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FPO5- 0349-00 DESCRI PTI ON PROJIECTI ON OPTI CAL SYSTEM
EXPOSURE APPARATUS, AND EXPOSURE METHOD Techni cal

Field 5 The present invention relates to a projecti oFP05-0349-00

optical system exposure apparatus, and exposure

nmet hod and, nore particularly, to a high-resolution
projection optical system suitable for exposure

apparatus used in production of semnm conductor devices,
l.iquid-crystal displ aDESGCRERTION. by

phot oli t hography. 10 Background Art The

D HR QUECHIGIN A0 TIGATpB S EEME KP QSIERE APRARATS, AND
devices and others is inplenented using a projection
exposure appar at us EXPQSURIEMEIHOPRt t ern i mage of
a_mask (or_a reticle) through a projection optical
syechmetlbield w The afer (or a glass plate or the 15

l'i ke) coated with a photoresist or the |ike. resolving
pover ( dB€oprgscah)inverigon rdates rtor Meppejsrboni optical system,
optical systemof the projection exposure apparatus

i SXBeRYR MPaTAtse asdngrposwrg Haethash andgmeorewparticularly, to a
inpcrease in integration degree of the seniconductor
dElBIEE%SOAHEO%t HEPIECtR 2 0PHEH + SY§tamor gutablg skari sexposure
the requirenents foy the rfsolv.in 20 power of the

o RBpaLHS HSEf (i1 BrOdptioan ol SemicoRdcis dlgpiess, dithegrystal

| AERISY dRuieed. e be BbetonbORRNe. <1 de nuner | cal
gﬁ?&?‘g"gg%ﬁh L(I;er 2;8{ 3;:} iogno?p: Lgalpr-gflzgteimon opti cal
oot 1 ctBR; PROGRADeBbol ok prOATIER & e sBiyRESRguctor
ARt age bk, (5 MiAehEal dfnd S AiBfoch: ompsure
F_Eﬁ?pzﬂ%ﬂlseﬁfri PHdjecting a pattern image of a mask (or a reticle) through
a projection optical system onto a w The afer (or a glass plate or the
like) coated with a photoresist or the like. resolving power (resolution)
required for the projection optical system of the projection exposure
apparatus is becoming increasingly higher and higher with increase in
integration degree of the semiconductor devices and others.
As aresult, in order to satisfy fhe requirements for the resolving

power of the projection optical system, it is necessary to shorten the

. 'WaVe}ength A of illumination light (exposuie light) and to increase the

image-side numerical aperture NA of the projection optical system.
Speciﬁc_ally, the resolution of the projection optical system is expressed
by k'MNA (where k is the process coefficient). The imagé—side
_mmierical aperture NA ié represented by.n-sine, where n is a refractive

index of a medium (normally, ‘gas such as_' air) between the projection
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1 FP05-0349-00 optical systemand the photosensitive
substrate (a wafer or the |like) and 0 a nmaxi num angl e

of incidence to the photosensitive substrate. In thiFP05-0349-00

case, if the maxi mumincidence angle O is increased in
order to increase the imge-side nunerical aperture,

it wll result in 5 increasing the incidence angle to

t he photosensitive substrate and the emergence angl e

f opticalneystein) @ed thophptoseaditive subgtratnth wWageedotle like) and
increasing reflection loss on optical surfaces. Thus

i 0 ambknhan angleseftmcrlenzeltarthe phbtesemisiteve stlgtrase de
numerical aperture. For this reason, as described

| ater, lhéhie ¢aset e thanovaxiteohninkcidgncef angle rée s iimgretbed in
i mage 10 side nunerical aperture by filling a nmedium

| Dkderatd igenedsevithe mndgegbider ntimecical eapenties, itn wileresult in
optical path between the projection optical system
amgreadngHbeowerdincevanglebst the hoGrsenkiivet kebsthatadand the
as to.the degree of difficulty of production of
opmeEgencsy anghs , frome the oprajeetion opptical osysiemy, cand therefore
systeng conprised of 15 qgnly refracting nenbers have

t HETCASIRE égﬁc@ﬁl% lnsseon epbieali wafaoese ddwsdt spllrfadl to secure
prqj ecti optical systens including a reflecting

ne , G%Sﬁ%l‘f@hugagfhél ppmaricabrapasBireon kgt this reason, as

RS o oo Bty T e
- 3ie SERPRECRE AR tufkabY RUIRE Bosdun ik, 2 lidgihovich a high
GRS BdBR 4R I RBOealnatl b5 Esdne merieBHo Rt Sxstem
PR PR e b s nge- si e nuneri cal apert ure

obj oot -fidhe Mt s 63 REteP 98 iguI e production of
RS, g TP POy G hmpid o
only refracting members have the difficulty degree lower than the
catadiéptﬁc projection optical systems including a feﬂ_ecting member,
and thus the dioptric projection optical systems are more suitable for
mass supply of exposure apparatus. In the dioptﬁc projection optical

systems, however, a lens unit with a positive refracting power and a lens

- unit with a negative refracting power need to be located with a space, in
~order to satisfy the Petzval's condition on the object side (mask side)

- with respect to the pupil thereof. For realizing the large image-side

numerical aperture of not less than 1 as described above, the object-side
numerical aperture also increases therewith.

In the dioptric projection optical systems, it will result in failing

* to well correct for off-axis aberrations such as coma and, in turn, failing
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to well correct for off-axis aberrations such as comm

and, in turn, failing 2 FP05-0349-00 to secure a
| arge still exposure region (effective exposure FP05-0349-00

region: effective imaging area) and to avoid an

increase in the size of lenses. Then, it is also

concei vabl e to adopt a nethod of setting the

projection magnification (inmage nagnification) of the
prto] semirenaolrrge ajtild ystposuse sragibrr (éffentiveoroxplosuf® ®gion:
to keep the object-side nunmerical aperture at  a |ow

| efkeictive nmagipgvakh) and rtecavoid dwrntieasefif-thei Sze of lenses.
aberrations and avoiding.an increase in the size of

| diess it isoalsveroncicivable tpadiopt ti methodhofiiskttang thea podjection
the projection optical systemis set smaller than
nanagnificationi (imagesmagnificatrmr)eafithg pirgectimk-optibal system

illumnation area 10 optically corresponding to a
s aBaller dham aormgl.asa agito keep $he ebjestesitdhmiméracdli apperture at
his large illumnation area by a currently |

cover t
_ plaeﬁ?om lexel,nthereby nwell resurenting Kondbaysif-aie abepmagions and

appar atus equi pped. with the projection optical system,
haVPKing @ Hiredseyd the sizgeof langes.si loweivas ifcthe projection

aperture .15 adopts the step-and-scan system for
i ﬁ}ﬂ@&ﬁﬁ%ﬁl% @E fi PEPIeSBeR uPBlieal syRiesk lsatseersmaller than

-one_shpt:areg on a wafer while noving. the kK and.
wBPERap oitaiille fesylt AR ISCEFasIRE ofgloeomasécamd@ryrﬁf@mnatwn area

L T EORE: 1N
R R R -

NENEL - @aperture, quick scanning exposure is
ira}pqgéjsl?%%l,%'for exanpl e, because of the intervention

AL Cn ol . : q _
o ¢ nr onghile P CRRRU S p ROt SRR RITEAR bicietion
SR RS i Ry R RGO AR pere

adopts the step-and-scan system for implementing scanning exposure of

a mask pattern in one shot-area on a wafer while moving the mask and

‘wafer relative to the projection optical system. = However, if a
configuration wherein a medium is filled in the optical path between the

| projection optical 'sys_tem and the photosensitive substrate is adopted in
order to achieve the largé image-side numerical aperture, quick scanning

~exposure is impossible, for example, because of the intervention of the
liquid-like medium, and it could cause a drop of throughput.

The present invention has been accomplished m view of the -

.. above problems and an object of the invention is to pfovide an exposure

- apparatus and exposure method capable of effecting high-resolution

projection expdSure with high ﬂiroughput, while securing a large
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25 apparatus and exposure mnethod capable of effecting
hi gh-resol uti on projection exposure with high

throughput, while securing a large 3 FP05-0349-00 FP05-0349-00

ef fective image-side nunerical aperture through the
intervention of a high-refractive-index nmediumin the
optical path between the projection optical system

and the photosensitive substrate, using the dioptric
pefieetive amage-sidel nsyetieal apsyture thrautlc eharidtdrbentios kof a
of- the ordinary 5 size. Disclosure of the Invention

| high-tefractivertidexvmedhenandahe apiticad tpatlabetwpers thie projection
met hod according to a first aspect of the present

i pptisal gystem aandxihes phetosemsitod: cfubstrate;t usigpga the dioptric
proj ection exposure of a reduced imge of a 10 pattern

f Dropeation apticabrystenr eagshta ppodites: andrthepnasdabf $lys toedinary
onto a photosensitive substrate, the exposure nethod
c®¥frising: a filling step of filling an optical path

bﬁi en the_projection optical systemand the
phasclesnze of the Layentione with a nedi um having a

refractjve index larger than 1.1, ere a refractive
i ndex ofll #deE & ﬁ‘ﬁgﬂ’@r the mabevemest, datexpasureemethod

e ] R .
Riettio S0 BREfe 4 aiection FaposiSoire redagroIgAEAL @
PHE Birto oo L R ribEoddh npireeibhdptial syStem onto a
PReEEn R SHb S M A RO E b0 Bribiggoa o
effecti 0gyfinB" Q6F¢ Alling an optical path between the projection
optical system and the photo’sensitiVe substrate with a medium having a
refractive index larger than 1.1, where a refractive index of an
at;_mosphére in an optical path of the projection optical system is 1; and
~ an exposure step of effecting a projection exposure in one shot-
area o:d the photosensitive substrate,
wherein the shot—érea mncludes a plurality of partial exposure
regions, and -
wherein the exposure step is to repeat an exposure in the p:dﬂia,l
exposure region more than once. o | |
~Another exposure method according to a second aspect of the
present invention is an exposure method of effecting a projection
exposure of a reduced image of a pattern formed on a mask, through a

projection optical system onto a photosensitive substrate, the exposure

- method comprising:
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exposure of a reduced image of a pattern fornmed on a
mask, through a 25 projection optical systemonto a

phot osensitive substrate, the exposure nethod FP05-0349-00

conprising: 4 FP05-0349-00 a filling step of filling

an optical path between the projection optical system
and the photosensitive substrate with a nedi um havi ng

a refractive index larger than 1.1, where a

ref r act iavéllimgstepodf dillingt enspytécal pathabetwsanc the prbjection
of the projection optical systemis 1, 5 a first

exypdmal sysieapand tpephotasengitavepsuljstate ovitte apmediven ihavang a
first still exposure region on the photosensitive
subfnctve index dawgee than whilgchwhieee naskefaactiveheindex of an
photosensitive substrate are kept still relative to

t émoesphesstinan eptical piatls p§ therprejection mptenk pysténmisvi \ng

at |east the photosensitive substrate 10 relative to

the pr ojedfst Xposure ateps g (perforimingr agprojectiper EEpasure in a
projection exposure in a second still exposure region
ndtshafili sNnagurtheegionsen dhel photegpasitive subgtrate in a state in
subjected to the projection exposyre in the first )
ey?ygﬁrtge smask andBhephotegensisiveraibstyataaukent sill edatiye to
after the.first. exposure step; and 15 a second

e o BIIECenR SPHEAlSESRii ng t he proj ection exposure in
the second still sure.re %3n on .t he phot osensitive

subst 1 aRaTPN T SLeRs DA TBOVING Y dRasthihe RbRIGREaSIRE Substrate

DS TE b HRE oL P oD o S U b BHALS phecton

S EBo SEEE S BRI, BGh BRI BBt st

ObkbS FSBT LB S, e e SERREH! SRR ey e

A eRALYGESB! TR nfSViAe "RES: bdiRE KL Re® REGSHY Wer the first
exposure step; and '

a second exposure step of pex;forming the proj.ection exposure in
the second still exposure region on the photosensitive substrate in the
state in wﬁich the mask and the photosensitivé substrate are kept stili
relative to the projection optical system, the second exposure step bé]'ﬂg
executed directly after the moving step. - |

An eprsure apparatus according to a third .aspe.ct of the present

_invention is an exposure apparatus for effecting a projecﬁ_on exposure of
a reduced image of a pattern formed on a mask, through a projection

- optical system onto a photosensitive substrate, |
- wherein an optical path- between the projection optical system

and the photosensitive substrate is filled with ‘a medium having a

refractive index larger than 1.1 where a refractive index of an
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optical systemonto a photosensitive substrate,
wherein an optical path between the projection optical

system 25 and the photosensitive substrate is filled&P05-0349-00

with a nmediumhaving a refractive index |arger than

1.1 where a refractive index of an 5 FP05-0349-00

at nosphere in an optical path of the projection

optical systemis 1, wherein the projection optical
sysmsphaie m an ppticalqmsk wfdéhe pgofctionubstical siystehyis 1,

smal | er than_one shot-area to be forned on the

phot oseréherein thapejeetien optidabsystemehas aiséillpexyosure eegion
optical systemrepeats a projection exposure in a
p@ﬂlbﬁtﬂm'@i/l}’t renalien - thana ong eshotaareanct® ibe t iermed on  the |
prqQj ection, exposure in the shot-area. Another

e QscsHpyasulisiErtadnsl ding to a fourth aspect of the
present invention i s an exposure_ apparatus for o
ef fecti Ndleereg# oq?l@cﬂjif@l@‘?tl@l) &ppsalir systema repefifsed prajgstion
of a pattern for.ned a_mask, through a projection
oStPe Pf%%@aﬂr@ﬁﬁ&fg&ﬁm@?@ﬁ% imoxﬁ‘egtwogne%me the peojection

exposure . aratus conprising: a substrate stage for
5&395‘&%@%!‘?@9&'@5@%i tive substrate in a novable

state; 15 ans for filling an optical path between ,
the pr of ek Expetwe apRa)ds hedRacinet ) AdoUEE: asnect of the
S rate with a nmedium having a refractive.index ., .

AR gt 3 HE ¥ Pes i PitpfrarhS| ficatiesfingy a projection

oS EPRRELGE. p dplethrhidl, of 3 Pofibrn REBET R "2 sfi¥korthromgh

bRy TSR Srid B0Ru0RBieH e, SARELOEE Byposure

o] i.tive substrate in a state in which
© PpbaruP OO BERIY

a substrate stage for holding the photosensitive substrate in a
movable state; |
means for filling an optical path between the projection optical
System and the photosensitive substrate with a medium having a
refractive index larger than 1.1, whe'rel a refractive index of an
atmosphere in an optical path of the projection optical system is 1; and
control means for controlling ét least the substrate stage so as to
perform a projection exposure in a.first still exposure region on the
photosensitive substrate in a state in which the mask and the
~ photosensitive substraté are kept still relative to the prbjection optical
system, to, subsequent to the projerction exposure in the first still
exposure region, move at least 't'he-pho.tosensitive substrate felative to
the projection optical system in order to perform' a projectioh exposure

in a second still exposure region not adjoining the first still exposure
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phot osensitive substrate are kept still relative to
the projection optical system to, subsequent to the

proj ection exposure in the first still exposure FP05-0349-00

regi on, nove at |east the photosensitive substrate
relative to 25 the projection optical systemin order

to performa projection exposure in a second still
exposure region not adjoining the first still exposure

6 TEP0B- fByecied to Hyi projsutiprodgbsure tihethepfiitestposare step,
exposure in the first exposure step, and to,
sabdetpesubsasuent toetlst irelativey amewement tdie the photosensitiv
phot osensitive substrate, performthe projection '
espbsiuate, perfona thecprojection lexposurie the sgeomd stillt erposure
phot osensi tive substrate jn the state in which the
miggionren tha photprensitivs substvatesnitberstate inrwhichpthesnask and
relative to the projection optical system A L
pilg dhatesenspive Substrates @rackeptdisiyl relasivei ta Hhaspeejection
of the, present invention is a projection optical '
s%’p@?ﬂ $¥steMor mi ng a reduced inmage of a first surface

on a seqond surface,.10 wherein an opti cal fpfa{sh ‘
bet ween/t RECJSFEPR QRtisAl sysican acspsdmg teui fifte aspednaf the
surface.is filled with a. medi um havi ng refractive
 RERsent MRYGEIONn Kad Projechinsy @pHcaCsya@m Jer formingon meduced

opRe8 Pt eyt sitacion arvscahd Defics. opt | cal renber

02t ans RHBRARCart DoteR) Bl Bitwein ohe: BRechiom obtical syitem
Ol ¥ SECLEF PR R 15E) o BBk HavidB pdsliplive index
SHERbO AL whEhe 6 SEHactive WBaHR' AN AnbbrBhetiin, & ptical
"BAMOSE AeGRbHcidnt ShHidAE syt iggpect of the

wherein every optical member having a power in the projection

optical system is a transmitting optical member,

wherein a magnification of the projection optical system is not

~ more than 1/8, and

wherein the projection optical system is substantially telecentric
on both the first surface side and the second surface side.

Another exposure method according to the sixth aspect of the

- present invention is an exposure method of effecting a projection

exposure of a reduced image of a pattern formed on a mask, through a
ﬁrojection opﬁcal system onto a photosensitive substrate, the exposure B
method comprising: -

a preparation step of preparing the projection opﬁcal system-

having a magnificaﬁdn of not more than 1/8;
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present invention is an exposure nethod of effecting a
projection exposure of a reduced inmage of a pattern

formed on a mask, through a projection optical syst@&p)y5-0349-00
d

onto a photosensitive substrate, the exposure netho
conprising: 25 a preparation step of preparing the

proj ection optical system having a magnification of

not nore than 1/8; 7 FP05-0349-00 a filling step of
fillingaafllipy istep oﬁa‘illingeamaqﬁiddiepalhobawwiﬁtl&pgr@j@ction
system and the photosensitive substrate with a nedi um
hawpitiegl systemf amed they photodensitiaegaibstiate with a mbéiven &aving a
refractive index of an atnosphere in an optical path
ofrefraetiye cindexi dargept thaml kysteders 4: refiactbveanindex of an
exposure step of effecting a projection exposure in
oatmekpherednaa apticadh paphof dsepsijectien spbint system is 1: and
wherein the exposure step is to performthe projection
exposur an axposnes Sihptofafaéactmg Auptiopecteorp Expadtireyinodne shot-
partial exposure regions, and wherein the exposure

SHEGR oB b PRetosensitive substyatef partial 10 exposure

steps each of ich is to performa projection _

exposur WheKeINHEe §3poSHEd S@pplémléelﬁ‘@@nd{hc Bejestion exposure
Descripgion of, the Drawings Fig, 1 js an illustration

s Eheﬂﬁtsfl%rﬂif%a 1BrEWliRg alstlity o pattigh esposuig regpatsyaad
apparatus according to an enbodi nment of th? pr esent .
15 invewjliesfﬁn ﬁ?eg.eg@q%lr%mst@pi COPRIISEs] @n plurality of partial

schematically show.ng.a configutration between a .
bEURORH &t e%%dgt“&)éaéﬂs F P Q%%ﬁa}%ﬁwtm gxpasurg in the
an _IL}lustration showing a |lens configuration of a
pPBft@JFFBRS‘H&IFSE?ﬂ-system according to the first

eﬁ?‘?& ]Seéjgrif)ﬁgn of the Drawings

Fig. 1 1s an illustration schematically Showing a configuration of

an exposure apparatus according to an embodiment of the present
invention. | |
Fig. 2 is an illustration schematically showing a configuration
between a boundary lens and a wafer in each example. |
Fig. 3 is an illustration showing a lens configuration of a .
projection optical system according_ to the first example of the
embodiment of the present invention.

Fig. 4 is an illustration showing the transverse aberration in the

- first example.

Fig. 5 is an illustration showing the relationship between a shot-
area and partial exposure regions in the first example.

Fig. 6 is an illustration showing a lens configuration of a

~ projection. optical system according to the second example bf the
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20 enbodi nent of the present invention. Fig. 4 is an
illustration showi ng the transverse aberration in the

first exanple. Fig. 5 is an illustration show ng theFpP05-0349-00

rel ationship between a shot- area and partial exposure
regions in the first exanple. 25 Fig. 6 is an
illustration showing a |l ens configuration of a

projection. optical systemaccording to the second
exanpbdinodnttdfdhe Prédedbudddniddd enbodi nent of the

present invention. Fig. 7 is an illustration show ng

t he traddge7ds anbidblustration showing theetransiersaabematibngin the
8 is an illustration show ng the relationship between

a sehond e8ample.ea and partial. exposure regions in the
second exanple. Fig. 9 is an illustration showing a

| ens codfiggdiimanalustfation shojwang ithe relationshipsystyesen a shot-
according to the third exanple of the enbodi ment of

t lasepand partial pxposuercgions mthe secondi éxampleat i on

showi ng_the transverse aherration in the 10 third

exanpl eFigi §. 13 1an Jllustratipasshowing ahlews ngonfhguration of a
relatianship be{ ween a shot-area and partial exposure :
r DEPISREONN ophisal reysteBx agpoEding; go the  thiggh example of the
illystration_show nsgya_ | ens, configuration of a .

pcH} F’eﬁﬁ“@ﬁtﬂﬁ%ﬁm EHB@NAer ding to the fourth

- exanpl e of e 15 enbodi ment of the present .
i nvent i 5R- ﬁ?&. ark JIAHon PG GG FaBRTES gberation in the

trangverse.aberration in the fourth exanple. Fig. 14
i.i,hlﬁ e?(pmp;?.r ation showing a |lens configuration of a

Fig. 11 is an illustration showing the relationship between a
shot-area and partial exposure regions in the third example.

Fig. 12 1s an illustration showing a lens configuration of a
projection optical system according to the fourth example of the
embodiment of the present invention. o '

Fig. 13 is an illustration showing the transverse aberration in the
fourth example. |

Fig. 14 1s an illustration showing a lens conﬁgufation of a
projection. optical system according to the fifth eXample of thel
embodiment of the present invention. |

| Fig. 15 js an illustration showing the transverse aberration in the
- fifth example. -

Fig. 16 is an illustration showing the relationship between a

- shot-area and partial exposufe regioﬁs in the fourth example and the .

. fifth example.

~ Figs. 17A to 17D are illustrations showing an operation of
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proj ection optical systemaccording to the fifth
exanpl e of the 20 enbodi nent of the present

invention. Fig. 15 is an illustration show ng the FP05-0349-00
6

transverse aberration in the fifth exanple. Fig.
is an illustration show ng the relationship between a
shot-area and partial exposure regions in the fourth
exanple and the 25 fifth exanple. Figs. 17A to 17D
arepeatediyt perfomms) gspartiab gxposwrestaps for #plurdlity of shot-areas
FPO5- 0349-00 repeatedly perform ng partial exposure
stompend wiafer iplthedbitth exfansplet ared desfitth exaenplef er in
the fourth exanple and the fifth exanple. Fig. 18 is a
f I onchakig.ol8 as mefltrehaft of aduethugl of produdngtsemiconductor
devices as mcrodevices. 5 Fig. 19 is a flowhart of a
neleNtE S mpicpadeviags.a | i quid-crystal display device
as a mcrodevice. Best Mdde for Carrying out the
| nvent i §ig. TH2 1padbawehamvaim irmthbdvmi%/ pesxtucing aploguidgerystal
t he diumwith the refractive index |larger than 1.1 '
i gl &Ydﬁﬂ%’izﬂs puberaslediven the 10 projection optical
sﬁse%aad t he, phot osensitive substrate, thereby .
i krest Mode for Canrang engdhaJmyention aperture NA of the
pr oj ect;igg P optical system Jn passing, "Resolution

t

Enhancen@RtPIesenigaveRfion inyelyicagrierpgsingdlicanedium with the

LB b SEOLL S B ST el b SoyRleem. e

SR oo BRSO LR ST ety

OBlGPAE58, HE S S0 gl TR AR A0 ipicction

NBhtiERr esygf%ﬁf. 2R passing, "Resolution Enhancement of 157-nm
Lithography by Liquid Immersion" reported in "Massachusetts Institute
of Technology" in "SPIE2002 Microlithography" by Mr. M. Switkes and
Mr. M. Rothschild describes Fluorinert (Perfluoropolyethers: trade name
of 3M, USA) and Deionized Water as candidates for media having the
required transmittance fbr light of wavelength A of not more than 200
nm.

In the present invention, as described above, therhigh-refr-activ&-
mdex medium, e.g., a _liquid (or fluid) is interposed in the optical path
between the projection optical system and the photosensitive substrate,.' :
whereby the hjgh—resolutioﬁ projection exposure can be performed
‘while securing a large effective image-side numerical aperture.

