave reflecting
mirror CM1. The light reflected by the second concave reflecting
mirror CM2 travels through the lenses 1L21-1L.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 sihica 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 near 193.306 nm is -1.591 x
10°/pm. The refractive index of fluorite near 193.306 nm varies at a
rate 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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17* 258.66863 20. 00000 1.5603261 (L24) 18 272.27694
274.16477 19 671.42370 49.62123 1.5603261 (L25) 20

225. 79907 35.51978 5 21* -283.63484 15.10751 1.560326%P04_0160_00

(L26) 22 261.37852 56.71822 23 -1947. 68869 54. 63076

1.5603261 (L27) 24 -227.05849 5.77639 25* 788. 97953

15. 54026 1.5603261 (L28) 10 26 460. 12935 18. 83954 27
1925. 75038 56. 54051 1.5603261 (L29) 28 -295.06884

1, 9500028, S TANEORIBALSERRTEL o e Ar 193306

1. 5ePE26196034 1)®/piR. 39181. 66426 1. 00000 33 co
46.27520 (AS) 34 -11881.91854 30.00000 1.5603261

(L212)  Borthepho?d138e 11OR0PveOintfexl 495 #86Aized water near
39.89113 1.5603261 (L213) 37 -542.10144 1.00000 38

3349355 naf vBABS At b REO 262 d k214F y&%a@@ﬁgﬁﬁ@%ﬁe of +1
1. 00000 40 112.42843 43.53915 1.5603261 (L215) 25

0000 8 S84 S04ty s of -1

1. bo58ther words, the dispersion (dn/dA) 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 is 1.5603261, the refractive index of silica for 193.306 nm
+ 0.1 pm = 193.3061 nm 1s 1.560325941, and the refractive index of
silica for 193.306 nm - 0.1 pm = 193.3059 nm is 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
om + 0.1 pm = 193.3061 nm 1s 1.501454702, and the refractive index of
fluorite for 193.306 nm - 0.1 pm = 1933059 nm is 1.501454898.
Furthermore, 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 1s 1.46999974, and the
refractive mdex of deionized 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

B=+1/4

NA=1.04
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44 90. 28791 31.06087 1.5014548 (L217:Lb)
1. 00000 1.47 (Lm 46 00 3.00000 1.5603261

45 00
(Lp)

S5 47

00 5.00000 1.47 (Lm) (wafer surface) (Aspherical

data) 2nd surface x=0 10 C4=9.57585x10-9

C6=7.09690x10- 13 (C8=1.30845x 10-16 Clo=-5.52152x

10-22 C12=4.46914 x 10-25 Cl4=-2.07483x 10-29 5th
surface and 9th surface (sanme surface) 1c=0 15
043&)__115’,?%}@08 C6=6. 70616x1013 (C8=1.87976x 10-17
C10=1 . x 1020 Cl12=2.34827x1024 Cl4=1.90285x
1092811 4 surface x=0 20 C4=4-06017 x 10.8
C6=2. 22513 x 10-12 (C8=9.05000x 10-17 C10=3.29839x

1024—)Ebain7- 46596x1026 Cl4=1. 06948x10- 30

surface x=0 25 C4=-6.69592x 10.8 C6-1.42455 x 10-12
C8P4 6afh6Xx 10-17 Clo=2.48078x 1021 -61 FP04-0160-00
Cl2=-2.91653x 10-26 C4=1.53981x103' 21st surface

17t h

R=20.86mm

Y,=17.0mm

(Specifications of Optical Members)

Surface

Number r d n Optical member

(reticle surface) 72.14497
1 29566131 4603088  1.5603261 (L11)
2* 22807826  1.02581
3 84763618 4034103  1.5603261 (L12)
4 207.90948 124.65407

5% -154.57886  13.00000  1.5014548 (1.13)

6 -667.19164  9.58580

7 -209.52775 -9.58580 (CM1)
8 -667.19164 -13.00000  1.5014548 (L13)
9*  -154.57886 -109.65407

10 2517.52751 147.23986 (CM2)

11 35771318 4175496 15603261 (L21)

12 -196.81705 1.00000

13 8379.53651 40.00000  1.5603261 (L22)

14 -454.81020 823083
15 206.30063 58.07852  1.5603261 (L23)
16%  367.14898  24.95516
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1c=05 C4=-7.97186x10-8 C6=-1.32969x10-12 (C8=-1.98377

X 10-17 C10=-4.95016x1021 C12=2.53886x10-25

Cl4=-4.16817x10-29 25th surface K=0 10 C4=-155844x - _
10-8 C6=7.27672 x 10-14 (C8=1.90600x1018 FP04-0160-00
Clo=1. 21465x10-23 Cl12=-7.56829x10-29 :

Cl4=1. 86889x10-32 39th surface K--0 15 C4=6.91993 x

10-11 C6=7.80595 x 1014 (C8=3.31216x10-18

Clg7+l. 3958968$322 20 .00 6999460346t A724) 14=-4 01347
X 10-32 43rd surface 0 20 C4=8.30019x 10-8

CodB 247282 20609- 12740%4726768x 10-16 Cl10=1 . 08933 x
1018 C12=3.01514x1022 Cl14=5.41882x1026 (Val ues

corl¥esp6AHi4r 700 CapEIIAR) IFIS0TH6PENPSRS Yo=17. Omm
R=20. 86mm -62 FP04-0160-00 (1)F1/Yo=10.53

(202K Yo22528B07F g358197% di agram showi ng t he
transverse aberration in the second exanple. It is
al 2d *apg283k68484 om tHd0abér r al i5HO36dgidR6)0f
22 261.37852 56.71822
23 -1947.68869  54.63076  1.5603261 (1.27)
24 -227.05849  5.77639
25% 78897953  15.54026  1.5603261 (1.28)
26  460.12935 18.83954
27 192575038  56.54051  1.5603261 (L29)
28  -295.06884  1.00000
29  861.21046 5250515  1.5603261 (1.210)
30 -34592.86759  1.00000
31 61486639 3734179 15603261 (1L211)
32 39181.66426  1.00000
33 0 46.27520 (AS)
34 -11881.91854  30.00000 1.5603261 (L212)
35 -63195129 1.00000
36  1465.88641 39.89113  1.5603261 (L213)
37  -542.10144  1.00000
38  336.45791 34.80369  1.5603261 (L214)
39* 269215238  1.00000
40 11242843 | 43.53915  1.5603261 (L215)
41  189.75478  1.00000
42 14991358 4241577 1.5014548 (L216)
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5 Fig. 8, as was the case with the first exanple, that

the second exanple also secures the very |arge

i mage- si de nunerical aperture (NA = 1.04) and the _ }
relatively large effective exposure region ER while FP04-0160-00
the chromatic aberration is well corrected for the

exposure light wwth the wavelength band of 193.306 nm

0.1 pm 10 In each exanple, as described above, the

hi gh+ maggey 9igd®g Nnungig4y] aperture of 1.04 is secured
for the ArF excinmer [aser light wth the wavel ength

of 4493. 396 279 1and 3 R ectii y@] L34 P7:Fﬂ:gi on -
pe o

(still exposure region) of arcuate sh 6.0 mMm x

4. @5mm cagy be  sgmoEy; tiheyef Or(@,m} he scanni ng
exposure of the circuit pattern can be 15 perfornmed at
hi gl r esobout i on3WHEJOM tf]es@g(mp(lgp)” egi on of
rectangul ar shape of 26 mm x 33 mm~ for exanpl e.
NeXt7/, theodt hi rd5€)0000 € qf47 he AiLeaENt i nvention wl|
be described. Fig. 9 is an illustration showi ng a

| ens (wafargurfacepn of the catadioptric projection
optical system according to the third exanple of 20

t héApplesrecul dataenti on. The catadi optric projection
optical systemPL1 according to the third exanple is
codpdsarfact the foll owing optical systens in order
fromthe object side (i.e., the reticle Rl side): a
fixs) inmmging optical systemd for forming an
intermedi ate image of the retjcle R located on the
fi CatINBacd 0 anCea7 MK ihegi ng optical 25 system
& for form n%_lgn i nternedi ate ijtage of the reticle R
onCa=1d88d5<1Rot  shof.I2052dd On t he second surface.
- 63, FP04-0160-00. The first imagjzglg optical system Gl
i s%ﬁﬂ;@.@%b‘l’éwa | &ng=uh Y438 Kh03 positive refracting

power (fourth lens ynit or firs nit) Gl,

- af Uy sw&ace anwh Gth swdaes (saamel su@ce bt | ecting nirrors

M, 52 The lens wunit G| functions for making the
op¥ital systemtelecentric on the 5 reticle R side.

Th&4§f_cl%%§1i><qﬁgi n% ggyo%ql&sl)bslgem & is conposed of
Cy=-1.87976x10""7 C;p=1.71587x107%
C12=-2,34827><10"24 C1~1.90285x102®
16th surface
=0
@=—4.Oé€)l7'><l()’8 Ce=2.22513x107"
Cs=9.05000x10""  C,;,=3.29839x10?
C1=-7.46596x107°  C;4~1.06948x107°
17th surface
=0
C=6.69592x10° Ce=1.42455x10"
Cs=-5.65516x10""7  C;;=2.48078x10
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after-described two reflecting mnors M3, M4, a lens
unit with a negative refracting power (first |ens

unit or third unit) &1, a lens unit wth a positi VeEP04-0160-00

refracting power (second lens unit) &2, an aperture
stop ASI, and a lens unit with a positive refracting
power (third lens unit) 10 &3. The lens unit &1
functions to adjust the magnification and to relieve
the yard at6omx voed t @ be sHggienente of field angles of
t he beam expanded by the reflecting mrror M3, so as
to suppress occurrence of aberration. The |lens unit
&2 functions to converge the diverging beam The

| edstsurfada23 functions to condense the beamso as to
15 achieve the |large nunerical aperture on the wafer
sidef) Here the lens unit G| is conposed of the

foll owi ng conpgnents in order of passage of rays from
t h€ 007 631 86kHO°( r Ex€l.82M9x30de) : a pl ane-paral | el
plate LI; a negg%ive meni scus | ens L2 whose concave
suflxaeb 988735 phErl | dBj—sh 50165 1KEPt t oward t he obj ect
side; a 20 bicogyex | ens L3; andzg positive neni scus

| ehgy £ A53R8868100ncdvg=-4146847= 16f" aspheri cal shape is
kept toward the wafer. The beamtransmtted by the

pogbth ssefasni scus I ens L4 travels through the
negati ve neni scus |lens (negative lens) L5 with the
cokclve surface kept toward the object, is reflected
by the concave @eflecting 25 mpror (concave mirror or

fifat-FabB&xifg i sTHRYONZ WMt h the concave surface
kept rd thegobject, ses ggain through the
nega‘fi[l%%ogéz15$04bwfdo2%§5 I'scus lens L5, and is
refl ecte t.hepsconve cting mrror (optical
paEﬂﬁ‘s‘ép%?&yq m r%xleggéé@ﬁtﬁé reflecting mrror) M
Wi gmthe convex surface kept toward the wafer. The
ne% } 9BE3Ei scus lens L5 functions for satisfying

the_getzval's condition. 5 The beamrefl ected by the
cofivéx reflecting mrror M forns an internediate

Lrgg_g_ﬁ)é}%%fﬁu c§=3!8@9§)[1190-posi tion a shown in
Cg=3.31216x10" C;=1.39159x10"2
C1=3.69991x10%"  (C1,=-4.01347x107
43rd surface
=0
C,~8.30019x10° Ce=1.24781x10"!

- Cg=9.26768x10"°  (1,=1.08933x10™"®
C1=3.01514x10  C14=5.41882x107
(Values corresponding to Condition)

' F1=178.98mm
Y¢=17.0mm

.'R=20.86mm_ '
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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

AXI where the concave reflecting mrror M is placed.

Next, the beamreflected by the convex reflecting

mrror M is incident to the concave reflecting

m 31/ =1ets3ield mrror or third reflecting

mrror) M3 with the concave surface kept toward the
Obj(2¥R/Y=t102p® bent into a direction toward the

optical axis AX1 of the 15 catadioptric projection

optical %yst@nisPhl diadfsin' Showingt thedphheRrisBeab&PMGYSn the
reflecting mrror M3.” The beamenerging fromthe

cogeeved exablpsie! | 10 igmaleys Afpakéntafionk | the calimestdes dibSram of
reflected by the convex reflecting mrror (second

fighg 8] aowar theatusehwithf thecfirst exainngle) that thei ddtonldeexample
convex surface kept toward the wafer, and is directly

i nalsdes¢cudds the tvioey haget invggeveilesaumdriad dperfwe (NW = 1.04)
the lens unit &1. The convex reflecting mrror M4

r ebindv élse t fedatveeliyatlinge effachwebexpoduse tiegidn eER, while the
angl es expanded by the concave reflecting mrror M,
sochromatic sahppratos  scwell eocectdd dberthataxposuihdight with the
negati ve neniscus |lens L5, concave reflecting mrror

M wasehargsth handent 19%366 mmort §4, poroncave 25 refl ecti ng

“mrror M3, and convex reflecting mrror M4 constitute
e

a -seconlit wadh. exempieosaso tkscubed Thbovendhenhtghaimage-side
conposed of the fol] owi ng conmponents in order of i
paBumgsical apsyiare HInb§4t isy seensicids farsthee AgFL exoimarrelaser light
convex surfafe @O{M;Sﬁheri cal shape is kept toward the
obpaty the; wavelien al®3 -306nmam, angh e cHeEne expesper segion

LR 58 300 AT R 5 8 3
e IE e B SEER S RIE  le SHEBS, pARES can be
en}t)ci',lrfgmrufe: ia%r}]iigﬂ TelSIE o%vlil{h?natli]%aéxpmg]siulrg region of rectangular
shape of 26 mm x 33 mm, for example. |
Next, the third example of the present mvention 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 PL1
according to the third example is composed of the following optical
systems m order from the object side (i.c., the reticle R1 side): a first
mmaging 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 R1 on a

waler (not shown) located on the second surface.
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securing the large nunerical aperture on the inmage
side of the catadioptric projection optical system

PL1. The lens unit &2 is 10 conposed of the follow n%‘PO4-0160—00

conponents in order of passage of rays: a positive

meni scus | ens L8 whose concave surface of aspherical

shape is kept toward the object; a biconvex |ens L9;

a positive neniscus lens LIO whose concave surface of
aspheri cglheShaRSniapi j . :
bi convex [ ens Lﬁrida%éllfng Q)g)t{)c%\%ggte%{ﬂ IG%% g g If%%ﬁpol%g ?fe A Slens unit

univtit Foitive FORBARSS Jgi_wéiﬂ FES etk OthQ GufiPTROBREY fnit) G11,

order of “passage a positive meniscus

L13fieheRecHBaY s UAT ARl fvwo ¥ERECH Frorser1obVeCt ; TRe lens

positive meniscus |ens L14 whose convex surfade is

Kephit (PMafanétienL Bbe thak g 98¢ loptecAresistams tdledéntkitS on the

whose convex surface is kéept toward the object; a

POstiéleR IMeftles CUShé gé@oﬂdtﬁnn@ﬁgpeo A0SIEKRIAA GOt *epPised of
aspherical shape is kept toward the wafer; a positive

neattegdestebed Lo wedsetingneayeorsUMACIaf Rdeherngie! with a
shape is kept toward the wafer; and a planoconvex

| ensgative refrbdting posvdri (first &rnsatitner thirlvanitME2E, a lens unit
convex surface is kept toward the object. The |ens

unmtith &pdsitamerdfraceingt pewab{sccand leap simi)iG2 528 aperture stop
constitute a fourth unit. 25 The catadioptric

pr #iSct ansh adpns anlit swith anp@sitiviesrefactingupoeetr t(third lens unit)
satisfy the condition of 0.17 < Ma/L < 0.6, where M

i sGRi sThedensvunit- 68 1FRowtieot®adjushehephagaifieation and to
AX1 between the reflecting mirror M3 and the aperture

st Blicas] theamariatian dlust tn¢he whiffeeence b fraddi ageRiofathe beam
the wafer, Wien Ma/L satisfies the lower [imt, it is

f eexpanded by dboirellesangrmusor M3t s fasrtensuppess legcurrence of
concave .reflecting mrror_ M3 with the lens unit &1 5 .
andbeIEatiPRns Tiﬁi Fer!@znmtvxﬁ%%? Nmnctiens i tof cenvergs ihpediverging
limt, it s, feasible tq avaid an increase, in the

t oPEAM e nkfich lem umk (123 duBELIPRS (iReCORdenseotha fpgam so as to

ceednery the, fuBe ARl ApeHuts o TEnBF S dhce. and

securel yHgl\'/eOi ﬂ{engletnlge ulnrllf: "B s composed of the following
components 1n 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 L4 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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in the total length and the increase in the size of

the projection optical 10 system the projection

optical systemis further preferably constructed to _ _
satisfy the condition of 0.5-< Ma/L < 0.2. Wen this FP04-0160-00
catadioptric projection optical system PL1 of the

present exanple is applied to the exposure apparatus,

pure water with the refractive index of about 1.4 is

| NheEHIeRd 1efk tUhe aRgi féa'reﬂ@ét@dlﬁygﬂf R elt‘ifg&?tiﬂglqninor

and the wafer, where the refractive index of f
at (epRbeSath @efl)ﬁﬁltﬁ@ RFHOR 0T ecPhel refletBAgGRir6Al M2 with the
system PLlI is 1. Therefore, the wavel ength of the

expofvEL shifabé kept Bowardvahefvafer abThe ndafiVe(rhehis®ls lens LS
times that in the atnosphere, whereby the resolution

cafubeiorgforraadfyindd tHoPeopidlealomiionAXI of every

optical elenment included in the catadioptric

5 proj ect i Thedwaie adflcted by e canexeflartinh@irror M2 forms an
predeterm ned refracting power is placed substantially

onmtbamsdiatt emage rofithétreticleeR 1andhe positegn arshofwi e Fig. 9, in
i mage formed on the wafer by the catadioptric
pr ojdart foosecmpelycadhisys thendpitical patlh sepdfationi betveggmthe beam
not 25 including the optical axis AXL Therefore, it is
- f etrovitde the redlie eRi handdéde deeanmh  wividridc uhe ywafer. Here the
production in production of the catadioptric -67 .
FPpasiiogtr tlocptes] entirarcarpt phale wheosemobinkl as the optical axis
readi |y achi eve rel ative adjustnment of each opti cal
10 nmedoel where the concans wiladtingomajrec tVdns phadeshl syst em
PL1 of the third exanple, since the internediate )
i mage of NeKb thethesme redlecieds by tha qomverereflBctingsmirror M2 is
~imagi.ng optical system, it is feasible to readily .
an@%&%‘!}r g? }ﬁacvﬁﬁrr&aé'et ping danirpex { sty fredd i syrror” or third
bet ween. t he .be ward the reticle 'Rl and the beam _ .
t t%mwﬁ"ﬁimﬂl the Qaucaxs suwfce A aMicloN ) isapbiect,
apertures of .the caj.adioptric pr.ojection qptical
Sy I BRptaiE0 o JiEeCtRln tepviid the QRleHld admghRgl of the
15 Opet:alltggiop%é t}%r(%gﬁo%a%ptti%gl |S)efgtsem PL1, and is oufputted from the
concave reflecting mirror M3. The beam emerging from the concave
reflecting mirror M3 1s quickly converged, is refliected by the convex
reflecting marror (second field mirror or fourth reflecting mirror) M4
with the convex surface kept toward the wafer, and is directly incident
20 to the negative memscus 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 L3,
concave reflecting mirror M1, convex reflecting mirror M2, concave
25 reflecting mirror M3, and convex reflecting mirror M4 constitute a

second unit.
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10 unit &1 with the negative refracting power, it is
feasible to shorten the total length of the

catadi optric projection optical systemPL1 and to FP04-0160-00

readi |l y achieve the adjustnment for satisfying the
Petzval's condition. Furthernore, the lens unit &1
relieves the variation due to the difference of field
angl es of the beam expanded by the concave 15

S&ng‘énents in

reflecti 'I%e“lie_fll gle' GBOiLeotnhozEAREHe RIS

aberration. refore, good’imagi ng peﬁi‘orrra%ge C

be opgdy BY : ggég@w%y& hhﬁe%aﬁwé meé{ig&'thi'l‘eﬂQL%h%hofgle_ convex

exposure even fn the Ttase ereticle

si derfadd ofedsphesicdP sRapE s ‘k%k) Qllé?@'ai*&' tRe i '?&ﬂ“ @nd a biconcave

t
catadioptric projection optical system P_ﬂ are
| N&RABFOwhBs@cdpical® ePRRBCSE hiishdresA! dHapenis RébtNRWard the
the fourth exanple of the present invention will" be

deswafebedSiticehtheafepatineantaischs 18haMongnd thdbicdhdasedbns L7
illustration showng a |lens configuration of the

cahadé ah¢ lens punfaees icfmspheiical shapst g@@@ﬁﬁﬂ{g%@ $erformance
e

the fourth exanpl e of the present ‘i nvention.
catalberohieveant thiroaghont thet éstide wypsdein B erposine area, while
fourth example is 25 conposed of the follow ng opti cal
sys¢eammg nther dargef rmmeheabgperturei dm the. émagehside of the
reticle R2 side): a first imaging optical system G

f ocatadropitng pré@@cEPA4optiedt @9steam Philer nEtealensi mage G22 is
of reticle R2 located on the first surface; and a

s ecomprosad gifrieofillcomings gomponeats an drdeniofgpamsage of rays: a
internmediate image of the reticle R2 on a wafer (not )
shPOSIjIVE dBaRISEVD gensﬁb&whom cenedvr surfaee ofiaspherical shape is
i magi ng optical system G3 is conposed of a |lens unit

5 kepthiovarskthe whbied; aabtcomyenoleas I.9par pasitizesmeniscus lens
or_fjrst unit) G31, fter-described |l ens L24, and two

¢ ek iBcvhose rsomeme sertacapol aspberivainshape tischept foward the

L rebers biomues g, Lo a8 o Ricdiiia: IRgsob dcalThe 1ens unit
- Spracks SRmAPRRLEE MeOllgAN S CoBROTGHS mhicEen of passage of
3! Lol BeriROES 113 Whosk WhvaR' durfled 18 képt toward
the object; a positive meniscus lens 1.14 whose convex surface is kept
toward the object; a positive meniscus lens 1.15 whose convex surface is
kept toward the object; a positive meniscus lens L16 whose concave
surface of aspherical shape is kept toward the wafer; a positive
meniscus lens 117 whose concave surface of aspherical shape is kept
toward the wafer; and a planoconvex lens L18 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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with a positive refracting power (second |ens unit)
42, an aperture stop AS2, and a lens unit with a

positive refracting power (third lens unit) G43. Theppys_0160-00

lens unit A1 functions to adjust the magnification
and to relieve the variation due to the difference of
field angles of the beam 15 expanded by the reflecting
mrror M23, SO as to suppress occurrence of

abﬁ‘ié @,@neﬂ a3 6A WA NBetyidn 2l Ot  aperture

the diverging beam The lens unit 3 con nses t

be§f6p3 N8P, badathaedRtandcatRewebH MBI ¢&liclRPRI %ﬁ ﬂ!ib wafer.
the wafer side. Here the lens unit G1 is conposed

t hgvheh MWIngatiSlcs ORNSSE Hnhif, ﬁﬁgeﬂea%l@%%ﬁﬁﬁd Qﬁechamcal
rays fromthe object side (reticle R2 side):

pl anerfeasiild 6f thy sdwcdvdlielRchid® fiMor M3 Wi}ﬂisthbelﬁﬁs gt G21

whose concave surface of asphérical shape is kept

t onad dihehtersbjuaitt G2Nd Whdi delvExsdtidfiesL 8 ubperblemit, it is
transmtted by the biconvex |ens L23 passes through

t hécasdgat fiovavoenams dnereaseisn (thegatalviengeh 9nd 24 intidase in the
the 25 concave surface kept toward the object, is

r esizecok dhdycatddioptine grejectiehl eptical syiteno rPILl: ondavesecurely
reflecting mrror or first reflecting mrror) -69
FPavieidliigg t1o0 mavhanwial ntenference and seonfdyeavafiding the increase
aspherical shape kept toward the object, passes again

t hiothghtotak lengfhtandetheericsease irethe sizt, ofthic ipsojdetion optical
refl ected by the convex reflecting mrror (o tical

pasystemp sheaprejgctipn opticabsysfenot erqmefer@ i eenstyucted to
M2 with the convex _surface of aspherical 5 shape kept
toﬁﬁi&fYtth%CﬂﬁdBkOﬂ 7he. eddally& Yeni scus | ens L24

functio or sati sfyl ng the Petzval's condition.

