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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 prodgpReyECATTONNduct or
devices, liquid-crystal display devices, etc. by

ph P‘KIDJFE@QQON OPTIOABAS ¥ OERG EXPOSERE APPARATUS, AND

photol i t hography for producti on of the sem conductor

deEXPOSUREMMEIEO | npl enented using a projection
exposure apparatus for projecting a pattern inmage of

a Mesknicdl FBeldticle) through a projection optical
systemonto a wafer (or a glass plate or the |ike) 15

coat ed wrhb prephitiovestioh retattheo la sataditiptric ggojedtitm optical
power (resolution) required for the projection

opkystein, syetpesucd  tappapatapectundn exuoswe e methpal atnd, more
is becom ng increasingly higher and higher with
i npadtagaily, td atlEghatesohittey catadibptrive psejectiondojptical system
devi ces and others. As a result, in order to satisfy
t heuitakai fwmpwmerappwaums uked ny pesiyssieer odfsermeonductor
proj ection opti cal stem is necessary to shorten
t hd evma&,ducandmy&tabfdy splamrdewmeap wt¢.ighphetohtbegraphy.

gl;tp and to i ncrease the image-side nunerical

dkrt he proj ectl on optical system

Spec:|f| ly,. th esol o of the prOJe ti.on opti cal

syst em .EL@xph@B)jtt{a 5 eliqn @ tﬂ'@ gicsisoaductor

coeffici ent%l The |rrage de 25 unerical aperture NA

i sdeviseesand e @sIsnds n p:lmr&@t %Slﬁgr & rm¢wn exposure

i ndex_of a_medi um (nor mal I h as_ajr) %)jg)erhl_

t haPRATBRUSCRAr i oJe @aétf 13 Bsks\prifrtigla) through

t hz? prqe%%o% opﬁcaalnsys em on c'y réu\r{} e I(5:‘1‘ gf gllagg 'pqgtrécgr the like)
coated with a photoresist or the like. The resolving power (resolution)
required for the projection optical system of the projection exposure
apparatus 1s 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
mmage-side numerical aperture NA of the projection optical system.
Specifically, the resolution of the projection optical system is expressed
by k-A/NA (where k 1s the process coelficient). The image-side

numerical aperture NA is represented by n-sinf, where n is a refractive

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

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

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

nU'@&icﬁPb)ésté\ﬁeﬁﬁdlﬂfé i ¢ Mife 4€R9U makhakien 'aﬁgleh@f incidence

known technol ogy of increasing the nunerical aperture

NAtoYhé ;ﬁlhg@m@ldﬁedl umlike a liquid with a high 10
refractive index in the optical path between the

proj ect i om thist el if NS trRAXRAGL hetidsRae aﬁlg%“@ is increased in
However, application of this technology to the

or dirder 0 iHovedse the MiRkeRhl apefnid DRA RYwile ﬁf&smlﬂﬁ §fcreasing
such di sadvantages that it was difficult to wel

cothieahphibranghe aoathe 1@6 glaee antl the @@fqu:mglbeﬁiﬁn the

Petzval's condition to correct for curvature of
fi prajecaon dpftadal esystémngrseass tonircheaseceadffectiont fiéss on optical

optical systemwas inevitable. In addition, there was

anstifecesianddirastfatetot sextureta Jargedefféstowd lmngessadel rmermerical

| arge effective inmage-side nunerical aperture while

wehperurspr déari thys réason, dhescis the kosendechpolagpl of increasing

surfaces. 20 A first objbect of the present invention _

i stheonwmevicabapettetealNiAy yyfillingrpaedipnojketa diquagptwitiala high

syst em havi_.ng excel ] ent i magin performance as wel |

cofafeantoe fadex dn soe eptealapabnshetwesn dke cprajeetion optical

aberration and, curvat ure of field, and being capable

of S %@r?m?b lﬂla&@paéﬁfect ive i mage si de nuneri cal

apertur ile well suppressin 25 reflectjon

| 0ss oneHBWecYﬁfa %I?Rhcti’é ?F’hlﬁ c ng@r'@let piglinary dioptric

proj ect.ion stemis :
Fﬂﬁ) i ot Q?fh Wﬁémsecmﬁg ;wp a% Sr?é}r‘t‘@@??’sge&néhﬁ‘h it was

vvher the ectlon fic stem i

coiheEt & 4 3, ROmaicaaPergtiop: ARdito satisfy the

nﬁﬁ?ﬁrﬁl gmcondftlegnl gt\'zvg 881Erlegta forn%%\?z{tﬁfe oft Hei(ﬂ C::mcfl S’tﬁa’[ an
increase in the scale of the optical system was inevitable. In addition,
there was another disadvantage that it was difficult to secure a large
effective image-side numerical aperture while well suppressing the
reflection loss on optical surfaces.

A first object of the present invention is to provide a relatively
compact projection optical system having excellent imaging
performance as well corrected for various aberrations, such as chromatic
aberration and curvature of field, and being capable of securing a large
effective image-side numerical aperture while well suppressing the

- reflection loss on optical surfaces.

In the case where the projection optical system is composed of
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nunmerical aperture, it beconmes nore difficult to
i npl ement optical path 5 separation between a beam

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

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

scale of the projection optical system In order to

aclongy aefletfih g f distiial ORefibdds 0T th Me e Where the projection
sinmplification of nmutual adjustnent of optical

mempeical dystdt fesonghdsed (of G0BsHIHIRAtIGN Cof adhidRlihiC optical
projection optical systemof a single optical axis;

i nnidnbesaswithwireflettinpeagidal hheémberer iveigh aRGEhYE €in  the
it also beconmes nore difficult to achieve the optical
paninsepal apeotnrdeit Wweeomdshedre aitfanileto Mplé@ent optical path
reflecting optical nenmber and the beam reflected 1E by

t hecpmhtientbetyeent a behnmenteing antkfldueingr opecall arember and a
optical system increases its scale. A second object

of betmm biyntlentéfbecting vptisahinestaber khadgie is infeasible to
nunerjcal aperture, without increase in the scale of
opaveil amgnerease if dheiscgle of dhadeflpeting qptimjatehémber, ic., an
optical system 20 A third object of the present

i ninsweasenini thetsealer of theeprnjeetipo optieal sygsemat us and

exposur e net hod capabl e of perform ng an exposure to
transcrile @rdeme tpatadnavei tsimplificaitoaur afy produdiom and
proj ectjon, optical system having excellent inmaging

pebiRplacritom af matiahadiustmend okppicel memberge 16 isidesirable
nuperi cal aperturge and therefore a_high resol ution. )
251DFeRstHIGH 2 catadipRincpEgIerHan | optisiad vy stam adha eirgleneptical

above- deSﬁ{}.i bed fiéqiq&l object, a g{]oj ection _-3 )
FPE4Sp1BOtHS CRT5% | dpeKedHE abit dhei Rmesical rapeyture, it also
aspect of the present invention is a catadioptric

or O e ek, cull o aghieye ther aptiesl dpatbsknasation distween

or Bttt Shugitine 356 19 igE Rl et paddhe bgm reflected
by 305" Bltectinl OpREAL sfifeRropla e préfath®Btical system

mcreases is scale.

A second object of the present invention is to achievé a large
numerical aperture, without increase in the scale of optical mémbers
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

-3
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a positive refracting power, wherein, where a
refractive index of an atnosphere in an optical path

of the projection optical systemis 1, an optical pat IFPO4-016O—OO

bet ween the boundary |ens and the second surface is
filled wwth a nmedium having a 10 refractive index

| arger than 1.1, wherein every transmtting nenber and
every reflecting nenber with a refracting power

Congtichisyent BecBfdihecl @TRPLERlt of YR BR&IR invention is a

ged along a singFe optical axis, and"t

Pr QaBlibPROPEdjeation YptRAT RPichy f&nf&&ﬁ@g h\fédﬁéag !gﬁage of a

area of 15 a predeterm ned shape not | udi ng t

opffirsedur@xdcSon large@bﬁgrsu}ﬁw@g:hi eve the above-descri bed
second object, a projection optical system according

to a secerdpasieetibnWptidid WsesRNEomprYRIY hPMedst tvo reflecting
catadi optric projection optical systemfor formng an

| magiercr, and artsduislart dess wvhasesagfing ontheé$ist sidace side has
projection optical 20 systemconprising: a first

| magiostiwptéfeadtitay poamrconpri sing two mirrors, for

formng an internmediate i mage of the first surface;

and a sewdedcingwdiorg aomfiacivesinglerroffan afraopplieretinean optical

internediate imge on the second surface, 25 wherein

t hpathe obbe ipragictignoppiicall systemeis tpaprostesaltpeeth between the

follow ng components in order of passage of a ray from

t hbotndamynkenis anel thesseroul sudaco s filledgwith dencdiuii dsitving a

field mrror of a concave shape; a second field

ni refeactive mdextargasghamilt Lconprising at |east two

negative | enses and 5 having a negative refracting )

pover : awWbEEAd gwerY (rAnSIANNgGg racpbert iand revarxctieflgcting

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

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

In order to achieve the above-described second object, a
projection optical system according to a second aspect of the present
mvention 1s a catadioptric projection optical system for forming an
mmage of a first surface on a second surface, the projection optical
system comprising:

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

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

wherein the second imaging optical system comprises the

following components in order of passage of a ray from the intermediate

-4 -
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athird lens unit having a positive refracting power.
In order to achi eve the above-descri bed second object,

a 10 projection optical systemaccording to a third FP04-0160-00

aspect of the present invention is a catadioptric
projection optical systemfor formng an inmage of a
first surface on a second surface, the projection
optical systemconprising: a first unit disposed in
an igiRlekeGadicpat h between the first surface 15 and the
second surface and having a positive refracting power;

a second aUfiist i@ paseR dlh 8BnePld flalpadat h bet ween the
first unit and the second surface and conprising at

| east foursegbnddiedd mridy;rd unit di sposed in an
optical path between the second unit and the second

surface, acfimgtr legisngnftt coepeisimpoatn kgt itved lIpasse RMdes and
20 having a negative refracting power; and a fourth

unhaviligpesgdtive rafracth g pakverat h bet ween the third

unit and the second surface, conprising at | east

t hr ee poaisecord lemsesit havthg hpositgvergvsiting power;
refracting power, wherein an internediate imge is

formed i antapertsiee stap; anidt and 25 wherein an aperture

stop is provided in the fourth unit. In order to

achi eve altbirddensunsdeningd pestove refpettng ppwers

FP04-0160- 00 projection optical system according to a
fourth abpeexrdest te haclicyseithe i abeve-idesciibed second object, a
catadioptric prqgjection optical systemfor form ng an

i nﬁgﬁeégoﬁ oplical systemc aceardingetnrid thindf aspectt ofe the present
projectjon_optical . systemconprising: 5 a first .

i RGO 15 @Icaﬁ%ﬁhﬂﬂ%’#%@fﬁﬁ%i%g opticpbgystanyfor forming an
mrrors, for_. form a first internediate image and a .
scHBAge | o ar Fest ﬁk"éfggfﬁégb B FeCond Surfase, siber Re@iccHAn gptical
second i i ng.optical systemfor relaying the second

i nf ﬁ%’o‘?%?ggni%}%e onto the second surface.

a first unit disposed in an optical path between the first surface
and the second surface and having a positive refracting power;

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

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

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

apparatus for effecting an exposure of a pattern

formed on a mask, onto a photosensitive substrate,

the exposure apparatus conprising: 15 an illum nation

system for illum nating the mask set on the first

Surﬁr@j&ho@ﬁ@PﬁBﬁ @j/:ﬁbﬁptab@ﬁrcﬁﬁ?' fila ﬁ)ﬁfﬁl?'ﬁsﬁ?&@b?" the present

to any one of the above- described aspects, "for _

fopvetien is "easutadiophec PaidjeEtion AspRchI Oﬁzstt&ﬁ f6R$Brming an
e

on the photosensitive substfate set on t second
sufifrage. 0BG Ifirsprsdefack ooRchi Rendhsudhey etifte rbHjRedn ﬁptical

third object, an exposure nethod according to a sixt

aspsygﬁenobotﬂlﬁjgjmg,sent invention is an exposure nethod

of effecting an exposure of a pattern forned on.a

mask, ontdimt phapopenstitdlwsystthsidmpasiniohgt lexsosivnfirrors, for
met hod conprising: an illumnation step of

i | fommneg arfyrst ietermsliate inkigehantier s@fomt adetmediatedmage of
pattern is fornmed; and an exposure step of perform ng
antlex fiostunefaske; ahd pattern of the -6 FP04-0160-00

mask set on the first surface, onto the photosensitive
substrate secomth whagisgcapticalr Sustem ukimgeldyeng the second
projection optical systemas set forth in any one of

C #itesmediate amageontd timesecdmt swrfacs. t he Drawi ngs 5

Fig. 1 is an_illustration schematically show ng a

conf i gur Bt prlerdp achievexihesabavexdpserabads thind obigatgan exposure
an enbodi ment of. the present invention. Fig. 2 is an

i | PPRAAEES dFce n® @ Pddi taspeet ofethet poesapét MyentioRels an
optical axis and %n effective exposure area of arcuate
sh&XROTEE ARPpasatug for eligotwg pR exposure odi apattenrifgrmed on a

is an,illu tratiog schenmati cal Ly shovvitrhg a
coﬂﬁsbur gpfq)n 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 1lumination 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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bet ween a boundary lens and a wafer in the first
exanple of the enbodinent. Fig. 4 is an illustration

schematically showi ng a configuration 15 between a FP04-0160-00

boundary | ens and a wafer in the second exanple of the
enbodinent. Fig. 5is an illustration showing a | ens
configuration of a projection optical system
according. to the first exanple of the enbodinment. 20

Fi gnadk §& oh BicrBF2BushiRY Bfitd R PhSRBYASIECROSiratd 88t on the
inthe first exanple. Fig. 7 i1s an illustration

sheecand autfaos, 6otk e pidjedtieh dptiddl Wyedhoss 9@t f&dh in any
system according to the sécond exanpl e of the

enyeei gfadlaimas fd g44. 8 i s a di agram show ng the
transverse aberration in the second exanple. -7

FPBieflBRsOfiptiondef the Prawvinigkust rati on showing a |ens
configuration of a catadioptric projection optical

syst em aboordingn tlbudthetidinscheraaaoalle shoﬁiiiﬂ% alébnfsgwation of
illustration showing a I ens configuration of a
catadexposire pppirtts aecopdingalto syst @nbadnaeni g the present
the fourth exanple. 5 Fig. 11 is an illustration
showangicem exposure area on a wafer in the third and
fourth exanples. Fig. 12 is a transverse aberration
di agr am Eipwl wscant Hsttatemsslaorwmgb @ositional relaticnebetween the
nmeridional direction and in the sagittal direction of
t hepBetlaarisgndian pffoftave caposwc argh ofjarcuate shapeeformed on a
third 10 exanple, Fig. 13 is a transverse aberration
di a@f@rmnstlh@v@m ogdimeentt r ansverse aberration in the
nmeri di ogﬁ] directign and.in the sagittal direction_of .
the cat atiopt A$ @npHBjstaticsh sehematically sshenwing areonfiguration
fourth .
between a boundary lens and a wafer in the first example of the
embodiment.

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

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

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

second example.
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exanple. 15 Fig. 14 is an illustration showng a | ens
configuration of a catadioptric projection optical

system according to the fifth exanple. Fig. 15 is anEp04-0160-00

illustration showing a | ens configuration of a
catadioptric projection optical systemaccording to
the sixth exanple. Fig. 16 is an illustration show ng
a lens configuration of a 20 catadioptric projection

optical yystemiacgoritiyleationt @Eoﬁ&’ﬂ%né hle%éa%hﬁﬁgﬂt%n of a

17 is a transverse aberration di agram show ng t

tr RO SE écidiPBptialt @%téfﬁfzidéio@dﬂ(% & thechirdreafifple.
in the sagitta direction’of the catadioptric

proj ecti gip opDi Balansylbligratich tdhovinkt b Ia@@heigugdtion of a
Fig. 18 is a transverse aberrati on di agram show ng the
traambmptﬁoqm{ié@tdm ticalt figtemrdcdopdial; tdi thedfousth @thnple.
in the sagitta -8 04- 0160-00 direction of the

cat adi opFig.cl Ipisore dtaseratant sleedvirsy ahemposutd are sht wafer in
exanple. Fig. 19 is a transverse aberration diagram

shtve thard ed fourdhexengdesberration in the meridi onal
direction and in the sagittal 5 direction of the

cat adi opFrg.c 1 ojsect i transytriscalabeysitiom i diaghems estowing  the
exanpl e. Fi g 20 is a flowchart of a nmethod of ‘
pr transverge sabercatfotudnothe dreridemahsdmectionlemid an. tlié gagittal
21 is a flowhart of a nethod of producing a |iquid )
cr dueetion 10f dhe ptatadieptrice pasjextione optical ceyst@ot am | the third
Description of the Preferred Enbodi nents In the
pr@‘zjﬂélﬁplﬁbn optical system according to the first
aspect of. the present invention, the nedi um having .
the refriigiJe ilsdex rangigrset ahgrration; shipgrappshewmg the
the optical _path. between the houndary |ens and .15 the .
i nEgRSYATSH Alestiony 18 uﬁ%é@?ﬂgﬂ@@? eByeqtn Ay thee sagittal
[ e-si de . . .. . .
ection of the catadioptric projection optical system in the fourth
example.
Fig. 14 1s an illustration showing a lens configuration of a
catadtoptric projection optical system according to the fifth example.
Fig. 15 1s an illustration showing a lens configuration of a
catadioptric projection optical system according to the sixth example.
Fig. 16 is an illustration showing a lens configuration of a
catadioptric projection optical system according to the seventh example.
Fig. 17 1s a transverse aberration diagram showing the
transverse aberration in the mernidional direction and in the sagittal
direction of the catadioptric projection optical system in the fifth.
example.
Fig. 18 is a transverse aberration diagram showing the

transverse aberration in the meridional direction and in the sagittal

-8-
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nunmerical aperture NA. In passing, "Resolution
Enhancenent of 157- mm Lithography by Liquid

| mersion" reported in "Massachusetts Institute of FP04-0160-00

Technol ogy” in "SPI E2002 M crolithography” by M. M
Switkes and M. M Rothschild describes Fluorinert 20
(Perfluoropol yethers: trade nane of 3M USA) and

Dei oni zed Water as candi dates for nedia having the

r eqitdctidnt oENEHE t i i I 0 et
o oS0 rnopyiRe I QR SPAL An°ihe sixih
symﬁgpordi ng to the first aspect of the present

i nvention, the optical surface on the object side

(first sWigack) 2b §i dinsQbrdeneatRpi Y difRan Sshowing the
provided wth the positive refracting power, whereby

t heransterset abarrhies ins the dmeeidiomalt direcabhi aall FUthecgittal
-9 FP04-0160-00 and, in turn, the large effective

i magectivdeofi gherdatadioppet tprogectivn ptRat wyetbm! i the seventh
opti cal system having the high-refractive-index

maezainglle | i ke |iquid as the nediumon the i mage side,

it is feasible to increase the effective inmage-side

nuner i caF1g@pXl tsiadflowchatt dasmetian of Prédacichg semiconductor
turn, to enhance the resolution. However, where the

pr dewices as miekodéicesat i on i s constant, the object-side
nunerical aperture also increases with increase in

t he i magBlgiXeinhadiywebart afer methodtdfeprrchroeng a Fiqukkcrystal
prqjectiqgn optical systemis constructed of only

refils@ifﬂf dgwcmmgmevwe.l be difficult to satisfy

thﬁ Petzval's condition and it will 10 result in

f aDlataiied Deseuintiom of the Hreferred Embediments  he

opti cal a@’%:/ tem . Therefore, the projection optical

syst em I PFRjeEBOn [aptigal systess peeording: e the desthaspect of
i nyention ;[ado ts.the catadioptric .systemof the .

t e
PEgSegt apventien, thi, medivge thaygngi theor ,a¢thvwné$x larger

o b B et el gt an
e S T B0 B s
: %%mg@%éf S#g?ﬁlgg I |n em %agél?ljg? Gf{iegglu?%ni E%hafcixg’rtngrnlj[ %ff 157-
nm Lithography by Liquid Immersion" reported in "Massachusetts
Institute of Technology" in "SPIE2002 Microlithography" by Mr. M.
Switkes and Mr M. Rothschild  describes Fluormert
(Perfluoropolyethers: trade name of 3M, USA) and Deionized Water as
cancidates for media having the required transmittance for light of
wavelength A of not more than 200 nm.
In the projection optical system according to the first aspect of
the present invention, the optical surface on the object side (first surface

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

power, where_:by the reflection loss is reduced on this optical surface

-9 .
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t hrough action of a concave reflecting mnor, it is
feasible to well correct for the chromatic aberration

and to readily satisfy the Petzval's 20 condition to FP04-0160-00

wel |l correct for the curvature of field, and the scaleé
of the optical systemcan be reduced. The projection
optical systemof this type has the configuration

wherein every transmtting nmenber (lenses or the like)

angn@y A tturd, efHee ErbB gefﬁaghﬁ @g;agg-s@d@%ﬁeﬁegm gﬁgﬁ%%:neg can be

reflecting mrrors~or 5 are arrange
theeghred € JRUitE@! oplibal WMSH vwhe! ehéPhRRESRMGve-ind
the degree of diffi gul ty i'n producti%n IS c%hsi der ab %/m X

| ovedtetinfikienliguid 49 thEQAQkkR-AP theuhldgeaXide, it is feasible to
configuration wherein the optical nenbers are” arranged

al angremdd thepbfcotve dnlhgaxide n@!@ﬁ@d];aﬁdﬂﬂh@&o%qleﬁ than 1.0

the single-axis configuration wherein the optica

neghdl i A, & eahgeck tlorgoliton NHeveodt iv@]@ére&l‘lb%aro?ection
the chromatic aberration tends to be difficult to wel

contagtifibafion , iuwortstast, priebl shyeof-skeler maghénoall aiperture  also
chromatic aberration can be overcone, for exanple, by
us martasesseith! ingh¢asel inhthe maigowklt speetrical apetturd; therefore,
like ArF laser light. In this manner, the first aspect
of ift the ppagention nepticabrsystem ieatorsridtedr ef abnlel nefracting
conpact projection optical systemhaving the 10
exouimbers, itmadl bg ¢idhi¢dt tasetisfistheePetmal's eonditidroand it will
the varjous aberrations such as chromatic aberration
antestlirinaliatling 66 avpil theamgreaseiinghe spald of dfe epticalisygtem.
the large effective imge-side nunerical aperture
whi | e welhersiprs, s prpreekion eptecal i systeosacenrding to the first
opti cal d:gs rfaces. Therefore, an exposure_ apparatus

u

an@SRSed PEeYESY e adoms pisj eatadioptsist sydem of the
system accor.ding to.the first aspect of. the present
i Q@R iCoMmBREngp A deRshewer ﬁfzﬂﬁcfészgomréf ® fwhich every
ok SER e RRE : USRSH G "h e Bt o retacting
RSB (PSU Y TR Sd ESELL SPLi akRs Sh 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
wherein every transmitting member (lenses or the like) and every
reflecting member with a power (concave reflecting mirrors or the like)

are arranged along the single optical axis, which is preferable because

the degree of difficulty in production is considerably lower than in a
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20 In the first aspect of the present invention, the
projection optical systemis preferably arranged to

have an even nunber of reflecting mnors, i.e., to Fpp4-0160-00

formthe image of the first surface on the second

surface through an even nunber of reflections. Wen

the projection optical systemin this configuration

is applied, for exanple, to the exposure 25 apparatus
angnetiRgldr @offiliestio GvhardThr fife d&:f’fﬁﬁﬂ’ fithbéRPafe arranged
i mge) but an unirrored (unflipped) image (erect

I magen ®mukidE (qstidalass. ofHowklelPRA IR @4s®Qf flResingle-axis
mask pattern, is forned on the wafer, whereby the

or @¢onfipyratak swHerein theaspticdmémbese draagrhngéd aliasthe single
of the exposure apparatus equipped wth the dioptric

pr ojpéichl axisotid clalonsytsé aberrhtiohltends (s beatiffé@ilt ed welEcorrect
present invention, the projection optical 5 system

pr ébreriil Yhisoprobleas: ofacbirestionnfigi chraphticahbaystiem can be
conprising two mrrors, for formng an internediate

i mageraafme hforf exanpkyrhaase @hthsen lipde omithi armgimogved spectral
optical systemfor formng the internediate inmage on

t heviddcbke Ambt laserlighhe second i magi ng optical system
preferably conprises the follow ng conponents in

order of Iipdbhsagearsfera thayfifst oaspk@t t v thert presenti ateention can
image side: a first field mrror of a concave shape; a
setepef the aetatrvaly ; compiact tpriogectiami epticalpsysieng having the
| east ivvo negative |enses and having a negatiyve )

r exellantg ipeging pedenpance eas wielk oniveetgd for the various
posjtive refracting power; an aperture stop; and a _

t haberralaoms wych a shramaticp gberratien, and aewiviagutsomérfield and
15, In this configuration, the inte di ate i mage, of )

¢ nbeing: $apabler Afeseqting thedlarae slceiiye imaggyKly numerical
optical system and it is thus feasible to, readil )
AnePIBsT SYYTe el SUPRESSSING e BedRciebalossi GR the optical
bet ween t he beefmtowardthefirst surface ,and the th
beSthdRar d [RAECICE oAl STPPSWE 2D snapflec¥pasire method

e 38 PR PR SYEER Aol SR, B B of e
lszﬁlgagg%fl Eﬁ%gl@l rglg 91{)&% 'gﬁ@e&g%bﬁe@;gorﬂnc %Hpé)iiﬁgs%ﬂ%hgf Biﬁﬁé pattern to
transcribe the pattern through the projection optical system having the
excellent mmaging performance 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
mirrors, i.e., to form the image of the first surface on the second surface
‘through an even number of reflections. When the projection optical
system 1n this configuration is applied, for example, to the exposure

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

but an unirrored (unflipped) image (erect image or inverted image) of
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refracting power, the total |ength of the catadioptric
projection optical systemcan be reduced, and

adj ustnent for satisfying the Petzval's condition ca%rpoét_méo_oo

be readily performed. Furthernore, the first |ens uni

25 relieves variation due to the difference of field

angl es of the beam expanded by the first field

mrror, so as to suppress occurrence of -12 _

FP@He Q& PAtterdDqE fBEheA- or HRE ST 2fet, wh@?el%pﬁ?e oP83atY masks
performance can be achieved throughout the entire

r egictitiéd) ddrebexned %E%%@%as@Vmﬂe%ﬁﬂlﬁuﬁéﬁﬁPﬂﬂﬁﬁ@ equipped
the object-side and inmage-side numerical apertures of

t hevielRtigsliiepittit proficeioncspiicalaRkicgal system are

increased in order to enhance the 5 resolution. In

t he abovén des €irstaggheepof it paédent ,in?élﬁi(ﬁi,&hbmroiétﬁion optical
first 1inmaging optical systemconprises a fourth |ens
uniysteay prefeeatipiompesey: ef fiastt inggingv@itical sysgahionprising
I ens, a concave mirror, and an optical path
sepapahimgrsyifor formiagdan metekimesliatemagigegobtitd fiadt surface; and
systemis arranged as 10 follows: light traveling in

"t he secoad imaggigoptipal spdteny Soreforpmagahe hermeghiatehimage on

fourth lens unit and the negative lens, is then

r ethee ceedndy suttthee;c the asecanchamaging pptisak sygtem preferably

t hrough the negative lens to be guided to the optical

pacompeisas dbe Hollaiming ;comhponenfistinr efdes cifephdsgge o a ray from

optical path separating mnor is reflected by the

f i ther intpanediate imegarddesat fest seeldnanifroslof aicescasedhape; a

thereaftgﬁggdi rectly gEters the first lens unit in the

s esehMd WY iac Birsts {agvse ity eomprisingd i ilgastabve megative

the proj eg ion optical. system.can be telecentric on )

t DEES g 8 "$Zal v S HASENEROWET; & 5§ ilggs unit having

optical. . systemconprises the fourth |ens upit haying .

¢ RRSIHYS i Tractingc POWETS G asriure; HB: tand @ tlrd lehs unit

i:@g‘i{ing Oﬁtigal system conprises the negative |ens

a fig L BRYLYE FRITAFURE POYYSst ment for satisfying the

Pet zval ' gondi t-i on .can be readily. perforne

i uott o 06 SR DB BE LA ediaReinaEg ot Y st surface
is formed m 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 umit having the necgative
refracting power, the total length of the catadioptric projection optical
system can be reduced, and adjustment for satisfying the Petzval's
condition can be readily performed. Furthermore, the first lens unit
relieves variation due to the difference of field angles of the beam

expanded by the first field mirror, so as to suppress occurrence of
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In the first aspect of the present invention, the
projection optical 25 systempreferably conprises a

first imaging optical systemconprising at |east si XFP04-0160-00

mnors, for formng a first internediate i nage and a
second -13 FP04-0160-00 internediate imge of the

first surface; and a second i nmagi ng optical systemfor
relaying the second internediate i mage onto the second
surbefation NTherbicreC Y LY FhiMin gaa?fdxﬁ?aam%t carfBEtachieved
six mrrors, the first ginter%dgteimage and the e

s el glhﬂh?fh‘eeéﬂtﬁteerdrg@ ¢n flad eRpohinemea, WdiRithe case where

increase in the tota ength of the catadioptric

pr ¢hee objeut-sidd iandl imé%é—tsﬁie nanteridift fRFeureSBsl fife catadioptric
performance can be achi eved throughout the entire
reprgectiont bptiesposutenarge, igveaséd iheokkse tyhenBance the
the object- side and the inmge-side nunerical

apegdolntgsn.of the catadioptric 10 projection optical

system are increased in order to enhance the

resol utibn. then abeveafiosaiteetd | corfigaeniongupaticeably, the first
preferably, the first internediate image is fornmed
betmegmgaopiicalosydtémt comgirisesne fgurth fensronit heaving st positive
surface enters second and a mrror that the |ight
enfpatong powet,5 niegafive dens wa taneawnndnrf and tam, optical path
of the at least six mirrors in the first inmaging
opsenrantiey gnurner; | and the foshfinaging iaptical eystemtis arranged as
internmedi ate image is formed _between the mrror that

t heollawgsit lightr Grvgling o tthe firskstimagingceptnalersystem passes

G0 R 55D Gk e bt . b by

case where the object-side and. ipage-side nunerical

apWict EOREAVST THHOTC aRd dPASSEF i22aph ghyhepragasive lens to be

7 SEUTgH! tonthe, SPYGaL Baly BrRATABE BAHPy linliEdkeaeripd by the

2 A Bl PR SRR Q0 SPHAE esa 3r and

;:@%g&%ﬁéﬁa giae?ﬁ lniﬁt&ﬁggﬁé ﬂ}%%gﬁ%/ 'gtegﬁyge%?grsi tﬁ%gﬁr%? lens umit
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. Smce 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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region in the exposure area. -14 FP04-0160-00
Incidentally, since it is necessary to formthe

i nternedi ate i mage near the pupil position in order tFPO4—0160-00

construct the catadioptric projection optical system
of the single optical axis according to the first
aspect of the present invention, it is desirable to
construct the projection optical 5 systemas a

I eiifRginRdiABtintAle &Y TheMirst lrslﬂfét%r 4Rl avg’edé)ﬂaﬁﬁhagin@abpﬁcal

i nterference between optica rrpnbérs whi achi ev
thgyoRint dak RMyingSERASREOAD Mitérmédiatd ThRIgE A &he second
i mage being fornmed near the pupil position of the

fi kgtfacemgi ng, the pupil dianeter of the first inaging
needs to be set as small as possible even in the case

wher e t h8imdy 26§ cbAfpudgtion @mpakeaeldast &t snirpsdethe first
therefore, the first Imaging optical systemwth the

snahtermediate aalagepand uhe dcgoddsint@iphodiate anage i be formed
system In the first aspect of the present invention,

t hevitiartancidase ipthe ¢otal dengtht dLdle satatptacesrejediion optical
conprises: a first imaging optical 15 system

corpsteni, mpdathel gasd imaging peHorimagcsiganobs achiwved throughout
formng an internediate image of the first surface;
antheacnizeaegiomuythegexposural aresyavwamif the ¢asenwhgreathe object-
final image on the second surface on the basis of a

besaithef rameh tthe iimagenside ameniemenl. dpertiies ofis¢he catadioptric
specifically, the first imaging optical system can be

c oREeekieR dOpEEalg systamsare eticraasad vt rordepotpoenhanae the
refraft ing power, a first reflecting mrror disposed

i NT@MEPM.cal path between the first lens unit and

the inteyrnedi ate.i mage,. and a second reflectin
mrror p&@eoaﬁoﬁe@ﬁnbﬁﬁpgalC%ﬁegiﬂbﬂﬂﬂeeﬁf@fﬁéakﬁw sthe first

pr EXGTaegte Ties is Earmiedl beBeehA T i JEh smeaseing from
e BB L e RS Rl e Rl gl 202 rom
f‘i@%t fidst sllueﬁ%eie%tgrisspo%ﬁﬁg St 8 APk Rix @rtlfrxgc?rls i%atﬁlre]: first
imaging optical system.
In this configuration, the first intermediate image is formed
- between the mirror that the light emerging from the first surface enters
second and the mirror that the light emerging from the first surface
enters fourth. Therefore, even in the case where the object-side and
mmage-side numerical apertures of the catadioptric projection optical
system are increased in order to enhance the resolution, it is feasible to
readily and securely achieve the optical path separation between the
beam toward the first surface and the beam toward the second surface
and to achieve th¢ good imaging performance throughout the entire

region m the exposure area.
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FP0O4- 0160-00 fornmed by the concave reflecting mrror.
By this configuration wherein the negative lens is

di sposed in the back-and-front optical path forned bFPO4—0160-OO

the concave reflecting mrror in the first imaging
optical system it beconmes feasible to well correct
for the curvature of field 5 while readily satisfying
the Petzval's condition, and to well correct for the

chr omat i : j : ' l; oH :
| tn@BenfAt ,@fhcfﬁt\i@ h%ce%\gys :‘E§g§fﬂ§}“tﬁgi lglfoéggieeghaﬂ%elmage

back-and-front optical path is

neajeat ke Rripill pHSisiohi BNerduH td B@nﬁh&‘\ﬁrt}ﬁpé‘éthﬂf(ﬁ)ltﬂﬁ prdfection

negative "l ens becomes snall er because the pupl

di @?ﬁc@l spdtehD Bf thé SindlBRgithdl HiaedsrdiAg 8 theMirstaspect of
smal | fl

as possible; therefore, the uence (= energy
amhé tpregnt linven@oeaitarddestidble 4bseonstrdIhe %@?@@ﬁﬁl optical
e

hi gher at the negative lens. Therefore, if

negaticwe alsemSeirﬁagih@eopﬁc@li kystam. a Irpoddler kadexid haoekanical
or conpaction wll becone likely to occur due to
volinteeferémces betwdageptivdemambedi whilenashithingages optical path
light, and, in turn, the 15 imaging performance of the

pr ogparation epth ¢he isjernesdinid imdgorbeimg fofedd mear thee pupil
boundary lens located in the vicinity of the inage

pl positains of ithe first nmbagiolge dhe quepil uhenmter ofietht! fiestcenaging
is likely to become high there. Therefore, if the

bonaekds 0 bersetias smalk asf pasdibleagvdn imithé caseswhérei the object-
l'i kel y causing the conpaction and degrading the )
i malglengunErisal fapertineels ﬂargtehethﬁrefgre,aﬁmdgrsbﬂmagng optical
present ‘i nvention, the degradation of inmagin ) ]
pefYsemamath dbe $mallheumm&tamanlmdesmblgw@dcwdaopmc
configuration wherein the negative | ens disposed in

t h&YSte@ck- and-front optical path forned by the concave

e RN eaes o oo B B vey o
SR BT, SR PR e B i
g; fsgéqn()fcowfﬁﬁﬁgsg tieiagtv nt0i %Qﬂe(t:tqﬁg p{nolh%%ts,i Tor forming an
intermediate tmage of the first surface; and a second imaging optical
system for forming a final image on the second surface on the basis of a
beam from the intermediate image. In this case, specifically, the first
1maging optical system can be constructed using a first lens unit with a
positive refracting power, a first reflecting mirror disposed in an optical
path between the first lens unit and the intermediate image, and a
~ second reflecting 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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system desirably satisfies Condition (1) below In
Condition (1), F1 is the focal length of the first

l ens unit, and Yo a nmaxi mum i nage hei ght. on the FP04-0160-00

second surface. 5 5<FI/Yo<15 (1) The range above the
upper limt of Condition (1) is undesirable because
the pupil dianmeter of the first imaging is too | arge
to avoid nechanical interference between optical

mefhahedabydeRer thgchRd eBlectifd ifrQf helBy aﬂﬂ% %gﬁﬁguration

range below the lower limt of “Condition (1) i

unggrireabtiec hegaiaediiek Qii@ﬁé%cﬁ iR thébaekAnd-foaP©Ptical path

dependi ng upon™ obj ect hei ghts anong angl es of

i nébaed by ahe ¢endahe refldefild Mirfor 19 the(fit®! fnadiee optical

difference) and it becones difficult to achi eve

cosyseh,off betomeddeadibleots wolt he@mgedofty drd cawatatd'of field
of field. For better denonstrati ng the. effect of the

pr edais réadibnsatslyind ehel Meezvallsnédnditiohd agdnd Webhcdiect for
is nore preferably set to 13 and the lower limt

t heéheohrdmatid abématibe akiwsll. aspect of the present

invention, the first lens unit preferably conprises

at | east Thamggasiveilers lietbe backrarsd-fanitigpticad ipath is desirably

permts the positive refracting power of the first

| edisposed neardbe quipit posit2n, |tartgheveleae apertusadifithe negative

satisfy Condition (1) and it is thus feasible to well

cohr@cf\;ett@ne&(smllﬂli aauseothe pepilgdametey odrfiesfirsinimaging
is difficult to produce a reflecting mrror with

It

hi Beedeto bet keteas amallnmsgpossibile;athescfonndthes Buehcedmyenergy
reflecting surfaces will result in |oss in optical
quAMOUDY PaTnuiieancar aid agpbqulse) terdpieenome higher at the
i nvention, 25 therefore,_ where the i:)roj ectiaqn ofot_i_cal
syBegat e lenso| | Hhgretase, iithepnegative lanseisampds wfesilica, a local

ap atus and exposure nethod he secaqnd .imaging -1
-3616%3963 8ht PUHPacyQR ewllstb&fsefr@r Bffil}’at‘éii gpeyy (due to

TR Syl eBy widky stadelio; with AFgLBRparnd, i fur, the
mmaging performance of the projection optical system will degrade.
Likewise, the boundary lens located in the vicinity of the image
plane also has a small clear aperture and the fluence is likely to become
high there. Therefore, if the boundary lens is made of silica, it will
result in likely causing the compaction and degrading the imaging
performance. In the first aspect of the present invention, the
degradation of tmaging 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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Fluorite is a crystal material having intrinsic
birefringence, and a 5 transmtting nenber made of

fluorite is considerably affected by birefringence, FP04-0160-00

particularly, for |light of wavel ength of not nore than
200 nm For this reason, an optical systemincluding
such fluorite transmtting nenbers needs to suppress
t he degradation of the imaging performance due to

bi refri nggake Ry t BF iBe ph&sdrt YRYVEAGoR F MRS EtSh optical

10 nenbers of different orientations of crystal " axes,
bulsy e desiesblycRuiRiies Tasditon ggwbuﬁ?omﬁﬂ €batition (1), F1 is

suppress the pérformance degradation due to

bi tled fooalelength bOthd €irEPIchs hit! ndOYA thARImbAfimage height
refractive index distribution 1nside fluorite has

hi gh-theeguend yudfasponents, and the variation in 15
refractive indices including such high-frequency

conponents< Falgs fJare to easily degr@dde the inmaging
performance of the projection optical System

t her ef or #heitangs abwé&hahl;gjdrdim\mbﬁ (Ilﬁﬁiitibnfqlglds itinélesirable
as nmuch as possible. For decreasing use of fluorite

as beoauseathep papilbdiamdtbe raff thee first hmagires enttobnlaegt itonavoid
is preferably arranged so that 70% or nore of the 20

t r areshianidahgntesfdrense betrecen utptical tmensersrad desgibegl above.
optical systemof the dioptric systemare nade of .
si Qicthe othertand, the rasgedelow theelorershnut ofiv@ondision (1) is
desirahly, the effective imging area has an arcuate
shupdesrable Neeqause etbere roanurs callargsy shifarenec depesding upon
Condjtiqn_ (2) below. In Condition (2), Ris a radius

of obect heightsrameng sangles ofemaidery Hight dofthet raflecting mirror
[ [ area, .and Yo a_.nmaxi mum i e height. on the .
scdirld gl dificracaband iiggacmw qujt to Sqlieve correction for
FPQ4- 0160- 00 .05 < RYo < 12 (2) Inth?f'rét aspect
of ARFEALERS o FHCH NF2NEPTR, SHEYHBES oR Oﬁql al For better

RSP aHDG ReSTIo: PEAPCaRTSenhBY SRjORn oI timit of
2B L RIS ReB RN ATY G MR Bape therot o
system
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 cxposure method, the second imaging
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However, for exanple, where the projection optical
systemis applied to the exposure apparatus and

exposure nethod, it is difficult to uniformy FP04-0160-00

illTumnate an illum nation area of arcuate shape on

the mask. Therefore, a nethod to be adopted is one of
limting an illum nation 10 beam of rectangul ar shape
corresponding to a rectangular region including the

ar eptiehl (ShStedh CApRERANG: a Pficpthil elé_XEt R Bg)‘ﬂ

apg’?ture ' ght t ansi_?na’ﬁt1 ingalp ;[{IFO %l;n aroc a_tlgelgi_ql:lT only a
shpb@ality offi srfRaftld nRABErs O ih€dHeR | OB SihPrdvedhént in
quantity due to the field stop, 'it is necessary to
kegliroulpdpiadi us R of curvature of the arc defining the
effective 15 imaging area as |arge as possible.

Narel y, Fheoriterige dgbivmifteriadhayidg Mttinsc bRefitgaite, and a
(2) is wundesirabl e"because the radius R of curvature

| straassinilg tthambebenkeRMofl dhforitee i acdiiedédably sffédted by
beconmes so large as to decrease the throughput ~ due to

r ebirefringerade, ipatticaladyi for BEhi of ensilerdgthtdienot e than 200
hand, the 20 range above the upper linmt of Condition
(2hni.s Jrateshrsabeasdrec ams eopithel  sgstens Mcbhdiangr wichr €luorite
is so large that the required aberration-corrected

ar anfmcttimgsmicartyprs ineeds dersuppresscilicedegradafibrait the imaging
imaging area in a_ required width for reduction in
ovperfarmaregytine dotirefrniagence byosmambiniag thadluariteetsandmitting
in increase in the scale of the optical system For
bemesibas @éndifarent i omentasionsf eft cofstaheixeseskuit even such
i nvention, the upper limt of Condition (2) is nore
preP@HeEngagEest occBmwid chwmplotwly | suppresherthef performance
- FPQ4-0160-00, 1.07. In the catadioptric projection
op§¢$&ﬂa§9§tdéﬁ1t@fb1ﬁf€mg§ﬂ§¢enenti oned type, even in

th the optical path to the imge plane . .
(Socond EURRGERTS, dt AbKIrawh dbabthe Ehackya ndes Atrbution
[iquidgd, en, t he . j ection optical syste atisfies |
cosids 3ﬁ1qu\%: has ighokequancy comprrsmiés pod, S cdrsion in
of t.hr hput. due t he decreas f illum nation
oGO Ey ligey dncBitiad  HiH TiREBenvencihcodeapienss causes
t hﬁar%ptto' ecaaslﬂysalesgtraeg% the imaging performance of the projection optical

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

In the first aspect of the present ﬁlvention, desirably, the
effective 1maging 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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due to the increase in the required
aberration-corrected area. Wiere the projection

optical systemof the present invention is applied toFP04-0160-00

the 10 exposure apparatus and exposure nethod, it is
preferable to use, for exanple, ArF laser |ight

(wavel ength 193. 306 nn) as the exposure light, in
view of the transnmittance of the nmedium (liquid or the

l'ike) fihled< peyyeem the boundary |engyand the image
pl ane, the degree of narrowing of the‘TYaser |ight,

and so ofy tHé ﬁTE‘leaslébt”e‘%% f%?tﬂtlﬁ ?r@é@ﬂt ‘iﬁbeﬁﬁéﬁ,%%@‘bﬁé&%&g optical

to the second aspe present inventi

cakpsteAPhas thePEHLBETE PMadpid GAla Y ﬁaﬁjg‘ltﬁ ?Igecl%é AbFifudihg the

image of a first surface on a secon

mege of 2 _surface e .
optical atis, Whehélipthd GpALAARSpAafotP LANLRATRNIIS dlicved

tWO mrrors, f or orm ng an_lnt_e rredla_telrrageo t
fi mdiiles uivddRig ah@d ansReRBd ih Mhed NSt bﬁathéoo%uééle Bystem.

for formng the internediate i mage on the secon

sumeever, ﬁheemﬁ}oldj avh@eahe propaitivth optitgldystysti§Mpplied to
conprises the followi ng conponents in order of
patizagepasure appardtus mnidhexporues meethatle it izedi€ficelt de urdformly
first field mnor of a concave shape; a second field

m flhoninage f anstilluhenationi tareampfi aragntat shapst omwothe mask.
negati ve | enses and having a negative 25 refracting
powberefare ez andthioehto dei adbpteidng enpast tinviéinge fin atiuinmigation
power; an aperture stop; and a third lens unit having

a peamnt iof e regtangualar nghapsecorresrmdirg 410160 réfanSilac eregion
in this configuration the internediate i nage of the

f i istudingr the arcafof ithe ancuatee shapet bymagifeld ogtopchaving an
system it _is feasible to readily and securel ) )
achperire: ighi prarsmitgagrpedioan) af arcuate whapet hén thesagase, in
to dthefirft's,urf, ce and. the beamtoward the .

s cekskd 19 deduesloss infight; Ghaniy chisetoier Beldhetopu fasinggessary

apertures_of the catadioptric pr.ojection t.i cal .
sy %ﬁf’ﬁr@el 1Bs8d O §‘§F§t‘%rﬁe0§é@6n@rq rﬁgﬁﬂgg the effective
optical systemconprises.the first Iens unit having

t HENRPL AT as e As PO§ilSwer . the total length of
L SoUSChRAS ! oI Saher 5 E I on @ i
Peifdlirable 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
radius R of curvature is so large that the required aberration-corrected
- area 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) 1s more preferably set to 8 and the lower limit thereof to
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10 condition can be readily perfornmed. Furthernore,
the first lens unit relieves the variation due to the

di fference of field angles of the beam expanded by FP04-0160-00

the first field mrror, so as to suppress occurrence

of aberration. Therefore, even in the case where the

obj ect-side and inmage-side nunerical apertures of the
catadi optric projection optical 15 systemare

i nqr@ased in order to enhance the resol ution, good

i magli ng performance can be achi eved throughout the

entire regi i N 1 S : I PEREGE |

opti cal sys?glrﬁ agtg%? g toli{rﬁjeé%g%londdbzgs%gctgﬂg?ﬁlt hg{f the

pr ag@imdrtiad @gpe,pé@é@ﬁﬁbﬂh\e ch&® Whére! thdRiRE]l path to the

optical system 20 conprises a fourth |ens unit having

a peaptiplane ¢hsesnid BarfRedels nét fifledtwi® RMhedium like liquid,

concave mnor, and an optical path separating mrror;

anevlidietlid peijectivgiopticabkigain syasR&, Comtitienqey RSs feasible
follows: light traveling in the first imging optical
sy $¢ anojthisesediutiongbf tlﬁeu?hpﬂt Hue lterthe Wuickeardof IRumination

negative lens, is then reflected by the concave

m effociened awdtpavead thaganarcabe anahet enloedatheveptieslssystem
to be guided to the optical path separating mrror;

t hdutitghther afdreaseedn e trequoptli abdrrpadh-coereated iarga. Where
-21 FP04-0160-00 mirror is reflected by the first

f i thedprajecbon aptical systeroraf theepreseit noverdneh is applied to the
thereafter directly enters the first lens unit in the :
s eg¥posuraaapparatuspand atxpossre meiag; eiti is praferable to use, for
configuration the first inmaging optical system 5 )
cofympls Arelasen light (waselenigth A2V 3P n) arotietexposure light,
refracting, power, the projection gptical system can
belthiwt e the transenanes off thesmeshnm bquid @ theilige) filled

neBeRTEsR! thedwamay Ipws auhibe AL RURIC. e deareohaAmrowing
pePf Biriaien it AG IHgR ne negative | ens and 10 the *
e e B¥biecut i Sk WPl o E*SEHnd aspect of
the present mvention is a catadioptric projection optical system for
forming an image of a first surface on a second surface, comprising: a
first imaging optical system comprising two mirrors, for forming an
mtermediate image of the first surface; and a second imaging optical
- system for forming the intermediate image on the second surface,
wherein the second imaging optical system comprises the following
~ components i 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.
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of the present invention, preferably, the first field
m nor outputs light entering the first field mrror,-

so as to bend the light into a direction toward the FP04-0160-00

optical axis of the catadioptric projection optical
system 15 In the projection optical system according
to the second aspect of the present invention,
preferably, the second field m nor has a convex

shape. AghRédifGhi cbﬁﬁ%ﬁrﬁt‘i’(ﬁﬁ HHYT RS iak Elt?lé ge a%f the first

incident to the first fireld mrror 1S outpu

be Riirfakk Oisafofie’iCin ¢he tfﬁ‘é@riﬁlagg‘ﬁ% ﬁ@ti@'sﬁi‘érﬁ, of id B&asible to

20 catadioptric system where seco field m nor

Ca@eﬁkﬁl%%ﬁﬁi se@irely iathie O MRAUptidad pRUCSepRatibe 6&%Ren the

where the nunerical apertures of the catadioptric
pr dieant toWwarbthe firstsuatan ang the Beeds e¢owald ¢hé &oshd surface,

the optical path separation between the beam toward

thevenr it therémeevdge thee nesdni¢avaperthhe ofcied catadioptric
surface can be readily perforned even in 25 the case
wherejechenobptical- syslenangei imgeasddle Binver tlealsecond imaging
apertures are increased in order to enhance the

r esplictl osyster2 cBRGA1EE6 GO0 firkn lehe pnij deviioy the negative
optical systemaccording to the second aspect of the

pr esfeatting) pewedrpthe poted deapthy of tthe datedioptrio projectione optical
first imaging optical systemare a mrror of a

cofysiem sambe dentcasad andthofadsustorend for shtiplyingithe Petzval's
are arranged in order of incidence of light fromthe )
fi cendsioguecaades readilymerfinmede Focheonbrel thavifirst léns unit
the second imaging optical systemis a mnor of a
coFslisveshifigevanmstat duadort thet differenae iqfuiield anglesef theobeam
mrrors . ip the first _imaging optical system are of

t heXp &ys Hagp dirsh diglde MEEHTe 605 @5pk) SURREESSheccurrence of

" cabuaatione INAONEagVEp. Hhdhbcsare it doe  peicBkaide and

TS S S, o B SR b BbehSn optic

oL Bh R LT HCLR bBSESERY sEENeGhne Goot naging

beﬁé’ﬁ&[‘myﬂ&: Tedtbe achicved throughout the entire region in the
exposure area.