A typical aspect of the present invention comprises performing a

' ﬁrst,still projection exposure in a partial exposure region having the size -'

~ of about a half of one shot-area, for example, using the pfojection __ |

10
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nm |In the present invention, as described above, the
hi gh-refractive- 20 index nmedium e.g., a liquid (or

fluid) is interposed in the optical path between th&P05-0349-00

projection optical system and the photosensitive
substrate, whereby the high-resolution projection
exposure can . be perforned while securing.a |arge

ef fective inmage-side nunerical aperture. A typical
aspisal systemehayingsheprojection magoifiqaticeest pet moreithan 1/5,
a 25 first still projection exposure in a partia

e-angs after mglia@wnﬁag phthe naski, perfosmingausecondastill projection
one shot-area, for exanple, using the projection 10 :

Frexposureandhe reph pastinl eyposrenragionm the sizojpoéabopunhalf. In
nification of not nore than 1/5, and, after_ )
%Smﬁ%ﬂra@ﬁn; e prssectige magnmifieatien eddba grejection optical

projection exppsure in the rest partial exposure .
; eybism issatisendloz dha thparmakprojeation magnitication (i.e., 1/4);

configuration, the projection gni fication of the .
pIBFIEIqTCe ﬁsppbmt-ssfﬁ%y&mﬁrlpapam%| fdees t1tn substantially

I ' j;on. i f tion. (i.e., 1/4);
C eTEns Ve HloljBage aidsonhRtiond DeipEs bibemes darass:than

T I T ——

v .virtue of the intervention of the
hi f@fg@ﬁg ive- index medium 10 As a reslul t, even

i h di . . . . _
easy t otautelte, SR VAP IESEE SRR @Pqtpéﬁé‘ep@ﬁ%?tﬁc?n”‘fomwal
CROSSH EafP® HnaPuBE. 8 SRR O e Il §5DON Rgion
| P R iy VP cBfecbFREER . e BBl e as
pb@hl%‘,?tahﬁrhrﬁﬁft‘?éﬁsreeﬁl tHe et He1AREL 'ié‘latls%éw&ﬂ'éa. Since the

regi ons having the size of about a hal one sh

ﬁfar%ﬁlsctiﬁeﬁg?nﬁaggﬂ g;b‘inﬂé ?Ebﬂ%egﬂnbéggde‘éh #wo BfiRSRBjdction exposures in
the partial exposure regions having the size of about a half of one shot-
area, the 6-inch reticle, which is presently mainstream as a mask, can be

- used. Fmthenﬁore, the présent invention employs the configuration
wherein the medium is filled in the optical path between the projection
optical system and the photosensitiVe- substrate in order to achieve the
large image-side numerical aperture, and the still projection exposure is
performed so as not to cause a drop of th_rdughput due to the

~intervention of the medium, different from the case of scanning
exposure.

In one aspect of the present invention, as described above, the

~high-resolution projection exposure can be performed with high

. throughput while securing the large effective image-side numerical
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used. Furthernore, the present invention enploys the
configuration wherein the nediumis filled in the

optical path between the projection optical system FP05-0349-00

and the photosensitive substrate in order to achieve

the 20 | arge i mage-side nunerical aperture, and the

still projection exposure is perfornmed so as not to
cause a drop of throughput due to the intervention of
t ApeHuEg thrpugh the infarvemtsm ehthehigh-racttvenindgx medium in
exposure, In one aspect qf the present invention, as
dblier pBEGAla E behkeerpsthy gprajeefeonit ppticlr agjystamonnd the
exposure can be performed wth high throughput while
s@glm@%@&smw sabsjzates usig the; dﬂ@@%ﬂ@i;@r@mﬁm iopgical system

N MR AR ke sk the TEgsy I, path

ohot ocoRidebiatlyeBie Pareht sBPiratemnis aieptaneatar region of 33
PSS 28 Mubion T giie 522 B nc IBinda Shotweacthat cn be
S3BARL B RN SRRl Bl 7 TR i
bR AT LA D SRRl febfcaton o
B oL Qe PR BhEShO AN YalyafiF i ¥RicH] e e tial
oERp8SIE Reicltt, AMPIRMEE (OGP pRORNOR! b diin! g carried
560 (E'Slor BRI Rl RPoRlirg FediBn T8, hin S T Oy or 22
r §6h 00 1635 #8m. MWhehGtire 82k dft edch bSARIl ?@ﬁ&ﬁ{é@ﬁ%@é% 26

the one-shot projection exposures usin

ot 0305 8,200 TR 5 g ) g hehion
exposures using the reticle of 6-inch size and the projection optical
system having the projection magnification of 1/_5 . |

On the other hand, where the size of each partial exposure
region is 22‘mm % 16.5 mm, it is feasible to perform the one-shot
projection exposures using the reticle of the 6-inch size and the
projection optical system having the_ projection magnification of 1/6.
In passing, where the aforementioned shot-area is equally divided into

four partial exposure regions and where four still projectibn exposures

" are carried out, the size of each partial exposure region is, for example,

13 mm x 16.5mm. In this case, since the still exposure regions can be

relatively small, it is feasible to perform the one-shot projection

- exposures using the projection optical system having the ordinary

‘projection magnification of 1/4 and the reticle of 6-inch size.

12
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On the ot her hand, where the size of each parti al
exposure regionis 22 mmx 16.5 mm it is feasible to

performthe one-shot projection exposures using theFp)5-0349-00

reticle of the 6-inch size and the projection optical
system havi ng the projection magnification of 1/6. 20

I n passing, where the aforenentioned shot-area is

equal ly divided into four partial exposure regions

and wheHetheolargs tiinalgemidé entrnericalxpearturesof aoe lesy thiagd] is
out, the size of each partial exposure region is, for
extended toldemmrealiAgil Snmithe | prajectsor asgticali systethewith the
still exposure regions can be relatively small, it is

f pejeeiien toagaiffcationt v 16hewkicht isppogsentlyopreZominating, the
exposures using the projection optical system having

t ﬁglf?@t-ﬂldearlwmpl’leiilecﬁpwmrﬁagwﬂlf ialso | orcredsel/td awoane hextent
reticle of 6-inch size. 12 FP05-0349-00 |If the |arge

i hegewithde Asimeressdl, iaptha gase of thet diaptsict pramedtions optical
intended to be realized in the projection optical

sywten, $he mengase of dhe objant-side nvmarzeal apesture /couldilead to

is.presently predom %légg the, object-side nunerical
O axin

&R Well icosresting 8 pecstiens sach as coma and,

therewith. As a result, [n the ca of the dioptric .
po & i %%tmcaq?curgg&t%ﬁ\ fam% SHHE cexpostiEs regen (effective

B o T P AR Al
as _cqnma and i.nturn, failure in securing the |arge
s?fqla L GLeRSE Hrlé%‘? Sire(rlensed ve  exposure region:

ff [ ' ' . [ | b difficult

fo 1o Highatdy st ElesiPilento 858t ar SiliSdcof weling the
i i € el . : aeth f tti .
hreli R B RTEBR Frde RERDYTRONBE R pRERHAY opical

oL aACTApiGRly, SIS B Ay rica

| prhaeht 4 NRIGOYeVR! ItheRIEGENY chftectiflE P5f -@% SHff-axis
‘aberrations and also avoiding the increase in the size of Iensesl.
However, where the projection'magniﬁcatioﬁ of the projectioh optical
system is set srhaller than normal, it will result in an increase in the
-mask—side illumination area optically corresponding to the shot-area
having the required size and this largé illumination area cannot. be
covered by the presently predominating 6-inch reticle.

| In fact, IC devices and the like are constructed of a plurality of

layers, and it is not the case that all the layers are exposed with use of

. the same exposure apparatus. | Therefore, it is important to use the shot-

‘areas common to the current exposul"é apparatus. Since the required

size of the shot-areas is determined on the image side of the projecﬁon .

. optical system, if the projection magnification of the projection 0pti¢a1
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15 aberrations and al so avoiding the increase in the
size of |enses. However, where the projection

magni fi cation of the projection optical systemis s&P05-0349-00

smaller than normal, it will result in an increase in

the mask-side illumnnation area optically

corresponding to the shot-area having the required

size and this large illumnation area cannot be 20

c Sysicat 1h5ettiven wagmemnauelpﬂmnmmamﬁ e, the meduired incdsk area
In fact, 1C devices and the |ike are constructed of a
pMitlabeeameflargesytbes tharairrenti masktareme basthematords) if the
the | ayers are exposed with use of the same exposure
a@ﬁ%ﬂﬁégg.mm@f@aﬂ@,ofuﬂleimomqu@ptncalcsytmnuswmaleosunply
areas, Cco n to the current exposure apparatus. Since
t ﬁ@lﬂi@ﬁ%@%ﬂ&ilﬂ presciihy predemmatmgiétiochinetigle will
OE i he i mage side. of the projection optical system -

i fai e cpyel beticanuRdhotagea i on of the projection

optical,. 13 FP05-0349-00 system. s set to a val ue .
smal I er HOWGVeTyryiReg thes magmulicationr €8 Hies korejection | eptical

Sre afiing B poler Shbheiet TR BiseRt invamkion 1 not more
: ﬂfah]: ﬁ& %ﬁi%%ﬁ%%aﬁliﬁié@h%e‘?%ag ,ag%gﬁ;r% ;Sgﬁlr%e Egﬁgﬁl@ilqg ‘smalf Tevel
BVt of M iR oiBe piPS et 1§ KeP asREc: 1An a result,

* SPLLEhe ARREARTO JPhR SRHRSE RPN et or e

P BUTERs ST OTR, feh afBlle AL i S Eiselih Fud TRlatively
g Shicaive MeBiEaite sl SEReR0g ifRr S edepsery,

the of ffamily, r{iﬁ@é@yanﬁﬂ&%? a%é?%gfﬂ?enﬂresieﬂt ﬁlg&éhtion, it

to secure the relati arge 've 1 nagl n

afsefoasibilé rt@ufeam@r@@s&idggg& '“;ﬁoj%&ﬁﬁ%gh%ﬂls @gsteh!@ %%gﬁbie' of

accordi ng to anot her as t 'of "the present 1nventi

| ¢ecuring the relatively large eﬂ’ective imaging area while securing the
large effective image-side numerical aperture through the intervention
of the high-refractive-index medium in the optical path to the 1mage
surface. The exposure apparatus and --eﬁposure method using the
.projection optical system according to. énother aspec‘t. of the present |
invention involve repeating a still projectioh exposure in each bartial

exposure region four times in the projection exposure in one shot-area

~ including four partial exposure regions, for example, using four separate

6-inch reticles. In this case, it 1s feasible to keep the maximum image

- height required for the projection optical system, at a low level and, in

turn, to achieve miniaturization of the projection optical system.

The configuration of filling the medium in the optical path to the

14
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is feasible to realize the dioptric projection optical
system capabl e of 15 securing the relatively |arge

effective imagi ng area while securing the |arge FP05-0349-00

effective image-side nunerical aperture through the
intervention of the high-refractive-index nmediumin
the optical path to the imge surface. The exposure
appar atus and exposure nmethod using the projection
omhatasensytsve substrateds rgloptehioohder s peluieveithe Herge image-
present 20 invention involve repeating a still
prsafesnmsnicak ppetttiee,ibut éhe Istilaprojedtioneeppesmres asgeamied out
four times in the projection. exposure in one

rbroughethe dinptuei pugjéciion ppticahbystemyswhich dgeomot cause a

s
for exanple, using four separate 6-inch reticles. In -

t r{{r@pcgg"gggoughplg Cﬁ‘@at@i thedntesvenrtegn of thermedium, idiffgrent from
h%Lght req?ired for the projection optical system at

a

Bveasey el seRaning expesute.n, Aso dgserilbed above, the exposure
m ni aturization of -the projection optical system_ The )
c GPPREAPS eng e XPosHrg m%@og iod he present anversigrpuse dhe dioptric
path.to the '%lr FPO5- 0349- 00 phot osensi ti 5{:‘ substrate
i &raﬁ&ﬁpedopﬂc destemh easKi b anandactngeandeihe mask of the

BRSPS B e o B R
C RS Waehieh REP Yy Ot o eauting Beditiee offective
adlnaBeBale JhBUkiicel 3rERRt dhedh af Sriiantoa.phabeehigh-
orertadivisiidhs ETRR e XRC AR A Rt iR e praiection
o B A T R
| mmge_ oy g PRORSHRIESEUEIS IR A PLRTRE RS E: dhectaf the
iy Mg e AR AW R 12 1
PR disedfdel frufh fHebIhEE-8ide pupil position to the image surface and
LA the distance ﬁ_om the object surface (first surface) to the image
surface, i.e., object-image distance.
0.18 <L2/LA < 0.245 )
The range below the lower limit of Condition (1) is undesirable
because it becomes difficult to correct for coma, astigmatism, and the
'like and to obtain an effective imaging area. On the other hand, the
fange above the upper limit of Condition (1) is undesirable becausé, the
sizé of the optical system becomes rlarger.. Namely, when the

projection optical system satisfies Condition (1), the reduction

* projection optical system can be constructed in the feasible size while

securing the necessary and sufficient effective iméging_ area. For better

15



10

15

20

25

The projection optical system according to anot her
aspect of the present invention preferably satisfies

Condition (1) below, where L2 is 15 the distance fr®&R)5-0349-00

t he i mage-side pupil position to the inage surface and

LA the distance fromthe object surface (first

surface) to the inage surface, i.e., object-inage

di stance. 0. 18 < L2/LA < 0.245 (1) The range bel ow

t lemansératingnithe @ffeoonal theomprésenti mventios| rthbl lewer2limit of
because it beconmes difficult to correct for coms, .
astonghtion { ) 1:mpreferably sekdo GBdndothebippor lamitehesnifitod 24.

i magi ng_area. On the other hand, the range above the
upper | ilkietprojectonioptioal gysfersacenodinigrtebarother aspect of the
the size of the optical system becones |arger.

NPResopt iventipReprefergdyt ham abpleastalonsy katapetives stop
Conditiqgn (1), the reduction 25 projection optical _
sﬁmﬁﬁgaﬂ{ Menedhthe imageside pupilipesitibne Sitve comifiguration
securing the necessary and sufficient effective ) ]

i PEIRHE &Y éﬁ.sei%ﬁt Bt @pifmal nuppegyEcal 3aperpare for imaging with

denonstrating .the effect of the present invention, the

[ HRAECH [ () RIKSCORONRE op VANiels Gl qradieansy JRartheroDz, by
and the upper limit thereof to 0.24. The projectiogn )
o1SPOSINE PP KRRRIS, apsTlire Stans Wb 2 spaee 18ftheneptical-axis

CpERETDn. Qiiaouteh RSt a il e @Rcowmibgbans doughout
S eoBES, <StsRive bl s 5, PiraBt of imgring aperiures.
FESF REP tali®q PoctEbAY, frYtsf vhe s SarflE nerirs tops
aisBoSed RARE o thacR ol e: Gl TN, Sitipphce should be
AR ipablist TG ARBIE R LG OB a0 2UPF 833 and
ORADOY /A0 @(flfr@@orﬁfmélﬂ?er%t’& vari abl e aperture stops

The projection optical system according to another aspect of the

~ present mvention preferably has a first lens unit with a positive

refracting power, a second lens unit with a negative refracting power, a
third lens unit with a positive refracting power, a fourth lens unit with a
negative refracting power, a fifth lens unit with a positive refracting

power, an aperture stop, and a sixth lens unit with a positive refracting

. power, and satisfies Condition (2) below.

0.04 <P2PX <02 @)

In Condition (2), where a size of an area dccupied on each

- optical surface by a beam from a point on the optical axis of the object
- surface is defined as a partial diameter, PX is a maximum partial

| diameter in the projection optical system and P2 a minimum partial
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di sposed with a space in the optical-axis direction,
reference should be nmde to Japanese Patent

Application Laid-Open No. 2002-118053 and W02/ 31878P(05-0349- 00

correspondi ng thereto. 15 The projection opti cal

system according to another aspect of the present
invention preferably has a first lens unit with a
positive refracti ng power, a second lens unit with a
ndiganetes mefthasecondplensrunia  Foirrthel gosenabi defimitionaof the
positive refracting power, a fourth lens unit wth a
npgeidlv diameéteacipantalpsimer , partifil fhdam esizefdnametdr])) weference
positive refracting 20 power, an aperture stop, and a
skhewld basmadiet tani aragapbs{(ﬂ(ﬂiﬂa] aoflr Hig.i Agof ﬁgpamesmﬁ’atent |
satisfies Condition &) below. 0.04 < P2/PX < 0.2 é@)()

| AppdisationohaidOpahdte 208246130 7aramt éa RBaragpaphs §0084]-
each optical surface by a beamfroma point on the
oG8 ar&Fsg df4 ohéapswicse Pateary Apphiagieon 4.aidOpenNg 2002-

PX is_a maxi num partial djiameter in

PRELSL Gud %mnb@anozgmem%an@g JHiroh GaTopean Ratent
1?@58%@812%&5% RSP g e, i rmter O

Shoul o B Gionkigic %Z%?t,ﬁ'@é% asine ttg[%chcmgegaegs@fg the
2BBENS s‘isggﬁcﬁﬁﬂa @EH' F snlEns Epoaciagieo sformance with
DRl flati® 323%@%?2&#& Pnis) bW ol ThWary i of
PR AGT ieshble fBkaeE o SteHeRDy working distance

CERURRAR S Cbh BN 38 hldniedPpulcBd ik Bntdenpe of o

lllgﬁgkcﬁﬂagls nBe<;61ﬁE§‘ elﬁ?ely Ny TR Qbur LE ab P85OSR RV thd Cexposure
apparatus. On the other hand, the range over the upper limit of
Condition (2) is undesirable because it becomes difficult to avoid an
increase of the lens diameter or degradation of aberration performance
(the Petzval's condition). For better demonstrating the effect of the
present invention, the lower limit of Condition (2) is preferably set to
0.06 and the upper limit thereof to 0.15.

The projection optical system accoi'ding to another aspect of the

- present invention preferably satisfies Condition (3) below, in adcﬁtion to

above-described Condition (2). In Condition'(?;j, D4 is a minimum
clear aperture radius. of a lens in the fourth lens unit and DO a clear
aperture radius of the object surface (a mask in application to the :

exposure apparatus). | ,
0.4<D4/D0<09 3)
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Condition (2) is undesirable because a sufficient
wor ki ng di stance cannot be secured on the mask side

and nechanical interference of a nmask stage becones FP)5-0349-00

likely to occur in application to the exposure

apparatus. On the other hand, the range over the upper
limt of 15 Condition (2) is undesirable because it
becones difficult to avoid an increase of the |ens

di anet eflter rai@rlaaiaw tire lfwabkenmbaoff @ompditibar([@gns amdesirable
(the Petzval's condition). For better denpnstrating

t Ib@cameetttbeﬁomctfemfpazabhwto aclvient i nayffidientlydargel image-side
of Condition (2) is preferably set to 0.06 and the
uppereni¢atiaperiuee e oOn theoothsr haodthe rangeeahdventhepapme limit
system according to another aspect of the present

i fdnenditiopr &)as amdgskablesbeessisedh becomes(diffivalt sovaviaid an
addition to above descri bed Condition (2). In

caneticasein By lems diameteriofn degrad atlearofa@b@mam@n qurmance

of alens in the fourth_lens unit and DO a cl
afithe E’ﬁézwaéau ¢apditiophe Ber élqttegﬂme’as%ratm&ﬂheu ﬂffect of the

Pl 405 U SeSRGE GRS L it o

Sl s OO 0 2 ST T

T 0 ARG, B SR B 3 10 e
USRI A SR 8 B o

s S T

o PR Aityist oo HEG will s p et RORH G BoplsTa fpurth lens
Aluhﬁr él Pobitived Fe st bbAerORh! ﬁ%ﬁ¥ 6P A6 Y AIlens

t ?mftnwnh a positive refracting power, and satisfies Condition (4) below.
In Condition (4), PX is the maximum partial diameter in the projection
optical system as described above, and P3 a minimum partial diameter
in the third lens unit. |
| 007 <P3PX <023 - @)

When Condition (4) is met, it is feasible to efficiently satisfy the
Petzval's condition and to realize gqod imaging performance with
excellent flatness. Namely, the range below the lower limit of
Condition (4) 1s undesirable because a sufficient working distance

~ cannot be secured on the mask side and mechanical interference of the
mask stage becomes Iikely to occur in application to the exposure

apparatus. On the other hand, the rangé above the upper limit of

-Conditioh'(éi) is undesirable because it becomes difficult to avoid a.ﬁ_
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10 aspect of the present invention preferably has a
first lens unit with a negative refracting power, a

second lens unit with a positive refracting power, &P05-0349-00

third lens unit with a negative refracting power, a
fourth lens unit with a positive refracting power, an
aperture stop, and a fifth lens wunit with a positive
refracting power, and satisfies Condition (4) bel ow
15n¢reaSonithee dan$ 4)ze @Xdegradationnef mbermsion pérformance (the
dianeter in the projection optical system as
dd¥asrvalsdeatisbition). anHoPbetieniemanstiating the effectaifdhe present
the third lens unit. 0.07 < P3/PX < 0.23 (4) Wen
conventiom, the) laveernbmit of Ganditiasi Qél)elstpre& by et ty 0.1 and
satisfy the 20 Petzval's condition and to realize

gdbe uppeglinygt pePf2drmance with excel lent fl atness.

Nanel y, the range below the lower limt of Condition

(4) is ddgepicjedfien pptealsystemuadaosting tavwnathay aspect of the
di stance cannot be cured_on the mask _side and
wé&ﬁ%ﬁméavemmmp&fﬁ ¥ satisfiee Canghilon () belsgoimeaddition to
ely o r in appll ation he exposure 25 '
V& t@@n@m@r (4hn d@'lfilﬂﬁ@e( bddd ISh@ minimum
er I|n1t of t|on 4) |s u sirabl.e be
?%cmr& adign it 4 doay o 11 Ippb 3 d0 a clear
i ncrease t he.l gns .si.ze or de dati gn .of a erratlon ,
pépﬁﬁwaﬁ i 56 R b sHafE RO adtdn metiaation %0 the
denonstratin effect of the present |nvent|on
tﬁéppgﬁﬁﬂﬂﬂék Ef Condition (4) is preferably set to

0.1 and igkt to 0.21. 5 The projection

opti cal 0 st m@or% g to another aspect of the

E;Ff;vev”t P—i%l%%@%k. BIBHHEBR L éf CERBREG) Bupdgsirable
SRS o# 0%‘2%3 }Iﬁé% Ie? hﬂ%ﬂ%% ut ?fen?lﬁﬂa%%é Gmage-side

Chﬁﬁ{encal aperture. On the other hand, the range above the upper limit
of Condition (5) is undesirable because it becomes difficult to avoid an
increase in the lens diameter or degradation of aberration performance
(the Petzval's condition). ' For better demonstrating the effect of the
present invention, the lower limit of Condition (5) is preferably set to
0.4 and the upper - limit thereof to 0.8.

An embodiment of the present invention will be described below:

“on the basis of the accompanying drawings.

Fig. 1 is an illustration schematically showing a configuration of

~an exposure apparatus according to an embodiinent of thc- present
invention, wherein the Z-axis 1s set in parallel with the optical axis AX
of a projection optical system PL, the Y-axis in parallel with the plane of
Fig. 1 within the'plal_le-n_onnal to the optical axis AX, and the X-axis
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aperture radius of the object surface = (the mask in
application to the 10 exposure apparatus). 0.35 <

D3/ DO < 0.85 (5) The range below the lower limt of FPQ5-0349-00

Condition (5) is undesirable because it becones
infeasible to realize a sufficiently |arge inage-side
nunmeri cal aperture. On the other hand, the range above
the upper Iimt 15 of Condition (5) is undesirable
bewausd ia the pdas ofi Fig.cll t The @xposumen appaxatesstepicted is
the | ens dianmeter or degradati on of aberration
parbyidedhwath anhArPetxoisier slasendouicenys aFtighbeouece 100 for
dennnstratlng the effect of the present invention,

t reppéyieg illtminatysn Gghtiin aonlitayiclet mge@mr abl y set to

0.4 and_the upper Iimt thereof to 0.8

enbodi mighbfemibigdpifiorantha dightt sewroai |100b‘erasrebcrch1tmxgh an

bel.ow.. on the sis of the acconpanyi ng draw ng
Fulbunnnaiaman 0pt1caistsy§mn IEc ke mallnmanate ghd@tlﬁbe aR with a
configuratio expo ure apparatus, according to
aPredeisamn p@#@m% Feot}, i ansupsiimppsedmannes.  The

e o oy ﬁigwts*@s{é;z% G il Spia
S ﬁp@'ﬁ‘%%; D e o
A AR Bl b e el
Lo e B oo
CHEIRGEF 8 AT TP LR oo o 0
i 'ekgggdm 15218, B HAMGR A B Rarg el el tiped pattern

I'n a superi npos opti cal

gg: PCZF%%UHEER 19REpS A pafalfd Awfth dhk! X h 88 a reticle
stage RS, through a reticle holder RH. A pattern to be transcribed is
formed on the reticle R, and a rectangular pattern area is illuminated.
The reticle stage RS 1s two-dimensionally movable along the reticle
surface (i.e., the XY plane) by action of a driving éystem not illustrated,
and -is configured so that coordinates of the positioh thereof are
measur'ed by an interferometer RIF using a reticle moving mitror RM |
and so that the position thereof is controlled based thereon.