beam remﬁne 15y catadionirige Projechien: patical rswatenszLl “of the
fornms an int rredl aije image of the reticle R2 at the

poEFetS?%h CRAD phpd.to Hig CXPOYFGeIPRAY alise pusp ywater with
belh feRFave o ‘éé"t pﬁaaé)qaée a %h&”s&iﬁa ol he; fptical. path

V\Blg%%vqﬁqoﬂ)@ #&snlafg 5 tdtﬂ{é at Cthe Teftactive index of the
atmosphere in the catadioptric pro_]ectlon 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 is 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
mcluding the optical axis AX1. Therefore, it is feasible to reduce the
ldeg_ree of difficuity of production in production of the -catadioptric
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AX2 where the concave reflecting mrror M1 is placed.
Next, the beamreflected by the convex reflecting

mnor M22 is incident to the concave reflecting m no§P04_0160_00

(first field mnor or third 15 reflecting mrror) M
with the concave surface kept toward the object, to be
bent into a direction toward the optical axis AX2 of
the catadioptric projection optical system PL2, and

I‘I’ﬁ gf febﬁ%hgﬁ;lttﬂﬁél tsgﬁenPP}l}qaééﬁi i¢ressly ?lu@vérrefat%sacrljustment

eamr ected by the concave rerlecting mrro

ngbgcﬂg%pﬁéhynf@ﬁya{ ged, is reflected by the convex
20 reflecting mrror (second field mrror or fourth

reflectipg tﬁbrézﬁéﬂi% Opxg‘jébti&? diﬂfb‘é?’%yg,{ré%rﬁaPsloéf the third

aspherical shape kept rd the wafer, [

di eeginlple, diftel € mterhb&iadné eMAGAUSE ﬂx%%tib?&}{flofsnﬁ%gled in the

the lens unit 41. The convex reflecting m nor

r efirstvagating wptical bﬁﬂeﬁi‘ Gheitbigafaadilfle foorddikly hatldsecurely
e

angl es expanded by t concave reflecting mrror M3,
soaclsiexd the (ptival path sgsarationdsetofechbibie! iddranowhié the reticle

negati ve neniscus | ens L24, concave reflecting m nor

MeR1 arhttexbeahiltontaird gherwater, evd, incthecase whéi@ the numerical
FP04-0160-00 reflecting mrror M3, and convex

r ehpetuiasg ofi rther dafatliopirst i prdjeconeopttalinsysteithePL1 are
l ens unit (41 is conposed of the follow ng conponents

i nincoeatad. of Sipas sthgesesbndaymagimgb opticabggstean€s2 s the lens
whose concave surface 5 of aspherical shape_is kept

t owant 52 hevithjthe megative zeliacong puaverensisLasitilese shorten the
concave surface of aspherical shape is kept toward the
watotal lergithcef the antadiepiie prejecticaas optigal Isystsim dibdvand to
lens L26 have the lens surfaces of aspherical shape

i traadilyeashieve ths adnistwenyden satsdymg the Masevalisc eondition.

t hy,oughout the entire region in_the exposure area
mﬂfwégqmamai pl@nﬁ hemtaGghl nighevies athe peariatien odue hio  the

AR ETRES, OrHeeleABelin 101G | buBmssended Phote concave
follelﬂ%vc\:ﬁﬁ% Hitor i\%,s sion as to suppress occurrence of aberration.
Therefore, good tmaging performance can be achieved throughout the
entire region in the exposure area, even in the case where the reticle R1-
side and wafer-side numerical apertures of the catadioptric projection
bptica]' system PL1 are mcreased 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

“(1.e., the reticle R2 side): a ﬁrét imaging optical system G3 for forming
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order of passage of rays: a biconvex |ens L27 whose
convex surface of aspherical shape is kept toward the

obj ect; a negative neniscus |ens L28 15 whose convex gP04-0160-00

surface is kept toward the object; a positive meniscu
| ens L29 whose concave surface is kept toward the
object; and a negative neniscus | ens L30 whose convex
surface of aspherical shape is kept toward the wafer.
Then! isrmH@liht abe cgom@qwﬁ?m%df&s 'tRé"'fHQ% surface; and a
conponents 1 n order of passage of rays: a positive
MeRESGMSE 18 B g-Spti it '

i g é—%ﬁ ;13% sé‘gﬁﬁﬁ.@@ %?’foﬁﬁﬁfsgaﬁﬁ éfﬁ%ﬂ@%?ﬁz\%ﬁ Jmage of

toward the obj e sitive meniscu

COyE¥etfdle T BniSwhRR (nbPYBH ) 16 AR ecﬁitheasée%ﬁtédfﬁ%ce.

meni scus | ens L33 whose convex surface is kept towar
the obj eQhe first iffigkhy SpRAL l‘@?k‘ﬁm‘l%_ié% d of a lens unit

concave surface of "asphéerical "shape is kept towar

t heviiafae poshivRostfravingpitveeu sfdade 1baS wiese feNcanR) G31,
25 surface of aspherical shape is kept toward the

wakfier-described lampt oAy end twosrefReti SNWaR1 M22. The
surface is kept toward the object. The lens -71

FPizhsO6i0-(1 fumdtionsifor mpkidgite sppalASateandldeensric on the
unit G43 constitute a fourth unit. The catadioptric

pr pgtede iRihswlet | CBhe sgedmRaginigsopncatsystdmads4 as compased of
satisfy the condition of 0.17 < Ma/L2 < 0.6, where M

i safter-destrapad teo réledptg anirrors $2X%2 M24 weelenshaenit with a
reflecting mrror M23 and 5 the aperture stop AS2, and
L2negaitvt sefametengd powes (firbe lanst unitorRhisthdnit) K24 hah dens unit
Wien M2a/L2 satisfies the lower limt, it is feasible

t owitha p@stisheetiaciing pawer vasond lofis tinet) fohaareaperture stop
reflecting mrror M3 wth the lens unit 41 and the )

| e adens wish withy Al positive stefiactingnpowsp dthird dens unit)
it _js feasi ile to.avoid an jncrease.in the total .

| e@ét%h ahlie lensuniinGdd Bmotionsnto srliust dhe pagnification and to

o, e e o B Br i G th b

BT 6 oot P 0P B 1 Pl e of

N R s 1 {elgi% 8{181 Eiclfi %ﬂngﬁéhg atlo %Xﬁ%gr@ei ﬁlemciiwe/erging
beam. The lens unit G43 condenses the beam so as to achieve a large
numerical aperture on the wafer side.

Here the lens uwmt G31 is composed of the following
components in order of passage of rays ﬁém the object side (reticle R2
'side): a plane-parallel plate L21; a positive meniscus lens L.22 whose
concave surface of aspherical shape 1s kept toward the object; and a
biconvex lens 1.23. The beam transmitted by the biconvex lens 123
passes through the negative meniscus lens (negative lens) 124 with the
concave surface kept toward thé object, is reflected by the concave

reflecting mirror (concave reflecting mirror or first reflecting mirror)
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preferably constructed to satisfy the condition of 0.5
< Ma/L2 < 0.2. 15 Wen the catadioptric projection

optical system PL2 of this exanple is applied to theFPO4—0160—OO

exposure apparatus, pure water having the refractive

i ndex of about 1.4 is interposed in the optical path
between the lens L36 and the wafer, where the

refractive index of the atnosphere in the

catIdl Ol $he" QR ECRIALL PR Kep
There?ore, ;ﬂﬁe (’gjé%’\l?e eng{:%q%}‘ aﬁ%&z&%oggﬁﬁe@l [ It]ttqvg]ard the
PUTdbjecdpiised QAN thrdBeH! the nekative/ thefls ﬁl;'l%ﬁs that ahf i

t he gt m)gphere, V\/nerebgt er %ll%tl}’llgn gan e > ahll is then

enhafleeed bh theOBbh v réPte iy tiflorq¥ EﬂzﬁaP]BEéigft:?ég)naratmg mirror

el ement included in the catadioptricC pro

oplorGrtofd TeAstith mittor)aVIXPIwitkethe28oivSd ShEhte rﬂﬁ‘bspherical

refracting power is placed substantially on the single

st chhgdt képineonand tie wadon Ghet iR phfi9ge rh@iiRBEs Olens 1.24
the wafer by the -72 FP04-0160-00 catadioptric

pr duestiomnforpatisBlingthé Potrld'si ordigonf f - axi s region
not including the optical axis AX2. Therefore, it is

f easi bl eThe beaggefletied begheamivest feffleetineymdfror M22 forms
production in production of the catadioptric

pr apantéroredigei wadges vé tthenrBhidleaR@ dtotheepolitipnas Bhewa in Fig.
relative adjustnment 5 of each optical nenber. Since
t héOc &t adderptor secupely] achicve thetdptrdal putdt sepAiafionf betvecen the
fourth exanple fornms the internediate i mage of the
r ebeainetorvardrtheteeticle R andehierbeapttovardthet wafe®3, Here the
the optical f)at h separation can be readily and ] _
seposision biehlasated botarerean h planeawhosematniadhas the optieal axis
R2 10 and the beamtoward the wafer, even in the case
whére2 prhere the cpaeave mftaatingemionr tM3 1 daplatasht ri ¢
projecti optical system PL2 are increased, Since .
the secohgX ,rﬁgeﬁwgﬂbﬁﬂ%@ﬁd%tmwmgeﬂWngﬁmor M22 1s
unit .41 with the negatiye refractin 0 it.is i
fe’é%‘zi“ﬁlg t ‘gﬁ oFnGAVEn Eetieeling MEKHGE Hfigst d16dd mirror or third
i i i ect | i tem PL2 and t -
Ca}e?fe'c tgrrlngrrg{)w with 8% Icggcl:avsey Surface iEepta toward the object,
to be bent into a 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 mirror M23 is quickly converged, is reflected by the convex
reflecting murror (second field mirror or fourth reflecting mirror) M24
with the convex surface of aspherical shape kept toward the wafer, and -
1s directly mcident to the biconcave lens L25 forming the lens unit G41.
The convex refiecting 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 1L24,

concave reflecting mirror M21, convex reflecting mirror M22, concave
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15 readily achieve the adjustnment for satisfying the
Pet zval ' s conditi on. Furthernore, the lens unit A1

relieves the variation due to the difference of fiel @PO4-0160-OO

angl es of the beam expanded by the concave reflecting
mrror M3, so as to suppress occurrence of

aberration. Therefore, good inmagi ng perfornmance can
be achi eved throughout the 20 entire region in the

ex F?Qﬂéét?n%;ﬁﬁroﬁm3 I BndN&nVeS Mgt c{rﬁiém eoRétitute a

si de and fer-side nunmerical apertures o
catsgeh@PhfhiiC projection optical systemPL2 are
increased I n order to enhance the resolution. The

cat adi optihieCleRk Qirf€ GANi0Bbplsed YT ) fdllowing #6mponents in
third exanple described above is arranged so that the

| @inderr of pasé@ 6F 14t a BiooiRaveNensTI2S WientdhddveMurface

is incident to the I'ens unit &1, but the optical

sy of @@ghaxicﬂl siapkasdtaptnoadrd aht hijje@; dadhd bidasavedass 1.26
is -73 FP0O4-0160-00 disposed between the convex

r eblasel ogndaver evirfide afdadpiericahshapet isRapt kowhid she wafer.
case, the light reflected by the concave reflecting

m Stiece tHBbrassase ttnoLgh amktidobidomcpgsdehedD6 have the lens
reflected by the convex reflecting mrror M4, passes
agaurfatcés edghsphiesicad whapepat ds | feasiblantd Schivec gobdranaging
the lens unit Q1. Simlarly, the catadioptric

pr pgdorinance dprowghoutythice onite? regionhimn fthe raxdposkeermrea, while
Is arranged so that the lLight reflected by the convex

r efClieving thicr langevpameri¢alciaperture oon hthd emsagmiside of the
A1, but the optical system may al so be arranged so

t heatagioptis| projeetion oplealisystirafis2d bet ween t he

GAL. I The Tens HBilduR s prBpesed ok bpiblamipgstangonents in
PTG IRASHAES {183 Bod SICOER RS LAG WanES POBYPE dutface of
PoRSBISal shaioo iy KePLONATg NE QLB AR S FBRISEUS lons 128
Fﬁdb%rﬁnggcg?\ﬂv%%hgqégq%gé :l%g)t;;t\égyzi; d Xdlg Jregc%r a Bgsr.}ti%rélmie?liscus
lens 1.29 whose concave surface is kept toward the object; and a
negative memscus lens L.30 whose convex surface of aspherical shape is
kept toward the wafer. The lens unit G43 1s 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 L32 whose convex surface is kept toward the object; a positive
memscus lens £33 whose convex surface is kept toward the object; a
positive meniscus lens L34 whose concave surface of aspherical shape
1s kept toward the wafer; a positive meniscus lens 135 whose concave

surface of aspherical shape is kept toward the wafer; and a planoconvex

lens L36 whose convex surface 1s kept toward the object. - The lens
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"of the atnosphere in the catadioptric projection

optical systemPLI or PL2 is 1. Presented bel ow are

val ues of specifications of the catadioptric FP04-0160-00
d

projection optical system PLI according to the thir
exanple. In the 20 specifications, as shown in Fig.

11, A represents a radius of a portion where the

exposure light is blocked by the optical elenents

Copnit G421 AertlireSstopL o OMd IhsRimit €43 eon@RUCE fourth unit.
systen1PL1§§3Ath th ceﬁter_onsﬁﬂg_ opt?ca a;fs %XI unit
of the Ct'ih@dia@@&ibpﬁ‘i@b?i)j%‘éﬁbﬁrblﬁi’édl%ﬁ"s%e‘iﬁ?I?ﬁﬁfbénstﬁlé’ted SO

radi us of the maxi numirage height wth the center on

t has cpt bﬂ?df{atﬂescaﬁdi‘h’@n of 09 cahdPh M Ki © OF GIREEI D is a
optical systemPLI, Ha length along the X-direction

of distan&f bethé vptiespasisr AN ebeseernilit feffedt@pdintrral W93 and
-74 FP0O4-0160-0 the Y-direction of the efféctive

ex fiws apertirgs@p ASL, tanel Eletiel dgairicenbetvN Y e R2 and
the numerical aperture, d the surface separation, n

t hthe vedfenct When d@s/.2nghtRfiek hthec bowver Inaiteliengt feasible to
Furthernore, in the specifications Mrepresents the

di aveaidc manhanieal optterfatenmei of Aké Sohedweeafledteng mirror M23
reflecting mrror M3 and the unrepresented wafer, and

L withethdi kmanosat ket lvaad thedenstingd 6421 aWhearhddel &r satisfies
Tabl e 3 presents the specifications of the optical
methsewppat impte it tafeagibdpttoi avoyd ginentdreascopt theatotalykeneth and
PLI according to the third exanple. In the

spdeingrease vhtheosized thptdatadioptnd rejectionaiptical systesn PL2.
10_surface, nunber in the first colum indicates an o
or He¥ sesurglysayeiding thomgchanal intestaragee pnd secwielypvoiding

h e o Sl e LA e

on-axi s. spacj.ng or surface separation (nm, of each.

s uPOAe o NP ﬁ% FRYSFIR &'@I RHRIGCTh saPtedle Sygiemas 1s more

S SIRETALY COBBFFEH dRation Hiecriitaa g 0 5 MPafia <02

surf ace @i ASBeT LRl AR ARG ST PSE his
example 1s applied to the exposure apparatus, pure water having the
refractive mdex 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
m thé catadioptric projection optical system PL2 is 1. Therefore, the
wavelength of the exposure hght 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
predetermined refracting power is placed substantially on the single

straight line, and the region of the image formed on the wafer by the
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catadioptric projection optical systemPLI in the
third exanple. In the aspherical coefficients of

Tabl e 4, aspherical surface nunbers in the first FP04-0160-00

colum correspond to the surface nunbers in the
specifications of the 20 optical nmenbers in Table 1.
The second columm represents the curvature of each
aspherical surface (1/m), the third colum the

cophfzliop@R! fphghje%ﬂbn 0 1t Fﬁ stéaf [PIo? 4 rth'ésﬁﬁeﬁkgafeglon not

coefficient, e fourt m t he 4t h-order an

14gkclaaHss ﬂ@@ﬁﬁbapﬁlscﬂﬁj ' CTﬁEIféforé hi% i§ tEAdiblectd k"é@l‘uce the

the 6th-order and 16t h-order aspherical coefficient

t hdegrod bf28iffietltimof Nerodultiohdes srrilubBbl- 8f dée catadloptnc

aspherl cal coeffl cients, and the ‘seventh col umm

Ei’og@f:ﬁ@ﬁ akQy et BED anbberéadily ﬁ@l@ﬂ‘eﬁfb C‘rbﬁfﬁiw% adjustment
P04-0160-00 In the third and foourth exanpl es,

eagﬁeaspbpmghh]@wérace is expressed by the

aforementioned Eq (a). [Third Exanpl e]

( Speci fi Batdeonksg cﬁadlm?mesmgbﬁcmloﬁﬂcﬂxrsyst@m Pr.2aof the
A=14 nmB =18 mm H= | magi ng

mabmirth cadainople fordsCire enteraedixtoginhagd 3. th@6roticld R2 in the
Ref ractive index of silica: 1. 5603261 Refractive

i nfiest ohagingriptieal kySten5G8, thef optical @atindepacdtion can be
liquid 1: 1.43664 Dispersion of silica (dn/dX):

- regelily and/spouraly syobiesiesh botwét dhe theaml bdaayd the reticle R2

-0.980E - 6/ pm 15 Di sper3| on of liquid 1 (dn/dX):
- 22wk the drgam Vanvaed thorwalspoaremgnttheGoasdi where ithe aumerical

373;555@&2? Lof_ thé:L 4%gtargroptnc projection optical system PL2 are
mcreased. 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 adjustment 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 imaging performance can be achieved throughout the
enttre region n 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 catadioptnic 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

bptical system may also be arranged so that a double pass lens is

~73 -
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-76 FP0O4-0160-00 (TABLE 3) (Specifications of Optica
Menbers) #2 *3 #4 a, cc 50.0004 00 8.0000 xs 2 co

33. 0000 3: ASP1 25-0422 tt5 4. -163-06521 1.0000 5FP04 0160-00

355. 31617 60.7391 us 6: -261.84115 1.0000 7:
277.33354 29.0109 8: ASP2 224.5285 9: -176.61872
20. OOOO us 10: -515.60710 10.4614 11: ASP3 -10.4614
u- -515. 60710 -20.0000 U5 13: -176.61872

2 bSO iAo PEPLES By M A lens i

200 s SRR AE B DR i

- 2M3 7gadts thB98h the double pass lens, is reflected by the convex
reflecting mirror M4, passes again through the double pass lens, and
then enters the lens umit G21. Similarly, 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
umit 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 1t is
also possible to adopt a configuration wherein another medium having a
refractive mdex larger than 1.1 is interposed, where the refractive mndex
of the atmosphere in the catadioptric projection optical system PL1 or
PL21s 1.

Presented below are values of specifications of the catadioptric
projection optical system PL1 | according to the third example. In the
specifications, 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 image height with the center on the optical axis
AXT1 of the catadioptric projection optical system PL1, H a length along

- the X-direction of the effective exposure region, and C a length along

-74 -
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23: 578.31684 49.6079 as 24: -908-96420 1.0000 25:
ASPS 23. 1140 #5' 26: -713.30127 1.0000 27:

1494- 96847 33-6453 #5 28: --1392.26688 100. 2723 29:FPO4~0160-00

1382. 10341 24.7691 tt5 30: -2944133-03600 5.3079 31
cc 6.0889 tts 32: 596.90080 37.1298 us 33:

524859. 29548 1-0000 34: 367.83725 41.0495 45 35:
1341. 09674 1.0000 36: 180.61255 61.4605 u5 37:

1Yy ar RS BT B 2 gy ion.

Lo e A SRR L, 0

#3refputtive dnd@Racand \#the WefltermavdRongth! | Rirtédfore, in the
specifications M represents the distance on the optical axis AX]
between the reflecting mirror M3 and the unrepresented wafer, and L
the distance between the reticle R1 and the wafer.

Table 3 presents the specifications of the optical members of the
catadioptric projection optical system PL1 according to the third
example. In the specifications of the optical members in Table 3, each
surface mumber in the first column indicates 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 cach surface, 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 i the specifications of the
optical members in Table 1. The second column represents the
curvature of each aspherical surface (1/mm), 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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10

15

#6: reflecting mrror #7: aperture stop #8: pure
wat er #9: 2nd surface 10 (TABLE 4) (Aspheri cal

Coefficients) Ul2 ttla k c4 c6 c8 CIO Cl2 cl4 cl6 01§P04-0160-OO

c20 PSPi -000714775 O0OOOOOE+00 370121E-CS 4. 46586E-7
1. 04583E-17 667573E-21 -581072E-25 5. 12583E- 29

0. O0O0O0OOE+00 0. OOOO0OE+OO 000000E+0O0 ASP2 0.00091632
OOOOOOE+00 2. 33442E-08 -7.41117E-13 5. 06507E-17

| 2TIERg RS oy ST HEORIEHRA srace s

-1e§§ﬁﬁ%@d%@1hé%ﬁ6&§ﬁéﬂﬂoné@ -19 -810217E- 23
321506E- 27 -6. 92598E- 32 0. 00000E+00 0. 00000E+00
o-gmﬁggaigﬁnpaqp4 -0D01176630 QACOCDEt OO 3. 05927E- 10
4. 89465E- 14 - 6.39759E-19 2. 43900E"23 - 828332E- 28
1.gsgaaﬁmggoﬁs 0000E+DO 6. 00000E+00 006000E+00 ASPS
0- 66125662 0. 0D060E- 00 1.03544E-08 -1.28243E- 12

- 3. 97225FnAge-RdOBASERL  390710E- 25 164002E- 30

0. 00000E+00 0. 000DCE+00 000000E+00 ASPS 000507634
000000E- B pdoixeidieaOB = 332807 E- 1B ~ 1380a8E- 17
264276E-21 1.41136E-25 -6. 70516E- 30 0. 00006E+00

0. 06000E+00 0. 00000EH0S 26/BRTM- 0CG925/#R7 000000E+00
-3.94919E- 10 9. 56312E14 -1.02183E- 18 - 122660E- 22
311154E- hilagihOma@aificitidh:0d00E+00 0. 00000E+00
000000E- 00 ASP8 - 0. 00025661 000000E+00 - 9. 13443E- 09
- 8. 61174€enteravavciosgio 195.200ankE- 23 586934E- 28

- 7. 10478E- 33 0. 00000E+Q0 0. 00000E+00 000000E+00 ASP9
0: 004582Bsfracoveand=0of 3ilgey 455606 B. 15468E- 13
7.16318E-17 1.47053E-21 -222512E-25 | 68093E29

D. 00D6 DERefradiveands: pf Buwwtenb20dd 548spl 0 0. 61117107

- DOGOODEKL O_.2. 45701 _EO7 4. 19793E-11 4. 83523E-15
ﬁRsﬁai é

202242E aye mdex of igmd Tof. 436 00000E+60

0. 00000 000000Er 00 #12- . Aspherical surf i
_ CS?)GI’S]OH OfESrIBCH (gnfdl): —fSSEhC-a&p?Illjr ace nunber

Dispersion of fluorite (dn/di): -0.980E - 6/pm

Dispersion of liquid 1 (dn/dA): -2.6E - 6/pm

Values corresponding to Condition ~ Ma = 374.65 mm L=
1400 mm
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#13: Curvature

di agram showi ng t he

15 Fig.
- 78 FP04

aberration in the neridi onal

sagi ttal
opti cal

tr

the pres

In Fig. 12, Y indicates the inmage height,
line the transverse aberration at the wavel ength of

19

aberration“at the wavel ength of 193. 3060

12 is a transverse aberration
-0160- 00
direction and in the

direction of the catadioptric projection
system PL1 according to

ansver se

ent exanpl e.