In the projection optical system according to the second aspect
of the present inventton, preferably, the first imaging optical system
comprises a fourth lens unit having a positive refracting power, a
negative lens, a concave mirror, and an optical path separating mirror;
.and the first mmaging optical system is 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 agam through the negative lens to be guided to the optical
path separating mirror; the light reflected by the optical path separating
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field mnor and the second surface, and the projection
optical system 15 satisfies the follow ng condition:

0.17<Ma/ L<0.6, where Ma is a distance on an opti cal FP04-0160-00

axis between the first field mnor and the second

surface, and L a distance between the first surface

and the second surface. 20 According to this

configuration, Ma/L is larger than 0. 17, and it is

t hys; [ i ' ot _ :

{1 PR SR YO, ROl i i BIERECRI fehf mirror
t hendegrichitngirtétly enBRCtheVRirdt ichs $fiRlihethel 5@5&% fmaging
it is feasible to avoid an increase in the tota
Ier@,@ﬁaapgygte@n increase in the size of the

cat adi optric projection optical system 25 In the

proj ecti Sineptih Calis SychRguRtiH dhoofitq h’ﬁﬁ?ﬁﬁg?%tﬁical system
aspect of the present invention, preferably, the

fi cenprawes thoifourth lehe wacdading A bBOHHR1LEIr&ing power, the
i magi ng optical system has at |east one aspherica

| epsojedtionrajitiegn] taystdtnscanitfe guidat tdcerttic! easheofitst urface
optical elements constituting the first lens unit is

a beles diinespther first! imaging apdchhuyseoedcomprgendhe negative
performance can be achi eved t hroughout the entire

r efinsnand the chrcawpounme, dieadjsteent fot batisyseg whe Retzval's
the obj ect-side and inmage-side nunerical apertures

ar eonditiopasanl beTreadpyoperfoimed dpy iadalstings thannagativeilegs and
to the third aspect of the present invention is a
catlmjﬁi@pla’\fﬁdnmm.ecti on optical systemfor formng an

i mge of_a first surface_on a second surface,

conpri si kythexprejestonmpticed syt sangordingntophe satond aspect
patP bet ween the first surface and the second surface
angi #B& iDigsent gpyentior, pestesahlynghe et fiekd saireerdoutputs light
di sposed ,in_.an qpjjcal path between the fjrst unit _. )
an t@ﬁ@gsﬁ@oﬁastsﬁf%@@md S%%ﬁ@il@ﬁw; thg hahisinte g direction

A ke o g e B By

conpri si at least two 15.neqgative | enses, and havi
a gggati gthﬂePJFOJ&‘?%l% %M ;syg ACcgrpg to fhe second' %spect

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 is outputted as bent into a direction toward the optical axis of the
catadioptric system, whereby the second field mirror can be constructed
1 a compact size even in the case where the numerical apertures 6f the
catadioptric projection optical system are increased. Accordingly, the
optical path separation between the beam toward the first surface and
the beam toward the second surface can be readily performed even in
the case where the object-side and image-side numerical apertures are

“increased 1n order to enhance the resolution.
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unit disposed in an optical path between the third
unit and the second surface, conprising at |east

three positive | enses, and having a positive FP04-0160-00

refracting power, wherein an internediate inmage is
formed in the second wunit and wherein an aperture
stop is provided in the fourth unit. 20 In the
projection optical systemaccording to the third

aspect ofy b ?)IBfe%ﬁ%Ei: ?gﬁé’ ﬁﬂ@ﬁ% %rée}g)rpnﬂigt? §IRHL %Egnd aspect

i mage of the first s ce i he secon

unipk tB $rédent ?n%ﬁifm% ?ﬁif&la%lﬂ}, QhEadH IirdRd is §he gggﬁr/nimaging

achi eve'the opti cal sepdration between the

t owpfidal Htéinl & a BURIRGT A0EnELR: %@&?Lxgiﬁbﬁ of a convex

secon_d surface, even in the case whe e _ _
NURBAHE FFhiehedre Wresn@id hereef i iﬂ@idér%epéf)ﬂi%‘}ft'i?@m the first

optical systemare Tncreased. Since the projection
opkintfate S ¥ad eWhein' theescéhind tidlddminor ir 2e second imaging
FP04- 0160- 00 havi ng the negative refracting power,

t heptiosladyst@ands la mirrdhef aajcadiesdhape. proj ecti on

optical system can be decreased and the adjustnent for

sati sfyi AgcottinPetor \this soafiptirsion dan the ragddtsy in the first
performed. Therefore, the good inaging perfornmance

c aimbgingedpiecd dystem b aft theheoremavier shaperagl e convée shape,
exposure area, even in the case where the object-side
anand thmgecaridibeldumerrioc &bs dhe couves shape hherefore, it is feasible
cat adéigﬁ)t ric projection optical systemare increased

i ntoorepsilyt and sbeirely goede g baainoemerginghfzopr tieefirstamaging
optical systemaccording to the third aspect of the

pr eplaeal system; icothe spcendriatagimg apsicabspstenuni t

conprises the 10 follow ng conponents in order of _

i nci denclit B¢ prejeetion cstmttqﬂi systein asgording: tnthe peeond aspect
ref}ggi ng mrror of a concave shape; a second

r e PHFenhinYQHIQH, the ansraesiapas disnosedgbetween the first
- cre G migrmnd Bhe Spoind SHiBies AagaicApRIFeNR ARG system
ccrrtisfies the o SBBRHBIN rror. e concave i rror,
from tnd 7 Mt '2nd it i< thus feasible to

readi 1y and SR fsCh iistihes ohh %f)%[:na]e RIS AN Ot Bt field

first

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
is thus feasible to avoid mechanical interference of the first field mirror
with the first lens unit and with the second lens unit. Since Ma/L is
smaller than 0.6, it 1s feasible to avoid an increase in the total length and
an increase in the size of the catadioptric projection optical system.

In the projection optical system according to the second aspect

of the present invention, preferably, the first lens unit in the second
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i magi ng optical system to the second inmagi ng optical
system In the projection optical systemaccording to

the third aspect of 20 the present invention, FP04-0160-00

preferably, the second unit conprises at |east one
negative | ens, and an optical elenent |ocated nearest

to the third unit in the optical path of the second

unit is the fourth reflecting mnor or a double pass

| en i [[Telo\s Sth ]ﬁffﬂ ing to

t hi @aggﬁrﬁ ?gﬁ?éﬁﬁ?ﬁls}?%c%ﬂt@ f§1e ope{%i\é a le(Tégqrr@%' 25

| ocat ed RgLBSH il ifohriibhh | td - pat

of the second Lﬁlr%téblfsg Cioﬁe %ur{)ﬁ’ ?ﬂ;}e{agfgtolﬁﬁgdfrcn&%t}(ga? éger:ments

th %oﬁ@ﬁﬁitﬁlgpﬂésﬁfs@ Ménd BARYEH 118kt taﬁgﬁgrécﬂ%hﬁgﬁtanfdot}ms good

FP04-0160-00 1|1 ght passes tw ce, ] ust

s aliinabind peHoRniRiceVédn becadtilbii TheGigIRA" bhiire region i
per_fof%?irieg]d@by adj usting tﬁe I_en{s/é(?n the 't |trgﬁﬂﬁillt ¢ region m
havhdexpddifie Me8atdwd incheasist MhARWE ol5iBet-bidR ditlihiilee-side
reflecting mnor or the double pass lens. 5 In the

pr@iuﬂfdri&ﬂa?@fthﬁ@d aiyistesnsadcording to the third
aspect of he present invention, preferably, the

third reThegrojgtion disticad Wystdns abb@fdingﬁtﬁtthéithﬂd_td% ect of the
third reflecting mnor, so as to bend the light into a
di pegsent mventerdist Heatdiopiic prajecibn dpricadkasicaptor forming
projection optical system 10 This configuration
enahliamgei of atfist zatfaon cof a tskeohdwurfacer ebhgrising: a first unit
mrror because a ray incident to the third reflecting
m disposed nuampwptechl geathebetvigeo the dirsesurfacet sméirtie second
the optical axis of the catadioptric projection
opsidate andthavingeepositive, reftadting pawicn] e sesondeandt Idisposed
and securely achieve the optical path separation _
betwaBnophieal] pathe betwoomrthet fiest funistandithackecand suréace and
beam toward the second surface,. _even _in the case
whePRPrisIG B} Least $pWemirersnageird umat dispeseddn an optical path
apgrtures_ are incgreased. ipn order to enhance the
r eBeWRENthe segondapt and the spcopd suHRCcs) spmprisies atlagt two
to the.third aspect, of. the present .invention, the
ap%%aﬁ%‘@ 5654 gﬂéimg@ BeEaR¥s tehacting 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 wherem an aperture stop is provided in the fourth unit.

In the projection optical system according to the third aspect of
the present invention, the intermediate image of the first surface is
formed in the second unit and it is thus feasible to readily and securely

- achieve the optical path separation between the beam toward the first
surface and the beam toward the second surface, even in the case where
the numerical apertures of the catadioptric projection optical system are

mcreased. Since the projection optical system comprises the third unit
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20 reflecting mnor and the second surface, and the
projection optical systemsatisfies the follow ng

condition: 0.17 < Ma/L < 0.6, where Ma is a distance FP04-0160-00

on an optical axis between the third reflecting
mrror and the second surface, and L a di stance
between the 25 first surface and the second surface.
In this configuration, Ma/L is larger than 0.17, and

| U HaVing ¥ee noghtived pé’fr%tﬁgg Bt%\h)\éécr?ﬁlﬁzir t?léélﬂgglt?( i%';fghe catadioptric

mechanical 1 nterference mrror

W throfdiione ﬁ@alJ{S' teﬁ‘ﬁdcéiﬁtlﬁbtd@:rbﬁﬂerdjlahﬂi the SAd] ﬁgrllent for

Ma/L1s snmaller an 0.6, it is feasible to avol

i n%&ﬁg%ﬂ?% thé Petvail'slcondiddn catbheéreadiRCp&FSALA. t Mherefore,

si ze e catadioptric projection optical system 5
| n thd@qodimatingn P@ﬁbh@l&hcéy@l@ BeagHiededahtGugitint the entire

third aspect of he present invention, the third unit
conpgicsem thic tarssurenecasONar it the chedsvhepenhe dbjeéside and
configuration at |east one of optical elenents

comsiaigteside gnurherithli apettords iof thee cagihiepirialprbprsion optical
good i magi ng performance can be achi eved throughout

t heysterti e megeasediin driler 1@ ephposutle wsehiti@ven in the
case where the object-side and i mage-side nunerical

aper t ur efn the projectas exptichh esyptem extcoodingptd tie tleyd tepect of
according to the fourth aspect of the present

i nitent pmsent mventiad] optefexably.ojthet isenongt uniti ayspases the

for, formng an image of a fast surface on a second )
suigllewing reompopenss i ion ordenmfi catidepet evfi dightr freimdgthe first
a first imagi ng optical ;systemconprising at | east )

si surfaee.op drsteflectingi mirrar of @seoncaver shapeataessoongereflecting
and .a second internediate.imge of the first surface;
anBIEOF &Oﬂﬁﬁ?@isiigl)@;p@itgmd reglﬁgt@m mafror )f a3 icegcave shape;
second inter iate imge gnto the second surface. 20

Si AR atflﬁ' fg?@é’ﬁpgﬁnﬁ’ﬁ@i @gﬂ COPYEX €ording to the

rgg;: hsi ﬁ%ﬁgﬁigggtpt {}ﬁ%pr S Iﬁr‘l]li:l‘atiigfl\ll,eﬁiﬁi Secon urnlltS %gmaptrises the
concave mirror, 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
tmaging 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 unit comprises at least one
negative lens, and an optical element located nearest to the third unit in
the optical path of the second unit is the fourth reflecting mirror or a
double pass lens through which light passes twice.

According to this configuration, since the optical element

located nearest to the third unit in the optical path of the second unit is

the. fourth reflecting mirror or the double pass lens through which the
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internedi ate i mage and the second internedi ate i mage
can be fornmed, wthout increase in the total |ength

of the catadioptric projection optical system and FP04-0160-00

good i magi ng performance can be achi eved t hroughout
the 25 entire region in the exposure area, even in the
case where the object-side and inmage-side nunerica
apertures of the catadioptric projection optical -27

fﬁﬁgﬁs@mw&waajﬁm& 0P QatisR/iAEARE P EAI@RERdition

sol ution. fn the projection opticdl system
ac ¢ah e Geddilyt ?&ﬁ)ﬁﬁéﬂfb}a% etir) thd hPiEARNthird unit having

i nvention, preferably, the Tirst internediate imge Is

f ol the gReiv BRI R tifkr HOWerhahd! thehforfiereflestihomifde or the
first surface enters second 5 and a m nor that "the

| doubkspagylegsfromthe first surface enters fourth,

out of said at least six minors in the first imaging
optical $ysheprojestibhi sptiifygtamticeordinpetd fHesthird aspect of
internediate image is forned between the mrror that

t hehd ppisentibregition, preferatily, the diird weflegmeniiang outﬁuts light
second and the minor that the |ight emerging fromthe

f i entermyg ftheethifil eeflecng onmitror, Eoenef tar dhenidt the light into a
feasible to readily and securely achieve the optical
patlirestipartaward thet optecalt ireisbeh the watadioptrec pirogiction optical
surface and the beamtoward the second surface and to
obswitamgood i magi ng performance throughout the entire
region in the exposure area, even in the case where

t he obj e€hissi @@n‘fgguraitu«v@geesablésmnmmamzadmt of eshof fourth
the 15 catadioptric projectjon optical systemare . ]

i ntattectwg nirmer dwicause arisanineidenietor deothurd sefleqting meirror is
projectiaon optical., system according to the fourth .
aspiiputted ashbent dakia i diyeeiionntovgask etixabpy,twaheaxls of the
first .imagi ng apti.cal system conprises field lens.
unfdta es BrOJBEtian ; oaMeah SYREEopt arelaee énis dgasible to

" elracily 3 seRntely, ahiye e apdeBhpatt, Sotatib detyeen the

S TS R NIV o,

SYSV&EMin the case where the object-side and image-side numerical
apertures are increased m order to enhance the resolution.

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

0.17 <Ma/L < 0.6,

where Ma is a distance on an optical axis between the third
reflecting mirror and the second surface, and 1. 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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conprises the field lens unit with the positive
refracting power 25 conprised of the transmtting

optical elenment, distortion or the |ike can be FP04-0160-00

corrected for by this field lens unit and the
projection optical system -28 FP04-0160-00 can be
made telecentric on the first surface side. Since no

l ens is disposed in optical paths between the at | east

Si XedBiblOf avodid hiech8ARIADiftdrfercfE Wiethe fifdl 98flE&ing mirror
hol ding each mrror and to readily hold each mrror.

. Si Rgeh the decohd urfit Gadt WidPsd Xhiraf hek! eSikve MG is smaller

mrror, the Petzval's 5 condition can be readily

sath#f 066! hYisafdasible 10 £a6H 4R Thefeast Nnt e f5tal ¢&igthnand an
optical systemaccording to the fourth aspect of he

pr @xesasd iviietdigd of tﬁ@céﬂaﬂﬁclipﬂimoﬁ@tﬁm bpatalysem

preferably conprises a field lens unit conprised of a
transm tin tige ppdjiecbn ptivatsysem deavidiggaoptird thind aspect of
refracting power, and the first inmaging optical 10

sy tice present ensbhityowother tisied wiit lcomsprioese ah degsti omge lagpherical
between a mirror . that light enmerging fromthe first
suldmsce Bmicer sn fthis tcoafiuaationr at lehstt onehefl ophical elements
emerging fromthe first surface enters sixth, out of

t heonstithbiagt thei khind r nnits.is Sithe e aspharinia dems,i @ooat | Bnaging
the first imaging optical system 15 conprises the )

f i pedofmeasceincan wha haclheverbsthrougheef rthet entirpotesion in the
conprised of the transmtting optical elenent, the )
pr OXRQIUIS Arep: Ewen indict easecwhese thadebjeet-sisienand dmage-side
the first surface side. Since the optical system
cohpmicsical aperturestargpecreagedi ve | ens bet ween t he

mrror at the light energing from¢the fiyst_ surface
enters fThe PrafRstoRcORisHlosy St GOTHIE to dhe fengthyaspect of
fr&{?p the first surface enters sixth, correctian

ch

mRI$SENAHBVERHPB iSc An CRRAIRIEC Pr%&EOByOHHFELt%rVﬁ@m for
aclREHREn HBaEE 34 Rt SurfaSeBi 4 apoaid SUFIE: Ghe Projection
R S8 e T TaRREBh Lutal S4B, Eobbe o
Oplteiagtagixehﬁ%%, fo?ni%ﬁr}iﬁg 24P Sntermediate 1mage and a second
mtermediate 1mage of the first surface; énd a second tmaging optical
system for relaying the second inftermediate image onto the second
surface.

Since the projection optical system according to the fourth
aspect of the present invention comprises at least six mirrors, the first
.intem]ediate tmage and the second intermediate image can be formed,
~without 1ncrease in the total length of the catadioptric projection optical
system, and good imaging performance can be achieved throughout the
‘entire region in the exposure area, even in the case where the object-side

and image-side numerical apertures of the catadioptric projection optical
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second i maging optical systemis a transmtting
optical elenent to form -29 FP04-0160-00 a reduced

image of the first surface on the second surface. Thifpo4-0160-00

configuration is free of the optical path separation

| oad because every optical elenent formng the second
i mgi ng optical systemis a transmtting optical

el enent. Therefore, the inage-side 5 numerical

ap@yﬁt@ﬁﬁaﬂf inch@xsealindiraet to Gnﬂﬁrﬂfﬂfe' RBoRRidcal system

can" be increased and the reduced I nmage can be forned

at a hi gh firdpedjeefioh dipicaPBydtbm §&ﬁﬁﬂ§hn%% tRE Fourth akpect of

al so feasi bIe to readily correct for co

sphigs bessentbevdriom prefetabhie the Qhﬁt: iﬁt@ﬁnéﬂidté Qinasg\ésfseﬂﬂ?lmed
according to the fourth aspéct of 10 the present

I nbetwe@ana npiredrethablight thergigofidn feofing éiﬁled’eaénters second

system conprises the foll ow ng conponents in order of
paasdgemddrot itlgatt theeligitotmgrdingnrémette fisdt uriimenenters fourth,
optical system a first lens unit having a positive
r ebutof said apdesast;sia nsecrsdn it Sirstnintagiayi oygtical RgeRin.ve
refracting power; a third Il ens unit having a positive
refractihg thmvveonﬁguratﬁompdl& irst snogrmedidten ifreget s formed
| ens unit having a positive refracting power.
Acbeivdiangtheomtittios thenfhieglight enrerginpefifom she Ifess surfate enters
with the positive refracting power, the second |ens
unsacomidt And hibensyenor vihat rthﬁrhgﬁﬁ emggmy frome thdifirdt surface
lens unit with the positive refracting power, the
apenters owtlop, Thesetone, fdarfensibénso gaadilyiand s¢eurely achieve
tlve refr cting 20 power constituting the second
né}g. Aptiea sepaa ﬁnabﬁmﬂeagﬁmbeym teward dhe tlrst surface
e Petzval condi t.i on. Is al so feasible

sat i sf h
oaraiél\{%tbeaﬁl it ﬁW@é@s‘gel secoRd %@ifwe agdgtth obtainhgood 1maging

cat a tric_projecti opt.ical . syst In the
- prB?'g%‘f‘ﬁ%‘FFeo P&‘gﬁ%‘?g‘i‘%ﬁpﬂﬁ’c SFSIORgIY g“’c REPPYUEL #ea, even in

ot C%ég.f 'F"dﬁ 8 thRQHBC gl andhiargery de M EHEaF PGS of the
su&{tg tric %?8}60%0% gp tlca{lrso etrpleargplhlcf:eaalse Xilnsorc()ier to enhance
the resolution.

In the projection optical system acc.ording'to the fourth aspect of
the present mvention, preferably, the first imaging optical systexh
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 the catadioptric projection optical
system out of the at least six mrrors is preferably

a mrror of a concave shape, and the aperture stop iSFP04-0160-00

preferably 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 < Md/L < 0.7, where M is a distance on

an caRt bE Fhad| RIQNNGE rbx# hfe "ﬁfsgofm‘fﬁce tdige COR no lens is

shape and the second surface an a di stance between
t helisgdsedtin tfc?@ afiCbdthrent®ienit Iééfith’iﬁ q%ir%&s; {t ilgg‘eésible to

configuration, since Mdo/L is larger than 0. 2,

f egséileta régoavolr hol@isipadddRnitidh SRt RORIIBS hélBeach mirror.
mrror of the concave shape |ocated at the position

noSingt shéMghtr @t diteniisi¢ akflasiedl By &d¢h mirror, the Petzval's
catadi optric projection optical system wth the first

| eganditidn carhbe yegditd satiglied bgiddjuﬂi‘ﬁ’g theh hirfat. | ens

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

f easi bl elri theaprijdetion opticabsestem abeording ko ilendhdrtiradpect of

an increase in the size of the catadioptric

pr thee gpriesentoptiveadiosy shenfirdtn itaging ojpptichbreyspdmc preferably
system according to the fourth aspect of the present

i neemprses Ppfiefclai ynittduenprsehdf] 2 tmnsniittirgn dptibal element
fourth lens wunit have at | east one aspherical I|ens.

20asl fawving a ositvenfrefracting grower, | aad tthe nrsd finmggingabptical
el ements constituting the second lens unit and the

f osiystem prefexably comprisesraf loast ersphegatted lesabetwden a snirror
feasible to readily nmake the aberration correction _

anthat dighi emerging rigosathe st surface gntersniyest and ammirror that
cat adi,gﬁtri C projection optical system Therefore

gobhe lighhewmerpiamer ot figsthswéace Bntars sixth, oni efghe at least
the. entire region in the exposure area, even in the

ca¥® MHEPE- the obj ect-side and i mage-si de numneri cal
apertureg. are.ingrease - 31 FPﬂ}Af-O 60-00 The .

pr oj ect i DWCEPIN A abieBr thedissh wmagingyopfical system

as gf%i)nggs 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 1t 13 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 invention, preferably, every optical element constituting the

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

-29 .



10

15

20

25

the present invention is preferably as follows: the
catadioptric projection optical systemis a thrice

i mging (three-time imging) optical system for FP04-0160-00

formng the first internmedi ate i nage being an
intermedi ate image of 5 the first surface, and the
second internedi ate i mage being an image of the first
internedi ate image, in an optical path between the

fi rasfeddtdl d@ge ¥TIhE TRsE QeI 8HthaBeond shifthée.

configuration, the projection optical systemis the

thrice MHAYiduflduraEen tisnekBithe) oPREAICphthS ¥epAAtion load
whereby the first® 10 internediate image i's an

| nbechest iovege oftitdleeldmeint Furmaee. thehges@ed®Nhaging optical
intermediate image is an erect image of the first

susysiem 18nal troremittge optacatedlemnerithe Flg@refistes thkaiRage-side
is an inverted i mge. Therefore, in the case where

t hauostraci] gperture prfofhect atadiogtic gadoj sotidre Bptisalmeyistead can be
on the exposure apparatus and where an exposure is
catndredsatiandithé redweed ngagdd cah bchforined it adtighaedaodon rate
the second surface, the scanning direction of the

fi onttheusdconed safade nktds alspofsiasible dot teadslyaomiragt for coma
direction of the second surface, and it is easy to
peafidisphenical zhtjriatiorent as to decrease a change in

the center of gravity of the entire exposure

appar at uln tha projectaon opticak systent acearding to tle faurth aspect of

the catadioptric projection optical 20 system caused

by then presept gaventipne prefarablyoithgr secand omagieg emticad system

exposure ap ar%tﬁs, .and good i magi hg perforpance can .

beCaBMIsgE dthe HPHQYHBEL CORPMINIS iy (Yiieh oh Rassage of light

exposure area. ,The pr.ojection opjical sys errﬁ ) X

ac om the Lest smpzarg epticabsy ytam: folifst Aens paitthaving a

of thgypres nt..invention are characterized in.that a :

| RESTYE JEHACKRE o ROWEL. f #r SECQII} £ 688 Mnde RAVIAE| @ngiegative

| ocat ed. nearest tg .t second surface out of.lenses in

¢ nETEARTE BWec2 Dt e GRStk PreraCHRE Deaber; an

FPOA- 0-,00. igive ,efractin ower ....and _n f.hat '

bt PP S ol RS AT hRE HResiudR reliRgling power.

cat adi opiLj j gctd an’ i -SVS s 1 [

havi ng aA?:}é%}(g%gi @etq.“%d 8§Bﬁ§$‘gié?‘§l¥hﬁy1ﬁ%ﬁ ]sen% Hﬁﬂ with the

| B &GR0E e ot ot OPEWER! (R& &cond lens unit with the negative
refracting power, the third lens unit with the positive refracting power,
the aperture stop, and the fourth lens unit with the positive refracting
power constituting the second imaging optical system advantageously
function to satisfy the Petzval's condition. It is also feasible to avoid
an mcrease m the total length of the catadioptric projection optical
system.

In the projection optical system according to the fourth aspect of

the present invention, a mirror disposed at a position where light

emerging from the first surface is most distant from the optical axis of
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bet ween the | ens nearest to the second surface, and
the second surface. 5 In this configuration, the

medi um having the refractive index larger than 1.1 i $P04-0160-00

interposed in the optical path between the |ens

| ocated nearest to the second surface in the

catadi optric projection optical systemand the second
surface, the wavel ength of exposure light in the

e qha! Fhilidpid pﬂﬁécﬁ(ﬁlﬁbp'tﬂ&ali'sys T Sutt SOt Raki ¥1® mirrors
i ndex of the nmedidm 10 is n, and thus the resolution

calis RrefiriBRC@dmifite Of A *oncate Ofidpeal arkl $héBperture stop is
according to the second aspect to he fourth aspect _
of prbRerabblgsdizpos&d dretwesn athe MiAaber@bihe eontd e sRIpé and the
that an optical axis of every optical element with a

pr ededed surfade. r Prefeablyg thowrbjdotidnhepdeilagy ey katisfies the
projection optical systemis 15 arranged substantially

on fellewhgg eosditinght |1ine, and so that a region of an

i mage forned on the second surface by the catadioptric

proj ecti 62 <ddbilcad 0§ystemis an of f-axi s region not
including the optical axis. According to this

conf i gur sthieos Mbhe aofistanmle axias qftical exxys bptwean the mirror of
el enment in the catadioptric projection optical system

i sther camepse slmp%mnttmsemncs/) sorfactendi gl distarcai bgtween the
line, and it is thus feasible to reduce the degree of

di firsteutrfacegndthscresondsuirfacsr oduct i on of the

catadioptric proqjection optical systemand to readily
per f or m Hethis icpafigyratiemesince tMbdad larger than Aehbieis feasible
The exposure appar.atus according.to the fifth aspect

of 1q i@é’m‘gsﬂ%‘ﬂ&@ﬁ@l miodgrenne of the Bpes wk the semsave shape

melciteshiy AprERBUBRo e diBal ris0B, ThenBPSAngras sef the
A PREEPralFetiD UG Syotoray BTN Tt Iy ai: fgrpecond
Pl S YRR TSR, "V GRS B S lE b 4,7 5
i Bl A Birhed 1 R BobEL T, AP s in the
SeG0%FIHL Egﬁl%ﬁoptric projection optical system.

In the projection optical system according to the fourth aspect of
the present invention, preferabiy, the second lens unit and the fourth lens
unit have at least one asphernical lens.

Since in this configuration at least one of optical elements

-constituting the second lens unit and the fourth lens unit is a lens of
asphertcal shape, it 1s feasible to readily make the aberration correction
and to avoid an increase m the total length of the catadioptnc projection
optical system. Therefore, good imaging performance can be achieved

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

the object-side and image-side numerical apertures are increased.

~3] -



10

15

20

25

According to this configuration, the exposure
apparatus conprises the conpact catadioptric

projection optical systemw th the Ilarge nunerical Epg4.0160-00

aperture, and thus the exposure apparatus is able to
suitably performan exposure of a fine pattern on the
phot osensitive 10 substrate. In the exposure
apparatus according to the fifth aspect of the

present 'I‘h\ée[.lﬁkb j &tionP bﬁftl%la@#yten{ %@cbfdjﬂg‘tﬁat‘lie%lﬁﬁ%ﬁ%ct of
suppl i es m nation |igh I's s-polarized

| i gig préseht rBeRein is%ﬁ:ﬂﬁaﬁﬁﬁ@@@oll@%@f feeeatilidptric projection

confi guratl on enhances the contrast of the inmage

f oppeidall Bystent e aptheicesenssiniov@hsstREi@ A 8pHEASsystem
a Ig?ge gypth of focus E%):gngartl cul arl %ﬁﬁ%)s P Y

pr pefsrntn gt et 1§&3ﬁ1%d¥ataq | Béinkoart heterthetdte image of
aspect to the fourth aspect of the present i nvention

pethe firsthenrfage, ianal theatdcarparatmeodidte ibaigechéiagesh image of
wi t hout use of an optical path deflecting mrror

( bthredfing internoediateamnage,anf amoptical phthibétveed: tige fikst surface
20 optical axis. There is a high risk of causing a

| anne theaseondl $urdaence. between p-pol arized |ight and
s-polarized light reflected by the optical path

def | ect i hythis reamfiguaationn the projectiva apti¢al adyspanhis the thrice
deflecting mrror, it becones difficult to supply

i | imagingt | Ghrae-ghte ofmaging)ardptadl | isyslenm twher@gpeﬂte first
to the second surface, because of this reflection
phideredials frepgede annaveried mmage ok the dgshswifaes, etdme second

that the illumnation light is not s-polarjized I|i
ontty ﬁ@l@@@tﬁwanage %88 @@@hlmﬁg@ @dithg divst surfage oand a image
FP -01 pol ari zation_in the circunferentj .

G ﬁn PhSEiCQQQ a8 than dpveded 1mags. ofﬂwﬁ@fore in the
|IIum t|o opt i deV|ce lncontrsttOJt this
pr &A5ce ga CiRFoFrdIqn epleel ¥stemy iscaounted on the

ysterrs accordln e first aspect to.t
a<FRSIEY Pt 48 abil, VRt A comoSIE & cadied et il Scanning
o Bl i S d'r?‘%pf"@r g sirfa s BE scBhmigl’ dirpeiop o the
o gy b, i oS T SRR ACEBn of e
‘second surface, and 1t 1s easy to perform such adjustment as to decrease
a change 1 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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the mask and the photosensitive substrate along a
predetermned direction relative to the projection

optical system 10 The exposure nethod according to FEp04-0160-00

the sixth aspect of the present invention is an
exposure nethod of effecting an exposure of a pattern
formed on a mask, onto a photosensitive substrate,
conprising: an illumnation step of illumnating the

Maplosiiveréfeictin}e powadend A fiest, RRhéRY 8§ tctrdc@eBllidex of an

>

and an exposure step of perform ng an 15 exposure of
t hatipatplase iafthehatadistseprojection dpicdl $udmae. 1, eiedium

the photosensitive substrate set on the Second

suhbeiry awsfractivéendeolaoki dian ¢l i< Altegisdednin an optical path
according to any one of the first aspect to the fourth

as petweat tHehkenpreaesst to nhevtcond shirfatd &nd the second surface.
configuration, the exposure is performed by the

exposur eln 2Risappnafigticmiomclthedimglitive havirgadhe refractive index
catadioptric projection optical system with the large
nulergec tianapdr tsunéerpobed ebyha opticel patlt betweanthzelens located
sui tably exposed. Enbodi nents of the present _
i nneaneisbrtowthd seeoddssuifhet inelthev catadtoptat epeojeetion optical
the dravm;m;gs. 25 Fig. 1 is a schematic configuration
di system andthe gecaond entlade e waiveldnetbxploexpasure light in the
appar atus, of the present .invention. -35 FP04-0160-00 )
| nieidgumais ndimgpthaina aapphese the Riractsvaindsy of he medium
stage RST supporting a reticle R (mask), a wafer stage
WGBS %@pbﬂﬂsaEe aesplbEpnwandee gnkamead-ate, an
i1 um naﬁlon optical system|L for Mm nafi ng tllrl]g
reticle RIGPERISCHOR MptiGal Systams pec & tedire sgpemd aspect to
exposyre light EL, a 5 projection optical .systemP
£ ofheotTeh ARPECtaof sy Beesesh TBYpRkoR @r@fprgﬁeraﬁiwg@nbguaed S0
paitern on the retiche Rillumnated with the ex re .
AEOPHEH ATRCOhEr VPRIEHoCITBCRy WHE acpEdetermined
sta T, a liquid . supply,deyice 1 for. supplying a .
i BArREE et i JiEe RGBS operselil, RRLEah pitem is
gg%rlrgﬁéé@guﬁﬁ&tlié ol 2 (s)infgllg\é\frgl%h? li]tnec,)fantdhs(?) %ft %rre\gl\{on of an
image formed on the second surface by the catadioptric projection
optical system is an off-axis region not including the optical axis.
According to this configuration, the optical axis of every optical
clement 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
each optical member.
The exposure apparatus according to the fifth aspect of the
present invention 1s an exposure apparatus for effecting an exposure of a

pattern formed on a mask, onto a photosensitive substrate, comprising:
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10 controller CONT for totally controlling the overall
operation of the exposure apparatus EX. The present

enbodi mrent will be described using as an exanple a FP04-0160-00

case where the exposure apparatus EX is a scanning
exposure apparatus for perform ng an exposure of a
pattern formed on the reticle 15 R, onto the wafer W

whi | e synchronously moving the reticle R and wafer W

al %ﬁlﬁﬂﬁﬁﬁﬁh'%sf’érﬁ%? ﬁﬂﬁnﬁﬁy%ﬁglth@%a%éég%}i T first surface;
stepper). In the description befow, a difrection _ ?
Coigngl e Fofctidnt hsidd tsti‘iﬁa'm eorditgdb arh6nd bPkIe Hr@aspect

optical systemPL is defined as a Z-axi s direct

t heo the Yoeth oBpYE merqaese@ in®ehtion, f(‘ﬁcﬂﬁﬁiiﬁgtaﬁleimage of the

direction) of the reticle R 20 and wafer Win

pl pacten®foBhed i f&: Ak o the pho®iser i stbddte set on the
direction, and a direction (non-scanning direction)

nosgebnd gutfhee Z-axis direction and the Y-axis

direction as a Y-axis direction. Directions around

t he X- axidzcoadimgndia hehi¥- aofigiaatoal oule eRpodm@Xi Spparatus

are defined as OX, OY, and di recti ons,

r espamirises| the dérapiektatadignerenpeasigeton @ftical system with the

sem conductor wafer coated with a resist, and the

" r arige| mimenicehapestase, andetiuswilieh expdswiec @ppatdtes ristable to

be pr oéect ed at an enl argenent, -36 FP04-0160-00

r eduidablynpedormnan erpsuie oali nofinenpati¢ne onafher phdtusensitive

illumnation optical systemIL is a systemfor

i | bubstrate; ng the reticle R supported by the reticle

stage RST, with the exposure |light EL, based on the

exposur el taetexposkres appgratus qacosdingotd dhe Sifthl aspegt ®f the

the illum.nation light in_the ultraviaglet region. The )

i | PIRFeRht IBYe.c aprefesablym the hadummnaipen caystem  supplies
n zing, the | m nance of a beam

Ie:nnitlfll%reg}ag{f)é{]ﬁrghg %ﬁigﬁtls sSoH@l%iZf@biilg t vty sespact terfhe second
| DU or ThiS el dgurol DR ipaIcsR the ComTARbPE the daee lormed
oL OB B EBRD bR oS, b g focns
;?gg@ggg‘e \ﬁw&%f& :&ﬁ{:n éﬁ‘&)&'%@?qr? gﬁtfc%ll Ss%%énelgn ellcl'c:oiraing to the
first aspect to the fourth aspect of the present invention permit the
optical path separation to be achieved without use of an optical path
deflecting mirror (bending mirror) having a function of deflecting the
optical axis. There is a high risk of causing a large phase difference
between p—polarjzed hight and s-polarized light reflected by the optical
path deflecting mirror, and in use of the optical path deflecting mirror, it
becomes difficult to supply illumination light of s-polarized light with
respect to the second surface, because of this reflection phase
difference; namely, there arises a problem that the illumination light is

not s-polanized light on the second surface even through generation of
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converter 110 for converting linearly polarized |ight
fromthe light source 100, into polarized light as

s--polarized light with respect to the reticle R FP04-0160-00

(wafer W, wthout substantial |oss of light quantity.

The s 15 polarized light converter of this type is

di scl osed, for exanple, in Japanese Patent Na

3246615. A predetermned illum nation area on the

r eticthiizARidrs ih lthe BiRvneRrepiah dirie i) PRaH! RshbéNto Bre optical
of "a uniformillum nance distribution by the

i | lastid pdtthelignihgddn Bptic@ddvicd heTf ¥PARHEEtd ii‘glrﬂL]is;Egroblem

emtted from20 the illum nation optical system

f ohaedlypkeursdie phe! |;ir6jﬁéciti@!nebpﬁﬁﬁl"_tsyskﬁw acb8Rting Stec bhe first

as the emssion lines (g-line; h-line, and i-line) in

t haspedtt toahe dbetthrasgeonof fhenpreseBt fventioanp and KrF
exci mer laser light (wavelength 248 nn), or vacuum

ul travi oﬂetthbi@tposﬁt&‘éﬁb:lagégnh n?wm(d]ﬁ% tévtheefifthn®pect of the
nnm an

l'aser |ight (wavel engt | aser light 25

( wavedesh ghiietsdn, npyeferbibdy, piies projeetibn dixpeiire ©fabeymttern of
to use the ArF excinmer laser light. -37 FP04-0160-00

Théhe enaskl entst thpe pRSIDsensdivet sglestsatppsrpérfigrnad® while moving
reticle Rand is two-dinensionally novable in the

pl the maskahnd otheheplogobemitisgi suéé(‘ratef alliveg pa opeeddtermined
optical systemPL, i.e., within the XY plane and

f i dgegtionascktiagite the propctondoptectlisysterthe reticl e

stage RST is driven by a 5 reticle stage driving

devi ce REWD sxposwe mathpdanceendsng ttheheesixtheasprcigef the
driving device RSTD is controlled by the controller
CONfieseRh anveRiIIY i1an SXpesuT saethoen o eiegtingran exppsure of a
rotation_of the reticsL(ba R on tﬂe reticle stage RST .

ar Batters forsed gnra grask; ate,a Rhotasensitivicesybstighe: epmprising:
and thg resul.t of the agurenment is.fed to, the i

cofftr JIIMBHREERT SieR 05 AUNEMBANBE COAT BASkesOR havhich the

ol Eeh abilofh 37 ORI Cat O foosBre MEpopl pEFormIng an

028k8dle 41 i PSS oF BRGS0 e 5L SRt o e

PeLioWEAG % 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 including the compact catadioptric projection optical system
with the large numerical aperture, whereby a fine pattern can be suitably
exposed.

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

Fig. 1 1s a schematic configuration diagram showing an

embodiment of the exposure apparatus of the present invention.
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proj ection exposure of a pattern on the reticle R at a
predeterm ned 15 projection magnification R onto the

wafer W and is conposed of a plurality of optical FP04-0160-00

el enments (lenses), which are supported by a | ens

barrel PK as a netal nenber. In the present

enbodi nent, the projection optical systemPL is a
reduction systemwi th the projection magnification R

of 1/4 ofp X%, If e}g}ggg ' [ i

system PL rra)%be’gt?lteh%r oflﬁg a: 1 g@‘?t g?ﬁ gr%g %ﬁbh&ﬁg s’?a%e RST
enlsapporth Sy ol R{mARY| §alafel i

expoggd frgcs)m t he IISL(S ak?g\ar)? el PK g%\émrgi%g?g?&g}%a wafer W
si @e 4 wabstrald drddlumindthen Rpi@etdyRre@PIL dBk $lvgi@@ing the
PL of the present enbodi ment. Thi$ optical elenent 60

[ Sr@k@élaclhaéﬂ%mﬂ(eﬂel@j/ theablivle anpadv§T, Witk Bepbane light EL, a
barrel PK. The waf er stage T is a stage

suppoyectiog dpigalaistenV\PLafud pafoning 8 egoj@ctipnéexposure of an
Z- gtp?ge 51 I’Iljgl di ng t he vvaferth hrI(?lj@gh&p?hjclazg waf er p-38
FPimage G- 9 Patteni dar thearetXYe R ajenhidatedpndtht itrgeipesure light
Z-stage 51, and a base 53 supporting the XY stage 52.
ThElyabrio thegeafdBTW sugported by the wedfer sthggeWST, a liquid
driving device WSTD such as a linear notor. The wafer

st ageplyr deniog ldfor supplETy adiquodtFbohtd thy wafer W, a recovery
controller CONT. As 5 the Z-stage 51 is driven, the
waflevicoyHbfar eglladimgzthet hgquidi0ithowtgnoubbf the asafeo W, and a
the position in the Z-axis direction (focus position)
angontagllen GANTdor ttotally reamieolbxgatie Ovatad eepemion of the
As the XY stage 52_is driven, the wafer Wis

coBXPRTIIe @PRATatys e position in the XY directions

(the position in the directions substantially parallel

to the i @@fﬁeaﬁémbmiml@mewgﬁ&eegewﬂa%ﬁwm ag g8 example
PL%. Namel y, t Z-stage 51 controloéxi he focus.

podi ¥3%n %ﬁ%‘ea CHROSUEE | APRATAGES Ae fafGHINNE o CXPOSUre

Ao B A R A Rl

e e YA R B on B Moo ESGR R and
: ﬁgfqrﬁgf glggfgdg 'g%ﬁﬁx&fn%gdlg%:étdéﬁ (Qg ega%a § anrﬁelﬂtgl socgpper). In
the deseription 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 m 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 0X, 0Y, and OZ 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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may be integrally arranged. A noving mrror 54 is
provi ded on the wafer stage WST (Z- stage 51). An

interferoneter 55 is disposed at the position opposi tFPO4-0160-OO

to the noving mrror 54. The two-di nensional position

and the angle of 20 rotation of the wafer Won the

waf er stage WST are neasured in real tinme by the

| aser interferometer 55, and the result of the
Measdi@ ) orithit f@nifcitién AR UM WalfeCONT. The
controller CONT drives the wafer stage driving device
WETD on fhe ibk@hinationt bt SEASHIERETT i§ @S dte® fort fIRiminating
| aser interferometer 55 to position the wafer W
supporétislc By shb?ortéé byefles reticdd 8tabBTR SThevieh €8¢ Bkposure light
enbodi nent adopts the liquid imrersion fmethod, in -39
FPB;, £ed0sh thg @gpob@reslipht fnrhal lighs Reuk@n 100efor supplying
exposure wavel ength so as to i nprove the resol ution
anthesilhatamtion lightindde lbevildet e@bnf oCHse iThaniddticn optical
reason, the space between the surface of the wafer W
andystem Hnlas aurdpamal (htegeatof doeniifoimike gobeiitlaminance of a
el enent (lens) 60 on the wafer W5 side of the

pr bgamt icomi ifram sthet diglRL somrée | 160, wat boadenser lens for
predetermned Iliquid 50 at |east during the period of

t r eosdenispig dhe rexposeoe Igghtt BE frpat tthe nopticalhmte giaiter, ea relay
R onto the wafer W As described above, the lens 60 .

i slesgprystamon varmbde ficld stop for dlefofing i ghopeeatiam area in a
optical systemPL, and the liquid 50 is arranged in
costaghapgi e thenrsticlad veils tlso expaserelightr Bl.eand so on.  Here
corroﬂ on, or, t he I_ki?ﬁe of the | ens barrel PK nade of. )
methe Hlummation; ppticalstysterand. 1sapeovided with ansspdarized light
sufficient spaller than the ens barrel PK of the )
pr?ﬁ’%‘fﬁﬂeénlligt P aCOBYyeHtES Ii’LneéﬁiY pedagged lightafgom the light

" eiSh 10, dQt PoBRiredKERtad Frpoiirencebt vath Fetpgado the
Lot Rl B S B SR IR R 65 bnP Sty e -
B TRERE orR@Ht oh Wil By RS dRETh il | B, epample, in

_ Snﬂﬂaﬁ%sé?ﬁ&nﬁ@o.@fé%]\y_ The present enbodi rren_t uses

A predetermined illumination area on the reticle R is illuminated
with the exposure light EL of a uniform illuminance distribution by the
illumination optical system IL. The exposure light EL emitted from
the illumination optical system IL is, for example, deep ultraviolet light
(DUYV light) such as the emission lines (g-line, h-line, and i-line) in the
ultraviolet region from a mercury lamp and KiF 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 1s assumed to use the

ArF excimer laser light.
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pure water as the liquid 50. Pure water can transmt
not only the ArF exciner laser light, but also the

exposure light EL if the exposure light 20 EL is the gpp4.0160-00

deep ultraviolet light (DUV light) such as the

emssion lines (g-line, h-line, and i-line) in the
ultraviolet region emtted froma nercury |anp and
the KrF excinmer laser |ight (wavel ength 248 nm, for

exanpl e. Theercdicho St Rrsqawabs&agshﬁpeﬂﬁy' ded r¥i¢IR R and is
the liquid 25 supplying device for  suppfying the

pr edet dimdnxeonall¢luhdvaletia fheplanBas® nvdl ﬁﬁth@eéﬁ‘%i&?ﬁaxis AX
e

distal end face (distal end face of Iens 60) 7 o
- AQf RO projectiodLptiadisgstdnd PIOAtd C itlhrshe IKYLpliaﬁéddﬂaEﬁner

wafer W and a liquid recovery device 2 as a secon

r ecotatabledmy tlee 60 rdicsitioect i Tihe trleicld quagt RBT nist #dven by a
space 56, i.e., the liquid 50 on the wafer W The

| i geficlesstpgd viriving dizwice RSTD sucheus aelihear inetet.| yThe reticle
filling the space on the inmage plane side 5 of the

pr sfaget dmvingpdévaet RYSDern Gintvolidd biyethiei eptiteblid, CONT.  The
is provided with a tank for storing the liquid 50, a
cotwoedimiansignahposanon andtanmegletofl mtatgulodtthe réoele R on the
regulating the tenperature of the liquid 50 to be
supiclectage Rl specmessurednm egal timesbpm yasanbiatd feometer,
connected tqo the |iquid supplying device 1 and the

ot ed the gesiit ofidhe upeasprewmsat 3s ifed 10 the mondtadkertGONT.  The
supply nozzle 4. The |iquid supplying device 1

suppnireller (N drivgs gbetistiche stage drivang rdesigh RFED on the

suppl.y tube 3 and supply nozzle 4. The liquid .
r eBBYS r%fu&@vm?ésﬂfq@ﬂﬁr ssulfeal the Hasersinterferpmetes, togposition

Ol Tt AT AALRES, 1,
liquid recovery device 2 and the ofher. end of the )
recover y* #8ipB" e?@"’&oﬂﬂ‘éﬁa‘eéyﬁ'@n& %& 18 cON®niqho Performiing a
TGt ERNRL S et SRR ACH. i hine
S e DDA S0, S50 e o o
plurality of optical elements (lenses), which are supported by a lens
barre] 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 tﬁe 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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20 supplying device | to supply the. liquid 50 in a
predeterm ned anobunt per unit tinme through the supply

tube 3 and supply nozzle 4 to the space 56, and FP04-0160-00

drives the liquid recovery device 2 to collect the

liquid 50 in a predeterm ned anmount per unit tine

through the collection nozzle 5 and recovery tube 6
fromthe space 56. This results in placing the liquid

50 1ddér? 4MeX PGP ' | . 8heEN3] f 3R

the profection ogat% ca? ggégtsgﬁw{%ﬁhgng ?hgswa%’er tZloB];lSe >3

forsﬁ]ggofthg%“tﬁeim% BOr U iPhe Whie? staéiéh‘gﬂf’?aigilgﬂvgﬂ by a

t he ntroller CONT can arbitrarily set

SURPAfér 3paenlriRlg devicet WSTIP shble 3PRAMeaP fdtor. The wafer
controlling the I quid supplying device 1, and can

al stapdy Bl device W ITD ki conteblRal boahe YbnABIEHCONT. As

unit tine romon the wafer Why controlling the

li dwe dZsseqmy Sy idediiven,2th® Wafer AV hekh by |thet Faitags 51 is
showi ng a positional relation between the ™ opti cal

axiconaotled msefof thet positien iahe &7 axea dakcaoayddeuspapigion) and
formed on a wafer in the present enbodinment. In the

pr as ¢otthe gosdiore i tha®X ahdveYidirdétions?, AsrthgixXdW swapk 52 is
corrected for aberration, i.e., aberration- correcte

r edrivenAthd waflef Whesicomtraliedras ot the gimpigot yn dhe X ¥ directions
with an 10 outside radius (radius) Ro centered around

t hthepasetadn ax the dixectrons sebstantially pamallelstodheriattigesplane of
(radius) R centered around the optical axis AX, and

t wthe progeetaomeoptisabsysieinePl) o Nwnlylithe #-stage Slpeaoridols the
by a distance |If Then an effective exposure region

( efaast positioraand pngle 0f ERlinatiareof| theawader Yitt® match the
shape, by two arcs with a radius R of curvature spaced
15syidaet o thgiwateri BWh withh dhe wmagenplanegek thes psejectien optical
| ength D allel with the X-direction as.spaced hy

¢ heyxieay Rhoby ﬁ*les‘rwt cus wetharh andnavtigleveling methpdg and the
in e aberration-corrected ion AR of arcuate :
shgbg.sta\gﬁ Thpesitmsdhe W F ol Gieokr wus GligkgAng m the Y-

area ER of.the rojecgtion optical st.em,PL exi st
Cheasaliresion  1ths Hsgilesstoheutian UK Aestafs angh ¥ stage
the Y- directi of the, effective imging area ER of
arl(%lé’t%e g%r s H, %ﬁﬁh the size along the X-direction

's DA Ahl%%%hg 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 driving 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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not shown, the illumnation area of arcuate shape
(i.e., the effective illumnation area) having the

si ze and shape optically corresponding to the FP04-0160-00

ef fective exposure region ER of arcuate shape is thus
formed not 25 including the optical axis AX, on the
reticle R The exposure apparatus of the present

enbodi ment is arranged -42 FP04-0160-00 so that the

| ntrakPfo Shbdtheti AN JsESftEﬁrth@Ripdgﬁggﬁ ‘éﬁﬁ‘v%%%kg irs%l %sggg improve

in an airtight state between a

neahe€stesbRitiote ahdt st i i

| ersadobl iR bpged bebvedn theesQfic& e Svafee"™W Lldnd fhe end
the third 5 and fifth exanples, lens L21 in the fourth

angusfast {lewarmfaes)7 of theeoptichp tldmchth@efi§) 60t én the wafer W

exanpl e) and a boundary lens Lb (lens L217 in the

fi side afidhs grojedtienaoptics, systam PLSisi fille@avithid @redetermined

exanple, lens L36 in the fourth exanple, lens L20 in

t héigitd t 50 e depstedutingsthied petindt b€ teanschibiex ahpl Bnagé of the

lens L70 in the seventh exanple) and so that the gas

i npatterr of thergirad¢ & ontontleptiater VEy s Psnddcribe drathvas ¢ble lens

with an inert gas such as heliumgas or nitrogen, or

t hé0insixpesed doethie distad endbsidenofl thlel yrojectionmopsicat system PL

Furthernore, the nmenbers such as the reticle R and

r eand| theskiqud 5§3saareaniiexhds exbritactt wethnanhothedens#0.  This

path between the illumnnation optical systemIL and

t hpryesite coresigptarcthe diket of the, lemsdbarre] Mierinarde 16f metal.

of a cai‘ian(%ﬁ( not shown) for hernet i'Calul‘_[%/ encl osing the

r eSingcethy distd endelaice) e of tlag derrsd0 ds sufficiently| sagallgn than the

an, i nert su as nitrogen or. heliumagas, or kept

i nlealsgl?ﬁ%%ﬁlﬂi %ﬁc ﬂl?ly W@ﬁﬁlmlgpﬁﬁ@al ﬁ’sgenBPLgﬁmhthe wafer W and

illustration.sche ically show ng a configuratjon )

betiice the H@%@ﬁ%%@%cm‘ﬁ mattyanby the lense60 @S described

ex e of .the .present .e dinment. \Yth reference

Coaeogs. e liady i aRneed dOrBE dacalhi tilledson She igtage plane

has. ;a gomvex surface ket towargd the, retjcl first

ool e BofitiioR" GG syfRIRTIEL | Rargrhye e honid mgmersed

oIRGBt TRk BB B PRt e W i
sufficiently smaller than the wafer W. The present embodiment uses
pure water as the hiquid 50. Pare 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-Ine, h-lme, and i-line) in the ultraviolet region emitted from a
mercury lamp and the KrF excimer laser light (wavelength 248 nm), for
example.