.Light from the patterh_ foi#méd on the reticle R is guided through

the projection optical systeiﬁ PL to form a reticle pattern image on a |

wafer W being a photosensitive substrate. The wafer W is kept in
paralle] with the XY plane on a wafer stage WS, through a wafer holder

 table WT. Then the pattern image is formed in a still exposure region

of rectangular shape on the wafer W so as to optically correspond to the
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systemIL is hernetically sealed in a casing (not
shown), and the space fromthe |ight source 100 to

the optical menber closest to the reticle in 10 the FP05-0349-00

illumnation optical systemlIL is replaced with an

inert gas such as heliumgas or nitrogen being gas

with smal|l absorptance for the exposure |ight, or

mai ntained in a nearly vacuumstate. The reticle Ris

kdgetangulpariinmanatipr rreaenxthepretiode & a Thet wafer stagad®sS is

RS, through a reticle_ holder RH A pattern to be '

t tssdinersonally mmovablenalong thaevafer perfacR(l.anthe XY plane)
pattern area is illum nated. The reticle

rect angul ar
o thig achen | of avdrying sysiena nat showpl ang ihgonfigured so that
‘the XY plane) by action of _a

g%&ﬂ%@ﬂ&@fﬁi@éﬁg@? @SSitfdliﬁh@r@pﬁca,re mgasyredcly fang intetfesemeter
S AR o3t A 1S3kl A e
RM 20 d,so that the position thereof is controlled

pds iRl et 7T or e on e

syst em Pt th(‘? %@W'érer é’%ﬂp@?@“ﬁa eﬁ'ﬁ’ Jim:g@gltoﬁnﬁ)oc@g}eé}t, the
PATEED ST, R L ot
oaerbe e Rl Fhpnasih il Beahd BRarest gp the
COFHEBONLAS 1STTRE vt AR ShaYG o1 Pl AHRARR) and o
DA IR 196 38c80 Al bt (cctile, Bafch St @dfhotitbers

somutie 1 phoRelon el Ssh, P T 48 At e

el Ucop o . B Ty 5 LR

Peak tarofitidpRhe @ ket il hehdlpdyRauadl StaRl € Furthermore, the
reticle R and reticle stage RS are arranged on the narrow optical path
betWeeh the illumination optical system IL and the projection optical
system PL, and an interior of a casing (not shown) hermetically
enclosing the reticle R and reticle stage RS is filled with an inert gas
such as nitrogen or hehum gas, or kept in a nearly vacuum state.

Fig. 2 1s an illustration schematically showing the configuration
bet\ifeen the boundary lens and the wafer in each example. -Referring
to Fig. 2, in each example the boundary lens Lb located nearést to the
wafer in the projection optical sjzstem PL has a convex suﬁ‘ace kept
towz-ird the reticle. In other words, the reticle-side surface Sb of the

.bc.)undary. lens Lb has a positive refracting power. The optical path

“between boundary lens Lb and wafer W isj filled with a medium Lm
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In the exposure apparatus of the present' enbodi nent,
the interior of the projection optical systemPL is

arranged to be kept hernetically seal ed between an FP(5-0349-00

optical nmenber |ocated nearest to the 10 reticle (lens

LI or plane-parallel plate PI in each exanple) and a
boundary | ens Lb | ocated nearest to the wafer anong

opti cal nmenbers constituting the projection optical
syavang prefraodve medgakrpestivm 1 He  Jor thiedfirst 6o thipdieoaimples,
system PL is replaced with an inert gas _such as helium
gak1omzed twalgens wsedk aptthenmgdnear Lyn.vabudhe sfoarth and fifth
Furthernore, the 15 reticle Rand reticle stage RS are
arXamyaes, avire veatpalswsedogst theameguun Livet ween t he

i1 lum n%ti on optical systemIL and the projection .
opti cal lheyistesinmmof thendptieali pathrbatwesn houndery densnbb in the
shown) herneti cal | encl osing the reticle R and

r PIPKCHOB @@fécaﬁzssy el PLegnd; walern W ean bgaeontznmously kept

cifaleg” S5 b gk Fageinn oL aforoxambmbycH14 yechnology
g T daRonalRablcaten oy BHORY R hg temology
¢ iSRG A lpafie’d RalthBellea Pt b £foan, oo OoBORLLY and
o 80 Pt 30 FRE5 I, 5Pt G B ' FsBneloinifiloged in
T ot ERleg iFun SVERLAGRO£T B i Tpfflib Lm)

B e R 0 0 AR S GBHL Lo

SR 23 B AL o, e
gggggaanr tﬁ}]elg@@ﬁgﬁlt ﬁéi’tn%ar?f 1en8ELBRINCH B2 B%4 WETiquid is
collected from on the wafer W through a collection tube and an inflow
nozzle by the liquid supply device. . |
On the other hand, in the technology disclosed in Japanese
Patent Application Laid-Open No. 10-303114 and US. Pat. No.
5,825,043, the wafer holder table WT is constructed in such a receptacle
shape as to be able to accommodatethe liquid (medium Lm), and the
* wafer W is positioned and held by vacuum suction at the center of the
~iner bottom 'part (in the liquid). The disial part of the lens barrel of
the projecﬁon dptical system PL is arranged' to reach the inside of the

~ liquid and, in _tuﬁl, the wafer-side optical surface of the boundary lens
- Lb s arranged to reach the inside of the liquid.

~ As described above, an atmosphere with little absorption of the
- exposure light is credted throughout the entire optical path from light
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5 projection optical system PL and wafer Wcan be
continuously kept filled with the liquid nmediumLm

for exanple, by the technology disclosed in PCT FP05-0349-00

I nternational Publication W99/49504, the technol ogy

di scl osed in Japanese Patent Application Laid-Open No.

10- 303114 and U.S. Pat. No. 5,825,043, and so on. In

the technol ogy disclosed in 10 PCT International

P§OHTCEat iUh tepovafeosOM, aAdcqudinglyredheindiining asijstemsg the

at a predeterm.ned tenperature is supplied froma

I i'lﬂéil‘fgr emgkry (RABVWIE): andwhers angppied touperfand the one-shot

di schar ge zzle sp as to fill the optical path

beXReEHCH¥IHaAMP-flenensipnally duvisg ayd seutrotng itheveafer W

'S ol lLecteqd, fromon the wafer Wthrough a_ collection
dhe lane (¥ | plane) porpendieulsy tnéhe iaptical sopplAK of the

devi.ce,. On the .other h , ig tfiqeytechnol ogy dj sclosed

i RTOJpUeR septigalt éﬁ%teﬂbglgﬂc awnereyaithe qpattemo .of reticle R is

he waf er

'10-30311 d.U.S. .Pat. No. 5,825,043
h%‘?%ﬂjf [ F0jgeted infhshelrakead Qfﬁwégﬁfh%i)yéb@pﬁoaﬁwéeci step-

shag_(% as tto t?le abl e to acconmodate the |iquid (nmedium
LAI-TEPRAtREod- waf er Wi's positioned and held by

(it el Fi Gy tmlce T T Corlponeits,deBHnas he Blojgetion
BRI PLARY s e siaf b “RHat i ChFEr deThe
¢ B, SERLE RaPbiendin (o O A, il 1O fine the
PG RRIS R, the asfEivel Rideof lich for tis
e L L

i nsenfisngnetmthdrifidre, WhFkhe okt 0&{ %ﬁ"da%gla#@‘zgs,t ﬂeicrnyized

perform the one-shot ~exposure while two- Si’ona
dwaternvamg (he Refrattive Sndée ofl 87 M the exposure light is used

as the medium Lm interposed between the boundary lens Lb and the

wafer W. In each of the examples, the projection optical system PL is
arranged to be substantially telecentric on both thé object side and the
image side. ' |

In each example, an aspherical surface is expressed by

mathematical expression (a) below, where y is 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 at the

height y on the aspherical surface, r a radius of curvature at the apex, K a

- conical coefficient, and C, aspherical coefficients of order n. In each

- example, a lens surface formed in aspherical shape is accompanied by

:mark * on the right side to a surface number.
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in the plane (XY plane) perpendicular to the optical
axis AX of the 5 projection optical system PL, whereby

the. pattern of reticle Ris sequentially projectedFPQ5- 0349 00

into shot-areas of wafer Wby the so-called step-

~and-repeat nmethod. In each exanple, the lens

conponents constituting the projection optical system
PL are made qf silica (SiQ2) or. fluorite (CaF2). The

| 10 eni sg ﬁr{}gbbft[}sﬁr vidvel(@ngtt)ydir’y g A€, ke @ryél as@ry® +

[ ei ng tge expogur e light is 193.306 nm the
égmaCtﬁwgan éxCofysilica for this center(&pvelength
is 1.5603261, and the refractive index of fluorite is
1.[FosaExsmpide} t hernore, in the first to third
exanples dei oni zed__ water having the refractive index
of 1.47Higr X he axpdlshationgishomangsadlens asnfigeration of a
nedlun1Ln1|nterposed bet ween the boundary lens Lb and
t HEOjeRétPar OplIcal Pystn agcordmgeianthe st Ehemplﬁbjoleeld:hﬂanesent
o tical. systemP arranged to be substantially

p y Wﬁgtlﬁi fereaceoek1g.s3 dthayprojeon; epigeal system
SI e h exanpl.e, .an aspherjcgl surface . is

Q%r e%fj @5—: %&% ﬁekﬁaﬁOélalE)O stheodollaying| eamponents

normal to_the

wh di.recti.on
eraélé)édgf?u 31‘ %f &@ﬁé‘é{l?@a@lﬂ%%@cqn@V@pl@rﬁaLl whose

| Zéﬁﬁéﬁ Shrton PheSPhertoaT shaPe iRl tawerd e yafery agiegative
SR TenCH 2 Sho B8 opfafe irtag d1°3<°piisva‘ SEHR retide; a

CHPPILE TRhRefS 1AL ERBobE BB SRS @gﬁmﬂb@hape is

n%%gt b%‘ggrdtog‘% fé‘tﬂﬁ%’ygl ?9‘?‘%’21‘%% fﬁC% E%%)l%’z’ /IP% {Qﬁ whose
CEotdext stiPhbe b GEpfericH hapk’ S*kegtzto)é\;a%d S o Bdsitive

meniscus lens L6 whose convex surface of aspherical shape is kept
toward the reticle; a positive meniscus lens L7 whose concave surface
of aspherical shape is kept toward the wafer; a negative meniscus lens -
‘L8 whose convex surface is kept toward the reticle; a biconcave lens L9
whose concave surface of aspherical shape is kept toWard the reticle; a
negative meniscus lens L10 whose concave surface of asphencal shape
18 kept toward the wafer; a blconcave lens L11 whose concave surface
of aspherical shape 18 kept toward! the wafer; a positive meniscus lens
L12 whose concave surface of aspherical shape is kept toward the
wafer; a biconvex lens L13; a positive meniscus lens L14 whose

concave surfacc 1s kept toward the reticle; a positive meniscus lens L15

“whose concave surface is kept toward the reticle; a negative meniscus

. lens L16 whose concave surface of aspherical shape is kept toward the
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[First Exanple] Fig. 3 is an illustration show ng a
| ens configuration of a 5 projection optical system

according to the first exanple of the present FP05-0349-00

enbodi nent. Wth reference to Fig. 3, the projection

optical system PL of the first exanple is conposed of

the follow ng conponents arranged in order fromthe

reticle side: a biconcave |lens LI whose concave

S umfac,earoapmmw[)p ASshppsitive kepiscusdensLiAevhafeconcave
negative 10 nmeni scus |ens L2 whose concave surface
mzfgpt: 18 duggit dowaed rthe itetiele; @ ppsisivei menmszmisslens 1L hsvhose

L3 whose concave surface of aspherical shape is kept

t opacave harfpee iskept tovbandothearetickeisa pdsitivehineniseas lens 119

l ens L5 whose convex surface of aspherical shape is

k éphoseodpir X Iariaeeii6| lgptatqyearic thee retaelel scpesitvesmeniscus

whose_convex surface of aspherical shape is kept 15

t deRs MOhW €i eonyexaspdere g kapnioveard thensetidlepaopesitive

concave surfac of aspherical shape is kept toward

t H@%@r leng Iqi avhose wencavesuriass of aspherseal chapexs kept

tomard the reticle; bi_concave | ens

| gé Q‘I@SE% 2 PP Y @ ERLTYPCUS lome i ?g?alwlmis@;fé)m@xmface is

whERb o8 et@&cfea@éldone Saaam G LoBhdps Bosunsiagsgens Lb)
Vﬁf@égﬁlgﬁ?@g 'ﬁ%ﬁncav i e kept tonard ﬁgncave

s u r f ac eﬁb ?ﬁ)%éf% ﬁ(\é E?‘g’g‘l% Ong‘kleB"i‘lt%t %gﬁ%ff ﬂ@c P nvex

m}@é P2 . ML bolypiian? 188" Lol 6 THR, REHE. Was il with the

AR iCL AT YRS Fine P 9%@“%%%?5%2 ﬁ@ﬁ}%a@é%‘ R SpdeL 23

V‘Waﬁé’ﬁfzﬂi’eﬁ 2? Eg%(gﬁgs%d 8.@8%’[1?10%1155 Baﬁg)dl}% FseB}‘eE %ade of

ASlica positive neniscus |lens L17 whose concave

Table (1) below presents values of specifications of the
projection optical system PL in the first example. In Table (1), A
mndicates the center wavelength of the eprsure light, B the projection
magnification (the imaging magnification of the entire system), and NA
the image-side (Wafér—side) numerical aperture. Each ,‘S’ulface number
represents an order of a surface from the reticle side; r a radis of
curvature of each surface (in the case of an aspherical suiface, a radius
of curvature at the apex: mm), d an axial spacing or surface separation
of each surface (mm), and n a refractive index for the center |
wavelength. The notations in Table (1) also apply to Tables (2) and (3) )

hereinafter,

- TABLE
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surface is kept toward the reticle; a positive

meni scus | ens L18 whose concave surface is kept

toward the reticle; a positive neniscus |lens L19 FP05-0349-00

whose convex surface is kept toward the reticle; a

positive neniscus 5 | ens L20 whose convex surface is

kept toward the reticle; a positive neniscus |lens L21

whose concave surface of aspherical shape is kept

t ovi&ridcipalSpreifieations) positi ve meni scus lens L22 whose

convex surface is kept toward the reticle; and a

pl ArodoPvex $éhé n28 (boundary |ens Lb) whose plane

i's kept toward the wafer. 10 In the first exanple, the

opﬁFﬁ V/ﬁhth bet ween the pl anoconvex 1lens L23 as the

boundary |l ens Lb and the wafer Wis filled wth the
#ﬁﬁiinw@dﬁsisting of deionized water. The | enses

L22 and L23 (Lb) are nade of fluorite and the other

| ens conponents are nmade of silica. 15 Table (1)

bel gw presents val ues of specifications of the

préﬁ%ﬁé@ﬁo%‘?ﬁ%}ca@ﬂﬂ“@?ﬁ L in the first exanple. In

T gg (é%, % indicates the center wavel ength of the
e 01 i ght® 0 the profection nRgnificaPPlsal Maegeber

: L“af mge- nf;heié CRper - o1 e e Htner gaf’yZ}ZF? ure. Each
from the r et PHG e, “PoneReh us Tof b0t vat ut b b
eagh surface éﬁf§&ﬁﬁ casg ﬁﬁggn aspherical surface, a

radius of curvature at the ex:-mm, d an axia

spaci ng or sufgﬁgﬁzl%e'parzﬁtéﬁgl of 1€ (552%?”&0?1,( ,
er ngt h.

and n a refractive index for the cén wavel €

The not ati onsgden le (%) o apply to Tables (2)
and (3) 25 heré?%a ter.%T%E%E 1 25 FP05-0349-00

5% -266.95498  49.96183  1.5603261 (L 3)
6 ~187.00872  1.00000
7 14334. 34417 54.42808  1.5603261 (L 4)
8 -341.42581 1. 00000 |
Ok 345,43150  57.60721 = 1.5603261 (L 5)
10 ~31743139.73000 1. 00000
11* 21182132 49.45639 15603261 (L 6)
12 455.88811 1. 00000
13 180.28560  39.08205  1.5603261 (L 7)
14% 221.90022 8.59172 | -
15 295.16731  43.22341  1.5603261 (L 8)
16 116.00174  67. 18556 | |
7% -195.60629  14.00000  1.5603261 = (L 9)
18 - 130.52857 - 23.53252 |
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(Principal Specifications) 2=193. 306nm a=1/5 NA= 1.
04 5 (Specifications of Optical Menbers) Surface No.
r d n Optical Menber (reticle surface) 35. 85155 ].jFP05 0349-00
2116. 15637 29. 98465 1.5603261 (L 1) 10 2* 228.85023
79.18317 3 -133. 07210 20. 30251 1.5603261 (L 2) 4
-306. 24503 6. 03952 5* -266. 95498 49. 96183 1. 5603261
(L 3) 6 -187.00872 1.00000 15 7 14334. 34417 54.42808
115603261 (L23)6.68653341. 1426681001, 0006603261345, {B15M® b7.
60721 1. 5603261 gL 5) 10 -31743139. 73000 1. 00000
1£0%211. 821321419 3665639 2B. 05813261 (L 6 ) 20 12 455.
88811 1.00000 13 180. 28560 39. 08205 1.5603261 (L 7)
144 221.900228%. 96697 12242861611673156002622341(L 1 1)
1.5603261 (L 8 16 116.00174 67.18556 25 17*

- 285 60629 1470008771 56@33B5(L 9) 18 130.52857

23. 53252 26
23 949. 75316 14. 83956 1. 5603261 (L12)

24% 1429. 30650 10.70117

25 7753.09495  42.50839 1. 5603261 (L13)

2 -297.15092  1.58607 |

27 -576.53063  43.01673  1.5603261 (L14)

28 ~227.50556 1. 00000

29 -8764.75335  30.82364  1.5603261 (L15)

30 - -595. 27589 1. 00000

31 | 379.04693  30.00000  1.5603261 (L16)

32% 349.61368  44. 68287

33 o0 - 48.22674 | (AS)

34 448, 39487  45.40892  1.5603261 (L17)

35 ~255. 95110 1. 00000

36 -2463.02432  37.63340  1.5603261 (L18)

37 AG7.33179 1.00000

38 219.60702  49.496566  1.5603261 (L19)

39 458.07732  1.00000

0 172.37588 -+ 49.00143  1.5603261 (L20)

4 318.22764 108037 | |

42 154.21994 3179043  1.5603261 (L21 )“
- 43% ~200.87548 1. 17547 | |

44 140.16086  44.87373 15014548 (L 2 2)
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FPOB- 0349-00 19 2316. 66653 14. 00000 1.5603261 (L 1
0) 20* 141. 36693 28. 05905 21 -832. 06692 24. 80161

1.5603261 (L 1 1) 22* 781. 19507. 4. 33285 5 23 949FP05-0349-00
75316 14. 83956 1. 5603261 (L 1 2) 24* 1429.30650

10. 70117 25 7753. 09495 42. 50839 1. 5603261 (L 1 3)

26 -297.15092 1.58607 27 -576. 53063 43. 01673 1.

5603261 (L 13@& 10 28 -227. 50556. 1. 00000 29 -8764.

74335 30. 823b4. 3195803269 9159 5) 30 -595. 27589

1. 00000 31 379. 04693 30. 00000 1. 5603261 (L 1 6)

326 349. 6136496440958828749182288 co L4B0HDEY 4 (A B)3 134 b)
-448.39487 45. 40892 1. 5603261 (L 1 7) 35 -255.95110

1400000 . 36 -2%83. 02438 %71063340%7. 5603264Lep) 1 8)

37 -457.33179. 1k§§9 0 20 38 219. 60702 49. 49656 1.

5603261 (L IWfprsucass 07732 1.00000 40 172. 37588

149.09143 1. 5603261 (L 2 0) 41 318. 22764 1. 08037 42

154. 21994 31. 79043 1.5603261 (L 2 1) 25 43* 209.

2)7 ﬁssph%ﬁca}zgfag 44 140. 16986 44. 87373 1.5014548 (L 2

2nd surface
k=0

C,=—1. 15575X107 C,=3. 70303X10™

Ce=—1. 15277X10™ C,=5. 41093x10%
Cpo=—1. 40182X10% C,=1. 39491X107%®
5th surface

k=0 |

C,~1. 03612X10°% Ce=—2. 91646X10™
Cy=2. 00780X107" Cm=¥6.27346X10%

20

25

Cp=1. 61307X107%

9th surface
k=0
C,=—7. 06471X10™M
Ce=7. 71113X10™"

C 1‘2_=‘—

11th surface

k=0

2. 56756X10% C,=—3.

C,=1. 91457X10™

' Ce=3. 77351X10™"
Cp=2. 18015x10%
93049%X107®

28
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27 FP05-0349-00 45 231.31932 5.59159 46 256. 60953

49, 92220 1.5014548 (L 2 3 L b) 47 00 8.92710 1.47 (L

m (wafer surface) 5 (Aspherical Data) 2nd surfaceFP05-0349- 00
k=0 C4=-1. 15575X. 10-' C6=3. 70303X10-1a 10. C8=-1.
15277X10-16 Cl0=5. 41093X10-2' Cl2=-1. 40182X10-25

Cl4=1. 39491x10-29 5th surface rc = 0 15 C4=1.

03612X10-8 C6=-2. 91646X10-13 C8=2. 00780X10-17
cto=6.12784640-2X 181 3=1. CeT397X200 Z1lciza=1.0™

91457X10-31 9th surface 20 c=0 CA=- 7. 06 4 7 1 x 1
O%TU@BQ%&Ef%l&lOQE‘@~i9ﬁQQﬂ3Qi

0-19 Clo0= 1 28X 1 0-23 Cl=-2. 56756X10-§8
cla=F - %dhéxllo?sé 1452 1t nCsuir Fabe. 702 £88FPd51034b- 00

* 14th surface
k=0
C,=1. 56401X10° Ce=1. 34769X10"

Ce=—2. 96395X10"® (C,o,=—1. 41277X107%
C,=4. 18316X10™% C,=—6. 92529xX10™%®

17th surface

k=0

C,/=—1. 51297X107 Cs=8. 60926X10™"
Co=—1. 7T1366X10% Cy=—4. 09208X10%
Co,=6. 40069X10% (C,=—3. 08505X10%

20th surface

k=0 _

C,~—1. 27228x107 C,=2. 30534x10%
Ce=2. 42493X10™" Cup=—7. 01920X107%
C,=6. 45623X10% ‘7(314:%2.' 48833Xx107%

22nd surface
k=0

Cy=—3. 68686X10° Ci=2. 41845X10™"
Cy=—8. 36437X10" C,=4. 79895x10%
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C4=-1. 96404X10-9 Co=8. 50314X10-14 C8=-3. 99897X10-18

Cl10=-7. 19.500X10-23 C12=9. 44512x10-28 Cl4=- 1.
72884X10-31 5 14th surface k=0 C4=1. 56401X10-8
C6=1. 34769X10-13 (C8=-2. 96395X10-18 C10=-1.

FP05-0349-00

41277X10-21 Cl2=4 . 18 316 X10-26 Cl4=- 6. 9 2

529 X1030 10 17th surface 1c=0 C4=-1.
51297X10-7 C6=8. 60926x10-12 C8=-1. 71366X10-16
Clloz=4l . 09298XB05 20113 *C12=6,,40089X10022 408 4<-130 &
08505X10-28 20th surface is=0 C4=-1. 27228X10-7
C6=2. 30534X10-13 20 C8=2. 42493X10-16 Clo=-7.
01920X10-20 Cl12=6. 45623x1024 Cl4=-2: 48833X10- 28
2 2fth syffpseace c=0 25 .C4=-3. 68686x10-8 C6=2.