FP04-0160-00

each dashed

am S each solid line the transverse

nm and each

L

Chésqeéiﬁ@ﬁtibiﬂ?of(%twmenﬂﬁ%)" ation at the wavel ength
of 93. 3057 nm shown in t'he transverse aberration
di pgram of Fi gfs: 12, the cat gdisoptTT T Projwaction
opficak systemdBLT of the prgwm—gmb has the

| af & NYTeri cajecaperture and [i S COrr genpgi«sn a good 1
ba[ance j-or abjgkrati on throughout 1138 p@fhJ r€ exposure
arga though T t[AmAR no I arge lﬁpti Caljg nt. T1he
vaJues of specjiicaliQ@3aghz{fne cat agigBpafiC

prpj ectimn optf cal  SyBEesPUdZ accoggiRg e the fourt
expmpl e g [T D presenggdsheijow.  TaBlpggod| presents 1 re
speci fications| of theqpiargsd| nmenbergoohgfxhe 15

cafadi ofri C pyazPection opti dal SypempREsEZ I n the
fourth exanpl €. Tablq yogpEegeEnt s t hecos@REr 1 cal

coefficients of the l-ensegs7y

th a | enas1s

urface of

aspheri ¢al shal

psPand the refl

ecti ng10MEIOKs used I n

the catadi opt

ric projsessnpn

optic

em PL2

acjcordi mg to t

he fourtiis.66eXH1

pl e.

ap0.syush
-Deé 53H%

clTicatlons,

the speedfi cat

ix3rd of the opt

i cal B0z e

efs, and thg

asjppheri ¢&l coe

fficientd?absdz

be degdnizbell

45y t h use off

t he sambir ef er

ence Syibp34hH

t hosé7ugaa;

Bh t he

c

dejscri ptt:on of (ASRE specificgtions 2b.00tx=Tat adi optri

prioj ecti®n optlical sydvesiR2 in thét A¥dhdird exanpl e.

[ Hourt hi¥xanplle] 25 €¢8p8dsdujcat i on8P.0A00 s
20 ASPS 85,1415
21 ASP? 28.3218|5
22 27372281 1.6000
23 578.31684 486078 s
24: —808.96420 1.6000
2 ASPS 23.1149| %%
28 71330127 1.0000
2} 1494.96847 33.6453|¢5
28 -1332 26658 100.2723
28 i382.10341 24.7691 |85
30 284413303600 5.307¢
3: co E.0BGS =7
32: 566.90080 37.1293 =5
33 224859.28548 1.6000
34: 367.83720 4104855
3k 1341.08674 1.0000
346 180.61255 £1.4605 s
3i: 464.28786 1.6000
38: 125. 78761 48 2680 s
35 ASPg 1.0000
40 89.27467 403613 25
41: ASP10 1.1284
42: 19.35451 377011 | &5
43 oo 1.0000 | *2

%3 o0
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| mage-side NA: 1.20 -79 FP04-0160-00 Exposure area:
A= 13.5 Mm B = 17.5 nm H=26. Onm C=4nm | magi ng

magni fi cation: 1/5 Center wavel ength: 193.306 nm5
Refractive index of silica: 1.5603261 Refractive

i ndex of fluorite: 1.5014548 Refractive index of
liquid 1: 1.43664 Dispersion of silica (dn/dX):

FP04-0160-00

-1.591E - 6/pm Dispersion of fluorite (dn/cR):
- 04984t surflcem 10 Di spersion of liquid 1 (dn/dA ):
-2. 6E - 6/ pm Val ues corresponding to Condition Ma =

42428 R adind-of cuA®@erm ( TABLE 5) (Specifications of

10

15

Optical Menbers) -80 FP04-0160-00 12 43 11d tt' acs
744388 UrficeSpa 2: 33.0000 3: ASP7 22.9375 tts 4:
-238. 83712 1.000 5: 226.68450 59.5357 #5 6:
- 904 834dank02. 7480 7[6 7: -165.20501 20.0000 tts 8:
-669. 93146 45. 4417
#5: silica glass
#6: reflecting mirror
#7: aperture stop
#8: pure water
#9: 2nd surface
(TABLE 4)
(Aspherical Coefficients)
1 13 le cd o ol 51l
ci2 cid Ak 13 c20
ASP1 “O00 4715 0CO000ED0| 3 ¥0I21E-08| 4.46586E-13] 1.04583E-17] 68757321
-3 B10JZE-25| Hh1Z583E-20] D0.00800DE+00 0.80000E+00 D DO0OJ0E+FOD
2572 B.0008 1632 _0 00O00EF0n| 2 39442E-08] ~7A1I176-13] 508507~ 17] ~432B71E-21
1.S6850FE-25] -t 33250E-30| O0.00000C+03| .0G000E+O0F  0.OG0QQE+QQ]
#5P3__| -0DOBA600G|  DOCDOUL00| —1 B744TE09] ~640516E-14] 5 BI050E-18] —B 102176-53
321506E-27] -682388E-32; DOOODOE+00| QOO0COOEHIG] G.O00CAQE+DD
ASP4 -G ON0DYEGA0| 00CO000Er083| 3I.083276-13| 4 AQ465E-1<] ~F.3975BE~18] 27 45900623
-8 28532E38| 1.58122E-32| OOQOOCE+DD} G.O00RCE+DD] D OGODOE+DO
A5P5 0.00125652] DOGUGOE-0D| _1.03334E-08] —1 29293613 —351995E—17] 80317921
390719E-25 | 54052E-30| DOODODEXG0| 0 OGONOE-OD| 0 0G00CE-00
ASPS 000507634 DOGOGDERQD| 1 00543E-0a] —332B07E-12] —1 3870BE-17] 2 64276E 21
1ATTIGE-2% —6.70515E-30| DOOJCOE+OQf O.0DCDOE+CO{  D.000GOEXOG
ASFT -800235372T O CCOO0EFQ2| -3.54019E-10( 35031214 -102153E-18] -1 27680E-23
3I1N54E-27| -495384E-31({ 0.000Q0E+0Q| OQ.00000E+00| 0 OSGHOEA0O
ASPS__| -000025661] 0.0G0G0E-00| —0.13443E-08] —B61174E-14| 4.53200E-10] —2.J0061E73
586934E-28] —7.10473E-33] _D.C00ODE+0A] _0.ODCOREFOD| 0.08000E00
A5P8 &.00468753] O0.0COODE+OD] 2 GA74SE-08| -3.15468E-13] 7.1631BE-17 1.41053E-21
—2 22512E-25] | 68083E-20{ 0.00DODE+0O] D.0DODOE+HO| 0 GADIDED0
ASPIG .01 H?Iﬂ?. COGOSOE-0G) 2ASTOIE-Q7) 419733E-11] <.83523E-15] 2 02242E-13]
-1 580120221 1.41576E-25] D00000Er00]  Q.0000CE+O0[ 0 AC00CE+OD

#12: Aspherical surface number
#13: Curvature

-78 -

'Fig. 12 is a transverse aberration diagram showing the
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9: AS P2 -45.4417 #6 10: -669.93146 -20.0000 tts 11:
-165. 20501 -182.7 480 12: ASP3 476.5531 tt6 13:

-410. 99944 -182. 7518 46 14: ASP4 164.9642 #6 15: ASFPO4-0160—00

PS5 28.4827 45 16: 239.45495 38.2383 17: -497.63245
210. 0000 tts 18: ASP6 89.6638 19: ASP7 48.7904 tts
20: -290.43245 1.0000 21: 1036.93127 60.0000 tts 22:
1015 6 3994 19-728.5 23: -2533.07822 63.4343 24:

7858 by i PEBTOR R Sah i e s
i8é%r’e%@ééﬁﬁs@l&O%Q%Etﬁ%ﬁi%fﬁﬁé@lé%%%%’f@#m%wfdmg :
R R R A

dashed hne the transverse aberration at the wavelength of 193.3063 nm,
each solid Iime the transverse aberration at the wavelength of 193.3060
nm, and each chamn line the transverse aberration at the wavelength of
193.3057 nm. As shown in the transverse aberration diagram of Fig.
12, 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.

The values of spectfications 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
catadioptric projectton 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)
Image-side NA: 1.20
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10

38: 81-71932 35.7388 #,4 39: co 1.0000 tt6 O cO #
1:1 st surface -81 FP04-0160-00 #2: Radi us of

curvature #3: Surface spacing #4: Medium#5: silica FP04-0160-00

glass 5 #6: reflecting mrror #7: aperture stop #8:
pure water #9: 2nd surface #14: Fluorite 10 (TABLE
6) (Aspherical Coefficients) x12 xn k ¢4 c6 c8 clO
cl2 c14 ctfi ct8 c20 ASPlI -0.00388454 0. 00000E+CO

2. 22245E g ATSREEALR 1315 4797 7B-2 1715 RRR27E- 21
T370672E 28 e Do AGE 31 0. DCOGOE 00 AG0RBEECD

0. 00000E+00 AS P2 - PROIRB68O. 000QGEHR0 - 1. 37639E- 03
-9.27463E- 14 -2.385685-18 - 4. 78730E-22 4. 14849E- 26

- 2. 22906%&%%% 9ok PBOOCDE+CO 0. 00000E+00 ASPS
- 300096790 O000E+C0 -4.17158E-09 1. 63090E-13

- 4. 47592 Eeh@eriwhBORAEtIZ2] 93 30648R8E- 2 6. 12220E- 31
0. OOO0OE+00 0. OOOOOE+CO 0. O0O0O00OE+00 ASP4 -000254948

D. 00000ER@Qattivedidex 0F siliGh833603261. 84338E- 18
-8.80727E-23 1.81493E-27 -1.4819i E-32 0. 00000E- 00

0. 00000EREfraet:90aadE: of flvaRS: 1(FIUBAR9 6. 00000E4cO
-3.82817E-11 1.56504E-13 -2.89929--16 1. 68400E-20
- 5. 96465RefactiveandaEof diqaad A0 A= BH6D. OXOOE+CO
0. 00000E+00 B
Dispersion of silica (dn/dA): -1.591E - 6/pm
Dispersion of fluorite (dn/dA): -0.980FE - 6/pm
Dispersion of liquid 1 (dn/d}): -2.6E - 6/pm
Values corresponding to Condition  Ma = 424.85 mm L=
1400 mm
(TABLE 5)

(Spectfications of Optical Members)
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ASP6 1100541t 54 0. O0000E+00 3. 81649E-08 -1. 10034E-12
-3.69090=-16 1.33858E-20 6.34523E-25 -3. 45549E- 29

0. 00000E+00 D. CDO00E+&D 0. 00000E+00  ASP7 D. DX 02903 rpg4.- 0160-00

0. OOO0OOE+00 - 3. 14004E-08 2. 87908E-13 -1.37.5975-17
7..02315E-22 -5.49818E-27 -4.07090E-32 0. 0O0000E+00
0. 00000E+C0 0. 00000E+00 AS P3 -0. 00012579 400000E+GO,
-5.21260E-09 -2.97679E-14 -4.97667E-19 1. 15081E- 23

-9,40202-29 5 04787E-34 0.00000E-00 D._00000Et 90
0. QO000E+00 ASPS| 48043277 D._0d00CFCO 4. 99716E-08
-8199277E-13 5. 60%82E- 17 4. 38434E-22 14ATM581E- 26
4. 83058E-130 0900[®E- 00 6. 0000QE+CO 0. 0GEMmEX 00 =5 ASPUI
0.910609%4 0. OOORRE+CO 2. 60785E- 07 4. aBQwoer 11
5. PI54BEgI5 1. 2650 18 1. SI5HZE- 22 4ogdhnAk- 26
0. { . Mgutwslﬁm OEFO00— 71 4n0hF pherTcat
sufface-TEToeT HES: +5—Frg- X
t r pAsver gfl e at+o SO s .:5'35)"‘ 8;?:
FPp4-016 ﬂﬂ trnne\/nlsp 2?\'& D i di
di bectiaon:-and i the™ Hdirecti a8 Q900 hes
caj.(il_Qg@r'_l_c_aLQP ect |‘§|§g 484l syst efAiP ¥4 Taccor di ng
tol the Present |Gl e. In Filg. 13, ~¥bidddif¢ates the
i tage hel@ht, each e86BexB1l46de t he +2RND0O] S
aberration at the wawgkspqiomiof 1933963480111, 5 each
so[Td TT{g (he [|p&8yerse abenrati ongag ghAg|waverengrn
of [T9373pp0, and eac‘.mgwga,;l | ne tu?&iggqg I @S]
aberratTprat—tt vel t:llglll L 193 m—AS
A A SRR SN (e T 71 L
— ||,L._||c t '%\prrs se—abetrt o—6H Pl 16

13—+he—sgtadi-opt “W P2 of
t he—presett exgnple K arge nu |2| aperture
anﬁ is chirecied in 348868248 bal ance?$ 8A0BP&F rati on
tgtwwm% exposur ¢ area t$H8G§A31t has no
| af ge optdcal el|&@ . The fifth exand 904| the
priesent imventign w Hpsha3gaseri bed bebapow th
referencgifo thq draygpsaahing] 14 15 @mpphDpstration
showi ng p & Tens CONt 1 @45 3509 of The fLagEpPprTTT
proyeCtT AT Opt T YA S Y5581 59p 63.4343] »s

24: -2 7802949 31.4485

25: -1388.36824 40-8485] *°

25: ASPB 1.0000

2i: oo 1.0000; #7

28: 479.05778 32.643 7| *5

25: 1637.25836 1.0000

30: 329.32813 44.1312|#s

31: 10853.37530 1.0000

32; 200.35148 37.3882 *°

39; 51550441 1.0000

34: 118.38756 60.5321} #s

33 ASPS 1.0000

36: 81.03425 27.8815[*¢

3i: ASPIO 1.0000

38 81.71932 35 7388| #n»

38: o 1.0000) *®

#3 &0

#1:1st surface
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15

15 according to the fifth exanple of the present
i nventi on.

PL1 of the fifth exanple is

The

foll owi ng opti cal

si de
opti cal

(i.e

catadi optric projection optical
conpri sed of the

systens in order fromthe object
I magi ng

., the reticle R
systemd for formng a

si de):

first

a first

system
FP04-0160-00

i nt er medi at e

i mage and a second internediate inage of the reticle

20 18- Rpdiad of capvdthiee first surface;
rel ayi ng the second

onto a wafer

I magi ng optical system &
| NS ISetRlespathie

(not shown)

i médi: Dedpih cal system A

with a positive refracting power

for

of the reticle R

and a

[located on the second surf ace.

second

The first
is conposed of a lens unit

(field lens unit)

GlL#5: aﬁfba@hgg- 25 described six reflecting mrrors
functions to correct for

M-M. The:

di é#or¢flestimnehintoner s and to make the optical

lens unit d |

- 83 FP04-0160-00

irra e of the reticle Rl

system

telecentric on the reticle Rl side.
Thé7t epsrturd $to@i | functions to keep the size of the

unchanged even if the reticle

#8i pupd miater Wit h devi ation fromthe desired position
t herefore,

|n the direction of the
t h#9pendeunfaeee of the catadioptric

optl cal

#nplusitecal

syst em PLi

opti cal

axi s AX1;
5 proj ection

can be nmmi ntai ned high. The second

system & is entirely conposed of

transm tting optical elenents and is conposed of a
IenT 'tha positiverefracting power (first
nﬁgﬁ,’h S unit vvltha_negatlve
r ef C(@ﬁ& nd lens unit) G22, a lens unit
W thza—16 p9§i tHve—refractirgpower—(Lhirdtensunit)o
&2[3, an_aperture gt O[}Jz-\bl g a | EnSs Unijt ka1 3 <20
it i (fourth ens ynitt) &4
PO e—ebrast g Roper-Chourtalens uni ) el
Since the jsecond 1 £e27CTTI2ES TN C) 3a58Rt3) 3 YeasokidIonar akdmndcdds | o Wioyoe: o0
Cdrmnqu gf the tiransmtting optilcal elefents, i1 1S
f =360 gﬁ( 0030 +5 13 05 | B 27eRIF-14.] 2 3E5685-18 | -4, FHII0E-22
ree U' the i 3.1 2% @5 5 20 | 2 ESSh | Behnonc+co | 0.00006E-00
therefore tQﬁw' 1%35u3| delnunerical apertiure of the 15
N T 4 DHI000E+Ce | rd t ALIEE-0S), JHI035E P || 44 PP B | &ERDIBE-22 |.
Cat-atm opt S Pt O et hdd - PG o =r Y Buonhte o | Dasouheses | U DU000EF 00
| grge_and ja
ASPY - O020404E | ROSO00EHSD 1.56073E-08 1.35837E-14 1. 84538E-16 | ~B.BO72TE-23
1.81483F-27 { -1 4518iF-32 | DOQUODE-00 | SOB00CE+CS | O.00D00EFD0
ASPL . - ETOLG2D BECODDE+ES | -382817E-11] 1.586504E-13 | «2.890295-16 | 1.5B4D0E-20
-T.86465E-25 | 1.20191E-29 | OAO0003E-00 { DOLI000E480 | 0.00000E+00
ASPE 0.00531 158 B O000DE+LE 3.BIBA8E-08 [ —1.10034E-12 | ~3.68080=~16 1.3385BE-20
§345236-25 | -3 45540E-28 | Q.60003E+00 EOO00DE+GS | 8.00000E+D0
ASPY B.OOEPSNT DOINN0E+SO | -3.14004E-08 | R2BYH0BE-13 | -1.325875~17 | 2.02315E-22
“SA4S818E-37 | -4 G7DI0E-32 | S.0000DE00 | DOMIQDE+ED | 0.00000E+0]
b3 -0.00012579 | DCO0D0CrEE | S 21260E-00 | —5 76 70E—14 | 45786719 | 115081E-23
-9 40202-—28 | S04387E-34 | ©0000DE-00 DOS00DEHGS | G.0000DEX00
ASPY 0. 00<C 3277 EEN000EHRR | £ 9D7TEE-08 | -3.90272E-13 | BEDVRIE-17 | £.3B434E-32
~4 245815-26 | £.BI0G8E-30 | ©O000DE-00 GOR0O0E+ED | 0.00008E+00
ASPid 00136097 4 DOS000E+ED | 2.80785E-07 | 4.78090E-01 14 3E-15h 1.26051E-18
L5I552E-22 | 4.32477E-25 | DODO0DE~QQ BOMODELED | O.00000E+00

#12: Aspherical surface number
#13: Curvature

Fig.
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reduced i mage can be fornmed at a high reduction rate
on the wafer | ocated on the second surface. The | ens

units &1-&4 advantageously function for satisfyi ngEpg4-0160-00

the Petzval's condition. The configuration of the

lens units (1-&X4 is able to avoid an increase in 20

the total length of the catadioptric projection

optical systemPLi. The lens units Q1-&3 are

ef teebl¥Re! Sb&PatiGE LinOthd Mhekidid RS daRefibAt AR@Sin $HE Nsagittal
as coma. Here the lens unit G| 1s conposed of the

f oldirewvtibl ofcbenengdioptiid oo opasslagatah PBY idcodding to
the object side (reticle RI™ 25 side): a

pl die prescnl | @lanpplat e ThiFi@ PYSV iiN@icARRI HRUSNhEOhdight, each
whose concave surface of aspherical shape is kept
t odasked line ohg exlisverse-dbbrfdtish 8 (e ARvelRingdin véd 9368663 nm,

L3; and a biconvex lens L4. The beamtransmtted by

t heath sohddind trestradsverse abeaetion dtythechwaceleagie of 193.3060,
reflecting mrror M whose concave surface o

asphdreadi chhapdine theptrahsvasd abaratiprecit, thdevavelength of
convex reflecting mrror M2 whose convex surface of

as pH8:30541 nehapas Shosvik eptthe dvansycre abefmationadidgtdra of Fig.
concave reflecting mrror M3 whose concave surface is
kep3d, ttheacatadieptolsj erojectiont apticahesystest Fln2 eofretlicatpresent
i mge. The beamreflected by the reflecting mrror M

i sexamplehes thy large nwnersalr apedure magdnis correpedmiose good
convex surface is kept toward the wafer, the concave _

r ebalanee dgr @eﬂ@nomﬁmmmah@ BIIre | ANpesHrearepothough it has

aspherical shape is kept toward the object, and the
coﬂ‘éiﬂ@er‘m‘q‘@zﬁfﬂ@eﬂtm rror M6 whose concave surface is

ol | et ol i SYARDle O e BTeseaH SnvFRGRloke ddscribed
eIl Treropyee BEdratmings - da8nid o paclimgatpR ppwing
M B SR SL, 2 RBER S RS T SoBlEeP ystom
| rezfzéce(ﬁailnrég & e ifn N%Xal-ll_]rf) eSOV Fhe' %rgsfent[i (iellngention_ The
catadioptric projection optical system PL1 of the fifth example is
comprised of the following optical systems in order from the object side
(1.c., the reticle R1 side): a first imaging optical system G1 for forming a
first mtermediate 1mage and a second intermediate image of the reticle
‘R1 located on the first surface; and a second imaging optical system G2
for relaying the second intermediate image of the reticle R1 onto a
watfer (not shown) located on the second surface.
The first imaging optical system G1 1s composed of a lens unit
with a positive refracting power (field Iens 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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can be readily corrected for by changing the radius of
curvature of each reflecting mrror M-M. The beam

reflected by the reflecting mnor M fornms the SeconﬁPO4—O‘16O—00

intermedi ate image. 20 In this case, the concave
reflecting mrror MB is placed at the position nost
distant fromthe optical axis AXI and the beam can be
focused by this concave reflecting mrror NB;

t hesigbenipic oA ehd RISV é?&e.setrh'e%ﬁgwma@fq ﬁi;ﬂc@fants*t% keep

optical axis AXI of the catadioptric projection

Opithé @izesdﬁﬂl%r@n'ﬁ&ée ofithebficleRe rll‘rfdﬁzﬂ'n%@\c}zfg\?egggf theNeticle R1

between 25 the reflecting mnors M - Mb,

I nieplRicdnofth CRVidfoR it aHe RQIrvESHEN SN (NERrddidn of the

beamis continuously reflected by the four -85 _
FPOHti0ab 0l ACE1] edketetord) rther peMmincet dfS theéaghideoptric
to avoid an increase in the total Iength of the

capagdicoibh ioptivabiysibioRLARtACHE neatAtAie®Phigh. The | ens
unit &1 is conposed of the foll ow ng conponents in

order of Theseagadainagig opticadSivkiere GRk wigelye06migvsed of
whose convex 5 surface is kept toward the object; a
potriansmettmenoptioal ktorsehs uhdse compased sof haksofinit with a
aspherical shape is kept toward the wafer; a positive
nmepositive refnacting oser ddnviedessirimice G231 keptletowaritl with a
the object; a negative neniscus |ens L8 whose convex
sunégatevd scfitagiing gwawer ($ecommb et unindGA2negdrsvenit with a
meni scus | ens L9 whose convex surface of 10 aspherical
shapsitive tiesactingvpower Hehiodjlens unijeGR8n saanuapert@z?2 siap ASI,
conposed of a biconcave |ens L10 whose concave surface

of 2k ghlsns dunt waHnpeposutive pefrastingpawer (keth lemseunit) G24.
leps unit &3 is conposed of the follow ng conponents

i nYBKgdhe secpad dmgaing optigal systemabdcisraninel e aempased of the
whose plane of .aspherical shape s kept toward the '
objragstutlngsopt elamgnis, d6us fises Of 1tha,forc elowpsical path
surface.is k&gt ftowar the object; a biconvex |ens

L 15FPaalny; (GECTRER s\gs iragge-pide wapsTicbn@pgrture  of the

ﬁ%éafxtg %p't:slc kﬁ]%jectzt?{\)’\r’ia rgpttigzﬁ g?ét%%{ ;Pdecgn bi)g ogé/te a:rlggnand a

reduced image can be formed at a high reduction rate on the wafer
located on the second surface. The lens umits 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 units G21-G23 are eﬂ"ec_:tive to correction for various aberrations
such as coma.