The exposure apparatus EX is provided with the liquid

supplymg 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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boundary |l ens Lb and the wafer Wis filled with a
medi um Lm having 25 the refractive index |arger than

I.1. Inthe first exanple, deionized water is used aA$P04-0160-00

the medium Lm -43 FP04-0160-00 Fig. 4 is an
illustration schematically show ng a configuration
bet ween the boundary | ens and the wafer in the second
exanpl e of the present enbodinment. Wth reference to

F: @mﬁzotﬁ)ﬁeoﬂ%ﬂ]dws‘telhef’i kRdi the Wﬁfe&‘s?ﬁpﬁﬂd eﬁ(y@lg recovery

al so "has a convex "surface kept towar e reti

angdevite 2 Qisizﬁb@ccﬁidj?eq%ﬁeﬁ'ﬁ%vﬁ?e FheEsécthas tife ll’i\?}@liri& I5(Fin the

refracting power as in the first exanple.” Howe

thepaee I iexamke diqiEddb0f enafe WadsR Whe The $iquid supplying
exanple in that a plane-parallel plate Lp is

dedecivebl ¥s ardesi@etor ]d&all@'eﬁﬂﬁi%/vﬂl’%l %ﬁﬁefblbﬁﬁd\/ﬁﬁﬁgb hlane side
boundary | ens Lb and the wafer an in that the

opbi ¢h¢ prejdetioat optésnltdystdiauPHawith! thestidbidadd, hhe is provided
plane 10 parallel plate Lp and the optical path

bevwmter tthek pfornstopagaithel lighal S0 pa emdpidwiomfmim and a
are filled with the nmedium Lm having the refractive

i nttarpémtarer ragudator for régulaha gstheotethperatpieodtieohigast 50 to
water is also used as the mediumLmas in the first
exbepupplidddoghe spate &fbodDmerend of anpphygierbesd is kahnccted to
duri nlg an exposure 15 by the step-and-scan method of
petheoh iy sapply g deyicex pamnd theabilier emboif ribe suppiwitebe 3 is
Wrelative to the projection optical systemPL, the o
| i gonreated ite msupplys nesale huoddieiquid ssppliyinghdedpe ilcaupplies
path between the 'boundar)é | ens Lb of the projection

opthec aquid; Xk o phe aspaaen sowdrenghy ther supplyatube 3 end supply

of the scanni ng exposure. Another potential 20
coﬂ‘PﬂéGF’ati on is such that the wafer holder table W&

ccommodEl I FoGRaEY (drapemh BrroRiEE Hth arwetipgrump, a
el 6 sioge; e cofisetssh i Bherail 30 wh heOne end of
i T 5 o Eobe0RE 0t Tl 250040 Z6RRE 5 and he
le)éﬁtg% %p]dg{)]f gpe' fefpg)%ré];yi' qubé té i bo}]ﬁgctgidsttoa:!t C%Tl%cggnt IQ('?ZZ]G 5.
The hquid recovery device 2 collects the hquid 50 in the space 56
through the collection nozzle 5 and recovery tube 6. For filling the
space 56 with the hiquid 50, the controller CONT drves 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 liqmd 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
in 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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projection optical systemPL is arranged to reach the
inside of the liquid -44 FP04-0160-00 and,

consequently, the wafer-side optical surface of the Fpp4-0160-00
hi

boundary | ens Lb reaches the inside of the |liquid.

this manner, an atnosphere with little absorption of

the exposure light is fornmed throughout the entire

optical path fromthe 5 |light source 100 to the

subké rqdinfrdfler ASONTCEAP @b RRONG, sdthiel liﬂﬂfﬂ RabpRN adi&@nt per

on the reticle R and the exposure region (i.e., "the

ef fugdt tinee RXHRS WpBce 66 W,o@ﬂh&ﬁn%ﬁﬁe%ﬁﬁ WEslgi® device 1,

the arcuate shape extending in the X-direction:

Thendf eare aldohartiasiily aes thé lidedr eslledtforRangheht per unit time

substrate Ware controlled using the reticle stage

coffitomldretheRFafer Wiby bengolisig diclighibredbviery dgvice 2.

device, the laser interferoneters, etc. to

synchr onbus| % iy dhfsteation slewigt b gositsédacREiombetween the

the substrate stage W5, in turn, the reticle R and

subptical &6 \amidear) etitatioagxpbsuré siicuast arenate sreefiymed on a

the scanni ng exposure of the reticle pattern is

pemaferrad the tpresemtx poshodinreayi ordnhélve npreaend dnmbedjoadnt, as

to the Y-directional size Hof the 15 effective

expewndnr Eig. oh Eregind wiell @ugrdcted dor abeiyationa 1 £caxberration-

amount  (novement _anount) of the substrate W on the

suberreeted megiom ABcis dolagsd & aanarsypteeshape byua foieée veith an

expressed by mathematical expression (a) .below, where .

y Puiside sadiys {radinghR o eenterad aemmidothenoptieal axistA, a circle

opti.cal axis, z di stance_(sag) along the optical 20

axMatly ap #ngidearasting ({ﬂcgu%) Ri centersdxaround,the,optieal axis AX,
surface at

surface tg a position t he aspheri cal )
Chand mng ,Sewm%aﬂcépedftocthﬁ r@irectiony spasedaby e, distance
is ical cgefficient, and C. a erical . )
cobti Ehenan eectiye sxpasute resion vé lmagingsarea) ER is
surf,ace formed inh aspherical shape is,.prQvided with

oSt g BeHats SBbe BY VS Gres Wi a Bk Beof Egied spaced

OB Krebdon, &g Ry Bl SBhAIAEs Hraft AchghlYEpdapie) with

* frOXY dfelRon 'a%SSpaced by the distance H, so as to be substantially
mscribed mn the aberration-corrected region AR of arcuate shape.
In this manner, the entire effective imaging area ER of the
projection optical system PL exists in the region off the optical axis AX.
The size along the Y-direction of the effective imaging area ER of
arcuate shape is H, and the size along the X-direction is D. Although
not shown, the illumination area of arcuate shape (ie., the effective
itllumination area) having the size and shape optically corresponding to
the effective exposure fegion ER of arcuate shape 1s 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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FP04-0160-00 In the first and second exanples, the
val ues of the aspherical coefficients Cl6 to C20 are

0, and thus the description thereof is omtted. In FP04-0160-00

each exanpl e, the projection optical systemPL is
conposed of a first imaging optical systemd for

formng an internediate image 5 of the pattern of the

reticle R disposed on the object plane (first

susbagia} ,theaimterdos e€ahe projetticn WPt sysyshePL G k@gt in an
formng a reduced inmage of  the reticle pattern on t

va ket ght ditateobeitvern b eoptiad anehiee losarehdearker teahe reticle
on the basis of light fromthe internedi ate i mge.

He amdiige thé iopgical menbgrofvimalg tlysipeojedtionsoptical system PL
catadioptric systemincluding a first 10 concave

r e{whaech rglemisrlc bl iCilic finst ands seant] exmopies, ledd Bdtionte third
mrror CM2, and the second i naging optical system &

a dndpifth exsysples) lersFL2 $ tinBhenfinath Fing. sixth £xamples, or lens
illustration showing a | ens configuration of the.

pr bpdcmi the sgpvanthlexgyplejrandcobdimdatyo lartseLbi ais 1217 in the
exarrpl e of the present 15 enbodinent. Wth reference

t ofiFstgand second rexapmdesclansnl bptincthic thied exapiple, lens L36 in
accor to the first exanple, the first im
opmec%ur%wxamp@ {obs Toh b Bl FHth ERmIe) lanedgt T in the sixth

component rran ed in order fron1the reticle side
al S¥H0p er EYIR r{bmjt sevesih example) and 35 thattbs gas inside
Ie s LI1 whose convex surface of aspherical shape is
PERIBFUOR 1RPtigat systean - gs d@nlﬁém wilkdy @rlzmera gas such as
%ﬁglve neni sc s | ens 3 .whgse. caye rface_of

W gRs Qﬁaﬂa Ogenkeb ¢ dRlFg 18 ntem %IS@ stangially vacuum
f rs refl ct ng, mrror . In.the first
 &3fe o ORaRtEunOE (B bty Sk raths FABR and Toticle stage

R AL o8 5 o

éé@{ﬂ}%%ﬁm% AL IRbl s Tom i SHPALPE FEA dterior
oo 0GRt oy VD B3, neBfelifafty, elifofhl ff reqdR R, the

angiche sEERAR Y CeRESSAHEd! ¥ an inert gas such as nitrogen or
helinm gas, or kept m a substantially vacuum state.

Fig. 3 is an illustration schematically showing a configuration
between the boundary lens and the wafer in the first example of the
present embodiment.  With reference to Fig. 3, the boundary lens Lb in
the first example has a convex surface kept toward the reticle (first
surface). In other words, the reticle-side surface Sb of the boundary
lens Lb has a positive refracting power. The optical path between the
boundary lens Lb and the wafer W is filled with a medium Lm having
the refractive index larger than 1.1. In the first example, deionized

water is used as the medium Lm.
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L13. Therefore, the biconvex lens LIl and the biconvex
lens L12 constitute a first lens unit having a

positive refracting power. The first concave FP04-0160-00
g

reflecting mnor CM constitutes a concave reflectin

mrror 5 disposed near the pupil plane of the first

i magi ng optical system GL. On the other hand, the

second ineging optical system& is conposed of the

fol I ow ng’ig.oﬂp@nﬁi‘tiﬁuﬁatﬂa@éﬂ%fchéﬁﬁiﬂ §Eé¢vﬁ’1§ aS b@ffiguration
along the traveling direction of light: a positive
nebiepRben the bowddaryiaseandhewpareyinate Se%ohﬂ%xantlple of the

toward the reticle; a biconvex lens L22; a 10 positive

e prégun® cheisdibidhtwhoyghaefieevee 10 Hiacs, e BowRRirydahs Lb in
shape is kept toward the wafer; a négative neniscus

| etise Is@dond @xangslovalxo I8l & avmvek aaffaer kept toWwape the reticle

kept toward the reticle; a negative neniscus |ens L25

whand themeelesside aneface Refiertofbng atesitiet refractiag power as
bi concave | ens L26 whose concave surface of aspherical
shap¢hé¢ Sidse patiple ondiaveher, rthti secendaexmaple ve different from
meni scus | ens L27 whose concave surface is kept

t otles firstrexanepliecinethat apdgate-pacalieinplace £.p wrdetadigableseanged
convex surface of aspherical shape is kept toward the

r etn the pptichl pathybetWeasthd boundatyi bmsvbk dnehtha 9afer % and
positive neniscus |ens L211 whose convex surface is

kept thajnthed optieak pathc between dherbaimudasydenad, b sand the plane-
positive 20 nmeniscus |lens L212 whose concave surface

i spreable! phaterlep and the ppiical path betewencthel plaseipzrallelplate Lp

posi tive nepiscus |lens L21 ose concave _ surface of .
aspnd the dwag';ﬁa'ﬁéaxes %ll@étwli o meupnian; havipgdiei redractive

meni scus | ens L215 whose convex surface is. kept, toward
{ hedest e Than dob 11y EherBAY SRS RS cL Jaignisds water 1s also

C PESL AL HR A B BB RSARH5. ( boundar y | ons
o 08 B U LS LS i ring an cxposre
TR PR A cDRLSE BecOo ah L B A white
g\;%o%n%e WA FELE0E BP0 RhioRCb ALl k8 PL, the
liquid medium Lm 1s continuously 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 scanming 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 1s positioned and held by vacuum suction in the center of
the mper bottom part thereof (in the liquid), as in the technology
disclosed in Japanese Patent Application Laid-Open No. 10-303114, for
example. In this configuration, the distal end of the lens barrel of the

projection optical system PL is arranged to reach the inside of the liquid
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constituting the projection optical systemPL are
arranged along the 5 single optical axis AX

Specifically, 100% of the transmtting nenbers FP04-0160-00

form ng the second i magi ng optical system G are nade
of silica. The optical path between the planoconvex
| ens L217 as the boundary lens Lb and the wafer Wis
filled with the mediumLm consisting of deionized

vataad, consédeeritly, sheewaf@ldde tdistidal BiirfAde0ot the bbndary lens
reticle R passes through the lenses LI | to L13 to

entldy radohes ithes insidnoéiviee ligaid.ecting mirror CM. The

light reflected by the first concave reflecting

mrror Clh thmsvelhasnei,aanhgthesphdrSwatid litde absorpdion of the
concave reflecting mrror CM to forman internediate

i meypostdret hght asiformeR tlmeaghohte ther sttigooptival path from the
reflecting mrror CML. The light reflected by 15 the
sebightl sonicay el (ef tecthengubistrate PMV2 Asavédssribedo afove, the
the lenses L21 to 1,217 (Lb) to forma reduced image

of iiwisinagior|are® am theaetwleR aud Ithet éepdsurstregion (i.e., the
exanple, all the transmtting nmenbers (I ensest?hlﬂ

f ofHeal Ve wxposuetegion IO ionathes paferVPlararad thedwcuate shape
silica (SiQ2). 20 The |asing center wavel ength of the

Ar exiending in [the oK -diregionpe| “ﬁgeﬁeﬁ"@r@ﬂb@msetmnsmf the reticle R
193.306 ri d the refractive index of silica near

1980 @G‘bﬁwg%ﬁaﬁ?&e a‘fpnﬁdlgaelméflg-tlnea@md@ segepwmtroller RSTD,

wayvel engt h change of. .+1 pm. and, vayi es at rate of
+ fugStI@t-eG Sk SEvang n‘gﬂﬁw@h éh@e ager -mterpgrometers, etc. to

nagiehspnogsly; Moy GEihegeticla stedtshcd fssniuiate stage

o i B R RO Sl S M B tivection,

B Ss h SABBEB AL R ER S PR in e

o0 PR APk SR IR 8 ghof e

" oFeeiYs EXPogly bl LG, Tn€f Ry Gihd %o a scan amount
(movement amount) of the substrate W, on the substrate 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
position on the aspherical surface at the height y, r a radius of curvature
at the apex, x a comcal 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.

2= (P + {1 - (1 + V] + ey’ + ey’ + opy® 4

10 12 14 16 18 0
Cioy tepy teuy FCy teiy +020‘Y2 ' (@)
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wavel ength of 193.306 rimis 1.5603261, the refractive
index of silica for 193.306 nm+ 0.1 pm= 193.3061 m

is 1.560325941, and the refractive index of silica FpP4-0160-00

for 193.306 nm- 0.1 pm= 193.3059 nmis 1.560326259.
The refractive index of deionized water for the center
10 wavel ength of 193.306 run is 1.47, the refractive
i ndex of deionized water for 193.306 nm+ 0.1 pm =

193. 3061 Inmthesfitst4aRP 28¢dnd anciniples, ted nadidy of ithd ea@é)herical
of deionized water for 193.306 nm- 0.1 pm = 193. 305

nmdoeffic¥iit00026 Clpdred),(ahd thelsahe pfcssrptionhtrees i9bmitted.
specifications of the 15 projection optical system PL
accor di ndgnteachhexadmplet the prpjestionnoffatalesystdin, PL is composed
represents the center wavel ength of the exposure

| i giita fiestamagiogexpticah sysigni 1Grk dor dormimmgn igtermediate image
magni fication of the entire system), NA the

i moféhe patiermaf the witudy Rndisposedlorather abjeet plane dfidstRiurface),
the _outside radius and inside radius of the )
abandg senencomagingdptingl system G fer foribgteheeduced image of
Y-directional size and X-directional size of the

ef th reticle patissn wnetheeyiaber BRAispased emdheismage plane (second
curvature of the are defining the  effective exposure

r e§idacEROpcthecbasy ofi hgh fignarths) indermediate émegape Here the

and. Yo. t he maxi mum i mage hei ght. Each surface nunber
r e%{@g@%@ngé}?uﬁa@] systein éﬁsm M@éacgpﬁmq pystem ingleding a first

si de al on he. travel i iregtion 25 of rays fromthe .

[ eFPE%Vf‘s?ﬁfi%fglélgomlﬂgrm Bpéca SpeQiE COPLAYY r@ﬂeqtmymmr

t 0, the fer surface being the i e ane (second

suﬂ‘é?e?nﬁﬂ’%swmﬁg“%gln&&mﬁi@yg%?@&%@ digpiticpystem.

of Qg:as&gﬁurfgqje (radius of curvature at an apex: mmin

t hE Hpp aspherical surface), d an on-axis

spaci ng sgrface ration of, each rface

and n t hglrgr e$ r’éc?‘Pv’iﬁf‘-ﬁ& T 8@0%&#9? c Wr@ﬁé’ph of the

5 - ' - es. | si.an er

 BlisEh RERERSERH el HIENFR s LM BIEDY the presen

se ' I S ' ' ieal f

eeptREng. | TSk b HIE S S8 R PR S s

COPE(Rording 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 113, toward the second

imaging optical system G2 is placed in a region not including the optical |
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reflecting mrror CM2, and positive in the other
optical paths. The radius of curvature of each convex

surface kept toward the reticle is 10 positive, and Fp)4-0160-00

the radius of curvature of each concave surface kept
toward the reticle is negative, regardl ess of the

“direction of incidence of light. The notations in

Table (1) also apply to Table (2) hereinafter. [TABLE

1] aRis ACK fetwEee thé boainvex ichS IAF1 93d3henwgalidethédiscus lens
NA=1.04 Ro=17.0mm Ri =l1.5mm 20 H=26. Onm D=4. 0nm

R=1d.386mbherddorky . thenbispreixf laat Tdi ahdOHd dbidorWexbésiss 112
25 Surface -50 FP04-0160-00 nunber r d n Optical
Megbasti{ute i fitst lens hat davitg 25pddtive 4¢fra2 8@ poibert 56THe first
1.5603261 (1,11) 2* -192.24078 1.00000 5 3 47120391
35.cpB62% 1cB6UBRE Mt MY caBaitaws38 chazat®98fledting mirror
-159. 65514 13. 00000 _1.5603261(L13) 6 -562.86259

9. dogesed ncaothopeps plan®ofée fesilimaging optical system G1.

On the other hand, the second imaging optical system G2 is
composed of the following components in order from the reticle side
along the traveling direction of light: a positive meniscus lens L21
whose concave surface is kept toward the reticle; a biconvex lens L22; a
positive meniscus lens L23 whose concave surface of aspherical shape
18 kept toward the wafer; a negative meniscus lens 124 whose convex
surface of aspherical shape is kept toward the reticle; a negative
memniscus lens L25 whose convex surface is kept toward the reticle; a
biconcave lens L26 whose concave surface of aspherical shape is kept
toward the reticle; a positive meniscus lens 1.27 whose concave surface
1s kept toward the reticle; a negative meniscus lens L28 whose convex
surface of aspherical shape is kept toward the reticle; a biconvex lens
L29; a biconvex lens L210; a positive meniscus lens 1.211 whose
convex surface 1s kept toward the reticle; an aperture stop AS; a positive
meniscus lens 1212 whose concave surface is kept toward the reticle; a
biconvex lens L213; a positive meniscus lens 1214 whose concave
surface of aspherical shape is kept toward the wafer; a positive
-memiscus lens L215 whose convex surface is kept toward the reticle; a
positive meniscus lens L.216 whose concave surface of aspherical shape

1s kept toward the wafer; and a planoconvex lens L217 (boundary lens

Lb) whose plane is kept toward the wafer.

-47 -



10

15

20

25

10 8 -562.86259 -13.00000 1.5603261 (L13) O9*
-159. 65514 -107.19951 10 3162. 83419 144. 20515 (CM)

11 -389.01215 43.15699 1.5603261 (L21) 12 -198.92113FP04-0160-00

1. 00000 15 13 3915. 27567 42.01089 1.5603261(L22) 14
-432.52137 1. 00000 15 203.16777 62.58039

1.5603261(L23) 16* 515.92133 18.52516 17* 356.67027

20. 00000 1.5603261 (L24) 20 18 269.51733 285.26014 19

665. 610751113:56%ﬁ@@xﬁnﬁﬁ%aﬁlth(eLﬁﬁhsnﬁ@m?ﬁlﬁléiﬁBé% (lenses) and
32.43496 21* -307.83344 15.00000 1.5603261 (L26)

25all1 a6 TeBecti? 8redbeRs with 48 pRAIA?2 (the. ﬁﬁﬁS&ncave reﬂectmg
1.5603261 (L27) 24 -236.25969 6. 67292 -51

FPOAHOE60CO0] 281 1017, Setdid] 16006000 teflEARRS (i) CM2)
26 504. 02619 18.88857 27 4056. 97655 54. 00381 1.5603261

( LzOpstinging? gk @refwtion0optioab systeni 2PB 1862 apangéd0dlong the
1.5603261 (L210) 30 -8599.87899 1.00000 31 667.92225

52 sowta7optisabamas (A0£11) Speeifdedbg. 9946 »f3@m02tragsmitting
00 42. 27703 (AS) 10 34 -2053.34123 30.00000 1.5603261

( LEem e%fommgmsecpmbunagmg optical system G2 are made of

silica. The optical path between the planoconvex lens L217 as the
boundary lens Lb and the wafer W is filled with the medium Lm
consisting of deionized water. In the first example, the light from the
reticle R passes through the lenses L11 to 113 to enter the first concave
reflecting mirror CM1. The light reflected by the first concave
reflecting mirror CM1 travels via the lens L13 and the second concave
reflecting mirror CM2 to form an intermediate 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
L21 to L217 (Lb) to form a reduced image of the reticle R on the wafer
W.

In the first 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 hight is 193.306 nm, and the refractive index of silica near
193.306 nm varies at a rate of -1.591 x 10 per wavelength change of
+1 pm, and varies at a rate of +1.591 x 10™° per wavelength change of -1
pm. In other words, the dispersion (dn/d)A) of the refractive indei 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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36 1530. 45141 39.99974 1.5603261 (L213) 37 -540.23726
1. 00000 38 370.56341 36. 15464 1.5603261 (L214) 15 39*

12719. 40982 1. 00000 40 118. 92655 41.83608 1.5603261 FpP04-0160-00

(L215) 41 190.40194 1.00000 42 151.52892 52. 42553
1.5603261 (L216) 43* 108.67474 1.12668 20 44 91.54078
35. 50067 1.5603261 (L217:Lb) 45 co 6.00000 1.47 (Lm
(Wafer surface) (Aspherical data) 2d surface 25 x=0

CAw vl 302X $Bardy W%Bgﬂﬂ4%i@ ~hities AR aFRA¢-$X160:00 10° per
(C8=5.43348x1017 Cl10=1. 65523x10-21 C, 2=8. 78237 x 1016

Clavsvedegitic Harp@0of At prs ur fraothexnslofds, sk Uagreréivanen/d)) of
surface) K=0 5 C4=7. G%ggomo 9 C6=6. 09920)(&17681% @ )

C8th& refiselixe inddx ofidrien#ed2matdi0R0-2.6 x 10°/pm near 193.306

Cl2=- 3. 14967x10- 24 Cl4=2.21672x1028 16th surface |1c=0

10n@4=- 3. 79715x108 C6=2. 19518 x 10-12 C8=-9.40364x

%:gizlccl)gg,’gﬁg %Se&égp%é @S}%ﬁ%%liﬁeiogf 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 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), % represents the center wavelength of the exposure light, B a
projection magnification (imaging magnification of the entire system),
NA the mmage-side (wafer-side) numerical aperture, Ro and Ri the
outside radius and inside radius of the aberration-corrected region AR,
H and D the Y-directional size and X-directional size of the effective
exposwre region ER, R the radius of curvature of the arc defining the
effective exposure region ER (effective imaging area) of arcuate shape,
and Y, the maximum image height. 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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K=0 15 C4=-6.69596x 108 C6=1.67561 x 1012 C8-6.18763X
1017 Cl O=2.65428x 10-21 C, 2-4-09555x 10-26

Cl4=3.25841 x 10-31 21st surface K--0 20 C4-8.68772FP04-0160-00

10 8 C6=-1.30306x 10-12 (C8=-2.65902x 10-17

Cl O=-6.56830x 10-21 C12=3.66980x 1025 Cl4=-5.05595x%
1029 25th surface K--0 25 C4=-1.54049x 10-8

C6-7. 71505 x 10-14 (C8=1.75760x 10-18 C10=1. 71383 X

1023urvatiré Rf4e &b Qutfice Cradins 045 8divatOre Ut Qlﬂaﬁez%ﬁﬁﬁxm the
10-32 39th surface 1=0 C4=-3.91974 x 10-1' (C6=5.90

X Tasdof ah 5pherisabAffade)]1d a8 @&-akl@iﬁé’(ﬁng(br%%rface sepa:ratlon
Cl2=2. 26543x10- 27 Cl4=-1.90645x10-32 43rd surface

i c¥mmiAoB. GRI2 4urfi0es 426k In 4827 TefihOtiteé iddex for the center
C8=-1.13452x 10-15 C o=l.18459x 10-18 Cl2=-2.83937x
10¥acieng®h01735x 10-26 (Val ues corresponding to

ConditiorP})tle Zﬁﬂ%%é ;EHWIYO 17.0m 15 R=20. 86mm

paration d changes its sign cvery reflection.
Therefore, the sign of the surface separation d is negative in the optical
-path from the first concave reflecting mirror CM1 to the second concave
reflecting mirror CM2, and positive in the other optical paths. The
radius of curvature of each convex surface kept toward the reticle is
positive, and the radins of curvature of each concave surface kept
toward the reticle is negative, regardless of the direction of incidence of
light. The notations in Table (1) also apply to Table (2) hereinafter.
[TABLE 1] |
Principal Specification
2=193.306nm
p=+1/4
NA=1.04
Ro=17 0mm
Ri=11.5mm
H=26.0mm
D=4 0mm
R=20.86mm
Yo=17.0mm
Specification of Optical Members

Surface
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(1)FI/Yo=9.66 (2)R/ Yo=1.227 Fig. 6 is a diagram
showi ng the transverse aberration in the first

exanple. In the aberration diagram Y indicates the Fp4-0160-00

i mge height, each 20 solid line the center

wavel engt h of 193.3060 nm each dashed |line 193.306
nm+ 0.1 pm= 193. 3061 nm and each chain |ine 193. 306
nm- 0.1 pm= 193.3059 nm The notations in Fig. 6

al snalpgd vy to Fig.d8 hergei n@pt@@ﬂ Msnipparent from
t he aberration diagramof Fig. 6, though the first

exanplectrde sudace he 70625543r ge i mage- si de nuneri cal
aperture 25 (NA = 1.04) and the relatively large

ef flect i ¥44281dKur e 466GV ER1.566@326h(oihy i ¢
aberration is well corrected for the exposure |ight
wi 2f t hel92.240F804- DO60O00 wavel engt h band of 193. 306
urn 0.1 pin. [Second Exanple] Fig. 7 is an

i | Bust r 471 &03%Howi 8§.58428ns doSbO3IRGR(ILDR) of the
projection optical system according to the second
exdnpl 22424038 513249901 enbodiment. Wth reference
to Fig. 7, in the pro{iection optical system PL

ac838r di nk2.658h¢ sekbBa0eRanpl S608RE1f(lrlsY) i magi ng
opt.i cal s§stem G is conposed of the follow ng
cofponetiB 80453 de?.0Pp6M t he reticle side along the

traveling di rgction of light: a biconvex |ens LII

whdse vdiféx8e8r f 200G 04 spheri callC¥ipe is kept
RV AT e T
FePect i Rbs HEr el R ket £ st magi ng ot cal
Fefbect shiR a8’ F8 RBIS et Pact rgME T Tghe e
15ihng EREGATY o 5 16 e chobfa2blil & | ens 13,
o Zhe TR SBFEET LD The optt cal axts Ax o
bej yeensd ie-Hbkgonve hpgol12 ARl (o9t ve

14  -432.52137 1.00000

15 20316777 62.58039  1.5603261 (L.23)

16* 51592133 18.52516

17*  356.67027  20.00000 1.5603261 (1.24)

18 269.51733 28526014 .

19 66561079 3516606 1.5603261 (L25)

20 24055938 32.43496

21*  -307.83344  15.00000 1.5603261 (L26)

22 258.17867 5824284

23 -1143.34122 5143638  1.5603261 (L27)

24 23625969 6.67292
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meni scus | ens L13. Therefore, the biconvex | ens LI
and the biconvex lens 1,12 constitute a first |ens

unit having a positive refracting power. 20 The firstFP04_0160_00

concave reflecting mrror CM constitutes a concave
reflecting mnor disposed near the pupil plane of the
first imaging optical system GlL. On the other hand,
the second inmagi ng optical system & is conposed of

t heskol I g7 H54RIMPONSIBEIG( OrIQ%Os‘Z@I‘UL@S? reticle
side 25 along the traveling direction of 1light: a

pogigt | vaouEIceIOuUs l8ERYZ1L whose concave surface is
kept toward the reticle; a biconvex lens L22; a -55

FPQ4- 014056®7630si t 5¥O0BRT scys56@Iz6 LARPhose concave
surface of aspherical shape is kept toward the wafer

a 8gat 83 6MBEBcus]l HEOOOL24 whose convex surface of
aspherical shape is kept toward the reticle; a

ne@dt i v@723difi02c us 28630725 ihS6E3 26nleX1 @ur f ace is
kept toward the reticle; a 5 biconcave | ens L26 whose
coBOavel8$) 82829 of B6PBEOI cal shape is kept toward
the reticle; a positive neniscus | ens L27 whose '
coddave66WRARE i 8210477t owdrTHAIROIr dtikl)e; a
negative neniscus | ens L28 whose convex surface of
as%BerBﬁé@SéBQﬂé i s2B80202t oward the reticle; a

bi convex lens L29; a biconvex |ens L210; a positive
meRBscusd ens #2227 MBose 10 cofd8) surface is kept

toward the reticle; an a8erture stop AS; a positive
nedftsctdlIedd11D12 3h8dRUG onchvé03dpl dEE123 kept

toward the re{iéle; a biconvex |lens L213; a positive
medAPscuw 14ehél4®14 MPO@@0concave surface of

rodboculSseAs s 5 38 3B honv e U Bkepe "t ovar d
conBave- k2308 of U To "shape i 5 kent toward
LbF8unosto P " B&dSitAoval dotheaiad 2B he ' "
O T EE P utsd LT BB0MRen Fe Dl ancconvex |ens 1217
asghhe PRIGIBLY  41.83608  1.5603261 (1215)
41 19040194  1.00000
42 15152892 5242553 1.5603261 (L216)
43*  108.67474  1.12668
44 9154078 3550067 1.5603261 (L217:Lb)
45  « 600000 147 (Lm) |

(Wafer surface)
' (Aspherical data)
2™ surface
k=0

C,=-8.63025x10° C=2.90424x107"
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20 lens Lb and the wafer W The nedi um Lm consi sting
of deionized water is filled in the optical path

between the boundary Iens Lb and the plane-parallel Epg4-0160-00

plate Lp and in the optical path between the

pl ane-parallel plate Lp and the wafer W In the
second exanple, the transmtting nenbers (I|enses)
constituting the projection optical system PL are made

25 QL5833 4m 10T | got-it B568ak2D2! Specifically, the
|l ens L13, lens L216, and Ilens L217 (Lb) are nmade of

f1 anrig 9823nd10Re atfe $336ms (itd pl ane- -56
FP04-0160-00 parallel plate Lp are made of silica.

NasSet yurfaepand iofedefaceB@¥ne sirdfscd)r ansni tting menbers
formng the second i magi ng optical system & are nade

of ksOlica. Furthernore, in the second exanple all the
transmtting 5 menbers (|l enses and pl ane-parall el

pl @L,ey G590t h€ =6f09920:nid) menbers with a power
(first concave reflecting mrror_CML and second
coflgave 53660et01 hg @hyeRof4928) 10 mi ng the proj ection
optical system ﬁL are arranged %ong the single
opUOhgald BIAG A0 n(Ghhe2.24633d10€Xanpl e, thus, the

li %ht fromthe reticle Rtravels through the | enses LI
| 16 thsutfaBet o enter the first concave reflecting
mrror CML. The light reflected by the first concave
rek8cting mirror CML travels via the lens L13 and

t he second concave reflecti ng mrror CM to form an

i nCerrbdPal 2<10mgleot24R81880cl e R near the first
concave reflecting mrror CM . .The light reflected by

t hessetdBdotoH ave GieTB 73 105 nirror CVR travel s

t hroug e lensgs L21-1217 (Lb);and the plane
pafatT }ZIQE]IMQ]_D t Itf:o]r-égﬁx&égéced i mmge of the
refiLcle on the wafer W In the second exanple, the
Iaij'(ti'gs"égﬁeer wavel ength of the ArF exciner |aser
Ii}gl_wé bei ng the exposure light is 193.306 nm and the
20*refractive index of silica near 193.306 nm varies

b P 43 oy eroth chanoe of 1
Ce=6.18763x10"  C1i=2.65428x10™
C17=4.09555x102°  C,~3.25841x10™
21st surface
k=0
C,;=8.68772x10%°  Ce=1.30306x10"2
Cg=2.65902x10""  C;=-6.56830x10""
C1=3.66980x10%  (C14=-5.05595x10%°
25th surface
k=0
C=-1.54049x10° C¢=7.71505x107"
Cg=1.75760x10"*  Cy=1.71383x107
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10-6 per wavel ength change of -1 pm In other words,

the dispersion (dn/di) of the refractive index of

silica near 193.306 nmis -1.591 x 10-6/pm The ) _
refractive index of fluorite near 193.306 nmvaries aPP04 0160-00
a 25 rate of -0.980 x 10-6 per wavel ength change of +1

pmand varies at a rate of +0.980 x 10-6 per

wavel engt h change of -1 pm In other words, -57

FP@4-0 X ' ' LomEdX) of the refractive

i ndex %%@Q‘?fgﬁoﬁﬁf gg%‘%?ri%%%epﬁr:u is -0.980 x 10-6/pm
FunbiigsnEmee the refractive index of deionized water

near 193.306 urn varies at a rate of -2.6 x 10-6 per
wayelengt h 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

WOKT)s-3 109 7dq el si@p=3 90682 X104 t he refractive index
of deionized water near 193.306 nmis -2.6 x 10-6/pm

| nQshe B5pnd O Exap)e] 0188 107& refractive index of

silica for the center wavel ength of 193.306 nmis

1. §593206548Re 0Pef ragH-Y®0edded 00F silica for 193. 306
- nm10 + 0.1 pm= 193.3061 mu is 1.560325941, and the

r ef}Bad ssfaceé ndex of silica for 193.306 ran - 0.1 pm =
193. 3059 urn is 1.560326259. The refractive index of
fluefite for the center wavel ength of 193.306 urnis
1.5014548, the yefractive index of fluorite for
19€,383 332 10 .Cﬁmhtlszmnbél urn is 1.501454702,
and the refractive index of 15 fluorite for 193. 306

r s b1346ar 10153 Goss, KiAS9 ) 01454508,

Furthernore, the,refractive index of deionized water

f o1 83 Br10 iay 6lenyPR736x103°306 urn is 1.47, the
refractive index of deionized water for 193.306 urn +
0. {Values coorespordingoi Gondigenoo74, and the

re&ra tive index of deionized water for 193.306 run -
0. FlpaP4.10a813059 20 nmis 1.47000026. Table (2) bel ow
pr gz& val ues of specifications of the projection
optwf'lngE%en1PL in the second exanple. [TABLE 2]

(RﬁL&ﬁ{é@ﬂnﬁFpecifications)

(HYF1/Y=9.66
(DR/Y=1.227

Fig. 6 1s a chagram showing the transverse aberration in the first
example. In the aberration diagram, Y indicates the image height, each
sohd Ime the center wavelength of 193.3060 nm, each dashed linc
193.306 nm + 0.1 pm - 193.3061 nm, and each chain line 193.306 nm -
0.1 pm = 193.3059 nm. The notations in Fig. 6 also apply to Fig. 8
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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X=193. 306nm 25 R=+1/4 NA=1.04 -58 FP04-0160-00
Ro=17. 0mm Ri =11. 5nrm H=26. 0mm D=4. 0mm 5 R=20. 86mm

Y0=17. 0mm (Specifications of Optical Menbers) _ _
Surface Nunber r d n Optical nenber 10 (reticle FP04-0160-00
surface) 72.14497 1 295.66131 46. 03088 1.5603261

(1,11) 2* -228.07826 1.02581 3 847.63618 40. 34103

1.5603261 (L12) 4 -207.90948 124.65407 15 5*

: . 3 6 -667. 19164
o, SRS RRPE0803.598 5%%0(%%k} 8 -667. 19164

-1§Sgg9gpg&a§ﬁgég48(L13) 9* -154.57886 -109. 65407 20
10 '2517.52751 '147. 23986 (CM2) 11 -357.71318 41.75496

Lo SS0HL L A A SO0 B, of e
200r3Refdn>dplcab JybicR 0328didisZ8) to the second example of the
present embodiment.  With reference to Fig. 7, in the projection optical
system PL according to the second example, the first imaging optical
system G1 is composed of the following components in order from the
reticle side along the traveling direction of light: a biconvex lens L11
whose convex surface of aspherical shape is kept toward the wafer; a
biconvex lens 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 GIl, a
reflecting surface of a second concave reflecting mirror CM2 for
reflecting the hight reflected by the first concave reflecting mirror CM1
and transmitted by the negative meniscus lens L13, toward the second
immaging optical system G2 is placed in the region not including the
optical axis AX between the biconvex lens L12 and the negative
meniscus lens L13.  Therefore, the biconvex lens 111 and the biconvex
lens L.12 constitute a first lens unit having a positive refracting power.
The first concave reflecting mirror CM1 constitutes a concave reflecting
mirror disposed-near thé pupil plane of the first imaging optical system
G1.
On the other hand, the second imaging optical system G2 is
composed of the following components in order from the reticle side
along the traveling direction of light: a positive meniscus lens L21

whose concave surface 1s kept toward the reticle; a biconvex lens L.22; a
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16* 367.14898 24.95516 -59 FP04-0160-00 17* 258. 66863
20. 00000 1.5603261 (L24) 18 272.27694 274.16477 19

671.42370 49.62123 1.5603261 (L25) 20 225.79907 EP04-0160-00
2

35.51978 5 21* -283.63484 15.10751 1.5603261 (L26)
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

192asiH A3 thers REORAs 1. I QArskk EbdSve $@rfaddof QBRérical shape
1. 00000 29 861.21046 52.50515 1.5603261 (L210) ~30

- 34@%%}3%3\5’&& {89 YTl 09 dkoflide 30BAR RS 18Ad 124 whose convex
1.5603261 (L211) 32 3918166426 1. 00000 33 00

46 saitac® O6AAs éﬁc&ll%%hpglgﬁ‘keéﬁ- PORAR 1theb9328%; a negative
(L212) 35 -631.95129 1.00000 Z0 36 1465. 88641

39n&kdSns! 1ehBOB26 lwhbgd 3pnvéx sirfdsel Bl REpL 1GWARD IS reticle; a
336.45791 34.80369 1.5603261 (L214) 39* 2692. 15238

e
1. st 4ed 8{d Btfile; a @ositive meniscus lens 1.27 whose concave surface
is kept toward the reticle; a negative meniscus lens L28 whose convex
surface of aspherical shape is kept toward the reticle; a biconvex lens
129; a biconvex lens L210; a positive meniscus lens L211 whose
convex surface 1s kept toward th.e reticle; an aperture stop AS; a positive
“mentiscus lens L212 whose concave surface is kept toward the reticle; a
biconvex lens L213; a positive meniscus lens 1214 whose concave
surface of aspherical shape is kept toward the wafer; a positive
memscus lens L215 whose convex surface is kept toward the reticle; a
posttive meniscus lens L216 whose concave surface of aspherical shape
1s kept toward the wafer; and a planoconvex lens L217 (boundary lens
Lb) whose plane is kept toward the wafer.

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

- water 1s filled in the optical path between the boundary lens Lb and the
plane-parallel plate 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 sihica or fluorite (CaF,). Specifically, the lens L13, lens L.216, and

~lens L217 (Lb) are made of fluorite, and the other Ienses and plane-
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FPO4- 0160-00 43* 107.28888 1.06533 44 90. 28791
31. 06087 1.5014548 (L217:Lb) 45 00 1.00000 1.47 (Lm

46 00 3.00000 1.5603261 (Lp) 5 47 00 5.00000 1.47 FP04-0160-00

(Lm) (wafer surface) (Aspherical data) 2nd surface
1c=0 10 C4=9.57585X10-9 C6=7.09690x10-13 C8=1.30845
x 10-16 Cl10=-5.52152x1022 C2=4.46914x 10 25
Cl4=-2.07483 x 10-29 b5th surface and 9th surface

CoEAFBARERE LD Mg rIGHRR0R° 1 Net Y appagsimasly 88% of
20 5 A RO Mo TS (RRTEN 107 Declfl grplish SuieqToystem

@11831?@9&%3 of $ligl Cl2= 7.46596x1026
Cl4=1. 06948x10-30 17th surface K--0 25

G153 SRS eSSk oiple YL Opbicing
ClfrembéR8¥eifdedl 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 amranged along the single optical axis AX. In the second
“example, thus, the light from the reticle R travels through the lenses 111
to L13 to enter the first concave reflecting mirror CM1. The light
reflected by the first concave reflecting mirror CM1 travels via the lens
L13 and the second concave reflecting mirror CM2 to form an
intermediate 1mage of the reticle R near the first concave reflecting
mirror CM1. The light reflected by the second concave reflecting
muror CM2 travels through the lenses 1.21-1.217 (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 mndex 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/dh) 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 varics at a

rate of +0.980 x 10 per wavelength change of -1 pm. In other words,

-57 -



10

15

20

25

21st surface K=0 5 C4=-7.97186X10-$% C6=-1.32969x10-12
C8=-1.98377x 10-17 Clo=-4.95016x 10-21

Cl12=2. 53886X10- 25 Cl4=-4.16817x10-29 25th surface FP04-0160-00

K--0 10 C4=-1.55844x 10-8 Cb6=7.27672x 10-14

C8=1. 90600x 10-18 Clo=1. 21465 x 10-23 Cl2=_7.56829x
10 29 Cl14=1.86889x 10-32 39th surface K=0 15
C4A=-6.91993x1011 Cb6=7.80595 x 10-14 (C8=3.31216x 10-18

4 ishy gl AR (R E M it o

Conifn 247B8K0 101 ¢d/pe8- 9. 26768x 10-16 C10=1 .)8933 X
10718 Ci2-3.01514x 1022 Cl4=5.41882x 10-26 (Val ues

cor r espoPRdithgrher&onHe t r@dctivd ThRxOPIMERonRed ’ vt near
R=20.86mm -62 FP04-0160- 00 (1) F1/ Yo=10. 53

(PL2 00t 8 s of SOL N REAGIL e o

al pm, apRbvaiés bt amatdef apes ral i émedivegiciengh change of -1 pm.
In other words, the dispersion (dn/dX) of the refractive index of
deionized water near 193.306 nm is -2.6 x 10%pm. In the second
example, thus, the refractive index of silica for the center wavelength of
193.306 nm 1s 1.5603261, the refractive index of silica for 193.306 nm
+ 0.1 pm = 193.3061 nm 1s 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 fluorite for the center wavelength of
193.306 nm 1s 1.5014548, the refractive index of fluorite for 193.306
nm -+ 0.1 pm = 193.3061 nm 1s 1.501454702, and the refractive index of
fluorite for 193.306 nm - 0.1 pm = 193.3059 nm is 1.501454898.
Furthermore, the refractive index of deionized water for the center
wavelength of 193.306 nm i1s 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 (2) below presents values of specifications of
the projection optical system PL in the second example.