41845X10-12 (C8=-8. 36437X10-17 Cl10=4. 79895X. 10-21 29
FPD5-9349-00 Cl2=1. 98835X1026 Cl4=-2. 10246X10- 29
T R s a1 0  C,=—1. 99801 x10%
Ci=—4. 33859X10Y C,=2. 96335x10™
Cpo=1. 89632X10% (C,=—1. 60076xXx10™
32nd surface

k=0

C,=2. 82563Xx10™" Ce=—2. 05877X10"
Ci=—7. 92881X10%* (C,=8. 75437xX10%
Cp,=—7. 11351X102% C,=5. 47614xX10™%®
43rd surface

k=0

C,=—1. 18002X10° Cy=5. 44281X10™"
Ce=3. 74194X107" Co=4. 03055X10%
Co,=—1. 76801X10% Ch,=1. 60457X10™

Fig. 4 is a diagram showing the transverse aberration in the first

example. In the aberration diagram, Y indicates the image height. As

apparent from the aberration diagram of Fig. 4, the aberration is well

- corrected for within the image circle with the radius of 15.5 mm though

the very large image-side numerical aperture (NA = 1.04) is secured

using the ArF excimer laser light m the dioptric projection optical

system with the projection magniﬁcation of 1/5 in the first example.
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r=0 5 C4=4. 95564X10.8 Co6=-1. 99801X10-12 C8=-4.
33859X10-17 C10=2. 96335X10-21 Cl2=1. 89632X10-Z6

Cl4=-1. 60076X10-3 32nd surface 10 /C =0 C4=2. FP05-0349-00

82563X10- 11 C6=-2. 05877X10-1s (C8=-7. 92881X10-19

C10=3. 75437X10-23 Cl2=- 7. 11 351 X 1 0-28 Cl14=

5. 4 76 14 X10-33 15 43rd surface lc=0 C4=-1. 1

8 00 2 X 10-9 Cg=5. 44281X1 0-13 (C8=3. 74194X10-18
Cl0=4. bapssisian 2Bustition showesp the telaBomshipbetween a shot-
60457X1Q-3 20 Fig. 4 is a, diagramshow ng the

t PEGRs AR sﬁatawér@ammﬁeumgmr@ in rthe Tiestappample.n Imdhe first
aberration dj gram Y indicates the _imge height. As
aﬁﬁ%\mﬁiﬁ 5 & W’el%ifégr @ﬁilat-ag%é]loog F‘i 3ymmp, x¢ 36 mm is
B aéélonls wel | . corrected.for _wthin

WO W Partial; %@Oémq@%omréﬂﬁ@@@r{ B ﬁavm&@le size of
sééﬂwd”‘éﬁseas' ¢ Hstecl of Pagial Gaiosure g%gwnﬁ S{fand 51b

So§) % i FaE S e quff%;f %3'%11@5%5%@%%@% Eadips g% o mm
55?53%53% %&tﬁe@% 545%%?1%2%1%%'11§h f Lol 18 1R lgtfs Lircle
|
% afisiseis s ﬁéﬁg‘? o en 51 of 38 mm e oa i s

' d' vi ded{rLQ{eof R’ipe}&ﬂﬁf)f a SHPPReCtibEUgurd § BAdiat %ult in

havi ng Size 0
the first partial exposure region 51a having the size of a half of the shot-

area 51, using a first reticle R1 of 6-inch size. Then the first reticle R1
is replaced with a second reticle R2 of 6-inch size. Finally, a still
projection exposure is carried out in the second partial exposure region
51b having the size of a half of the shot-area 51, using the second reticle
R2. In the first example, since the projection magnification of the

projection optical system PL is set at 1/5 which is smaller than ordinary

1/4, it is feasible to keep the object-side numerical aperture at a small
level in spite of the very large image-side numerical aperture secured,

and to well correct for the off-axis aberrations in the still exposure

- region of the projection optical system PL set in the size of about a half

of the shot-area, without causing an increase in the size of lenses.
Although the first example adopts the configuration wherein the
interior of the optical path between the projection optical system PL and

the wafer W is filled with the medium (deionized water) Lm in order to

- achieve the large image-side numerical aperture, the execution of the

still projection exposures prevents a drop of throughput due to the
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526 nmx 16.5 mm Here each of partial exposure
regions 51la and 51b is set in the size included in

the image circle with the radius of 15.5 mMmm In FP05-0349-00

passi ng, the shot-area 51 has the size not included in
the image circle wth the radius of 15.5 mm In the
first exanple, a still projection exposure is carried
out in 10 the first partial exposure region Si a )
hantergention sitztheomedinm {.mof differonticronnithe @se ofsisegming
a first reticle RL of 6-inch size. Then the first .
r 8kpesweRr In iy Bnaesdheitinst axampbs gnables ¢he hrgh-gesolution
6=i nch size. Finally .Still  projectign exposure_is

the i plilee

c HEPIeEtioBueXpasWRe WaH drigh prenghpiat seeyieg thsykarge
{ ebegluenimageride Runapical rapafiie; (NA exatid), tBraws the
e AR LG T ot
TRkl AT Yol PLGER ST oot
! Sttt 2y, BB 3he bR pidiccBBRLPPhARER P 285y to
S Plany SRR Hh8, (R 8 DRl R PRTALY R2e0r { ho
DB B MIeEh  haFi r et oxamml o adopts the o O

et ween Thie Op b ik dlstrdfion cHSWHle 3 151E Siiacth Br o
I fctih bptichL S5kt dboopRinB) T <eCBhaV AR NN prfRent
o eliodient 10 Ve MELSAcC ot TS, X e Bketn Yhijcal syptem
(T onT R S20ond IORIEIE, [ 00fbosee Sefhe Btk (dfitHents

t hgahpedtineseda! Eropnapkeretidie didehar Bicdnehiv@Mens L1 whose
proj ection exposure with high throughput, while

seoncdvegsiriecd of gepherical shape is kept toward the wafer; a negative

meniscus lens L2 whose concave surface is kept toward the reticle; a
negative meniscus lens L.3 whose concave surface of aspherical shape is
-kept toward the reticle; a positive meniscus lens L4 whose concave
surface 1s kept toward the reticle; a biconvex lens L5; a biconvex lens
L6; a positive meniscus lens L7 whose convex surface is kept toward
the reticle; a positive meniscus lens L8 whose convex surface is kept
toward the reticle; a biconcave lens L9; a biconcave lens L10 whose
concave surface of aspherical shape is kept toward the reticle; a negative
meniscus lens L11 whose concave surface of aspherical shape is kept

toward the wafer; a negative meniscus lens L12 whose convex surface

'_ of aspherical shape is kept toward the wafer; a lens L13 ~whose
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effective image-side nunerical aperture (NA = 1.04)
through the 5 intervention of the

hi gh-refractive-index mediumLmin the optical path FP05-0349-00

bet ween the projection optical systemPL and the wafer
(phot osensitive substrate) W using the dioptric
projection optical system PL easy to manufacture and

the reticle (mask) of the ordinary size. [Second
Baspheagall et 16 keptdowarduther avafer; shbitonyes leansL14; a
cgin‘i guration of a projection optical system
adsepvexglens It hy 3 posiityectgniscusdens hd Goivhwsatconvex surface
enbodi mrent. Wth reference to Fig. 6, the projection

opt %@at teyardkthe retide; amegebyermenisgnsilens i owhesedonvex
of the fol| ow ng cogp&ggnts arranged in order from .

t fEriage 18 ket dewaad biheo metisle; 1an apertusp osiep1 8K oacpositive
surface oie as Egri al shape is ept',t%\é/ard t he fer;

a HEYaERs, sk AP S¥QSq EABCAVE §idaee dbKeERt doward hae reticle; a
kept .. toward.t he Ieti Ilg Z‘Q negati ve ni scusk l ens L3
WROSHIVG RIS 1905 c b | 8f WROBR SONYEK SWARee i1g kepbdpward the

RO S BB T 2 SRR B e
AT BRI TR Tt R prce
RBpL S0V RO B G T M, LR e
S A0 BYE B LR meniscus

DR 175, BBLOSUkGT ko RN UGAR BRI and o

0 ; :
DR PR R 4 Aouidry RS T L RIRKSNE IS ket fgward
whaseafa2 FPO05-0349-00 aspherical surface is kept

toward the wafer; a biconvex |ens L14; a biconvex |ens

L15; a Bpsithé VecOBRd S@amfles HE wpeeal Coaviex bewvbea® the
planoconvex lens 124 as boundary lens Lb and the wafer W is also
filled with the medium Lm consisting of deionized Water, as in the first
example. The lenses L23 and L24 (Lb) are made of fluorite and the
other lens components of silica. Table (2) below presents values of
specifications of the projection optical system PL in the second
example.

TABLE 2

(Principal Specifications)
A=193. 306nm
B=1,/6
NA=1. 04
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Is kept toward the reticle; a negative neniscus |ens
L17 whose convex surface is kept toward the reticle;
an aperture stop AS; a positive 5 neniscus lens L18 FP05-0349-00

"whose concave surface is kept toward the reticle; a

positive neniscus | ens L19 whose convex surface is
kept toward the reticle; a positive neniscus |ens L20
whose convex surface is kept toward the reticle; a
posiSpesificarions e£QptidabMembes) whose convex surface is
kept toward the reticle; a positive neniscus |lens L22
cedlcave 10 surface of aspheri @al shap®ptisailddemnber
toward the wafer; a positive nmeniscus |ens L23 whose
convex sur figide purfaeeht t&Wd787the reticle; and a
pl anoconvex |l ens L24 (boundary |ens Lb) whose plane is
kebt t owar d ~2dhé SRéf%r . 1%09@% sebdh83%danpl L flhe
optical path between the 15 planoconvex |ens L24 as
botdhdary | ens4h S8 t ne34nd¥¥ Wis also filled with

the medi um Lm consi sting of deionized water, as in the
f&st exanpl_égg’-%ﬁ@a ensiEs 9293 ank 5098241 p)  dileZnade
of fluorite an ot her .l ens conmponents of silica.
Ta4ol e (2) bel"g%'qﬁ?@igent sleg\'/é%’%)es‘ of specifications of
t projectio | cal sys PL j e..Seco 0
exanpl e. TABL%ZAQQ% | nci%aﬁf@peciff'%@é?%%ns) Qi é%93.
306nm Q=1/6_ =l. 04 3 P05- 0349- 00

(Speci ficati o%%’%lfg%pti ca}r §Ei@gn’oers) Surface No. r d n
Optical Memb8hgs 25164 46,0040  1.5603261 (L 4)

8 -298. 62907 1. 1690
9 | 471.69491 44,6807  1.5603261 (L5)
10 -31743139. 73000  91. 3559
11 673.69002  51.1596  1.5603261 (L6)
12 -629. 89472 1. 0000
13 258.97666  43.9714  1.5603261 (L 7)
14 1044. 16957 1. 0000
15 143.74217 49,9057  1.5603261 (L8)
16 126.47115 34, 6446
17 ~4185.00862  13.0000  1.5603261 (L9)
18 119. 65456  42. 1278
19+ -141.50576  13.0000  1.5603261 (L10)
20 163.61683  14.7204
21 747.90268  13.0000  1.5603261 (L11)
995 . 185.93581  31.3578
23 =220.25186  13.0000 - 1.5603261 (L1 2)
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(reticle surface) 47. 2707 1 -2113. 36467 13. 0000 1.
5603261 (L 1) 5 2* 453.80493 34.2999 3 -183. 05458
13. 5596 1. 5603261 (L 2) 4 -498.57068 19.1820 5* FP05-0349-00
-224. 47445 40.1102 1.5603261 (L 3) 6 -252.37377
1.3804 10 7 -2482. 25164 46. 0049 1.5603261 (L 4) 8
-298. 62907 1.1690 9 471. 69491 44.6807 1.5603261 (L 5)
10 -31743139. 73000 91. 3559 11 673. 69002 51. 1596 1.
5eA#%261 (L 6)4413814Y - 62d. 860072 1. 0000 13 258. 97666
43,9714 1.560326196L 7) 14 1044.. 16957 1. 0000 15
143 74217 4938%pEYU%E sel9a08hl (L BP603A1126. 471153)
34, 6446 20 17 -4185. 00862 13. 0000 1. 5603261 (L 9)
186119, 6545638%- 89%@ 10+ 3. 83 50576 13. 0000 1.

5603261 (L 20 163. 61683 14. 7204 21 747.90268
1§% 0000 1.%5%%3§§¥m(L $01$9985 ob 5641 93541 314)

3578 23-220. 251 3. 0000 1. 5603261 (L 1 2) 34
F :0349-oo‘ﬁ§h§gaéh47.13%@%& 1. 0000 ( )

29 78798551  42.7936  1.5603261 (L15)
30 ~729. 02232 1. 0000

31 420.22013 46,9283  1.5603261 (L186)
32 743.02810  123. 0280

33 385.23841  30.6684  1.5603261 (L17)
34 288.21816  45. 4500

33 oo 24. 1471 (AS)
36 -530. 32540 49,8350 1. 5603261 (L18)
37 -328. 54592 1. 0000

38 271.23066  56.3549  1.5603261 (L19)
39 1727. 76502 1. 0000

40 18672604 45.7017  1.5603261 (L20)
41 296, 60081 1. 0009

42 166.42204  41.6625  1.5603261 (L21)
43 241. 72697 1. 0000

44 152.34470  30.6247  1.5603261 (L22)
5% ©231.02425 1. 0000

46 109.20982 47,6887  1.5014548 (L. 23)
47 174. 22298 4. 7844

48 233.15627  43.6470  1.5014548 (L 24 : Lb)
49 e 5.0000 - 1.47 '(an)
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- 49. 8350 1.

25 3886. 00092 29. 0911 1.5603261 (L 1 3) 26* -3899.
69972 3. 8815 27 11621. 97300 60. 6998 1. 5603261 (L 1
4) 5 28 -189. 52544 1. 0000 29 787. 98551 42. 7936 FP05-0349-00

1.5603261 (L 1 5)

46. 9283 1. 5603261 (L 1 6)

30 -729.02232 1.0000 31 420. 22013

32 743. 02810 123.0280 10

33 385. 23841 30. 6684 1. 5603261 (L 1 7) 34

288. 21816 45 4500 33 Q0 24.1471 (A S)
gowifage) 1 8)
38 271. 23066 56. 3549 1. 5603261 (L 1 9)

36 -530. 32540
37 -328.54592 1. 0000 15
39 1727.

76502 1. 0000 40 186. 72604 45. 7017 1. 5603261 (L 2
41 296. 6Q081 1. 0009 42 166. 42204 41. 6625

éée@zeqa Data) 1)

20 43 241.72697 1.0000 44 152.

344%9‘8'?0 6247 1. 5603261 (L 2 2) 45* 231.02425
46 109. 20982 47. 6887 1. 5014548 (L 2 3) 47
174.22298 4.7844 25 48 233: 15627 43. 6470 1.5014548

M2=YLb) 49 5.0000 1.47 (Lm) 35 FPO5- 0349- 00
C,=—5. 89398X10° Cy=1. 73443X10™
Ce=5. 24472x107 Cpo=-3. 86522x10%
C,=7. 06506X10% C,=—2. 32807X10%

5th surface
k=0
C,=—1. 41390x107*
Cy=— 73007Xx10"®
Cp=—1. 48547X107™%
19th surface
k=0
C,~—5. 54786X10"
Cy=3. 41049X107"
C,=5. 15555%X107%
22nd surface

k=0

C,=—4. 44688xX107°

C,=2. T4206X107"

Cp=2, 40025X107%

Ce=—3. 41325x10™"
Cp=—5. 71351X10%®

Cu=3. 67043X107

Ce=—1. 36370X10™
Cp=—5. 24079X10™"
Cu=—2. 51676X107%
Ce=—1. 46963x10™"
Cpo=—3. 33399X10"

8., 47472X107%

Cu=—
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(waf er surface) (Aspherical Data) 2nd surface 5 K=0
C4=- 5. 89398X10.8C=1 7344 3X1O0-12
C8=5. 24472X10-18 Cl10=-3. 86522X10-21 C12=7. FP05-0349-00
05506X10- 25 Cl4=-2. 32807X10-29 10 5th surface K=0
C4=-1. 41390X10-8 C6=-3. 41325X10-13 C8=- 3 .
73007X10-" Cl10=- 5. 71351 X 10-23 Cl2=-1.
48547X10- 26 Cl4=3. 67043X10-30 15 19th surface Y =0
C4=-5. 54786X10-8 C6=-1. 36370X10-n C8=3. 41049X10-15
Cl0=-5. 24079X10-19 20 Cl2=5. 15555X10-23 Cl4=-2.
s52¢hexdee27 22nd surface is=0 C4=-4. 44688X10-8
C6=-1, 46963X10-11 25 C8=2. 74206X10-15 C10=-3..
33359X10- 19 C12=2. 400. 25X10- 23 Cl4=-8. 474.72X10- 28

36 FP05-0349-00 24th sgrface rc=0 )
C,=/—6. 38951X10 Ci=2. 40146x10"

Cyi=—9. 96223X10"Y C,=1. 94408x10™2
Co=2. 46624X10% Cy=—1. 17831X107%

26th surface
k=90
C,~4. 30094xX10° Cg=—8. 90706x10"

Cy=—5. 70322X107" Cp=4. 02240X10™%
Cpo,=—1. 06448X10% C,=1. 21494X10™®

45th surface
K,_ZO
C,—3. 18085X10° Ce=2. 25264X%X10"%

Cy=1. 50272X107V" Co=9. 64684X10%2

Cp=—4. 26869X10™ C,=3. 72942X10™
Fig. 7 is an illustration showing the transverse aberration in the
second example. In the aberration diagram, Y indicates the image
height. As apparent from the aberration diagram of Fig. 7, the
aberration is well corrected for in the image circle with the radius of
13.9 mm in the second example, though the very large image-side
oumerical aperture (NA = 1.04) is secured through the use of the ArF
excirﬁer laser light in the dioptric projection optical system with the

projection magnification of 1/6.
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CA=-6. 38951X10-8 C6=2. 40146X10-12 5 C8=-9.
96223X10-'7 C10=1. 94408X10-21 C12= 2 . 46 6 2 4 X1

0-25 C14=- 1. 17 8 31 X 10-29 26th surface rc=0 FP05-0349-00

10 C4=4. 30094X108 C6=-8. 90706X10-13 (C8=-5. 70322X
10-17 C10=4. 02240X 1 0-21 Cl2=-1. 06448X10-25 Cl4-=1.
21494X10-30 45th surface 15 ic=0 C4=3. 18085X10-8

C6=2. 25264X10-13 C8=1. 50272X10-17 C10=9.

64684X1B12 8 1scae Hlustraaas shawips thel relstiongdapdxtoesn a shot-
Fig. 7 1is an_illustration showi ng the transverse

abEga and partiah cxpesurzoregaemin teesnsiond axample. In the second
aberration diagram _Y indicates the imge height. As
aSpampie, a5 SR WRemabig.r &t thenshvtagicanddrofr3y . mm > B mm is
aberration is well .corrected for iin the image circle .
wiltided antodayq paial expoguFfTegionsh 828 el e kawpigthe size of

‘thqugh the very lagge i e-side nuperical aperture
( %2 mnwoké-gi@rrsecﬁg%@ ok & dhe mretiabexpasiradogions,32a and
excimer |aser Light i .he dioptric.projection optic

- s§§béﬁ§% rfbersizs H?Qi}la%‘i& i Aheagace citale srthythe radug o 13.9

B | Qg diptashor bavenge pa inclioed dls image

SHeRoNHhhe AratSet Fha TERbt <area 52 of 33 mm x 22 mm

isgb ﬂ'amd det i%egctoglﬂtz%x’oq;ﬁf)‘fc:t,i:clalstiﬁ g rgjse%tu%nr g%é’sﬁe 3¢ %a%qu out
in the first partial exposure region 52a with the size of a half of the shot-
area 52, using the first reticle R1 of 6-inch size. Next, the first reticle
R1 is replaced with the second reticle R2 of 6-inch size. Finally, a still
projection exposure is performed in the second partial exposure region
52b having the size of a half of the shot-area 52, using the second reticle
R2. Since in the second example the projection magnification of the
projection optical system PL is set at 1/6 smaller than ordinary 1/4, it is
feasible to keep the object-side numerical aperture at a small level in
spite of the very large image-side numerical aperture secured, and to

well correct for the off-axis aberrations in the still exposure region of the

~ projection optical system PL set in the size of about a half of the shot-

area, without causing an increase in the size of lenses.
Although the present example adopts the configuration wherein
“the nterior of the optical path between the projection optical system PL
and the wafer W is filled with the medium (deionized water) Lm in

- order to achieve the large image-side numerical aperture, the execution

~ of the still projection exposures prevents a drop of throughput due to the
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522 mmx 16.5 mm Here each of the partial exposure
regions 52a and 52b is set in the size included in

the image circle with the radius of 13.9 mm In FP05-0349-00

passi ng, the shot-area 52 has the size not included in
the image circle with the radius of 13.9 mm In the
second exanple, a still projection exposure is carried
oyt 10 in the first parti al géposure region 52a with

t hatesversian of the mashuehd.mhetfferangafiom theicaget ok scanning
first reticle Rl of 6-inch size. Next, the first

r &xpepere. R In iy managsdust asthenbirstexampleethecsesord extample
6-inch size. Finally, a still projection exposure is
p@:lf'f(br gaablen the deglwesqlational presgisan cckposwse with high
havi ng.the si.ze of a half of the shot-area 52, using .
t%@r%@aﬁ& while ;secutngothesilange effeckives tnagersideampineerical

6P A T s B ki Y B
i ) B 0 BAGES e
996 T A AR S i B i
SRR STHISD: el B SELH RS ORS Y G
TG B e i S T

TR TS e OB e L e e

or der t e Suett nurer A8 IGEY S b P pimition of o

RRekiGn diMfaf XFEh APcoRlipd 1R, (B hir PERYER]S, O] the prgsent

sures preven roughput

FERORRARNnO0 With QeF&ehEO rtooﬁig. he ﬂ%ﬁhf@lﬁéﬁbn %gfrgfecr%ﬂ Hstem

fromthe case of scanning exposure. 'S m

j P8S ofisthehthifd rédangpleny @onipiscdle o8nthee XsllPhvthg dlovlponents
enabl es the high-resol ution projection exposure wt
haghnged in order from the reticle side: a biconcave lens 1.1 whose
concave surface of aspherical shape is kept toward the wafer; a negative
meniscus lens L2 whose concave surface is kept toward the reticle; a
- positive meniscus lens L3 whose concave surface of aspherical shape is
kept toward the reticle; a positive meniscus lens L4 whose concave
surface i1s kept toward the reticle; a biconvex lens L5; a positive
meniscus lens L6 whose convex surface is kept toward the -reticle; a
positive meniscus lens L7 whose convex surface is kept toward the
reticle; a positive meniscus lens L8 whose convex surface is kept toward
the reticle; a negative meniscus lens L9 whose convex surface is kept

-toward - the reticle; a biconcave lens L10. whose concave surface of

aspherical shape 1s kept toward the reticle; a negative meniscus lens 111
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t hroughput, while securing the |arge effective
i mge-side nunerical 5 aperture (NA = 1.04) through

the intervention of the high-refractive- index nmedi ulP05-0349-00

Lmin the optical path between the projection optical
system PL and the wafer (photosensitive substrate) W
using the dioptric projection optical system PL easy

to manufacture and the reticle (mask) of the ordinary
siwloselconcrvier snracenpf espiRgcalashapeais keptuswandithe water; a
showi ng a | ens configuration of a projection optical ]
syegativa meanscusglens Lyl whese comvemsustase affasphersahshape is
enbodi ment . gﬁ:h reference to Fig. 9, the projection
og\tép& dowayd the, waferpra ders tlal 3 Mgﬁmwhel@caioawa@@ 187 kept
the foll ow n% conponents 15 arranged in order fromthe

r dpvare the avater; pesvaacniseas ensldde whesaswneave surface

SR RSl B AGSEL a5 e s e
S USRS LA B PR Sl RS i
WGl 0o E5H SROEB ekl BB an
GBI S AR BEE R LR D08 Lt e
RO T BP0 R bRt
SRRSO, AR A o SRR, o posi
B0 e SNROE LTS KR R it

_surl . | _
Bsf 'ﬁ’ﬂeggcﬁs qg@@ﬁZﬁW@é?ﬁf@ab@'%{ngp%fe ?ﬁ:{:}%ﬁncal shape

}: 05- 0349- whose concave ace as (
FLoRept 0 MM B QUL SSRGS conven
surface is kept toward the reticle; and a planoconvex lens 1.24
(boundary lens Lb) whose plane is kept toward the wafer.
In the third example, the optical path between the planoconvex
lens L.24 as boundary lens Lb and the wafer W is filled with the medium
Lm consisting of deionized water, as in the second example. The

lenses 123 and L24 (Lb) are made of fluorite and the other lens

~ components of silica. Table (3) below presents values of specifications

~of the projection optical system PL in the third example.