Here the lens umt GI1 is 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
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The lens unit &4 is conposed of: a biconvex | ens L16;
a positive neniscus lens L17 whose convex surface is

kept toward the 20 object; a positive meniscus lens gpn4.0160-00

L18 whose concave surface of aspherical shape is kept
toward the wafer; a positive nmeniscus lens L19 whose
concave surface of aspherical shape is kept toward the

waf er; and a planoconvex | ens L20 whose convex
SuUbi@sityexS1efRPL3t anarsl bidth R Rais 1.Ahe P %ghﬁpwaggmitted by
projection optical systemPLI Is constructed to 25

satthé bycéheesxchidi LU0 @fleltedd byMieleconéhve rdfi&tmidVhtisror M1
a distance on the optical axis AXl between the

r efilesdel dithoaiversaifave dihsbpheicabshipe & Bémitowd?8 the object, the
FP04- 0160-00 ASI, and L the distance between the

r econlex Reflacting heirvaf B2 vwiter didex sughiet ldTaspharical shape
the lower limt, it becones difficult to place and
keepkepetdwasbshd wafeh amhslié cohcaee refledens mitrd1SM3 whose
&X1- X3 indispensable for correction for various
abeoneaveossifagais kepl wward denwbjebt,ab forai thefiestriat@mediate
positions. Nanmely, when Mo/L satisfies the |ower

| i magei t The bemnirbflecten by ¢hel refiectamg eairromMS feraftaged by
of the concave reflecting mrror MB wth the |ens

unthe coaveGraflestieg mivtdr Matwhosesontiex wmpfacel isnkept toward
it is feasible to avoid an increase in the total

| ethpt Waderd the donsavagefleatingensiroe M§ whese apadaopisniface of
projection optical 10 system PL1, For nore accurately

pl asphesical isbape dadrentdiosvard- thesobjost, sed thel gonvavedieflgcting
the .increase in the total |ength of the catadioptric

pr BjiEer iMf whescepneayve sfaaeis kaps towerd dhe svafept i cal
systemig. nore preferably constructed, to satisfy the .
condi ti oWISE ®hes &3 ®I§3®0qsh:thﬁfleq1¢‘ﬂt by eflgyedlecting

- origprs Nl RO he ATy oss pbBRY T the et Sianition

*optt he R Bae R Sl el SRR TRHOE RBTaR MG, A

" Plogifh PO pBldihEed retfhing' findl N R4 B D bodied 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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described wth reference to the drawing. Fig. 15 is an
illustration 20 showing a |ens configuration of the

catadi optric projection optical systemaccording to FP04-0160-00

the sixth exanple of the present invention. The
catadioptric projection optical system PL2 of the
sixth exanple is conprised of the follow ng optical
systens in order fromthe object side (i.e., the

r etrbflbetiMme ndirflas V3-M6, St id FRaive @PATEE ad HRG8REGR the total
for formng a 25 first ‘internedi ate i mage and a second

| nengradifathe datadiopaic phsetsbh DpticaldysteaaPed. on the

first surface; and a second i magi ng optical system 4

-87 FPO4T0&6RneQmif 021 i ayinp@stleofsteofldwiner a)smp@hents in

i mage of the reticle R2 onto a wafer (not shown

| ooadexd of rpdshages eforyssar pasitiveThedisdisd 1é@USNWhose convex
optical system G3 is conposed of a lens unit wth a

positfave 15 diaptctowrydpieeobiett,eh dpdgtise uneinscGSlens L6 whose
after-described 5 lens L25, and six reflecting mnors

M kohtisve Sindate ot asphéricd sHapoakileps tbwardthestafeora positive
distortion and others and to nake the optical system

t ermemeseus dersn L /hwhose | edeveR2 saifdec iShkeeptetsward theSabject; a
functions to keep the size of the image of the

r edggateveanemishundens dverwhdosd kenvert swifaceris ikeppltasertd the
with deviation fromthe desired position in the 10

opPbrestt; auds adnegaiivormenisenef lons, [Ohavinese conses eswfface of
the catadioptric. projection optical system PL2 can be ]
mafspharicad shape iTHeptetovard thgi oljespt | ddie dens amitGG22 s
is entirely conposed of transmtting optical_ elenents .
angomposeddsebiconcave dens LD whpse cancees purfgee of aspherical

N O NN T
(e Fitid g oltinanehis: B SxabEst priras S pbsanescd Plaabanvex lens
o bl PSSP L 19 B ARUTR e
T TR R RER AT VR T——
oPEbeR; a biconvex lens L13; a positive meniscus lens L14 whose
convex surface is kept toward the object; and a biconvex lens L15.

The lens vmit G24 is composed of: a biconvex lens L16; a
positive memscus lens L17 whose convex surface is kept toward the
object; a positive meniscus lens L18 whose concave surface of
asphencal shape 1s kept toward the wafer; a positive meniscus lens L.19

~ whose concave surface of éspherical 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/L < 0.7, where M is a distance on the

optical axis AX] between the reflecting mirror M3 and the aperture stop
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20 elenments; therefore, the inage-side nunerical
aperture of the catadioptric projection optical

system PL2 can be set large and a reduced image can gEpo4-0160-00

be formed at a high reduction rate on the wafer

| ocated on the second surface. The lens units 41- 44
advant ageously function for satisfying the Petzval's
condition. The 25 configuration of the lens units

AXSHAaed Tetid Uity Beflfe@n thd¢66dSER 11 dhd iR Welféf.  When

| ength of the catadioptric projection optical system

PLMDb/I88s shdted 1than Gle [dber Bmst, Uunibceoftts &ficGRMNo ?lhace and
e

correct for various aberrations such as coma. Here

| ekgepnitheGlEnkés ch/Spb3sd ﬁnﬁhﬁﬁﬁﬁ' |thei nigns c Qe @] -G23
in order of passage of rays fromthe object side

(r endispendzble Fos icd@et:ti@npfoanmrﬁl&!sahb@ﬂraﬁbﬁ@,e;f)zhﬁl:ula?ly, coma,
positive neniscus | ens L22 whose concave surface of

asphehemrahcaafee positiapt  tNaaredyt ihedbMbIL. satisfies the lower

bi convex | ens L23; and a biconvex |ens L24. The beam

t r ity it esl fbgsiblahdo bavamidv medhanscdl 2thtpdesareet bf dhghconcave

the negative neniscus lens (negative lens) L25 with

t heefleciony emstwor avE kejth thawvaledst baiteb{3d+-G2A3s 1®When Mb/L

reflected by the concave reflecting mrror M1 wth

t heatisfiesathe sppembianitoft iasfeasitile db ahapgeak dperenseandhe total

t he object, and passes again through the negative )

nelangthandear inomasqie thesire odrbai catadiopyric pwojection optical

negative_neniscus lens L25 is reflected by the convex

r efysiem K& Ini nBer morewpeenrately plaseeand keepceadt lens L5-1L15

aspheri cal ,shape_kept toward the wafer, to form 15 the .

f i ARd sppweelyaypiding thegacrense ipdhe total |lepgidyobiha patadioptric

refl ecti.n mnor ML2 is ref|ected by the concave .

" SPTQIEEHION oG rsysemyPLA: ttLiﬁ Progaeliore anfrgal cwskapt is more

t ownar e object, the convex reflectin ] Nor

w DRPRBTE sRpsiictork hootRBy e 6aasiiamak fedsur Mple < 0.6.

concave preflectd.ng mrror M5 . Wth the copcave .

surface B %@pm an&ﬂﬁp&ﬁ(é?fﬁst %t%%%ffla&‘t Amage; it formed

anﬂeﬁvr%eencﬂ{écl%\ffecrtﬁ]fé St T A ?eﬂme(t:t?ngt rl]ﬁeirror M4, but the
first mtermediate image may be formed in any optical path 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 is an illustration
showmg 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 tmage and a second intermediate image of the reticle

R2 located on the first surface; and a second imaging optical system G4
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concave surface kept toward the wafer. By adjusting
the negative neniscus lens L25, it is feasible to

readily correct for chromatic aberration and to FP04-0160-00

readily satisfy the Petzval's condition. By changing
the radi us of curvature of each reflecting mrror
M1-ML6, it is feasible 25 to readily correct for
curvature of field. The beamreflected by the

" efbe GblyIngthe O s - at
TS o AR TR RS TR SRR onto o

r efiwafer (et oWy loVhked 6n Rh@sechd shffgcdosi tion nost

di stant fromthe optical axis AX2, and the beam can be
focused Whetfifst iGRReRY @piRfl &¢5ichd (13 g @onlfoked of a lens unit
therefore, the beamcan” be séet largely apart fromthe
optvitinla pusisivexfafctinge E@&I@Q(ﬁmﬂr Je@s Sumt P K, | #ffer-described
optical system PL2, without intervention of any |ens
belemen.25 hand gix refietangi agrmors riorld -MiIH MLBhealahsi finit G31
is feasible to avoid interference between beanms. By
cofunctimssty coefece b njstoroheand yhershend avrmake the optical
reflecting mrrors M3-ML6, it is feasible to avoid an

i neystagetelecentne amthd rétecigtR2 alide.heThatlads amiitr G31 functions
projection optical systemPL2. 10 The lens unit Al is
cofpksep the sire of dheomage odrherketicte iIR? umchanged even if the
passgge of rays: a positive neniscus lens L26 whose
corgtite Ririsapladed wetht desvafieh tihemobhe adesiredppeiitiore in the
meni scus | ens, L27 whose concave surface of aspherical )
shaptcalsaxis pdireefien;d thereforgt ethe pepfosimance ofrghiscatadioptric
| ens L28 whose convex surface is kept toward the
obPEyection optigaksystem IPledicapae manrtarped Wighse concave
surface aspheti.cal _.shape, is kept toward the wafer;

and a nebie iSFeond AMIEIRE (optical systgmySe! 1s satisslyseompesed of

is kept.t. d .t bject. T I i 2 ) .
CoHETBiiBE Pt alo AT AR L CHBPRBE GTaatleBs unit with 2
aspher.i cal hape on the fer side...T ens.unit A3 .
" POSEE SirEAdt ke (PO leRy Ginporkh: & 1P et with
OEnORRAI PR Bioviaro (SRNE R R} GAZ) Tofens ubl with a

posttive refracting power (third lens unit) G43, an aperture stop AS2,

and a lens umt 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 is 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 wunits G41-G44
advantageously function for satisfying the Petzval's condition. The
configuration of the lens units G41-G44 effectively avoids an increase

i the total length of the catadioptric projection optical system PL2.
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negative neniscus | ens L33 whose convex surface is
kept toward the object; a biconvex lens L34; a

bi convex | ens L35; and a biconvex lens L36. The lenSFPO4—0160-OO

unit G44 is conposed of a biconvex lens L37; a 25
positive neniscus | ens L38 whose convex surface is
kept toward the object; a positive neniscus |ens L39
whose concave surface of -90 FP04-0160-00 aspherica

shape: isnKaRitst gMALGaBheanal Sfecte fROShEOYS - 9688 such as

| ens L40 whose concave surface of aspherical shape is

kepbmpward the wafer; and a planoconvex |ens L41

whose convex surface is kept toward the object. The

cat adi opHdré Rhe) ¢&id opnRPGE R i§y%bﬂrf1@(f§e@1 I 8f the following

constructed to 5 satisfy the condition of 0.2 < Mb/L2

< QompoieateinVBidérsobpdisicansran ﬁbﬁﬁti@b?ﬁéﬁt st freticle R2
e

AX2 between the reflecting mrror M3 and aperture

st gileASa, pland-patallble pllitetlaRteabedsies mbhiscakilehs IRD whose
and the wafer. Wen M2b/L2 i1s snaller than the | ower

| i wohcave swefaeeeofdasphenidd] shape! Bckepndtdeesel ehehobfect; a
the lenses L26-L36 constituting the lens units 10

G4 bietrexridins h23s ainkdea bovomvexrlens L. f oThe drdagusransmitted by
aberrations, particularly, coma, at an accurate

pothe itnoonwandens Bdn phRiwsl 2hreemthi ¢he ereghtevé omeniscus lens
limt, it is feasible to avoid nmechanical interference

of (ndgatoeniensk L2561 wetht thegcomncaver sifBcankept tdwatdtlse object, is
units A41-&A3. Wen M2b/ L2 satjsfies the upper [imt,

i t refieated bythe concaveirafleeting ninrordyEld with the ¢astcaive surface
Ien?th and an_increase in the sjize of the catadioptric

pr 6f asphaicad shape kepy towardtle obrect mnd pagsesragaie dpiovgh the
S cBEERING Aoy lee Liaor cAbe peaint Wansmited [bsnghe ngative
se
ophIeaaCusy et 35 SrraECisohe M pomeon il edingintioror M12 with
ol e A D 20 20 L2 50 C. el o
:gﬁéggilrﬁg Sﬁ%giaq%néﬁzfx%%f g rlT)iegﬁlr re %ctaergld btyh the reflecting
mirror M12 is reflected by the concave reflecting mirror M13 with the
concave surface kept toward the object, the convex reflecting mirror
M14 with the convex surface kept tdward 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
memscus lens L25, it 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 muror M16 forms the second intermediate image.
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the first internediate i mage may be fornmed in any
optical path between the reflecting mrror M2 and

the reflecting m nor M4, 25 Next, the seventh exanpl €P04-0160-00

of the present invention will be described with

reference to the drawing. Fig. 16 is an illustration

91 FP04-0160-00 showing a lens configuration of the

catadi optric projection optical systemaccording to

the sevei thixedgR! eh@lcohbfveT8A66n MRTd W13 Tﬁi)laced at the
catadi optric projéection optical system PL3 of t

seyeRitiore xas! disiant EQAPHeseptieAl Hki] A?Q,%Mh?%hﬁﬁ'can be

systens in order fromthe object side 5 (i.e.,
r etfochedBy shidedoncaveirefleciinpaht@oP M | 3athes¥fireMiédbeam can

for formng a first internediate image and a second

i ntber sedilatpely npeet dfomhehe ebpticd aks lORat of Bk chtadioptric
first surface; and a second imagi ng optical system G6

f oproectyinptidab sgsteanBL eitheot aterventiona of anytens between
reticle R3 onto a wafer (not shown) |ocated on the

s e tlon dfosmr fefdectink) mixeofs el 3-NVBIH ngndpiit del fenssblemtébavoid
is conposed of a lens unit wth a positive refracting
poMﬁ%@lﬁiedbeMmbeamsGS By aontiatioesly deflectitedhsibcam by
reflecting mrrors M21-M26. The |lens unit Gbl

f uthe fansreflectiogrmutrofsoM H34vId 61 itois fensibde e raoad dint mcrease
make the optical systemtelecentric on the reticle R2

si tetheriosall lengthuef theasatadiopdric gejerSionoopdien] sylséerniPis?.

of the image of the reticle R3 unchanged even if the )
reticl e Reeilenpnagdddliisrcarappsad of the dollomangesimpdnents in
posi(gon in the irection of the gptical-axis AXS;

t heF o@%pasaagep@? faysreth POSHIvVe: menigsensalinspl2bcwhose convex

projection, optical stem PL3 can .he mai ntai ned hi_gh.
Th %%kﬁ%ﬁ?‘ﬁﬁﬂﬁéﬁ @Eﬁe@ygtm\al@eime@m&m deys 127 whose

COTRRRGE Skt b AR oS bl I el s

oA b 1Y R e S A e e b,

: S és:ﬁﬂ%%?yle%gug Agpsgggb't %ﬁgggzc:?gl%hig%%u%\ﬁ%roi( Elgli)ﬁeqical shape
1s kept toward the wafer; and a negative meniscus lens L30 whose
convex surface 1s kept toward the object.

The lens unit G42 is composed of a biconcave lens 131 formed
in the aspherical shape on the wafer side. The lens unit G43 is
composed of the following components in order of passage of rays: a

- biconvex lens L32 formed in the aspherical shape on the object side; a
negative meniscus lens L33 whose convex surface is kept toward the
object; a biconvex lens L34; a biconvex lens L35; and a biconvex lens
136. The lens unit G44 is composed of a biconvex lens L37: a
posttive meniscus lens L38 whose convex surface is kept toward the

object; a positive meniscus lens 139 whose concave surface of
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and a lens unit with a positive refracting power
(fourth lens unit) G64. 25 Since the second i nagi ng

optical system G5 is entirely constructed of the FP04-0160-00

transmtting optical elenents, it is free of the | oad
of optical path -92 FP04-0160-00 separation;
therefore, the image-side nunerical aperture of the
catadi optric projection optical system PL3 can be set

| ar@phaiicalashapRAd Gt HTRAL TR0 Wil Of BRditRle Mdlisths lens 140

reduction ra waf er ocat ed e secon

SUR{IRER: coft@vesfigfadei dfsa @ﬁ%ﬂsﬁaﬁ%@?&%&?ﬁ%ﬁ%e wafer; and

function for satisfying the Petzv The

confplapdednvx RinstIhel h@fb%e%ﬁéx%&fé&%s%éﬁ%&%‘éﬁd Yhe object.

avoids an increase in the total |ength of "the
cat adi optfheccaradioptiic ProfRtionAdpIYHAt 8t EWSPL2 18 onsiscted to

units G61-G63 can correct for various aberrations such

as satisfiyethe donidition tof© 2 enM2HILR SHL71 svieeaDdshds afdisiidce on
follom ng conponents in order of passage of rays from

t héheobphical i AXP didtaicen RBe rsfldeling mipr@otiZasd bied aperture
plate L51; a positive neniscus | ens L52 whose concave
susfogr ASH, ampher ithaldistanpe betwicent theoreticletR2 alf ¢hé ;wafer.
a biconvex lens L53; and a biconvex lens L54. The

bedhen M2bili2 ad smyaller tham the bowex lmits it Hécomes difficult to
reflected by the concave reflecting mrror M1 wth

t hplasenaad kespréanbeod thademsasi EAG-Ishapmnstipatingwhe dens units
the object, the convex reflecting mrror M2 with the
cofidxGddr f ssbispensabherfot alcorstetom kdpt tamkous t hberrations,
waf er, ? the concave reflecting mrror M3 wth the

coRgHIA zgr Jf 608 et apodRGWatch@oshjeitt , Nameky; nwhee M2b/1.2
first 20 intermedj.ate imnmage. The beamreflected by the
r eftesttasidehorradr tiwgit it i Teasiblec te @veyd anechpmicalxinterference
{ OBt IR PereiGolaEc SRFESE. TS 6Bk didr IpRorUEES G41-G43,
ot (2B cxaiotinsd th SPIEERLRHS. HbriPeBavRcnngvoid an
MeOHLASR ih e 10tA1 ¢ %uérfl an iﬁg Yase g s%zrzaeof the catadioptric.
projection optical system PL2.  For placing and keeping each lens 1.26-
L36 at a2 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 mtermediate 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

“described with reference to the drawing. Fig. 16 is an illustration
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25 wafer. Since the beamis continuously reflected by
the reflecting -93 FP04-0160-00 mrrors M1-M6

wi thout intervention of any lens, it is feasible to FP04-0160-00

readily satisfy the Petzval's condition through

adj ustment of each reflecting mrror M21-M26. In

addition, a region for holding each reflecting mrror

M21- M26 can be secured, and the curvature of field 5
caghBeingagi lenscebhfshefidiP oo Xhe hangispitie pfGcHdnObpti
curvaturg of each Treéfl e%:ti n%] m rréoléﬁki/zﬁ%ﬁl\}g6ph$ﬁgﬁérelaﬁwpncal _
r ekl siehe ﬁc@drd‘h? t €h S&¥ritl exBipler oM@ fretetk hbntion. The
second internediate inmage. In this case,” the concave

r echeclibp@idrpidREtidE Jopitcdl og@ites PL3 R theoSdven® ¢@hple is
di stant fromthe optical axi's AX3, and the beam can be

10 chapissd dfthHehiotiotangaystidATdystsmhein BrdéofrolPflic object side

therefore, the beam can be set |largely apart fromthe
op(i.cathardticldARS oide)hefieatiagignpropticad sosteat GMfor forming a
optical system PL3, without intervention of any |lens
befmsemtetrhedintsf irmage ngpdni seoosd VaferivRGliateninage of the reticle
feasible to avoid interference between beans. Since

t h& 3pkmatdd on dhe ifmsbsinifyce; efridea tsedohy iagidgoptital system G6
reflecting mrrors M23-M26, it is feasible to avoid an

i ntorenslaying tthe secondl intemmediaté intepec aif aiticopdtidle R3 onto a
projection optical system PL3. The lens unit G861 is

c omaderechadfshoman flobatedi onytheosenaomehswfice. or der of

passage of rays: a biconvex |ens L55; a positive )
neni scusThedist ppagmm opticahspstens (1 as sonfpased e & deis unit
shape is kept toward the 20 waf a positive neniscus

| eRBth_ 57 RRRYEC CRORTASING Toveer i(%lre;l@plenst oet) dGXe and after-
obj.ect ; negati ye neni scus | ens_L58 whose_convex )
su@?%fé’g’e%- sSlﬁeﬁﬁﬁ?‘éﬂ%g dAerH ML -M2d a Higyakense unit G51
SPEEHORSIED CORGRAIEE CREODBPbGI PHETRGHE tarinakexfie aptical
2 R R REF BhipoTSIR B Stdar AEHETSEG O Frametions
| e{]oskgg}i) hB37d f the miage of the reticle R3 unchanged cven if the
reticle R3 is placed with deviation from the desired position in the
direction of the optical-axis AX3; therefore, the performance of the
catadioptric. projection optical system PL3 can be maintained high.