[TABLE 2]}

(Principal Specifications)
2=193.306nm

p=+1/4

NA=1.04
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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 A ~gi de nunerical aperture of 1.04.is secured
fo?&% hrelﬁg\rﬁ@exci mer laser light wth the wavel ength
of L2313k i M and the effective exposure region
(still exposure region) of arcuate shape of 26.0 mm x
4. (2% Offinbe secured; therefore, the scanning
exposure of the circuit pattern can be 15 perfornmed at
hi gi=4 egghution within the exposure regi on of

rectangul ar shape of 26 mmx 33 mm for exanple.
NeR=20 B6minhi r d exanpl e of the present invention wll
be described. Fig_9 is an illustration showi ng a

| eng=dqri@iir ati on of the catadioptric projection
optical system according to the third exanple of 20

t héSpeaisieationsn € Dptival Mbebeas)adi optric projection
optical system PL according to the third exanple is
cofSpofaed of the follow ng optical systens in order
fromthe object side (i.e., the reticle Rl side): a

f i Nammbémagirng optdcal syst emGpti¢almémberng an
intermediate image of the reticle Rl located on the
first(rstickamafacmd 22d4d67d i magi ng optical 25 system
& for formng an internediate i mage of the reticle Rl
onla \A%\?iaﬁtﬂgbt sho3P8Bocal bR tind.Klacond surf ace.
-63 FP04-0160-00 The first imaging optical systemd

i s28ompa280BB2G | dn82%BIt with a positive refracting

power (fourth lens unit or first uni teé«c]tG I,
af Ber - RALPPHEE | eHR.38403andl 5KO326 @ekdIng mirrors

opbi cai2 a0 d2EMET ¢ onthe s et clo Rl si de.
S s IR o 00RL, YE SR S BT e Cs s
ungt idey fole4  9.58580 -

7 20952775 -958580 (CM1)

8 -667.19164 -13.00000 1.5014548 (L13)

9% 15457886 -109.65407

10 251752751 147.23986 (CM2)

11 35771318 4175496 15603261 (L21)

12 -196.81705  1.00000

13 8379.53651 40.00000  1.5603261 (L22)

14 -454.81020  8.23083

15 20630063 5807852  1.5603261 (L23)

16* 36714898  24.95516
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negati ve refracting power (first lens unit or third
unit) &1, a lens unit wth a positive refracting

pover (second lens unit) G22, an aperture stop ASLl, EpPp4-0160-00

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
variation due to the difference of field angles of the

begrp* expagdmRay t 0o GoRIdECt IINS6OBIOT 9@4)80 as to
suppress occurrence of aberration. The lens unit &2

fungti ong2tygoanveridel 4w di verging beam The | ens
unit &3 functions to condense the beamso as to 15

aclifevesheld3gige AYreixsal dpe603261 gh2she waf er
side. Here the lens unit G I is conposed of the

f ol20ow BRS5. OPFoneBHS19Yr der of passage of rays from
the object side (reticle RI side): a plane-parall el

pl 2i& LI28R63484t i vES.HOMH3cus]|508261 (Rpe concave
surface of aspherical shape is kept toward the object
si @2; a2a0.3718Ga@nves6/HE22L3; and a positive neniscus
| ens L4 whose concave surface of aspherical shape is
kepgB t olRAH68860 waf et 63006 behHGB6dn{1A79d by t he
posi tive neniscus lens L4 travels through the
negdt i ve22ehp84%s 1eAg68%egative lens) L5 with the
concave surface kept toward the object, is reflected
by28fe coBBL7E858ef | £815¢40g625 i SHI32dodc2®)e mirror or
first reflecting mnor) M with the concave surface
kegf t o#00d20R8 obl88B95dasses again through the
negﬁtiv - 64 FPO4- O%GO- 00 neniscus lens L5 and is
re

ect BRByYSPB8 con 40041 | ed 0B 261r ad9) opti cal
PreR hatetEs "ok BheB0 kont Toward the water  The
he8 e Sa LRI on P TR0 T35 Thearhl Ui ea by the
Coate ALY . 0608”12 oSt on'a shown i 1
“8 o isgBs e, YEARTRL VLR ol P
the, besaq d P¥RA Y6t e WBbBH: Here the

3w 4627520 (AS)

34 -1188191854  30.00000 1.5603261 (L212)

35 631951290  1.00000

36 146588641 39.89113 15603261 (1213)

37 -542.10144  1.00000

38 33645791 34.80369  1.5603261 (L214)

39%  2692.15238  1.00000

40 11242843 4353915 15603261 (L215)

41 18975478  1.00000
42 14991358 4241577 1.5014548 (1216)
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position a is |ocated on or near a plane whose nor nal
is the optical axis 10 AXI where the concave

reflecting mrror M is placed. Next, the beam FP04-0160-00

refl ected by the convex reflecting mrror M is
incident to the concave reflecting mrror (first field
mrror or third reflecting mrror) M3 with the
concave surface kept toward the object, to be bent

I nyg+a dijpgcigs®y t owaygk3he optical axis AX1 of the 15
catadi optric projection optical systemPL1, and is

outgut t eg0fzg7]t he 31 qygugay e rl‘?Sé)F&SJLS‘gIFEUMj) MB. The

beam enmerging fromthe concave reflecting m’rror M3
I S 4gui ckl yo conver@yyho i s |r&fl ect@anyy t he convex
reflecting mrror (second field mrfor or fourth

reffloect i ngo m rr grQO0M wlt_%mj%p@y}ax surface kept
toward the wafer, and is directly incident 20 to the

nedgdti ve seni scdNI0s LG 4prm ndLihhe lens unit QG21.
The convex reflecting mrror M4 relieves the

var i afwafercfurfdee) beam due to field angl es expanded by
the concave reflecting mrror M3, so as to suppress
oc{Aspbeealafataper r ati on. The negative neniscus |ens
L5, ~concave reflecting mrror M, convex reflecting
mi 2ndrsukaceconcave 25 reflecting minor M3, and convex
reflecting mrror MA constitute a second unit. -65
FPe#00160-00 The lens unit @1 is conposed of the

fol l owing conponpents_in order of passage of rays: a

nefachie/ Ynilédcus Used LASOdEE convex surface of

as%geri cal shape is kegt toward fhe object; and a
bi Eerd AUB843dRs L 7 ko8 S2dkeaME“sur f ace of aspheri cal

shape is kept toward the 5 wafer.,,Since the negative
mobnsch 6P 108 2B 038arARTS | ens L7 have the

l e surfaces aqf aspherical shape, good inagi ng
pegabﬁﬁiﬁ%eean@gﬂ\ﬁ@#g%(%@wﬂgé@bhout the entire
re%igﬁn in the exposure area, while securing the |arge
nufferi cal aperture on the i nage side of the

e BB O Rt RAIBHIE" o Pomi g component s i n
or geL_ 87878 88% O L2 S1587x10%
cu:-z_34827><10"24 C15=1.90285x10%
16th surface
k=0
C/=-4.06017x10° C2.22513x10™"
Cs=9.05000x10™""  C1¢=3.29839%107
C1=7.46596x10°  C1,=1.06948x107°
17th surface
«=0 _
Ci—6.69592x10°  Ce=1.42455x 1072
Cg=-5.65516x10"" C,(=2.48078x10!
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positive neniscus | ens L8 whose concave surface of
aspherical shape is kept toward the object; a

bi convex lens L9; a positive neniscus |lens L10 mhoseFP04_0160_00

concave surface of aspherical shape is kept toward the
obj ect; a biconvex lens LII; and a biconvex | ens L12.
The lens unit 15 &3 is conposed of the follow ng
conmponents in order of passage of rays: a positive

el sels9 k655« LI winse] smvgx gt face is kept toward
the object; a positive neniscus | ens L14 whose convex

surface is kept toward the object; a positive
nmeni scus | ens L15 whose convex surface is kept toward
t h@lebfadice a positive nmeniscus | ens L16 whose concave
20 surface of aspherical shape is kept toward the
wakef; a positive neniscus lens L17 whose concave
surface of aspherical shape is kept toward the wafer;
an€,a-poani86sn0Ex Censl 82869ki67a positive refracting
power whose convex surface is kept toward the object.
Thék#eh§88ﬁ7%10%2213@5@1960&6&&@6]ASl, and | ens unit
(23 constitute g fourth unit. 25 The catadioptric
pr &j1ge2 D388opl 0Cal (SystdddOBLT<l9 Constructed to
satisfy the condition of 0.17 < Ma/L < 0.6, where M
i s2athdfwfagece on - 66 FP04-0160-00 the optical axis
AX1 between the reflecting mrror M3 and the aperture
stEﬁOA81, and L a distance between the reticle RI and
the wafer. Wiea Ma/L_satisfiegs,the lower limt, it is
I d

f ebarbl-a3844al01 d Gechdnpdadr10interference of the
concaye refl ectikng mrr MB with the lens unit Q1 5
an SF?‘gqﬁ&Qﬁbnit @ﬂ)fl-imme satisfies the upper
lipt, it J feasi bl e t id ap increase in the

to ar#ﬂﬁﬁﬁi?%#% an Bﬁ%-gégégfgothe size of the
caég&%&g%ric proj ection optical system PL1. For

se @C%0i di ng the mechanical interference and
secukely avoiding the increase in the total |ength
anff the increase in the size of the proj ection optical

or oo L Ceeed FBRBUETr Y he condi ton of
0 MRS en rsosal on ¢ projection
Ci12=3.69991x10%" C1,=4.01347x1072
43rd swrface
k=0
C,~8.30019x10°  Ce=124781x10™"
- Cg=926768x10"° C,=1.08933x107"
Ci;=-3.01514x10%  C1,=5.41882x10%
(Values corresponding to Condition)
' F1=178.98mm
Yo=17.0mm
fR=2086nnn
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present exanple is applied to the exposure apparatus,
pure water with the refractive index of about 1.4 is

interposed in the optical path 15 between the |ens Ll%PO4—0160-00

and the wafer, where the refractive index of the

at nosphere in the catadioptric projection optical
systemPL1 is 1. Therefore, the wavel ength of the
exposure light in pure water is about 0.71 (1/1.4)

Ui Te¥ 1/¥gE1053 he at nosphere, whereby the resol ution

can be enhanced. 20 The optical axis AX1 of every
opr(QwYoeilemt included in the catadioptric

projection optical system PLI and havi ng the

predet er Figied {sehr @A _@H@ﬂﬁz‘ingsth@ #6886 &IOSARE AR Yin the
on the single straight line, and the region of the

| mageondroathe. t e iyales appakdie froal aHe oidrration diagram of
projection optical systemPLl1 is the off-axis region
nofi258] ae ki the ddie withi el fisxiexafmple THestether scond éxample
feasible to reduce the degree of difficulty of

pr athactecumes the veri tarigenined gd-srlec atiaudr ial ra'f@rtmé‘(NA = 1.04)
FP04-0160-00 projection optical systemPLl1 and to

r eand! yhecfelaveely elapev effuditivet rposofe aegiowpER;alwhile the
menber. In the catadioptric projection optical system
PLehnimatie abierrationeisamulk cosievtal e thatexposdieteht with the
image of the reticle Rl is formed in the 5 first

i nagivelength baat ofyli3ed0Gnmik Oilspieasi ble to readily

~and securely achieve the optical path separation

between Ihecdsbaexampded ashaleseribed eab®¥e,abe t hegthaamge-side
toward the wafer, even in the case where the nunerical
apBumericsl aperthee oft hddop secungdofasctlicoArbpexemer laser light
syst_&n PLI arle,ﬁ I ncreased. Since the second i nmagi ng )
opwitththespaveangsh iofs195806enm, radytha etfeetivie texpossre region
ne&atd ve refracti n]%)r p?vver, it s fe‘asi ble to shorten
t htilk GXRPSYIEHEEROTDY OFf RECKAEfhapst oF 204! apaic i 4% mm can be
opti cal _s%{hst em PL1 and ta readily achieve.the
adr e thergtore o thes seamyngexpasgs A thecgiganyti paftern can be
Furt her nore, t-gs | ens . unit ﬁ%lcﬂlel i eves the vari gti on
duReHErped at digh gesolutiog withap the gnasure region,gk gectangular
ar;])%egf N n%nhlex gg%\ﬁbr example.

Next, the third example of the present invention will be
described. Fig. 9 1s an illustration showing a lens configuration of the
catadioptric projection optical system according to the third example of
the present invention. The catadioptric projection opfical system PL1
according to the third example- is composed of the following optical
systems in order from the object side (1.e., the reticle R1 side): a first
imaging optical system G1 for forming an intermediate image of the
reticle R1 located on the first surface; and a second imaging optical
system G2 for forming an intermediate image of the reticle R1 on a

wafer (not shown) located on the second surface.
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15 reflecting mnor M3, SO as to suppress occurrence
of aberration. Therefore, good inmagi ng perfornance

can be achi eved throughout the entire region in the FP04-0160-00

exposure area, even in the case where the reticle R
si de and wafer-side nunerical apertures of the
catadioptric projection optical systemPL1 are
increased in order to enhance the resolution. 20 Next,

the f : i j i :
1O ST e G 558 Y SIS ks un
A ST temaag i SRRSO 3 8 i) O11
th - f % ' T

IAREETRTIBELS IS ERAPEOITIR. The s

f owhith AN TRh&idiss 261 Qﬁﬁlgﬁ%g%@fo%tilt?é féa}(s:tag {a?ﬁéeﬁtmabn the

systens in order fromt j ect

r evétgdle IR sklede) Thé séédrid imﬂ% 8paRAll SR emVSDE8 cEposed of
for formng -68 FP0O4-0160-00 ™an internedi ate i nmage

of aftet-dekaithe | eatefcefinghenittorst M3ir de;a 48fs aunit with a
second i magi ng optical system G4 for form ng an

| nhegatkel atfeactimgposier (irst i@id ghe d2tlend anwdf@2 1 Adéns unit
shown) | ocated on the second surface. The first

i magting positiveatefmctingnp&Ret éscvomddens vaifit)aG22nen Bpéetture stop
5 with a positive refracting power (fourth lens unit

or AlSIr, snduni lehs @Biit with tepesiaveridiedtingnpols®4, (thurd Tews unit)
reflecting mrrors M1, M22. The lens unit G31

f ube3i. onkhé¢ densrakinG 2t hfimptansato adptstthe ehageificdtomand to
the reticle R2 side. The second imagi ng optical '
systlmveahe vanahposhy tf thafdifferatascof feddtamgles of the beam
reflecting mrrors M23, M24, a lens unit with a 10
negppanded by thetreflgchogeanirtes M3, seds tonsuppress iicctdrrence of
unit) 41, a_lens unit, with a pagsitive refracting

podkeTatians ond hice lensypnit) (B2 fungtigpe rtoucenyergs theadiverging
and a le ugit wth sitive refracti ng power

(Fﬁ?%w Efm& }mltcﬁ&f Cli@ns tQneenASSCs M%eaﬁs spoas to
adj ust the nificatigon and to elieyve the variation
oactive B TREF ool AoRrSrs OB Br oAt SHe bomm 15

expanded by the refl ecti. i.,rror M3, so,as . tQ .
' sugprengslzecu&Pen%QSofum ggﬁlrlat ISorconRas¢d nof  the daHowing

f u@&r}ﬁ)gﬂgntts%nc@r K3 roqepatsgggéj ¥ 55 Bm 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 1.4 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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beam The lens unit (43 condenses the beam so as to
achieve a large nunerical aperture on the wafer side.

Here the lens unit G31 is conposed of the foll ow ng FP04-0160-00

20 conponents in order of passage of rays fromthe

object side (reticle R2 side): a plane-parallel plate

L21; a positive nmeniscus |lens L22 whose concave

surface of aspherical shape is kept toward the object;
anghéhisOhs 8NN 4 €AadLAS reflB@eheBY E{@r&iﬂi'v%kepef?éfctfﬂf mirror
bi convex | ens L23 passes through”the negative

mefbptes pRASepaRARd HBroRbY) sdedhdWickiach g RATEONGEY &ith the
surface Kept toward the object, is reflected by the
coeavex suffacedidphdoWard Phe (eAREaVTheald @etven@eisci’ens L5
or first reflecting mrror) -69 FP04-0160-00 M1

W findthensclorcavehaubithe Pepivadsrhsididah, shape kept

toward the object, passes again through the negative

neni scus Theriscan? fefledtdd itsy tHeetonvesd! tedldctihgbiniirbe M2 forms an
convex reflecting mrror (optical path separating

m ftermediats émage ofahé ecticlgR i atrthe )poviZomatdhowe in Fig. 9, in
convex surface of aspherical 5 shape kept toward the
wabader ftheemeght actacve the aydidapamth 2épafatioeit betveediothe beam
satisfying the Petzval's condition. The beamreflected

- bytaward dheerctrcdé | Rdt and the rliwanve@®wardrdhe awafer. Here the

internediate image of the reticle R2 at the position b
shposition Figlocatd] onrorongtera plarsewtnost ynoantal as ¢he optical axis
optical path separation between the 10 beamtoward the

r efX] avirze dhel coneaveraflacbing vhirros Mafisplacest e t he

position b is |located gon or near a plane whose nor nal )
i s the oPextathedbeam rafleciadeby thacavesaredlacsngemdmmog M2 is
mrror M1 is placed. Next, the beamreflected hy the .
colifadenticto éilt?i seReAvgoreliesting mymer ddust disld neurror or third

concgave. refl.ect| mnor, (first field mpnor or thjrd .

1 Sratiacting THEoR) M3 Méﬁwaf/ﬁ é“é‘&?@a]@‘%i)ts@ﬁ’?%gethe object,
kept toward the object,.to be bent.into.a directi

t otdarkf %qomﬁoca'a ' dirgction10ptatgn éhe captigal RS of the
roj.egtion opti.cal system PL2, a is refl ected he
PGSl te Bioischprh DRHER fpatertioL bo ahfl st puiueel, fof the

t hgorfc%r\]f%al\'/e?lecting mirror M3. The beam emerging from the concave

reflecting mirror M3 1s quickly converged, is reflected by the convex
- reflecting mirror (second field mirror or fourth reflecting mirror) M4
with the convex surface kept toward the wafer, and 1s directly incident
to the negative memscus lens L6 forming the lens unit G21. The
convex reflecting mirror M4 relieves the vanation of the beam due to
field angles expanded By the concave reflecting mirror M3, so as to
suppress occurrence of aberration. The negative meniscus lens L5,
concave reflecting mirror M1, convex reflecting mirror M2, concave
reflecting mirror M3, and convex reflecting mirror M4 constitute a

second unit. |
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reflecting mnor M3 is quickly converged, is
reflected by the convex 20 reflecting mrror (second

field mrror or fourth reflecting mrror) M4 wth FP04-0160-00

the convex surface of aspherical shape kept toward the
wafer, and is directly incident to the biconcave | ens
L25 forning the lens unit 41. The convex reflecting
m nor M24 relieves the variation of the bean1due to

the fiel %%h@%rﬁ?‘@@'id%dc&ﬁPBQEd RS LIoW gcédrﬁﬁonents in

mrror M23, so as 25 to suppress occurrence o
abgfdd! bPPpasddie Gfgﬁ $V§ Bl mdifScud-Khs LGOMN%%Q convex

reflecting mrror , convex reflecting mrror

COBgAYEe of7z€§pﬁeﬁéap§l§£bé395 kepl t6Ghatd théob&ét; Med: a Mifoncave

convex reflecting mrror I\/24 constitute a second unit.
ThieflseD Whoke @bhchde %ﬁﬁﬁ&@ée@f as Eé?ﬁcalféﬂab@V\ﬂsfl@ept toward the

conponent s in order of passage of rays:. a bi concave

| enmftS Sfieeche aipative sHehReas lendl6aanhid bidonehgedens 1.7
is kept toward the object; and a biconcave | ens L26

whhaee ¢hedene sarfhtes of eisphsnbal shape sfene mmaigkeptperformance
toward the wafer. Since the biconcave | ens L25 and

t hea beawhasned gmoughRGutdreceritive tognen s tid¢ expeswt arca, while
aspherical shape, it is feasible to achieve good

i megurng pibref dargen arirbéwioalg aperturbe oantthee imageosida of the
t he exposure area, while 10 achieving the |arge

nuamadnq)mapprmjﬂc’aonnopheah sygensi BElof The lens unit G22 is
cat adi optr| C pro ectl on optical system PL2. The |ens
untempoegsed ofc winlg composiengswimprdomed assage of rays: a
order. of passage_of rays; a biconvex |ens L27 whose
copesiliveuneniseud fensak h@h@&%mﬁﬁ&‘rﬁe sufage pf asphameak shape 1s

oﬁkect a negative neniscus | ens L28 15 whose convex
$HCE’W§T(1<%?_§ obigei @ bmnor@f(ekems B9p@spesiizyenmenasans lens

l Eﬂi@ %&g’goggng?g,ggg,x&@g et asn éc’méaelgtslaéﬁem% gk%z?fc spvaxd the
ShRCE SR %i&%ﬁ@@ bicahe Biiohi g The fers uni
et ac ot omREsE o V@E@ev -oainreienis 1 RESke pY passage of
t Ol%rsdatpho%lt(i)\p GenisGish2Rs TP witeSotvex surface is kept toward
the object; a positive meniscus lens L14 whose convex surface is kept
toward the object; a positive meniscus lens L15 whose convex surface is
kept toward the object; a positive meniscus lens L16 whose concave
surface of aspherical shape is kept toward the wafer; a positive
meniscus lens L17 whose concave surface of aspherical shape 1s 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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| ens L32 whose convex surface is kept toward the
object; a positive neniscus |lens L33 whose convex

surface is kept toward the object; a positive FP04-0160-00

meni scus | ens L34 whose concave surface of aspheri cal
shape is kept toward the wafer; a positive neniscus

| ens L35 whose concave 25 surface of aspherical shape
is kept toward the wafer; and a planoconvex |ens L36

Wh ¢ls€ opBIRYE%xiS Us KaCKetirediettic FNRAFh gl ﬁﬁrt@PJMStandTﬂﬁs aperture
lens -71 FP0O4-0160-00 wunit 42, aperture stop A

an @td&f:‘ NSSUniabdGE3 acaiRsdn del bR tweb A Uite reti¢ie. RN de the wafer.

cat adi opt ric projection optical systemPL2 is

coWhen dvigd. satisfass the Eaveslimithft iedediibleno aivodd Jrﬁeéhamcal
M2a/L2 < 0.6, where M2 is a distance on the opti cal

axissterbsPerivet vBte tivecaves ie&l:etdm% mirroo MBPFithrihedehbainit G21
aperture stop AS2, and L2 th I stance between the

r eind| theRberandnitt B2 naf WhenNiefa/Mgtisfiesatlics fupper theit, it is
lower limt, it is feasible to avoid nechani cal

i nfansiledeetocevaitl amenceasave thef fotalt lemgthriandoan MB8rease in the
with the lens unit G41 and the lens unit G42. \WWen

M siize206 dhé sfatadioptriee pupjestioni optical systeni ddsl.bl &orosecurely
avoid an increase in the total Iength and 10 an

i ngveigites ithe meshsnical ehter ferenee addoecutaly mvojiding the increase
optical system PL2. For securely avoiding the

medhti tofal longh fandethecnorgase ou tlat yizevof therprojession optical
increase in the total |ength and the increase_in the

si yystem, tﬂmpr@p@p@n, opbsabpyster 1sstigthan preferaphopenstiraeted to
optic yste ef erably constructed to
sa%@@%é%&oﬁ ggﬁ 5011%63@8 QZa/ L2 < 0.2. 15 When

t he cat opt c prOJ ection optical systemPL2 of_fhis
exanpl e Sela che%@mn@naapap systegarBL1 of the
i ndex of about 1. '

Tﬂn%%@ﬁaé %ﬁq o oBplied do (e  FBRUEPNLS BN shge twater with
L BRI e Erﬁgt% o1f ?gblvlﬁfl'&&%%n nbpf@x cgptical path
ek RS B oL LA 5 of
restﬁ? Itg%ggglnhg@tcaﬁ%lg)ﬁg%gt ]S'Poﬁggt%l? oﬁw&hegysteﬂ? PL1 s 1.

Therefore, the wavelength of the exposure light in pure water is about
0.71 (1/1.4) times that in the atmosphere, whereby the resolution can be.
enhanced.

The optical axis AX1 of every optical element included in the
catadioptric  projection optical system: PL1 and having the
predetermined refracting power 1s placed substantially on the single
straight line, and the region of the image formed on the wafer by the
catadioptric projection optical system PL1 1s the off-axis region not
including the optical axis AX1. Therefore, it is feasible to reduce the
‘degree of difficulty of production in production of the catadioptric .
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The optical axis AX2 of every optical elenent included
in the catadioptric projection optical system PL2 and

having the 25 predeternined refracting power is FP04-0160-00
d

pl aced substantially on the single straight |line, an

the region of the inmage fornmed on the wafer by the

-72 FP04-0160-00 catadioptric projection optical

system PL2 is the off-axis region not including the
OPpr&aktia ioptRAR systeRT PIAT&nd té rélilyeashiBlye rbRithRidast
thg ngegree(ﬁ)of di}% culty %% prg ucltfon In gro%ct?tgnsmem

of ofkaclk abaehPRicimer. Proj ection optical system PL2 and
to readily achieve relative adjustnent 5 of each

optical Wenhercatslidpeié Hsrosaitrs epiichl s?r’sﬁd'rﬁCPLQnof the third

optical system PL2 of the “fourth exanple forns the

| negample aligcd tRoMteimedRite dinhok ©fRBcireticheR If isffrmed in the
i magi ng optical system G3, the optical path separation

cafiriteimagiagi bptiasldsgtenr €1, Acki RasibloabWasidilyhandessburel
t oward th%l (rglet?cl e %@10 and t-hle beam t owar d tlycg' =y

wahehicvetha opticahpatlaseparation dtevceunbeilseim tepeid theseticle
of the catadioptric projection optical systemPL2 are

i nBrlemrkthe istam ¢onvaed slee ovafer, rvgnng thptdasalwlspetthem@nerical
has the lens unit (A1 with the negative refracting
poapertutics iof fthasicatadioptrahoptagectibe opoical kestgth L1 are
the catadioptric projection optical systemPL2 and to
15inceeaiiedy dvhcewbetsveoad) uisagmgt opticals aystefy iGiy hasethe lens
Petzval's condition. = Furthernore, the lens unit G41

r ebnié a3l vnith the negatove delraciang poweti itf isrfeasiblofiofsheri@gn the
angl es_of the beam expanded by the concave reflecting

mi totak lomzth ebthe catadioppie proisation epticabfsystem PL1 and to
aberration.. Therefaqre, good. inmaging performance can .
bereadHyedelieva ribggadmsimeat dor esalishange the Patavalise condition.
e &rstﬁre area, even in the case where the reticle R2-

si

PHANQES: o hesjlgBs nuRk ighevesr the oraripion due to the
| UEaShes o7 Siellr Soefesnmdnbee oritosabaRdah Dxnthe concave
R T G T ELT RN L —
| i’?ﬂére&'&fel, eg%to?idin%gltn%eperfonnance can be achieved throughout the

entire regjon in the exposure area, even in the case where the reticle R1-
side and wafer-side numerical aperiures of the catadioptric projection
optical system PL1 are mereased 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 following optical systéms in order from the object side

{i.e., the reticle R2 side): a first imaging optical system G3 for forming
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25 convex reflecting mnor MA is incident to the |lens
unit &1, but the optical systemnmay al so be arranged

so that a double pass lens is -73 FP04-0160-00 FP04-0160-00

di sposed between the convex reflecting mnor M4 and
the lens unit &1. In this case, the light reflected
by the concave reflecting mnor M passes through the
doubl e pass lens, is reflected by the convex

r efahetéiediafoimBe dfastRFe FURIHCARH MY Rhé g%@'@ﬂﬂja@e; and a

pass |l ens, and 5 then enters the lens unit
Si Retodd Ymagh% optiesl SRteh G €6t ATl afRhfctMlcdeaetififge of
PL2 of the fourth exanple is arranged so that the

| die reticdé IR bad Wafdih@ot Shven) Nethtedtdmthadddond diface.

is incident to the Ilens unit 1, but the optical

syst em niheafisn iheaging dpyrdl $9stehtGR id @obhpogedsst a lens unit
| ens is disposed between the convex reflecting mrror
M4vitinch plesithven sefraGtingmigovidd (fdurth Hens airitlicapfitstcunit) G31,
projection optical systenms PL1, PL2 of the respective
exatipt-desciebed ilorsl [2downd puoeeflecangvasrmons diRosdd22. The
between the lens |ocated nearest to the wafer, and the
walens, urah 3 1 fusctiasstorpnakiny the optdalpsystem telecentric on the
configuration wherein another nedium having a 15

r efetzde IR2 sidedexThasgamd imagihglopscalriystandad is woarposed of
the refractive index_ of the atnosphere in the o
caafier-dpseriked ivjce seflecting thirorss M2 2mMR4, ar lenBLBnitswith a
1. Presented bel ow are val ues of specifications of the ]
cahegatoys Felacting pevearddirsplansannit yart dwidounity debt.da dgns unit
to the third exanmple. In th 20 specifications, as

shBii 2 Rosityye 1 ,acmgdm%%?ﬁeé;oadrlsas uaitgfG42 pat aperture stop
where the, exposure light is blocked by the optjcal .
el 123 Jens (it Mgth enROEEVE ing Bfik}jeécdﬂinéd lens unit) -

o5 TS G st Qe ocions ) adiud dhe graghiticaneand to

PL1,-B di. f,th [ [ i,ght with

cerlisyegthel Firigfion dic th B8 sBHencsy of tiid Anglhs ot beam
[.ecty ' PLI | engt h_al th

S ey Bhe SRteaRE Blins 1, 301 &R Srind¥ agbifignee of

| SRS Pai "9 The lens unit G42 functions to converge the diverging

(DhC

beam. The lens umt G43 condenses the beam so as to achieve a large
numerical aperture on the wafer side.

Here the lens umit G31 is composed of the following
components m order of passage of rays from the object side (reticle R2
side): a plane-parallel plate L21; a positive meniscus lens L22 whose

“concave surface of aspherical shape is kept toward the object; and a
biconvex lens L23. The beam transmitted by the biconvex lens 123
passes through the negative meniscus lens (negative lens) L24 with the
concave surface kept toward the object, is reflected by the concave

reflecting mirror (concave reflecting mirror or first reflecting mirror)
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-74 FP0O4-0160-00 the Y-direction of the effective
exposure region. In the specifications, NA represents

the nunerical aperture, d the surface separation, n FP04-0160-00

the refractive index, and A the center wavel ength.
Furthernore, in the specifications Mrepresents the

di stance on the optical axis AX1 5 between the

reflecting mrror M3 and the unrepresented wafer, and

L Mbe dhgt e&ﬁ{ eBythee r&t | a f

Table 3 pre?gﬁt% t a\g%spem?? c(g: iag Igeo 1t Egal%%tq(leﬁl fward the
Mg, Phsdedhoafid Hadu PRl the d¥alivRGheAbcPRIL AT 23Y

PLI ccb?di ng tgo t he t%ﬁr%l gggﬁpl i Ee £L22YShETS then

speeflietedibyiite 8bniderdmidtads nﬁﬁ'ﬂ%mtl‘bﬁl ﬁﬁﬂi %Sﬁag%ﬁﬁgt}nirror

10 surface "nunber in the first col I ndi cat e

or ¢erseebnd refletang bRy M2TewifleHR! LoRvEl KaFhce rbf?nfsggerical

rays fromthe object side, the second colunm a ra

of shupyakepe tovardcthe unhiae (MHe ddpativel rlﬂel?i@bﬂ@ﬂle%@ 124

on-axis spacing or surface separation (nm of eac

suttinettonefd datefyiagthd Petpbdlicanditians material  of
each optical menber. 15 Table 4 presents the

aspheri cdheceedrhiretleotesl by thbedmrsesdtingamitredsM22 forms
surface of aspherical shape and the reflecting mnors

used internfediateaiaigo pf the rpticleeRYI snthepposiabnsly shewn in Fig.
PLI in the third exanple. In the aspherical

codf)f i ioederstoofecTablyeadhicuns gherdptaial pathi aeparativhebstwaen the
the first colum correspond to the surface nunbers in

t hbeametsiwardathicoredicdé Rhandothepbéaml tomeardethe waféFablHere the
1. The second colum represents the curvature of each
as phsitionab 13 lodated onlommgar a planchivhdsealarmaltinghe optical axis
conical coefficient k and the 12t h-order aspherical

codX? avhare the wencave refledtmgimimondMad Hs plaged. and

14t h-order aspherical coefficients, the fifth colum )
the 6t h- Dedbr aptolleptgd byathmeenver reldesting mintar, M22 is

the sixth 25.colum the 8th-order and 18t h-qr.der. .
asPiradentato dher congasst §?ﬁ%¢ﬁng HaiTee(dish '}k’gd upirofeor  third

10t h; order and .2 -or.der, aspherical coefficients )
7k 0, W'lﬂl the concave surface i(ept 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 mirror (second field mirror or fourth reflecting mirror) M24
with the convex surface of asphencal shape kept toward the wafer, and
is directly mcident to the biconcave lens L25 forming the lens unit G41.
The convex reflecting mirror M24 relieves the variation of the beam due
to the field angles expanded by the concave reflecting mirror M23, so as
to suppress occurrence of aberration.  The negative meniscus lens 1.24,

- concave reflecting mirror M21, convex reflecting mirror M22, concave
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In the third and fourth exanples, each aspheri cal
surface i s expressed by the aforenentioned Eq (a).

[ Third Exanple] (Specifications) 5 Inmage-side NA FP04-0160-00

1. 20 Exposure area: A =14 nmB = 18 mm H=26. Om

C=4mm | magi ng magni fication: 1/4 Center wavel ength:
193. 306 nm 10 Refractive index of silica: 1.5603261
Refractive index of fluorite: 1.5014548 Refractive

| ngefcofing | Aitrér M23,; 438%n VxS PEN&URTY Phirddr! 1\/&94 constitute a
(dn/dX): -1.591E - 6/pm Dispersion of fluorit

(dredond im@. 980E - 6/ pm 15 Dispersion of 1iqui d I
(dn/dA): -2.6E - 6/pm Val ues corresponding to

Condi ti ofHéblehs At €A1 1M bompobédbinthie. folbwing components in
FP04-0160-00 (TABLE 3) (SpeC| fications of Optical

Ve mipders pf yaaszg% 6 rdyst £ bHiddhdd980ehs AR BHUR tdikcave surface
co 33.0000 3: ASP1 25.0422 tts 4_ -163-96521 1.0000

5- ofSfsphdfieal tpedRTkaps toduard 2hié. G245 ahd0PBontave lens 126

277. 33354 2°3.0109 tts
whose concave surface of aspherical shape is kept toward the wafer.
Since the biconcave lens L.25 and the biconcave lens 1.26 have the lens
surfaces of aspherical shape, it is feasible to achieve good imaging
performance throughout the entire region in the exposure area, while
achieving the large numerical aperture on the image side of the
catadioptric projection optical system PL2.

The lens unit G42 1s composed of the following components in
order of passage of rays: a biconvex lens L27 whose convex surface of
aspherical shape is kept toward the object; a negative meniscus lens 1.28
whose convex surface is kept toward the object; a positive meniscus
lens L29 whose concave surface is kept toward the object; and a
negative memiscus lens L30 whose convex surface of aspherical shape is
kept toward the wafer. The lens unit G43 is composed of the following
components m 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 L33 whose convex surface is kept toward the object; a
posttive meniscus lens L34 whose: concave surface of aspherical shape -

- 18 kept toward the wafer; a positive meniscus lens L35 whose concave
surface of aspherical shape is kept toward the wafer; and a planoconvex

lens L36 whose convex surface is kept toward the object. The lens
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3: ASP2 224.5285 9: -176-61872 20-0000 45 10:
-515. 60710 10.4614 11: ASP3 -10.4614 tt6 12:

-515. 60710 -20.0000 its 13: -176.61872 -2045285 14: FP04-0160-00

ASP4 518.3706 u6 15: -517.39842 -241.3807 3t6 16:
-652-07494 171-3807 as 17: ASPS 20.0000 43 18:
171.59382 41.4743 109: -245-94525 20. 0000 20: ASP6
95.1415 21: ASP7 28.3218 tts -273-72261 1-0000

23

2168 L RS S o
33- 6453 yhe ca@&hoptﬂ@ ?—0 @ﬁ% ichl ste%ﬁPI}ﬁ%zcéﬁé’ﬁ‘&cted S0
24. 7691 tts -294 -03600 5.3079 31:. cc 6.08

N a8 546 0@1%0081161}11%918 o!fSO 133< P223%2. 29648 i'vH%@QOMZ is a

34: 367-83725 41.0495 tt5 35: 1341.09674 1.0000

18@igtdacedol thé 6phchllaxis3XX A Bétwl&eiBthelreRR¥ng mirror M23 and
the aperture sfop AS2, and L2 the distance between the reticie R2 and
the wafer. When M2a/L2 satisfies the lower limit, it is feasible to
avold mechanical interference of the concave reflecting mirror M23
with the lens unit G41 and the lens unit G42. When M2a/L2 satisfies
the upper hmat, it is feasible to avoid an increase in the total length and
an increase in the size of the catadioptric projection optical system PL2.
For securely avoiding the mechanical interference and securely avoiding
the increase n the total length and the increase m the size of the

- projection optical system, the projection optical system is more
preferably constructed to satisfy the condition of 0.5 <M2a/L2 < 0.2.

When the catadioptric projection optical system PL2 of this
example 1s apphied to the exposure apparatus, pure water having the
refractive index of about 1.4 is interposed in the optical path between
the lens L.36 and the wafer, where the refractive index of the atmosphere
m the catadioptric projection optical system PL2 is 1. Therefore, the
.Wavelength of the exposure light in pure water becomes about 0.71
(1/1.4) times that in the atmosphere, whereby the resolution can be
enhanced.
The optical axis AX2 of every optical element included in the

catadioptric  projection optical system PL2 and having the
predetermined refracting power is placed substantially on the single

straight line, and the region of th_e image formed on the wafer by the
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tts 38: 125.76761 492685 39: ASP9 1.0000 40: 8927467
40- 3615 its 41: ASP10 1.1254 42: 79.35451 37.7011 i5

43: o0 1.0000 tt,3 as 00 77 FPO4-0160-00 #1: 1st FP04-0160-00

surface #2: Radius of curvature #3: Surface spacing
#4: Medium 5 #5: silica glass #6: reflecting m nor

#7. aperture stop #8: pure water #9: 2nd surface 10
(TABLE 4) (Aspherical Coefficients) x12 k c4 c6 c8

o 2B pEdRefi Sl S lenh 013 32 BOBARARE kidh no

- 5§ Qi fre fhd opReA il AR D009REGE 0. 1@9@9@%?9% 10 & reduce the
000000ESf ASP2 0. 00091632 000000E+t’J0 2. 3344

- 7 d8 ek’ bf 1GitAcORY0SE ﬁr%du@ﬁ%ﬁni’? produétiefi8ef Erh%5 catadloptrlc
-1. 33250E- 30 0. O0O0D00OE+00 0. 0O0000E+60 0. O0000E+00 A5P

-0
580008 PO Sl PLSIHE 0 AUOE i dsmen

0. 6P0EIEHRHCS] PRAFMTT60 CO0000E+00 ASP4 -6. 00078630
0. OCOOOEt 3. 06327E-1D 4. 89465E- 1t -6. 39759E- 19

243900E- 8fhice the catadioptric projection optical system PL2 of the
fourth example forms the intermediate image of the reticle R2 in the
first 1maging optical system G3, the optical path separation can be
readily and securely achieved between the beam toward the reticle R2
and the beam toward the wafer, even in the case where the numerical
apertures of the catadioptric projection optical system PL2 are
mereased. Since the second imaging optical system G4 has the lens
wnit 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 unit G41 relieves the variation due to the
difference of ficld angles of the beam expanded by the concave.
reflecting marror M23, so as to suppress occurrence of aberration.
Therefore, good imaging performance can be achieved throughout the
entire region in the exposure area, even in fhe. case where the reticle R2-
side and wafer-side numerical apertures of the catadioptric projection
optical system PL2 are mcreased in order to enhance the resolution.
The catadioptitc projection optical system PL1 of the third
example described above is arranged so that the light reflected by the
convex reflecting mirror M4 1s incident to the lens unit G21, but the

. 'optical. system may also be arranged so that a double pass lens is
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, 828832E-28 1. 58122E-32 D. 00000E+00 0. 00O000E+00
OO0OOO0OOE-00 ASPS 0.00125662 0 . OOCOCE-00 |.03544E- (8

-1.28243E-12 -3.'a7225E-17 -8.03173E-21 396718E-25 FP04-0160-00

164002E- 3D 0. O0O0O0O0OE+00 0. O0OOOOE+00 OOOOOOE+00 ASP6

0. 00507634 000OOOE+60 100543E- G5 -332807E-12
-138708E-17 264276E-21 1St t 36E-25 -6.7051aE- 30

0. O0OOOOE+00 0. OOOOOE+00 0. OOOOOE+00 ASP7 -0.00253727

0 SRRBEILR 5y AR, R e v
0, 0PSO S 0059 NG i

5. - 0 .
S SITER AGOLTS SHOCORSIR § MRS comes

- 3réfid&etr Wirforl 884 8Badsesladdl 5§1’¥oﬁgh thé2dauble gass lens, and
| 68093E29 D. 00000E+00 0. OOO0OE+00 OUOOOOE+00 ASP10

0. PHenl €htrs ORRORGE ﬁﬁitzG‘Bﬁmlghﬂﬂaﬂy,lﬂY@?(ﬁté(ﬁOBUic projection
4. 83523E- 15 202242E-18 -1 59072E-22 1. 415579E- 25

0. @?ﬁ@@Esﬁs&eﬁx PQQO@Etﬂ@foﬁﬁﬁo@%mg& igtheranbedhey tigdl the light
surface nunber #13:. Curvature 15 Fig. 12 is a

t r aeBocted dyathercaivexrefieetingnanomMizd ihincidé® to the lens unit
FP04- 0160-00 transverse aberration in the neridi onal

di et itont thedptical Bgsteaginmayahlsd beariangedf sd Heat a double pass

catadioptric projection optical systemPLI according

t olenshis dispesed bepeasenl the ¢onvexprefleting imdior dvied ark the lens

I mge height, each dashed |line the transverse

abentdtdbn at the wavel ength of 193.3063 nm 5 each

solid line the transverse aberration at the wavel ength

of 193. 3bBthe wajadiapireaprojeiction ophealt systemanBléy 4.2 of the

aberration at the wavel ength of 193.3057 rim As

shBwperiive hexamples, edeserdisgr rahaven phegyr wiater wag. interposed

12, the catadiopfri ccﬁroj ection optical systemPLl of .

t hbefyyeancthe f'é%&afﬁﬂaée nearest tpdhgewalare andatheap@deryand it is

and is cornrected in a d 10 bal ance for aberratio .

t hgléeg:ﬁ@é{bl% ) agﬁ*pr aecoggfﬁ%atl@n aylereim gngtherimegdaim having a

I tical el . The .val f i ficati . of.

¢ Wi Tranttye, Bdex largst, ap g8 dpterpased, Where the refractive index
of the atmosphere in the catadioptric projection optical system PL1 or
PL2is 1.

Presented below are values of specifications of the catadioptric
projection optical system PL.1 according to the third example. In the
specifications, as shown in Fig. 11, 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 image height with the center on the optical axis
AX1 of the catadioptric projection optical system PL1, H a Jength along

- the X-direction of the effective exposure region, and C a length along
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system PL2 according to the fourth exanple will be
presented below. Table 5 presents the specifications

of the optical menbers of the 15 catadioptric FP04-0160-00

projection optical systemPL2 in the fourth exanple
Tabl e 6 presents the aspherical coefficients of the
lenses with a lens surface of aspherical shape and
the reflecting mrrors used in the catadioptric

pr Qh@qt-aﬁ@ce@hlcﬁ%eseﬁé&m&b @é%ﬁ‘éffé' L OTH HRe fs@?éf{ﬂﬁgﬁons,

exanpl e. The specifications, he speCifications

OPIN AatepPés s e ﬁmumé}ficélhﬁpéﬁﬁfherd qht $iRPide S¢9thlon, n the

will be described with use of the sane reference

sy bfhétive ihlege andedl il chatesaveldig@n. ofFurfiermore, in the
speci fications of the cat adi optric projection opt| cal

syspesifications MiereprBidids edmlistancEowht thé&Exapidal] axdd AX1
( Speci fi cati ons) mage-si de NA: 1.20 -79 FP04-0160-00

Ex besaeen aheaeflécting InbroimNg3 —arkd the nimrepaSefitod Gedemand L
I magi ng magni fication: 1/5 Center wavel ength: 193. 306

nmtlte 8atamet botevdendbz roficki Rilcaid theb®@@Bi61 Refractive
i ndex of fluorite: 1.5014548 Refractive index of

liqui d 1TableA3@bdsenDs tpespeaficafions lof the (opticdXinembers of the
-1.591E - 6/pm D spersion of fluorite (dn/dl):
- 0cgadpptrie/ projtetibns pptiiabnsystei gLl hccdrding) to the third
-2.6E - 6/ pm Val ues corresponding to Condition Ma =
428x@Bphn LIn-the sparificatiomnat the ppispbsidimbers inn$able 3, each
Optical Members)
surface number 1n 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 each surface, and the fourth
column a glass matenial of cach 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
catadtoptric projection optical system PL1 in the third example. In the
aspherical coethcients of Table 4, aspherical surface numbers in the first
column correspond to the surface numbers in the specifications of the

- optical members in Table 1. The second column represents the
curvature of each aspherical surface (l/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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-80 FP0O4-0160-00 #3 #6 #1 as 74.5841 1: 00 8.0000 45

2: 09, 33.0000 3: ASP1 22.9375 #5 4: -238.83712

1.0000 5: 226-68450 59.5357 tt5 6: -908. 69406

202, 7480 tt6 7: -165.20501 20.0000 tt5 8: -669.93145P04 0160-00
45. 4417 9: ASP2 -45.4417 #6 10: -669. 93146 -20. 0000

tt5 11: -165-20501 -182.7480 12: ASP3 476.5531 tt6

13: -410.99944 -182.7518 =6 14: ASP4 164.9642 U6 15:

s o e e S s
- 2@k bl ﬁ@%ore’%ﬁénﬁ@%@% ;E:’%@%.ZGO- 0000 # 22

1015.6 3994°19. 7285 23: - 2 63.4343 #5 24:

-2;%5}219@%1%16@485 25: -1388.3824 40:8485 #5 26:
ASPS 1. 0000

(Specifications)

Image-side NA: 1.20

Exposurc area: A=14mm B =18 mm

H=260mm C=4mm

Imaging magnification: 1/4

Center wavelength: 193.306 nm

Refractive index of silica: 1.5603261

Refractive index of fluorite: 1.5014548

Refractive index of liquid 1: 1.43664

Disperston of silica (do/d)): -1.591E - 6/pm

Dispersion of fluorite (do/dA): -0.980E - 6/pm

Dispersion of hquid 1 (dn/d}): -2.6E - 6/pm

Values corresponding to Condition ~ Ma = 374.65 mm L=
1400 mm | |
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27: 00 1.0000 28: 479-05778 35.6437 29: 163729836

1. 0000 30: 329.32813 44.1312 n5 31: 1053.37530

1.0000 32: 200.35146 57.3982 #5 33: 515.50441 1.000@py4.0160-00
34: 115.38756 60.5521 tt5 35: ASP9 1.0000 36.