~TABLE 3

(Principal Specifications)
A2=193. 306nm
B=1,4
NA=1. 1
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kept toward the wafer; a lens L13 whose aspherica

surface is kept toward the wafer; a positive neniscus

| ens L14 whose concave surface 5 is kept toward the FP05-0349-00
reticle; a biconvex |ens L15; a positive neniscus |ens

L16 whose concave surface is kept toward the reticle;

a negative neniscus lens L17 whose convex surface is

kept toward the reticle; an aperture stop AS;, a

positive neniscus | ens L18 whose concave surface is

" kept toward the reticle; a biconvex |lens L19; a

posiSpesiications f Quiicpldembers) 20 whose convex surface is
kept toward the reticle; a positive neniscus |ens L21
c¢DAvex slUrface is k&pt towardhthe ret Pptieal Member
positive niscus | ens L22 whose concave surface of
asphericalr§ﬁi%%"&P kept3-£6%ard the wafer; a positive

meni scus | en ose conve surface is kept toward
t He reticlefﬁghﬁié Ian&g%ﬂé%é Iéh§6@§$1 15 ﬁoéhdary
| ens Lb) whos I is ke oward the wafer. In the
tﬁﬁrd exanpleﬁﬁfﬁ@ﬂ%ptiégrgggih bet ween t he
pl.anoconvex | 4 as, b dary., | b and .t

er Wis fil e24@ﬁth t eBﬁghiuﬁ¥5§ﬁ$%%nsistﬁng§of

dei oni zed wat &f-, in the cond exanple. The |enses
L and L24 (%268§$% nadg'géﬁ%luorite and t he ot her

I 20 f sidi ga., Tab| bel t
vilues of Spebtt (BT} ondl 814 nd 360 on SR L

system PL in_{he Lrd exa . TABLE 3 (Principa
Speci fications '7%@?93. ?O@ﬁﬁf 25 8=1/4 NA= 1. 1 40

FRO5- 0349- 001 3doSReRy;T | cabi gny of Ogkifal Menbers)

8 ~268.83663  0.7800
9 39344856  38.3388  1.5603261 (L 5)
10 ~24759648,99000 0. 7800

11 179.40000  57.9028  1.5603261 (L 6)
12 552,98755 0. 7800

13 158.85718  37.9382  1.5603261 (L 7)
14 209. 67353 0.7800

15 297.95802  23.1595  1.5603261 (L 8)
16 352, 47534 12. 6443

17 2075.86728  13.5392  1.5603261 (L 9)
8 79.22773 48,4560

19% | -273.10167  10.1400 - 1.5603261 (L 1 0)
20  126.57803  16.4519

21 677.57406  10.1400  1.5603261 (L 11)

22% . 131. 30097 24. 8434
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Surface No. r d n Optical Menber (reticle surface)
43. 2299 5 1 -1648.42444 18. 0094 1. 5603261 (L 1) 2*
155. 60352 53.8656 3 -83. 24602 39. 0000 1. 5603261 (FP05-0349-00
2) 4 -227.86941 5.0618 5* -648.46217 51. 9514 1.
5603261 (L 3) 10 6 -160.79712 0.7800 7 -1390. 47797
42. 8797 1. 5603261 (L 4) 8 -268.83663 0.7800 9 393.
44856 38. 3388 1. 5603261 (L 5) 10 -24759648. 99000 O.
7800 15 11 1789. 76860 5109D¥Q 1. 36660661 (L 6L 12)
552. 98755 0. 7800 13 158.85718 37.9382 1.5603261 (L 7)
141999. 67353 1Ho7¢WA815 28776745802 23. 1595 1.5603261 (L
8% 20 16 352. 47534 12.6443 17 2975. 86728 13. 5392 1.
B3261 (L 9338180199, 22293148, 45805608261 273 (Loké¥) 10.
1400 1. 5603261 (L 1 0) 20 126. 57803 16. 4519 25 21
6%+ 57406 1¥88719G41. 5608741 (L 1 1) 22* 131.30097
24,8434 41 FP05-0349-00 23 459 77022 10. 1400 5

5603261 (L 1 @p-01102 3878624  1.5603261 L14
28 -160.32668  0.7800

29 1497.37271  36.1113 1. 5603261 (L15)
30 ~398. 09699 0. 7800

31 ~453.07871  22.4186  1.5603261 (L186)
32 ~290. 48481 0. 7800

33 335.35095  23.2321  1.5603261 (L17)
34 305.16493  37.0794

5 o 29,1138 (AS)
36 -385.77568  33.7858  1.5603261 (L18)
37 ~232.05704  0.7800

38 1914. 06318  41.6885  1.5603261 (L19)
39 ~425.72085 0. 7800

40 217.78624  43.9321  1.5603261 (L20)
41 693. 39425 1. 3503

42 146.98824  45.1583  1.5603261 (L21)
43 | ©320.33948 0. 7800

44 137.45804  23.0812  1.5603261 (L22)
45% 163. 78004 1. 4036

46 104.70600 356520  1.5014548 (L23)
47 208. 37760 2. 3700

48 - .218.94229 39. 0000 1.5014548 (L 24 : Lb)
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24* -565.00048 2.7674 25 -338. 10100 10. 1400 1.
5603261 (L 1 3) 26* -5887. 54784 10. 1771 5 27

-755. 01102 38.8624 1. 5603261 (L 1 4) 28 -160.32668FP05-0349-00

0.7800 29 1497. 37271 36. 1113 1. 5603261 (L 1 5) 30
-398. 09699 0.7800 31 -453. 07871 22. 4186 1.5603261 (L
1 6) 10 32 -290.48481 0. 7800 33 335. 35995 23. 2321
1. 5603261 (L 1 7) 34 305.16493 37.0794 35 co 29.1138
(A9S) 36 -385. 77568 336.78%8 1.1.3603261 (L(L®B) 15
37 -232.05704 0.7800 38 1914. 06318 41. 6885 1.5603261
(L 1 9) 39(wakssurfaoes 0. 7800 40 217.78624 43. 9321 1.
5603261 (L 2 0) 41 693. 39425 1. 3503 20 42 146.

98824 45. 1583 1. 5603261 (L 2 1) 43 329.33948 0.7800
44 137. 45804 23.0812 1. 5603261 (L 2 2) 45* |
168Asme0%l Datrd36 46 104. 70600 35.6529 1. 5014548 (L 2
3) ,25 47 208.37760 2.3700 48 218. 94229 39.0000
128h9wBe8 V24 0 Lb) 42 FPO5- 0349- 00

k=0
C,=—2. 87434X107 Ce=1. 77862X10™"
Cg=—1. 51680X10™" Cu=1. 76703X10™

O

w=—1. 12184X10® C,=5. 77460X10®

5th surface

k=0

C,i=—1. 73314X10% C,=4. 42971X107%
Cy=—8. 97627X10™" C,=4. 37986X10™%
Cp=—7. 7T5307X10% C,=5. 20902X10™

19th surface

k=10 .

C,=—2. 09048X107 Ce=1. 52677X10™"
Ce=—1. 03276X10% Cy=—5. 36272X10%
Cp,=1. 70058X10%® C,=—2. 29651X107%

22nd surface

k=0

C,=—1. 23182X107 Cy=3. 18273X10™"
Ce=—8. 98342X10" Cuy=—1. 89028X10%
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49 Co 6. 2400 1.47 Lm) (wafer surface) (Aspherical
Data) 5 2nd surface r=0 4=-2. 87434X10-7 C6=1.
77862X10-'1 C8=-1. 51680X10-15 O o=1. 76703X10-19 FP05-0349-00
Cl2=-1. 12184X10-23 Cl4=5. 77460x10-28 10 5th surface
is=0 C4=-1. 73314X10-8 C6=4. 42971X10-1la (C8=-8.
97627X10- 18 C10=4. 37986X10-22 15 Cl2=-7. 75307X10-27
Cl4=5. 20902X10-32 19th surface is=0 C4=-2.
09048X10' 288410 261 7XT0- 11C,26-C8B=- B 60BI76x10- @57

Cl o=-5. 36272X10-22 Cl12=1. 70058X10-23 Cl4=-2.
29651X10-27 22nd surface r=0 25 C4=-1. 23182X10-7
C6=3. 18273X10-13 (C8=-8. 98342X10-16 O o=-1.
ggdthgmaface20 43 FPO5- 0349-00 C12=1. 25408X10- 23
Cl4=-1. 36191X1027 24th surface

k=20

C,=—6. 70832X10% C=6. 27068x107"
Ce=3. 22210x10¥ Coy=—2. 68397X10%
C,=3. 03645X10% (C,=—2. 93312X10™%

26th surface

k=0

C,=8. 42220X10° Ce=—4. 47676X10"%
Cs=—2. 88784X10™ C,=3. 66491xX107
Cpo,=—1. 87557X10™* C,=2. 37260Xx107®

45th surface

k=0

C,=—4. 71348X10°% Cg=1. 88759X10™"
Cg=1. 21807X10™ Cpy=—1. 186571X10% -
Cip=>5. SSSSQX1O'25 Cu=—1. 02599510'30-

Fig. 10 is an illustration showing the transverse aberration in the

| third example. In the aberration diagram, Y indicates the image height.

As apparent from the aberration diagram of Fig. 10, the aberration is
well corrected for in the image circle with the radius of 10.7 mm in the
third example, though the very large image-side numerical aperture (NA
= 1.1) is secured through the use of the ArF excimer laser light in the

dioptric projection optical system with the projection magnification of
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rc=0 5 C4=-6. 70832X10-8 C6=6. 27068X10-13 C38=3.
22210X10-" Cl10=-2. 68397X10-20 Cl12=3. 03645X10-24

Cl4=-2. 93312X10-28 26th surface 10 1c=0 C4=8. FP05-0349-00 |

42220X10-8 C6=-4. 47676X10-12 C8=-2. 88784X10- 16
C10=3. 66491X10-20 Cl2=-1. 87557X10-24 Cl4=2.
37260X10-29 15 45th surface is=0 C4=-4. 71 348X108
C6=1. 88759X10-12 (C8=1. 21807X10-16 C10=-1.
1d541X10- 20 C12=5. 85852x10-25 Cl4=-1. 02599x10"30 20
Fig. 10_is an illustration show ng the transverse

aberrat Fag ild tshen Hhistrationashowing rthe heelafbenshdp i between a
B S, e SO
ke S BAL 1 T Sl 26
5 Lol Sees e 55 b S 34
¢ WVt ( Fah Hagi S B | bl 81 M4 FRoS 634b- ob the/ partial
ERpRBeaCeliist S48 o2 R o LPals b rdued i dhongiags circlo
Lt e SRR P02 S AR e SRR B sire
not mcluded in the image circle with the radius of 10.7 mm.

In the third example, a still projection exposure is performed in
the first partial exposure region 53a with the size of a quarter of the
shot-area 53, using the first reticle R1 of 6-inch size. Next, the first
reticle R1 is replaced with the second reticle R2 of 6-inch size, and a
still projection exposure is performed in the second partial exposure
region 53b having the size of a quarter of the shot-area 53, using the
second reticle R2.  Furthermore, the second reticle R2 is replaced with
the third reticle R3 of 6-inch Size and a still projection exposure is
performed in the third partial exposure region 53¢ having the size of a
quarter of the shot-area 53, using the third reticle R3. Finally, the third
reticle R3 is replaced with the fourth reticle R4 of 6-inch size and a still |
projection exposure is performed in the fourth partial exposure region
53d having the size of a quarter of the shot-area 53, using the fourth
reticle R4.

In the third example the projection magnification of the

projection optical system PL is set at ordinary 1/4, and the still exposure

| region of the projection optical system PL is set in the size of about a
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5 is divided into four partial exposure regions 53a,
53b, 53c, and 53d having the size of 16.5 nmx 13 mm

Here each of the partial exposure regions 53a-53d i §P05-0349-00

set in the size included in the image circle wth the
radius of 10.7 mm In passing, the shot-area 53 has
the size not included in the image circle with the
radius of 10.7 mm 10 In the third exanple, a still .
pﬁl@jaE@f Mrih@q&@tar@a,l thepefore; Heid fieasiblérdorweBtcqrzeati far the
gﬁsure region 53a with the size of a quarter of the
axised gaatlg@$ ng thee stilk exppswieciregiRn ovitlsoutncpusing an
S|ze Next , éhhe flrst reticle Rl is replaced with the
stisRass e dhe sizeorfelensen, dhoughathe averyt ilarge image-side

Eiﬁ beical Bporgs o ssobrehyi Agiomeholies peesent quae. afopts
i h:q ?Eﬁ ; eﬁrﬁ gvlzq‘iéﬁi g E&eaﬁ@:?%gwé %ﬁa'éfélaﬁfgﬁi hotween the
gpsqgfﬁrz%@p&sgﬁégigmhﬁ %@ﬁ@; el 467 w&hahfstmsdmm

AR i prferties ?Yed@ﬁe%r&q: imge s, pimprical
ﬁ%ﬁ?%w'ee %ﬁg Srogbih pof fis tilf BRAIEEHSH Ygxyéﬁﬁ%%&reaﬁn& a drop
CEPARALERbRe AE eRIAT nteBySliforl 8 the pRRlihf Lo ierEst from
f’ ﬁfg ﬁéxan%%mlﬁféeg’g?%ﬁgi 3h s gf%‘?ﬁ]% 3}1%%13 ‘?‘% {§3% cxgmple

[ S 1/
te QECQFH expo ¥ ttﬁ?egill%%seo e pI‘OJ e F%er? the mgh-
{
z%ggﬁ%ﬁzﬁ%%% ot | BB UBIE e e
I Far @%ﬁé@tﬁf@tﬁn kideOhfififeridaP’a erﬁ*&ué’f AXJ—-SL_IBJ through the
aberratlons in e still exposure region wt

cautshveation of @&rlﬁgﬁﬁmﬁ@cﬁb@—lﬁdéﬁ RédeR IS8, inteUusptidt Hath
very | arge inmge-side
between the projection optical system PL and the wafer (photosensitive
substrate) W, using the dioptric projection optical system PL easy to
manufacture and the reticle (mask) of the ordinary size.
In each of the above-described examples one shot-area is

equally divided into two or four partial exposure regions, but it is also

~ possible to perform the so-called partly overlapping exposure in a state

in which two partial exposure regions adjacent to each other overlap in
part with each other. In each of the above-described examples one
shot-area is divided into two or four partial exposure regions and one
projection exposure is performed for each partial exposure region;
however, it is also possible to perform double exposures for at least one

partial exposure region.
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numeri cal aperture is secured. Although the present
exanpl e adopts 5 the configuration wherein the

interior of the optical path between the projectionFP05-0349-00

optical systemPL and the wafer Wis filled with the

medi um (deionized water) Lmin order to achieve the

| arge i mage-si de nunerical aperture, the execution of
the still prOJectlon exposures prevents a drop _of

t hr oughpit Caske afothenabpriewlosenbedrexamples dhelistilh [prpjection
different from 10 the case of scanning exposure. In

t ﬁPiEOWﬁnhﬁr pe]fegmeds arheagh partial xexposiice aegiamcbate doisd also
exa , hird exanpl e al so enabl es the high-

r OSHBIG &h THE ) SaneHse ofia ﬁewlghpatmrau@hpmh partial

whil e securi.n | arge effective i
nGXRPSWA f%gdeglt waéle( movng the watigleg Al @fafer Telative to the

i nt t h f dex L
¢ RESleppe abtisal ﬁyélénb'e?&; : r%é%& %é@q—ﬁsw%d%%ﬁp‘le”s

PL and the.wafe osensitive. substrate) W
LDEECting <HPoshrs or h e3pPRwES TegjoR dnperioEisd Using

sﬁ}%ﬁ?qpﬂﬂ%%ir%%tf‘q?ﬂstﬁ%@s&e&éibﬁﬂa‘w QELBagﬁlg.?{%i)@i%ﬂed
ﬁ%&@ﬁr i gleondofin {4 %Fﬁggmsﬂle piARsBenLAPasgFe o cach
pﬁﬁﬁe R AR dh o Pl b B TR BBHC pifieRtion

r overlap in part with each other. In
a]gﬁ ]PS #e}ﬁabove descri bed exarrpl es one shot area is

“di vi ded t

one pr &h;¢ ot T RSeReU by BE°HSHGEE LS fffosed
CHBRRUIPHT %ﬁ@ﬂ% fid thd w’afeIaW‘?sg 't@r hdving the
perform do osures or at l'east on parti

exdrRsitvR ﬁﬁl@b(%f 1 A866R%er f348x }t%)?ufrbpr R {0k foifth example,

above-descri bed exanples the s tlon exposure

: gndglepgfg@ rwatdr havimadie Retddtile RuRRSHF ¢ 43600for the exposure
light in the fifth example.
[Fourth Example]
Fig. 12 is an illustration .showing a lens configuration of a
projection optical system according to the fourth example of the present

embodiment. With reference to Fig. 12, the projection optical system

. PL of the fourth example is composed of the following lens units

‘arranged m order from the reticle side: a first lens unit G1 having a
positive refracting power; a second lens unit G2 having a negative

refracting power; a third lens unit G3 having a positive refracting

_ power' a fourth lens uvnit G4 having a negative refracting power; a fifth

lens unit G5 having a positive refracting power; an aperture stop AS

- and a sixth lens unit G6 having a pos1t1ve refracting power.
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possible to performa scan exposure of a reticle
pattern in each partial exposure region while noving

the reticle and wafer relative to the 5 projection FP05-0349-00

optical system In each of the above-descri bed

exanpl es the projection exposure for each parti al

exposure region is perforned using the dioptric

projection gptical system but, w thout having to be

| i mi t ed Theofitstilens uniti @1 a5 sonperssdprietheofqgdbwimgcomponents

projection exposure for each partial exposure region

f GiTangedplie OTHgr (Eemothes retieledsusis: ra plprejpscalignplate P1; a

opti cal syste In the exanpl es presented below, the,

molAResANRavat i050ddd  Waeste dilane elsh kgl alopvatendhe bretide; a

the wafer,  Wi.s, pure ter having the refractive index

ofbigomBelensdy 1 4 anda hicenven 16@ﬁth3} ¢ hbe sgopd lens unit G2

exanpl e, nd Qﬁrg‘ﬁater havi ng t he refraﬁﬁlve ind?¥

oftS LR of the do QPARE rOMASNENLY ATARLG & fqreler, from the

exanpl e.. [ Fourth Exa e% Fi?. 1ijis nillustratio

SREWPGSide] anBCRYS ghenibeisn Tens £21omifose: poRcays: suHce of

system.aqgcordi ng to e foyrth ex l e of the prese

o bR Sl s 1@pt oneld: T8 Breongeuf dERSoh22:

optical syste ) PL. of the fourth ex e ] onposed

o Db g R T AL & psedlive dnentssty oS AR iy foncave

t I: i de: [ lens unit @ having a

pggp??éé§#§?$%§ﬁ¥ﬂ3h%6é§¢¥1a second lens unit &

havi ng ' [ : [ |t

&3 havi nueRRLIeRs b CRCH, CotnBBYEd et Soblon iRty ditanged

un t j iy ref i : fi

B cortr B T R6ERY K 8 OO RANCs ot L1 Shose

a AR «t I ..

SQBENE SRR GPaspfat Bt i, KEFPAI B BRACS Bositve

| eRsniseils 1eds 1,32 SORBRSEShlvel AR AR | OREPOtGRERP AR Sticle; a
biconvex lens L.33; a positive meniscus lens L34 whose convex surface
18 kept toward the reticle; a positive meniscus lens L35 whose convex

surface i1s kept toward the reticle; and a positive meniscus lens 136

whose concave surface of aspherical shape is -kept toward the wafer.

" The fourth lens unit G4 is composed of the following components

arranged i order from the reticle side: a negative meniscus lens L41
whose convex surface is kept toward the reticle; a biconcave lens 142

whose concave surface of aspherical shape is kept toward the wafer; a

- biconcave lens 143 whose concave surface of aspherical shape is kept

toward the wafer; and a biconcave lens 1.44 whose concave surface of
aspherical shape is kept toward the wafer.
The fifth lens unit G5 is composed of the following components

arranged i order from the reticle side: a positive meniscus lens L51
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arranged in order fromthe reticle side: a
pl ane-parallel plate Pl; a planoconcave |lens L11

whose plane is kept toward the reticle; a biconvex FP05-0349-00

| ens L12; and a biconvex |lens L13. The second | ens

unit G 5 is conposed of the foll ow ng conponents
arranged in order fromthe reticle side: a negative

meni scus | ens L21 whose concave surface of aspherical
swhpsei corkape sufaedist keptwaiveard theretoelenvepositive Lipgniscus
a_ bicaoncave lens L23; and a negative nenjscus |ens
LienswhSge vdtoseagencave fsuckices ik dpptt twwiar the tedicle;| end a
10, The thlrd lLens unit G3 is_conposed of .the

cbigopent denr dahed Thien sbrthiedens gmit Heor és i emapesaik: ofa the

p ve neniscus | ens L3l whose _concave s rface of .
ﬁ@l%ﬂ%ﬁ@p@nﬁm@pﬁe& mrcfertﬁﬁ@m the mt@ ¢ gide: a positive
posi tive us, | ens L32 whose concave surface is
k@&m&%malreaswhéf VEROSE GOIEEX f§ 9a Fapist tovged e reticle; a
posi.tive nmeni sc L34 whose conve surf ce 151is
kB%sltlffev@.ealstqué Bob T2 WI&°§?0§P¥1V% i keBhiowaed the

f the reticle;
e ,"aﬂé&@gﬁé@%‘ﬁ&@@ L@,ﬁs lﬁvﬁgaéwdlé%mcgwf sudige of
eric sha e |s ke d vvardfthe waf.er The fof rL64
IS S@P‘F Cre qfoﬁlﬂﬂrﬁ“i%‘ée Sy BHEN LS

Faa %&gn%:&aé’%l&&éc of %\”ﬁ@i‘%c%i SRS i5 kPR A Vifer; and

c%ﬁ‘ié%w?@?@%ég '&?5 il FRRE 4, L33 SO G pRE IR s tpwrd

3 bi concave | ens L43 whose concave surface of
aspherlcal shape |s kept toward the mafer and a

s oner e R AMARE FEVHALE] PHIH BEGvn the planoconvex
fichsh.d 58 bHﬁh&ax?leiﬁ L@Mﬁ?@?xpifef "\’ﬁ i§ ?i'll'eﬂ"*’vﬂ:ﬁ the medlum
ange Fom t

conmponents arr i n order e reticle side:

- PRAl EbNEstiBRioTopife! wiRr LS Onl¢&hERYan884v&Plens 165 is made

of fluorite and the other lens components are made of silica.
Table (4) below presents values of specifications of the

projection optical system PL in the fourth example. In Table (4), A

- indicates the center wavelength of the exposure light, p the projection

magnification (the imaging magnification of the entire system), NA the
mage-side (wafer-side) numerical aperture, and Ym the maximum
mmage height. FEach surface number represents an order of a surface
from the reticle side, r a radius of curvature of each surface .(in the case
of an aspherical surface, a radius of curvature at the apex: mm), d an
axial spacing or surface separation of each surface (mm), and n a

refractive mdex for the center wavelength. The notations in Table (4)

- also apply to Table (5) heremafter.
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whose concave surface is kept toward the reticle; a
positive neniscus | ens L52 whose concave surface is

kept toward the reticle; and a biconvex |ens L53. TH&0)5-0349-00

sixth lens unit G is conposed of the follow ng
conponents arranged in order fromthe reticle side: a
positive 5 nmeniscus |lens L61 whose convex surface is
kept toward the reticle; a positive neniscus |ens L62
wﬂﬁiﬁlﬁbﬁvex surface is kept toward the reticle; a
posi tive meniscus | ens L63 whose concave surface of
aspRendipal|Spedifigations kept toward the wafer; a positive
nmeni scus | ens L64 whose concave surface of aspherical
shapeli® 3kept Ot®ward the wafer; and 10 a pl anoconvex

| ens L65 (boundary | ens Lb) whose plane is kept toward
t He=wh#eB. In the fourth exanpl e, the optical path

bet ween the planoconvex |ens L65 as boundary |l ens Lb
anti“tTiel wafer Wis filled with the medium Lm

cggs{gti g of pure water. Only the planoconvex | ens
L65™S ilde ©®820of fluorite and the other |ens

conponents are mmd f silica. Table (4) bel ow
prgg@ﬁﬁgmwgﬁéggk@Fﬁ@%@EW??%ations of the projection
optical,.systemPL in the fourth exanple. In Table (4),
1 i‘Cates t'he center vel engt it of the

Sugtich NG Th | R of t he OpiprldMpraber

light, fi,th rojecti gnification (the inaging
magni f i ca(t’?t%?ﬁe %fé)‘%eﬁe eﬁfqoregasysten), NA t he 20

i mage- si de (quer-sideé ri rture, d Yin
tﬂz maxi mum i mage hei ﬁ#ﬁHEacﬁ%%ﬁgf ce ndﬁ%gp
regpresents an grder of rface fromthe reticle
side, r a radius of curvature of each surface (in the
cgase of an aspheri cal ace, i us uryature
at the apex: mm, d a#4§§§§al %6%@?%%‘or g@%?a%l

sgpar ati onsgf; gaghp surf (mm), and n a 25 refractive

i ndex for the center wavel ength. The notations in
Table (4) 2f457889p! Y34 865Dl €1 650328¢r ei nafterg) 49

6 -459.16446  1.0000
7 139027385 20.0564 15603261 (L 1 3)
8 -868.62766  1.0000
9 46565065  14.0000  1.5603261 (L21)
10% 173.96720  24.0693
11 - S73107113 14.0000 15603261 (L22)
12 | 23512498 39.4555
13 -141.54085  14.0000  1.5603261 (L23)
14 72238474  37.8810
15 -157.78699 218588  1.5603261 (L24)
16 -28056758  1.0000

17* | -326.76108  21.9918 1.5603261 (L31)
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FP0O5- 0349-00 TABLE 4 (Princi pal

Speci fications)

.=193. 306nm 8=1/8 5 NA=1. 2 Ynr 1 0. 5 mm
(Speci fications of Optical

Opt i cal

8.0000 1.5603261 (P 1 )

Menber

1.5603261 (L 1 1)
39, 8653 1.5603261 (L 1 2
1380. 27385-20.2546& 1. 56

“3be. 76108
22 - -411.55543
23 371.46326
24 9503.36549 _
25 235.11152
26 421.36614
27 154 86823
28% 465772497
29 501.43967
30 9]1.81381
31 ~5363.84429
| 32% 113.46256
33 -113.22{150
. 34% 171.05713
35 -2480.75152
36* 1352.94197
37 -1754.53968
38 -279.22390
-39 -863.35259
40 B -209.74679
41 : 441.49020
42 -31363.74644
T

43

1 (L 13
1.0000 9 465. 65065 14.0000 1.%603261 (L 2 1)
133, 96720 24956930 20 3a482F31. 07260328k 0006113