The second 1maging optical system G6 is entirely composed of
transmittmg 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 imaging optical system G6 is entirely constructed of

the transmitting optical elements, it is free of the load of optical path
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conposed of the follow ng conponents in order of
passage of rays: a -94 FP04-0160-00 biconvex |ens

L61 whose convex surface of aspherical shape is kept FP04-0160-00

toward the object; a negative neniscus | ens L62 whose

convex surface is kept toward the object; a biconvex

| ens L63; a biconvex lens L64; and a positive

meni scus | ens L65 whose concave surface is kept toward

t hgeplratine Cttherbfgrel €MBe U'ﬂﬂa des hpfegesd Qﬁeﬂﬁ%a of the

foll ovv| ng ¢onponent$ in ord of passage of rays

bi caruHsplrRNprof&tion Rptichl v Qi@ﬂﬁ' I8 dfnDe 587 MPSS€and a
convex surface I's kept 'toward the object; a positive

menedecsd lisageLoh Weofamtedcave lsghf ?&ﬁm@‘ona?ﬁ@ebhcﬂﬂe wafer
shape is kept 10 toward the wafer; a positive neniscus

| eldocdtéd whwseheonsaondsushefaee. of adRhelémal wwiRPeGEL-G64
kept toward the wafer; and a pl anoconvex lens L70

whageantpeouslyu filmatfon Sok eﬁtlﬁf}?l@' dhé heetowhPstcontligon. The

catadi optric projection optic system PL3 is

cocsnfigaratebr of thatlesd ynitseGodradicei effectively 2avoillB/dn3increase

0.7, where M3 is a distance on 15 the optical axis

AXen thevietal tamgth edfl it icatadioptric pvéecaron bpcabsysiene PL3.

st %ASS and L3 the distance between the reticle R3
hiensafisits GOben6BBeaB dagrentafdrevatibas dbesrdtaver such as

I|mt it becones difficult to place and keep each of

th@OIlléhses L55-L65 constituting the lens units

&51- G683 i ndi spensable for correction for various

aberrati B§g¢ Hwe plonsi cuniar IG5 1 cesracompase adlfurfbﬁe following

position. Nanely, when M3/L3  satisfies the |owe

i FPIpORentSU et mfé)as(sage it ras drom el Object Bidsr Gatiele R3

1 cave r ectln rror M3 with the | ens
unﬁ&?@ﬂp apg-par gis;qls,,af@ iRasidee pRenigppedens kY2 whose
to av0|d an.increase .in the t

| eﬁéﬁ#‘%ﬁ%’“&%ﬁ‘gpn@f edspherical hehape ds okeph dowar d?%t@bj@ct; a
ORI 685 AR T L W e

anﬂlesg%%nve &L §4 ¢ reﬁ t'eﬁcb}(re e cbncave reflecting mirror M21
with the concave surface of aspherical shape kept toward the object, the
convex reflecting mirror 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 reflecttng mirror M26 with the concave surface kept toward the
wafer.

Since the beam 1s continuously reflected by the reflecting
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-95 FP0O4-0160-00 the total length of the catadioptric
projection optical system PL3, the optical systemis

nore preferably constructed to satisfy the condition gpg4.0160-00

of 0.25 < MB/L3 < 0.6. In this seventh exanple, the
first internediate image is formed 5 between the
reflecting mrror M3 and the reflecting m nor M4,
but the first internediate i nage may be forned in any

OPgRbrsPRATT -PEd Be&Rthohb SntéhveREbh NS HRO %eﬂ\@ 2itaRdfddigole to

B®itho
-reflecting mnor M24. In application of “the

Ca&é@ﬂi@ﬁtﬁdtfsfﬁfﬂiee@ét@ﬁal@ltdcﬁﬁiitiéﬂsHﬁ’@élghpla'djlﬁ’sl{ﬁléift of each

the fifth to seventh exanples to the exposure

appeflettusg miboro WR 1VIRIDY, (Heiaddities weiion Wdrhhbiing each
refractive index of about 1.4 is interposed in the

optefied¢tpatmirteat MERMDE qirabecsrviesd,| &id theGurldthre of field

or L70 and the wafer, where the refractive index of

t heaatbeopddy ecdrrectéddor bgraﬁm@in% theradestifoniumeatineadf each
system PLI-PL3 is 1. Therefore, the wavelength of the
expeliectmg imhtor MRUFR2@t eThies beboutrefle¢ted byl.the Adlecting
times that in the atnosphere, whereby the resol ution
camiwrevRérioens th¥ isecopd intermaxliate AirgaX3 of every

optical elenment included in the catadioptric

proj ect i bntluptdase) theysomeaveLtefRictingnmitrayivg3t isdocated at the
predeterm ned refracting power is arranged

supesiion; mosy destanh &rom e eoptical aghtAKBpeindatie bham can be -
regi on aof the image forped on the wafer by the 20
calo@issgilyy Bupcopeave setlephing anirsgisMaa; fhiergfose,i thet beam can
of f-axi s, regjon not _including the optical axis . )
Axke p5¢t. largelveppae, fam; the epiical caxis Aetidicel theecatadioptric

degree of difficulty o rodyction in production, of
t hErQJgetien S'Htlpﬁlgsysé?@j é%gb wrthopitiatarventen mimny lans between

opthecicibatiitons NEF 2B alid e seepbiecloprpdomierierence

oS T S T BEERL L e b5y 8 6 e o
reflecting murrors M23-M26, it is feasible to avoid an increase in the
total length of the catadioptric projection optical systém PL3.

The lens unit G61 i1s composed of the following components in
order of passage of rays: a biconvex lens L55; a positive meniscus lens.
156 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.
- 15 kept toward the object; and a negative meniscus lens 159 whose
convex surface of aspherical shape is kept toward the object. The lens
* unit G62 is composed of a biconcave lens L60 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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FP04-0160-00 mrrors M-M, ML1-M6, MI1-M6, it is
feasible to readily and securely achi eve the optical

path separation between the beamtoward the reticle gEpp4-0160-00

Rl -R3 and the beamtoward the wafer, wthout an

increase in the total length of the catadioptric
projection optical system PLI-PL3, 5 even in the case
where the reticle R -R3-side and wafer-side nuneri cal
apgiteivs Kngd D6 1CAIRREORSRVEX RUAABE Lo AsIRHEA! shatpe is kept
system PL1-PL3 are increased in order to enhance the

r esgivaid ehe objectCatiR@adRer inencakgehs I ORHRR! cineieHirface
PL1: PL3 according to the fifth to seventh exanples is

a thkepetowmd the cijéctcalbisyaveidmy 1.630aba¢oavis die Lo4; and
first internedi ate i mage and the second internedi ate

| maggositive whermBctd terisi L6565 whoes vetaesirfage i$ kephtoward the
inverted imge of the reticle RI-R3, the second

i nobgeadi ate image is an erect image of the reticle

R -R3, and the image forned on the wafer is an

i nver t ed Thedgas unih&odf or eomipostd ofcthsdollosviagt &emponents in
catadioptric projection optical system 15 PLI-PL3 is
noondedobpassage efpraysr 8 tippavert lensah@6naepasitive meniscus lens
exposure is carried out with scanning of the reticle

RI avloscheconvesr sutfaee sx dieptngodiarécthicorobgéct; ha positive
reticle RL-R3 can be opposite to that of the wafer,
antgmsqus lepash.68 evhose egichye stinfaseeof asphextijal sshapet is kept
as to decrease a change in the center of gravity of

t htoward the wabers @ poativeppantacus.lens Li6Y whesefeonnayeesurface
to reduge .vibration of the catadioptric projection

opPf @sphexjealeshape 1spkeptiteward the walsrigandm pleneeoneax lens
of ravity of the tire exposur ppar.atus and to
acwg\»@aha%%eom%ﬁ acqky kentramerd; faéﬁw@ut t he

~entire region. ip the exposure area., In th ]
cat adi opfﬁ? @%ﬁ{ﬁ%@}q JSﬁvpeéthsc;a%tSé’ﬁtemﬁﬁLiaa%censtructed to

ardify e e BR Y 0 SRS -2 Y 2 MR A s fdnce o

L Oy h f is AREs bRRvIET fle rekffetctxanngortnngr T954hd fh%.?aperture :
- FPO%:

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 L.55-1L.65 constituting the lens units
G61-G63 mdispensable for comection 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 mirror 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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having the refractive index |larger than 1.1 may be
i nterposed, where the refractive index of the

at nrosphere in the catadioptric projection optical FP04-0160-00

system PLI- PL3 is 1. Next, values of specifications
of the catadioptric projection 5 optical system PLI
according to the fifth exanple shown in Fig 14 w |

be presented. In the specifications, as shown in Fig.

11 thesotdl et gtinbdube dathadlraehpiéeticifliopdical s§stem PL3, the
portion where the exposure’light is blocCcked by the

optoptihl systerNissmoed préfeittbRocéignstddd }atisiycthe condition of
projection optical SystemPLl1, with the center on the

optl. 25k 3/E3IAX).@f the 10 catadioptric projection
optical system PLlI, B a radius of the maxi mum i mage

hei ght wiin thishseveath exaaipleh¢heo firkc alteanediabXlin@iget eformed

catadioptric projection optical systemPLl, Ha

| ebgtween dhg reflectiaglimacor Mi2dfarichéhe eéflesting enirror M24, but

exposure region, and C a | engt h along the Y-direction

of thé Erstaitemadiateetmase neay bgifonmednntdrey optical path between

speci ficatjions, NA indicates the 15 nuneri cal

apéhe taflecting maron M2 anddhanefleonng mirter M¥4.act i ve

i ndex, and X the center wavel ength. Furthernore, in

t he spechtiapplication of thedicasadioptiie plicgeetiae epticde systems

optical axis AX1l between the concave reflecting m nor

Ve PhddPLaeot the dilth dat sevanth ezxamplesLta Hee ¢ixposnte apparatus,

between the reticle RI and the wafer. 20 Table 7 )

pr BYEH Mateh ¢dapaimed wategnwiths theneelsastivenindemedrabasit 1.4 is

the catadi.optric prqjection optical system PLI

acgﬁﬁm%sgtla tﬁ?ﬁeoml% rpafﬁ@ﬁfﬁfe@n tﬁw plaaospavex ilens Lats L41,

of t opt i,cal . nbers of Tabl.e 7, each surface .

b0 Rod ific yaler, Bibersning gohchvadndsx of tie aesphere in

al gng the. traveling direction of ys. fromihe_object

5 (i earmdiopad it ampriion Syadn ST PL at ur d hgFetore, the

e rface the third colum an_ on-axks

sgg%‘% ng;?]% s‘lﬂﬁﬁg"%wﬁahggh 18 YT o VLT 1S abous, Q71 (1/1.4)

ang r - 4- 00,...col . a gl ass

nanﬁlélﬁelgg}lgfg# ttlelg Cq@%%pﬁggq, \%ﬁ%%gygthe 135010 &8 enhanced.

The optical axis AX1-AX3 of every optical element included in
the catadioptnic 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
mcluding 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 PLI1-PL3

according to the fifth to the seventh examples includes the six reflecting
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Tabl e 8 presents the aspherical coefficients of the
l enses with the Ilens surface of aspherical shape and

the reflecting mrrors used in the catadioptric FP04-0160-00
5

projection optical system PLI according to the fifth
exanple. In the aspherical coefficients of Table 8,
aspherical surface nunbers in the first colum
correspond to the surface nunbers in the

speairforsaM bidooMiIheVOE, | Bl 1 -MEDBers i9f fehattle (6 rdhdily and
second colum represents the curvature of each

as pbenietnlachivveatie: (‘)Eﬁm’ﬂ) pattheepdriation bethth tebeam toward

coni cal coefficient and the 12t h-order aspherical 10

co¢hé reticdotR 1-IRie ahddhe beaal tomatchthedivaf@ar deithautcan increase in
14t h- order aspherical coefficients, the fifth colum

t h¢h& tbtab detegthaofl thé chtatidptria ppivection! opticdf fyistéranPE ] -PL3,
the sixth colum the 8th-order and 18th-order _
asgweniindhe casewWhearcehesetiatedRilAR 3ssiderrkl wafemsidehaumerical
10t h-order and 20th-order aspherical coefficients. 15

| napggufast oh the satadnopiriex prpjeetione apticak slystemaPL1-PL3 are

surface i s, expressed by Eq (a) described above.

[ Fingrga référ to spbane¢ the resedytion.mage- si de NA: 1. 20

20 Exposure area: A= 14 mB = 18 mm H=26. Om C=4mm

| magi ng kBgsifadiaptisnprajeation mpéicahayztesnBii -PL8acosding to

nm, R active index of silica: 1.5603261 25

Reﬂ}eagﬂlvém sRIcpthf cxamplast &8 a1 thyooesanggme optical system for

index of liquid.1: 1.43664 -99 FPQ4-0160-00 ) .

Di g‘p’@?l@@dh?egfmé mtrﬂ@aeémw dmpge_an secppdengepmediate image,

i [ it dn/dX): .-0.980 0- 6/ .

D iil Which the fﬁrgtl in ernl'mgdlgdtg 1m)§)ge is an inverte 1magpem0f the reticle
R1-R3, the second mntermediate image is an erect image of the reticle
R1-R3, and the mage formed on the wafer is an inverted image.
Therefore, in the case where the catadioptric projection optical system
PL1-PL3 1s mounted on the exposure apparatus and where the exposure
1s carried out with scanning of the reticle R1-R3 and the wafer, the
scamning direction of the reticle R1-R3 can be opposite to that of the

-~ wafer, and it 1s feasible to readily achieve such adjustment as to
decrease a change in 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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Di spersion of pure water (deionized water) (dn/dX):
-2.6 x 106/ pm 5 Val ues corresponding to Condition M

= 524.49 nmL = 1400 nm -100 FP04-0160-00 (TABLE 7) FP04-0160-00

(Speci fications of Optical Menbers) 42 1t3 tt15 ttl Co
45.0000 1' o0 8.0000 tt5 2: cc 9.4878 3' ASP1
25.3802 25 4: -244.04741 1.9583 5: 2654.01531
49-2092 6: -159.85154 1.1545 7: 294 54453 34. 3095

t t haviig tHe/fOR26R dexabder (BanASP2nay 36 i2@&pokt®, where the
10: ASPS 412.6346 #6 11_ -418-20026 -205-0204 #6 12:
- 604fradti a0 indi 31 ke AtmOspRereASPhe @ét&dg?%ﬁctp@jedtﬂon optical

320. 60531 226. 6245 15: 224.13260 25.21 tt 5 16:

348ysteavBL1- Piis 1.7- 21547954 34.3600 tt5 18: ASPS

1.0000 19 266.87857 19-9995 tt5 20: 329.19442

1. 0000 - Next, values of specifications of the catadioptric projection
optical system PL1 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 optical 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
numerical aperture, d the surface separation, n the refractive index, and.
A the center wavelength. Furthermore, in the specifications, M
indicates the distance on the optical axis AX1 between the concave
reflecting mrror 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
catadioptric 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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21_ 156. 43240 20-0000 95 22: 115.87410 6.4756 23:

ASP6 39.3045 tt5 24: 99.87482 55-9109 25- -412.64757

24.7282 #5 26: ASP7 94-8545 27_ ASP8 57.3966 45 29Fp(04-0160-00
-227.16104 1.0000 29_ 504-83819 20.0000 v6 30

407. 86902 12. 3535 31: 595.98854 43-0398 tt5 32.

-2001. 40538 1.0000 tt6 33- 71 1.19871 32.6046 tt s

34: 8598. 79354 32-0466 35- 36209. 93141 30. 0000 tt5

36-colimala gRig8 ndiefADOf edch oPRicAPnfed@ert tr  38:
503- 84491 53.3626 #5 39: -1088.61181 1.0000 40

192. 5385dable 8 G@8sarits thed hspheiicdl LodidicOBOOS tHlenses with the
122- 79200 59-8433 43- ASP9 1.0000 44: 79-97315

391682 6udadel of 4sphaSRhDshapOhd die réflebBR2 thidford Aised in the
*14 47: m1.0000 tt tt3 CC 0.0000 -101

catadioptric projection optical system PL1 according to the fifth
example. In the aspherical coefficients of Table 8, aspherical surface
numbers in the first column correspond to the surface numbers in the
specifications of the optical members of Table 7. 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.

In the fifth to seventh examples, each aspherical surface is
expressed by Eq (a) described above.
[Fifth Example]
(Specifications)

Image-side NA: 1.20

Exposure area: A=14mm B=18mm

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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FP0O4- 0160- 00 #1:1st surface #2: Radius of curvature

(mm #3: Surface spacing (nm) #5: silica glass 5 #6:
reflecting mrror #7: aperture stop #8: pure water _ _
#9: 2nd surface #14: Fluorite 10 #15: Nanme of gl ass FP04-0160-00
material (TABLE 8) (Aspherical Coefficients) x12 x13

k c4 c6 ¢c8 cl10 cl1l2 cif c16 c18 c20 ASP? -0.00059023

D. 000O0O0E+CD - 2. 87641E-08 -1.70437E-11 2. 46285E- 15

-2. 74317 : ; 5 28 19- OE+00
o_000005%3%%f%ggggg%g%%qggggxﬁo§g§905%§% . 00000E+00

2. 5061 2ETS0pe<RAPAPRuMitd (3100075 08051 GSAARE: 22

3. 88749E- 25 -1. 33015E- 30 0. OO0O0OE+00 0. OOOGOE+00

0: 00000EESgpdisfth -F0PRPS8562ték ' fE8R): 2.6 x
1. 39659E-1 -109871E??§ 33751939§%Qﬁ§%5€gg§%?2 9@) 2.6
22198 2 0. COO00OE+00 D. ODOOOE+00 0OOOOOOE+00 ASP4
-000123249 0. OOO0OOE+00 1.93713E-09 1.07185E-72
-33455251\@1@.@3@%52@111 9T oidBfoR4 MBS 2O mm L=
0. COOOOEK10 0. 0O0000E+O0D 0. 00000E+0OD * ASPS 00002. 0189

6. 04008Ex0 D 1. 37544E-07 -106394E-7t 7.70843E-17

4.90298E 20 -3.23126E-24 6. 76814E-29 0. C00002+00

0. 0O0000E+00 0. 0O0000E+00 ASPS 0. 00588235 0. 00000E+01)

2. 41559E- 07 -1.03766E-11 -6. 75114E-17 1.11214E-19

- 945408E- 24 3. 57981E-28 0. 00000E+CO0 6. 00000E+00

0. 0O0000E+00 ASP? 0. 00564255 0. 06000E+00 2. 62150E- 08
-925480E-72 -1.77845E-16 5. 60575E-20 2. 21540E- 24

6. 89450E- 30 0. 0O000O0OE+00 0. O0O0O00E+00 0. 00000E+60
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ASPS 0.00300000 0.00000E+00 - 1. 26430E- 08 1. 64939E- 13
- 6. 24373E- 18 2. 07576E-22 -5071 DOE-27 1.49848E- 31
0. 00000E+00 0. 06000E+OD 0. 00000E+00 ASPS 000345726  EpP(4-0160-00
0. 00000E+03 5.92282E-0S -1 56640E-12 1.38582E- 16
- 4. 07866E-21 1. 49859E- 25 1. 10859E- 30 0. 00000E+00
0. 00000E+00 0. 00000E+00 ASPi O 0. 01038095 6. 00000E+00
2. 42802E- 07 4.29602E- 11 1. 62230E-15 6. 50272E- 19
3230ATE-R2) 9. ARQQPE+03
Bz Zﬁé&ﬁc&ﬁoﬁs WA RRRIEP

0. O000QF+0 # Aspheri cal ace nunber 15 #13:

Cutvat ure_-1021 EP04- 0160- 00 _*3Ej g 17 ik a*Pransverke
aberrat'ion dialfam showing the 1908l se aherratibn
inlthe nBridi o8l direction and i $.G0R8) safitt al
di bectich of tH8 catadi optric..pr m?}gﬂ,&?ﬁ n ontical
system PLL accPrfilng to the prn | | g.
171y i fHi cat okt he?94 g4 ! he
t he—trambversel-abef3Sdinal ot +he 43
1983663 rim NRAEOF AL ER IR
abpratHor—ai—t-he ek 4553'{.". of 303 . each
chbina—H re bbbl e ‘2 .fs EgnhnvvnﬁEl‘mS h
B tgre—tne I.SI RASVEtr—Se—apetrI< ket u ngt
of 16 3 125308 'on
| ;O hd LY 2 = 4 h
op 12751 G214 O SeT%05Ys €
| a [ A ah d
ba 13- | b T ure
ar pa thegigh i tf has 22@932@:‘5 ge opt '25‘2'194:' EWETIL . Nexty,
the speggficatfi ons 13k ;6hes cat adi Oplphag] Pr o) ection
opf 1 cal 17-Syst gm PLZ18aGa64li NG [ 0 38 Agni XN exanpr g
shpwn 1Tmg:-FI §g. |Espwi 11T Dbe I5 presepn@s. r1able 9
priesent $§.the dpeci T3ega¢s9Ns of T hg 505 eal menber § of
t he_catali opt rji c_pragpackidn opti cabo@jst em PL2
acicordi gy t o tlhe sipggR32exanpl e. 20abdy 40 presentq the
asipheri 2l cogfficilght8g4td the | eagess| with the | gns
surfacezsf asgh8PBcal shape and 8ha0ddfdsecting mrrors
usied i #:t he dat adi §BEFE82 proj ecHb.8n0Ypti cal systdm
PL2 _accdrding jt o 1142 6#%h 24 7282| #5
28: ASPT 94 8545
21 ASPS a7.3368] as
28 ~227.16104 1.3000
23. h04.83519 20.0000] ze
30 401 88802 12.3535
31: 58598354 43.0388] s
3Z: =001 405838 1.0080f%3
33" F11.18871 32 B048| 8*
34: - 8598 70354 320466
39° 820823141 300000} =5
36- —1#31.78783 1 0000
31 o 12.8088] #7
38: 503.84481 53.3628] s
39: —1088.61181 1.0000
A0, 82 53858 £1.7603} #5
41: 521.18424 1.0000
42: 12279200 59.5433] #5
43- ASPD 10000
44: 79.97315 39.6326] 81
45: ASPIO 1 00001
46- 34 68828 35.1715]#n
41 o0 |.GO0O| =5
*3 oD {.0000
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of the opti cal
coefficients,

In the specifications,

menbers,
the description wll

the specifications

and t he aspheri cal
be given

using th

same synbols as those in the description of the
accor di ng

catadi optric
to the fifth exanple.