81. 03425 37.8815 914 37: ASPIO 1.0000 38: 81-71932

35.7388 # 13 39: 00 1.0000 118 #s ao #1:1st surface

-81 FP04-0160-00 #2: Radius of curvature #3:. Surface

sp@qﬁm&LE : Medium #5: silica glass 5 #6: reflecting

mrror #77 aperture stop #8: pure water #9: 2nd

su '(S?iég_ﬁcﬁﬂiéhs b ystidad MémhUel§PLE 6) (Aspheri cal

Coef ients) ttnttta Is c4 c6 c8 GIO 712 cl4 cle
cl8 c20 %2 #3 B4
F1 ) 60.0000
1. oo 8.0000 s
2 oo 33.0000
3 ASP1 25.0422]ss
4. - 16396521 1.8000
5 35531817 60.7391 |»5
& -261.8411% 1.0000
I 277 33354 25.0109/%s
8: ASP2 224.5285
% -1 7651872 20.0000[ss
133 -315.60710 104614
11: ASP2 =10 4614 |#5
i2; -515560710 —20.0600]#s
13 —1 1661872 =204 5285
14: ASP4 B18.53706]%5
i5 -517.30842 -241.3807 125
I5: —52.07494 171.3807 %8
il ASPS 20.0000(=s
13 171.58382 414743
1% -242.9452% 20.0000 |5
20 ASPG 85,1415
21: ASP? 28.3218|#5
23 —273.72281 1.6000
23 Z 578.31684 486073 s
24: —-508.964210 1.0000
2y ASP2 23.1140] 8%
28. 71330127 1.5000
2k 143486847 33.6453 15
28: -1392.24668 100.2723
28 = i382.10341 24.7691 |5
30 —2844133.03600 5.307%
31 o0 6.0EGD |51
32: 556.90080 37.1298 (=5
33: 224859 28548 1.6800
34: 367.83720 41.0495% |45
e 134108674 1.0000
36: 180.61255 $1.4605 a5
37 - 464.23786 1.6000
38 125 76761 48 2685 x5
39 ASPS 1.6000
40: 89.2 7467 40.3615 |25
41: ASP10 1.1254
42: 79.35451 377011 [ws
43 oo 1.0000 %2
s o
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ASPI -0.00399454 OQBOOOE+CQ 2. 22245E-08 1. 47956E- 13
-1.47977=-17 1. 83827E-21 -3. 79672E-26 6. 22409E- 31

0. 00000E- 00 0. 00000E+CO 0. 00000E+00 AS P2 - 090372368Ep(4-0160-00
O 03000E+CO - 1. 37539E- 09 -9. 27453E- 14 - 2. 38568E- 18
-4.78730E-22 4.14849E-26 -2.22906E-30 0. 00000E+00

0. 00000E+00 0. 00000E+00 ASPS - 000090790 DODOODE+CO
-4.17158E-09 1. 63090E-13 -4. 47592E- 18 4. 68099E- 22

- 24G4P98E6r26e 6. 12220E- 31 0. 00000E+00 D. ODOODE+CO

0. 00000E+00  ASP4 - 000254948 DODOOOE+CO 1. 56073E- 09

1. P58 RARIGolc®daBRe- 18 - 8. 80727E-23 7. 81493E- 27
-1.4819[ E- 32 0. 00000E- 00 D. CO000E+CO 0. 00000E+00 ASPS
- 0¢9182P20%e QpABRQOE+CO - 3. 82817E- 11 1. 56504E- 33
-2.89929--16 1.68400E-20 5.86465E-25 1.20191E- 29

0. @a080&digfm D. 0OXOOE+00 0. 00000E+00 ASPS 0. 00541154
DODOODE+CO 3. 81649E- 08 - 110034E- 12 - 3. 690905- 16

1. 3385Bkcadtass. 34523E- 25 - 3. 45549E- 29 0. 00000E+00

0. 03000E+G0O 0. 00000E+00 ASP? 0. 001Q2903 0. 08000E+00

- 3#6ARHIGEHN RiBFHO0SE- 13 - 1. 32597EE- 17 2. 02315E- 22

-5. 48818E- 27 - 4. 07090E- 32 O COO00E 00 O. Q@OOE+G0

0. 8008pEHIR stéBPS - 090012573 a00000E+C0 - 5. 21260E- 00
-2.97679E-14 -4.97467E-13 1. 15081E-23 9. 46202E- 29

5. §8 7B B4atdd. 00000E- 00 D. ODOOOE+CO 0. 00000E+00 ASPS
0. 06403277 0. Ca000E+GO 4. 99776E- 08 - 8. 99272E- 13

5. 69730dEsufade 38434E- 22 - 4. 24581E- 26 4. 85058E- 30

0. Q0000E- 00 0. 06000E+CO 0. 00000E+00 Jt5Pi 0 0. 07060914
0. COABOE 4D 2. 60785E- 07 4. 78050E- 11 5. 21548E- 15

1. 26891E-18 1.53552E-22 4.32477E-26 0. 00000E- 00

D. Odsplsrkab(@adbopmts)c0  #12: Aspherical surface

NUMPET #H3E CUr VARt Ure 15 Fi g I3 IS & transvegse o1l
abtrrntiwn diagrhm sfow ng tde 182 FP04-10166300 £ 24

t 1 anSEET PeoadIeisht i ditai-b] t S 2 TEd [ g S| T eHhIEon a2
i The shqQiital {ryoeca-oi bizsihes|C atam-oqt MBCET0D] 0 00000EraD

prni actibn o cdording tio th
NN Y T 0 : i I | “'7??.4"”]?9—13 O S it 17| a3 TiEZ]
priesent EXanpl €. | 1 {Esdshides] Log32s8EbdiOb 68058 L Taena A=
hdi,gh bac dashed line the transverse laberratilon at
t “aspd -k %@ggnﬁswﬁw 14A7E-04) A 499 16E-14[, -5 43650} _%%%_J?Ei
CVaveT eyt : EE227P 26 dzhedE-32) B AOR00E+AN] | 0 A0GhIEL 'A50a0EOR
triansverse aberrpation at [the wavel ength df 193. 3060,
ASPS -G DBD76630] 0 0COODGY00| 3083276~ 10| 4.69465E-14| ~B.20750E~19]  2.48000E~23
—§ 28832678 1.58122E-32] p.OODOCEX0D|  GODODOE+OD] 0 OGCOOEHID

ASPS S.00125662) DOGOGOE-G0| 1 Q3544E-08) —1.28243E-12; -3.87225E-17 -B.03179E-Z1
3S0718E-26] | S4002E-30f OO000DEH0D|  G.0G000E+HOD! 0 0g000E+0D
ASPe G.00507634] 0000C0E-00] 1 00B43E-08| -3 32807E-12| -1 38708E-17 2684276E-21
141136E-2 -6.70515E-30} DOOQOCE+D0] O.GDODOEHDO|  0.00000E+0G
ASPT -0D0253727| 0O0GOODErOS| -3.34913E-10| 8.50312E-14| -1.02153E-18] ~122860E-22
31115427 -490304E-21 Q.00D00E+0Q| Q.0CODOE+OD| B 0GOCHEHG
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ASPS 0.00458253]  0.0C000E:0D{ 2 56 T4GE-08| -3.15468E-13] 7.1631BE-17] 1 41063E-21]
~2 22512620 | 680%3E-29) 0.00000E+0QF 0.0000CE+OG! 0 0OJO0E+HIO

ASPD 0011172107 O00G0COED0] 245701E-07] F19793E-11] 4.83523E-15| 2 02Z32E-18|
=1 580%2E-22] 1.415T9E-2G] 0.000ODE+00[ OQO0CDOE+S0[ 0 00000E08

#12: Aspherical surface number
#13: Curvature

Fig. 12 is a transverse aberration diagram showing the
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and each chain line the transverse aberration at the
wavel ength of 193.3057 nm As shown in the transverse

aberration diagramof Fig. 13, the catadioptric FP04-0160-00

projection optical system PL2 of the present exanple
has the |large nunerical aperture and is corrected in a
good 10 bal ance for aberration throughout the entire
exposure area though it has no |arge optical elenent.
Th ' e f: At AN ks i hl s .

ou S R BERAROR! i R, DOEFRRORAIRRELDA Ml PRy sasiva
14 diecfibni off et Etht bkt Confd | i

t he cgt adi optri cﬁ%&rio' g?%@&@céﬁ%}s%& l%gpgtl a‘?ﬁ%o?&mg to

ac ¢le Hraskrit Cexaieplel T R Fi@Ph € YOindgtdy ﬂfee!i‘ﬁlage height, each

i nvention. The ‘catadioptTYic projection opticalF sys

PLllsla@ﬁed fifle fthé thRyarsl aq)ér,ﬁaﬁcﬁpggmes%veichﬁgﬁ of 193.3063 nm,

follow ng optical systens in order fromt obj ect

si dach sblid lind B t@hkeéBeRlbettAfon afthd WpdvelERahnSt 193.3060

optical systemd for formng a first internmedi ate

| mage @il eacls ebafit linet en@ghiesé b@eradiont HetHeeWeSleength of
20 RI' located on the first surface; and a second

| g8 3§ 50phincal Asystosm @2 the dranwiedye Abeifationed@bfam of Fig.
internedi ate imge of the reticle Rl onto a wafer

(nd2, sthewshtadesptred projdotions equivil seydtene. PIlhe of i fied present
i magi ng optical systemd is conposed of a lens unit

wi examppodiasithe kege animegepoapert(fé and ieoermestdd in a good
G|, and after- 25 described six reflecting mrrors

M balancd Her eberationtth@igticuriahe antire exparsoee aréathough it has
distortion and others and to make the optical system

83no kage-apteml eement.ecentric on the reticle Rl side.

The lens_unit G| functions to keep the size of the )

i mage of Thealussi of sperificationsglthecsatadidptrinegrofstivineoptical
Rl is placed with deviation fromthe desired position

i nsYstemgPhacagesndsig todhe deurthaexamipde axll benpresented, below.
th erformance of the catadioptric. 5 projection _

opt kg SspEesemtp) ! ecﬁﬂe‘k‘}%cﬁ'ﬂpﬁﬁ aphdbenopticalrieenbhesnjof the

i magi tical. system & jis entir comppsed of
L rCatedpEiG PRRjeFban BPUREh iy R P2 apabs it example.
! “Pabie"6 tpr\émsérﬂsathe aspherical coefficients of the lenses with a lens

surface of aspherical shape and the reflecting mirrors used in the
catadioptric projection optical system PL2 according to the fourth
example.  The specifications, the specifications of the optical
members, and the aspherical coefficients will be described with use of
the same reference symbols as those used in the description of the
spectfications of the catadioptric projection optical system PL1 in the
third example.
[Fourth Examplej
{Specifications)

.Image-side NA:1.20
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positive refracting power (first lens unit) &1, a

lens unit with a negative refracting power (second

lens unit) &2, a lens unit with a 10 positive _ _
refracting power (third lens unit) &3, an aperture FP04-0160-00
stop AS1, and a lens unit with a positive refracting

power (fourth lens unit) &4. Since the second

i magi ng optical system @& is entirely conposed of the

transmi t tHngsaRt hdk Ael_-elr]ggtrﬁmhi 39 7f45eemof the Ioad

of optical "path separation; therefore, the inmage-side

nunmerical aperture off £hg G5maAt @dkQPgKhC Proj ection

optical system PLI can be set |large and a reduced

i mage caf ifgg) ifikagof §i% reduction rate on the
waf er | ocated on the second surface. The lens units

R1- R4 Caanvagelustly 19M306qnf or satisfying the
Pet zval 's condition. "The configuration of the |lens

uni ts GReE2tive iadeg dfailaypid560326tr ease in 20 the
total length of the catadioptric projection optical
syst em PRlefrathee ihdes of fhicrite21-382B{54& effective to
correction for various aberrations such as cona. Here
t he | ensRefracti®elindex ofhiepsdd :df.436@4 f ol | owi ng
conmponents in order of passage of rays fromthe object
si de (reDigpersiin oPsilisaddph/d)g: pl 39dFpabfirhel plate LI;
a positive neniscus lens L2 whose concave surface of
aspher i cBispdrappn okflhente (dwdid t{h@80Bj-ewpm a -84
FP0O4- 0160-00 biconvex lens L3; and a biconvex | ens
L4. The Pasparsicansiiiquidd! gniddg: 81.66nvesprens L4 is
reflected by the concave reflecting mrror M whose
concave Yahiesworrspeading tablongitape | Maept2dobmmt he L=
Objﬂﬁét’ the ~convex reflecting mrror M2 whose convex
sutfd@ AN aspherical shape 5 is kept toward the

wa the concave reflecting mnor M3 whose
comi‘gg}face is kept toward the object, to formthe
figst i.pternedi ate .. i e. . The beamrefl ected by the
re@%ﬂﬁﬁ@“%@?gma@?@bﬁ@ ed by the convex
reflecting mrror Md whose convex surface is kept

toward the wafer, the concave reflecting mnor M
whose concave surface of ,

- 80 -



10 aspherical shape is kept toward the object, and the

concave reflecting mnor M6 whose concave surface is

kept toward the wafer. Since the beamis continuously

reflected by the reflecting mnors M-M w thout FP04-0160-00
intervention of any lens, the Petzval's condition can

be readily nmet by adjustnent of each reflecting mrror

M-M. A 15 region for holding each reflecting mnor

MM can be secured.and it s easy to hol each
reflecting mnor] M:Ms._The cdrvatifre of fiéld®*can be
readi | v *8orrect eld®f or_by_chandi ng t he 7d&diddg of
cufvaturel:of eachpe reflecting jmrror M3LNIBO| Thes beam
reflected:by thelaefTecting mjrror M3onm t he
segond 1 nf.er nedi e mage. 20 [Th thisseamgs/The
cofitave TETTeTTng mJ239r83\?5l,2 S Praceu FHadgoT j
p0>| tomrgrost—dhistant i optrTTta ant
t hp—beemeanr—be toeuds: 4449 ri spcc". Q%ﬁ ?_\ggfti A
i frorME—theref or e IPHOYIE
ap din t he dpt i cal 83A0008%1 of rhSQ(ﬂﬂﬂﬂ i dptric
prpjectidn optical sy§68BINA6], wit hod® ddit/er venti on
of |any | éns bet 25 the refll ecti ng4biddrdi s**M - Mp,
wher eby 1 er f erlence~866.93d 48yoi ded -BBNGEON *HBeans.
When thetpeam 1§ cont-ygaQUsiny [ref T ectggl7gnl he Tour
]:8 FPOZ41§160- ULAS’F%TI ecting M rror Sy VEskB [T 1S
egsi b ey 30 avoijd an hﬁ‘ﬁ'@%ﬁﬁ Tt nQA]ﬂf)I?ngg_‘?@gI tr—of
A LN ARG AAE 12,12 SO
in ok d°[5 of ) : 8 'nﬁls.cr‘llc lLens
L5 whose Bonvex | 5 sugpddadbs kept to%@ d8phe abj ect;
a JpositiV& peni cus FAREHEA ose_conda@808[i*f ace of
aspheri ct®: shapgAS®6kept towarnd the wWB4.8638h positive
meni scusmzens L1ASRIse convex|surface4s 3984pt° t owar d
thlx_e obj e negat FyeQABRASEUS Iens LBomhpse convex
surface 3§ ep Toval §3§ 08129 ec DBoOEGat 1 ve
e SCugg ey Wﬁﬂrz*;?f%%é‘ﬁ% ISR MR
EDLSNIN Moai PR R TR K
S O T S NS5 01 V1) A T
75: -1388.36824 40.8485| **
24 ASPB 1.0000
27 oo 1.0000] #7
28: 47905718 39,6437 =5
25: 163725836 1.00G0
30: 329.32813 44.1312|#s
31: 1053.37530 1.0000
32; 200.35148 57.3982] #5
33: 515.50441 1.0000
34: 118.38756 60.0321| %5
39 ASPY 1.0000
36: 81.03425 37.8815%*
37: ASP1O 1.0000
38: 81.71832 35.7388) =
39 o0 1.0000*2
#5 [+

#1:1st surface
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10

15

shape is kept toward the wafer
conposed of the
rays _a planoconvex | ens

passage of

of aspheri cal

The
foll ow ng conponents in order
Lit whose pl ane
a 15

shape is kept toward the object;

lens unit &3

of

is

negative neniscus |lens L12 whose convex surface is

kept toward the

obj ect;

positive neniscus | ens L14 whose

kept2 - Roua g of BEr@RhRCt ;. and a biconvex lens L15. The

lens unit 24 is conposed of.
| ens L17 whose convex surface

Pog3t iISuefarenipaciif

kept toward

toward the wafer;

cowéagﬂksgﬂﬁ
waf er; an

a

he 720 object;
L1g4nddsdiugpncave surface of aspherica

a bi convex |lens L13;

a

convex surface i

a bi convex | ens L16;
i s

S

a

a positive neniscus |ens
shape i s kept

a positive neniscus lens L19 whose

gce of aspherical

shape is kept toward the
a pl anoconvex | ens L20 whose convex

sutbaceflécinigentirroowar d t he object. The catadioptric
proj ection optical
satfi/shpetthee stopdi tion of 0.2 < Mb/L < 0.7, where Mis
a di stance on the
r efi8epticgatémor M3 and the aperture stop 86

FPO4-0160-00 AS 1,

system

opti cal

r e#Pcled Rurfacd t he wafer.

the lower [imt, it becones difficult to place and
ke#pdt RbBiardases L5-L15 constituting the lens units
&R1- &3 indispensable for correction for various
abe(ﬂﬁgi&ﬁé) particularly, coma, 5 at their accurate
positions. E?ngy, when Mo/ L satisfies the | ower
| i spherical £ 9edlisiants) t o avoi d mechanical interference
of the—conegye —FeHegti-Rrg—rrror M—utththelens——r
unit s ZI-[Z3._ Wian M L [satdsties the UppEer1d T M T, <20
i s foﬂihl%‘]ﬁ?%ﬂ—ﬁl i ge in thée total
-5 P 20078830 | D +0 '_2'2&55’&%@ 1E4O5GEET18 [ -1 47077517 | 1.83827E-21
Ieﬂg‘tﬁﬁ' A a1 1CT Epdt-48 | lalaiodsisd § oBdooklas | B o8P0 bdosser 0o
pro'j_e,&%]];gi on _ggnf]itzr‘nl 10 q"\{/qt em Pl | For morée accurately
Ly L 4] 1.34 ~05 1 =037 14 | 5385685 -1R | =47 E-22
pl face=dnd-kEED  catt AR T R S AR T @.ﬁéﬁ%&nn ,
t he |ngge'§gﬁ$£%£ %grotal length ¢f the catadi optfiC
oj-E88%-on || DEROEDESE, | 9,17 TOBE-OR | T.50090F 13 { 4475925 | & BAUGDE 22
pr T O OP T OO Yea= Gt 6 127031 DB 0 | Dotio0E s | 6 ftfoooer 00
syStem is |nore preterably constryicted to[satrstyjtne
I nd:ﬁ?l?-lon d&ﬂﬂgﬁ%j& £57 C0 « 1OROFIF-08 | 1.95837E-14 | 1.84538E-18 | -830727F-23
[ : 181 21 | -1 4818{F-37 | 0.00003E-00 | G.OSCO0EYCD | 0.0000BEFOD
ASPE -5 001834928 | GOD00OEHDD | ~382817E-11 | 1.58504E-13 | -2.88929=-16 ] 1.50300C-20
—5.Ci485E-258 | 1 20101E-29 | O.O0005E-D0 { D.ODOOOE+SD | A.00000E+00
ASPE D005 154 280000E4+E0 | JRIGABE-OB { -1.T0034E-12 | ~3.68090=-16 | 1.233858E-20
G.34523E-25 | —3.45549E~-28 | Q.GO00DE=00 [ COOD0DDE+GS | 0.00000E+00
ASP? N.00182503 GOS0E+CO | —3.14D04E-08 [ 2.BY90BE-13 | ~1.32597E~17 | 202315E-22
—5.430185-27 | ~197090F-32 | 6.60003E+00 | S.COQOGELCE | 0.00006EF00
ASPR —0.000125% | 0.ODQODEXCO | —5 21260E-08 | <2 57679614 | ~25266/L—19 | 1.15081E-23
‘-9.4-5282E—29 5.04787E-34 | DUO00DE-00 | DOSUODERCD | 0.00000DEYOR
ASPS 0.00283277 DOR00REYDE | £08VTEE-05 | -8.9D272E-13 | BEQ7BIC-17 | £.3B434E-27 |
~4 24581525 | £.8i008C-30 | C.O000DE-00 | OODOUDELCE | 0.0000GEF00
ASPid 0.0106081 4 OGIJ00E+ED | 2 80725E-07 | 4.78050E-11 | 521543E-15 | 1.26881E-18
153552627 | 4.32477E-38 | Q00000E~00 | GOBOOCEHCG | 4.00000E+D0

PLI

axi s AXl

VWhen Mo/

is constructed to

L

bet ween t he

25

and L the distance between the
is smaller than

#12: Aspherical surface number
#13: Curvature

- Fig. 13 is a transverse aberration diagram showing the
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In this fifth exanple the first internediate inmage is
formed 15 between the reflecting mnor M3 and the

reflecting mrror M4, but the first internediate FP04-0160-00

i mage may be forned in any optical path between the
reflecting mnor M and the reflecting mrror M.

Next, the sixth exanple of the present invention wll

be described with reference to the drawing. Fig. 15

IS r@iRstelsESabarhtn 20 RO oeRdigndleOfreABh! 9hi & FRe agittal
the catadioptric projection optical system according

t o direetisivdfithex@nndpdiic PrejdtRBeaptitAVERLERPLI MR cording to
catadi optric projection optical system PL2 of the

si i peaswip! exansplec OMAr Fied] df Y hedicatdsomen ﬁnﬁgé igdibht, each
systens in order fromthe object side (i.e., The

r etdashel e thel eanseeifserabertarigi pOtRPIWVaGSlen®Yl EFMIFB3063 nm,
for formng a 25 first internediate i nage and a second

i ntachredhidtime theoandvdrbe abetration atRhel wattragdn of 93 3060,
first surface; and a second i magi ng optical system 4

- 8@ndPeabhD thanDdind dher ghayvarget Slserssemndati therwadélength of
image of the reticle R2 onto a wafer (not shown)

| 0d48 8@5Gnnimhe Ascshwoavrs um fthe draiiverse nberratiegi diggram of Fig,
optical system G3 is conposed of a lens unit wth a

podBs ithe cafadsaptiicg projeetionf iogitital esgstemi tBL230f the present
after-described 5 lens L25, and six reflecting )

ni examplavhas Nbe. laTge numericali apadurd andt isonerreoted in a good
correct for distaortion and others and to nmake the )
opbalaare fex sbemratien dheatghant dhe tamdire expeoisurrares though it has
The |l ens unjt 1 functions to keep the size of the

i maQdarge aptical glamert. R2 unchanged even if the reticle

R2 is place jth devjation fromthe desired position .

0 the 1bh%Jiith gxampls @friie PEssent Haventps, wikiebe described

CSReIgR P tedsresc i he SABANE: gRIEThE 1% aBaHEoHAGGR sgowing
_ tithed andflasirad

C P, BRRER e of el GREIE Craipetion eptigal system

| otfing ", 1h8., AR CieIS] PR 1hESpRER fvértion.  The

LAGLBI: POFE SR SPcdeSsb Pr P3¢ fhe Hlth “Wedmple is

r
W

comprised of the following optical systems in order from the object side
(i.e., the reticle R1 side): a first imaging optical system G1 for forming a
first intermediate 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 ntermediate image of the reticle R1 onto a |
- wafer (not shown) located on the second surface.
The first imaging optical system G1 i1s composed of a lens unit
with a positive refracting power (field lens unit) G11, and after-
described six reflecting mirrors M1-M6. The lens unit G11 functions

to correct for distortion and others and to make the optical system
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positive refracting power (third lens unit) 43, an
aperture stop AS2, and a lens unit with a positive

refracting power (fourth lens unit) (44. The second FP04-0160-00

i magi ng optical system ™ is free of the |oad of

optical path separation because it is entirely

conposed of the transmtting optical 20 el enents;

therefore, the image-side nunerical aperture of the

CaSICLERTT! 6n PROKERHER] WL CATTHSEhE ML 6192 R EioR8 O keep
e at a hig

| arge and a reduced inmage can or ne

re ' : | .
NSt e OF M RECIGRT URAARCHIAIPING rticl K1

f une plgerdiwith dvigtion Morh MBe REA¥E pSsitiOn 9h ithe Biretfdn of the
25 configuration of the lens units 'GA41-GA4 effectively
avophgabniifCcAEse thefefoke, tthbalpekRiAtidncel dfhahe catadioptric
catadi optric projection optical systemPL2. -88

FP@fojeeion GptichhsysdtensPLI dan b indwithified heglir ect for

various aberrations such as coma. Here the |l ens unit

G311 is chhparedndfimiadpdng dptival ngsteaRGRNE HRirely 06A8fYosed of
of passage of rays fromthe object side (reticle R2™ 5

si thajismattpigapptipal @ldméntsl ahd is2dompogedi of welemnuaitus/ith a
| ens L22 whose concave surface of aspherical shape is
keposttivearefradctenphp@eser @dirsbilennviexit) €631 23 leandidt with a
bi convex lens L24. The beamtransmitted by the

bi negattve refrgctig passe$sedonclidgng aitheGAR| \ee lersnuaituwith a
lens _(negative lens) L25 with the concave surface
keposttivaaictrachiagoppwer ,(thisd dons efiectGR3, an aperturmnstope AS1,
reflecting mirror M | with the concave surface of
aspi@ @ lenk wnhpatlk eppostavenrafraptingipever (fnwutlplensesnit) G24.
aggin t hrough the negative neniscus |ens L25. The
beatcerthe seLond amaging eptisghsystem Gnissantirely gempesed of the
reflected by the convex reflecting m nor M2 with the
coeRsnyingaeptical glgnentscat snhise wlpthe doad of wptical path
wafer, to form the.first internedi ate.igage. The
be%ﬁﬂ%‘?%ct%‘&r%(g’r‘?heﬂ\eef%@'ﬁ ¢ wgterigg) mperture of the
refl.ected.by the concave refl ecti irror. ML3 with

| REABHGRIE Ml FeiRE Rbiteal, SKSIeH Mkl o6PRcbE Fetelrze and a

COauted eigllla%%t A9 B2 Wfmed at a high reduction rate on the wafer
located on the second surface. The lens umts G21-G24
advantageously function for satisfying the Petzval's condition. The
configuration of the lens units G21-G24 is able to avoid an increase in
the total length of the catadioptric projection optical system PL.1. The
lens umts G21-G23 are effective 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 1.1; a positive meniscus lens L2 whose

concave surface of aspherical shape is kept toward the object; a
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ML4 with the convex surface kept toward the wafer, the
concave reflecting mnor M5 wth the concave surface

of aspherical shape kept 20 toward the object, and th§P04—0160-00

concave reflecting mnor M6 with the concave surfac
kept toward the wafer. By adjusting the negative

meni scus lens L25, it is feasible to readily correct

for chromatic aberration and to readily satisfy the

Pe y di ti . i e regli .

Covguabic KORILY, a0 PHEARAR N L7, (15 Hoaf] tapsmitced by

f eqlé Hicordext RorseRdi kVreSRCEEE P’f e e&ﬁdﬁ@f&lﬁgg Bifror M1
re e orns

The beamreflected by the cting mrror

t hwmda%wﬁ&aﬁ%gmleﬁ%m sBfhd RO¥e 1B 428 thf: bbicct, the

this case, the concave r ecting mrror M3 1S p

at cofiveResflbctang MirtordM iode’ ARV sRThtE Mf AAPhSrical shape
AX2, and the beam can be focused by this concave

refid kept nownid tios vidiai, dtbried @bficat® Qeﬂ@éﬁi‘l}% FRirrBeMEtwhose
| argely apart fromthe optical axis AX2 of The

caceflcand sindfade ¥ Repctowardothic ject yidt Rt fivdttin@stimediate
intervention of any lens between the four reflecting

m unage. MiheMi¢amasflected by fthasefibeting mairaddM3 is reflected by
interference between beans. By continuously reflecting

t htheeanviy reflbetifgunirra@f M4 twhgsericonoes i, képt toward
is feasible to avoid an increase in the total |ength

of thehwafer, alie aqumcave pefleeting aniwet Mal whyse eonBhde stifface of
The lens unit (A1 is conposed of the follow ng

coagpirarmad shape osdeaptaowrrdstinpeobfectagnd the pamicaiveereflecting
meni scus | ens L26 whose convex surface is kept toward

t hBugor ddb; whoseonsavs srfncsciskaps tewiard theseafer.

concave surface of aspherical shape is_kept toward the
vaf er; aSP8e€i thg ebeamnis cepntimmaisly srefieeted cbyivihe reflecting

surface | ept toward the object; a 15 positive .
mﬁfEmeMLwﬁmb%emmogany dees,dhe digirealiscepndition

shape, is t toward.the wafer; and negati.ve
e bewendil meCbhrdis i pheach resltetng mior MIMS. A

| RRATE T S s S SEIBAE 3 B s anc i

thg éﬂz?ég;e{o Rofif eadt! ?eﬁgé}ig’ngu 'rrllinirrocé4 E/ﬂi/m 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
posiiion 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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20 conposed of the foll ow ng conponents in order of
passage of rays: a biconvex lens L32 forned in the.

aspherical shape on the object side; a negative FP04-0160-00

meni scus | ens L33 whose convex surface is kept toward
the object; a biconvex |lens L34; a biconvex |ens L35;
and a biconvex lens L36. The lens unit (44 is
conposed of a biconvex |lens L37; a 25 positive

MeREAEHENE RT3 MMORES if FYESI B4 tfoa%‘ol_iglgaﬂ‘mﬁrggg&&”ﬁ{ the total

the objeCt; a positivé neniscus |ens
cong@ath stuhkasadibptiPrdiEltol Hrftiddl syaepppriical shape
is kept toward thepvvafgﬁﬁ a Bosi t{veSIYnsni scus lens L40

whose coMiRVRnSUWifieCR 10fs 8spipRisbdadf tlaRAldvwinke®dmponents in
toward the wafer; and a planoconvex |ens L41 whos

coipyyr frpaesed DIk@RE: LoposRivehtelbal lensThS whose convex

catadi optric projection optical systemPL2 is

coratfavetisckdm towsatl thkyobjeetcanshdiiioe menldcds Jeh®L6-vhose
< 0.7, where Mb is a distance on the optical axis
AXzoheave sarfhie of abpleet¢al shaiperierkdt Ionatld tthe vedfer t apesitive
stop AS2, and L2 the distance between the reticle R2
andhgriiscumiens. L7WvhosdPlurx susfiret | igrkeptatowinel Howvebject; a
limt, it becomes difficult to place and keep each of

t haegatree aneaBeusdenodst iwbhosa gonvex| amfacemniis kepd toward the
(A1- A3 indi spensable for correction for various

abebjext] ame, a2 pegativalmeniscusolems A9 avhesecwoavex surface of
posi tion. Nanmely, when M2b/L2 satisfies the |[ower )
| i aspheriqali shapsads dieptt tovianst dhereobjmet.callThiendens amihd@22 is
of the concave reflecting mrror M3 with the |ens )
unceBposed of 3 biopreavekens b16avhese eencae swifaee of mspherical
it js feasible to _ayoid an 15 increase in the total

| eBRANE Bn cpitomarddheovater; hdhe lensommit K&2% &% gampesercof the
pr%hfctlon optical system PL2. For pl ?ci ng anqg keepi ng
catH!PWHIE COBIPONEHISIN orees el Dassrga of §axFLa dHanprPnvex lens

t nE T8 SRS o Fane” BT GralerisaT cpReais dyitebwea TReoblect; a
oE b YRR R a0 LSS S tparc the
#2 Sig)t(;tlgz BN % 14 Iflij;sfa bggﬁfv%e%gﬁﬁcﬁm Ielsi P14 whose
convex surface is kept toward the object; and a biconvex lens L15.
The lens wnit G24 is composed of: a biconvex lens L16; a
‘postitve mentscus lens L17 whose convex surface is kept toward the
object; a positive meniscus lens L18 whose concave surface of
aspherical shape is kept toward the wafer; a positive meniscus lens L19
~whose concave surface of aspherical shape is kept toward the wafer; and
a planoconvex lens L20 whose convex surface is kept toward the object.
The catadiopiric projection optical system PL1 is constructed to
satisfy the condition of 0.2 < Mb/L < 0.7, where M 1s a distance on the

optical axis AX1 between the reflecting mirror M3 and the aperture stop
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between the reflecting mrror M2 and the reflecting
mrror M3, but the first internediate i mage may be

formed in any optical path between the reflecting FP04-0160-00

mrror M2 and the reflecting mrror M4. 25 Next, the
seventh exanple of the present invention will be

described with reference to the drawing. Fig. 16 is an
illustration -91 FP04-0160-00 showing a |ens

con$ puaid TOfhe sttt BEAHLQP Hid ?etﬁ’él@JRTt LIRPW&@% When

system according to the seventh exanple o e present

| NWABLIL 90 smBRr tﬁﬁhétﬁb‘IBWdrChﬁﬁPJ 1€%b8ﬂle%p&ﬂfﬁéhlt%3f)%b and
PL3 of the seventh exanple is éonprised

foﬂdeeg NheoPehs&d BFSLEFS dohstitathgf rhen tl@ﬁs olmﬁfst G21-G23
si de i.e., theretcheR33|de) a first imaging

Ophmm@beﬁsme fofeotectibar frngirfoud hb&tralicherpaticalfly, coma,

i mge and a second internediate i mage of the reticle

R3 at ahetregcamateh pokiticis. sUNhardy, signaMbdondtisfiagithe lower

optical system for relaying the second

i nlenmpd 8 deasibiye tof avdid nedchahécaR3mpetforencewef ehe concave

(not shown) | ocated on the second surface. 10 The

f i reflectryi mgropt MSalwiths theen Iehsi anitonp@de@23f aWhes Mb/L

unit wth a positive refracting power (field |lens

unsatisf@ltheangperf lienit, tteiscfeabide soxavatll & tnogase nnahe total

M21-M26. The lens unit G5l functions to correct for _

di kngthiand amdnerease snghd sioe mﬁkthetda@ad:ppmalpxommoptlcal

telecentric on the reticle R2 side. The lens unit

f upysteon®Llals tBok sagret hecwiatelyopl atcheandnl@@pocaqlhéens L5-L15

reti unchanged even if the. reticle R3 is placed
ﬂnﬁééou@dy anoidiag the dnaeanse g tb@éotal dength Dfﬂahe catadioptric

d| rectiqn of opti cal - axi t herefore, the

pepffaﬁﬁﬁ%él}mca\? he/stegat 88419 ﬁ=| Erw@i]l%tonmaépiys&@m 1s more

R R T gl 50 81

t t d osed of a

| LﬁQSL"n. {n Jflisn B e ”e%eeffar???tmiéﬁ%ﬁé " imags; 1s formed
%ﬁ‘% tﬁlep{ﬁbé]ﬂ l cH unil\é[ﬁs |ﬂE§ I%%&l%g r%lﬁgoruMA} but the

Ggéﬂtiﬂtc {x}%emizf f [ BN 38g fOmEd n(ltal,?l'yr (qpélga szifﬂ' Bdtween the

reflecting mirror M2 and the reflecting mirror M4,

Next, the sixth example of the present invention will be
described with reference to the drawing. Fig. 15 i1s an illustration
showing a lens configuration of the catadioptric projection optical
system according to the sixth example of the present invention. The
catadioptric projection optical system PL2 of the sixth example is
comprised of the following optical systems in order from the object side
(i.e., the reticle R2 side): a first imaging optical system G3 for forming a
first mtermediate image 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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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

| arge ré‘ﬁ?n}il?%tthé d \;\lg?grp‘éafhgggitnfééﬁé‘r%‘ft ﬁﬂe ﬁetlfﬁlggm onto a

reducti o e on the on the secon

SUWﬁEﬁgno'E%dvﬁ{)slo@ﬁiécﬁoﬁﬁe Eomi ﬁtgiﬁég,ageousl y

function for satisfying the Petzval's condition. The

confi gur he q’irst)firnta%@rilgn @{bﬁicﬁ[‘ isygtlei? FgRET c@?ﬂptftﬁs'gﬁvﬁf ¥ lens unit

avoi ds an increase eto ength o

catith apbosiciyer RifieingnpoleralelayiRhs iftbBG3 IThefdedsscribed

units G61-G63 can correct for various abérrations suc

aslemsol25, IdhdHehe reflectigpsmiitors @l 1LMIGRNPPhedieds thR G31
foll ow ng conponents in order of passage of rays from

t héumdtjomst tesicdereCt dot alistorBon sarttk othé@rspidd go paake | ®le optical
plate L51; a positive neniscus |ens L52 whose concave

susysiem tdflccempherdrctlic sdtigde R3 skdpt Thededs uimét 633 lefiinctions
a biconvex lens L53; and a biconvex | ens L54. The
betomkeep rthei size df the Inage obithermeticld ®i5 unbhanged even if the
reflected by the concave reflecting mrror M1 wth

t heettode &Y eissplacadewnth alepition dromhspe despedt position in the
the object, the convex reflecting mrror M2 with the
copplesalsants adwedtions ferefers, thehppeokmance ovfirthict batadioptric
waf er, and the concave reflecting mrror M3 wth the
copyoeionppticd RysemtBlad cantbemaiitetncd hight or m t he

first 20 _jnternmediate_ image, The beamreflected by the

ref | ect i heE SEEORA TMRZING ©ptisal system Ky i entiselyexomposed of
reflecting mnaor M4 with the convex surface kept .

t otfapsmitHBgwaptcal eleanendsvand risreemppred iy aclenspenit with a
{ GIEHEVE HETE i POt (AE SO RO 61 bodi KNGt with 2
mwgggvf\{tltv% }ef}?acctl%né: %\é%véc’ru {sfe%%%dkfe@}s itircl)lxlc\ﬁa r@lﬁ}hg le%l% unit with a
- positive refracting power (third lens unit) G43, an aperture stop AS2,
and a lens unit with a positive refracting power (fourth lens unit)y 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
clements; 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 umits G41-G44
advantageously function for satisfying the Petzval's condition. The
.conﬁguration of the lens units G41-G44 effectively avoids an increase

in the total length of the catadioptric projection optical system PL2.
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Since the beamis continuously reflected by the
reflecting -93 FP04-0160-00 mrrors M21-M26 w t hout

intervention of any lens, it is feasible to readily FP04-0160-00

satisfy the Petzval's condition through adjustnment of
each reflecting mrror M1-M6. In addition, a region
for holding each reflecting mrror M1-M6 can be
secured, and the curvature of field 5 can be readily

co b b [ t ' -G

cacn 13 Lits 410609, O RIS vRLighe MRl such as
theohefl ecting mnor M6 forns the second

internediate image. In this case, the concave

reflecti Berd thor 183 UAit! G631 €qs atcohgf‘ose@losd)f | 1 "Rillowing
di stant fromthe optical axis AX3, and the beam can be
10¢h tdih bidér 6Ppasee’ of 846 from tHd bBfecViile greticle R2

therefore, the beam can be set [argely apart fromthe

opkide)! asplancfpirallél phae a2 Rdhopdditive meAiseatilefis L.22 whose
optical system PL3, w thout 1intervention of any |lens

betwredve tduefacefl lofchiplgericalr shapdLik- Mept ®wardt theé object; a

feasible to avoid interference between beans. Since

t hbidorpvexi lens &20; mudus biconselkdehed 2y t he fbwam 3nsmitted by
reflecting mrrors M23-M26, it is feasible to avoid an

i ntheedseonvex Henst b24| phssegt hhiafughhehe ahegatops rineniscus lens
projection optical systemPL3. The lens unit GGl is
cofmagatdediens hb26owithvwihegcommensntace kepbtawardthe object, is
passage of rays: a biconvex |ens L55; a positive

nereftanied byrthe dopeavie sefiectomg aviercruM Idcwithif thesqimmaive aturface
shape i s kept_toward the 20 wafer; a positive neniscus

| eﬁE asplengad sbapo kepk tewardithe vhjecemnd passesdagaie through the
obj ect; a negative neniscus | ens L58 whose convex )
supegateve memsons demadd nelbej beam wansmittedydry the negative
nmeni scus | ensLb59_ whgse convex surface_of aspheri cal

shEaiscusidens Legvigaetlepteddpy tha conyex reflectingymirigs Mil2 with
2clHGr SR AHAPS SHABEIEECRL AR REPY (onaN e lioto form
! ﬁ Sr- gﬂlﬁt gﬁ%gtglgagégo §§§3 s ! gg&olrgﬂ\é\i;{é% %c}), e er%h%cting
mirror M12 1s 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 toward the wafer, the concave
reflecting milrbr 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 feasibie 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 ficld. The beam reflected by the

- reflecting mirror M16 forms the second intermediate image.
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FP04-0160-00 biconvex | ens L61 whose convex surface
of aspherical shape is kept toward the object; a

negative neniscus lens L62 whose convex surface is  ppy4.0160-00

kept toward the object; a biconvex |lens L63; a

bi convex | ens L64; and a positive neniscus |ens L65
whose concave surface is kept toward the 5 object.
The lens unit G54 is conposed of the follow ng

conponentg thiy cfel@he RbnBass 28AcOing BAToA M $98\B%ced at the
| ens L66; a positive neniscus |ens “L67 whose convex

supRttor sndRdistavedieimt e eptiestt axid A0S tan® the beam can be
nmeni scus | ens L68 whose concave surface of aspherical

shdpendedl l\iﬂﬁmhislébﬂda%ﬁéﬂbbﬁng@ﬁﬁﬁ)r A POSthdr¥forBiliesb&%m can
| ens L69 ose concave surface of aspherical shape is
kepie semdagetyheapstf diomanil aoptiealoarizvvexXPewns the’Qatadioptric
whose convex surface is kept toward the object. The
caipadjeotibniaptivadsesteno P1 Gt ithbuisirgémentlod d8any lens between
constructed to satisfy the condition of 02 < M3/L3 <

0. the viver erdfBedtmg mirsvendel16AM Iy thd dptisc ftasiblies to avoid
AX3 between the reflecting mrror M3 and the aperture

st uperiBBencanbictviearh bealinst arBye doett inmenstyh eefletting ¢hlbeam by
and the wafer. VWen M3/L3 is smaller than the | ower

| i the foun reflectimgsmairdfs Mil 3-Md 6, il scheaattde koepvoedan Difcrease
the | enses L55-L65 constituting the lens units

G tigatataldesgdnehithecatediapdric guojanticioeptieal syssem PL2.
aberrations, 20 particularly, coma, at an accurate )
posi t i onThedews pnitidd wpyarBposed iof the Sollgavingwesymponents in
limtg, ié is feasjble to avpid nechanical interference

of OF¢E QoRASALEr @F raXs i homtreomemscus {ens hd6) whese convex
units. &B1-63. . Wien M3/ .3 satisfi.es the upper, lim¢t

| Syrdage 1 Keph towas, el Oéwqthar@a%@veimenw@us dens L27 whose

B B IR et oo A AL SR b
KegRaq eoph et Lo%, LI0 8t o pmre. speyr Bl PSS (B, o
Sfﬂﬁs‘g%‘? gﬂ&gﬁﬁlg z?xtlsg ;@Pe}l%%g%t% ’hco?lkg%rg esu?flz{caedép gg}%ﬁecﬁcal shape
is 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 L31 formed
m 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 1.32 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
positive meniscus lens L38 whose convex surface is kept toward the

object; a positive meniscus lens L39 whose concave surface of
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optical systemis nore preferably constructed to
satisfy the condition of 0.25 < MB/L3 < 0.6. Inthis

seventh exanple, the first internediate inage is FP04-0160-00

formed 5 between the reflecting mrror M23 and the
reflecting mrror M4, but the first internediate

i mge nmay be forned in any optical path between the
reflecting mrror M22 and the reflecting -minor M4. In

SRR RSO 7 01 SR TR el fons L0

t heyRIROSHHE@IVRRRAFREWT as Q,rﬂ%g{e ;%h%@é & k%%{ﬂagﬂe wafer; and

water) with the refractive . in abo

in ' i | )
Topbasec ot e e, e grsomese

refracti el aidadiophrit %oﬁdﬂﬁﬁ]pél?ﬁﬁ@ali éystéﬂﬁePL% Js constructed to

catadi optric projection optical” systéem PL1-PL3 is 1.

Thentsfyr the d¢dirlitiva\F1RAGE MDb/Ihe @.X’FW@ NDBAS al distance on

pure water is about 0.71 (1/1.4) 15 tines that in the

at ties ppticsl avb e ERbdtheecnaherufleoting dirksr BIIBacE the aperture
The optical axis AX1-AX3 of every optical elenent

i nstopd &2 nand He? ¢he alistante itetprerinettd eeticlpt R2adnd the wafer.
system PLI -PL3 and having the predetern ned

r eWhen iM@bfodws smealierr Huge thes Wseardimal liy beootdes difficult to
single straight line, and the region of the imge

fop amnd theepvedaly obyhe Heng®s E26al08 6 ptoristitwiing ¢heilens units
optical systemPL1-PL3 is the off-axis region not

i n€l4det t medispensable axos Axarection THer efvarmusi t absrrations,
feasible to reduce the degree of difficulty of

pr padiulanly; gopra dafc enoacairatchgasitiemi oplarnely, when M2b/L2
projection optical. system PL1-PL3 and _to readily
achatesfiesy healawer lignf, it asdpasible sa@vosdineehanicalnimterference

25 Piiﬂce the catadioptric. proi\&cti on_optical system
PLYL Bhe copcayedrsipatmng mairrarr 13 owithe the ens nimits G41-G43. .

B ML B4 bt T LS
e R Yo DA S A B2 B asatediopiri
an rc%jlé]gtigf %Bli%glmsafsgeﬁlﬁﬁ\fa f For p%(t:il?l%uatnf Eeei:&%rgee%%% IiePlS L26-
136 at 2 more accurate position and securely avoiding the increase in
the total length of the catadioptric projection optical system PL2, the
optical system is 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 intermediate 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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the total length of the catadioptric projection
optical system PL1-PL3, 5 even in the case where the

reticle Rl -R3-side and waf er-si de nuneri cal apert ur €§p04-0160-00

of the catadioptric projection optical system PL1-PL3

are increased in order to enhance the resolution. The
catadi optric projection optical system PL1-PL3

according to the fifth to seventh exanples is a

t hishBG/ih g RAsOBbf f " Broieti i

fi rsst i nggr rredisate iﬁgléa?etycg&ngéq ﬁgésce%{%ﬁlj |ﬂr?tbe?ﬁ%]%ieg?tel optical |
| mMRgStem Bovbliditl (G ehd sévidnth Hx@niRdi GF Bel pRoGEt ivBition. Th

i nvgrt ed image of the reticle h@ R3, tehlgésecong 1on ©

i nb@tdfﬁép&iceﬁt@@ﬁohsoﬁ'fcﬁr%tehﬁ%% Of theesewintl!&ample is
R1-R3, and the’inage fornmed on the wafer is an

i neenimikdd®lthe follkeviabsticdl vyshans as or@déefont IR object side
cat _adl optric projection optical system 15 PLI-PL3 is
no(ing e thoretidle Rexpide)r £fiefinaiating @ﬁta&l\@fﬂ%m 08 for forming a
exposure is carried out with scanning of the reticle

RL{RS anerhédiavaimage tind a seaond rigtetinielisicoimdic bliehe reticle
reticle RI-R3 can be opposite to that of the wafer,

an®3 lodated enagholfest sunfaeddidnd acbiend imaging@dptishaheystem G6
as to decrease a change in the center of gravity of

t hforentlaymethe secend Ompnaediats . intdgd of ahsordtadsi RBeonto a
to reduce vibration of the catadioptric projection

opwafat (mtshemmPllbeted authe seadvel sirfnge i n the center

of gravity of the entire exposure apparatus and to )
achi eve dbediistriigaging petital austem G‘§ sughmposedeof a lens unit
entire region in the exposure area. In the

cabath chtpasttiye ojedtacting gewenl(fieydt emspunjt) PGS lof and  after-
eaéh of 35,125 .the above exanpl esMgure wat er_(dej oni zed
waflesonb -iSiKergfg%@ngemms ItMR$. | ockhedlensamagt G51
to.the. wafer, and the wafer, but another di u - 97 )
FPEmCons. o conset Agr dadortaen and eehers |tgrlagice ttasnoptwal |

B RIS R e B0 RIS 58 Chnctons

V2 RO g o R 5 1556 AL oSS 0 i e

ACLAAL 3R f)ﬁ%e&i Wit 8l o ﬂilen cﬂsgregid'pt%iltilon in the
direction of the optical-axis AX3; therefore, the performance of the
catadhoptric projection optical system PL3 can be maintained high.