Menbers) Surface No.
(reticle surface) 50.0000 10 1 O
2 00 1.0000 3 00 14.0000

4 5801.10144 1.0000 5 274.57869
15 6 -459.16446 1.0000 7
8 -868.62766
0*
03261

r d &P05-0349-00

(L,2 2) 12 235 12498 39. 4555 13 -141.54085 14. 0000
128603261 (18321891 14 8038474 37.8810 15 - 157. 78699

1.0000
48.7816

1.0000
39.9014

1.0000
61.6838

1.5047
16.9978
47.4329
14.0000

54.7519

- 14.0000

42.4704
203116
10.7376
37.5345
1.0000
573985
1.0000
48,9491
130.3080

258952

1.5603261

1.5603261

1.5603261

1.5603261

1.5603261

1.5603261

1.5603261

1.5603261

1.5603261

1.5603261

51

(1.34)
(L35)
(1.3 6)
(L41)
(L42)
(L4 3)
(L44)
(L51)
(L5 2)
_(L58)

(AS)

30608 1 Sudbie LBeopl 0L 3490 17



50 FP05-0349-00 18 -244.25456 1.0000 19 -449.50039
56. 4826 1.5603261 (L 3 2) 20 -183.11101 1.0000 21
2302. 89247 51.2616 1.5603261 (L 3 3) 5 22 -411.5554¥P05-0349-060

10

15

20

25

1.0000 23 371.46326 48.7816 1.5603261 (L 3 4) 24
9503. 36549 1. 0000 25 235.11152 39.9014 1.5603261 (L 3
5) 26 421.36614 1.0000 10 27 154.86823 61.6838
1.5603261 (L 3 6) 28* 465.72497 1.5047 29 501. 43967
1649978 1.5@@3&%@5Nm $3.3430 911886320147, 4339631)
-5363. 84429 14,0000 1.5603261 M4 2) 15 32* 113. 46256
5427519 33 71888450 1900H00 1.5603261 M4 3) 34+
171. 05713 42,4704 35 -2480. 75152 20.3116 1.5603261 (L
449) 36+ 1530184997 60236 205693261754, 539682 B7. 5345
1,5603261 (L, 5 1) 38 :279.22390 1.0000 39 -863. 35259
5473085 1. 589301 (L 519900 40 -209. 74679 1.0000 41
441. 49020 48,9491 1.5 61 (L.5 3) 25 4
*6a. rasaiioiigbaoao 03t (13661 ™ L6 )

49% 424.51849 1.0000

50 92.87520  50.0000  1.5603261 (L64)

51% 106.82152 1.0000

52 89.56390 409132 1.5014548 (L65:Lb)
53 oo 3.0000  1.43664 (Lm)

{(wafer surface)

{Aspherical Data)

10th surface

k=20

Cs=—3. 70154x107* Ce=—7. 54540X10

Cs=—1. 16366xX107"7 Cio=9. 55608X102%

Cp=—6. 37962X10% Cu=1. 0O

I7t_h surface
k=0
Ci=—1. 7T4641%X10¢° Ce=1. 675

1247X107%

57x1008

Cs=—4. 4366 7x107% Ciw=2. 27983x%x107%

Cp=—4. 73178X107 Cu=3. 8

28th surface

52

4644X10%
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43 25.8952 (A S) 51 FP05-0349-00 44 304.24875
43.3437 1.5603261 Ms 1) 45 796.93838 1.0000 46

197. 10040 65.0278 1.5603261 (L 6 2) 47 539.90461  FP05-0349-00
1. 0000 5 48 140. 41439 59.2217 1.5603261 (L 6 3) 49*
424.51849 1.0000 50 92.87520 50. 0000 1.5603261 (L 6 4)

51* 106.82152 1.0000 52 89.56390 40.9132 1.5014548 (L

65: Lb) 10 53 00 3.0000 1.43664 M1) (wafer

surfa¢e) (Aspherical Data) 10th surface 15 k=0 C4=-3.
70154X10-8 C6=-7. 5454010"13 (C8=-1. 16366X10-17

CIDE9— 55688XE0422 X CI22- 6. 37863X103 J63R 4=X. 1 0"12
01247X10-29 20 17th surface ,c=0 C4=-1. 7 4 6 4 1 X
168-Ch%1. 363D B B>yX A0 13 CB=3. F3867R16-48 @fb =2,
27983X10-22 Cl2=-4. 73178X10-27 Cl4=3. 84644X10-31

€ T Gsurd 5@ 6 0 X1 0% Cu=4. 99896X10™

32nd surface

k=0

Cy=—9. 75576X10°% Ce=—8., 64616x10"
Cg=—1. 88917x107 Cpo=—4. 12721%x10%
Cip=2. 39206X10% Cuy=—1. 23126%X107
Ci=4. 51071x10%

34th surface
k=0
Cs=—6. 26183x10° Ce=—1. 64882x10"1

Ceg=4. 6551 9x107" Cp=1. 00317%X10% ’
Cp=—6. 91878x107% Cu=7. 21109x10%

36th surface

k=0

Cs,=8. 44783x10"° Ce=—3. 53948x10701

Cs=2. 80062X1078 Cw=5. 31087%x107%

Cp=—5. 69081xXx107% - Ciy=2. 11477TX10%*
' 49th surface

k=0
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52 FP05-0349-00 =0 C4=-1. 48540X10.8 Cb6=1.
37389X10-12 C8=-7. 33575X10-17 Cl0=2. 78286X1021

Cl12=-6. 35060X10-26 Cl4=4. 99896X10-31 5 32nd surfa&®05-0349-00
K=0 C4=-9. 75576X10-8 OB6=-8. 64616X10"12 C8=-1.

88917X10- 16 C10=-4. 12721X10-20 10 C12= 2. 39 2 0 6 X

10'24 Cl4=- 1. 23126 X10"27 Cl6=4. 5107 1 X

1 0-32 34th surface 1C=0 15 CA=-6. 26183X10-8 OB=- 1.
6488241.0-19 TE=5. X @5819X10- 17 €6=t.3 00915 BX20t X01 0B

C12=-6. 91878X10-25 Cl4=7. 21109X10-30 36th surface

26 %=0l 42 TABREU O Y Co=- 3. C58948X12- 113 8@gx21 B

06 2 X1 0-18 Cl10=5. 31087X 10-23 i e=- B
6@mﬁq@zﬂ®&h2¥Mﬁru)wcﬂﬁhmﬁﬁﬁﬂﬁékﬂﬂ%

FPO5- 0349- 00

51st surface

k=40

Ci=1. 41379%x107 Ce=2. 76603x10™M
C8=1. 95695x107" | Cp=2. 49670x107"
Cp=8. 01029x107% Cu=5. 62960%X10%

(Values corresponding to Conditions)

L2=291. 4mm

LA=1250mm

P2=30. 03mm

PX=326. S5mm

D4=141. 1 3mm

D0O=168. Omm

(1) L2/LA=0. 233

(2) P2/PX=0. 092

(3) D4/D0=0. 840

Fig. 13 is a diagram showing the transverse aberration in the

fourth example. In the aberration diagram, Y indicates the image
height. As apparent from the abermration diagram of Fig. 13, the
aberration is well corrected for within the image circle with the radius
(maximum image height) of 10.5 mm though the very large image-side

numerical aperture (NA = 1.2) is secured using the ArF excimer laser
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C4=4. 19765x10"$ C6=-3. 95821X10-13 C8=1. 25706X10-17
C10=9. 21384X10-22 Cl2=-4. 7721 2X10"26 Cl4=1.

73402X10-30 5 51st surface k=0 C4=1. 41379X10-7 FP05-0349-00

C6=2. 76603X10"11 (C8=1. 95695X10-15 C10=2.
49670X10-19 C12=8. 01029X10"23 Cl4=5. 62960X10"27 10
(Vval ues corresponding to Conditions) L2=291. 4mm
LA=1250mm P2=30. 03mm 15 PX=326. 5mm D4=141. 13mm
phighésin dhem diaptyicL projeeton2 optigal (stern/ MEO theo proetion
(3) D4/.D0=0. 840 Fig. 13 is a diagram show ng the
t Meagsuicadonsdrl/&iindhe fourthexamplet h exanple. In the
ADBHHE BarIAl tho. berr ati on di agram of Fig. 19, the.
circl o WEh 1inds ra s bl eivsboning: Anfnshepgheyrasion of a
2 BEvieGHen ADTGAI 5)310rh e BUREC LGN it X AP Lo o6 g present
| em rodirsndén‘lipo%/lotﬁdfr%}‘gr%nce to Fig. 14, the projection optical system
PL of the fifth example is composed of the following lens units arranged
in order from the reticle side: a first lens unit G1 having a negative
refracting power; a second lens unit G2 having a positive refracting
power; a third lens unit G3 having a negative refracting power; a fourth
lens unit G4 having a positive refracting power; an aperture stop AS;
and a fifth lens unit G5 having a positive refracting power.

The first lens unit G1 is composed of the following components
arranged 1n order from the reticle side: a plane-parallel plate Pl; a
biconcave lens L11 whose concave surface of aspherical shape is kept
toward the wafer; and a negative meniscus lens L12 whose concave
surface of aspherical shape is kept toward the reticle. The second lens
unit G2 is composed of the following components arranged in order
from the reticle side: a positive meniscus Iens 121 whose concave
surface is kept toward the reticle; a positive meniscus lens L22 whose
concave surface is kept toward the reticle; a biconvex lens 123 whose
convex surface of aspherical shape is kept toward the wafer; a positive
meniscus lens 1.24 whose convex surface is kept toward the reticle; and

~a positive fneniscus lens 1.25 whose convex surface is kept toward the
reticle. |

The third lens unit G3 1s composed of the following components
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light in the dioptric projection optical systemwth
the projection magnification of 1/8 in the fourth

exanple. [Fifth Exanple] Fig. 14 is an illustrati onFP05-0349-00

showi ng a lens configuration of a 5 projection

optical systemaccording to the fifth exanple of the
present enbodinent. Wth reference to Fig. 14, the
projection optical system PL of the fifth exanple is
canpaged infordhe fifonh Itheviretycleeside umbiconeavedeesiL31 na negative
order. fromthe reticle side: a first lens unit G
haveniseus leagdt32 whosefoomcavegupoveis keptsieveard themsticle; and
uni t, G havi ng ositive refracting 10 power; a third

| @rlgcgncavqirma{33£gvlwa¢agatdave susfacgoifi asphpnicel shape is kept
fourth, lens unit G4 having a positive refracting
ptaward dheayeatenr e Tshﬁ‘orfOAEI;% lemgl unit | Gtdh 15 eeempoased aaf the
h%q\)/i ng.a positive refracting power. The first | ens .
uivlowing sormansatuaganged in ordenitem thmiidasyle: a positive
Shéﬁ?ﬁgcﬁ%r Lq%siﬁi[w&é‘s’@pfoﬁéa@e‘i? 5 %@Eﬁ@h‘%@l ishape is kept
Gl L 50 meaBRERe L Dond b scic
R38R s S BRI bl SppBis s e
CETORSRr e SR 1 RS ESAR UAE 1 5
oBRR s ENT B 86 0vst qifBte LEkREC g Rasttifls.
KepL O ARG US55 18 P GRNE PR3 R R pnencs
8 OGS Fon T FEUCH RS PP fIRSCEAES Joos 151
TR $ork 08 ASGUSPREDCER G0 R iy et e 52 o
t p6sitivk! MeniEuSORASESS Swhése convex surface is kept toward the
reticle; a positive meniscus lens L54 whose convex surface is kept
toward the reticle; a positive meniscus lens 1.55 whose concave surface
of aspherical shape is kept toward the wafer; a negative meniscus lens
L56 whose convex surface is kept toward the reticle; and a planoconvex
lens L57 (boundary lens Lb) whose plane is kept toward the wafer.
| In the fifth example the optical path between the planoconvex
lens .57 as boundary lens Lb and the wafer W is filled with the medium
Lm consisting of pure water. Only the negative meniscus lens 1.56 and
planoconvex lens 157 are made of fluorite and the other lens
components of silica. Table (5) below presents values of specifications

of the projection optical system PL in the fifth exampie.

TABLES
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FP05-0349-00 arranged in order fromthe reticle side:
a biconcave lens L3 1; a negative neniscus |ens L32
whose .concave surface is kept toward the reticle; an&P05-0349-00
a biconcave | ens L33 whose concave surface of
aspherical shape is kept toward the wafer. The fourth
lens unit &4 is conposed of the 5 foll ow ng conponents
arranged in order fromthe reticle side: a positive
mefPErcipa! Seeefictibnghose concave surface of aspherica
shape is kept toward the reticle; a positive neniscus
| éns L4 3whos® BdhBave surface of aspherical shape is
kept toward the wafer; a positive nmeniscus lens L43
sel ¢ofivex surface is kept toward the reticle; and a
negative 10 neniscus | ens L44 whose convex surface is
kigﬁ“r&war the reticle. The fifth lens unit G is
c Q§%? of. the followi ng conponents arranged in
orddr—r 8m thi'Peticl e side: a positive meniscus |ens
L51 whose concave surface is kept toward the reticle;
a biconvex lens L52; a positive neniscus |lens L53

whose nvex face is. kept toward the 15 reticle; a
po§§F¥&§3W¥ﬁﬁ§3h§WI- Qn@§§those convex surface is

k toward the reticle;, a positive nmeniscus ns, L55
m§§§%£ %icave surface G&f aspheri @al shap@pﬁgﬂbgﬁﬁwr
toward t el ne ive nmeniscus lens L56 whose
convex sgﬁtggéﬁﬁggngtgﬁé%%rd the reticle; and a
pkanoconvex Jlens L57 ( daryy Lb) se pl ane
ii kept toward the maféggﬁgoI%P*ﬁgé%ifthwggnple t he
optical path RQetween thegql anoconvex |ens L57 as
boundary lens Lb and the wafer Wis filled with the
mpdium Lmnansksting pfodur e WeRne1 Ol y(Lhesnegati ve
nmeni scus | ens L56 and planoconvex [ens L57 are nade
of* fluorite sdkdshe ot Resqst ens conponents of silica.
Table (5) bel ow presents values of specifications 25
of* t he projastioan opti pabsssystiessoBhei n t hepfi bhh
exanpl e. TABLE 5

6 394.912 2.821
7 ~468.749 24661  1.5603261 (L21)
8 -303.970 4.731
9 -2515.151 42207  1.5603261 (L22)
10 ~ -309.040 3.752 |
11 912.984 47173  1.5603261 (L23)
12# 468.749 1.000

13 213.298 47130 1.5603261 (L24)
14 621.048 1.000
15 207.549 39109  1.5603261 (L25).
16 398.158 81.085
17 415296 14000 15603261 (L3 1)
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56 FP05-0349-00 (Principal Specifications) A =193.
306nm a=1/8 NA=1. 1 5 Ynme1 0. 5mm ( Specifications of
Optical Menbers) Surface No. r d n Optical Menber FP05-0349-00
(reticle surface) 50.000 10 1 00 8.000 1.5603261 (P 1)
2 0 5.852 3 -2113.365 14.000 1.5603261 (L 1 1) 4*
392.563 82.347 5* -153.929 14.585 1.5603261 (L 1 2)

15 6 -394.912 2.821 7 -468.749 24.661 1.5603261 (L 2
118 8 -303. 978546431 942885, 151 42. 207 1.5603261 (L 2
2) 10 -309.040 3.752 20 11 912.984 47.173 1.5603261
(192 3) 12+10%KW 749 353069 13154@32608 47 (139 2)
1.5603261 (L 2 4 14 621.048 1.000 15 207.549 39.109
128603261 (t@-‘sgl 25 2643%8. 158 81.085 17 -415.296

14.000 1.5603261 (L 3 1)
21 -91.135 14.157 1.5603261 (1.3 3)

22% 165.940 44380
23# -193.036 53.016  1.5603261 (L41)
24 -131.393 43.188
25% -1536.216 60.000  1.5603261 (L42)
26 218.584 1.059
27 464.954 32460  1.5603261 (L43)
28 1937.918 37.933
29 1041.991 29971  1.5603261 (L44)
30 427.093 34.141
31 o 27275 (AS)
32 -1066.707 42356  1.5603261 (L51)
33 326,104 1.078
34 631.260 60000 15603261 (L 52)
35 -489.634 1.000
36 187.612 44290  1.5603261 (1.5 3)
37 386.150  1.000 |

38 140,054 38790 15603261 (L 5 4)
39 236715 1.000

- 40 134.236 19.527  1.5603261 (L55)
41* 131.000 1.000
42 122637 30971 1.5014548 | (L586)
83 63.462 1.022 |
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57 FPO5-0349-00 18 85.260 42.810 19 -102.120 35. 159
1.5603261 (L 3 2) 20 -103.431 21.454 21 -91.135

14.157 1.5603261 (L 3 3) 5 22* 165.940 44.380 23* FP05-0349-00
-193.036 53.016 1.5603261 Mt 1) 24 -131.393 43. 188

25% -1536.216 60.000 1.5603261 (L 4 2) 26 -218.584

1.059 10 27 464.954 32.460 1.5603261 M4 3) 28

1937.918 37.933 29 1041.991 29.971 1.5603261 (L 4 4)

384427. 093 346218 31 086371 27510814648 15 32. 51066L70F

42.356 1.5603261 M 1) 33 -326.104 1.078 34 631.260

685000 1.5603281 (L 5 2)1.0085 - 4886684 1. 000L 38 187. 612

44.290 1.5603261 (L 5 3) 20 37 386.150 1.000 38

140. 054 38.(vofersuigeb261 (L 5 4) 39 236.715 1.000 40

134.236 19.527 1.5603261 (L 5 5) 41* 131.000 1.000 25

42 122.637 30.971 1.5014548 (L 5 6)

(Aspherical Data)
4th surface

k=0

Cs=—6. 87058%X10°F Ce=1. 98337x10™"
Czg=—2. 33418X107" Cpo=4. 28841x10%
Cp=—1. 88289x107% Cu=1. 05516X107%

5th surface

k=0

C4=8. 21473%X10"° Ce=5. 90186x%x107"
Cs=2. 81237x107" Cp=1. 57429x102
Cp=—1. 01146x107% Cuy=4. 09058x10%

12th surface
k=20
C,=—1. 35709x%x10°% Ce=1. 56240%X10"

Cs=9. 48076x107" " Cp=5. 36314%Xx10™%
- C 1= 0 ' - : C 4= 0 |

22nd surface

k=0

C4=—8. 62552X10% Ce=—3. 31660x10"2
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43 63.462 1.022 58 FP05-0349-00 44 62.543 46.511
1.5014548 (L 5 7 : L b) 45 cc 1.000 1.43600 (L m

(waf er surface) 5 (Aspherical Data) 4th surface rc=BP05-0349-00
C4=-6. 87058X10-8 C6=1. 98337X10-12 C8=-2. 33418X10-"

C10=4. 28841X10-21 10 Cl2=-1. 88289X10-25 Cl4=1.

05516X10-29 5th surface 1c=0 C4=8. 21473X10"9 C6=5.
90186X10-13 15 C8=2, 81237X10"17 Cl0=1. 57429X10-21

Ciz= 3. 194210693 ¢12=4. 090%8xF0-30 QA5 B 4@ Kakd

rc=0 20 CA=-1. 35709XL0-8 06=1, 56240X10-15 C8=9.
480786X40- 9P 193X BERT4x10- 22 Cer2de @14H4 32rd O

surface 25 r-0 C4=-8. 62552X10"8 C6=-3. 31660X10- 12

59 FP05- 0349- 00

23rd surface
k=0
Cyq=—2. 42730x10% Ce=—9. 37917x10"

Czs=9. 55217%x107" Cip=5. 22545x10™2
Cp=23. 80044x107% Ciu=3. 98450xXx107%
25th surface

k=10

C,=— 2. 28538%X10°3% Ce=2. 70616x10M
Ceg=—4. 54050x107" Cpo=—7. 42942X10%
Cp=—1. 22807x%Xx10% Cpu=—2. 98334x10*

41st surface

K = 0

Ciq=—4. 41623x10°F Ce=—1. 35429xX10"
Cg=1. 59382x10" Cp=—1. 00707X10%

Cp=—2. 48318%X107% Cy=—8. 65436%X107%

(Values corresponding to Conditions)
L2=289. bmm
LA=12050mm

P3=56. 91mm

PX=320. 7Tmm
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C3=3. 60806X10"16 Cl10=-2. 06842X10"20 Cl2=4.
96281X10"25 Cl4=4. 51047X10-31 23rd surface 5 ,c=0

CA=-2. 42730X10-8 C6=-9. 37917X10-14 (C8=9. FP05-0349-00

55217X10"17 Cl O= 5. 22545X10-21 C12=3. 80044X10- 25
Cl4=3. 98450X10-79 10 25th surface c=0 C4=-2.
28538X10-8 C6=2. 70616X10"14 C8=-4. 54050X1018
C10=-7. 42942x1o-24 Cl2=-1. 22807X10-27 Cl4=-2.
od3x1b133. Bsbmmx surface ,c=0 C4=-4. 41623X10-8
1. 35429X10-12 C8=1. 59382XL0- 17 CLO=- 1.
CS?@?‘leﬁzﬁ 20 eP»=_2. 48318X1025 Cl4=-8. 65436X10" 30

orrespond| to Conditions) L2=289. 5mm
155811% 231 8m PX=320. 71 60 FPO5. 0349- 00

132%2 %59“13 Q": 106.8 1Y
(3) D3/D0=0. 668

Fig. 15 is a diagram showing the transverse aberration in the
fifth example. In the aberration diagram, Y indicates the image height.
As apparent from the aberration diagram of Fig. 15, the aberration is
well corrected for within the image circle with the radius (maximum
mmage height) of 10.5 mm though the very large image-side numerical
aperture (NA = 1.1) is secured using the ArF excimer laser light in the
dioptric projection optical system with the projection magnification of
1/8 in the fifth example, as in the fourth example.

Fig. 16 1s an illustration showing the relationship between a
shot-area and partial exposure regions in the fourth and fifth examples.
In the fourth and fifth examples, as shown in Fig. 16, a shot-area
(corresponding to one chip) 7 of 33 mm x 26 mm is divided into four
partial exposure regions 7a, 7b, 7c, and 7d having the size of 16.5 mm x
13 mm. Here each of the partial exposure regions 7a-7d is
substantially included in the image circle with the radius of 10.5 mm.

| In the fourth and ﬁfth.examples, a still projection exposure is
performed in the first partial exposure region 7a having the size of a
‘quarter of shot-area 7, using the first reticle R1 of 6-inch size. Then
the first reticle R1 is replaced with the second reticle R2 of 6-inch size-

and a stll projection exposure is performed in the second partial

- exposure region 7b having the size of a quarter of shot-area 7, using the
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(1)L2/LA=0.232 ( 2 ) P 3/PX=0 1 7 7 5 (3)D3/D0O=0. 668
Fig. 15 is a diagram show ng the transverse aberration

inthe fifth exanple. In the aberration diagram Y FP(5-0349-00

indi cates the image height. As apparent fromthe
aberration diagramof Fig. 15, the aberration is well
corrected Eor W t hlhgl t Rte)l g?giocgr::r:net \r/]\/lot h t?ﬁersglr;s
Dty oppherall ke
du%é‘?lj t}elirél it %g %[ El?@¥§?§hm\&tﬂh%mw@CE@aj @ﬁ??}&iﬂe is
{ BRFERRID s Uhirg pagtia) SxBRSYIEL KRsipiar ohs eRauIlRgSEReot a
o %@é?&?s&tﬁ%ﬁfﬁ :p%mgliné“tﬁﬁrgﬁ%eet?qlé‘{ﬁz; %ﬁa&féthq fhird
Sk %awls%%“ el i %”quﬁ%@ﬁf@mof éémc%l%s'iaena;ld‘é‘% stll
%“réj%sﬁoé'rrﬂc%%&hﬁé% rethonRe 1 Tag TeBRE Wil %ﬁg%ezregmn
i S
e&@ﬁﬁ? e s b S e g: g‘fnh befofih feicle R4,
redus 8 Ol airfplg%r A 321 of
DA pRSISHBR Yl 3950 PR RS 8 kil pprl 1/
ool S TR, it it p&@fé.cﬁlfeﬁ Gt SO s set o
S’élié gu@r 8f apbuP GHRgsH bf;géhav ks ﬁglégef&ree p?@%?ﬂé*ctnside

partial ~“exposure-region Ize o

ST S0 U 0 SO0y v
| fnag@lstfeeAumdiival aperture secured. As a result, it is feasible to
well correct for the off-axis aberrations such as coma and, in turn, to
secure the relatively large effective imaging area, without causing an
increase in the size of lenses.