(Speci fications)
FPO4- kGRree Exposure area: A = 13 nmB = 17 nm

H=26. O™ C=4mm
waviel el of 8dr3QGre
1.5603261 Refractive
RefBasuirfeci
silica (dn/d

o

proj ection optical
[ Si xth Exanpl e]
| mge-side NA: 1.20 103

in

59

| magi ng magni fication:
Refracti ve
ex of fluorite:
mhi)qui d 1: 1.43664 D spersion of
X 10- 6/ pm Di spersi on of

system PLI

25

1/ 4 Center
i ndex of silica:
1. 5014548

f | ¥or silea(glaggll ): -0.980 x 10-6/pm 10 Di spersion of

pure water

(dei oni zed water) (dn/d),):
Valtbescftevtimspondirng to Condition M =

1400 mm - 104 FPO4-0160-00

of #QpoperireMstoper s) #2 #3 #15 #i 00 50.9535 1: o0
8.0000 tts

2: ar

#8: pure water
#9: 2nd surface
#14: Fluorite

12. 7478

#15: Name of glass material
(TABLE 8)
(Aspherical Coefficients)

2.6 X 10-6/pm
482.14 mm L

(TABLE 9) (Specifications

#12: Asphencal surface number

#13: Curvature

- 102 -

#12 *13 k o i cé 10
cl2 cld clf =18 20

ASPL -0O00580B3:  O.00000E+03| -2 876 E-08{ -~1.70437E-11] 9.462B5E-1%] -2.7AZ17E-10
2OT02ZE-23] -7 7E530E-28] OOOO00DE+0D( DOLOO0E+GD|  O.0OOQOE+DD

ASP2 -BO0205ER  0ODQODEHRD| 250612E-08| 2.85240E-14] 339807E-18] -5.55738E-22
383748E-26) ~1.13016E-30| O000NDE+a0| 0OO0O0DE+GY|  O.DDABOE+DA

ASP3 -Do0053562] D.ODOGOE+GD| -6 9I554E-0% 1.39559E-13] -1 ©8BZFIE-18f 3 31519E-23
1 45533E-27| 2 2MH31E-32] OQOO000CE+DE  DODOTJOE+DD| 0 DROSOE+DD

ASP4 -BO01Z32a8)  QQDOOOFEHED|  1.93713E-D%} 1.07185F-12] -3343%2E-i16] 3.54315F-20
-35902186-24| 3.41839E-28] QOO00BE+0Q]  0.0DOODE+DD  0.00800E+DD

ASPR 000D201BS|  OB0000E+DR]  1.335344E-07| -106304E-11] 7.70B43E-17[ 4.90788E-20
-3.231268E-24| B.7RB14E-28{ OCOOODE+OD| O0.0DDDOE+DS]  0.00080E4 G0

ASPE Q.00588235| 0OGGIOE+HOT] 241553E-D7FF -1.03766E-11] -5.75114E-17] 1.11214E-18
—FAS408E-24| 3 S7PBIE-28] GOQOODE+DD| B.O0D00QE+0]|  0.0D0C0EHD0

ASP? 0.00564255] DODOONE+RD| 265 150E-D8) -B.254BDE-12| -1 77BAGE-16| S.BLE75E-I0
-2 81540E-24| 6.08430E-10] <Co00CE+00]  0.OCOOQE+GD]  D.D0OGDECD

ASPS Qo030 RODAANE+DD| -1.2B8430E-08] 1.53930E-13] -5.243731E-18] Z2.01576E-22
-SOTIDOE-27|  1.42B48F-31| OCOO0GE+IQ]  DOGOO0F+0D|  D.DBISO0E+DD

ASPE 800345726 000000E+Q5| 5.GEZE2E-DS| -15664DE-12f  1.385B2FE-18] ~4.07%66E-21
1.98B10F~20) 1.1086SF-30] DEG0GOE0DR]  0O0000E+0D|  0.00030E+0D

ASPif Q01C3B005| C.OB00OE4GD] 2 AZRDZE-DT| 4.98852E-11] 162230E-15] €.50P72E-10
3.23667C-23{ -L21T77E-26( GQ.LOD0DE+AD] DA000 DE+GD{ 0.00000E 0D

$P04-0160-00
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3: ASP1 32.5506 #5 4: -184.43053 1.0000 5: 532.87681
45.9762 # 5 6: -271-53626 1.3173 7; 374.46315

38.0103 #5 8: -361-42951 147.1771 9: -389.09052 FP04-0160-00

20.0000 tts 10: -594.49774 5.5356 11: ASP2 -5.5356
#s 12: -594.49774 -20.0000 #5 13: -389.08052
-127.0301 14: ASP3 430.8932 #6 15: -450-43913
-215.6393 #6 16: -704.6 7689 163.6952 # 6 17: ASP4

-206. 3838146 17855 3&%%@6&5%2%8&;&1&@ gia%%%“sslﬁ%ﬁr’g the

30. 8186 45~ 20: 964. 03405 1-000

20tW30crse aBerrakSirSinl (B "Beriddondl’ Hirkefidf_48d W%&%agﬁal
24.7294.93424 1.0798 25. 160.77849 33.1276 #

20T SRl O RO P o

83 thed Poescht | exiisled 7. 2FR #B7, Y indicates the image helght, cach
dashed hine the transverse aberration at the wavelength of 193.3063 nm,
each solid line the transverse 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 spectfications 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 aspherical shape and the reflecting mirrors used
in the catadioptric projection optical system PL2 according to the sixth
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.

{Sixth Example]
(Spectfications)
Image-side NA: 1.20
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32- -317.19307 1.0000 33: 688.27957 20.0000 #5 34:
513-64357 11. 866 35: 883.25368 40.1774 a's 36:

-959. 41738 1.0000 37. 1222.93397 34.5841 # 5 38: FP04-0160-00

-1403. 11949 18.9031 39: 2169.40706 37.3055 #s 40:
-889. 78387 1. 0000 41: ar 9.8461 #  42: 458-32781
52.3568 # s 43: -1741.66958 1.0000 44: 215. 86566
59.3939 45 _  45: 659-70674 1.0000 46: 134.64784

58. 8510 #5potire AoR3 AL 48: 1396. 49. 9011 #5
70. acp1 o pofie AREAL i 25 BRaddetHE 51 1 Gooo
#s 00 -105 FPO4- 016000 2@ st eurfjagey #2: Radi us of
curvature (mm) #3: Surface spacing (m) #5:. silica

gl ass 5 #Haaglf hewhifcatidor/4 #7: aperture stop

Center wavelength: 193.306 nm

Refractive index of silica: 1.5603261

Refractive index of fluorite: 1.5014548

Refractive index of liquid 1: 1.43664

Dispersion of silica (dn/d)): -1.591 x10%/pm

Dispersion of fluorite (dn/d}): -0.980 x 10%/pm

Dispersion of pure water (deionized water) (dn/dr): -2.6 x
10°/pm

Values corresponding to Condition ~ Mb = 482.14 mm L=
1400 mm
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#8: pure water #9: 2nd surface #14: Fluorite 10 #15:

Name of glass material (TABLE 10) (Aspheri cal

Coefficients) tt2 ><t3 c4 c¢c6 ¢S 010 <cl12 cl1l4 cl16 c18

c2D ASPI -0.011857910 0.00. 706E+110 - 9. 03300E-08  [1+04-0160-00
3.28394E- 12 -4.08402E-16 2.529110E-20 -9. 19294E- 25

2. 02092E- 30 C00000E+00 0. 000011E+0OD 0. O0O0O0O0E+00 ASP2

-0 00243076 60WDOOE+00 335976E- 09 2. 88286E- 14

o SO0 1 (BHESRE s RAAALAI SRR 00032057

OmUUUETUJ.J. —Pzp3400E"10 3‘:315{+§§E 35961655k 19

9. $I65LE-23 R4 7517E-27 4. 600hEngy DOCDDOEFC(
0. 9110011E+DO[=4T1. OOOO0OEHOO  A9E4ped).«06VWB5DI 6QO0000E+00
254270E209 6. 84523E-13 -|108474E-7a%[0. 27/615E- 21
- 745415E 25 6IAMBV41E 29 10. 000GBE #H110080E+00
000060E400 SpS 8T 270000 988kE+411_ 2 69090E- 0S
- 7193078 t2 b _238dnH Y 035W0EBHEs .2 27002E- 24

. : J . JUU J .3 IiU U. ld _IyU UUUUUUI.‘r

0. - Ve TIERT R 1 T4 T7TETL

- 4 87399E- 16 6. /S0&dien 353308kl 4s 184260E- £8
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15 #13: Curvature -106 FP04-0160-00 Fig. 18 is a
transverse aberration di agram showi ng the transverse
aberration in the neridional direction and in the
sagittal direction of the catadioptric projection
optical system PL2 according to the present exanple.
In Fig. 18, Y indicates the i mage hei ght, each 5
dashed |ine the wavel ength of 193. 3063 nm each solid
l'i gg-1eurPpReel ength of 193. 3060 nm and each chain
line the wavel ength of 193.3057 nm As shown in the

tr @s Reidigs apearaiti@(hAgr am of Fig. 18, the
catadi optric projection optical system PL2 of the

pr%@eg&;ﬁmmbﬁ@@ﬁn{ he | arge nunerical aperture and
is corrected in a good 10 bal ance for aberration
th#ﬁjugﬂinatg}‘ab@ entire exposure area though it has no
| arge optical elenment. Next, the specifications of the
5 catsdiefbdating prinjoect i on optical system PL3 according
to the seventh exanple shown in Fig. 16 will be
pr éSenapedureTstope 11 presents the specifications.of the
optical nmenbers 15 of the catadioptric projection
op#Bcplirswateam PL3 according to the seventh exanple.
Tabl e 12 presents the aspherical coefficients of the
| et9edndisu¥ache | ens surface of aspherical shape and

FP04-0160-00

pr gjldcFluaritept i cal system PL3 according to the
sevent h exanEIe. In the specifications, the
10 sp#&ﬁffﬁﬁﬂ@@ glass materiad opti cal nenbers, and the
aspherical coefficients, the description will be
gi EﬁBﬂgiﬂg)the same synbols as those in the
deégri th%ﬂ f the atadi optric projection optica
sy &’#@E ISk o the fifth exanple. [Seventh
aml al 25 (Snecific i e-si.de. NA:_1._20
Exanprel— 25 Speg-H¢ ) AP & 5T
el2 atd [311] el8 20
ASFT 1GE05¥810]  &00000E+00]  —B033GEE-08 32833412 —~4OGIPE-16 252900GE-20
—8.#3204E-35 2.023082E-30 GOOCOE 00| O.OB00BE+DD CGOCCOE-D0
ASPZ DOBIRIET6|  OOCIODESDD| 3350 76E09]  2.882865—14]  B.734G3E—18] —70DAIIE-28
A21327E-36) -9.58714E-31 C.ODBLOE +O5 Q.0000CE+BD COQCCOE+0G
ASP3 -0.0003225F  S00IG0E+00]  -$.53400E-09 1ISO38E-13] -D&S1655E-10 451851 E-33
—3 AT TE-27 45001 TE-32 BOOREOE +00 Q.BMODE+DD GOOBLOE+CO
A5P4 O0DESBED! | ©00IODEYOD|  354370E09]  GB1523E—13|_ 1 GAA74E-16]  BIBI5E-21
—# 4541 5E-28 64574 E-20 BOOCCOE+0DE  ABBAADE DS BOOBRGE 20D
ASPS QOOSTA2T0 SOLII0E+LD 259000E~-08] -1.03073E-12] -2.230G8E-IG 203519E-20
~227032E-24 448821 E-29 BOGCOOE+00|  ODGAOGE+LG| - GOOCOGE-OD
ASPE Q802815301  @BHIODEFDD| 7 99306E-0B 114147E-11]  4.87337E-16 B.76022E-20
I 5S0GBE—24 1 84260E—25]  GODBROSTO0]  CLODOODE+HG| — BOOBLOE0C
ASP? QCCEE/ /98] S00IGESD0) —101256E-08]{ -560515E-172{ —6.83243E-17 2.1B997E-20)
—§24630E-241 —1.§1382E-29 GOORCDE+DD|  ODLJOGE+HGG GO0GCOE+OD
ATPY CUORIOGBTOT  S00NGRE+DR{ -1.6§3B3E-OB] 1807i5E—13] -B119758E-18 3.37339E-22
=L i3048E =25 3.21648E-21 CODOCCEY3D|  0.0B00DE +0 CODGOCE-0D]
ASFI Q06313862  oL0ad0E+00E 421 GBQE—bS —BOFSIGE-1F| 5319446171 -4 15004E-32
~3 28846E-27 1.50853E-30 EOODGOEYDR]  Q.OCO0REFRD DOQCROE+0D
ATPTQ QLLE5378E| BOQIIGE+DD 2IB924E-O7 so2731e~11 1L1IB3TE-1S 112987E-18
-4 31839E-24 18226220 BOORGOE£R0]  GRUIUDE+DD RDOEDOE+D
#12: Aspherical surface number
15 #13: Curvature

the reflecting mnors used in the catadioptric
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-107 FP0O4-0160-00 Exposure area: A=13 nmm B = 17 mm
H=26. Om C=4nm | magi ng nmagni fication: 1/5 Center

wavel engt h: 193.306 nm 5 Refractive index of silica: FP04-0160-00

1.5603261 Refractive index of fluorite: 1.5014548
Refractive index of liquid 1: 1.43664 D spersion of
silica (dn/&): -1.591 X 10-6/pm Di spersi on of
fluorite (dn/d).): -0.980 x 10-6/pm 10 Di spersion of

ure wat 3 opd zgd ( - di 1
g 11 o & TS ot 85 tHPEdse] Alichation ~ didirdm LHGWRIR the

FP@4m¥&3e 08berrdhiEh Bnl Hhe (BREdidnA2HIRRHOA! afRt hf fhe sagittal
Menbers) tt3 ttl15 W2 ttl 00 63.0159 1. WB8.00DO 2:

A8 0/ OFLHALIO ol Sprps i OATRLD king

4A5he’ présent lexaiigict t Sin Big - P9I Y2 3@diRated3thiOdbage height, each
dashed hne the wavelength of 193.3063 nm, each solid line the

| wavelength of 193.3060 nm, and each chain line the wavelength of
193.3057 osm. 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 m 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 PL3 according to the seventh example shown i Fig. 16 will be -
presented. Table 11 presents the specifications of the optical members
of the catadioptric projection optical system PL.3 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 Exampie]
(Specifications)
Image-side NA: 1.20
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10

9: ASP2 -123.7025 86 10: ASPS 394.2980 tt6 |If:

-398.57468 -201.7192 tt6 12: -485.11237 157.8027 tt6

13: ASP4 -206.6789 tt6 14: 329.37813 221.6789 tt6

15: 411,95851 28.1592 tt 5 16: -3890.38387 1.1778 FP04-0160-00
17: 141.65647 33.4870 tt5 18: ASP5 1.0000 109:

216. 09570 22.6534 4 5 20: 461.77835 1_00DO 21

202.12479 20.2182 tts 22: 117.79321 2.6054 23 ASP6

20. 0000 1887 92 39135
35. 2622 @%J%% %P;A 89153116?3@ B /gﬁéﬁiz 0591 tts
28: -303.33648 2. 1168 —28 6QFl8864 285148 tt s  30:

438.85229 11.9006 31: 81109260 45.2273 tt5 32
-813.385;§E%ﬁ@%g91 Boafl@d21 41934 42.1336 us 24:
1

-973. 84834 . 351. -32382.97410 29.5159 tts 36:
- 1075. 05€%entdr WaQllendth: P93 808308 ttz -
Refractive index of silica: 1.5603261
Refractive index of fluorite: 1.5014548
Refractive index of liquid 1: 1.43664
Dispersion of silica (dn/dx): -1.591 x10%/pm
Dispersion of fluorite (dn/d1): -0.980 x 10°/pm
Dispersion of pure water (deiomzed water) (dn/dA). -2.6 x
10°%/pm |
Condition Mb = 508.86 mm L = 1400 mm
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38 371.59007 56.0505 4 5 39: -4589.87645 9.3746 40:

20422419 53.7618 tt5 41: 494 59116 1.0000 42:

125. 95227 57.4813 tt 5 43: ASPS 1.0101 44: 92'58526FP04—0160-OO
43.4772 45 45: ASP10 1.0360 46: 85.23679 42.2466 tt

5 47: ", 1.0000 tta tts 00 - 109 FPO4-0160-00 #I:

| st surface #2: Radius of curvature (mm #3: Surface

spacing (m) 5 #5: silica glass #6: reflecting mrror

#7£ AP EUg stop #8: pure water #9: 2nd surface 10

#14: Fluorite #15: Nanme of glass material (TABLE 12)

(Afgsﬁééiﬁ’féﬁ{io@%&“fog&i@dmﬂ)aﬂﬂe}@ RI3 k c4 c6 c8 c70 Cl2
cld ¢cl16 cl18 c20 SP1

-0 0004476 0. 000ONF+Q0
-6P1360CE-00 201103E-12 -1 86T71E-16 4 723&GE- 2]
4. p5382E-26 -8 68 nal
D "Y'Y'Y"f't1_06 pasad 80000] #5
N2 oo ' 11.6505
3. ASP1 30701145
4 -244 82575 1.0600
5 520.72375 506253]#5
§; -28300136 10000
[N 45574731 370794 =5
8 ~509.23540 143.7025
g ASP2 —123.7025 =5
10 ASP3 S94.2980 15
11 -33857468 - ~201.7182| #s
12 -48511237 15780275
13 ASP4 —2066783[*s
14 32937813 291 §789] #s
15 41195851 23159245
16 -3890.33387 1.1718
17 14165647 33.4870]es
15; ASP5 1.08C0
19 21609570 2846534 %5
20 46177835 10000
2L 20212479 20218245
32 117.79351 26054
2% ASPS 20.0000(*5
24 95831887 51,9992
25: : -251.39135 35.2622[us
26 ASP? §9.1855
27 ASPa 42,0591 %5
28 ~303.53645 21164
29 686.1 35864 - 2B8514Bj*s
30 48885229 11.9G06
St 311.092E0 45.2275] s
3Z ~313.38538 1.0000
33 101241934 421538 a5
34 —97364830 158611
35 -3238267410 295158 #s
36, —-1D75 05682 1 Q000
ar o0 6.3302] «7
35 37159007 56.0505(#5
39; 4689 837645 9.3746
AQ: 20452419 5.3 JE18[%5
41 49459116 10000
42 12585227 5748135
4.3 ASPY 10101
44 N2585346 434772 (65
45 ASP1g 1.0560
4; 8528672 422466 #5
47 o 100001 #s
%9 o0
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10

15

ASP2 Q GOT9308 0. 00000E+00 5. 30847E- 09 2. 32487E- 73
-9.96057E- 78 1. 35214E-21 - 928498E- 266 2. 73795E- 30
O WDODE+CD 000000E+00 DOWCOE+DD ASPS 00000635

0. 00000E400 - 1. 46917E-08 2.39879E-13 1. 89016E- 18
-7.08670E-22 1.5.5922E-27 -1.05341E-32 000000E+00
060000E+09D. OC E+0D ASP4 - 0008742 0. 00606E100

2. 25681E-09 8. 15504E-13 - 1. 75777E-16 1.64720E- 20
1144697E- 24 2. 57932E-28 0. 00000E+0D D_DVWAE+DO

D. O\COE+DO  ASPS D0045455 0. 00000E+00 7. 76937E- 08
- 84/42P9 KGrfhac 3256 77E716 8. 77802E-23 - 221916E- 25

- 2. 25230E- 3D 0. 00000E+00 DAWAE+DO D. OWCOE+OD ASPS

00978 B2l Q08P O EPrel(§RA01E- 07 - 2. 17156E- 11
187837E- 15 - 2. 5SS94E-19 ’1.70717E- 23 - 1. 55668E- 27

o.@g@g@ﬁkeg%ggmg%ﬁgﬁ380000005+00 ASP7 00063619
0. 00006E+00 3. 50299E- 09 - 5. 60629E- 12 - 2. 85322E- 15
2. #545Bicadda@P6808E- 24 3. 14201E-29 0. 00000E+06

000000E400° DOACOE+00  ASPS 00001516 0. 000ODEE+00

- 17872kt @2m@ifd25E- 13 - 2. 88046E- 18 2. 99860E- 22
1328797E-27 3.18623E-31 0. 00000E+00 OOO0O00O0E+DO

00600apebare’s38p 00037449 0. 00000E+00 4.5462. 1E- 08

-898172E- 13 642893E-17 5. 94025E-22 11068E- 26

FP04-0160-00

4. 887p0ie @@t€r. 00009E- 0D DOOODOE+00 0. 00000E+00 ASP10
0093466 0. 0O0O00ODEOO 2. 17665E-07 2. 75156E-11 189892E-15

3. #992nd sudar@396DE- 23 - 1. 18099E- 26 000000E+00
000000E+000. ODOOOE+DD 15 #12: Aspherical surface

nutrbér Fhrge FPO4- 0160- 00 #13: Curvature Fig. 19 is a
transverse aberration di agram showi ng the transverse

ab#l ? abigsre phglase material onal direction and in the
sagittal__direction of the catadioptric projection

op %BILF%)]/g}em PL3 according to 5 the present exanple.

I negi .19, Y indicates the image height, each dashed
| i Sl?hf'él‘iﬁ&@ tt9F 193. 3063 nm each solid |ine
wvalanath af 102 2060 n and.each. chain. line
t hﬁ‘x‘a V\av A\ | \%IrH.L LI \’JI [ e g . A" AYA- AW, II:h, CATIITCA :,é.%\lll .\IIIMI !é T T TN\ [:]ﬂ
t he—waverangth of | 1%z 3037 AGStwam itk )
trafsverss al_gg b0 ﬂé"‘%ﬁﬁbﬂé" -%.'2'3'&0%&-::9'-' T = IS A T IR P
42538726 -B.IG739E~-ID £ 00000 E+00 REEDLOE+GO GOCOCOERDG
S5P2 - 36075308 0.0000DE+D0 5.30847E-D3 23245FE-13{ -3.36037E-18 15352 14E-21
=3 2549BE=16 2. 13795E=30 200000E+GD BLOGROE RS DOBOCOE+DD
‘ASPS [F{HEAL TR OO0GRCE+00| -1.460877E-DN4 2 39EFBE-13 1.89016E-18] ~10B67OE-D2
‘ 1.85323E-27] ~1.006341E~32 € 00000E+H3D BEDOCOETDD BOCOCOE+HER
ASP4 000974z O0UDODEID]  225661E0D]  815504E—13] —1.75777E—16]  184720E-20
| —2 A3607F-04 2.3 7932E-28 & 0000BE+G0 DODGCOE+DD DGLOCOE+DD
ASPE DOD45355]  GDOGOCE-0}]  7.76937E-0B| -8A2991E-12] 395677E—16] 8.77BOPE-D3
=2 71316E-20] —2.2523GE-3D € 00000 E+3D RORCOCOE+DO COTOGOERDD
ASPY DOUTE12S]  0GO00DEN0]  18390AE07] —217156E—11]  187007E—15] —25a504E 19
1707 | 1E-23] —1.5566BE—27]  BOODAOE+GD]  OBOGOE+D0]  DOGIGOE+DC
ASP? DO0B3619]  ODOUOGEGD]  350289E 09 —BBUBZIE_12] —289922E—18] 25 MB8E—20
-2 26808E-24 21420 E-29 GAQQ0EHRD OOOQBIERDD BQOQOOE+DD
ASPE DOCOI5T6]  GDOCODERI0] —1.73725E-08]  Z07225E—15] —TO0ADE=15]  2.998B0E-22
Ty 2873TE—27]  318623E-31]  GOODOCEXOD|  ©HOOGOEFR0|  DOLOGOETDD
ASPS DE037448] GOOOODE+QD] 45800408 -808172E-13] 649893E17]  5OA0P5E-—22
-4 11 Q6BE-26 A37I00E-20 COA00DE H3L 0 BOQOQE+DD LOLOA0E DD
AP0 (0030 3466 T 0000GE~00 21 7665F-07 2751 56E=11 1 B9BO2E=-15 345860E~19
T2I06RE-23| -1.19098E-26 GO00OGE+HMD B OCOGE4DD O.OLACOE+DRD

- #12: Aspherical surface number
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19, the catadioptric projection optical system PL3 of
the present 10 exanple has the |arge nunerical

aperture and is corrected in a good balance for FP04-0160-00

aberration throughout the entire exposure area though
it has no large optical elenent. The projection

optical systens of the respective exanples described
above can be applied each to the projection exposure

15#”199@1’1&95@@“"‘“ in Fig. 1. The projection exposure
apparatus shown in Fig. | is able to increase the

ef f ecti vgjpungy i gal aal@l%fs%ﬁeonaﬁég%a[tw eﬂjag\gﬁﬁi dehdwing the

1.0 or nore and to enhance the re uti on, “because

PURRMSRERE abérrhtidhCin ¢hé %feh\d‘i?%ﬁéld direetionl %ga ih 4hé agittal

t he exposure light is interpose bet ween t

pr dirketibar bkl GthdRypdtie Projectidsh dpecatedRiteiV Pﬁg_’) g{%‘%&)rdin g to

the 20 projection exposure apparatus shown in F

hashé lprestin®] @@inisle. ofinl Pad. 18y At endiChtcROfifd sthhpe IRfight, each
the catadioptric projection optical system according
t odasletl dind hbcahverwsiamgthondd 193308 2 sami, t chch addlfd tlne the

readily and securely achieve the optical path
separvatenpth bef WOS306(¢: heamndt eneli dhiale lisd ithe ewanelength of
the beamtoward the wafer in the projection 25 opti cal
syd$P8m0B, nev enAk rshioven ¢ashe viensverdee abetriatioa- diagearancf Fig.
waf er-side nunerical apertures are increased.