The second mmaging optical system G6 is entirely composed of
transmitting optical elements, and is composed of a lens unit with a
positive refracting power (first lens unit) G61; a lens unit with a
negative refracting power (second lens unit) G62; a lens unit with a

- posttive refracting power (third lens unit) G63; an aperture stop AS3;
and a lens unit with a positive refracting power (fourth lens unit) G64.
Since the second 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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be presented. In the specifications, as showm in Fig.
11 descri bed above, A represents a radius of a

portion where the exposure light is blocked by the tpp4-0160-00

optical elenments constituting the catadioptric
projection optical systemPLI, wth the center on the
optical axis AXI of the 10 catadioptric projection
optical system PLlI, B a radius of the nmaxi rum i mage

heigg ghrdﬂohh &H@ref@ﬂét eRhON 1ﬁﬁ%egfﬂécﬁiurﬁéh§?ml_?&fmﬂeh €of the

catadioptric projeétion optical system PL

| ergtdtiepRtd profectionl opkicaPNsyatemN®T RIdRC Yo &et lar%e and a

exposure region, and Ca length along the Y-directi

of rtdce®iinagti v SEPRsMIE r20h diigh! feduteion rate on the wafer
specifications, NA indicates the I5 nunerical

apdotated., oht hesUsdand Senabati on, Thet hcrief hagts VE61-G64
i ndex, and 2 the center wavel ength. Furthernore, in

t hedsmg%oaﬂyl énsctidt fondétifpmg ke dPsizealse qomditien. The
optical axis AX1 between the concave reflecting

m coafigifateond of hke Jone pnéiseGHd dGodf effecttndylavdids an increase
di stance between the reticle RI and the wafer. 20

Talmh ¢h@ totals kmgsh tdfe tixp eatddioptriopsopctione optichk alystem PL3.
menbers of the catadioptric projection optical system

PL Thac kmsdinds tG61 H8638 i ¢ah corrantpfoa. vimotheaberrations such as
speci fications of the optical nenbers of Table 7, each
sucbm@e nunber in the first columm is an order of a
surface along the traveling direction of rays from

t he obj eHerei the ldns swtibndsTbl ismcang®seddiafs t&itb followmg :
curvat ure of each surface I’Q the third col um
oncesiponestsam orlesolspassage afapus {tomrthenpljest s@@cﬁeucle R3
surface, and the faqurth _-98 FPO4 0160-00. columm _a

gl a@ggnat@an@paml@amt@ﬁé Lan pasibes maniscus dens 152 whose

S’J ERAGHE SIERGeo Ot  aadiegic lélhﬁqeﬁéfkéﬁabg% "the. object; a
¢ iR dcBb LB aAnd FbishnER Iges bidh ng 86 leH’él ?ramw%ed by
: Wﬁceaveﬂwsa@imﬁ gt by Héégﬂéi‘f “tefldiie Mirror M21
28@%?? (iR Gtrishy® i i AR AL Shape kPt topt the ghisct, the
SeERIVEL WHBRing 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 1mage.  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
t_he convex surface of aspherical shape kept toward the object, and the
concave reflecting mirror M26 with the concave surface kept toward the
wafer.

Since the beam 1s continuously reflected by the reflecting
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represents the curvature of each aspherical surface
(1/m), the third colum the conical coefficient k

and the 12t h-order aspherical 10 coefficient, the FP04-0160-00

fourth colum the 4th-order and 14t h-order aspheri cal
coefficients, the fifth colum the 6th-order and

16t h- order aspherical coefficients, the sixth colum
the 8th-order and 18t h-order aspherical coefficients,

angnfRstsSRIZNNVE6 OlvitiBut Hﬁte}%{iﬁﬁﬁdgf faiﬁ:dle’r%t hit ofsdﬁéasible to

to Sevent

ex b %ﬁ?@gﬂﬂgﬁ
(a%scr?agggfa%ga\?g%&%ﬂfst f}dﬁé{x(gﬁngne?“ ? peci ficati ons§ each

| mi@ﬁe@t!ui% thirorl M0 1 200X POFH Ll d @R aArerglﬂn "fBrBhofking each
mm H=26.0mm C=4nm | magi ng magni ficatio 1/4 Center

vayeflestind mitfbi Bl -M26 Refy B@tsje\éﬁréd‘deﬁiﬂ the %u'rt/ﬁt%re of field
1.5603261 25 Refractive index of fldorite: 1.5014

Rethadid teadilpdwradted ifa by iankidd 88 radi9g of curvature of each
FP0O4- 0160-00 Dispersion of silica (dn/dX): -1.591 x

10réflgutidg spared Avi2akM2duor The beand XeflecRPOYY xhe reflecting
10- 6/ pm Di spersi on of pure water (deionized water)

( dmiicbr:M28. fornés the-sé¢omd mivainediate dmagepondi ng to
Condition Mo = 524.49 nmL = 1400 nm -100

FPO4- 016In s caséBthe dondaSpeniflidctiati misooMOBtisdakated at the

Nbgggi[ci%)n most distant from the optical axis AX3, and the beam can be
focused by this concave reflecting mirror M23; therefore, the beam can
be set largely apart from the optical axis AX3 of the catadioptric
projection optical system PL3, without intefvention of any lens between
the reflecting mirrors M21-M26, and it is feasible to avoid interference
between beams.  Since the beam is continuously reflected by the four
reflecting mirrors M23-M26, it is feasible to avoid an mcrease in the
total length of the catadioptric projection optical system PL3.

The lens unit G61 is composed of the following components in
order of passage of rays: a biconvex lens L.55; a positive meniscus lens
L56 whose concave surface of aspherical shape is kept toward the
wafer; a positive meniscus lens L57 whose convex surface is kept
toward the object; a negative meniscus lens L58 whose convex surface

- is kept toward the object; and a negative meniscus lens L59 whose
convex surface of aspherical shape is kept toward the object. The lens
unit G62 1s composed of a biconcave lens 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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42 tt3 tt15 41 Co 45.0000 |: CO 8-0000 tts 2: cc
9.4878 31 ASPI 25.3802 tts 4: -244.04741 1.9583 &

2654. 01531 49-2092 tts 6: -159.85154 1.1545 7: 294 FP04-0160-00

54453 34.3095 tt s 3: -572-08259 f 56-2051 9: ASP2
-136. 2051 tt6 10: ASP3 4126346 tt6 11- -418-20026
-205- 0204 416 12: -604.04130 160-2153 tt6 13: ASP4
-211-6245 tt6 14: 320.60531 226.6245 15: 224.13260

B y 4 .
3SR St SRy o, G i o

tt Sowafd B dbjd448 eddfi9R mehischdeAsd4) *hdi@Abiivek surface
22..115.87410° 6. 4756 ~ 23: ASP6 39-3045 tt s 24

03 PSS g SRR L8 1 g S
a posttive meniscus lens L65 whose concave surface is kept toward the
object.

The lens unit G64 is composed of the following components in
order of passage of rays: a biconvex lens L66; a positive meniscus lens
L67 whose convex surface is kept toward the object; a positive
meniscus lens L68 whose concave surface of aspherical shape is kept
toward the wafer; a positive meniscus lens L69 whose concave surface
of aspherical shape is kept toward the wafer; and a planoconvex lens
L70 whose convex surface is kept toward the object.

The catadioptric projection optical system PL3 is constructed to
satisty the condition of 0.2 < M3/L3 < 0.7, where M3 is a distance on
the optical axis AX3 between the reflecting mirror M23 and the aperture
stop AS3, and L3 the distance between the reticle R3 and the wafer.
When M3/L3 is smaller than the lower limit, it becomes difficult to
place and keep each of the lenses 1.55-1.65 constituting the lens units
G61-G63 mdispensable for cormrection for various aberrations,
particularly, coma, at an accurate position. Namely, when M3/L3
satisfies the lower hmit, 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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29- 504.83819 20-0000 ttb 30- 407-86902 12.3535 31:
595-93854 43-0398 tts 32: -2001.40538 10000 U8 33-

711.19871 32.6046 tts 34: 8598-79354 32-0466 35- FP04-0160-00

36209. 93141 30.0000 tts 36- -1731.78793 1.0000 37:
cc 12-8069 7 38: 503.84491 53.3626 tts 39:

-1088. 61181 1. 0000 40- 192-53858 61. 7603 tts 41:
521-19424 1-0000 42: 122-79200 59 8433 tts 43- ASP3

1. QROGotAength HF3he Sfta 'bt %??ﬂe@l ]SP@%?Q PL3, the
46 84.68828 36.1715 tt14 47 “0000 a co

0. @pfidal &%eﬁ?%n@ié%r@&raﬁ é@ﬁstﬁwtf:éct@ dﬁ%s_fﬁﬁ% Bsn@ftion of

curvat ur e urface spacing (nm #5: lica
gl dls%SSCNB/LBe{IOe@tl ng mrror #7: aperture stop #8:
pure water #9: 2nd surface
In this seventh example, the first intermediate image is formed
between the reflecting mirror M23 and the reflecting mirror M24, but
the first intermediate image may be formed in any optical path between
the reflecting mirror M22 and the reflecting mirror M24.
In application of the catadioptric projection optical systems
PL1-PL3 of the fifth to seventh examples to the exposure apparatus,
pure water (deionized water) with the refractive index of about 1.4 is
mterposed m the optical path between the planoconvex lens 120, 141,
or L70 and the wafer, where the refractive index of the atmosphere in
- the catadioptric projection optical system PL1-PL3 is 1. Therefore, the
wavelength of the exposure light in pure water is about 0.71 (1/1.4)
times that in the atmosphere, whereby the resolution can be enhanced.
The optical axis AX1-AX3 of every optical element included 1'11.
the catadioptric projection optical system PL1-PL3 and having the
predetermined refracting power is arranged substantially on the single.
straight line, and the region of the image formed on the wafer by the
catadioptric projection optical system PL1-PL3 is the off-axis region not
mcluding the obtical axis AX1-AX3. Therefore, it is feasible to reduce
the degree of difficulty of production in production of the catadioptric
projection optical system PL1-PL3 and to readily achieve relative
adjustment of each optical element.
Since the catadioptric projection optical system PL1-PL3

accordmg to the fifth to the seventh examples includes the six reflecting
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#14: Fluorite 10 #15: Nane of glass material (TABLE
8) (Aspherical Coefficients) ttre xts k c4 c6 c8 CIO

Gl2 c14 c18 c18 c20 ASPt -0.00059023 0. 00000E+06 FP04-0160-00

-2.87641E-09 -1.70437E-11 2. 46285E-15 -2. ?4317E-19
2.07022E-23 -7. 79530E-28 O 000CDE+00 6..00000E+03

0. OO0OOOE+00 ASP2 -D. 00265780 090000E+0D 2. 50612E-09
2.95246E-14 4. 376607E-13 -5.55238E-22 3. 88749E- 26

- L d8EMO-NAG0 QUG 0 ENvOIG, OMIPAGEE03t Qs ORARIFA0R ASkily and
- 000053562 0. 00000E+00 -6 92554E-09 1. 39659E- 13

- 1688urtly Bhievd HikObplidal padbsdpdrationZbeiidéeh the3Beam toward
0. 00006E+00 0. ODOOOE+00 OOOOOOE+00 ASP4 -000123249

0. 2ho oottIe R 1-1o3 2hdEhO HehnDTch8ard i wAB4D Wikhh& an increase in
3.54315E-20 -5.95219E-24 3. 41899E-28 0. 0000 DE- 00

0. GhOA6Etdenghoo) IRECBdidsRE POORLIOA%RI I0GRRIREPL1-PL3,
1. 37544E-07 -106394E-11 7. 70843E-17 4.90298E 20
- 3 c%8n A6 Ehe 4 a8c FelsdreEh2 e cle0BIOER0£d8 . D 0F0§ide numerical
0. 00000E+00 ASP6 0. 00588235 6. 00000E+QD 2, 41559E- 07

- 1 apemtess- of the. Tattidptiic prajeRlieB- bPtical 45408k- PH1-PL3 are
3. 57981E- 2B O. C6000E+00 6. 00000E+03 0. 00040E+00 ASP7

0. oogeassbimyuizydoenbonce dxl sael@son 9. 25450E- 12

-1. 77845E-16 5. 60675E-26. -2 Si 549E-24 6. 89450E- 30 ,

0. 00000E+be catabopUEpRjechon Opticad sy#spsPl.1ePBécaeording to
0. oooo%gros -1.26430E- 09 1. 64939E-13 - 6. 24373E- 18

2. s 1dth 49 sewuith emmples1iyestisEaimegueDagkicad system for

0. QOO0GE+ . 00000E+D0 ASPS 000345726 0. 00000Et OD
5. %mmg-tg gfﬁsmwd@tq nggexnd e pmbstermediate image,

1. 49859E- 10869E- 30. 0. COOOOE+00 0. 00000E-00 .
0. @b@gnélége hv&%mtefm Bt HD98E 3S esoersy magsed the reticle

R 1H37 e so0nd gBiERsd s OB o Sncrrasepmatgoof #he reticle
é;gﬁ?%;;g%l{ﬁé al(ir(leagnéJ el on The CiuNr SO, llgxzrerted image.
Therefore, in the case where the cafadioptric projection optical system
PL1-PL3 1s mounted on the exposure apparatus and where the exposure
1s carrted out with scanning of the reticle R1-R3 and the wafer, the
scanning direction of the reticle R1-R3 can be opposite to that of the
wafer, and it is feasible to readily achieve such adjustment as to
decrease a change in the center of gravity of the entire exposure
apparatus. It 1s 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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Fig. 17 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 system PLI according to the

present exanple. In Fig. 17, Y indicates the image

hei ght, each 5 dashed |line the transverse aberration

at the wavel ength of 193.3063 nm each solid line the

t r hasvwey te rifedcthte ideatlatge tharel enahh bef int&Pose8O0where the

nm and each chain [ine the transverse aberration at

t heclraotevengddx of thd 98mdsplierenin de edit@ﬂib_/ptﬁctlbl@jection optical

transverse aberration diagramof Fig. 17, the

catsustieapPLile Rirdjetti on optical system PL1 of the

present 10 exanple has the | arge nunerical aperture

and i s chlexéctvaduén of gpecificativancef fihe ehtadiapiran projection

t hroughout the entire exposure area though it has no

| aopticabsystain BLéracordidgxto thehfifthpecirhphashowa infFighb4 will

catadi optric projection optical systemPL2 according

t obenpresertad. exknthe Wﬁca‘tmn&', gas Showirl linbFig. 151 described

presented. Table 9 presents the specifications of the )

opebese, Aeramesends a redivstelinopertion prhgrecthicoexposire dight is
exanpl e. Table 10

system PL2 according to the sixth | . o
pr M@Q by éh%lmﬁ? elamentst gonstéwting dhe wansadieptiae projection

~with.the | ens Fst;faCe of aspherical shape, and the

r ePPBERL ystem Ak waky the caner ear the eptical axis AX1 of the
Docuaditas THoIEHon BRtCH ePBnoLl; IR Adpeiss pEaes aweximum
couhif PRighd it dhg e drl the Gﬁﬁé‘iﬁ%%g!@a of thegatadioptric
S BRRHR ) SIS L0, S5 brR R Yafireion of e
SR SRR ap T T o ot of e
Eg%éc%}q\geg e@w&ﬁf@ RWh.2" IR (HE sheclFdtions: NE" 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 mirror M3 and the unrepresented wafer, and L the distance
between the reticle R1 and the wafer.

Table 7 presents the specifications of the optical members of the
catadioptric projection optical system PL1 according to the fifth
example. In the specifications of the optical members of Table 7, each
surface number m 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 cach surface, and the fourth
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| magi ng magni fication: 1/4 Center wavel ength: 193. 306
nm5 Refractive index of silica: 1.5603261 Refractive

index of fluorite: 1.5014548 Refractive index of FP04-0160-00

liquid 1: 1.43664 Dispersion of silica (dn/dk):
-1.591 x 10-6/pm Di spersion of fluorite (dn/dX):
-0.980 x 10-6/pm 10 Di spersion of pure water
(deioni zed water) (dn/dl): -2.6 x 10-6/pm Val ues

cordoésmrw%lwstmat@ﬁaﬁbfeaoh Mpticalt8dmBerrm L = 1400 nm
-104 FP0O4-0160-00 TABLE 9) (Specifications of

Opti cal %Mxeﬂq:)reééhﬁ thd 23ph&icHMPEbients 800 ldses Fwith the
oa 12.7478 3: ASP1l 32.5506 tt5 4: -184.43053 1.0000

5: l&me seitaed ofSasphepichb shape 2l GR82E ety nifrors used in the
Ot OBI OIS mﬁaﬁsiéééﬁgﬁiﬁégéiné o the fifth
Aggéaﬁgﬂggs?ugge (H]é%)henigfcgg’gdﬁéoﬁgg%gkﬁ?% ]aéglzlerical surface
4?1%rrfl)segrégm t%l%ﬁsﬁgsgiggd}l}n% 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 (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
coeflicients, and the seventh column the 10th-order and 20th-order -
‘aspherical coefficients.
N 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 atea: 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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16: -704.67689 163.6052 46 17: ASP4 -206.3833 V6 18:
317. 07489 228.3275 tt6 19: 248.60032 30.8188 tts 20:

964. 03405 1.0000 21: 170.07823 20.0000 tts 22: ASP5EpP4-0160-00
1.0778 23: 174.13726 29.8902 tts _ 24. 294.93424

1.0798 25: 160.77849 33.1276 tt5 26: ASP6 9.4275

27: 1185.57325 20.0000 tt s 28: 10180360 46.9708 29:

-676.67026 24.5184 115 30: ASP7 83.5410 31: ASPS

47. 4275 DiSpefon aﬂﬂw@h/dlﬁo@@%%i1(ﬁ‘8’§n127957

20.0000 tt5 34: 513.84357 11.2856 35: 883.25368

40. 1774 [Sperdbon o9 Buositd Jan/)Q0ADI8B %« 102A3n93397

34.5841 as 38 -1403-11949 1879031 39: 2169. 40706

37. 3055 ihispersion -@8pure3diatdr (@6dniddd watdd) 8gcﬁﬂldn)a -2.6 X

42: 458.32781 52.3568 tts 43: -1741.66958 1.0000 44:

21308¢p@6 59.3939 tts _  45: 659.70674 1.0000

Values corresponding to Condition  Mb = 524.49 mm L=
1400 mm
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46: 134.64784 58.8510 45 47: ASPS 1.0004 48:

96. 99608 49.9011 as 49: ASP10 1.0194 50: 80.22245

40.2996 tts 51: m1.0000 *3 o0 -105 FP04-0160-00 - _
#1:1st surface #2: Radius of curvature (m) #3: F¥P04-0160-00
Surface spacing (m) #5: silica glass 5 #6: reflecting

mrror #7: aperture stop #8:. pure water #9: 2nd

surface #14: Fluorite 10 #15: Name of glass naterial

(T @ABEE)’/?(ASPS§é¢1F@ht1§ﬁ§bE'®pﬁéﬁﬁ\)/Ieﬁﬁ?er§ k c4 c6 as

- DADO579 00300E+00
-9 033G6E-08 2 38204F-12 -4 %16402F-16 P 52800F- 20
-9lagtiae. 25 21992002E- 30 0. 00000EbAI08] 00000E+DD
000000E+H0_ ASPF® - 000243076 00000@EA98] 338976F- 09
2.8323864514 3 PP84a3E- 18 -7 06411E3818ho12307F. 24
- 9f 88774k 31 DIASHIDDE-: 808 00H00EQD--ASPS
-0}00037557 0 bozoDE g 4E 53400E.18983] 15430 13 61
1355631029 51651E 20240183501 72 49,708
D. poPeoE00—0—H000BES B 00p00E+de 22 01
0. POOSEDO—254p70E B 322 k> 74616 |
6. gl 54 - -5 T2 0825 26.200
CpTUEYHg et [Aspz —138.2051] #s
10: ASP2 412 6346] #s
11 -418.20026 —203.0204] #s
12: —-604 04130 160.2153] **
13: ASP4 ~211.6245] *#¢
14: 32060531 2268245
15: 224.13260 75.2194] ==
16: 34675878 10000
17- 215 47854 34.3800] *
8: ASPS L0000
1%. 268.57857 19.90385] a5
20: 32519442 1.0000
21 158.43240 20.0000] *#*
22 11587410 84758
23: ASPS 39.3045] s
24: 99.57482 55.9108
25 -412 64757 24 .7282] #5
28 |1ASP? 94.8545
27 ASPS 2] .3266] &5
78 —227.16104 1.0000
25. 50483815 20.0000] =5
30. 407.86903 12.3535
31: 595.58854 43.0388] 15
32 -2001 40538 1.0000|*s
33 711.18371 32 8048| #°
34 859875354 320466
35" 36208 83141 30.0000] =5
36" —1231.28763 1.6000
37 o 12.8068)»7
38 503.84481 53 .3626] =5
38: -108841181 - 1.0060
A0. 132.53558 f1.7803] #5
41: 521.19424 1.0060
42: 12278200 59.5433} #5
43 ASPD 1.0000
44: 719.07315 39.6326| 11
45: ASPID | 00031
48- 84 685828 36.1715)=n
47 o0 [.ODOO)*e
W =) ' 0.0000
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- 745415E- 25 645741E-20 0. 0O0060E+60 0. 0OO0O0OE+00
OO00O00OE+00 ASPS 0. 00574270 O0OO300E+00 2. 69030E-08

-1. 93073E-12 -2. 23058E-16 203519E-20 -2.27092E-24 FP04-0160-00

10

15

9. 48621E- 29 0. 00000E+00 0. 00000E+00 0. 00000E+00 ASP6
0. 00281530 0. 0D300E+00 - 7. 99356E- OB 1. 14147E- 11
- 4. 87397E- 16 6. 76022E- 20
0. 00000E+00 0. 00000E+OD 000000E+00 ASP7 0. 00667798
OVBQOE#Qirfabe01256E- 06 - 5. 60515E- 12 - 6. 85243E- 17
218957E- 20 - 124639E- 24 - 1. 61382E-29 0. 00000E+00
0. GROCRHADoPcARRPRIHAAM)ASPS O D0000970. 660300E+00
-1.68383E- 08 1.90215E 13°-8 11478E-18 3. 37339E- 22

1 D. 00DCOEOO 0. 00000E+00

- SF3083kface
000000E+00 ASPS
- 9@B58caldabs 31944E- 17 - 4. 15094E- 22

aeé

- 355808E- 24 18a2605- 28

. 00313992 0. OO300E+00 4. 21099E-08
- 528946E- 27

1. 60653E-30 6. 0ODDOEDO OOOOOOE+00 0. 00600E+00 ASP10

0: #69ATARIHY

OEROBE+00 2. 16924E- 07 3.52791E-i 1

1.11831E-15 1. 12987E-18 -981835E-23 102262E- 20
0. 800 apafEROstop00000E+DD 0. 00000E+00 #12: Aspheri cal

surface number

15 # 13: Curvature -106 FP04-0160-00

Fi §8: perd watert r ansver se aberrati on di agram showi ng the

transverse aberration in the meridiona
direction of the catadioptric
system PL2 according to

i nfPhdnd ayifacal

projection_optical

presénklugtdapl e. In Fig. 18, Y indicates the i mge
each 5 dashed |ine the wavel ength of 193. 3063
meopf glass meatersl wavel engt h of 193. 3060 nm
ain line the wavel ength of
e transverse aberration diagram of Fig.
system PL2 of
aperture
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I 8oRABE-14

4.37607E-13

-5.55238E-22

383749526

-1.13016E-20

COGONDE+OD

DOD0O0E+ED

0.000G0E+ DD

ASP3

-D5H0053262

D.O00T0E+DD

- B3554E-0%

1.38659E-13

—1O8BT1E-18

3 31019E-31

—1 45913E-27

22383 E-32

S.0000CE+ID

D.ODO00DEHGD

0 DDIG0EHRD

~B 50123248

0.80000E+H00

1.83713E-0%

107185612

-3 343%2E-16

3. 4315620

-2 95213624

3.31889E-28

U800 BEHID

0.00000E+03

0.00800E+ 80

208320382

- BEODOCETGE,

1.37 544807

-1 963534E-11

1.70B43E-17

4.90288E--30}

-3.23126E-24

8. 768 14E-25

GUO0D0E+QD

C.ORO0DEHGD

0.00000E+ D0

00058235

D.0D200E4+0F

2.41555E-07

-1.03766EE-11

-G 51 14E-17

1.1E214E=18

—3A5408E-24

3.27981E-23

Q.E000CE+0D

B.O0000E+0S

0.00000E+D0

ASPY

BANEE4255

O.SB000E+0D

2.62 150E-D3

-5.25480E-12

-1 37B4GE-16

2604756~ 20

-2 81545524

6.30450E-30

LAG0CREHIG

GODOOGCE+ED

D.GHOGOES DD

ASPY

000360000

D.ODADGEHOD

~-1.26430E-03

154930612

—G24373E-18

2.07976E-27

-2OV100E-27

1.43848E-31

QO0000EHID

DGLOORELGD

0.00G30E LD

ASPE

000345726

0.0G000E+ET

E5ZYR2E-06

~1 GOG4DE-12

1.38582E-14

-4.07%66E-21

1.43818E-25

1. 10869630

O.50000E3 08

R.000D0ERDD

0.00080E+ 00

ASPid

B.01G3BOBS)

0.G000BE+DD

2. 42BBIE-D7

4 F9652E-11

1.62230E-15

£.20272E-18

521 TIIE-28

3.23067E-22

Q0000 DE4OD

D.OLOO0E+DD

0.00000E+00

#12: Aspherical surface number
#13: Curvature
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presented Table 11 presents the specifications of the
optical nenbers 15 of the catadioptric projection

optical system PL3 according to the seventh exanple. FP04-0160-00

Tabl e 12 presents the aspherical coefficients of the
| enses with the | ens surface of aspherical shape and
the reflecting mrrors used in the catadioptric
projection optical system PL3 according to the

seventh exanp|e. id Nat iRrsREerdel | A howing  th.
speci fi catigons o% t%e 20 opt iecailﬂ%rre%b@ SHP%gmt h% owing e

asphekivese ab&irhiich et %hetﬂlih%rﬂ?éﬂéli Hﬁ]ie,@ﬂoi‘i’ih hhdPR the sagittal

gi ven using the sane synbols as those in the

deglifecHbh Y e ¢Nadiopatia Propidtich BpELEICSsWmOPL 1 GRicording to
system PL1 according to the fifth exanple. [Seventh

Exﬂﬂﬁ)gﬁkselﬂ%)(a‘ﬁ@plél filpaFi@nsy, Y ikdikatdsdtheNhnage Height, each
-107 FPO4-0160-00 Exposure area: A= 13 mmB =17 nm

H=daskadiife4hentradngwaiseabaagaticn astheowavélengleRifer93 3063 nm,
wavel ength: 193.306 nm 5 Refractive index of silica:

1. 563 36lid IRes thae iansvérsdeabenfatidiuat ilice wahieh@igth4st 193.3060
Refractive index of liquid 1: 1.43664 D spersion of

si hirg aar(deadX)chaiil [in@lthe trAn$/qree Bbepatisinoat tife wavelength of

fluorite (dn/d),): -0.980 x 10-6/pm 10 D spersion of

pud 83156 niidei Ani shedviva dhy trainsvatye ab2riation diagfdmnof Fig.

ggg%: Elillggcawtt;tdl;qpst?éL%?‘erg)cnti%n: olpd‘;;?c%l mg;/stéﬁlosPLl of the present
example has the large numerical aperture and is corrected in a good
balance for aberration throughout the entire exposure area though it has
no large optical element.

Next, the specifications of the catadioptric projection optical
system PL2 according to the sixth example shown in Fig. 15 will be
presented. Table 9 presents the specifications of the optical members
of the catadioptric projection optical system PL2 according to the sixth
example. Table 10 presents the aspherical coefficients of the lenses
with the lens surface of 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 m the description of the catadioptric
projection optical system PL1 according to the fifth example.

[Sixth Example]
{Specifications)
Tmage-side NA: 1.20
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(Speci fications of Optical Menbers) #2 #3 #15 #1 c
63.0159 1 W8.0000 2: w 11.6805 3: ASP1 30.7011 #5

4: -244.82575 1.0000 5: 520.72375 50.6283 6: FP04-0160-00

-283.00136 1.0000 7: 455.76731 37.0794 #5 8:
--509.23 8 40 14S7025 9: ASP2 -123.7025 #6 10: ASPS
394.2980 #6 11: -398.57468 -201.7192 tt6 12:

-485. 11237 157.8027 #6 13: ASP4 -206.6789 #6 14:

329. 3781 BxP3duRY 8247 A= [Bmmd11. B585Y 28, 1592 # s 16:
-3690. 38387 1.1778 17: 141.65647 33.4870 tts 18:

ASP5 1.0000 19. 216H099#)( 28mb584=#9n20: 461. 77835
[.0000 21: 202.12479 202182 Us 22 117.79321 2.6054

23: ASP6h@ﬁ§ﬁQpﬁ1 ifie#ioR81 /A1 S81 51,9992 25:
-251. 39135 35.2622 tt 5 26: ASP7 89.1855 27: ASPS
42. 0591 QUesnter 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/dA): -0.980 x 10™/pm
Dispersion of pure water (deionized water) (dn/d)): -2.6 x
10°%/pm
Values corresponding to Condition ~ Mb = 482.14 mm L=
14.(}0 mm
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28: -303.33648 2.1164 29 606.18864 28.5f48 # 30:

488. 85229 11.9005 31: 81109260 45.2273 # 32

-813. 38538 1.0000 33. 1012.41934 42.1336 tts 24: FP04-0160-00
-973.54830 21.5611 35: -3238297410 29.5f59 tts 36:

-1075. 05682 1.0000 37: 09 6.3302 3% 371.59007

56. 0505 tts 39: -4689.87645 9.3746 40. 20422419

53.7618 tt s 41: 494.59116 1.0000 42: 125.95227

ASST0 T Bado " Jebegiiatns OBl e 0 Too00

# ¢ #3700 - 1p9:FPOA—0160-,00 #1ist;-surface #2:
Radli ussiof curywmiure (M| #3. sphpgice spacing |[(m) 5
#51 siliica al ass #6: ref| ecti ngawoslrsar #/7: agerture
stQp_ #8: pure=vater 12.7478
3 ASE1 32.5508] &5
4 —T34.43053 1.Q000
] 32.871681 43.80752 #5
] —271.53826 ' 1.313%3
b 37446315 33.0103] us
& 36142851 41271
& —388.08052 20.0000] =5
10 —594 497 74 5 5988
i1 ASPZ -4 5358| #6
12 -504 46774 —20.0000[ #5
13: - 38008052 =127.0301
14: ASB3 430.8832 %5
13 ~450.43513 ~2 128303 #e
16 70467680 165.5052] #e
17 ASP4 -206. 3833 #s
18: 317.07485 2283775 #s
18: 24880032 03188 a5
28: 96403405 1.0000
21: 170.07823 20.0000 ¢ 5
22: ASES 18773
23 17413728 20.8002| 85
24, 29483425 1.0788
25: 160.77548 33.1276[as
25 ASPS 54275
7 1185.57325 20.0000[ #5
28: 10330350 45.4708
iy ~GF.B 265 24.5134{u5
30 ASE} §31.5410
3t ASPS 474275 55
gz -317.19307 1.0000
33 888.27957 200000  #5
34 51364357 11.2868
35: , 583.25368 40.1774[25
36: -958.41738 1.0000
37 122283387 34.584 1] #s
38: -1403 11548 16.803¢
35: 2189 40706 373005 #5
40 —-§85.78387 1.0000
41 oo 9.3461] #7
42 . 453.32781 52.3568 (a5 i
43 —1741.86858 1.0000
44: 21556568 55.3839[#5
~45: 55370674 1.8000
46: 134.64784 98 .8010)#s
432 ASFS 1.0004
48 05 943508 430011 #s
49: ASPID 1.0184
50 30.22245 40 BO5E| x5
51 o 1.0000
#3 oo
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#9: 2nd surface 10 #14: Fluorite #15: Name of gl ass
material (TABLE 12) (Aspherical Coefficients) 112 srs
k c4 e6 ¢c8 CIO cl12 c14 c18 c18 c20 ASPI -0.0004476 FP04-0160-00

0. OOO0OOE+00 -6.28604E-09 2. 01003E-12 -1.86171E-16
4. 72866E-21 4. 25382E-26 -8. 36739E-30 0. 00000E+0D
0. OOODOE+00 D. 000COE+06 ASP2 -0.00T9308 0. 00000E+00
5.30947E-09 2. 32487E-13 -9. 96057E-18 135214E-21

- 928494

Eapficd 73795E- 30 0. 00000E+0D 0. 00600E+00

D. 00O0OCOE+DD ASPS 0000635 0. O0O000E+00 -1.46917E-08

23%@?$Euﬁ§sbf%ﬁﬁ&ﬁﬁnﬂgnn%-
-1, 05341E- 32 000000E+00

) QAT500 30 3 4aghIE 3

086702-22 1.55922E-27
D3DOE+00 D. 0O00COE+00 ASP4

661E-09 8. 15504E-13 -1.75777E-16
4 2.57932E-28 0. 00000E+00

00 BGDRH R0 AsPO0COE+OD  ASP5 00045455 0. 00000E+00
776937E- 08" - 8. 42991E- 12 325677E-16 8. 77802E- 23
27181 6EHEGin@ nAROBOE- 30 0. 00000E+00 0. 00000E+DO
0. 00000E+00 ASP6 00078125 0. 00000E+60 1. 83201E- 07
2. #719p6ethile $OPO372- 15 - 2. 53394E-19 1. 70711E- 23
-1. 55669E- 27 6. 00000E+00 000000E+00 DOOOCCE+00 ASP7
00#83ptite ad@O00E+00 3. 502992-09 -5. 60629E- 12
-2.859222-15 2. 57458E-20 226908E-24 3. 14291E- 29
0. #602nd-s06fa0ED000. 00 00XI COE+00 ASPS 00001516
0. 00000E+00 - 133728E-08 2. 07225E-13 - 3. 88040E-18
2. §ddsBliate - 928797E-27 3. 18823E-31 0. 00000E+60
000000E+00 DOOOOOE+0D ASP9 00037449 0. 00000E+00

4. $4062hmnasof gbss Tostenial 642893E- 17 5. 9. 1025E- 22

11068E- 26 4. 37709E-30 0. 00000E+60 000000E+00
6. 0bdBdEd0) ASP10 0.0093460 0. 00006E+00 2. 17555E- 07

-6

2.6&150E:£é6%.8 892E- 15 3. 45960E-19 7. 23960E- 23
- 1{Aspharc oelborad$+00 000000E+00 0110000E+00 15
#]_Mh_er_i_ga,l surface nunber -110 FP04-0160-00
=2 #13 E e ch c8 cil
el2 ahd 18 clé 2l
ASPt -2.000E7910}  B00I0BE+DR| -B033GGE-08 3.28394E-12| —406402F—18 2529B0E-20
-0 k2204E-25 202082E-20 CO0CERE D0 O.00Q00E+BD DOOCBOE+DD
AZRZ 00023076 QODJODE+BD| 3 ISHYSE-09] 288285514l 8TI4eBE—18| -1.00AITE—2%
_ZRIIVE-16) —9.B3TN4E-3] 2 00DL0E +BG 0.000JCE+RD BO0CEOE+0D
ASP3 —1.0003725F|  @0OIS0E+0G]  ~6.59400E-03 1.15638E-13 ~981655E-18 851651 E-2%
_ -3 #TgI7E-27 46001 7E-32 BDOCGOE »DO 0.DROOGE+RD DOOBEDE+00
ASPA -O.0DES850T(  LOMIIOEADL 2 54330E-09]  B.BIBZIE13]_ 1 0FA74E~16] BITBISE-T1|
=7 4541 5E-25 6451 E-25 BOOBROESOD]  QDBAGREHND COOBOOE 00
A5P5 QCOSTH2T0  SOPIADE+DD 258000E08] ~1023072E-13F -2 2IGEBE- 6 203516E-20
-2.2I002E-24 B8.48621 E-25 DOBCOE DD 0.G00BE+BG BO0CONE+DG
ASPE O00281530)  GA0000E 00| -7 99356E-D8 1L141476-11] 4 87397E-16 5. 78C22E-20
-SHO0RE-24] 1 B42G0E-28]  ODOOBOOSE0C]  QOBQODE+BR]  BOOBBOEX)0
ASP? ODBIGETIOB}  DOOJODEXDO} —1.01256E-03! -BA0SISE-12] —$.B5243E—17 2158357E-20
- 24630E-24] -1 H1382E-29 FOOREBE+DD 0.00000E+HGH LO0CA0EI0
ASP8 ORRCOBSTO  BO0IQCE+GD] -1 833B3E-08 190MGE-13F B 11478E-13 S.2T339E-22
=LiE048E =26 5.21646E-31 C.ODCCaE»D3 O.0BOJBE +00 D.O0OCCOE~00
ASPS D65313985) S0DIADELDD 421 GBQE—bB -8 BYSICE-1T 53 18446171 -4 15084E-22
=5 28948E-ZF 1.606853E-30 EOQGGOE *00 QORAORE+RD ROAGRIOE+D0
ASFIQ Q0EROBTEE|  fOLICEFDD 218924E-OQ7 39Z731E-11 111821618 112387E-18
~4 81935E-23 162262E-2% EOQRROE 0

#12: Aspherical surface number

#13: Curvature
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# 13: Curvature Fig. 19 is a transverse aberration
di agram showi ng the transverse aberration in the

meridional direction and in the sagittal direction 0ﬁEP04—0160-00

the catadioptric projection optical system PL3

according to 5 the present exanmple. In Fig. 19, Y

i ndi cates the i nage hei ght, each dashed line the

wavel engt h of 193.3063 nm each solid line the

wavel engie of 14 9% 396Q- ¥y eAfd §§§Hh I Ridd t ;
mavelengthgof 193.%057_nn1 As s owﬁ I'n Fﬁgﬁgﬁhn§§€?%ﬁﬁ the
aberamaiee db@&ghaoh O the: metliohdle dﬁ%bﬁ@hogﬁq (i the sagittal

projection optical system PL3 of the presen

exdiglctiofasl theecdtadpiiy ;ﬂgbjé‘c@io 164l &, PB2 according to

corrected in a good "balance for aberration throughout
t hehepresent expaplee AneRig hpgoly 'iﬁdﬂ@ﬁﬁf:ls e bahge hei?lﬁt, each
e

optical elenment.” The projection optical systens of

r eglpsludd Viene xihep hesvelgesier idfed 9803063 cam, beadppidled! line the
each to the projection exposure 15 apparatus shown in

Fi gvavklenghh of dj98c30600 mrpesid eaelp ndiadh Usne thenwiaRelength of
Fig. | is able to increase the effective nuneri cal

apéPB130s 7onnt. heAsadterwn W shdetrimsverSe abematienadidgram of Fig.
enhance the resol ution, because pure water wth the

r et Bacthiev eatadieptref pabpectioh 4optovalt bestenpdBL2 eofi e present
is interposed between the projection optical system
PLexamuiplch dasather largSimuectibal apepnog enidi tn corpotadt én a good
apparatus_ shown in Fig. 1 has the projection optical

sy balencelfor ahsirationghosughoaitdhe atitoptexpospropeea thogh it has
optical system according to each of the

af Be dakgetomial elstaapl.es, it is able to readily and
securely achieve the optical path separation between .
the beamVeKbwHied spreificatives cohrthet eatagiaptricopegigctior optical
waf er i e projection 25 optjcal systemPL, even_in .
th@f%@gi’iogeaféoml@grfa il examplarsdown g Fig. 16 will be

RESRGEd. T Tiatlpd]. DESEROeRRC IS hfbenacal members
o R RS0 BehE S S L AR o e
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 éspherical coeflicients, the description will be.
given using the same symbols as those in the description of the
catadioptric projection optical system PL1 according to the fifth
example.
[Seventh Example]
(Spectfications)
| Image-side NA: 1.20
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Since the projection exposure apparatus shown in Fig.

1 uses the ArF excinmer laser |ight as the exposure

light, pure water is supplied as 5 the liquid for FP04-0160-00
liquid imersion exposure. Pure water is easily

avail able in large quantity in sem conductor

manufacturing facilities and others and has the

advant age of no adverse effect on the photoresist on

t he subs 08 ﬁgﬁﬁ£¥)xgw 3 henopt geal qhﬁgents
(Ienses)?ﬁgkduot ers. gince purg méger as no adverse
ef fect on environnments=aro G/ aCns 4440 extrenely

| ow anpbunt of inpurities, we can al so expect the

action ojmagh%aﬁjarggliﬁbﬂi@ﬂfj,gce of the wafer Wand the
surface of The optical elenment |ocated on the dista

end face(htdhwapslenefit:i 3 8pbirRl system PL_ Pure
water (water) is said to have the refractive index n

of about Refilachivé4nfiex ofagli€xpose0s261 ght of the

wavel engt h of approximately 193 nmu. In the case where
the ArF Refiagtivelindex ofifbiiritena\vsleisggh 193 nm is
used as a light source of exposure light, the

wavel engRleefiastive dndexi of diquid il 143664 about 134 nm on
the substrate to achieve a high resolution

Fur t her nBrigpersioa afsiliba tinfdgus] 581inki &psed to about
ntimes or about 20 1.44 tines that in air. The

l'i qui d cBMspersionoef Bnotite(dmdd) w986 kb T/pen
refractive index |larger than 1.1 for the exposure

| i ght. |P1speirsiosasd, pure wateni ddoanizede vaatyr) i(doidh): -2.6 x
that .is transparent to the exposure |ight, has the
reflPafmve index as high as possible, and is stable
agai nst the projection optical 25 system PL and the
phot or est-endgipn he MxaXN&S0 oa waf dr =W40hae t he
F2 laser light is used as the exposure |light, the
liquid -112 FPO4-0160-00 can be a fluorinated
liquid, for exanple, such as fluorinated oils and
perfluorinated pol yethers (PFPE), which can transmt
the F2 laser light. The present invention is also

‘applicable to the exposure apparatus of the twn

stage type provided wth twoe stages independently
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5 novable in the XY directions while separately
carrying their respective substrates to be processed,
such as wafers, as disclosed in Japanese Patent
Applications Laid-Open No. 10-163099, Laid-Open No. FP04-0160-00
10- 214783, JP-A-2000-505958, and so on. When the
[iquid imersion nethod is applied as described 10
above, the nunerical aperture (NA) of the projection
opgT ghem PL can be 0.9 to 1.3. In cases where

nunerlc | aperture (NA) of the projection optica

I ﬁﬂ%ﬁ bed, use of randomy

po§8§&h£ aP?Sﬁ?f g%%%??ﬁn Qjaoolied as _the exposure
light can degr the i magi ¥ performanteé®y virtue

of e_f_f_erf’ and it ©30W58|t hig

depis | arized illuminat PRYIR orof orred
co haoca cacac ic oudhB80abs 1 noar|y
ol AP PN 11| DRI

d . ) 1 \d %4!825:&]‘ ;\,I\JL \"av T 1 &D | L\gll::lll v

th I UIIQSL UUI gl Ut c&zd?késl?ﬁ.u T 1T 5 2’5?3 gdo Ul

| i re=—amdg. —spacg patt SRR the—retd Fodeol nmeask)—R SO
t har drfyracteq 1 gMtag8i74Y31€ S- PO G bR (4, COMTPOTIETT

(cpnponegt 1 n tlhe porgiolzzgdg on di 1§44 #@R| al ong the 2
| opgi tudg;nal dijrgpdion of the TinepajgzglBS) 1S NDOIe
en tted ibrom t HaSPpat terns of the pediwhBs( MASK) R
When theiiiquid fills3dshessspace between| dshe
priojectilén optijjcal sytdandF| and t HEB/EUESIsst applied dn
t he__suriface oflABFE wafer W the 12B88&#Pt*ance beconds
hilgher did the rdesist 3293/81dce for PRESEBIracted | L ght

of the g_ pg' al-ilzed—c ] rna to
( 'ﬁ‘ S St 3 ™ o) -
nnnnnn o i leoaont ¢ rerk n n a ; whar a..alr
A\YA v L " ) L} i T LI A2 TVIT T o AT T
as e A

on tne ggrrace of Ine%wgi;g:ga W—For I.BUBUI edasolT,
hi[gh T Rgi Ny~ Pper f or Neggegz4AaN al SO D&y -HG
t fe_casezwhere|the Tnupgsigal apert Uigs4[NA) of the

prio] ect iz@n opt &8k System PL exceedspopda/As TT 1S noré
efff ecti2é to use the phamgrshi ft nesigggelhe oblique 5
i fcidené® || uq‘_n nat i A5 &%3Aod (partiTaikaeriy, the
dijpol e P&l um npd$¥) in alignnent §4.#8RS|t he

| dngi_t ug;nal diA%8 i on of line patt4&0881158% di scl osed

in —303.33648 21164
i 2% E06 15864 288148 *5
it 45889288 11,9605
31: 3 811.00280 452273]#s5
3z -81.338538 1.0000
33 101241834 A2 1336] w5
34 ~47364840 - 218611
3% -3238257410 205158 s
36 —1¢hih6382 10000
3 o0 83302 =1
38 3159007 56.0505(#5
39; ~4589.37045 93746
48 20482419 53 7G18}ns
41 42409116 18000
42 12580327 574813[#5
43 ~|ASPY 10101
44 H2585246 434712 |%5
45 ASP1Q 1.0380
48; £5.28678 42 2465] 85
4F = 10000| 28
i3 o0

- 109 -



10

15

Japanese Patent Application Laid-COpen No. 6-188169,
etc. properly in conbination. The exposure apparatus
of the aforenentioned enbodi ment can 10 produce

m crodevi ces (sem conduct or devices, imge pickup FP04-0160-00
devices, liquid-crystal display devices, thin-film
magneti ¢ heads, etc.) by illumnating the reticle
(mask) by the illumnation device (illumnation step)
and perform ng an exposure of a transcription pattern
formed on the mask, onto the photosensitive substrate
by #1hestRiupfaeet i on optical 15 system (exposure step).
An exanple of a method for producing sem conductor
deyie Bdags BT eiR9RMILC y form ng a predeterm ned
circuit pattern on a wafér or the like as a '
phé3oSaptickisvac te by use of the exposure

appar at us of ‘ptghgiggﬁfsrgnt enbodi mrent will be described
belgwsilichhzlagf erence to the flowchart of Fig. 9. 20
First, step 301 in Fig. 20 is to form an evaporated
mettél réﬂléoﬁl@miﬁ@@h of wafers in one |lot. Next step
302 is to apply a photoresist onto the netal filmon
eadfi: apertine stopers in the lot. Thereafter, step 303 is
to sequentially performan exposure to transcribe an

i mi8epofe wapattern on a mask into each shot area on

~each of the wafers in the |lot through 25 the

pr 8Pe2nd surfapei cal system using the exposure
apparatus of the present enbodiment. Step 304

t heléaFlwerites t o perform devel opnent of -114

FPQ4- 0160- 00 the photoresist on each of the wafers in
t h&19olNamemaf glass matepaBos is to performetching with
the resist pattern as a mask on each of the wafers in
t helABLE d29orm a circuit pattern corresponding to the
pattern on the nmask, in each shot area on each wafer.
5 %@%ﬁ%@oqfﬁptﬁlﬁﬁ formation of circuit patterns of
upper | ayers-—and-others, th%gdewfezaf”‘"h TN BT
SEeM CONAUGTU Or _JEVIICESHHAT € [Pr GRIOCEY. Jd1e M LPNUYTT Qhp

device praductionlnet hod described abaove_permts [us
Aspr — T 777 gwgdare] 00 +00] -6 28RODEX 201003k -12] 1861 T1E— 4. 72866E-21
t optarnmrtme=sentcaql . et S o, 0 o T SUGOGDEAED
filne circiit
A5P2 -0.6073308| O00O0DODE+DG]  530047E-09)  232487E-13| -99A0G7E-18|  1.35214E-21
~3JR40BE-76] 7 }3790E-30|  ©0C00DE+CD|  GDOOCORHDO]  DOGOCOETGOD
BEPE GOOOSE3S]  OO0GORE-D0] ~148017E-—DS| 2.30B79E-1%] 1BSOIGE-18] -1 (BB7OE—2D
‘ | 155928E-B7| —1.05341E-37]  ©GOUD0RE+CD|  DLDODDE+GO|  DOCOGOEYDO
ASP4 ALAN942:  G0GDOCEFOR  225BBTE08]  L15504E-13] 1. I5T7IE16]  1047I0E-20
~2.44697E-24] 257932E-2B| BOUDODEYOD|  ODCOGOETDD|  DOGOCOE+D
ASPS 0005455  AGODOCES) TIGOITE-08] -8.42991FE—12 125877E-16 5.7 /B02E-23

“2NHEE-I6| —3.29230E-30)  ©0000CE+QE]  OOCOCOE+DO|  DODOCOE+RD

ABPZ DOUISIZS]  QDANOOEH0]  183001F-07] -24P158F-11] 1 87BIYE-15] 253394819
. LYVEIE-23] -V5SGEBE-27| O00000E+0G]  CELODOE+DD]  GOBOSOE+HD

1

ASPT DBDE3Ete]  G0QUOLEHI0)  350289F 09 -EB(GZOE-12 -2850230F18[ 2E57458F-20
-226008E24) 14IME-24]  S000G0E+00| OGLOOGEHDG| COCLOSOE+CO

ASPS BECOTISTS!  GOODODEHQQ] —1.7372BF-08] Z207225E-13| -788040E~18] 299880E-22
“D2BVOVE-2T]  318533E-31( GO0000E+D| COOGBOESGO]  BOLOODE+LD

ASPS DEDg4B;  QUOCODC+HO  4.54024E-08| -888172E-12) 6§42803E-17] 594025E-22
-8 HIQBBE-26] 437I00E-3Q] GO0Q00DE+QO| OOGACQE+0O[ GOBOCOESGO

ASP1G GO0O3466)  00000BE-00) 2.1 76BDE-07) 2701 5GE~11 1.68892E~15 3#5860E=-13
7.2306DE-23] -1.18GA0E-5H BOAGOCE+3G]  DGOOLOEHR0| DOCAGOE+DO

#12: Aspherical surface mumber
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pattern at high throughput. Step 301 to step 305 are
to performthe 10 respective steps of evaporation of

netal on the wafers, application of the resist onto FP04-0160-00

the nmetal film exposure, devel opnent, and etching,.
but it is needless to nention that the nethod may be
so arranged that, prior to these steps, a silicon
oxide filmis formed on the wafer and thereafter the

regiigt chigvakpki €d onto the silicon oxide film
foll oweéﬁgy t%e 15 respective steps of exposure,

devel OIOITFE%' B i NG, tBRdvEReCThbe PRI PARYEm s}éowing the
f a produce

appar at us the present enbodi ment can

a ltiaigvelser béithtioh S We IRkEoRa AirdEbAISHECR e sagittal

formng predetermned patterns (circuit pattern,

el ehirectien dﬂh%%zﬁadﬁ?ﬁﬁ% fpﬁBj@tﬂrﬁédﬁticélgé &m PL3 according to

substrate). An exanple of a nethod of tHis production

Wi lthe ?e%ht degmipleed }heF%/_ Wty fediehRRCthd dmhBE height, each
flowchart of Fig. 21. In Fig. 21, pattern form ng

st daskélll Inge ttheexavdlenghs @fc49B3e306Mohm | EACET &Y line the

step of perform ng an exposure to transcribe a

pawtaveteryfth aofd 98 . 3060 ran, pndt esehn silaiy dise bt rawheeledgth of
gl ass substrate coated with a resist or the |ike) by

t hé98:30565unm. apAsrsitoven oh thbermeagesd abohadionediagraini of Fig.
25 photolithography step results in formng the

pr ébetthencatadigptrice projdoticinudipigrad systbar BE3 of the present
el ectrodes and others on the photosensitive -115
FPexaiopb0 has thsulssge ananeribel apéttare andeiexposeted in a good
substrate is processed through respective steps of ]
debalaspedor abewationghroughat theraniue exposuso aven though it has
forma predeterm ned pattern on the substrate, and is

t hBp laggeptal lement. next color filter form ng step

402. 5 Next, the color filter formng step 402 is to

form a cbr®rpraleelden; aptigak gvstgns aD? othenigspesitee examples

PSSk o A BTt exposure

matrix, or .in a. configuration wherein a plurality, of

S RRPAANS; syl ipTigh e LhpimSeicalionRexDesugrepRarais shown

o] AL SRR B P FOME AR TS the water

ASGP IR0 BB 183rd Enlt 18 nhance the resolution, because pure water
with the refractive index of about 1.4 for the exposure light 1s interposed
between the projection optical system PL and the wafer W.  Since the
projection exposure apparatus shown in Fig. 1 has the projection optical
system PL consisting of the catadioptric projection optical system
according to each of the aforementioned examples, it is able to readily
and securely achieve the optical path separation between the beam
toward the reticle and the beam toward the wafer in the projection

optical system PL, even in the case where the reticle-side and wafer-side

numerical apertures are increased. Therefore, good imaging
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executed. The cell assenbly step 403 is to assenble a
liquid crystal panel (liquid crystal cell), using the

substrate with the predeterm ned pattern obtained i nFP04-0160-00

the pattern form ng step 401, the color filter
obtained 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

su kot h ' e N i .
AT Sl PRSI AR I, TR in e
obtad . . - . h ’

herphste dich MAIOPIRE i cahBThEDIT | SPoREd: |

crystal sghdo thegﬁﬂijé@ci(ﬁ’ﬁ ERPBsreSHRArARS SHRSHEH Fes. 1C%|ses the

to attach each 20 conponents such as an el ectTi
ci /i excitmdidlakér Hbht aStthe éx@bsﬁfeSHFﬂV @ReatdroR Ripplied as
t he assenbl ed | iqu?d crystal “panel (Il i’q%i d crystal P

celthg , hquiderfoby ligaid! Ahimigsdn ie}%ﬂd&uﬁé.ystﬁlredi\%ﬁie@y 1s easily
device. The production method of the |liquid-crystal

di avhdybldanilamcdgsaitithad sovicendactortmantfaptitng Pisilitles and
di splay devices with the extrenely fine circuit

pabthers and h@Stheeagvadagedfaio hilgbrseheffeghmuthe photoresist on
descri bed above, the projection optical system
ac the divbgtrate (wafer)F-W4-1ha60ptidal tdhementst(laspe)t anfl others.
the present invention conprises at |east two
r ebimast puig watesrhasana advierseeffietaron eevisominents hed contains an
surface on _the first surface side having the positive
r eeXaemehy lppwamount ofaimputitics.r wesean talsw expetietie action of
and, refl ecting nmenbers arrar%ged al ong the single ]
optleaamgthe stufacenof thet mafer rWcendetharsyrfageaot dhaooptical
i nc] uding the optical _axis, wherein the optical path
be€ t?lﬁéat%‘uﬂﬂ ¢ dighad eaddfaceeok diew proregtipaceptieal system
fit)g:d with the nmedium having the refractive index

r than 1.1. As a result, the present invention

o of oot | BIFOBBIEAMA501 8 sPiHRlR HaVE e E5BBt fiminderegiafgabout

2oLV RS St b SIS S S simately 193 nm

U IR e BRI AR 5 RSP B3 ) i

s ﬁéﬁ’f 0GuliCof S&bsgﬁlieoﬂgilestfle wavelength 1s 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 hquid can also be another medium having the refractive
index larger than 1.1 for the exposure light. In this case, the liquid can
be any liquid that is transparent to the exposure light, has the refractive
index as high as possible, and is stable against the projection optical
system PL and the photoresist on the surface of the wafer W.