The above examples employr the configuration wherein the
mnterior of the optical path between the projection optical system PL and
the wafer W is filled with the medium (pure watér) Lm in order to
‘achieve the large image-side numerical aperture, but the execution of the
still projection exposures prevents a drop of throughput due to the
intervention of the medium Lm, different from the case of scanning
exposure. In this manner, the fourth and fifth examples enable the
high-resolution projection exposure with high throughput, while

securing the large effective image-side numerical aperture (NA = 1.2 or

1.1) through the mtervention of the high-refractive-index medium Lm in
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the third reticle R3 of 6-inch size and a still
projection exposure is perfornmed in the third parti al

exposure region 7c having the size of a quarter of FP05-0349-00

shot-area 7, using the third reticle R3. Finally, the
third 5 reticle R3is replaced with the fourth reticle

R4 of 6-inch size and a still projection exposure is
performed in the fourth partial exposure region 7d
haifierapttasd path bebreen theaprajectoon sipsicahsgstem Plisandythehwafer
fourth reticle R4. In_the fourth and fifth exanples, )

t Hphgtescasttiven swhghata)c Vi gisteg  thaedigptiie cprajaction  optical
optical systemPL is %et at 1/.8_snmal ] er than nor mal )
1/s¥stery Blaeasdosmapuiactyre and thegietisle (magk) of the ordinary
prqj ection optical systemPL is set to the size of

apbd a quarter of the shot-area; therefore, the

obj ect - sj rical .aperture can,

[
level i 136‘2@?35% CHFEPHRM WA BHEN W e@é@@f@@%ﬁ&zﬁwa 7
ORI PartAl Smosare Step of Db Eonatnzch Sl G RIGE s aRde was
PR BBt o Yor B Sheh T Shmetice
oo BT el RBR¥ G PBY pES s%?a'&%{ 308 f%%%{la'w% of Shplhrcas
. . i cal S
P S, RGP SRl b "B KPR YA By g7 s
¢ e AR PE B el RO TR pa pltiatity of
PisBspAasToflaAPah BPARUARRILSITR bR, MO hRIKER! fedfhced -
of the nediumLm differen rom-t caseé "of “scanni n

EXPRE Urfothér) dild tﬂhéef%ﬁﬂéf sebOfd [P eipgs fé(%ons (hatched

if
exanpl es enébl e I gh-resol'ution ptoj egt

enable the it _ |
SpRREUNE il Fil, N o) U Olifalityhof aheRateRUHA dyicbessively

effective i nuneri cal aperture

o T LB i e il frger i
partial exposure regions (hatched portions in Fig. 17C) in the plurality -
of shot-areas are vsuccessively exposed. Furthermore, the mask is
replaced with another and fourth partial exposure regions (hatched
portions i Fig. 17D) in the plurality of shot-areas are successively
exposed. |

In the example of Figs. 17A-17D, the third or fourth partial
exposure regions are located between the plurality of first partial
éxposu:re regions in the plurality of shot-areas; i.c., the plurality of first
partial exposure regions in the plurality of shot-areas are formed with a
space (or the plurality of first partital exposure regions do not adjoin |

each other). Since - the exposure regions formed by the previous

~ exposure are located away from the exposure regions formed by the
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the optical path between the projection optical system
PL and the wafer (photosensitive substrate) W using

the dioptric projection optical systemPL easy to FP05-0349-00

manufacture and the reticle (mask) of the ordinary
size. 5 The above description was given with focus on
one shot-area 7 and a partial exposure step of

performng a still projectiaqgn exposure was repeated
f SHOBGRIGH reXPISuBK 86 sUgseribedi ahnverdt hecomaselsasible to avoid
pr actice, vvever partial exposure steps are
UERRE f ﬁablfﬁr the tikeofdushéa -thee previons cewposareyr iwthe
ifically, as shown in Figs. 17A to 17D, first 10

pﬁPgﬁ%ﬂue@iS BOPWS egi ons (hatched portions in Fig.
T TG S S e
anot her re r second parti aI exposur
.%’é‘ﬂyhgi‘eﬁsg fauwnpart F%POWB) rergionﬁegut it is also
?b@rﬁsﬂ% et ﬂ%é?%%aﬁe& A OEHIAP PG SR RBR G e State
i %%%%nb?ﬁgal R3S peSn® BRicel i Fach Biher SVettip in
Séﬁﬁ?@hvﬁcﬁh&ﬁﬁﬁ o e PR Rl G Tt oxamples,
PP ot %CQGQ%WQ?QL@?Q?%&@UE@S@ gl by asg one
'Qf‘%ﬁ@?&’fa‘g%*%&?é i, Siriclt ok "Ror &0 't RL oo egion:
PhetRket Mt g% alsb o;?éssﬂﬂ[attb%erf&ﬁ"a%ﬁbfﬁ Eﬁg{)ﬁ?% Qr %Pfeatst one

plurality ar eas

Eﬁﬁizﬂ' PRI erég@@hons He t 5ol HE:?&OﬂIS%’ gfoqrﬂ} afmd fifth

ot-areas are forned Wlt a space r

obxamplds Pavdlval pexeem S agg 5
ea)éh gt t?er) Si nce thewégp%l?glrsgﬂr g@gggbn n@éﬁgg ch' cach

ppartizbusxpestresrEgonl edtogatiedalgvaposdible ttb epefBARURS scan
regions fornmed by the 63
exposure of a reticle pattern in each partial exposure region while
moving the reticle and wafer relative to the projection optical system.

In the above-described fourth example, only the planoconvex
lens 165 is made of fluorite, but the optical system is preferably
constructed so as to mclude a pair of fluorite lenses, for example, by

dividing the planoconvex lens 165 into two lenses or by forming the

) posttive meniscus lens 164 of fluorite. In this configuration, influence

of birefringence specific to fluorite can be reduced by properly setting

the relation of orientations of crystal axes of the pair of fluorite lenses.

For the technique of reducing the influence of birefringence specific to

~ fluorite by properly setting the orientation relation of crystal axes of the

pair of fluorite lenses, reference should be made, for example, to
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FP05-0349- 00 subsequent exposure as descri bed above,
it becones feasible to avoid influence of heat or the

i ke due to the previous exposure, in the subsequenttP(05-0349-00
~exposure. In the fourth and fifth exanpl es descri bed

above, one shot-area 5 is equally divided into four
partial exposure regions, but it is also possible to
performthe so-called partly overl appi ng exposure in a
stWIR20G3{00R04H t weorpar {U.81 ~ exipalslishedr egiPatentadj Apgplication
t g&h ot her overlap i part with each other. In the

a

QRO9PBR364) fbtlhgfﬂ;l fifth exanples, one

shot - ar is divided into four partial exposure

r egi onseﬁmewwg appeyaus iodrtheaforementiened embagliment can

for each partial, exposure region;, however, it is also

p@§%§%¢% migradeyiges (aemiandietors dewicesoimage | pigkupodevices,
e-descrihed fourth

M A o A
R e O T
e PRI o S8EE FEA BBk on
PR R s s om i
oy ShtEebest, 9. AT LT BBS] A producin
S5l Al 5 A B R
PEHIE S ot IS b SRR by s
off IR SrPSne BERAL 0P Blc bRRent RRHKificgp Yill be egeribed

|B@§ﬁ§wiﬂf%fefaﬁé%@iﬂ&ﬁcgﬁ%??§ﬁggmg, the influence

of birefringence specific to : rite by properly
set ti ngFirke stép 80U ahi Pig. 18! Bttoforef aﬁre)(fﬁgéfaté’é %Eeetﬁj film on

the pair of fluorite l'enses, reference shoul d

neatsh of evafexaibae 160  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 mto each shot-area on each of the wafers in the lot through
the projection optical system, using the exposure apparatus of the
present embodiment.  Step 304 thereafter is to perform development of
the photoresist on each of the wafers in the Iot, and next step 305 is to
perform etching with the resist pattern as a mask on each of the wafers
in the lot to form a circuit pattern corresponding to the pattern on the
‘mask, in each shot-area on each wafer. |

Thereafter, through formation of circuit patterns of upper layers

and others, the devices such as semiconductor devices are produced.
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64 FP05-0349-00 W2003/007045 (or U.S. Published
Pat ent Application US2003/ 0053036A) and ot hers. The

exposure apparatus of the aforenentioned enbodi ment FP05-0349-00

can produce m crodevices (sen conductor devices,

i mage pi ckup devices, 5 liquid-crystal display

devices, thin-fil mnmagnetic heads, etc.) by

|Ilun1nat|ng the reticle (nmask) by the illum nation

delhe semicouduaiar idenicespregsiucaen msthed niaea@rﬂaqxll( abpuye parmits

of a tr nscription pattern forned on, the nas ont o
%@nﬂ}% swl&mwm dewiges nuithras) estiemely dine aircuit

sstem(ex ur l e of a method for
g 1%@?15 B&ﬁﬁ%t o t%%ﬁiet@ stePd &3 sgeviocperfoym the
form n rede%erm ned, c uit pattern_on a vYafer or

t HESPegtivesitens o sV aRaadion; Qemstal<tny theewplerssappligatianeof the -

GBS 0Bt W nirubf, eabeRirse developRient andieisbings ut it is
sghchsdlp mensos e th matosdinavohe %gﬁ FraEsH G, prior to
ra53S TP ISt e ERat Bk IR AR and tercaiSr the
ot 56 % Bbptifd Phed Mo shiso? pRGE Bl ToigvA oY 4 Fospective
o P By e%%@?{lﬁ%f%@%% 3SR “Lsing < ne
262"? nord CapOre, fopuAfus OIGE PR AfpBathent B8 also

p@baggglasqlqtam %gﬁl?lgﬁﬁd]?%‘é\ﬁﬁéé 45 Igﬁﬂoggwscgnﬂy”fﬁﬁnmg

rme

&@ét@nﬁ%néi éﬁner(cﬁeﬁﬁ r;s%fe Spon {rsaé Et@ L Ngc g%n Bﬁ)late

rma Cilrcul attern co ngtot

Yot 10250, i 1 860 AR o il b
uplescribed detow with reference to the flowchart of Fig. 19. In Fig. 19,
pattern forming step 401 is to execute a so-called photolithography step
of performing an exposure to transcribe a pattern of a mask onto a
photosensitive substrate (a glass substrate coated with a resist or the
like) by the exposure apparatus of the present embodiment. This
photolithography step results in forming the predetermined pattern
including a number of electrodes and others on the photosensitive
substrate.  Thereafter, the exposed substrate is processed through
| respective steps of development, etching, resist removal, and so on to
form a predetermined pattern on the substrate, and is then transferred to
next color filter forming step 402.

Next, the color filter forming step 402 is to form a color filter in

a conﬁgufation wherein a number of sets of three dots corresponding to
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and others, the devices such as sem conductor devices
are produced 65 FP05-0349-00 The sem conduct or

devi ce production method described above pernits us F&05-0349-00

obtain the sem conductor devices with an extrenely

fine circuit pattern at high throughput. Step 301 to

step 305 are to performthe respective steps of

evapo ion of netal on the wafers, appli.cation of the

5R @635 6nt(&resw), nendy B 1 (Blue) edtpodtaxed daval phwe or n a

and t chi ng ut jt i needl ess t ntion_ that the
au%@mb@v cigy 2 gt yri&iset%pgéqe tltqrs of; theee SB@%%%Of R,

a.silican oxide fi farmed on hevvafran
Ei@@alfc oG] warangé.lg the %qneab . After

ﬁpﬁgiqﬁl'e'r ol pang Sieboie: eiﬁt'v%mbiyetép%@ is then
oFRekHEds fﬂa—’up@ﬂ emé?y EE ?@3 Al &g dla Grystal
E"e%ﬁ%’ﬂﬁe 5 St G etuﬁ%dtﬁéf{tﬁs 3.8 hﬁbﬁ predetgrmined
Lafeth phlHeq ihs 5\%‘@ 3R gistch G e <Bliat Blir opgpined
fﬁ} s SR Bleg foFinthg Yo 4020 H & om T P HELRIL assembly
PRERANL R ARIS, fMigid ESRP IR SREREE dhlict botween
tﬁﬁsgpﬁﬁﬁ?& fih ke %@E@@Bﬁ%@"e PB %‘e‘é&r}f‘%‘?é%‘? pattern
for . ngw 4-61' %’nd BROESlY tﬁl?éi* %clblb}%ltéf forming

pre &t ernt ned pattern 0 |n

eher0thetcts iofasin s lioulle byt SRl RNGRPERAAIICKD).

trate. reafter, the expodsed substr

pr ocesswodlnéou%mlﬁl@rsrs@@ﬁwm stiRpSaffdr d@vw ORfERM .each of

etching, resist renoval, 'and so on to forma

peetpoaenisnedchpadd anneletis ecifdifit 4 dbacklhd, icsc.t fan display
transferred to next color filter form ng step 402.

operation of the assembled liquid crystal panel (liquid crystal cell),

thereby completing a liquid-crystal display device. The production
method of the liquid-crystal display device described above permits
hiquid-crystal display devices with the extremely fine circuit pattern to
be produced at high throughput.

The above embodiment uses the ArF excimer laser source, but,

~ without having to be limited to this, it is also possible to use other

appropriate light sources such as the F; laser source.

Since the present embodiment uses the ArF excimer laser light
as the exposure light as described above, pure water is supplied as a
liquid for liquid immersion exposure. Pure water is éasily available i

large quantity in semiconductor manufacturing facilities and others and
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25 Next, the color filter forrﬁng‘step 402 is to form
a color filter in a configuration wherein a nunber of

sets of three dots corresponding to 66 FP05-0349-00FP(5-0349-00

R (Red), G (Geen), and B (Blue) are arrayed in a

matrix, or in a configuration wherein a plurality of

sets of filters of three stripes of RR, G and B are
arranged in the direction of horizontal scan |ines.
Ahgerthet hdvantage fofl her afleenstngffetiemmGle phbloresist on the
assenbl y st;fp 403 is then 5 executed. The cell ]
asulstiaty (stadpr )4tz optical eleswnits ¢lemses)gand athgss. al Since pure
panel (liquid crystal cell), using the substrate with

t meater baenoradvesst effact enrenvitoaminmentsiand: bentpatst an extremely
formng step 401, the color filter obtained in the
chwramounkeef fropnfibigs swepcatnzlsoaxpest thaaction ifecleaning the

assenbly step 403, for exanple, a liquid crystal is
paurfaee ohthe substsatamdiénﬁmggacmﬁub@ aptinal edement tacated on

the predeterm ned pattern_obtained in the pattern
t Branslistal snebsurtacespkitherarojestion eptiealrsystarai ned in t he

color filter formng _step. 402, thereby producing a
li qui d vateamaler) 1s; sud do baysithe refipetive gadry a of about

copblribe Shasuse ight of dee avelenasli of SRPIBEGRAIR193 nm.
s R R S e R FReAgnBth 1654 s
OB ey S o b BB S5 reduced o
B cBe” e, R SR Bbly shRurae Tt etk Bigf gRoBion
CEQEHERoR Mol S BRI 5 APrRBa 1B Myt e O abour
Bg)gfhgl?wtgrgtﬁgtﬁliﬁ}_t ed to this, it is also possible to

appropriate |light sources such as the F2

\aser SPHECRQuRL NG Hee aRbAREMiqhIP WalR! 4hSPatdif to the
exposure light, has the refractive index as high as possible, and is stable
against the projection optical system and the photoresist on the surface
of thé substrate.

~ Where the F; laser light is used as the exposure light, the liquid

can be a fluorinated liquid, for example, such as fluorinated oils and
perfluorinated polyethers (PFPE), which can transmit the ¥, laser light.

The aforementio.ned embodiment adopts the configuration

wherein the liquid is locally filled between the projection optical system

PL and thé substrate P, or the configuration wherein the liquid chamber
in a predetermined deptli is formed on the stage and wherein the

substrate is held therein, but the present invention can also be applied to

'quuid mmmersion exposure apparatus arranged to move. the stage
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as the exposure |ight as described above, pure water
is supplied as a 25 liquid for liquid imrersion

exposure. Pure water is easily available in large  FP05-0349-00

quantity in sem conductor manufacturing facilities and
ot hers and 67 FP05-0349-00 has the advantage of no
adverse effect on the photoresist on the substrate
(wafer), the optical elenents (lenses), and others.
sikdding the substrate kaberexpadedrine bt thamber.  The structure
envi ronnents and contains an extrenely |ow anount of
i ek expaestire wpegatiomiof dheppud 1nmaeesion @xposury appatagus for
the 5 surface of the substrate and the surface of the
opfP¥HIg the wage (heddingd th subpgatgi to dre exposed s srdherliquid
the projection qgptical system Pure water (water) is. .
s g mbdaree diselosed.r fon Pramplicid Fapaness Hatent, Appligation
the . osu light t he wavel engt h of approxi mately
13@ﬂ§ﬁﬁpeﬂﬁﬁlﬁgggﬁ§ggmhere the ArF excimer |aser light
(wavel ength 193 nm is 10 used as.a, light source of
exposur Qﬁﬁﬁ?nﬁﬁﬁmﬁﬂ9§ﬂ§ggﬂﬁﬂ Gake @ §xpesurey gpparatus of
i.e, ..about 134 urp on,the substrate to achi eve hi .
r b Stige %@@rt h@i‘%ﬂé{c ﬁea%ieﬁﬁﬁ‘oé'ﬁfef spgLatan Ofgﬂge twin
'ngrea ed to about n tipes or ,abput . 44 tinﬁs thﬁt _
| UAgE DR EXpoRiTF rRpATeHS HotREIoSe g SPE SxhmPIps i Japanese
t anent: to. ther 1 xposur e .l as
r g%?%@t Apgﬂjfcﬁg]@ilsag‘aff?'&ﬁ’ %% Slg‘as éldﬁ?g‘;’ O%Q da]il‘i hjgpa bl %214783
agal rQj. egt icon t hgal n he
oAERBSndidng % n U SOTFAEC NG; GATI AT Mo B4R 4L, No.
t S [dghtg i L@ﬁg '
I?E%#%zbgh%hgékghﬁiﬁgpfnateg?T%%%?@@B®§?%§x§%%%%PO to
a I inNpat [ a 0 ' pol yet hers
R R o6 2 ERE U B PRE Ny RR0BHE B0 VT .
af or emextry e i t S1eihi&d RN t : :
wher ei n%“ép?@&?@ﬁ?‘% BESFTgy MR oy apRHeg a7 tescribed
Pabhes! theMmerkreal apéRURITINA of the projection optical system can
be 0.9 to 1.3. 1In cases where the numerical aperture NA of the
projection optical system is so large as described, use of randomly
polarized light conventionally applied as the exposure light can degrade
the imaging performance by virtue of its polarization effect, and it is
thus desirable to use polarized illumination. A preferred configuration
/in those cases is such that linearly polarized illumination is effected in
alignment with the longitudinal direction of line patterns of line-and-
space patterns on the mask (reticle) so that the s-polarized component
(TE polarization component), i.e., diffracted light in the polarization
direction along the longitudinal direction of the line patterns is more
- emitted from the patterns of the mask (reticle). When the liquid fills

the space between the projection optical system PL and the resist
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PL and the substrate P, or the configuration wherein
the liquid chanber in a predeterm ned depth is forned

on the stage and wherein the 25 substrate is held FP05-0349-00

therein, but the present invention can also be applied

to liquid inmersion exposure apparatus arranged to

nove the stage 68 FP05-0349-00 holding the substrate

to be exposed, in a liquid chanber. The structure and
exqppdigde onpthreasudacefoft Hee Isibstratei Byréhe itremsexiftance ebecomes
apparatus for noving the stage holding the substrate

t duphereppothwd resist swdace dor dhe odifiirbetedatightiiof thesepolarized
for exanple, in Japanese Patent Application 5
Laxcunmwntl\({E epalanigaiion Hampoerethtcantuibntingntol smprevement
appl i cable to exposure apparatus of  a tw n stage

t yiBecontrast shandndhe case whorsairdgappiils the spacehbetwdgen the
stage type expaqsure a%%gratus are disclosed, for

exRIRCEON; optical systam o aadithagpsist appbied ondhg-sostace of the
U 3abswaie. Do Fop (ba¥eaon, the.high J0mEia periarmance can also b
6, 549, 269, and. No, 6, 590, 634),  JP- A- 2000- 505958
( EshEdoRiPR g dhe (Gase where Ne mumenical ppertyre N4 of the
| PraispTPBOBICHcStmonkceninvb0- | b indners AP (o UIe the
e il Shak CBeg? e SRR SR  Rethod
R e B P e 3 B S B
A TN SR T
B R e
7o Rk o AT (05) LRSS, LS ofsbou 25
P8O fifif)Sai®f trah8€riBEd-onto the substrate P by use of the projection
optical system PL with the reduction rate of about 1/4 and the ArF
excimer laser as exposure light, for example, as in the first to third
examples, the mask M acts as a polarizer by the Wave guide effect,
depending upon the structure of the mask M (e.g., minuteness of
patterns and the thickness of chromium), and the diffracted light of the
s-polarization component (TE polarization component) is more emitted
from the mask than the diffracted light of the p-polarization component
(TM polarization component) which degrades the contrast. In this

case, it is also desirable to use the linearly polarized illumination as

described above, but the randomly polarized light can also be used for

- 1flumination of the mask M to achieve the high resolution performance

by use of the projection optical system having the large numerical
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space patterns on the mask (reticle) so that the
s-pol ari zed conponent (TE pol ari zati on conponent),

i.e., diffracted light in the polarization directiorFEP05-0349-00

along the longitudinal direction of the line patterns

is nore 25 emitted fromthe patterns of the mask

(reticle). When the liquid fills the space between

the projection optical system PL and the resist 69

FroerogedNAwf @fpl Bed on the surface of the substrate

P, the transmttance becones hi gher on the resi st

sur f ace lofasase wheare rexdrainely dine dimetangd-spaas gattesns on the

conponent (TE pol ari zation conponent) contributing to

i sk eMnare i &anwtb%tontnarthe nstbsiratas &, wiher ep-polarization

(gas) fills 'ERE splac,e hetween the 5 projection optical

syomaponents (M olagzatien gompencrs) eae beygreater dhan Hbe s-

subit rate P. For this ason,. the high inmging .

pdidlarizaitend ompaney relangaben scamporenth by yigue of the
.e the nuperical ert.ure NA of the roj ection

%r&a@@%?ﬁeﬁ?’ex@%zﬁe 11116.[1 resqlution r perdprmancs, cano also be

use,t he , phase shift mask, .t obl i que .i nci dence

i FACHH YRk PYRR B; Hisacass @Eathpi arunerical apgrbie NA of the

il lunmnation

iraiRcRl SPtieal ks t”sg"gﬂés&bgl 30 Beeous the KifRaatsd light of
| ' i d- No., 6-188169, . :

EhErs-pOPRiL AR bt RER. Mtardeatices Comabdfin) is more

. , f - .50 .

t FabesBRfRh dhet el LapoUR, (BRR s distr ol Bl B-Bolarization

PoPhiiR (FRPRbIARarRt® oty fﬁfﬂi%#ﬁﬂﬁﬁ' fder the
. f $ , 5

ceBRdichs {Hlt'ihe RFF BXBCIasE? is Msbd o thE SRl it the

OprRofibheposuERFERIT Hall PRE rblifciod e YsaBbut 18, and the

sk M (e.qg., %e

m nut eness of patterns an

t hinekiiRb8pade GiutRih Breadifaie 281 hiy a#g eflahi@¥edbnto the

the 20 s-pol ari zation conponent (TE pol arization

cenbsingetD. is nore emtted

Since the aforementioned fourth and fifth examples involve

performing the exposure with the projection optical system having the
projection magnification of not more than 1/8, they also have the

advantage of reduced influence of the Wave guide effect and the Wire

- Gnd effect due to the line-and-space patterns on the mask.

| Furthermore, in addition to the linearly polarized illumination (s-
polarized illumination) in alignment with the longitudinal direction of
line patterns of the mask (reticle), it is also effective to adopt a
combination of the polarized illumination using the hnearly polarized

light in the tangent (circumferential) direction of a circle with a center

on the optical axis, with the obliquely “incident  illumination.
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fromthe mask than the diffracted Iight of the
p- pol ari zati on conponent (TM pol ari zati on conponent)

whi ch degrades the contrast. In this case, it is al 9°P05-0349-00

desirable to use the linearly polarized illum nation
as described above, but the randomy polarized |ight
can al so be used for 25 illumnnation of the mask Mto

achi eve the high resolution performance by use of the
prRgréictlasty, sptoases whese dm paitémg afithe maaske(roticke) ivelude line
70 FP05-0349-00 aperture NA of: 0.9-1.3. In cases
wigtierast extepding i e 4 i predatermiped edpactien nandnlinbe patterns
mask Mare transcribed onto the substrate P, the )
p-Spéenrdingain o plutadivy ofcdifferamy direetionmmisedcthephignimaging
can he greater than the s 5 polarization conponent (TE
pPeEFTIANCEN CaB: 9 ashigved wvesr inhthe wase of i the large
effect, hut the hi gg\] eso| ut.ion perfarmance_can al so

b AUMEIRERy c APV | A‘ihé) athe oprejestipar epticakersyséem, by
aperture .NA of the projection optical system such as

0 combigatiggally s usinge the t polagized [lyminagfon tysang the hnearly

s-pol ari Lon conmponent. (.TE pol arj zation cgonponent)

i ?%i%%“fgg@ﬁimt g tApgent ageﬁﬁgn aftin irche vl B senter on the
light of the p-polarizatjon. conponent (TM
p&%grcﬁjz)ﬁﬁsoﬂn@ aﬂaﬂﬁf}hmm%t pl e, ugder t he

IR SAF AR 010t T, Laser 1 U e e
1 e I Bttt oF I bl ngpution nvoves
PGSR e 08 8 FopSOBRGY, Mom and the
SPAOR e BEPRSLU UL AN S Y aBRERLe indon
el aan 1, AP ALIBANE SenAdipIARE i exposue
Weégon more than once in the projection exposure in one shot-area
including a plurality of partial exposure regions. As a result, the
present invention enables the high-resolution projection exposure with
high throughput and, in tumn, production of good microdevices, while
securing the large effective image-side numerical aperture through the

mtervention of the high-refractive-index medium in the optical path

* between the projection optical system and the photosensitive substrate,

using the dioptric projection optical system easy to manufacture and the
- mask of the ordinary size. ‘
Another aspect of the present invention enables realization of the

dioptric projection optical system capable of securing the relatively

- large effective imaging area, while securing the large effective image-

side numerical aperture through the intervention of the high-refractive-
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20 Gid effect due to the |line-and-space patterns on
the mask. Furthernore, in addition to the linearly
polarized illum nation (s- polarized illum nation) iIFPO5-0349-00

alignment wth the longitudinal direction of |ine
patterns of the mask (reticle), it is also effective
to adopt a conbination of the polarized illumnation

using the linearly polarized 25 |ight in the tangent
(endexmiehant imthe dptieat path toftha imiagel srfiideh aAsantesult, the
on the optical axis, with the obliquely incident
i lelxpoBweet apparatad aBHOSxpafe ONetiRal usmyg did yprojettionas eptical
where the patterns of the mask (reticle) include line
paysiemofdhegndsent inveatipneatet ableitoguerforme ¢he dnghadsolution
line patterns extending in a plurality of different
diprerectionsexposare witle hagly thiovedipnt ande iri tama o grodoce good
al so be achieved even in the case of the large 5
namsrodenicehewhileesacarirg the langej effectove apagesiide numerical
system by conbinationally using the polarized ) )
i RparfiFatitenghshe gnicreention of e ﬁwh 1%2&1&16-@1@0{ inedium in
tgf tange t di eg}ion of acircle with a center on the
opi§ captigal Pathnpotweennile aprajection naptieal systerst rand the
|jcability 10 As descri bed apbove, one aspect of  the
QBBQB??@HFW&W&W@WV JISIRS tﬁﬁi ﬁnqm@Ctmmm@rt Aptead hsystem

bet th j ecti ti I t d.th

pRavh Lo mt pelis o thechask ofi the orduaninsie fog eweple, by

refractive index larger, than.1.1, and repeating.the .