ThéPefthee capdoaptineagiragectionl iRl - oGeaDPL3 of the present
performance can be achi eved throughout the entire

r egkampla) hasdhexlasge mumenealaaperurd aadpi cornecthimear good
sui tably exposed. Since the projection exposure )
appalance fos aAbematian thrpughaig shetansire Axposkes atea thaaxgh it has
light as the exposure light, pure water is supplied as

5 hedangeqmtical elememui d | nmersi on exposure. Pure water

is easily avail.abl.e in large quantity in sem conductor
manuf actﬁ‘? nBrageion ¢ F’Eﬁ‘céﬁcﬁystﬁm%rg athe rgspesisve examples

SRR, AoVEudnE: onappieo saehalto e ReeRidection *Exposure
cr Frabls HOTRIRGR: o andb JRPICROARPOSTe Spparatis Shown
in Fig. 1 is able to increase the effective numerical aperture on the 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 is 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
accordmng to each of the aforementioned examples, it is able to readily
and securely achieve the optical path separation between the beam
toward the reticle and the beam toward the wafer in the projection
optical system PL, even m the case where the reticle-side and wafer-side

numerical apertures are increased. Therefore, good imaging
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10 extrenely | ow amount of inpurities, we can also
expect the action of cleaning the surface of the

waf er Wand the surface of the optical el enment FP04-0160-00

| ocated on the distal end face of the projection
optical system PL. Pure water (water) is said to have
the refractive index n of about 15 1.44 for the
exposure light of the wavel ength of approximtely 193

"Mpcrfoimidieec 35 BhenehictedATE RO (lASalirt! Bdion in the
( m d as

velength 193 n IS use _ i ght source o
exRapustre rghland P EnvPaslcen ¢hh Bessﬂiﬁefmy%%ﬁbged.ll n,

i.e., about 134 nmon'the substrate to” achieve a high

resol uti Since fher ﬁﬂbﬁédfﬁirﬁexﬁbﬁu@@ﬁﬁ 8fusf<doven P Fig. 1 uses the
increased to about "n times or about 20 1.44 tines

t ha{rH exéinter Thber licht'hd therxposaréd Hghn ohher waks Bupplied as
having the refractive index |larger than 1.1 for the

expleas uliquid ook . ligaid hiinegseon tdgdsuseli d Rare WatednYs casily
liquid that is transparent to the exposure |light, has

t havaghbleahilugpe quaiaiyas dengicoagduprisnhhefactndng $acilities and
st abl e agai nst the projection optical 25 system PL
andthdrs amidohar Hxi advamagdefaw thdeersef cffte owmilee pWotoresist on
Where the F2 laser light is used as the exposure

| i it ,sublstratd dwafer)- W12he Fepticall @leidentsc {kerisesy and others.
fluorinated liquid, for exanple, such as fluorinated

oi Ssnempurgewitardrasm edverskeyedfdudron ¢PFAPENMents ahd cantains an
transmt the F2 laser |ight. The present invention is

al sstramely dayl amovnt o wxpogties, Weppan alses egpectthe action of
stage type, provided with two stages independently 5 i
novigening (he nairfacediof dbei wiafennM endepha mfapeca¥ rthe ngptical
thejr respective ubstrates to be_processed, such as
watlementocatesdepndha diptal gpdnbace opthe projgsponceptienissystem
Lgbﬂ Open No. 10-163099, Laid-Open No. 10- 214783,

JPtA- 2000- 505958, and so on. Wen the liquid inmersion

e R 18 Bk of b
SY? Y3 or the exposure light of the wavelength of approximately 193 nm.
In the case where the ArF excimer laser light (wavelength 193 nm) is
used as a hight source of exposure light, the wavelength is reduced to
1/n, 1.e., about 134 nm on the substrate to achieve a high resolution.
Furthermore, the depth of focus is increased to about n times or about
- 1.44 times that in air.

The hqmd can also be another medium having the refractive
mdex larger than 1.1 for the exposure light. In this case, the liquid can
be any hquid that is transparent to the exposure light, has the refractive
index as high as possible, and is stable against the projection optical

E system PL and the photoresist on the surface of the wafer W.
Where the F, laser light 1s used as the exposure light, the liquid
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can be 0.9 to 1.3. In cases where the nunerical
aperture (NA) of the projection optical systemPL is

so |l arge as described, use of randomy polarized EPO4-0160~00

i ght conventionally applied as the exposure light ca
degrade the inmaging performance by virtue of its

pol ari zation effect, and it is 15 thus desirable to
use polarized illumnation. A preferred configuration

T Fhlge BRI NGy CARRAILY o8 35 Afftinared ofls and
! 0@%&&@%@5@%@@@@@% R &@5 g%ggﬁltit]g{keﬂa%ér light.

space pattern eticl’e (mas

di ffract [ fi ped ajlicge W

(con‘poneg?lei tg%ﬂeéﬁpglggk?iﬁ;%%i fogn %Fée%??gn a oﬁg tt g Zeégposure
| oBEhA . . . h J

e PP aefleSE 8 DR 4BPc Hpé RoYided MRt P SaskR i Sendently
Wigioddifle lth @He KV ditsctidin GPaleeseRRANDE Bah'?fihg their respective
projection optical system PL and the resist applied on

t heubsttitbaae bé prioeeyridersudh hbewhf@ns kst digoksedeipTapanese
hi gher on the resist surface for the diffracted |igh

of Putemt SApplieationsl LeideOpent NG doR163089, igidOpen No. 10-
i nprovenent in contrast than in the case where air "
(9234783 IP-A-L060sTH faindesnohhe proj ection opti cal
system PL and the resist -113- FP04-0160-00 applied

on t he sWlhiardhef lighml uafreersivn Forethdd sisr applind dbedescribed
hi gh i magi ng performance can al so be achi eved even in

t haboeset et apertoeei (MA) afetheprej¢dtryn opticaksystem PL
projection optical systemPL exceeds 1.0. It is nore

ef ot bie@ %@ Uk thecaeaswhetd the mumgric eapsiirgugNs) of the
incidence illum nation_nethod (particularly, the

di payeciton @ptical system KL 38 sgrlstga asidascribed, use of randomly
| ongj tudinal. direction of line patterns as discl osed

i npolanzgddightreonaigntinpplly appliad asthe eppaswe light can degrade

6- 188169, . etc. properl ﬁiﬁfinn' conbi nat i oln.. The ex&osure o
apitier HRASING PEHETRABER dh MidHe PleHB RflAERatien citaef, and it is
produce m crodevi ces, (senj conductor device i mage .

pi &%ﬁ%ﬂ%ifeg) usg P&ﬁwﬁ Jlimmmatian| o BePEed configuration
t hfn”flfds'e”c‘:a@%g 1 5uéh qggtdﬁhegrtlffﬁolgyized tllumination is effected in

ahignment with the longitudinal direction of line patterns of line-and-

space patterns on the reticle (mask) R so that diffracted light of the s-
polarized component (component in the polanzation direction along the
~ longitudinal direction of the line patterns) is more emitted from the
patterns of the reticle (mask) R. When the hquid 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 hight 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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illumnating the reticle (mask) by the illumnation
device (illumnation step) and perform ng an exposure

of a transcription pattern forned on the mask, onto PPO4—0160-OO

t he photosensitive substrate by the projection optica

15 system (exposure step). An exanple of a method for
produci ng sem conductor devices as m crodevi ces by
formng a predetermined circuit pattern on a wafer or
th%g?ﬂi%ﬁ 8f ﬂl&@ﬁfffﬁé?”@ftthéfew%f&swat q«“gﬁy ﬂﬁ%ereaf%lfontbgﬁe high

exposure apparatus of the present enbodi nent w

d?iﬁfaig‘ﬂ@% gebﬁirﬁmnwetdaﬂ 8lser BEGRhi&ddnvén MRardasefwhere the
Fig. 9. First, step 301 in Fig. 20 is to forman

evapei@icd amiratrel () asf ﬂﬁ@‘iﬁ‘oﬁctﬂ&f 8pficalNsPdiénl PL exceeds
Next step 302 is to apply a photoresist onto the
medad. i i qofadfftivheo Vel the | phdsee shift -mask, the oblique

Thereafter, step 303 is to sequentially perform an

expesidescd olitmanaton beethod (Retcefarky, Rhé tdipole Hludination) in
mask into each shot area on each of 'the waters in the

| oahghnmeng wizh thdéomniidietl divcetibhas lisy phetsinsuad disclosed in
the exposure apparatus of the present enbodi nent.

St dppa@teset Patent Applicationol pet-Opom Ney d3-088269, efc. properly in
114 FP04-0160-00 the photoresist on each of the
watembinatiome | ot, and next step 305 is to perform
etching with the resist pattern as a mask on each of

t he waf efbe axposhee hppamatus of the afdreonentigaed embodiment can
corresponding to the pattern on the mask, in each )

s hprodircganuaraskeyticasafsemicenilust@atiewicess imagghpickup devices,
formation of circuit patterns of upper |layers and

ot hamgd-crysgaldelisplay e thim-Gbndusageetdevheads,arcéc.) by
prqQduced.. The sem conductqQr device production nethod .
dcd Brmiting, redicleni(mask) dy theBlummatien device (illumination
seni conduct or, devices with an extrenely fine circujt

pabteR? Rugk PerfgHNIng 3R grpsusd 2 SemseBpEeBpalternafasmed on
et TR e, BRORBSFERE SHOBFAtenBY (espLyaos optica
B el SRR ARy ORL i, et S pepducing -
SO hicanAadedr " @b vicRS' & ditrodevices by forming a predetermined
circult pattern on a wafer or the like as a photosensitive 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 mn Fig. 20 is to form an evaporated metal film on
each of wafers i 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 image of a pattern
on a mask into each shot area 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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these steps, a silicon oxide filmis fornmed on the
waf er and thereafter the resist is applied onto the

silicon oxide film followed by the 15 respective FP04-0160-00

steps of exposure, devel opnent, etching, and so on.
The exposure apparatus of the present enbodi nent can
al so produce a liquid-crystal display device as a
m crodevi ce by form ng predeterm ned patterns

(C*tﬁ&?h c@%&fsﬁ‘b edeIﬁSf fiRd EH@fst il the g}ldoﬁb)ﬁ REFIRS is to

g as trate exan‘p a rret

W&cmﬁ$ Vi 2 aissﬁgtr pm&nbsé avmgl& 'E)nr Sziéﬁ BP§Re wafers

totheflovvch t of Fig tern

foﬁﬁ”tﬁé 16t &P f46H 4 %utc@ute?ﬁﬁéhﬁlecén% @ﬁ’tﬂlh to the gattern on the
phot ol i t hogr aphy step perform ng an exposur

t r aask, ipeach @ﬁéﬂﬂeﬁcﬁfe@cm%lfepnt o a photosensitive

substrate (a glass substrate coated with a resist or

the i kﬁhefaaﬁdi*et}ﬁﬁﬂ%h%ﬁr@mf@f Wicaft pditerhk eeper layers
enbodi nent. This 25 photolithography step results in

f oamiingthehe theedevieesmsietl patseaTibondnetovdddidces duced.
of electrodes and others on the phot osensitive -115
FPUZeCsaftcofidustarsdavate prodectien tracthodhdesoritssb dbove permits
substrate is processed through respective steps of
deugltopolein tkd sbimgondwstos tdeneces afith andestvenely dine circuit
forma predetermned pattern on the substrate, and is

t hpattermaat hegh ¢hroughpuext Step 0T ith tstep f%fmang tetpgrform the
402. 5 Next, the color filter formng step 402 is to

f orespactve stepfsmft@apnonaum obmi¢igl oattﬁe $ eapplmat]on of the
nunber of sets of three dots correspondlng to

( Reaspst aptpctheangtal dlm, BxmIsury, develapmepédand eachmg, but it is
matrix, or in a, configuration wherein a pluraljty of
senecdlpss to raontian thatr e srathed gnay b so @rrapgedsthate prior to
arranged in thg dlrectdeeﬁ of . h ”Zegftal scan | ines.

Af these [icph @ sBicon o) HlolrS afgnest ep thepwager pnd thereafter
step 4 S the ut ed. . The._cel | . asse
@1? 19%8 dSt @élg%i encpmemﬁl%arf@ owed By the
|d cr taI ell), us the subtrate wi,t h t he
BIBPEliVE NewS of eposiroKle mnﬁﬂ chigg, ABA 5O P mi ng

St €p 4011’]1% he%cp%‘%%ﬁ;)é Jp'platrz?tru 08% athe present embodiment can also

produce a hquid-crystal display device as a microdevice by forming
predetermined patterns (circuit pattemn, electrode pattern, etc.) on a plate
(glass substrate). An example of a method of this production will be
- described below with reference to the flowchart of Fig. 21. In Fig. 21,
~ pattern forming step 401 is 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 present embodiment. This
photolithography step results in forming the predetermined pattemn

mcluding a number of electrodes and others on the photosensitive
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in the color filter formng step 402, and so on. In
the cell assenbly 15 step 403, for exanple, a liquid

crystal is poured into the space between the FP04-0160-00

substrate with the predeterm ned pattern obtained in

the pattern formng step 401 and the color filter
obtained in the color filter formng step 402,

t hereby producing a liquid crystal panel (liquid _

cr kgbratee! | Thehbfdidre Bes %R’Ebk’e&t Sibstlfte t Resdbb&led Shrough
to attach each of 20 conpo ents such as an'electric

Ci respdctive fiepklofaivel Gpment 0btcHiisR! fist ARAIA10And so on to
the assenbled |iquid crystal panel™(liquid crysi al

celfbim a prfwe@é”lmi@l@ﬂﬁiaﬁtemgnﬁtﬁa %Sﬂr&té%’ﬁi@ﬁs thegptraMsferred to

devi ce. The production nmethod of the 1iquid-crystal

di spkayolde \fiite fdesdng ke 4dpve permits [|iquid-crystal

di splay devices with the extrenely fine circuit

pat t er n Next2hebeolpr didtes ddrmindistdp 402 ds1obPotm aAsolor filter in

descri bed above, the projection optical system

ac aaradifigpranon viliéreiPadnfitber 00 setshef fhires tdoss pestespbnding to

the present invention conprises at |east two

r eR ¢Beidpg Gri(fresnpnand B [Blus)ary hmagediinhat hmtrix, or in a

surface on the first surface side having the positive

r ebonfgiragiqpowhereinas phintalitheoft scim sxfi filténsgofrirberstripes of R,

and reflecting nmenbers arranged al ong the single

opfi @nd Bxare, arsamgddhin she ishrestioncof hierizontalngcar Hacnot After

including the optical axis, wherein the optical path

bethge dwlondilirrudesming estep adt2s reelk assambiyr stepe 408 is then

filled ith_ the medi um having the refractive index

| a%@nteq\fan Theycelhasgemplby slap 408eispie gssambleyanaqand crystal

successf,ul l.y realizeg the rel atively conpact .

prB t&&ﬂm prystal %5'395 émm&\tﬁﬁgsu ag EIth dhe praslgtergnined
i ous

performance. as, 10 wel | corrected for r i
P bBRteH; Qhtainegin the orRngsiap.d¢ brihgrgplor filter obtained

el e EBI e tPrifie S INAmBRcsp Stpor FLAS el Essembly

g 5 A B R LPOug P eiptveen
t O S uBEFAL InATP BE predetermined pattern obtained in the pattemn
forming step 401 and the color filter obtained in the color filter forming

step 402, thereby producing a hiquid crystal panel (liquid crystal cell).
Module assembly step 404 thereafter is to attach each of

- components such as an electric circmit, a backlight, etc. for display

operation of the assembled liquid crystal panel (liquid crystal cell),
thereby completing a hquid-crystal display device. The production
method of the hiquid-crystal display device described above permits
liquid-crystal display devices with the extremely fine circuit pattern to
be produced at high throughput.

As described above, the projection optical system according to
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15 of the present invention, the internmedi ate i mage of
the first surface is fornmed in the first inmaging

optical system and it is thus feasible to readily FP04-0160-00

and securely achieve the optical path separation

between the beamtoward the first surface and the

beam toward the second surface, even in the case

where the nunerical apertures of the projection

op A : :
7 Sy R LTINS Rl A, SRR A5 6RO refccing
! e@ﬁirfﬁi*staﬂ&laﬁiéqgoﬁﬁ@mﬁe&%'\%ﬁhrtﬁé 'R FdRIoR WE first surfale side
feasible to shorten the total I|ength of the _
cala¢impiiié poRitRiefrAtin@Povid! hay Sl FMé tthnisthiftisd ithembers
achi eve the adjustnent for "satisfying the Petzval™s
Coﬁﬁ&tﬂe@hcﬁﬁgfﬁléﬁm@é Qurrdpedf Alogk fhensingld bptighl YRS and has
the 25 variation due to the difference of field angl es

of thdhefleeane epaniagdatyy ndhéndluditg theldhtival radis, fhedsin the
t 0 suppress occurrence of aberrati on. 17
FPOfti0abpatbObetvesiefiny boundad Jemegint thke sécsmppatdacans filled

be achi eved throughout the entire region in the

expatuithe anediumvkaving the rehaetivbendekhiargdy ¢oan sli.dle As a
and inmage-side nunerical apertures of the catadioptric

pr ogsadt, ithe pogrent ahvestysn aucesssfulhy realsest the wlsgvelyocompact
enhance the resolution. 5 The projection optical

sypragecton epdicad systenndavimg dhaexeellenf imhging pedenmance as
i nvention conprises at least six mrrors, and thus the

fi wsdl comeetedeior ataridusagfecraattionsh sucle ashrontaticnabkmateon and
i mge can be forned w thout increase in the total )

| efigivatge ohelielsk andobemige cppablec of wecopmig she layz effective
even in the case where the object-side and i mage-side
nulBage-sideipumssical apertyre Mecweaca@@msangrtb@ sefleesion loss
optical systemare increased in order to enhance the
re%ltﬁ?F’B ca #re, it is feasible to readily and

the. boant DWePEICEHEN KRISRT SyPReaR SRR e h i povid dspect
P SR PRSP hGE ) PR 5l St oFBhA o surface i
R fh ' BEHY nd "0 §7A8N, Vond S 8 Tl Feasible to
readily and securely achicve 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 increased. Since the second imaging optical system is
provided with the first lens unit having the negative refracting power, it
'is 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

variation 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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condition can be readily net and correction for
aberration can be readily made, through the

adj ustnent of each mirror or each lens formng the  Epy4.0160-00

second lens unit, or the Iike. The projection optical
system according to the third aspect of the 20
present invention is the thrice-inaging optical
system whereby the first internediate inmage is an

i n\ﬂq{efréﬂ)rb”Eﬁ_édoifméélﬁg‘;ééﬁénﬁ&ﬁé@%n bdachRSRAdhroughout the

i nternedi at € i mage an ect inmage of the ftirst

SUhB?€ re@infl ihMthe icXROSurd AABEVOR il ke 886OMMhepd BB ect-side
an inverted i mage. Therefore, in the case where the

catagdiigRide-sidermireeticsinnetireslof ¥hé camdibplritepiyjéaemt optical
25 invention is nounted on the exposure dapparatus and

wheystelh areResaNed i grdefts efilaned thi Fdyob@dsmi ng of

the first surface and the second surface, 118

FPO4- 0160heGrojdeticarapiicalsydidiacidcondial tonefthirdtaspect of the
surface can be made opposite to that of the second
supfesent amoentions coageisekeat deastadix ynaebisevands uhhs the first
adj ustnment as to decrease the change in the center of

gr avermedfate hmagenand dhexgposnd eindgpaeditites imBge reu ben@rmed
the change in the center of 5 gravity of the entire
expathow 1aprasatnghe itotal derigthsobihe catadiopice progection optical
vi bration of the catadioptric projection optical

sy systamperendndbaicese wheoe dhe mggﬁmgslde efdrimageeside numerical
t hroughout the entire region in the exposure area. )
Ac8Be | 9f thareatadieptticeprqipetion wepticad sygtsware increased in
nmet hod using 10, the projectign optical  system of the

pr SEQGItO; edhe desolabpa. t olhgrefors:, at isnteasible tareadidy and

transcrjbe a fin attern with high precision

t hPRBRDE ﬁ_@ﬁﬁﬁﬁ/éj thet osical eatboreray e beiviens thgebeam toward
5 i AP L RRATRSRar B Bosei S Fldss S e
resol.utj.on. Wt se of. the e sur.e arat.us 15

C RIS, antical sy3fest ds vl Sl 2 JRRNig miggrs and the

fn-r §$cg)nt :l%\ésg %O?Jﬁgl'lfg éhg pt;e% j Ikéloﬁeﬁgc nrlé) dﬁj&%egoﬁ)% 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 unit, or the hike.

The projection optical system according to the third aspect of the
present invention is the thrice-imaging optical system, whereby the first
mtermediate 1mage 1s an inverted image. of the first surface, the second .
intermediate tmage 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

is carried out with scanning of the first surface and the second surface,
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proj ecti on exposure through the high-resolution
projection optical system -119 CLAIMS 1. A

catadi optric projection optical system which forns AEPO4-0160-00

reduced image of a first plane on a second pl ane,
conprising: at least tw reflecting surfaces; and a
| ens whose surface on the first plane side has a
positive refractive power and whose surface on the

SeqRa gcﬁﬂnﬁﬁg SrEQidiof Ihé st ‘%_Biéfrﬁegrcglﬁdbe %‘z{dé‘?ﬁggtsilt% 50 that

wherein eve y transmtting ne na every re

negpethe Wdcdngd SAffaast kM8 ROVIBT fERMSIE! iyt fémiirweaqhieYee such

projection optical systemare arranged al ong a sing
oplaldpdtmnt s ANAcvhBise! thed cRhiE@iht bheof:eﬁ’ﬂéi"&ia?ta/vity of the
conjugate positions of the first plane are foried

betenHed dxposhid &ppﬁia%ﬁﬁ aps rb@udiapSthe?chdige in the center of
proj ection optical system according to claim 1,

whersvity tdfetiad entie@sdxposard Qﬁjp@i%ﬂu@? s ffagsible to reduce the
conprising at |east one concave reflecting mnmirror. 3.
Theiaopacof ohe eatddieptriy Projaciesobgiiogl sestehiamdli®achieve
2, wherein the projection optical system having an

ev goodunmnng perifirhenicenhroughavtete dntirehegpiwjiethe exposure
optical system according to any one of clains 1 to 3,
coapra.sing a optical relay systemwhich has a

plurality of reflecting surfaces of the at |east two

ref | ect i Agceudifighe sharspokichapsaratusaagk dxposuae method using
optical path between the plurality of optically
coffjeugaoseqtioni wipticgl ofystém foif r the present Soverteon are able to
projection optical systemaccording to claim4, o
whpedprm: the expesural tor thaycabe ta Mngapattorny sifhadighprecision,
optical nmenber._ 6. The projection optical system . .
acBBpaBhgtheo PEOKICHOB, Optlﬁﬁiw systasnbayisignghey exoeblent imaging

arranged in an (fpd]i clal pat h between the first plane
anBeEigEBance an ¢ large eiiective 1mage-side numerical aperture,

consequently, high resolution. With use of the exposure apparatus
equipped with the projectton optical system of the present mvention, it
is feasible to produce good microdevices by the high-precision
projection exposure through the high-resolution projection optical

system.
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optical relay system 7. The projection optical system
according to any one of clains 1 to 6 conprising at
| east two inmaging optical system wherein nbost second
pl ane si de imagi ng optical systemhas no optically
powered mrror, and has a negative |ens group,
arranged in a divergent beampath, with at |east two
negati ve | enses, a positive lens group, -120 and
anot her positive |ens gropaEvisanged in a convergence
beam path. 8. The projection optical system according
to apy ool PG ot [F-T) On{i ~q1C SO fh LR St
.1 i A?Incé’t%ﬁ%diitg]‘é g{gtégt%nogh?@ﬁcz}ls%aﬁéglh g‘gglqhn fé\ﬁnﬁ%p irgglllced
1mag@%fag@;s&@lqpq%afqep§p #ah® and the second plane,
and edtphistngzms a first internediate inmage; a second

i mgéﬂ@aé’c&W&?é%&X?f&?&%Mé‘shaha arranged in an opti cal

path between the.fIFst 1 npai nq opt | system and t he,

seco%enpﬂ :\\é\[ﬁ@’se §H6faﬁﬁi0éhthqn§m§ ang g § & OSHE Eglsactive
poweaged whobe sdriacegimthesecead physt eidediasan drpndrinamerged

suidRéd cal path between the second imaging optical

syst’em and the second. pl ane, erein the at |east two
- of NBBERR ST JEaasaiting: m&é@w and v edlectingamember

withetaveefrattiee fpowtr pdantitatidgt fiee pecfpetdonnbeticelisgseem are
arrh 10%5 §ir%%@%@ﬁlcaf5§ﬁe§nare arrangepl in an opti cal
pagﬁ Eé%ﬁ en e fir .pf.ane and the first
i nt SVASHILR ADIVRHYY. ﬁs ﬂp%ﬁalgappoamga&pﬁsmmléﬁﬁhﬁﬁérst plane

arcfforsied bertweenatedirst plagearahthd legssecond internedi ate
image, and in an optical path between the second

i nternmedi ate .i mage, and the second pl ane, .and wherejn

2. al| the psierdansepticad systmiagsopdiageist eloimopst wéwrein the at

leasty stventefteiintee shrfages hompikingphanesst nc dimicave reflecting
miIQ.F)PJ ection optical systemaccording to any one of
claims 1 to 6, conprising: a first imaging optical
system which is arranged in an optical path
3. ‘The projection optical system according to claim 1 or 2, wherein the

projection optical system having an even number of reflecting surfaces.