Where the F; laser light is used as the exposure light, the liquid
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on the optical surfaces. In the projection optical
system according to the second aspect 15 of the

present invention, the internmediate i mage of the fi ' SEP04-0160-00

surface is forned in the first inmaging optical

system and it is thus feasible to readily and

securely achieve the optical path separation between

the beamtoward the first surface and the beam toward

t Neafi kO IRBHIMER lighYED oM ekhffals Guc) %eﬂflsggated oils and
nuneri cal apertures of the projecti‘on optica

sy peefuanfaicdpsigettrs PPPE)! Wi ' ' |ealli
sygeem i's prglg/i ged w?tﬁ?] tﬁlc)e’ ?P}cgfeﬁigﬁgngﬁ?¥ ﬂ%agﬂ]%s‘é?hght.
the negaffih¢e prefémctihnfentionels alko applieabld!® the exposure
shorten the total Iength of the catadioptric

pr appatdtas of ti twil stagstepe %ﬁlévidédf@ﬂﬁl thwo aﬁdgeg)iﬁdé;b@denﬂy
adj ustment for satisfying the Petzval's condition.
Funtdweablera the BCYT dirsdtidignehili $epaehicky eartyii®g 2Beir respective
variation due to the difference of field angleés of the
beanbsxates dedbbyprdcbssdd, rsitchf ael waférs| @s, dseldedt i Japanese
suppress occurrence of aberration. - 117

FPBatent 68 pphicafibas eLaideOpgnoNo md G- be3 029 f draidi@percaNo. 10-
be achi eved t hroughout the entire region in the

expbd4i8s, H-da-2000em0596 8, mmdcasenwher e t he obj ect - si de

and i mage-side nunmerical apertures of the catadioptric

pr oj ect i Whaptthealiquel smeneemeni methed ers iapptiedens t described
enhance the resolution. 5 The projection optical
syabeyg,dbedruneagcaloaparturen(lY 4) ad|ibet profection optieaksystem PL
i nvention conprises at least six mrrors, and thus the

fi g2 bej hPeiondd. at b rasegewhare the nysasieali apasturedMAg of the
I mage can be formed w thout increase in the total

| eﬂgllﬁcté@n @mcaﬁﬁxmeapm & ppdpega relespribed) use wiiramdomly

even in the .case where fhe ohject-side and i e-si de
nuP@TIﬁ‘P&Sfﬂl@téi%’r‘ieﬁF@W 4 1%@%@15‘0‘61‘PQW§HB anpdegrade
re increased in . order, t.o enhange the

opLi cal system -
- U PRERE PREPENARES by ViRug (fst ROlAZAGaR; Gileatnand it is

L LR T e i

B PP in R e ety BB S8 IR RRliGRTS gftected in

alhignment 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 polarization direction along the
longitudinal direction of the line patterns) is more emitted from the
patterns of the reticle (mask) R. When the liquid 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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15 second |l ens unit having the negative refracting
power, the Petzval's condition can be readily net and

correction for aberration can be readily made, FP04-0160-00

t hrough the adjustnment of each mirror or each |ens
formng the second lens unit, or the |like. The
projection optical systemaccording to the third
aspect of the 20 present invention is the

thrappticimBal fife RBHaea! of Yhe eWafé‘WW?bYFcSIh]?hFSi f&dson, the high

intermediate inmage is an inverted image of the firs

suiinRgéng peeforanere cdmhRoONBE i@hevdiRefe@in @he dask "WHere the
of the first surface, and the inage forned on the
sequintersci]f geatae (NAGréfehd Profectibhebplieske syiteni P exceeds
case where the catadi optric projection optical system

of lthe pr ¢sanbrefeffavtart tonudes thousiiad ehift haaskpasdirsblique
apparatus and where the exposure 1is carried out with

s camridenceflltimendtios methotlagartodlarhye theatipdles iltdmbeation) in
-118 FP04-0160-00 the scanning direction of the first
sualigonmerdwite thadengippdisal direotivhaif lifie phttegecandisclosed in
surface and it is feasible to readily achi eve such
adjlaganasat Patent Applmatesel atteQpeandi®. i6y188&68¢steerproperly in
gravity of the entire exposure apparatus. By reducing
th@om’can@teom.n the center of 5 gravity of the entire
exposure apparatus, it is feasible to reduce the

vi br at i ohefexpesursappatepes o€ the affercmentioped emtbodiment can
system and to achieve good imaging performance

t hP migradesness Esaneigonductor deviskposmage pickup devices,
Acgcordjngly, the exposure apparatus and exposure
me IﬂBHi-e%ySﬁ@l &@plawe &5t ﬁ]@ﬁ-égmi JBpgBSiae cheads.t 1géc.) by

e HRBiasBEatis Fdicle sk Wt e jimprtisis dswice (Hlumination
L S SolPhG: bR b3 B SR acformsd on
RS SR BhoRRE A suBRBEBS Y o optica
CUBER (Bl AN SREIE e L SHial fSproducing
M G RRONaGERr detites MINRIEGESic8E by forming a predetermined
circuit pattern on a wafer or the hike 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.
Fust, step 301 i Fig. 20 is to form an evaporated metal film on
- each of wafers in one lot. Next step 302 is to apply a photoresist onto
the metal film on each of the wafers in the lot. Thereafter, step 303 is.
to sequentially perform an exposure to transcribe an 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 thereafier is to perform development of
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proj ecti on exposure through the high-resolution
projection optical system -119 Cains 1. A

catadi optric projection objective for imging an FP04-0160-00

of f-axis object field arranged in an object surface

of the projection objective onto an off-axis inmage

field arranged in an image surface of the projection

obj ective while creating at |east one internediate

| mabie phettYekit 1 eAcH BRIhORAeraiiP g 36t ORld £kt &EHI05 is to
a front lens group having positive refréctlv_e powet
f opesfomue ctibiap withlitaé redisc paitsth hs amhbe APLSH of itBé dvafers
towards a mrror group entry of a mrror group; the

ni in che oo foawi aditdiet phiteat coheSpFhding t@18& Pattern on the
entry, an image side mrror group exit, and a rror

or ongskp imeachishonacatorpesoiensdely to the optical axis

and arranged geonetrically between the mrror group

ent ry anTheheafter taoughrfoumatiort of airdult patedrnk &fSupper layers
group with positive refractive power for focusing

r adidt others, etier devige§ rsmoht be seirricondgetonpdevices @mé produced.
the image surface; the mrror group having: a first

mi Hiher seémiconduetori deyicadiradiction methidie deserileed gbovip permits
entry on a first reflecting area;, a second mrror for

r eteitoi olfatmdhatseonceorductor eltvicaamitle ani estremiely dinowircuit
a second reflecting area; a third mrror for

r epattermgt hagh dhr | eciten 30 oto tstep sH¥omade rtorpenform the

on a third reflecting area; and a fourth mrror for

r eESPeriYe stapsali omposatier o€ andtabantthe wafers) application of the

on a.fourth reflgﬁtj ng area and_for reflecting the .

r 2EfiSHti RO tthe tnetakililng rexposupe. edevielopment card etehungs but it is

t he ‘%r'i]rrors bei ng concave mrrors hg}\g{ng a concave .

m Peesiess 1o sentin ithay thesethod may he saasranged that, prior to

rogational ly symmetric, tQ. the optical axis;  wherein:

{ hiEse s, 2o pelicRe kideofiimg s forimed apr thequmfen, and thareatter

A et384isP8 applied onto the silicon oxide film, followed by the
respective steps of exposure, development, etching, and so on.

The exposure apparatus of the present embodiment can also
produce a hqud-crystal display device as a microdevice by forming.
predetermined patterns (circuit pattern, electrode pattern, etc.) on a plate
(glass substrate). An example of a method of this production will be
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 exposuwre 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 pattern

including a number of electrodes and others on the photosensitive
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internediate image is positioned inside the mrror
group between mrror group entry and mrror group

exit, and that radiation conming fromthe mrror 9r OUPEPO4-0160-00

entry passes at |east four tinmes through the mrror
group plane and is reflected at |east twce at a

concave mrror surface of the mrror group prior to

exiting the mrror group at the mrror group exit;

t heubbirae! OThePe A YthFS e&P§Féd ogtsktife 2id §HoRBssMItBrough

radi ation exiting the ron ens group has "an entry

chiredpdctivehgiepdiof dbrlsperend ét‘éhﬁ@%,_t TRt de®iov4l, and so on to
positioned in a region where radiation inpinglihg on

t hdomp eoprtdstéminedgsatterh @30THE SibhRfate a¥nd e dn transferred to
deviating fromthe ‘entry chief ray height in a first

di negt color fdtet forddfg stdpedd@urth reflecting area is
positioned in a region where radiation inpinging on

t he four Nextj ﬂreoctolbaﬁlazrffonhiﬁ% stipeft 02 ay tbdbehta color filter in
deviating fromthe entry chief ray height in a second

di nemmifmgurappnsiherciw atthanber of seisr eCthirea.do?s corresponding to
Proj ection objective according to claim1, wherein the

ni Rr ¢Red),olp (Greenpsimhddl (Bliub) tdret araged |y homratrix, or in a
reflections occur wthin the mrror group. 3.

Pr epeigumticsbjpdieremea plaality nf teds ofdillers, ofvtaeeistripee of R,
first, second, third and fourth mrror is a concave

ni fx end B, amerajraegsdin dhe elitdctionaot diotizogtalosainalimes, After
wherein the mrror group is a_ purely reflective )

( ctheopolor filem dorging pstep. 4020 eall i assembily cstepe 403 is then
according tg claiml1, erein a length ratio LR
bee¥gatedn dbcasclhiaspembly stap HOAgisntaviessembleaatliquid crystal
track .l ength TT of t tion objectjve. is |less

ol i tosibeialo e mcicrmined
suP¥id optamed in therpafisrh derming ste 40T, theccqlpg flicr obtained
o oy BRC B fllEe BbBime St AP e andnts e 1 i cell assembly
SR B T 558 S e v
OSB3 5 RGP R o A Bt
Opﬁﬁﬁﬁgﬁgépf gg?%ﬁf&)ﬁ{et 8187 fifler'dttafilictin 1Y cbidr Hifer forming

Secono
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 circuit, a backlight, etc. for display
operation of the assembled liquid crystal panel (Iﬁ]uid- crystal cell),
thereby completing a liquid-crystal display device. The production
method of the hquid-crystal display device described above permits
.quuid-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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reflecting areas are positioned on, opposite
sides' ofthe optical axis. 8. Projection objective

according to claim1, wherein the mrror group entry FP04-0160-00

is positioned geonetrically close to a front pupil

surface of the projection objective such that a

radi ati on beam emanating fromthe object field

includes the optical axis in the region of the mrror

gr abip {8 aspecd of ThOpPEden® in PEULRSH CYREER 41 1BSst!tvo reflecting
claim8, wherein the front Iens group is designed as

a meutroreraridetite BoandaryolengawftRrtht nGirfite 6h MHE SirkPWhitBEe side

transformati on or an odd nunber of consecutive Fourier

tr havimy dws iposRiveetefatting povwall| dat Bl HaeRMAHHINE members
mrror group entry. 10. Projection objective according

t 0 antaiefledtinghaeaibert erdnpedt aloagsther sinpld ®pticallddis, and has
purely refractive and performs a single Fourier

t r dims offective omagihg #reaj rot imcludige thé \optaat ads, nevhegein the
claim1, wherein the front lens group is axially

cooptical pathi befvesenatticabotedaytyhlienkiaid the kesond barfad®% filled
of a total track length of the projection objective.
12with dhe anediimbhavingy theacefadiing index| airgerl thavhdr.&i n As a
the mrror group exit is arranged geonetrically close

t oresulie dhe pugsant dnvéniten speeesafilly cealizasathe tedatively compact
front, pupil surface. 13. Projection_objective

acBHIEcton wptishhisystem hayirg tho sacollcntvimaging pedormance as
intermedi ate i pages, are formed within the mrror i

gr ¥igl. caected dios srarsnisorhasatians seddv pdiohgomatisl abarration and
wherein the_m.rror 8roup entry _is _positioned .
gebwRaturea pf ;r%%lﬁog@ ¢ bemgr capablgupf |sesuringe shoflarges cffective
projectio obj e.ctive such that a_radiati on beam )
endRags-sule pygperigal gpprtuie whdedvel suppeessing the peflection loss

axisﬁ#"n tge regi.on of the mrror group entry, wherein
t h@® s PBHC &t is arranged geometrically close

0,2, £ Pk SRS S SR EBLAIEL U aspect
Py SRESRo i LOEMBEOLS 5 sce
R WIS B GHE Rl B ML, is s vl o
AR AR Lo EOE b S B PG he
beam toward the first surface and the beam toward the second surface,
even 1n 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 umt having the negative refracting power, it
1s 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

wvariation due to the difference of field angles of the beam expanded by

the first field murror, so as to suppress occurrence of aberration.
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the rear lens group, and a |l ens group downstream of
the internediate image is designed as an inmagi ng

subsystem for imaging the intermediate image formed bypo4-0160-00

the Fourier lens group onto the imge surface on a
reduced scale. 16. Projection objective according to
claiml1l, wherein the mrror group exit is arranged
outside the optical axis optically close to an

| ntRiereftiral @obiB@ea@ing pofierfhncd féﬁnrlﬁf@'&lchfé%dgﬂﬁblﬁghéut the
desi gned as an i magi ng subsystem for | nmaging that

| nteptire degiba hrthe expobord eal B0ae 115 Wid 886 Whede HRIBBRE-side
scale. .17. Projection objective according to claim 16,
whaneiimdgresidearurherisalgipatturek of ithiel eataalic o ?m;'émcsn optical
regi on defining a local mninum of beam di aneter and

at sykteasard wwresgal inverdee hs eahane: o aizphdiom t he
constriction region. 18. Projection objective

accor di ndheprojedtronloptibar sisterh e cotdingrtoghie third-aspaet of the
includes at |least one mrror pair consisting of two
copresent moveotisnhavinpgisesr abrleagtusixacesraisaramp thus the first
common surface of curvature provi ded on a conmmon

m intermeduibe tintage Andithg scondrindrmsediatepamagoncan be formed
provi ded between the concave mrrors of the mrror
pamithog ingrease dnithe totai dengtheofaheocatadipptoicgirajentits) optical
wherein the mrror pair is _arranged such that the )

t r Y6 sveB 1pdhe case weharegherobjant-spdé andrimageeside mumerical
optical axjs. 20. Projectiaon objective according to ]
c| apeRtures Qﬁé&ﬁﬁﬁh@%ﬁ%ﬁ@%@ﬁ@m@ tsystem sarg gpgegpsed in
by a,hole in a mrror substrate. 21. Projectjon .
obPEdH, tveerﬁ@@sragbﬁ gesJubipg; mafll,lerﬁﬁ@ee ﬂﬁwlsaﬂ%lasﬁgﬂf teseadiyy and
ar eas the mrrors.of the mrror group are

poSsarEheackiseithe oplical path sepaxation hetwee; thet e toward

RTINS MR R R TN

T NG R I s

CPELIE IS o, TR R PR e L, they porvare

" BRSSO i A WAL By

NURBEEC frofBR the" S1NGnOnBof each mirror or each lens forming the
second lens unit, or the like.

The projection optical system according to the third aspect of the
present invention is the thrice-imaging optical system, whereby the first
mtermediate image is an inverted image of the first surface, the second .
mtermediate 1mage an erect image of the first surface, and the image
formed on the second swiface an inverted image. Therefore, in the
case where the catadioptric projection optical system of the present
invention is mounted on the exposure apparatus and where the exposure

13 carnied out with scanning of the first surface and the second surface,
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25. Projection objective according to claim1, wherein

the catadioptric projection objective is designed as

an i mersi on objective adapted with reference to FP04-0160-00
aberrations such that an inmage side working distance
between a | ast optical elenment and the inmage plane is
filled up with an imersion nediumwith a refractive

i ndex substantially greater than 1. 26. Projection

objtké istaeniagCAiretitch bf the %t Surfabe@nbé hfade ogpo_site to that
catadioptric projection objective has an |1 nage side

nurxT tieal sexpadt suefabé znd. It Wbeledsitsie itd réfliRecidi®ve such
with an i mrersion medium 27. Projection objective

ac adjuktngnt asct@idecteasehgiceichahige ifathrdcenteri 6f gravity of the
proj ection objective is configured for use with

ul entivé aixpostiegapphedths ngBa réduciag thevehangd inr thiegeenter of
extendi ng from about 120 urn to about 260 nm - 123

28 gravity ajfetlid entiex pogosars yptpanather itse feasible to reduce the
m crolithography having an illumnation systemand a
catwihtiatiptr o tipe ajatadioptriolgrejection, optieakesystehe and to achieve
proj ection objective includes a catadioptric :

pr gpedtimagog pecformmmectbroiglyputothectsinn regi@9 in he exposure
met hod for fabricating sem conductor devices or other
type¥t.of mcro devices, conprising: providing a nmask
having a prescribed pattern; illum nating the nask )

wi t h ul t Aseortiagly, itheexpasinepppasatscandenposure method using
wavel engt h;. and projecting an | inage of the pattern

onths PIRKSHOBe PPticR] Syt 04t the Aresenfednventione are able to

the i mage pl ane.of a _projection _qgbjective . .

ity of . _
usPs Ol_é% et GBI © ABpEdRe on {98 Rattere VAt bigh qyecision,
{QUSDIRE, B F0ioRH R Benll o Cha S fmaging
oS il ARG PSS Sl apere,
th ' ' -gbj ect | whi L.e. ti t | t
| PR R eSblnSorl | Vi SRco ot Bty gibparatus
= e o firef i . bsvet emd or | J o
¢ FeBhe i ih ot rpltsrlol ST h g, SEME prySiad ifeion, it
2 1 ehsiblY S ute! ¥ microdevices by the high-precision
projeciion exposure through the high-resolution projection optical

system.
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a second i magi ng subsystem for imaging the first
internmedi ate image into a second internedi ate i nage;
a third i magi ng subsystem for inmagi ng the second
intermediate inmage into a third internedi ate i mage; a
fourth imagi ng subsystemfor imaging the-third
internmedi ate image onto Glaémisnage pl ane; wherein the
second subsystemincludes a mrror group having a

first concave m.rror having a first continuqQus, myr
L. sury satadippiric BEYBHIOR OResive fat HBagIS AR T gagaﬁ:@htﬁct field

arrarfg%ﬂ% fnnatp %Jéﬂt rsﬁi?ﬂ’acé ldff theprbpetivn dhjective Sint@‘a‘hr ®ff-axis image
surfac

field At ip AR qpRgerSiBHoE Cave QH pRlifedet ot ed MR pls sreating at
leastmlea.ntenmchakmmbgmcdmpmbmgmn%at ohderedlong e gEaabdxis:
s c t
tnd FopEiient eyl Ry il HRe ROl KOS sBhverging
radlamnrcﬂmmg frave theobrest tfredd dovecds aunfraeegeonp enfey of a mirror
grougcond concave mirror haV| ng a second continuous
rror surface I_laCJn first mrror surface. - 124
Zth‘;ﬂméﬂpﬁﬁir‘é‘ﬁi? F‘Elq& ?%IQ%P@QQT\@W&CN%W%@ side
mirréd g h 8x10 ba@«%ta figbs r@ﬁp Plges dbﬁn%ﬂft?@hﬁﬁé&séyftbatﬁ@ optical
€ _prqjection. o uo axi s, im
axis fod pianed G tﬁw&ﬁ’ye??&&f&egdﬂﬁ&egw SO GRSty fye mirror
groupley(ﬁpan@e V\/nl |l e creating at |east one internediate
%af Telggrga glsdly @’é?&?{tl g@ﬁacat \9@ %OWSR%L gﬁﬁﬁﬁ f’zrcgatlon
emergmg/ {rouy thenmirrer g@@m@mtmfto éb@ lmﬂgg sar Est
| nﬂﬁrﬁﬁ%pgﬁm PRSI second i magi ng subsystem for
Lirst | j.ate. image into a second
i ng ﬁr%te@ﬂ%% f‘?rn‘%@l‘m&g Hﬁ#@op ﬁglegaa“g%gmpf%}try on a first
refledtimgareg; t he second i ntfermed}lnat e image into a third
Qurth, i ) '
| rbgpAg sk Bes bRt GRS BEHT i fgiaror ona
secors] embectinigeartean t he second subsystemincl udes a first
m a‘i ﬂﬁgd Hﬁi&‘oﬁ‘%ﬁr&de‘iﬁhg rﬁ&ﬁ%ﬂo@%ﬂ%c{@d fr8m ﬁfér sfe%ﬁd Mitrérona

mrror second contrnuous
third re ecting area;

and a fourth mirror for receiving radiation reflected from the third mirror
on a fourth reflecting area and for reflecting the radiation to the mirror group exit;

at least two of the mirrors being concave mirrors having a concave mirror
surface having a surface of curvature rotationally symmetric to the optical axis;
wherein:

the mirrors of the mirror group are arranged such that at least one

~ Intermediate image is positioned inside the mirror group between mirror group

entry and mirror group exit, and that radiation coming from the mirror group
entry passes at least four times through the mirror group plane and is reflected at
least twice at a concave mirror surface of the mirror group prior to exiting the
mirror group at the mirror group exit;

the mirror group entry is positioned in a region where radlatlon exiting the
- front Iens group has an entry chief ray height;
the second reflecting area is positioned in a region where radiation
. impinging on the second mirror has a second chief ray height deviating from the
entry chief ray height in a first direction; and
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surface facing the first mrror surface; the third
subsystemincludes a third mrror having a third
continuous mrror surface and a fourth concave mrror
having a fourth continuous mrror surface facing the
third mrror surface; at least two of the mrrors

beithg fartaveflectingr srehais positicmnt duea nfogion wherd aadiation

1mp1?1%‘ﬁ;l % %nath%%)fu?&%l(ﬁlgrof 'ﬂ% i 1%: lggfdé? &ﬂg g?eég}l{ @%Jlaﬁﬁlg Sfrom the

| entr&@bmfdaﬁ@eughtdnea sacond damtmrmmmsnfoﬁ@c@mimt direcgon.
are arranged optl cally remote froma pupil surface.

34. Projectipn abjective accor |ngto clajm32, .
2, mé’rrgje# %G.Cgl#e SBHAE OnFRAM 1, AFRETER ich IHFTOr group is
desigsedswgdntiay exat dj'r ¢our deflections ocdbr witihaké n@ifror group.

obj ective according to claim 32, wherein a mrror

group. formed by the first, second, third and fourth
m drojestion ebjpotied accrcerf:llngto vhkim( b,awhpremcthe first; eecond, third

and hRHPmid%r lﬁF eg{,gﬁbffog proj ection objective for
I magi ng an o 0

axs ject field arranged in an
obj ect surface of the projection objective onto an

4. of Pr@jecﬁohrmg@cu% ab@oﬂ&ﬁ%hw thihh 12RyHFBRLIRUINIASE p?bup is a

creat| ng one

i on_obj ective
purefynqeéfeﬁgéﬂe fat qm*agiemélafﬁﬁﬁ%%g in that order along an

optl cal axis: a first catadioptric imgi ng subsystem

suPrSERADAPRbRELOP FEbrdg o, Tl “Hbeliibf 1806 Tatio LR

betwcam adi apnl nirforagiony kmgsly Meth famd a taigl ngpckhlength TT of the
prqécﬁbﬁ%@@bﬁ{r@ Is %eg%%l(%%n gg‘@g’e‘?’g,&é&fﬂ%ﬁlﬂwg‘%ﬁ ll%l%ﬁ is the axial

dlstan% & beuaen  mingar i clascst o he obikst Free ke Bap vertex
closehﬁ\tb n@lepgaage wairfaekr a6d 1the RANEErackR RAPYeXs hier 8kial 3(!ﬁ‘§tance

betw el BH IR HireP BRI oBh s e 2 concave nirror a
convex mrror, and a refractive rear |ens group

6. hapf(ggcﬂ{?ﬁ'638&,6[15695{:?&5'1%{% ﬁ]oéggfm vﬁ?"@gﬁé}?e‘@%@%ﬂ&m LR =

MGIM'J(‘T&:"O%@ gl desequent concave mirror of the first

cat adl optr| c imaging subsystemare arranged between a

surface and the internmedi ate image and the
7. ;gtlgn objectlve accorc%ng to claim 1, w \erein the Mirror group entry

includes the optical axis and positions of the chief ray in the second and fourth
reflecting areas are positioned on opposite sides-of the optical axis.

- 8. Projection objective according to claim 1, wherein the mirror group entry
is positioned geometrically close to a front pupil surface of the projection

- objective such that a radiation beam emanating from the object field includes the

optical axis in the region of the mirror group entry.

9, Projection objective according to claim 8, wherein the front lens group is
designed as a Fourier lens group for performing one single Fourier
transformation or an odd number of consecutive Fourier transformations between

 the object surface and the mirror group entry.

10.  Projection objective according to claim 9, wherein the front lens group is
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mrror and the subsequent concave mrror of the second
catadioptric inaging subsystemare arranged between
the internmediate i mage and a rear pupil surface. 38.
A catadioptric projection objective for inaging an
off-axis object field _arranged in an object surface
puresy refrectproprt pedarmobpedaglecl owter tangbrmaiios. i mage
field arranged in an i mage surface of t he prOJectlon

ob ctlve | e.creating at eas e i.nt er
11. %P%Ve acsptg fo © Wherdin the domdons group is
ax1ak1ptcompacnl leaveng sinl okl @H:ﬂghawhic&ﬁfst le@@ eheRA0 &M t61l track
leng@fg orm n a fI-rS optl cal channel on a first side
{ the oectian Qe g V&nd a second set of opti cal
eI errents i ncluding at | east one concave mrror for

'P}boi;&tl 8&5\% z?cfbto'rﬁﬁ'lg ébhad fil1 » Whefeitihe rfﬂlrg(gtdﬁoﬁfp exit is

XI S. OpposI
aﬂwﬁm@ slosettoon reaj pupi v%lrﬁaﬁfoﬁp’tlﬂ@ill’ sogjugaie to the
front pilegFBE® the optical elements of the first set and
t e optical elenents of the second set are- arranged
mrror synmetrically to a symmetry pl ane perpendi cul ar
13. t oPaojeetiodi abjettiviphedardfig theldinojl eatticesinobhe of itw® and three

1nte%§f%gtlﬂ%gteg§f§ﬁrrr@ezd Wdﬁnflﬁgé%ﬁﬁﬁ%cf‘%tgﬁgle?gt :J:r gw ded in

an object plane of the projection objective onto an

14, | ”?9%69{18? iéctf%@o?ﬂ?%ﬂooﬂal by %ﬂ’iélr‘éﬁi ﬂi%'%{ug‘ﬁf BPouptentry

f’or
is p%&l@laﬁd1 gaomstasally nc losgieto Gbjfyt prpihesuriics  aff thesprojection
objedthtecudidibat 8 rhdiben Rease %ﬁ’f&ila@ﬂge[‘?émVﬂleR% et fsldugichgdes the

east, one .co e mrror for inma L1 st
opticR S ane P PRug AL ABTOL Eud Rth Ehrein Q%eenmwag groyp exit
is armahped geoefatecally elase) teca rver papil sticfhce opgicall ytdomjugate to the

front\?@gﬁf‘ guﬁ%&rlg%ij 'v@'Lezng gﬁg%{ @{g@ ggﬁgg{%g&eg@%g% Jmages are

formed wathinghe tairr@geup. a maxi mum i mage field hei ght Y
and an i mage SI de nuneri cal aperture NA; wherein CO\/P

= Dmaxl.c()Y' : and wher ei %I I QWiH condi tion
hoPFyecti nob]ectl €accordmgtoc alm erein the mirror group exit is

- arranged geometrically close to a rear pupil surface, the rear lens group includes a
Fourier lens group for forming an intermediate image in a constriction region of
the rear lens group, and a lens group downstream of the intermediate image is
» designed as an imaging subsystem for imaging the intermediate image formed by -
the Fourier lens group onto the image surface on a reduced scale.

16.  Projection objective according to claim 1, wherein the mirror group exit is
arranged outside the optical axis optically close to an intermediate image and
wherein the rear lens group is designed as an imaging subsystem for imaging that
intermediate 1mage onto the image surface on a reduced scale.

17.  Projection objective according to claim 16, wherein the rear lens group
includes a constriction region defining a local minimum of beam diameter and at

least two negative lenses are arranged in the constriction region.

18.  Projection objective according to claim 1, wherein the mirror group
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COW 1 <10. 41. Projection objective according to
claim40, wherein NA >1.2. 42. Projection objective
according to claimd40, wherein a first concave nmirror
having a first continuous mrror surface and at | east
. ,one second concave mirror_ having a second conti nuous
inclydeasraideast onganirserpair cangistingrofithio coneave mbirersthamng mirror
surfR&5s shaPingi 4 coHrh8A RurficR 51%%%%?%‘%%&5 ggoi’bﬁﬁl:r%%n mirror

lang and the first 1 nternmediate | mage, ween
SubS?ﬁa?%ﬁa‘ézﬁa 4 RanSBESSHE pﬂlftm@mvaéﬁd bﬁﬁ@%@l oty @vEgBRHTOrS of
the hireosspsiend i nternedi ate i nege and the image plane; and

all concave mrror are arranged optically renote from

a pupil surface. 43. Projection objective according
19. t o RrbmictmodOpbjeative pezondimigeto Mlainf 1Benskareiranhbe anirror pair is

I . ng:.hj ect v r gt .
arraflYlcn At e LRSI AT BRI B GEBARIAORES o pptical
ax1s2) COVMP3 = Dmax NL / (Nop -Y'- NA 2); and wherein at

| east one of the follow ng conditions holds: COW2

<3Q0 3 < 10Q 44. Prqjection objective according to, .
20. ¢ dirajegHon, pljcsiiyet woaab]geé@i@ﬁlmo BTN Ha¢ (pRsmissive
portiah 15 éashed by dbolel i@ LIRSl eubsi@el sing a first

aspheric surface and a second aspheric surface

i medi ately adjacent to the first aspheric surface.
21. 45Pr@jeofientdbpectons ectdrdingatie okadinnl, wherdiniath veflecting areas on

o RSP ADBB0HY6, AP0 AR AR,

46. Projection objective according to claim45,

22. WheEgjebtion dbpé@naLacdmai fRfcladnONoyhERiRRL &ﬂecﬁhifgsareas on
irst and second.as ric syrfaces o he

bet ween..t he h .
the TGIRNCO L anist s el RS RORSOE APGkAlk Semlgstipy @ pupil
surfagseong the optical axis, of the thinner of two | enses

form ng the doubl e asphere. - 127 47. Projection

objective according to-claim45, wherein the third .
23. obPeyestren qhiectiveracoordingitol dasm bnwhivein en sapsibire. stop is

positioned upstream of a last intermediate image closest to the image surface.

24.  Projection objective according to claim 1, wherein the catadioptric
projection objective has an linage side numerical aperture NA> 0.8.

- 25.. Projection- objective -according to claim 1, wherein the catadioptric

projection objective is designed as an immersion objective adapted with

reference to aberrations such that an image side working distance between a last

~optical element and the image plane is filled up with an immersion medium with
a refractive index substantially greater than 1.

26.  Projection objective according to claim 1, wherein the catadioptric
projection objective has an linage side numerical aperture NA > 1,1 whenused in
connection with an immersion medium.

27.  Projection objective according to claim 1, wherein the catadioptric

projection objective is configured for use with ultraviolet light falling within a
-wavelength range extending from about 120 urn to about 260 nm.
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48. Projection objective according to claim47,
wherei n the doubl e asphere is positioned optically
bet ween the second internedi ate i nage and the pupi
surface of the third objective part. 49. Projection
obj ective according to claim45, wherein the first
obj-ective part includes at |east one double asphere.

28. 50. A e[?ﬂj?(ﬁt dlf’@}é@{?étﬁ%t %%s@erﬁc o ‘ﬁ's oy Bnlﬁf(giﬁ’i‘oé%g)a y having an
lliur%llnaﬁént §ysiemyt and p@pﬁﬂtasimpt@@e mmetqﬁl@nf |obst:ct®%q:,eov grein the
projéaidn objectReOiRabdsn aoéaﬁﬁidﬁtﬁc?]?ﬁgé%h éftft? &'N'f"é HebOrding to

1 erein the first objective
claiBdiective part each include at |east one doubl e
asphere formed by facing adjacent aspheric surfaces

f . P bj
20. ©F A VB HBSER 1R 02 i B L GLIF BT oRBlGSE R of micro
dev1g%t3r,pomm1amg:s at | east one |lens haV| ng a | ens surface

&Vﬁ 95m8dk }’-\leﬂ%ec{'gfesflﬁbpﬁ .anS| ting that

syrface |.nc e’nce | arger than
601 wmaiirtg ethts omashj sath va Heasdolet hight o hevingn s2prescribed

wavelbegdi antihat | ens surface IS positi oned opt| cally
ose t ' ' ect ive

acesﬁu&f:ﬁag? S0 PHBhgs Sof BR cpaiieinaondh; & PROKSRPSES, Substrate
arrangiedt antdee ecinggnof the rxmagleeplstnef of bepﬁdjecftlwbm r;mg?cgn:@ tuglng a
S
Cata(ﬁﬁ%‘%]ﬁa@%é, ﬁé&%ﬁgéc?]&/g%c? /P(gﬁge}ﬂeigﬁil | 8last Z\nce bet ween

the object surface OS and the inmage surface I'S. 55.

30, PVPJ e&iakl tﬁ@ﬁﬁ:ﬁé %j’éc‘ihfégf%ronﬁb@l Wgﬂ%@ of‘f\%gisebﬁject field

.concaye e’ an, aspher | C
aﬂﬂﬂ@é 1P SEB?CB u & %@Lﬁ‘&mﬂr@bjﬁ@tlw A an off-axis image
field 4@rangledriai an e élsluﬁac@ttbfeﬂiel M®je@@dh obj étﬁlv%eﬁz@l'ﬂl% creatlng at

cast §§hﬁs€¢n¥%@?%%3m%%%p%thﬁaﬁ% S EaE RS S 1
obj dust vmagtng subsstem foaimmging theeobjout dicldperavided in the
object §APLS intdCF !fi&ét‘iﬂﬁ%rﬂé&éﬂ%‘%xﬁ g, oplective part

>1 dj angt er and
t @S¢ @@glﬂ&ﬁél bpisteny &y ipprging dhe Sustangemeacdigtenimage into
asecé@d nﬁéﬁmeaidt@ﬂnggéeﬁ I ve according to claim 40,
S BRSPS e 155 RS R o o
a third intermediate image;
a fourth imaging subsystem for imaging the-third intermediate image onto
the image plane; |
wherein the second subsystem includes a mirror group having a first
- concave mirror having a first continuous mirror surface and a second concave
mirror having a second continuous mirror surface facing the first mirror surface;
and
all concave mirrors are arranged optically remote from a pupil surface.
31.  Projection objective according to claim 30, wherein the second subsystem
is a catoptric mirror group consisting of the first concave mirror having a first
continuous mirror surface facing the object surface and the second concave
mirror having a second continuous mirror surface facing the first mirror surface.
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pi ano- convex positive |lens having a curved entry
surface and a planar exit surface, where TLL is the
axi al distance between the entry surface and the exit
surface neasured along all optical axis, RLL is the
curvature radius of the entry surface, and DIALL is

32. t héA matadiaptnic pr@ectloamd:uectlm fohemaging aausffaods object field

I
L T L e
ﬁeldh@]r@gge mn gudm_age Scu acz: of thecprgjegtien (ﬂgectwe while creating at
least(‘(g%c?ﬂﬂté}@ﬁédég‘feoﬁﬁdz ﬁlﬁi theg Jr?éar %I%ﬁg a;éo ical axis:
pr &i fest lﬁaﬁ%ege%lh%teamfer uﬁ%@% prvided in the
objeetr ajréaei iato adbisenitenaediatd nnage ref ractive objective

Corrssedhe BRI SR o5 DRk Rl insGnedfle Thage into

ase C@m;demtemm dvabetiniage; i magi ng the first internediate

1rli'iﬁ1%g?1ﬁ mgerggéfflﬂ?gn%@e 3%&?@] gﬁgfe%gﬁ te image into

cti
ath lli'(ﬁlt 1gt¢iMigRige onto the image surface; wherein
a fourlte 1@1@%&’@ sﬁbd;)%@émVﬁ)rD@ﬁé 1h§%@%§r@1ﬁtbfrﬁ&dl“a@é‘ %‘ége onfo the

Eg aving & first, contl nuous- m nor surface -
1magg #&3Snd concave mi nor havi ng a second continuous
mi whierainr thee spcongdi sutsysfeas eisichrdess ar fiegt hdtroeeliating a first

I L Y SO ——

sur aﬁﬂJaCIBgtth@é'ﬁstm@ITQéGurdee,nt ermedi at e i mage and t he
' ”ﬂ&etlﬁir@r!;%bs Stenf ‘fﬁ‘@lﬁﬁ?s kil ﬂﬁﬁ? rﬁh?of‘r}{a@' ﬁﬁ[’d Cc%'nltl%ﬁuous

ace,

.__reno 1 [ sur
MIUTQY 8T Cﬁ (5” %Eﬁﬁﬂ%h OQRESVSMHEPhBAYING 8 fouE!] @(Pi@tlrmqusamlrror
surfao@fmhg\tbe ﬂ@m'd nh@ﬁoﬁs@mﬂd nunber N3AS of aSIOhelfI C

IesI her i c bensratlo ASR = As/ N3AS
s East wRiar IR hsOes B iRe sorchye PRI ha G pRE be mirror
surfaw\haglﬂgaa gmrfacdn af ciraature defining a mirror axis on the optical axis.

33.  Projection objective according to claim 32, wherein all concave mirrors
are arranged optically remote from a pupil surface.

34.  Projection objective according to claim 32, wherein the first, second, third
»-~=and fourth mirror is a concave mirror. R R R

35.  Projection objective according to claim 32, wherein a mirror group
formed by the first, second, third and fourth mirrors is a purely reflective
(catoptric) mirror group.

36. A catadioptric projection objective for imaging an off-axis object field
arranged in an object surface of the projection objective onto an off-axis image
field arranged in an image surface of the projection objective while creating one
intermediate image comprising in that order along an optical axis:

a first catadioptric imaging subsystem for imaging the object field
- provided in the object surface into the intermediate image;
a second catadioptric imaging subsystem for imaging the intermediate
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60. A catadioptric projection objective for inmaging a
pattern provided in an object surface of the
proj ection objective onto an i mage surface of the
projection - 129 objective conprising: a first,
. refractive objective part for imaging the pattern
1mager @itodbe imagetsairfass) ect surface into a first .-
in <y . .
i né’ﬂ?éfsﬂ*ﬁﬁ*e@?ﬁ??@%d&?%‘?%ﬁﬁi%@% Al ¥RAFIAuEEE in that order &
refrapﬂtfgrf?@m SRESTOHRfRaVIRE DOSHEY € refraciive ROV elh AEONVEE TBHFET, and

subsé@uerit®gicage 66 i the baradbshiaicesedomoubaRER RBcludes in
ace:. mherein the second o

[ e surf j ective. part
that P?@‘Fq’u% SONGAYE PLHTQL, G CRRV S HILHOL) avﬁr?gr%frac?tv?es fear lens group
havieg positiveusfractiverposygif ace and a second concave mirror

havi ng a second continuous mrror surface; pupil

surfaces are fornmed between the_ob'éect pl ane and the
37. 1 Psgjectipneohyeeiive acrardjag toeclatimn3 éhwhiergist thencbnvex mirror

and the 38PSkquEhe COREW ﬁiﬁaﬁaﬁﬁl@ﬁf&t cQ%ﬂi@%éiﬁf&gﬁﬁ% QfiBsystem are
i ntermedi ate | ma e.fand the 1 ge.ﬁgia e Al toncav
arraqgequgwg%a ‘?fﬁrﬁg’é’d %Hifﬁ(‘c?sﬂmgﬁﬁé ragdigleimaggand the convex
mirrcuafid@che subbeqidritséorvaveciiner RAT thehgseoad! ¢atadiopiibeinaging
subs A5 ARG S R0 1Mt s B e,
lens ratio ASR = NITAS/N3AS is snaller than 0.5. 61.
Br ai . A ! ) . | =
38. PLA EdaiRbiete apliccffol BERANROR Cnfiadind B o RARICbBject field
arranggédRjaghpbiget suifpee NA the projgctianaehieptive onpe epedfifiazis image

field QBia@@eiMa 4P imhPBGURGCE JTRfHeSHIb e BBfkdiveafhiled@ating at
1 tsurf.ace of .tthe rojection objective onto an image
east Ojf AREEMEig ﬁéngﬁgsjc@@'tlplaﬁngobj ective conprising: a

f i asopticel axas) i ve obj ective part for imaging the

"t A SEaRPL oP Rl Bl s §ﬁéﬁ%@?§§{t 1G5 % Cpflyddd Blirror for

formingeayfing aptical ichennelerearfirt side dfithgeritivnbazis; asdond

a secorld BT @] eBEénts Qﬁél‘ﬂl‘d‘ixgg af %.faﬁft‘}ﬁé ¥En ORISR Ef RNt ming
for I ma the second 1 pternmed ate | j )

a second OptIchd CRannel on a second side of the optical axis opposite to the first

side.

39.  Catadioptric projection objective according to claim 38, wherein the

- = optical elements :of the first-set-and the optical elements of the second set are-

arranged mirror symmetrically to a symmetry plane perpendicular to a meridional
plane of the projection objective and including the optical axis.

40. A catadioptric projection objective for imaging a pattern provided in an
object plane of the projection objective onto an image plane of the projection
- objective comprising:

a first, refractive objective part for imaging the pattern provided in.the
object plane into a first intermediate image;

a second objective part including at least one concave mirror for imaging
the first intermediate image into a second intermediate image;

a third, refractive objective part for imaging the second intermediate
image onto the image plane; wherein: : '
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I mage onto the i mage surface; wherein the second

obj ective part includes a first concave m nor having a
first continuous mrror surface and a second concave
mrror having a second continuous mrror surface;

pupi |l surfaces are forned between the object plane and

t héhé prejectiontodyjeatichas & meayambntersedianbetef D,gt , amdaximum

imaéé“ﬁel%eﬁcggﬂ ‘Ymeﬁ{d@tg hﬁgﬁ?ﬁ %ﬂgﬁl %ﬁéﬁ@%m%gﬁg%\%ﬁ?d
COWﬂrd?»saxHre eNAa)wged opti cal I y rermte froma pupil

Suhhdﬁv@herehi‘ﬁlé fdlfdwﬂig@@ divienR@illis:nas a first number
@&I@Sﬁ?erl c and 130 ‘wherein the
co ‘AS < 3 hol ds. . 63. Projection

Obj ective according to claim®62, wherein the third

41, PRSIt En MR R BRRERE LU ES BRI A S «
smal I er than 1. 64. A catadioptric projection

42. 0 O‘Pﬁ dtf%%&%réu%fote @?ﬂn B0 Wl‘fé?gm' z[‘ﬁ?é% co%]k&h% fmirror

rojection onto (g
haVHaﬁ ad ﬁpap@@@%mlrm Sé&faaﬁearabablq@t ﬁge Sgcon spncave mirror

havifighreebhd €oabin@sts Y8irRs furfide af‘éaﬂ*rﬁﬂ%éd‘ﬁl B §&dhd objective
provided in the object plane into a fTirst

Partyi’ nt er medi at e i mage; a second objective part including
at pupdssudees area¥ermed r betviepn ithegbbfect t plinki et the first

i REHS R L L P
betwees Hirisqooner mﬁa‘m@ata imsageangnd thaimage pleage aptane;
whgp) %bﬁcaﬁﬁnﬂwr%% PRGBS CHfy RALAE TRorfila pEAT Sy PRe.

doubl e asphere having pherlc surf
second aspherlc surface i Mmedi ately adjacent to the

43, ; | P&dj em@@@bj&tﬁz@réog@?dmtg:t@ cﬂ@%ﬂ@'ﬁl@ havl aﬁn@ﬂb@ﬁNL of lenses
orne acen as erli c sur
and § TR e i Sue il SBHcs el PREs olF e ed Tt Shgrmediate

imagess Whalem 64 wherei n an axi aI di stance between the

_ COMPTZ tsthljema%prﬁp/qysurﬁgcf anzd t he second aspheric surface
- COMP3 =Dypa * NL 7/ (Nop «Y' « NA®);

and wherein at least one of the following conditions holds:

COMP2 <300

COMP3 < 100

44,  Projection objective according to claim 40, wherein the projection
objective includes at least one double asphere comprising a first aspheric surface
and a second aspheric surface immediately adjacent to the first aspheric surface.