4. The projection optical system according to any one of claims 1 to 3,
comprising a optical relay system which has a plurality of reflecting surfaces
of the at least two reflecting surfaces and which is arranged in an optical path
between the plurality of optically conjugate positions of the first plane.

5. The projection optical system according to claim 4, wherein the
“optical relay system has no refracting optical member.

6.  The projection optical system according to claim 5, further
comprising a lens arranged in an optical path between the first plane and the
- optical relay system.

7. The projection optical system according to any one of claims 1 to 6
comprising at least two imaging optical system,

_ wherein most second plane side imaging optical system has no
optically powered mirror, and has a negative lens group, arranged in a
~ divergent beam path, with at least two negative lenses, a positive lens group,
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between the first plane and the second plane, and
which forns a first internediate inage; a second
i magi ng optical systemwhich is arranged in an optica
path between the first imaging optical systemand the
second pl ane, and which forns a second internediate
image; a third imging optical systemarranged in an
optical path between the second inmaging optica
n@¥slogheehskiti
a iarragillril%g opt?ggllég%%ﬁ%g\%iﬁ%%d@???ngbgérﬁ%giﬁaﬂlﬁﬂhér
wth a first reflection surface and a second concave
8. mi r r bhewirojeciionseptical systémacicordingritangy; omhef elaims 1 to 6,
cohfpirisefgi on surfaces of the concave mirrors facing each

other ~and definin I nterm.r.ror. space; .wherein at

| east TIRLINAZIE PRAGRHSUTSL WHishds PerangedriBan optical path
betreerretthe chtst yplanet and thice sécunel planeyr as awhidhe fomasn a first
intbAfedlidtsimagacave mrror and the second -121 concave

mrror, 10,.The. proj ectli on 6815“ c:ag.system' ccordi ”93;0

any DRECUN Epaging PGl 5YStel wfich in grranged i aniopsisah gath
beiopedrc the fysit knaginigcopticalesystargenhd theaveantd phinepanld which

fo%éﬁlﬁeaf?bﬁ&ﬁﬂa@?{rj??é%% nd the second plane, and

. ] ) f [ [ ; .
g HTO S ARIRE SsicakSuNCEh aranged dRga opHOAhbB: belavcen
thepseconddetaging dpitieal systeni andithgsemiridplangyst em and t he
secopfeRiATRe 3?%3%8 I}eﬂ%lﬁ’%gﬁ sﬁrfﬁ?@s‘)% ér%,l%fgfﬂi 4 Bptical

e; a . thi | pagl ng, Qp System arran I'nan
pa@&mendbtﬂ b s and, the sconddnisridigieopragsal
systwhewid pubd seanendrepimangedviiear optichepsthdsurdreen the first

P ol I 194309t GBS A R0

; ct1on .
intgRmediate,imags anch damaceend dutaraiediater isage, and i an optical
path between the second intermediate image and the second plane, and

wherein all reflection surfaces of the projection optical system
remote from the pupil planes.

9. The projection optical system according to any one of claims 1 to 6,
comprising: |

a first imaging optical system which is arranged in an optical path
between the first plane and the second plane, and which forms a first
intermediate image;

a second imaging optical system which is arranged in an optical path
between the first imaging optical system and the second plane, and which
forms a second intermediate image;

a third imaging optical system arranged in an optical path between
the second imaging optical system and the second plane,

wherein the second imaging optical system having a first concave
mirror with a first reflection surface and a second concave mitror with a
second reflection surface;

wherein reflection surfaces of the concave mirrors facing each other.
and defining an intermirror space;

wherein at least the first intermediate image is located geometrically

within the intermirror space between the first concave mirror and the second

_121_.



wherein reflection surfaces of the concave mrrors

facing each other; wherein the first inmaging optica

systemis designed as an enlarging imging system

11. The projection optical systemaccording to any one

of clains 8 to 10, wherein the third inmaging optica

system has no optically powered mrror, and has a

negati ve | ens group, arranged in a divergent beam
coféve mMoh at | east two negative | enses, a positive

| ens group, and another positive |ens group arranged

in a_convergence beam path. 12. The projection optica
IOSyst Ehe geejschiongopticalBysisme ageowliag ie apytandeof clams 1 to 6,

APARIhS |ng a first inmaging optlcal system conpri si ng

firs ﬁgﬁéﬁaﬁgﬂﬁ‘é PRBSE storp Rt 5 ARl LRl Barn
beiweas rtedi farss plangeand thiesédanst phaneyeanchnuhichs éeonsl a first
inteABeHRg: P ggal system arranged in an opti cal path

bet ween _the first i.cal .s tem

oo ahgesshinaging ope sySheoR e iS ¥R EIRA M ah Cptical path
betwgesr thedfissteimaging @pmaiesxs&mmdoﬂmeecombpkam, wahd which
forﬁ%%’@écéﬂ@ﬁit@ﬁn@ﬂfdté@ﬂna%&m em CO][Tp“ Zes tPe fol I owi ng

co 0 S 1IN assage O eam

ot o AR iRl i tichh sV SRR Ariabgerip B oplitLbaf,petween
thessachadaniagihgdiptipah systenneed shepeconsf placti ng  sur f ace;

a figRbrdig ﬁe%cbnﬁoiﬂ?ﬁ%%gn%ﬁéaﬂ %émtﬂﬁ%ﬁ 92l N¥€ concave

miOL SEiht ERe FeRe gy R

Sesend drqkay P rglsgharith a
secamdaeélection sirfaze; and a third lens unit having a

POSi/h¥@ih ?éic]jé@t‘iéff Suiaved of C VBrrﬁirﬁGfs' ﬁ@ll%oéé&f"bther

SSte aCC to clalm rern .t
a0t R e SRR e GRS b dePRpneen S ameplarging

imagmgrsgrstemoy tive refractive power, a negative |ens,

a concave reflecting surface, and an optical
11.  The projection optical system according to any one of claims 8 to 10,
wherein the third imaging optical system has no optically powered mirror,
and has a negative lens group, arranged in a divergent beam path, with at
least two negative lenses, a positive lens group, and another positive lens
group arranged in a convergence beam path.

12.  The projection optical system according to any one of claims 1 to 6,
comprising:

a first imaging optical system comprising two surfaces, arranged in
an optical path between the first plane and the second plane, which forms an
intermediate image of the first plane; and
| a second imaging optical system, arranged in an optical path between

the first imaging optical system and the second plane, which forms an image
of the intermediate image on the second plane,

wherein the second imaging optical system comprises the following
components in order of passage of a beam from the intermediate image side:
_ a plurality of reflecting surface including a concave shape reflecting
~surface;

a first lens unit comprising at least two negatlve lenses, and having a
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path separating reflecting surface, and wherein the
first imaging optical systemis arranged as foll ows:
light traveling in the first imaging optical system
passes through the fourth lens unit and the negative
lens, is then reflected by the concave reflecting
surface, and passes again through the negative lens to
be guided to the optical path separating reflecting

negativacefrastivepbacired by the first field reflecting

ther S5Fed e e%ﬁ??@%é%ﬁgg{t{qv%fﬁe%‘%ﬂ%ei@%ﬁff " the
sec ol APRHEY F%@Qpp al system 14. The projection

opt i g ghird et ethadesigy apdsitivayvefongivf pewat,ms 1 to 6,
conprising: a first inmaging optical syst em conprl si ng
at least six reflecting surfaces, arranged in

130pt i ‘the ppatastivatapsiaal sywem aegordingile clammtl Be“slﬁ'cr@mhe first
impganRe opm:lal?f‘s s@érﬁsc@m:‘prrri’as%g a'(t) Fﬁ)?ﬁﬁgf%ﬁ memefn@glch dositive
fefi%%ﬁpedp%ﬁ el eh U ot IB lrlifh BEAGE: ailfn Dptical

qpam@mgéﬁﬂe@msur €ciami ng optical systemand the
SeCOWﬁeﬁélﬁf’tﬁe Wt filag ﬂi ¢ Qys&eE Y erhAEed AE TR ®s:

n h i on
opt .gligﬁ Clefuelife TES i’%rﬁtglwlegamwi S%&#&?e B hrough the
fourth dens mméramidtlm acgatiye lesss o then beflactad hy the concave
reflehingcy uﬂ’&es lahﬁgfa%sésh @&aihitBRiu kﬁﬂﬁr&g%\/feﬂ@ﬁ& f@Befg'uﬁééd to
the P@ﬁ?aﬁﬁ% SeaRng mﬁ%CﬁPgsﬁur?ﬁ“ SOt 8F Tyl Y, i red
reflagbingt sitface and thefsesonidnéicld Lrﬁﬁactaﬂgl sunfage fandsthereafter
dirbo®9 cAtbreRhé Skt RSHLAM inlthe s&@naﬁ r@@ﬁg %@u%ﬁt §¢dtbm,

system according to any one of clali
wherein an exit pupil of the projection optical system
14has "Hae projectioaraptical 3ystehe am@ncfmg toanypiriccal clayms dnto 6,
Orﬁ plg{ ‘ng to any one of clainms 1 to 16, wherein the
tical axis

H arﬁﬂrst)”%?ﬁ&péoﬂﬁ%ﬁl.oéﬁ ) SoLrHTITRG: 8 Jr lkniethinive
surfdces| aiangedtin avopticarpathdictween the first plane and the second
plane, which forms a first intermediate image and a second intermediate
mmage of the first plane; and

a second imaging optical system, arranged in an optical path between
- the first imaging optical system and the second plane, which relays the

second intermediate image onto the second plane.

15.  Theprojection optical system according to claim 14, wherein the first
intermediate image is formed between a reflecting surface that light
emerging from the first plane enters second and a reflecting surface that the
- light emerging from the first plane enters fourth, of the at least six reflecting
surfaces in the first imaging optical system.

16.  The projection optical system according to any one of claims 1 to 15,
wherein an exit pupil of the projection optical system has no shield area.

17.  The projection optical system according to any one of claims 1 to 16,
wherein the reduced image is not formed on the optical axis.
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a first imaging optical systemconprising at |east two
reflecting surfaces, arranged in an optical path
between the first plane and the second surface, which
forman internediate i mage of the first plane; and a
second i magi ng optical system arranged in an optica
path between the first imaging optical system and the
second pl ane, which forns a final 1inmage on the second"
pl ane on the basis of a beamfromthe internediate

180 ol R OGSO AR BT PREF R o 17
Coemwnges a first lens unit having a positive
r ef r acfitsteingayiep; optiéalr systesf |c©ﬁi pridng ustl Rest dhvepeshecting

Wy ik P8 AR o ﬁif‘@? el o

86V 10&1 Knsran mwrmdwwmgegaﬁ datstiolane; mad i r st
r ef | geédaned thagion @n@beﬂ Restieh, eirfmmlical i aﬂwecal th bBBveen

o) cO d|n clw
thgFRheRhidihe fipep SRt AR e a6, MR dpps a final
1mage |t thegeernd plaeg wﬂmbmamfaamm frqmsﬁhﬁ mtemnediate
imgpe first imaging optical system and wherein at |east
one negative lens is disposed in a double optical path
fornmed by the concave reflecting mrror. 21. The
19pr o Bae poricsionsgtical Sysémwgﬂnwmaiann dBpwherein the first

1m g mlégl@yg{emlcgﬁ%n@ge negatlve | ens di sposed in
t he boundar | ens are

rmdeEl g‘?&flgﬂg E‘Plltgl?avégg a‘lﬂ%ﬂﬁ Sﬁf‘?féﬂe BB?")/ €al system

accadt Brstgetlecting sumtacefd lsp@ﬂ ingan ppticalipathdetwegnbe first
len}fs"&f?ui!‘ﬁ)ﬂluﬂ%ﬁ&eﬁﬁééiatté%a éﬁdmﬂ? vvhere_ Flis a

oc en nit an is

o Pl et ai el hia PSS! bt hefaveen the
1r51§rr©ﬂ@@ﬁingmlasmnami wifenmediata thage.t o any one of

clains 19 to 22, wherein the first lens unit has at

20. €35fnd ¥R pro; 8t?ort1 o\ﬁ?iclalesnﬁ%esrh according to claim 19, wherein the first
reflecting surface is a concave reflecting mirror disposed near a pupil
position of the first imaging optical system, and ,

whereln at least one negative lens is disposed in a double optical path
formed by the concave reflecting mirror.

21.  The projection optical system according to claim 20, wherein the at
least one negative lens disposed in the double optical path, and the boundary
lens are made of fluorite.

- 22, The projection optical system according to any one of claims 19 to
- 21, satisfying the following condition:
5<F1/Y0<15,
where F1 is a focal length of the first lens unit and Y0 is a maximum image
height on the second plane.

23.  The projection optical system according to any one of claims 19 to 22,
wherein the first lens unit has at least two positive lenses.
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-124 24. The projection optical systemaccording to
any one of clains 18 to 23, wherein the second

i magi ng optical systemis a dioptric system consisting
of .only a plurality of transm-tting nmenbers. 25. The
projection optical system according to claim 24,
wherein 70% or nore of the transmtting nenbers
constituting the second optical systemare nade from

24si | idee pﬁ:?ectTdﬂ@opﬂQalesyst@ﬁ a@Dbrchﬁ 6 why@meastiiath N §8 te 23,

wl%%moﬂ?l% s%coﬁh%ﬁﬁd 12 bﬁtlggl[ S@/S 1§ arﬂtlhgﬁﬁ(? %ﬁ’s@%{l‘l é’q‘:nsmtmg of

on @lPéﬁIaIEYé-‘t éﬁarssmttémgm@n Bes. foI | owi ng condition:
1. 05<R/ YOx12, where R is a radius of curvature of an

arc

25 e ﬁﬁé oGRS qp&L%a%&%ﬁn&@%%slﬁ% i EBim PP dicreli5 8% or
morgefgngjternsnuiing Meabersyenshifulse tr sepang epiycad sysiemm are
madedfirom dilica. 26, wherein the reduced i mage forned on

the second surface based on a radiation with a

s-pol arized radiation about the second plane. 28. The
26pr oj Bl popjesponcitics) sysiemueesrdingta anpage ofielams 1 to 25,

Wh@k@,h??lel efffectie Hﬁﬁ’%‘]ﬂ §fd@19 has Rl hgéu%gtﬁfsag?g ﬁhb projection
opﬁgﬁf%fggelgls&gﬁg gﬁhﬁ?ﬁf’w&g Cgﬂaﬁbm} ‘he plurality of

pupil ,and the |l ens consisting of positive

th@é‘R is égrgdﬁgﬁgfénlgivﬁﬁlrb%f aPRdre GRS %E&bﬁ@@t‘i’f/é’ %Iﬁtg%%% area,
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side of the lens. 30. The projection optical system

27. accome pﬁofe@tlé}ﬁ)b%ﬁi%ﬁl ? teﬁlaad&rald o2éh oMé %f%ldinishpto 26,

whefliR I Fefliedd JRidbe, fotand g e agﬁé&a (ki based on a

radﬂamm avitle arﬁppd)l@mgdzradmtm abehitdheisscond phayeed
) surroundi ng the S|ngle optical axis and which
28. ;:Jg il r% ﬁ]écﬁ‘ eghgﬁ %ptlcgl s%];stgl%t a'tc%%&*dﬁllgetréeaﬂr}f or?ef: o% Claims 1 to 27,
comprising a plurality of pupil positions,

wherein lenses between a most second surface side pupil position
among the plurality of pupil positions and the lens consisting of positive

lens.

29.  The projection optical system according to any one of claims 1 to 28,
~ comprising at least two meniscus lenses arranged proximal to the first plane
‘side of the lens.

30.  The projection optical system according to any one of claims 1 to 29,
wherein the lens made of crystal.

31.  The projection optical system according to any one of claims 1 to 30,
further comprising a barrel which is arranged surrounding the single optical
axis and which supports a plurality of optical elements of the projection
‘optical system,

wherein most second plane side optical elements. among the plurality
of optical elements is exposed from the barrel.
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optical system wherein nost second plane side optica
el ements anong the plurality of optical elenents is
exposed fromthe barrel. -125 32. The projection
optical system according to claim 31, wherein the
nost second plane side optical elenent is detachably
attached to the barrel. 33. The projection optica
system according to claim 31 or 32, wherein the nost
second pl ane side optical elenent is replaceably

521 St Ryt aPOSrAPRLESHGRIP! lhein he
magh seeond phanasidswniical elenentrgidstagablynitaghed to thevearrel.

optically conjugate positions. 35. A catadioptric

33 P oy S P o i G 5T MBS eBirh Eh B 32, gperein
theymystirsgcong !

|
pleneefide sptivgl elemeantss replacaablynattaghedeto the
bagel.f ace on the first plane side has a positive
refractive power and whose surface on the second
pl ane side has a liquid i merged surface, wherein
34 everThe paejcetioniopfioat spsemaantoadimg/ta ey eneofiglatamsokto 33,

whetdi fadi@fibAChi ehd Wifes]eC OPHEAL ki Gitt R @gﬁicsnyi &Fnjugate
Oﬁtol gal systemare artanged al ong a singlée optfcal

PO P85 and wherein a plurality of optically conjugate
positions of the first plane are formed between the

35111 SA PlAaRAAL pRICUEND ot WRIG WRich! FAMM ' kédced
. rrenbfr gl St di_ sposed’ bet vve(i 1t Wwo Opt | callglgy conj ugat e
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posia pbuslitygef re{leciingisunfacess apdoj ecti on opti cal
s ﬁs;aemgg%eg? fsﬁiéf@[’é% bnf %@g@@ pléﬂ@?ﬁlﬁglﬁ?sf‘a iﬂo;sﬁivé)féf%tive
poVer padi VhgSe apraceon Miriseeqrehplimondediad adiavid imppersed
surfagest pl ane side has a positive refractive
wherein every transmitting member and every reflecting member
with a refractive power constituting the projection optical system are
arranged along a single optical axis; and '
wherein a plurality of optically conjugate positions of the first plane
are formed between the first plane and the lens, and
wherein no transmitting member is disposed between two optically

conjugate positions among the plurality of optically conjugate positions.

36. A catadioptric projection optical system, which forms a reduced
image of a first plane on a second plane, comprising:
a plurality of reflecting surfaces; and
a lens whose surface on the first plane side has a positive refractive
power and whose surface on the second plane side has a liquid immerged
- surface,
' wherein every transmitting member and every reflecting member
with a refractive power constituting the projection optical system are
arranged along a single optical axis; and
wherein a plurality of optically conjugate positions of the first plane
are formed between the first plane and the lens, and
“wherein an exit pupil of the projection optical system has no shield
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power and whose surface on the second plane side has a
liquid imerged surface, wherein every transmtting
menber and every reflecting menber with a refractive
power constituting the projection optical systemare
arranged along a single optical axis; and wherein a
plurality of optically conjugate positions of the
first plane are forned between the first plane and
argdhe |l ens, and wherein an exit pupil of the projection
optical systemhas no shield -126 area. 37. A
catadi optrijc projectiqgn optical system which forns a
37y edubegatadippieico prejectipn t Opficad esysitem, swhbiy fprmseg reduced

im.aganfiasﬂim: pam]@é ohal édcblhlﬁf%l_éﬁé,{&ﬁflbﬁgirfgég f acr:]es; and a
ens i I.st. plane side has a
posi?%ﬁﬁﬁggeﬁg%@ﬁ%g‘dﬁﬁc%mose surface on the .
secohde wiesgisvslaceomtha fuitplrnersidgebias syrosiees refractive
poweeridnwoRE YsurfarieSti thé RecHRMPRINA BN ¥ 1iQliieiphinkeged
Su{gﬁ per with a refractive power constituting the
’ectiqgn optical systemare arranged al or%? a single
opt i‘é’hﬁrfani everyntranpattting mambenndyewdryopsileciing member
witonl 48BhetiPeSpbivepScistithng | i RbpREion?optical "Betem are
aﬂ’?ﬁé‘?@er t he fl_ll rlst pglcage asnd the Fens, and ereil
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conj Wheran gypkiralithel opcaliyn cernjugate positismsaniithe fist phane
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e exposure.appar s conprisi.ng:.” t.he projection .
opt (AP SEARERR G e SRl aRticdaxigat feomicall conjpeate
posthippd. forns an i mage of the pattern set on the first
surface, on the photosensitive substrate set on the

f whi ch_hol ds th
3 8';;318? deﬁ%’{ﬁqas\%&éswaﬁlt%fg%mgﬁl CCXPO%egSat I%attern onto a

photosensitive substrate, the exposure apparatus comprising:

the projection optical system according to any one of claims 1 to 37,
which forms an image of the pattern set on the first surface, on the
photosensitive substrate set on the second surface, and

a stage, which holds the photosensitive substrate.

39.  The exposure apparatus according to claim 38, further comprising an
illumination system, which can illuminate the pattern with illumination light
which is s-polarized light with respect to the second surface.

40.  The exposure apparatus according to claim 38 or 39, wherein the
“projection exposure of the pattern onto the photosensitive substrate is
-performed while moving the stage along a predetermined direction relative
to the projection optical system.

41.  The exposure apparatus according to any one of claims 38 to 40,
- wherein the projection optical system forms the image of the pattern based

on narrowed laser beam from a laser light source.

42.  The exposure apparatus according to claim 40 or 41, further
comprising another stage which holds the pattern, -
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39. The exposure apparatus according to claim 38,
further conprising an illum nation system which can
illumnate the pattern with illumnation |ight which
is s-polarized light with respect to the second
surface. 40. The exposure apparatus according to claim
38 or 39, wherein the projection exposure of the
pattern onto the photosensitive substrate is

per f wheesinwprdjection | dxpdshee sifagr: éfaﬁ@ﬂl droted gitvtoicisitive
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