- 45.  Projection objective according to claim 44, wherein the double asphere is
formed by facing adjacent aspheric surfaces of two subsequent lenses.

46.  Projection objective according to claim 45, wherein a distance, measured
-along the optical axis, between the first and second aspheric surfaces of the
double asphere is smaller than a thickness, measured along the optlcal axis, of the
thinner of two lenses forming the double asphere.
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asphere is smaller than an axial thickness of a

thi nner of two consecutive |lenses formng the double

asphere. 66. Projection objective according to claim

64, wherein the third objective part includes at

| east  one doubl e asphere. 67. Projection objective
47. acdbeiRcign obiective BEOrdingr wi-alaime4 Southescinstiieethird sbjective

8 j the second internediate

pmi?ﬁgggagﬁggﬁﬁghgﬁg?ngur 2@@9 of the third objective

part. 68. Projection objective according to claim 64,

48. V\héPfl;gj aetioheotjecive abe@elingy & cRn47 REh&HS iR dbﬁ@l%tasRhere 18

pos 3 AL PPN bR B e Sobe Mgah ic

of theghirdathjgctivepartt o or at a pupil surface of the first
objective part. - 131 70. Projection objective
according to claim®64, wherein the first objective pm
49. andreiestipni ehicshiye adovedipg waclhiimébuseheaein dus firshebjective
part HRARIG Adehftiche ddublBragpRefd. on obj ect i ve accor ding to
claim64, wherein a first concave mnor having a
first continuous m nor surface and at |east one second

50.. col?]g@j‘@etioirllmfbjﬁth&yié%tq?rﬁit : Sgirﬁgldﬂ, in’_YEgJétﬁ} t\}idl%%brlte_asphere is
positRHed i B AN o i SGaaT o PR bisfiinbanc

the first internediate inmge, between the first and
S1. | VPUSECRON LSHTE bRl B8R DGhEY HRE A Bloivc
part wﬁ@@f}& abicstiaedaat eagiymelags pt lgasione doubld asphexe formed

by fapitpi ddj aéﬁt%@h_eﬁz?surﬁc%s@ttoﬂim%pgdﬂsegﬁéxgi1 fAkdON .
objective for imaging a pattern provided 1n an object
pl ane of the projection objective onto all inage plane

52. of Prdjectpomjobjedtove aobd)ﬁﬁitfl'g\»te cleimr4@,; W?iﬁ:r@inf t'tlr{esﬁrst objective
. r or. | in e ern .
part (R85 YEsE R Bal s 18l JIRIOpRE B Eihcidence of
rays transsting dhatt lens suokace ancladorangdty efincidenar lnrgercthadiGdy.
at | east one concave m | Tor for imaging the first
_ internedi ate.inpge intq.a second intermedjate i nage; a |
33, ¢ Eﬁgﬁ%@tm PE&GW@ sEfding o sﬁaﬂm pdr wheagimthatHens surface is
positisaedngpticatlgrgiask & thd HPmsie serhee.

54.  Projection objective according to claim 40, wherein an axial minor-lens

distance between a first lens of the third objective part and a vertex of a minor -~

geometrically nearest to that lens is more than 5% of an axial distance between
the object surface OS and the image surface IS.

'55. Projection objective according to claim 40, wherein all concave minors
have an aspheric minor surface.

56.  Projection objective according to claim 40, wherein the first objective
part, the second objective part and the third objective part share a common
- straight optical axis.

~ 57. Projection objective according to claim 40, wherein an aperture stop is
positioned in the third objective part between a region of maximum be 1 diameter
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the i mage pl ane; wherein: the projection objective has

a maxi num | ens di aneter Dmax, a maximum image field

height Y', all imge side nunerical aperture NA> 1.2,

a nunber NL of |enses and a nunmber Nop of i nmaging

obj ective parts concatenated at internediate inmages;
and thengnagensurface in ©ogbn-ofnexiverying biam) S

COVP2=DmaxNL/ (Y' NA) COWP3 = Dmax NL / (Nop NA2));

an%qwher_ei n %t | east one_of the follow ng conditions |
58. i s Brarectione @bjegtve @orprdiag: to (dpimeoiPp whepin (f®) projection
obje%%a?zé%ste;fgnsn Eldﬁe@fﬁftg Q{ﬁleogi% 'sﬁ?fa%%,g %%% '15&4'léhs being a
plangsonyex; E?\SVilgHFet?ﬁlisvg‘gego? oFHY e oSN Srface and raiplanar exit
surfaé&P1 < 11 and - 132 COW2 < 300 andCOW3 < 100. 75.

Pr qj i-pn Qbject ] i tQ aim. 72, erein .

1 Rk ER QMRS P ARAGER Yvben 3he iy sulaCE At Fpe oxit
surfacgrmegsirad dilang laklaepticsl exds,cBnd i trecemevatiirer tadinghay g entry

S [ ‘

surfaeS 88 Q 'Ig*]bfj‘i.% RE WGt fee ﬁié@%ﬁeﬁ f ﬁeaéﬂt?f gﬁf%llé@ dtffie last

setond ctive ‘part; pupi aces are
€hS;pet ween the object plane and the first intermediate

! nagmemqgwepgﬂ%m% e{ﬂdrELzaf]yI%ﬂgR?Econd_ [ Ft er medi at ed

| es e second I ni ér ijate i nage an
and ‘Fﬁ%%ﬂ%ﬁggeaﬁif Qﬂgﬁzﬂﬁ%&ﬁ?w&% Egg@urﬂqsrﬁ)ﬂészar e ar ?anged
1.1 <oblled2.2y renmote froma pupil surface. 76. A

di ric projection objective for imaging a
2.1 <:E:@é’?erg%{provi ded in an object plane of the projection

obj ective onto an image plane of the projection

59, SORCEUMRATILRA: BT LSS K RAGHNEd n
objeqt SyF@ce mféﬁg%r@ﬁgﬂonm%?%m g §nHyage surtace o the projection
objective:

a first, refractive objective part for imaging the pattern provided in the
object surface into a first intermediate image;

a second objective part for imaging the first intermediate image into a
second intermediate image; '

a third, refractive objective part for imaging the second intermediate
image onto the image surface;

wherein the second objective part includes a first concave minor having a

= first.continuous- minor- surface-and a second concave minor having a second »- -

continuous minor surface;

pupil surfaces are formed between the object plane and the first
intermediate image, between the first and the second intermediate images and
between the second intermediate image and the image plane;
- all concave minors are arranged optically remote from a pupil surface;
the first objective part has a first number N1 ,5 of aspheric lenses;
the third objective part has a second number N3AS of aspheric lenses; ... .
an aspheric lens ratio ASR = NI As/N3 g is smaller than 1; and
an image side numerical aperture NA is larger than 1.2.

60. A catadioptric projection objective for imaging a pattern provided in an
object surface of the projection objective onto an image surface of the projection
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a second objective part including at | east one concave

mrror for imaging the first internediate imge into

a second internediate image; a third, refractive

obj ective part for imaging the second intermediate

i mage onto the inmage plane; wherein an aperture stop
Objecﬁvpoemprmmgi inthe third Obj ectlve part between a

reg ﬁPsto.fref?R%(t \F@“% %r g ?n/éiltﬁ%k%&gﬁ} &fn%l%ﬁ in the

in a _region o onve
t‘aimﬂg% wher ei n onI y three

Objeélb?le'&qﬁ\ﬂélt@@oﬁiisﬁ intgrmed
poel teeoed b?&ﬁ%e%ﬁt Ffbﬁ‘ﬁ?ﬂ e Firkh iy eﬂﬁéarat@ i$a@e into a

a surtrtace. ectlon OJeC |ve
secoq elatearnﬁ&

11}3€Cm 76, vvherel nafirst concave mrror
haw tigrdy fefisdtivaoobidutioes paitr far imEgimc ehandcatd liagsinediate

n concaye m rror having a second conti nuous
1mag%($r}t§erﬁ§3&p§gesug arranged in the second objective
pamtherpupibie sseohd obsecine part imedutes aviest coneavbj Jmntor having a
first RoAfudlg ﬁgo | Stithed Ml ARELBHE cddBYE mBFEMREDiHdS second

econd i nterne e | mages an
COHU#’H@USWOEW & nedi ate i rage and the i mage pI ane;

anéu@il' sﬁf’ﬂa@@s/ ear'é‘ 'foAhed abetwadd angedh ?él‘t Birley a’n%lmthé first

di
lﬂter%ﬁ%é%f?al B b4 {rﬁgﬁ ﬁ&eatg I‘ﬁa@r@a@a '%fﬂnaiealt&an%ﬁc ateppages and
betwp?taﬂee sécdmicinperonedinteomak; ead itveirnage ptand; mage pl ane
|

Fi pllRonBaft irilﬁwv%%%?%%ﬁétrtgg@?ﬂl’ LB fopt Et surface

pat heofirst miby ww@dpatt hake firshjnaembai ihe dfraspharitilesses;

o AR SR TRt BaeRSLAMPRL Acr 163 R aqptEritdefbes;

i nBRARREETE LnsTRGe 9 AsRo=a tSrﬂm%A%roﬁhaﬂé) prmage; a

third, refractive objective part for imaging the
61, SRR OR SHEG: 8 Beosh RS WOt B WP R Bindicon NA
1.2 holdssfes tantima geesidoagenerscal fapeeture Al ast | ens being a

pi ano- convex positive |lens having a curved entry

surface _and .a planar exit surface,
62. A catadioptric projection objective for imaging a pattern provided in an

object surface of the projection objective onto an image surface of the projection
objective comprising:
a first, refractive objective part for imaging the pattern provided in the
object surface into a first intermediate image; -+ = e 0
a second objective part for imaging the first intermediate image into a
second intermediate image;
" a third, refractive objective part for imaging the second intermediate
image onto the image surface;
-wherein the second objective part includes a first concave minor having a first
continuous mirror surface and a second concave mirror having a second
- continuous mirror surface; _
pupil surfaces are formed between the object plane and the first
- intermediate image, between the first and the second intermediate images and
between the second intermediate image and the image plane;
~ all concave mirrors are arranged optically remote from a pupil surface;
the first objective part has a first number Nig of aspheric lenses; and
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where TLL is the axial distance between the entry
surface and the exit surface neasured al ong an
optical axis, RLL, is the curvature radius of the
entry surface, and DIALL is the optically fi'ee

di aneter of the entry surface of the last |ens; where

whetelin thd onditionaNb, ol € 3 lddddLL/ RLL_and wherein at | east

one of the following conditions holds: (1) 1.1 <LL1

<2.2 (2). 2.1 <LL2 <2.6. 80. Projection objective. o
63. acdserachign: ebjectvenareordingriei elazml 62 madereindde third objective

D e S oo SEt (8 Cacobrah ac s et afggpticpic s atjo ASR
= Nlpys/Nasds rﬁ]il%i- having a first continuous m nor

surface and at | east one second concave mnor having

a second.conti nuous.- mnpr surface are arranged in the, .
64. 225 SRR DETtioh B8JcctVe B intistng 2 BAMGhbRidlEd in an
objedteplanerot tie ptijjectioplobpectaral ohtee ahi insdge ptaerenefitlae erojection

ol n the first and the second I nternediate
Objeétr%g%mgﬁgﬁ%_t ween the second internedi ate i mage and

t hd Tishgectiaciive; objgatiug Ipash femimagingothe paderar peoxgdad in the

obje@Rlag@inty z{ﬁfﬁ%tiﬁt_efrﬁféﬂmeﬁﬁﬁggf' ?3[;‘ ace. ﬁséi A

32535'935% phigcit %Jpeafﬁ e ua%ge%ttlegﬂrq%%olaﬂa\f@%ir?or for imaging
the fipstapeatiatiaebinegdd ineo aniceond ihtﬁﬂl%d%t&fiﬁ%age?f f t het _

r 0 (0] Cldve.-co rLspgng. a.tir , rerrac ve .
 DLRUB, BB ECObERER TRt o Simdihi B srute” et fediate
imagityg ento gerdnage plane; a first internmediate i mge; a

os e d TSt .
i HRECRPURE b CRBh obieEriVERALAIes it IeakEione double asphere
having miﬂgfa asphends sefaccandeaotpend wspherie Fstageammediately

adjacehets gaofigstiRpREAR GUACe, IHPGSUBIBRBPhER: HEMGToFHelASE facing
ei.n_t he gqecon objective part ihcludes a first

. wher
ad]acglaﬁ@%qﬁwr CHANY a first continuous mirror

consexutivedensssd a second concave nirror having a second

65.  Projection objective according to claim 64, wherein an axial distance
between the first aspheric surface and the second aspheric surface of the double
asphere 1s smaller than an axial thickness of a thinner of two consecutive lenses
forming the double asphere.

66.  Projection objective according to claim 64, wherein the third objective
part includes at least one double asphere.

67.  Projection objective according to claim 66, wherein the double asphere is
positioned optically between the second intermediate image and the pupil surface
of the third objective part.

68.  Projection objective according to claim 64, wherein the first objective
part includes at least one double asphere.

- 69.  Projection objective according to claim 68, wherein the double asphere is
positioned optically close to or at a pupil surface of the first objective part.
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-~ images;-wherein > -

continuous mrror surface; pupil surfaces are forned
bet ween the object plane and the first internediate

i mge, between the first and the second internediate

i mges and between the second internedi ate i rage and
the i mage plane; all concave mirrors are arranged
optically renote froma pupil surface; wherein a ....

70. 11 wabiBobGHicaH Sabanall Qb4 IR HREREESive pm
bj sur _a]nce an% a_vert ex o% a céoncave mrror

C .
and é’é‘dﬁ*ﬁ'ldrq’lﬂﬁﬂl‘ﬂe prbsach include et lagstenc deubleasphesad a
third optical axis length OAL3 is defined between a

verfex of a,.concave m.tro eonetrically clpsest to .
71. hi’tl‘m?&ﬁen ¢LE ArRPTEg f%%lggnsﬁtf{, milareln 3 fHSyFRIGAYG minor
havinge firs djomitimuowfﬁsmixﬁ)r7sdrfddéielu§%%lls_ gkafs’tg gh@g@bﬁdlﬁ;oncave minor

. i par r = . .. Praj ection .
havifif 3} SecBAARFRIER PP S Giraddid, MR €S, objective
part;cat adi optri C projection objective for imging a _

paPhEﬂ!ﬂ sBHa¥edeftel Toffled Opbﬁﬁ%elf'tpﬁeogie& h@}ﬁfeoja?fﬂt '{RE first
) obj etti.ve onoanlnﬁgepaneo e projection .
intergisdiate e gce Mt Ween ghe Ainst pad, theesacqad inscrangdiate Vmages and
betwper thé secondiiatdithédigterrhd &F n@ IRy gk parddiandobi ect

into a.first internedi at.e a,.second

b bRl Gonga’e Sipofs e Arange opicaly Bbotd DR & Hpil gprface.

for imaging the first internediate inage into a

72, SEAORAURAHES MG BRI RToR 1rbMfd n il oY fded in an

g
. objective pa | ) T
objeqt plgne gf-thegrogeatin ohissivisl amle; allisragenplanel efthe pnejection
obje@vekAAfrifingonsecuti ve | enses upstream of the image
surf£rce h:ﬁ_v .grosi tive refractive power. 85. Proj ecti(gn
obft dE8t IELRCHER (RI§CH BC agl prgimaging: enpatieinnppyideddn the
objeoglplrmé 141 aaﬂ'mgt inteembdidte iingg@,er t haln 1. 28486- .
r t .ective according to claim reikn.a_ .
1 FaEE i Do R TR AR REBNE " Seas? pBi Yokt UL EOF it Bpaging
- the figsinfitermedimteamagedsto asecerd inermedize émaiger or  havi ng
i . o ¢ G
o 8, RIEAN N VORI e Sy AN ol ot
the imggqalane; Wesginect pl ane and the first
the projection objective has a maximum lens diameter Dmax, a maximum

image field height Y', all image side numerical aperture NA>1.2, a number NL of
lenses and a number Nop of imaging objective parts concatenated at intermediate

COMPI = Dmax/ (Y' » NA?)
'COMP2 = Dmax * NL/ (Y' * NA?)

COMP3 = Dmax » NL / (Nop » NA?);
- and wherein at least one of the following conditions is fulfilled:
(1) COMPI< 11
(2) COMP2 < 300
(3) COMP3 < 100.

73.  Projection objective according to claim 72, wherein COMPI < II and
COMP2 <300.

~74.  Projection objective according to claim 72, wherein COMP1 < 11 and
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- 135 internediate i mage, between the first and the

second internedi ate i nages and between the second

i nternedi ate i mage and the i mage pl ane; and all

concave mrrors are arranged optically renote froma
il surface. 87. A projection-exposure system for

COMB < B0@raodCOMB3rapdy. having an illunination system
and a catadioptric projection objective, wherein the

proj ection gbjective is, confi gured accor di n% to claim |
75. a0 Pregctipnadyective according teatlring 72e wihasaiaue fisst apngare snirror

havifé aoﬂiﬁ@ %ohﬁﬁﬁéqumi‘i‘hﬁ* éhrffﬁ%VéIﬁFﬁt l FBhbsdeESnd concave mirror

o\ a nmask havin rescri ern;
havipg |aLﬁWﬂaa G IONO U BT T %ﬁ/ﬂ%ﬂ@geqi iy e pecanhohjective
part;prescri bed wavel ength and pr o] ectl ng an i rrage of the
pat.t ern ot |vesu trate r ed in
_th uﬁ{} Sp ﬁa o% ﬁo gh B rgnd the first
interoigdeate i v ges |bf@waen gha d]’msptandcthepmqoadt mﬁmanhaw images and
betweéf DI LirRlrficBalB lﬁﬁ?ﬁgéﬁd Fﬁ@n‘n@%@ DI ol ©

rojection optica educed i mge
of all copcpve nymerra@ée aﬁaag@,@ evtigalyremese frara a pupil surface.

projection optical system conprl SI ng at |least two
refl ecti,ng mrrocs, lLens vvh se sur
6. onf srtasiheiio iR GitionephistHie 12 Btheng & PAUARANOVIGET in an
objeqtqﬂane Gﬁrtheepm_}ewﬁtm ebyeotﬂiferaﬁltd m intgexplieant the projection
obi e(g]tx;go&gﬂﬁ in an optical path of the projection
] pt y mis 1, an optical path between the
boarftrat, yrefimetivanebjectiee patiofier suagiagethespatieieprovided dn the
objemﬁnﬂﬁé‘éﬂMt‘i‘nﬁe‘?ﬁfeﬂ?&té‘fﬁaﬁédex larger than 1.1,

roRBEON bRICKLIYE ARl B GHAPa s G HV B Fes o1 iaging
the ﬁmtqn&@tne@lﬁwat@ﬁmecg@ indy 4lseBdAd enteimadifd idlageg a single
o, S T 4 b VO i
1magaont0thﬂnﬂag@pmw optical axis.
wherein an aperture stop is positioned in the third objective part between a
region of maximum beam diameter and the image surface in a region of a
converging beam.

77.  Projection objective according to claim 76, wherein only three positive
lenses are placed between the-aperture stop and the image surface.

78.  Projection objective according to claim 76, wherein a first concave mirror
having a first continuous mirror surface and at least one second concave mirror
- having a second continuous mirror surface are arranged in the second objective
- part; pupil surfaces are formed between the object plane and the first intermediate
image, between the first and the second intermediate images and between the
second intermediate image and .the image plane; and all concave mirrors are
- arranged optically remote from a pupil surface.

79. A catadioptric projection objective for imaging a pattern provided in an

object plane of the projection objective onto an image plane of the projection
objective comprising;
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90. The projection optical systemaccording to Caim

89, wherein said at least two reflecting mrrors

conprise at | east one concave reflecting mrror. 91.

The projection optical systemaccording to Claim89 or

90, the projection optical system having an even
nurﬂoﬁrstpteﬁractﬂlmnbjﬁg;tlm parorier i8Rgifg¢hepajtect iprovided in the

Obj@?f’}?]aﬁélmﬁ}ya?tfﬁ@ ﬁ‘t?&% Q i:ﬂqrﬁgcal m 91, conprising: a

glLng optica onprising two mrrors,
f ord 6P r@ Soiive pwérlné damg af rage one comeaye mainor for imaging

the fx8f it€Anediate 1ma$e iffo SR INB il at tﬁﬁ‘l' ﬁﬁy%ﬂn azgr

f th d di

e ?fi Féﬁ%fgé‘%ﬁq@ é?g%f%néan%pfqrcanagy@ the s66pRil sadermediate
1magefmtbcthbomatg@plan®‘ponents in order of passage of a ray

of e, 40k FHERR QbIRET<5heS i Fost b Clofeqt L 1R image

surfdcens unit conprising at |east two negative |enses, and

havi
uﬁlYl‘tlé‘ %as"i‘ lefi§ Q%ﬁf}g% ?I\?&fgor e@ﬂ% pﬁé‘ﬁiéfg\/\zepﬁeﬁ%ﬂﬂgpi '&ﬁwed entry
surfagp@g %ﬁiﬂnérteﬁitrs(ﬂlrfa@ﬁs unit having a positive

fefvxflﬁﬁélm RO axiat dlﬁﬁnce ‘oet&éen THS éift@l' %ﬁHa@E and the exit
ical system accordi rein

surfalf méured Q% B QLI %f%rﬁmghﬁhesagrv@mmus ghshe entry

surfacej and ﬂiH\Angs sheopticalle fi'eé dimheteg qfothercntey vaefate of the last
lens:! €Ns. a concave mrror, and an optical path
separatin mrror, and wherein the first inmaging

opwihese &m/ B&Laﬂddnb%d=ﬁkAiL¢Rngms |i ght
and WheeRh hftfeasioh@®fthd RIIGWRI BSh@Roslolgyst em passes
uni an

ourth [ens e negative |ens,
(D 1 1s t <refl ected by the concave nirror, and passes

(2) 2404Lh2 €hbough the negative lens to be gui ded to the
optical path separating mrror; the |ight reflected
by the optical path separating mrror is reflected by

80. t hBrdjeetson folgledtive according to claim 79, wherein all image side

numerical aperture NA is larger than 1.2.

81.  Projection objective according to claim 79, wherein a first concave minor
having a first continuous minor surface and at least one second concave minor
having a second continuous minor surface are arranged in the second objective
pupil surfaces are formed between the object plane and the first intermediate
image, between the first and the second intermediate images and between the
second intermediate image and the image plane; and

all concave minors are arranged optically remote from a pupil surface.

82. A catadioptric projection objective for imaging a pattern provided in an
object surface of the projection objective onto an image surface of the projection
objective comprising:

a first, refractive objective part for imaging the pattern provided in the
- object surface into a first intermediate image;
a second objective part for imaging the first intermediate image into a
- second intermediate image;
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mrror and the second field mrror and thereafter

directly enters the first lens unit in the second

i magi ng optical system 94. The projection optical

system according to Claim91, conprising: a first

i magi ng optical systemconprising at |east six _

m rar thisd, faﬁacrturermbgactlaref past fornireagiad] ahe scoepé iachnacdiate

gE:ES‘H |rrage of the first surface; and a

ima e@ ng I magl rﬁ{l tal systemfor relaying the second

i ntveligret EhféSGCDﬁd ebjeative pare indudasia SUst caneavesnirmerchaving a
first RioRkidabhS rhlﬁ\%l* Satasy Hnf™ Ace6hd! S¥hdade qfnor il ﬁvm%\ge%econd

wherein. th |rst Internediate 1mge IS bet
Cont]él%“ﬁrrgm‘?l}ﬁ%r G¢Sght emerging fromthe fi rst surface
entpapsl %acfmésam dofied obeth@dn tihe lobged lIm{eglaﬂﬁi the first

interpledfte Fud il hosenig B g, 1 %%c&qqﬁ sppeéaate iffages and
betweynthese@md itttermedipteimage apd |thallmagelpémaccor ding to

a”ﬁllcﬂb%c%? %ﬂd’f’é 822 g@e %ﬁ?z‘ Oﬁlaa?é@bll sggface'

FojectlLon optica

Th évfﬁ-‘rr@me@tﬁr@h omcalc axlsS QA&dr th gﬁned doywoere the object
surfa@baaﬂl’f" aBPeftex XX aWHH@AVE RYEbY dcrﬁéttric‘!iﬁ | PRYLRUAKER object

ctlo optical regi on
surfagp oo ke Silical abis SRatrbALS s datrass bsﬁw vettex of a
concays oz @eontitnigall ¢ c&mest)taﬁﬂ@fmﬂge S8 amd ﬂtYe Image surface;

o VRS Agj»#@zﬁo%w 2 0 BTGP G §40bn parametr

dvirrors, for formng an internediate i mage
of the first surface; and a second i naging optical

systemfor formng a final image _on the_ second
< UPFQIEELIGR 0D A OBAITE 19celiTirin W hercimMbme it o
|rmge 138 99. The projection optical... system

0 to Claim.98, wher.ei theflrst |
4. ooBreatpdRpette prbitireliethVe ok ifagits aopdlicthatonided in an
ob]eqm qﬂaﬁe of thefpmg&tctrtgl prwtweﬁo{l)ud ah 1n&fgr?9p¥anegofr}her projection
n optical pat etween the first |ens

Objecﬁﬁ%%@gl nt ermedi ate i nage; and a second

r ed Ifust itgiragtive objactiyo pedt for anaging dwl patsern prervisded in the
object b@aﬂe %6 af st BfetMBAIHLE iRhgeand the internediate

a gecond objective part including at least one concave mirror for imaging

the first intermediate image into a second intermediate image; and

83.

a-third, refractive objective part for-imaging the second intermediate imaging--+ -

onto the image plane; _
wherein at least one of 8 and 9 consecutive lenses upstream of the image
surface have positive refractive power.

85.  Projection objective according to claim 84, wherein an image side
_ numerical aperfure NA 1is larger than 1.2,

86.  Projection objective according to claim 84, wherein a first concave mirror
having a first continuous mirror surface and at least one second concave mirror
having a second continuous mirror surface are arranged in the second objective
part; -

pupil surfaces are formed between the object plane and the first
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100. The projection optical systemaccording to Caim

99, wherein the first reflecting mrror is a concave

reflecting mrror disposed near a pupil plane of the

first imaging optical system and wherein at |east one

negative lens is disposed in a round-trip optical path
interimediett hyagdebatmreaviher Bfdtentd the secomd intébhedibite images and

J
bet“’%ﬁiéﬁ@%b@%h(gﬁ%?ﬁﬂé%ﬁ%f@onék%‘éﬁﬁ it Eﬁaaéﬁﬁéﬁ%posed n
t hellrancageanirenstare gprangsd q;:atqa lyaemetedrommpupit surface.
| ens are nade of fluorite. 102. The projection optical
system according to any one_ of Clains 99 to 101,
37. cath FPITRHIUHER PRSI INEBO RN LFern BLeolibeEsPhy having an
ﬂlunﬁi;atlsna sioreal Ambhoh hc@ﬂ‘adid‘;ﬁnfcl bjdctivh Whjbctne Yeheérein the

proi GRS ORTebPES: oSl B R o ot

Clainms 99 to 102, wherein the first lens unit has at

l e [ t
8. | 98 IndiHBABE kbt Ear SR coHircsd B PRl 5 B Aok micro
deVlWeﬁ@mrtﬂiu@gsecond i magi ng optical systemis a

d' 9%&1@%@&%% Hé’ﬁﬁg es@ﬁb@fiﬁtt@nﬁ” urality of

smttl nber e¢ition,optical
BALEH iy 108 etk ciighf0dABingop o poyscribed
Wavdlblegtihg andmi tting rrerrbers constituting the second

pros R GRS LS 0 RS SR sl n e

vicinGlyapirsth®9 imageoplanenoér 2i projbetien f ebjectivei nsigigng aatadioptric

Bk REPh@ction optical system
pm‘leggt%flsf | ng tﬁ&@aﬁ%&; égacondill?l on: 1.05 < RFYO < 12,

139 where Ris a radius of curvature of an arc
defining the effective imaging area, and YO a maxi num
i mge hei ght on the second surface. 107. A

catadi optric projection optical systemfor formng a
reduced image of a first surface on a second surface,
the projection optical system conpri sing:
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at least two reflecting mrrors and a transmtting
menber; and an effective inmaging area of an arcuate
shape not including an optical axis of the projection
optical system the projection optical system
satisfying the following condition: 1.05 < R'Y0 < 12,

89. whek eaRdieptaicrprdiecticnf optical atystem dbr fornaing aefduced gmage of a

ﬁrsttsﬁﬁfaﬁ% ‘ﬁC‘{ %&)nd@ﬂf area, and YO a nmaxi mum i mage

g e second surface. 108. The projection
optt @@m@ﬁﬁp@r@m@é ISYBteEN conapitsiageatoagy @V@rﬁeﬂectmg Mirrors,

and hOBounQQHMérﬁd '0\9103@ Sidhée TR filst NArPRE! S gl HEE gyosmve

& a substantially null refracting power,
e a,cﬂng,pqyﬁc@ cal path between the boundary lens and the

seaoheteis wwhaees réﬁi%&;tﬂf@ fatexdb Pt faltlthoﬁpbel%clhl aCl{lOpncal path of
[ oy m.n
the pfficciBh et Shain Sl railBufCet SR Talyeln shé Bhmndapy lens and

the segendsuciacpis §ilkegt withfa medinmehanmgeoptrefrattiey sidex larger than
1.1, conpr|3| ng two mrrors, for formng an internediate

%@gof the first surface and a second i magi ng
opf.W PINQYETy ARG RgMbes anek %V@fﬁcreﬂr@tmﬁﬂg@nmr with a

refratHifg RepaCcastiagte the ‘p‘f‘@je%tlﬁnté‘ﬁ@aqzsg/@fém 'ﬁ?@'aﬁ% od along a

ste conprl ses the follow conponent
Slnng%lrcaLfl %‘a@g e of aray fromthe internedi ate |rmge

si twe patojectls)n bpﬁbaﬂ ysteat Mwﬁgcmoﬁf@cm}tﬂm i area of a

prod PERRIHG ERE AN ey Gl 2 “hevative.

refracting povver a second lens unit having a positive

- third
| eroe R tiC@ﬂ%X%?‘F%“éé‘?fé?ﬁg@?lfﬁﬁﬂnomér 110 The

VI
pr ¥ E?lpoﬁﬁﬂ Bt e@ﬁt t‘@?ﬁ‘ ﬁ@t&%mlﬁmﬁ Cﬂallmlsﬁﬂﬁ €@$ one concave
reflesthigmii®rt he catadi optric projection optical system
according to Caim89, wherein the first imaging
optical systemconprises a fourth lens unit
91.  The projection optical system according to Claim 89 or 90,

the projection optical system having an even number of reflecting
MIITOrS.

92.  The projection optical system according to Claim 91, comprising:
a first imaging optical system comprising two mirrors, for forming an
-~ 1ntermediate image of the first surface; and T B
a second 1maging 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 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.
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- 140 having a positive refracting power, a negative

| ens, a concave mrror, and am--.,- optical path
separating mrror, and wherein the first imaging
optical systemis arranged as follows: |ight

traveling in the first inmaging optical system passes
—-93. t hildwgprojeadidrooptieall systemraccording tolelamadit,i ve | ens, N

i's r p

5 /RS AL 5P A8 0 USG5 sPRIA lons woi
haVlagta papitiyst ¢ PPWErRrRegativieniens| ageancayel adtres, and an
optldwphﬂﬁseqﬁraﬁ nﬁ)@fdi' §ﬁ@ar ating mrror is reflected by

first ror and ihe secand fi el rﬁr‘)ﬁ

andvheEitb g sy imaging opiical Sysia s ragran ows; light

traveling metimnﬁrstrrﬁglglgg mgﬁwaalsysm parseklthrougie ﬂm dpeahilens unit
r di

and GGl ST A 1 BRI SHS i

through e mﬁ:@turaﬁens do,besguides! tootheeopticdl ath ghpatating mirror; the

li ht%ﬂ‘é@ﬁeﬁ fPHc;{ﬂh}ga Sﬁ&‘e?\%?éﬂ@ hﬁﬁﬁfr ik E‘J@fg%@feﬁdﬂ}? H:Eé ﬁ??t field

mlmgr ea‘if—‘@@fl tnélrmﬁ/a@ﬂ] &hfa‘f:aﬂrladmctm gnteys the | first lens unit

mth@\l@@c;cﬁldﬂuﬁéf@ gQﬁﬁf&llfsyﬁieﬂnm rror has a convex shape.
113. The projection optical system according to any

one of Clains 109 to 112, wherein said two mrrors in
94. t h&’hélprejecmmgbptg:aip BYbieah aegx(srtchng a0 €laimmol; eomymdisiag:

co

CORFRUETIARE ARfLaR sTUEREL QRSP PRGOS o Riming
a firsf iptermediata dmagemndeicsondtintcrsmdiate imagelofithe dirst surface;
and the second inmaging optical systemis a mrror of a

convex sha 114. Th ro ect.ion optic system

act orErR ?‘Eﬁgdﬁg Qiﬁjé-c XY J 1‘10@33?161%1% second intermediate
imagemt@'thegmna]pgmfwee stop is disposed between the

first field mrror and the second surface, the

rojection optical systemsatisfying the follow ng
95. dbagirojestion dpticadMykietn Gccoting td/Glaim 9di, st ance on an

0 p&vhﬁ@m ! ﬁr?ﬁh%&&% dlfﬂ‘l%ﬁﬁ} %sefogﬁlt%drﬂ ét{v%ﬁn %fnﬁiurr{)p fhat light

Seco
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from %l@é 'ﬁr@’[ sﬁMﬁb@ Bd&S Ofoirfl) it @N¥aidn®t RiasCsdd BBirdRY ihOthe first
imaging Optlcal system.

96. - - The projection optical system according to any one of Claims 89 to 95,
wherein an exit pupil of the projection optical system has no shield area.

97.  The projection optical system according to any one of Claims 89 to 96,
wherein every effective imaging area of the projection optical system
exists in a region off the optical axis.

. 98.  Theprojection optical system according to any one of Claims 89 to 97,
the projection optical system comprising: a first imaging optical system
comprising at least two reflecting mirrors, for forming an intermediate image of
the first surface; and a second imaging optical system for forming a final image
- on the second surface on the basis of a beam from the intermediate image.
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wherein the first lens unit in the second inmaging

optical systemhas at |east one aspherical |ens. 116.

A catadioptric projection optical systemfor formng

an image of a first - 141 surface on a second

surface, .ihe..projection optical system conprising: a
99. f | rlidte pmﬁa:ctmmppheai dyistem ampOrdmg tpdilaithed8yeen t he

c vin
pociorottl (8¢ T ntiline GAR0H SHALAC Botl ARy o s lons unit
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athsyftt&%%ﬁd ghd fﬁ@ﬂﬁéﬂéﬁ'l{)ig’% ;’ﬁcng ‘El"i‘étmféﬂg{e\giétrer tﬁhg 22 ahEl' dsecond
refleGg miTEL p0§%¢ééla@nsm%@§at§g@ﬁswegnﬁ§ % galipingp mirror
and thedateruedisedamgeand havi ng a negative refracting
power; and a fourth unit disposed in an optical path

between the third unit and the second surface,
100. corfheiprofaytian optacal systare aposidingdo (dagehH9,and havi ng

a %ﬂﬁz'rélh"tfxe 115} féﬁé(%t[}% Rl i i W&%ﬁa@h\? ?é\;t%é&h’f‘% Hﬁﬂ‘o?t(ﬁsposed

nearaﬂ%mbpl@naoéﬁhcﬁr& wam @ptl@aléys@m,tanmnut 117. The

Pr QitRe&inl 168t iR nSYRTRMARG TN eHQn(é' ﬁdﬂdltl*ﬁ) optical path
unit .conprises the foll ow ng

n the seco d
form\é\ﬁﬁly&:l}gﬁpgcmqe & %ﬁ’m&ﬁ M dence of light fromthe

flhrst surface: a first reflecting mrror of a cgncaye
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ms 11 second unit conprises
at | east one negative | ens, and wherein an opti cal

102. el €he @ﬁoje@ﬁ@h&ﬂatﬂ%f@s&rﬁ ‘acbbﬁhhgltb Gnynbiie bfl Glﬂlms 99 to 101,

L1 th f th d t the f t
s G B SN oG G el 1 LR
i gt F1&EsekStwice. .. - - 119. The projection
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103.  The projection optical system according to any one of Claims 99 to 102,
wherein the first lens unit has at least two positive lenses.

L - A eI LT
E R

104. The projection optical system according to any one of Claims 98 to 103,
- wherein the second imaging optical system is a dioptric system composed
of only a plurality of transmitting members.

-105. The projection optical system according to Claim 104,
wherein 70% or more of the transmitting members constituting the second
1maging optical system are made of silica.

106 The projection optical system according to any one of Claims 89 to 105,
wherein the effective i imaging area has an arcuate shape,
‘the projection optical system sat1sfy1ng the following condition:
1.05 <R/YO < 12,
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reflecting mrror, so as to bend the light into a
direction toward the optical axis of the catadioptric
projection optical system 120. The projection optical
system according to any one of Clainms 116 to 119,

wherein the aperture stop is disposed between the

t hiwheredR lig atradgisof carvatunedd ff dre ascedeﬁm@tﬁea&ﬁectimmagmg

area R 90; BBl SnaB et U el i "

di stance on an optical axis between the third
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projection optical system accordl ng to daim 122

108. 2FhE pioletfon omsd Bl SR TnE I Ay o LT RdapRL BB 107
compgiiieg's second and a mrror that the [ight emerging

fre 'Hg‘lﬁ etréﬂ&rrﬁfttlﬁgr 5%‘?&111 elﬁfF b%trf\%’[ht & suﬁk‘fanﬁﬁllgal‘nﬁl Ybfracting
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surfat@ C aim 122 or 123, wherein the first imaging optical
system conprises a field lens unit conprised of a
transmtting optical elenent and having a positive

109. r eAraatadiogtrip gaejectimmdoptier] esysterni fibr foringms tansimnkage of a first
surfacl bh A'secBhE A FRRIAL 510j8%iSP obARA! SRS SorhfiiliHe!

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

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

- swherein-the second imaging optical system comprises ‘the following

components in order of passage of a ray from the intermediate image side:

a first field mirror of a concave shape;

a second field mirror;

a first lens 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 . N

a third lens unit having a positive refracting power.

- 110.  The projection optical system according to Claim 109, which is the

catadioptric projection optical system according to Claim 89,
wherein the first imaging optical system comprises a fourth lens unit
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light transmtted by the field lens unit. 125. The

projection optical systemaccording to Claim 122 or

123, wherein the first inmaging optical system

conprises a field lens unit conprised of a

transmtting optical element and having a positive
havingfa positng refvasting potveshar @?gatt\hflénst st c@menmlm*or and an......

s at |least one negative Ilens

optl%??aﬁ?éeﬁéf%{lﬁg&ﬁﬁ%?ﬁﬁl ght enmerging fromthe first

sumfhereirethe first fimaging raptical mystam sharangss ks gollows: light
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mirraf andehd second Seldfraoeooand tiecrseftendireotly @aters 1R firsttens unit
according to any one of
in th%‘;géﬁd @ggﬁ%@%{z&a}%ﬁ{eﬁg n the second imaging opti cal
system conprises the followi ng conponents in order of

111. Page oj’éctidrﬂ tl@dl‘%?zgté?ﬂ attoMih %ofctlaﬁh 10%& T,

ens tive,.

pti C y
Whmm@eﬁ% sﬂawﬁlighm nmasthﬁé"ﬁ‘at eld mirror, so
as toﬂwﬁl tve hrgﬁﬁ AR artﬂrmi@ﬂf towatdthie oPﬁﬁél #eist ofhehd Baradioptric

fracting power; an aperture stop; and a
pm}e?ﬁﬁbtdﬁ%@?w P? havi ng a positive refracting power.
128. The projection optical syst em according to Claim

112. 12TEC%§L6%%%H%}§B6&Q %&ﬁl@h‘? ﬁ&? i t(?l af 2%&9 AR5 S 09 to 111,

I'S oS I'stan

f rwﬂﬁem@ tbﬁtSﬁ@@Il dold WQH@S@ﬁ@ﬂV@pﬁhmﬁ pr oj ect i on
opt|cal system out of the at | east six mrrors is a

or of conca sha wherei n the ertur
. ot SheipeOigelip RS apEPTaing 5 Soy bt iaRsd09 to 112,
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incid Wﬁﬂ ef hnt dremdhetfast sutacanand wherkintticssdrendefeld harror in
the se¥ohdIminkMptical system is a mirror of a convex shape.

114, The projection optical system according to any one of Claims 109 to 113,

whereinthe aperture stop is-disposed-between the first field mirror and the
second surface,

the projection optical system satisfying the following condition:

0.17 <M/L<0.6,

where M is a distance on an optical axis between the first field mirror and
- the second surface, and L. a distance between the first surface and the second
surface.

115. The pI'O_]eCUOn optical system according to any one of Claims 109 to 114,
wherein the first lens unit in the second imaging optical system has at
least one aspherical lens.

116. A catadioptric projection optical system for forming an image of a first
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concave shape and the second surface and L a distance
between the first surface and the second surface.
129. The projection optical systemaccording to C aim
127 or 128, wherein the second lens unit and the
fourth lens unit have at |east one aspherical |ens.
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th&‘ﬁle{elf an éﬂtﬁﬂ?l@ Jbe dnags 13 fogped dn the seeonskppiend wherein
an apesngenesy dsprovidédan secfdtlsunftace, and the second
surface 132. The projection optical system according

to any one of Clains 109 to 131, which is the
117. caﬂ“iidlprpjaqtmnp@pi]l@dtsws‘temptconimgyst(‘dmmdd&d| ng to
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wherein the second unit comprises at least one negative lens, and wherein
an optical element located nearest to the third unit in an optical path of the second
unit 1s the fourth reflecting mirror or a double pass lens through which llght

— e

- passes twice.

119.  The projection optical system according to any one of Claims 116 to 118,

wherein the third reflecting mirror outputs light entering the third
reflecting mirror, so as to bend the light into a direction toward the optical axis of
the catadioptric projection optical system.

'120.  The projection optical system according to any one of Claims 116 to 119,
' wherein the aperture stop is disposed between the third reflecting mirror
and the second surface,

the projection optical system satisfying the following condition:

0.17 <Ma/L.< 0.6,

where Ma is a distance on an optical axis between the third reflecting

- 142 -



mask, onto a photosensitive substrate, the exposure

apparatus conprising: an illumnation system for

illumnating the mask set on the first surface; and

the projection optical systemas set forth in any one

of Clainms 89 to 132, for formng an i mage of the
mirrpaand the Socond sumfacd:;ea.mlahla d1stanclad)queem$bmﬁilr$ﬂ stgface and the

e set on the second surface. 134. The exposure

Sec"gg%g‘?g us according to Caim 133, wherein the

i1l um nation systemsupplles i 1lumnation |ight which

121.1 s THe pRjj éét'l@ hbﬁh.i s%rhrhc'b@?dﬁﬁ U0l Xt (zPGPeﬁﬂls 116 to 120,
surf.ace. qﬁe exposure a t us
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the pattern of the mask onto the photosensitive
122,51 8¢ Sb o Rise Bl Rl of e s fbny Pory B a e st mage Of a first
surfaster(rrba isocondbatfaog the profecion) euticabsystent comiprisyisg:em
13§-firdPi ég%6€tl€$ts%fénﬁfcoﬁ{réﬁ§ihg'ﬁ%}%§t §1’§<% 6, Thr Porming

pattern osensi |ve
a TS§ JBtarmgdiate; waags pad @ scqeadhdespegiates image aif the first surface;
and il lumnation step of illum nating the mask on which

t he attern i s for an expaQsure

det d
st @pso : e‘@eﬁ%ngﬁegnap flespRicHY §0’6Fg]1%b@183£}@¢ SepoRd 1pfgmediate

imageasko sk secoddiSurface.t he first surface, onto the
photosensitive substrate set on. the.second surface,

using the projection optical systemas set forth in
123. anYhenmwoisdctionadpricad sysen agcording to Claim 122,

wherein the first intermediate image is formed between a mirror that light
emerging from the first surface enters second and a mirror that the light emerging
from the first surface enters fourth, out of said at least six mirrors in the first
imaging optical system.

124, The projection optical system according to Claim 122 or 123,

wherein the first imaging optical system comprises a field lens unit
comprised of a transmitting optical element and having a positive refracting
power, and

wherein said at least six mirrors are arranged so as to continuously reflect
light transmitted by the field lens unit. S
125.  The projection optical system according to Claim 122 or 123,

wherein the first imaging optical system comprises a field lens unit
-comprlsed of a transmitting optical element and having a. positive refracting
- power, and

wherein the first imaging optical system comprises at least one negative
lens between a mirror that light emerging from the first surface enters. first and a
mirror that the light emerging from the first surface enters sixth, out of said at
 least six mirrors.

126.  The projection optical system according to any one of Claims 122 to 125,
wherein every optical element constituting the second imaging optical
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system is a transmitting optical element to form a reduced image of the first . ...

surface on the second surface.

127.  The projection optical system according to any one of Claims 122 to 126,

wherein the second imaging optical system comprises the following
components in order of passage of light emerging from the first imaging optical
system: a first lens unit having a positive refracting power; a second lens unit
having a negative refracting power; a third lens unit having a positive refracting
power; an aperture stop; and a fourth lens unit having a positive refracting power.

128.  The projection optical system according to Claim 127,

wherein a mirror disposed at a position where light emerging from the
first surface 1s most distant from the optical axis of the catadioptric projection
optical system, out of the at least six mirrors is a mirror of a concave shape, and

wherein the aperture stop is disposed between the mirror of the concave
shape and the second surface,

the catadioptric projection optical system according to Claim 94
satistying the following condition:

0.2 <Mb/LL<0.7,

where Mb is a distance on an optical axis between the mirror of the
concave shape and the second surface and L a distance between the first surface
and the second surface.

129.  The projection optical system according to Claim 127 or 128,
wherein the second lens unit and the fourth lens unit have at least one

~ aspherical lens.

130.  The projection optical system according to any one of Claims 122 to 129,

the catadioptric projection optical system being a thrice-imaging optical
system for forming the first intermediate image being an intermediate image of
the first surface, and the second intermediate image being an image of the first
intermediate image, in an optical path between the first surface and the second
surface.

- 131.  The projection optical system according to any one of Claims 109 to 130,

wherein a lens surface on the first surface side of a lens located nearest to
‘the second surface out of lenses in the catadioptric projection optical system has a
positive refracting power, and
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wherein, where a refractive index of an atmosphere in the catadioptric
projection optical system is 1, a medium having a refractive index larger than 1.1
is interposed in an optical path between the lens nearest to the second surface, and
the second surface.

132. The projection optical system according to any one of Claims 109 to 131,
which is the catadioptric projection optical system according to any one of
Claims 89 to 102,

wherein an optical axis of every optical element with a predetermined
refracting power in the catadioptric projection optical system is arranged
substantially on a single straight line, and

wherein a region of an image formed on the second surface by the
catadioptric projection optical system is an off-axis region not including the
optical axis.

133.  An exposure apparatus for effecting an exposure of a pattern formed 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 as set forth in any one of Claims 89 to 132,
for forming an image of the pattern formed on the mask, on the photosensitive
substrate set on the second surface.

134.  The exposure apparatus according to Claim 133,
wherein the illumination system supplies illumination hght which is
-polarlzed light with respect to the second surface. "

135.  The exposure apparatus according to Claim 133 or 134,

wherein the projection exposure of the pattern of the mask onto the
photosensitive substrate is performed while moving the mask and the
photosensitive substrate along a predetermined direction relative to the projection
optical system.

136.  An exposure method of effecting an exposure of a pattern formed on a
mask, onto a photosensitive substrate, the exposure method comprising:

an illumination step of illuminating the mask on which the predetermined
pattern is formed; and -

an exposure step of performing an exposure of the pattern of the mask set
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on the first surface, onto the photosensitive substrate set on the second surface,
using the projection optical system as set forth in any one of Claims 89 to 132.
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