SesRline the RO Pagh BafEd SkBosHisesion B etthan once in

P el S BB 5 o i i85 U aBirahe Spartial
, t i ti bl th

ﬁF%ﬁéﬁgggFgﬂﬁghpresen i nvention enabl es e

proj ection exposure with high
throughput and, in turn, production of good
m crodevi ces, while securing the large effective
i mage-side nunerical aperture through the
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intervention of the high-refractive-index nediumin

the optical path 20 between the projection optica

system and the photosensitive substrate, wusing the

di optric projection opﬁafm@st em easy to manufacture

and the mask of the oldf si ze. Anot her aspect of

the present invention enables realization of the

di optric projection optical system capable of securing

the relatively 25 large effective jmaging area, while

sdaur xpﬂ_sulr@mh@df%affeﬁémm@éoma@nmmu&pf a reduced
) aperture through the intervention of the
imageho i patteraformed oh2a BRGE; GReagh@ piajdetiomeptical systeneonto a

optical path to the imge surface. As a result, the
photosermitive subpipateqthis caposwaepnsthiod cohpadingsi ng t he

projection optical systemof the present invention

arefilithe dtep Rﬁ‘fﬁﬁﬁﬁg taﬁleogtiﬁﬂl' pafPbetwesh tRe (ﬁr%fédtﬁfh ogtical

exposure with high tThroughput”and, in turn, to”produc
o | ange: :
systeri o) WG SROREENTRT AibaifaeBliith, BontcORynThARing o pefractive

. [ \Y [ e -Lefr -in [ .
index 13t%s (FAb. £, Sherch Mot ey bR AT AR Thidh gppical
h g t he. ﬁhoto eniitive substrate, using the dioptric
pat 03‘3 F DERICSHOBARCA! syseaas 1e88¢ (o nmanufacture and the
mask of the ordinary size, for exanple, by. 10
r SPRERGRYTE ﬁéeﬁéﬁgﬁ N2 PAISCHEN$XN0SELD 48 PIE ~°fh§§'rfﬁ'ﬁa on
nore than once in the projection exposure in one
the photesenstieee swhsttaleng the plurality of partial exposure
regions. 73 CLAIMS 1. An exposure nmethod of effecting
a whergar tthen oagpskot-areal includdscadpiurality off papsl exposure
formed on a mask, through a projection optical system
regiongpto a 5 photosensitive substrate, the exposure
nmet hod conpri sing:
wherein the exposure step is to repeat an exposure in the partial

exposure region more than once,

wherein the projection optical system has a magnification of not more
than 1/8, and

wherein the exposure step is to perform projection exposures in a
plurality of shot-areas and to repeat exposures in partial exposure regions not

adjoining each other, more than once.

2. The exposure method according to Claim 1,

wherein the exposure step comprises: a still exposure step of performing
a still projection exposure in the partial exposure region in a state in which the
mask and the photosensitive substrate are kept still relative to the projection
optical system; and

a moving step of moving at least the photosensitive substrate relative to

74



10

15

20

25

afilling step of filling an optical path between the
projection optical systemand the photosensitive
substrate with a nedium having a refractive index

e pATRIEIH DB Eel oot SRS ATy el exposure i
R T g S I —

he phot osensitiyve substrate, wherein the one
alreadtg'hmbjgp@gi ﬁOr%elﬁiQLPEUQPﬁ!@ﬁIeKP?S@W- partial exposure
regi ons, wherein the exposure step is to repeat an
exposure in the partial 15 exposure region nore than
once, wherein the projection optical systemhas a

mggni The @ixiposuns nethodraceordihgno Ul8imand wherein the
exposure step is to performprojection exposures in a

Plwhélein thef egpesurer 9@% 1 difsP foepeplorBiREpBEEes! th slpeciﬁc
partial exposure regions not 20 adjoining each other,

partiafbdsifé [R56ns Arpdhf REBOSNE, M SHDEE' RRIOR of the
S 0 [ .
plural P07 $Ho e dack Hhe- Rl ho, Bebhdril pdfifes 8 otber partial
which .the 25 n&@k and ;C.he Ifq%t sensitive substgaﬁe lurali
CXPOSUIR IG&pRS AMONE L1E LeIRFEUVE aﬁ PEPERHLCHeBIN PL e plurality
system and a noving step of noving at |east the
of shotigedsensi tive substrate relative to 74 the
projection optical system in order to performa still
proj ection exposure in another partial exposure
region different fromthe partial exposure region
akr eablye suppsuteenictiood hecating tep Ciarn 3, dortheposmpeising:
3. The exposure nethod according to Claim1l, wherein
t ke r@;?]!@@ﬁ}g estepepfi repladidp tige PRGER! Wik RARIKES Between the
specific
exposures in the specific partial exposure regions and the exposures in the other

partial exposure regions in the exposure step.

5. The exposure method according to any one of Claims 1 to 4,

wherein the partial exposure step is to perform a projection exposure in
a partial exposure region having a size of approximately a quarter of the one
shot-area, and

wherein the exposure step comprises at least four the partial exposure

steps.
6. The exposure method according to any one of Claims 1 to 4,

wherein at least two partial exposure regions among the plurality of

partial exposure regions overlap in part with each other.
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partial exposure regions anong respective partia
exposure regions of the plurality of shot-areas and
thereafter to perform exposures in other partia

expos e r ons respective .parti al sur
¢ o ohe e netenbe e il & Drotec PR pdsure RES Teduced
. ex osure thod according to aim3, further
lmagecggﬁ Datiery forned ona maéﬂs tfgsugh % B 8etiony ophsahsystem onto a
wi th another between the exposures in the specific
photopensitize sekpaste; the expesiyeanethodecampuisingss in the
other 15 partial exposure regions in the exposure
stefillifg step @ fidtkng enmeptioal patlobdiwgen charprojeetiof optical
Clainms 1 to 4, wherein the partial exposure step is

systerhOamé@rther ph@td%&ﬁmmf@ Qubgtideswith anmediR@® hhalng a refractive
exposure region having a size of approxinmately a

1ndexq dréthafil 1 1DSvIRGR %9&5&%? MESx fogl??’ tﬁﬂﬁbﬁéﬂbrériﬁ an optical

sure step conprises at I east

path 0?)%118?11{&& Fi%éle@maqug{é%ﬁg(gosur e nmethod according to

5 wherein at | east two
am)n the ur a

3 b RO st 6 pRRO BB bR iRBliBh X plobH L i first still
exp08§§e2fe&39nm BRGSO Ge Fabuidels In riiges b1 witigthe sk and

formed on a mask, through a projection optical_ system
the plofiosensitiygosabsniet aice k@pb sitﬂbtl‘@iatt\fﬁ’e te xg‘@s prejestiono@ptical
conprising: a filling step of filling an optical path
systembet ween t he proj ection optical 5 systemand the
phot osensitive substrate with a medi um havi ng a

r afmoeving step ofimoviag gelediadhe phbtoydisittva suedtraetrelgtive to
-index of an atnosphere in an optical path of the

the pr@}jéﬁtﬁﬁi opHcaP kSR, SHS bpder © perforid SHroiERcY 'ep ﬁﬁa in a

of performng a projection exposure inm a’first stil

second X8p “éﬁpéﬁ%o Pe @gnmgﬁ pﬁk%)?ﬁfﬁ@s Ithé VEirsUREH %kﬁob&rea region
subjected to the projection exposure in the first exposure step, the moving step
being executed directly after the first exposure step; and

a second exposure step of performing the projection exposure in the
second still exposure region on the photosensitive substrate in the state in

which the mask and the photosensitive substrate are kept still relative to the

projection optical system, the second exposure step being executed directly

| after the moving step.

8. The exposure method according to Claim 7,

wherein the mask is not replaced between the first exposure step and the

second exposure step.

9.  The exposure method according to Claim 7 or 8, further
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10 the photosensitive substrate are kept still
relative to the projection optical system a noving
step of noving at | east the photosensitive substrate

lve to the projection optical system in order
compglg r%rform a projection exposure in a second still

expgsure reqgi on not adjgining the first still ex
¢ b oA P§P9g‘b‘]ee%t%&fa Rér? pERicGHO,SPosHES 1 attﬁg% st
first exp re step novi ng step . being execute
CXPOSYre é@gmp caent from thezs 1k encone: $p! e&n@swesr@gw in the
' exposure step of performng the projection exposure in
state phwhicle tumthaski andp theplotosensitivosubstratesare kept still relative to
phot osensitive substrate in the state in which the
the propedtiandptiba pisemsensitive substrate are kept still
relative to the 20 projection optical system the

segRetkigtReIHTd sile @xggs@@ f@gi@ﬂtlg%datfeﬁ%éﬁé\feeﬁfﬂfér ﬁrst still
- the novi ng step. e exposure method according t

expostir@rfeibn WER ol i aced between the

P ?rrs?gle;(lposure %gpﬁaﬂﬁféyﬁ%&d}g s%fg)gﬂnd exposure step.
9. The exposure nethod according to Caim7 or 8,
further 76 conprising: a third exposure step of

ShouThe Raolivdmeinalagifiniag f%@?ﬁn?hiﬁiﬁagéi@émisingz

stl || _.exposure re ns, in the ich the
masFEPAARIngHRECH a6 aen g e mksti B Plsw{é@we@n the second

relative tqQq 5. the projection optlcal system wherein
exposure siepi andl the ﬂhll‘deQW@ stgfyi on i s | ocated between the
first still exposure region and the second still

exposure region. 10. The exposure nethod according to
Caim9, further conprising: 10 a replacing step of
r dil. acThe ekpesuresketiddacurtiings tdelawed dhr),second
exposure step and the third exposure step.

wherein the third still exposure region overlaps in part with the first still

exposure region or with the second still exposure region.

'12. The exposure method according to any one of Claims 1 to 11,
wherein the projection optical system is a dioptric system comprised of

only a plurality of light transmitting members.

.13, The exposure method according to any one of Claims 1 to 12,

wherein the medium contains water.

14,  An exposure apparatus for effecting a projection exposure of a

reduced image of a pattern formed on a mask, throug_h a projection optical

- system onto a photosensitive substrate, the exposure apparatus comprising:

a substrate stage for holding the photosensitive substrate in a movable
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11. The exposure nethod according to Claim9 or 10,

wherein the third still exposure region overlaps in
part with the first still 15 exposure region or with
state‘t he second still exposure region. 12. The exposure

’met hod according to any one of Clainms 1 to 11,

wherein th rojectiaqn optical systemis a dioptric
oyEaRs doriilingaoppiigal Jai pewrean the Brojesam optical system
transmtting nenbers. 20 13. The exposure nethod

and the phetnssgsitly casipstiate stitlcpanadium heving a refractive index larger
medi um contains water. 14. An exposure apparatus for

than &1}, ewherega aefirasiizetindexeodpan iatmasphere 45 anedptieal patipef the
of a pattern formed on a mask, through a projection

projecidsn opticabyystem igrit;anal phot osensitive substrate, the
exposure apparatus conprising: a substrate stage for

holdtitndl MmN 6O SRMEIIiNG Bt Nghsative | hbAnaRY ad%g? thJ as to

state; means for filling an optical path between

Perf"?tlﬁéa? oReRe ERa i asl?%%h?%l??%%gﬁs@ﬁ tgkfon on the
photoBfke lFipte in ARG B WH{ER ey Bk it e Hhgrosensicive

optical syst.emis.l; and control meaps for controlljn
substighe |56 kDt RETotnIGH T4 4 toe dISediomophCal SrsteRmta, SubSehuent
proj.ection exposure ti)n ig first still expopsure region
to the;prajgetion femesere ik ithe 13sh Stlhespesirg wgieR, MOVEhet feast the
the mask and the photosensitive substrate are kept
photosensifive fudisirate trelathee po dhecpiogectoon iopdicad ysyistem o order to
subsequent 10 to the projection exposure in the first
perfosnid prejeptionrexposgirenn asgeord stilastpdsuee region not adjoining
phot osensitive substrate relative to the projection

the figRtdtilRlexpysiRidgion rsﬂﬁ{i edted toefheoprojactibRiekPlosare in the first
exposure in a second still exposure’regi on not

expos@ifé Oisfip]9 arldhetd, i rs%'bsétgﬁéﬁt’ g r 1456 OS¥thest e8f the
to the projection exposure in the first

photosensitive substrate, perform the projection exposure in the second still

exposure region on the photosensitive substrate in the state in which the mask

and the photosensitive substrate are kept still relative to the projection optical

systemn.

15. The exposure apparatus according to Claim 14,
wherein the mask is not replaced between the projection exposure in the
first still exposure region and the projection exposure in the second still

exposure region.

16. The exposure apparatus according to Claim 14 or 15,

wherein a projection exposure in a third still exposure region different

- from the first and second still exposure regions is performed in the state in
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exposure step, and to, subsequent to the relative
nmovenent of the 15 photosensitive substrate, perform
the projection exposure in the second still exposure

whict, ik f i ahd 3 BhGRBRBU LT RARIE RO s cttAL TR B dhe

. kept still relative to the projection optical system
pro]ecéﬁﬁ@l’“%%i%sﬂ?é apparatus according to O ai m 14,
wherein the mask i.s not repl aced between the )
prvoieisin she dhisdssuitlk exposwis ragien s docatedhgivsencthe first still
region and the projection exposure in the second stil

exposurpoegion arebthersecpBd 6l axpospseguoa. appar at us
according to Claim14 or 15, wherein a projection

exposure in a third still exposure region different
fromthe first and second still exposure regions is

per7 orTRé ekPobi dfir8tistaccéfdinki o/l resk and the

phot osensitive substrate are kept still relative to

tg{%ﬁlg%ir?ﬂ?é R0 i9 glb BRledS¥ith &ifo AR tﬁlgt %%Pisltai dtbosure

exposure re ni1s locate et ween t
[ j.on and the second still exposure
ﬁgpaﬁgéb%ﬁhﬁéQ%;ggﬁﬁéﬁgbposure apparatus according to
Caim 16, wherein the mask is replaced wth another
bet ween the second exposure step and the third

exposure step. .10 18. The expgsure par at us accordi ng
£ 380 alhe eBpesuTEAPRARRRSIATCORENEN P 2k 6 o2 dosur e
regi on adifloi ns the first still_ exposure region or the
s girs the Ithadpsislrexposgronegiom adjninexpesiirss still exposure
_ apparatus according to Caim16 or 17, 15 wherein the
regiont b tht sadonkd stlpesposureaggmon.overl aps in part with the
~first still exposure region or with the second still
exposure region.
19. The exposure apparatus according to Claim 16 or 17,
wherein the third still exposure region overlaps in part with the first still

exposure region or with the second still exposure region.

20. The exposure apparatus according to any one of Claims 14 to 19,

wherein the medium contains water.

21. A projection optical system for forming a reduced image of a first
surface on a second surface,
wherein an optical path between the projection optical system and the

second surface is filled with a medium having a refractive index larger than 1.1

where a refractive index of an atmosphere in an optical path of the projection

Optical system is 1,

‘wherein every optical member having a power in the projection optical
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20. The exposure apparatus according to any one of
Clainms 14 to 19, wherein the nmedium contains water.
20 21. A projecti on optical systemfor formng a
reduc i fiirst. surface on a second surface,
SyStengﬂe&%n%mnﬂgg]& %tﬂcadé?ﬁmg’gf’meen the projecti on opti cal
sysflem and th econd éuﬁface is filled iM a nmedi ym
ha¥¥ A8 ¢ dpg %Opnﬁ % Hlfglf&t%ﬁpilci Sysfelh df 410} more
refractive index of an atnosphere in an optical path
than 148, t he projection optical systemis 1, wherein every
optical nenber having a power in the projection
opvheein the psypection aptical system is sulpstaptialdpliteleceniric on both
wherein a magnification of the projection optical
the fisy suebice sidwandthe seddirhsilfice side| ahd the projection
optical systemis substantially telecentric on both 5

t Rghéidin the prd; ﬁoﬁi(g%m%[‘g viteh SAedsh el folleRvinied®ndition:

and wherein"tHe projéction” optical systemsatisfies
“'(?18%];9 VW RO tion: 0.18 L2/ LA < 0.245 (1),
L2 1s Bﬂ

wher e a ance froma | position on the

R £ F%ﬁ{sﬁ%@ fibfh & B RioH 6h 35 &%ﬁgnééu?face side

to thef ger(‘@rgf ,gpé%ce-rhe ﬂﬁé aﬁétsltz?rgieoﬁ'tg Ca{hgfﬁ?s&gqruinrga&ee ) thg second

aperture stop dlsposed at or near a pupil position on

surfagene second surface side. 15 23. A projection optical
system for formng a reduced inmage of a first surface
on a second surface,

22. The projection optical system accdrding to Claim 21, comprising:
at least one variable aperture stop disposed at or near a pupil position on

the second surface side.

23. A projection optical system for forming a reduced image of a first
surface on a second surface,

wherein an optical path between the projection optical system and the
second surface is filled with a medium having a refractive index larger than 1.1

where a refractive index of an atmosphere in an optical path of the projection

‘optical system is 1,

wherein every optical member having a power in the projection optical
system is a transmitting optical member,

‘wherein a magnification of the projection optical system is not more
than 1/8,

wherein the projection optical system is substantially telecentric on both

the first surface side and the second surface side, and
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wherein an optical path between the projection optical

system and the second surface is filled with a nmedium

having a refractive index larger than 1.1 20 where a

refracti i ndex..of an. at nosphere in.an tJ gal .path .

o hEEin B pEpiesHon Spical FYSER eamiises fiRdp BPwiBE aegs units
. optical_ nepber hayving a power in the projection

arrangsgt 1nearderdyamethe lrsh surigpe side:i ng optical nmenber,

' wherein a magnification of the projection optical )
sysfigsh lensnenit haveng 25posisivelredracting powerha second lens unit
projection optical systemis substantially telecentric

havingra hegdtive tefrddting pewet;ae thisd densnnitthayisgagusisve tefracting
side, and 80 wherein the projection optical system

poweg o RRsSlchb aidip ha9iMg e I!l?ga‘-’ti\ﬁéntéﬁactﬁig POYRS; lanfifhdRms unit
~fromthe first surface side: a first I'ens unit having
. .- . e uni t: .
havm% PG50ditive feqfdc@gfgr ggm%i""’%ﬁr ageﬁﬁ?é’ rk%#)h I@l?lg Fleélxth eps unit

aving a negat| racting power; ‘a ns unli
having R oG R HE oG et T act i ng power . a i fth | ens
sveperelhaniels B2 GhE eI orcarie] off poch eppCal Stftice by a
beam GErlgt EgOR AhOBRAIGHS Sl PadbpUEACBAS AR 8 2 partial

. point on an optical axis of the first surface is
diamegryt theprejsctiopaptical systerysatisfiesrthetfodlopvingeramidition:
optical systemsatisfies the follow ng condition: 0.04
<0FM P)@Q}i@(’zt 02, where PX is{2),maxi num parti al
di aneter in the projection optical systemand P2 a
mwharenPiarisi &l makamaherpdriial hHafetendn! gs projdctiokd optical
24. The projection optical systemaccording'to Caim

systen%%gd?%l) aShififfimifetihPHaoNetes ¢ el séd Yl 1dhs it D4/ DO <

24. The projection optical system according to Claim 23, satisfying
the following condition:

0.4 <D4/D0 <0.9 (3),

where D4 is a minimum clear aperture radius of a lens in the fourth lens

unit and DO a clear aperture radius of the first surface.

25. A projection optical system for forming a reduced image of a first
surface on a second surface,

wherein an optical path between the projection optical system and the
second surface is filled with a medium having a refractive index larger than 1.1
Where é refractive index of an' atmosphere in an optical path of the projection
optical system is 1,

wherein every optical member having a power in the projection optical
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where D4 is a mninmumclear aperture radius of a |lens
inthe fourth lens wunit and DO a cl ear aperture
radius of the first surface. 20 25. A projection
opt.i_cal .emfor form a reduced image of a first
syste@l}%faa@gniﬁﬁgnge(gg}g@fl%qmﬁg& wherei n an gpti cal path
bet ween t he praqj.ect.i on tical.systemand the second
suVRgERn; & Magn atAparpﬁthﬁ‘emrmﬁ ABtigak gystgt iy not more
i ndex larger than 1.1 25 where a refractive index of
than 1{g, at nosphere in an optical path of the projection
optical systemis 1, wherein every optical nenber
havhergin thepeojection loptimabsgstenois sytstaatiallp telsgpetteio on both
a transmtting optical nenber, wherein a magnification
the fist stiffacestjeemid thie sgondedurysd sidej sndhot nore  than

1/8, wherein the projection optical systemis

SUbB&RAA tRé gy%ﬂe@iiSﬁ icaf s?ﬁeﬁ?&@mﬁis‘e@ §hé itbRbwiNs éefunits

side and th econd surface side, d wherein the

! ' {4l rises the follow ng | ens
arranéﬁ]cﬁrgﬁf'%ér??g%gefg‘éﬁrsgﬁfefrﬁ% ‘rgig{rg?t he first surface side:

2 2 B lgnf it Babin BB bt Bl ol ot Tens unit

i S B B b s PR AR g

refracthg power: an aperture stop;. and a fifth |ens
i

power; @ fows fBs émﬁohﬁi‘(m\%ea DOSHING relgaging POWie Ba; aperture stop;
where a size of a regjon occupied on each opti cal
and a £ifth lans wnit havingaaposisivearefidctingppower;opt i cal axi s of
the first surface is defined as a partial dianeter,
t ivehqrem ewhexmna spia ofih reyrireovewpicdf oresatiheptichl suifage by a
condition: 15 0.07 < P3/PX < 0.23 (4), where PXis a
beam Fexnna Folidt’ é an Spidcatadis iof theefiik Quekiceds duflrieeieas a partial
diameter, the projection optical system satisfies the following condition:
- 0.07 <P3/PX <0.23 ),
where PX is a maximum partial diameter in the projection optical

system and P3 a minimum partial diameter in the third lens unit,

26. The projection optical system according to Claim 25, satisfying
the following condition:
0.35<D3/D0<0.85 (5),

where D3 is a minimum clear aperture radius of a lens in the third lens

unit and DO a clear aperture radius of the first surface.

27. The projection optical system according to any one of Claims 21
to 26, |

wherein the medium contains water.
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systemand P3 a mninmum partial dianmeter in the third
lens unit. 26. The projection optical system according
to Caim?25, satisfying 20 the follow ng condition:
0.35 < D3/D0 < 0.85 (5), where D3 is a mninmm cl ear
aperture radius of a lens in the third lens unit and

cl.ear a erture radius of the first. surface.

728 TheTh 3P %‘Eﬁ%ﬁpﬁﬁf}%%lc%ﬁ%‘émgac%r%f ntaaoan;;mﬁ@l for

of Cains 21 to 26, wherein the_nedi um contains
illumipgtiag a ngskeet asthe st sndasppand e prejepHosiopiicahsystem as

illumnation systemfor illumnating a nmask set as
set fortheitiamt onerdb€daimn k e PF,ofarcforomingpan daagey of empattern

as set forth in any one of Clains 21 to 27, for
formedoomiheg maaski oageplebtosensititversubstrity satchsathetseeondskirfacs.

a photosensitive substrate set as the second surface.

29. The exposure apparatus according to C ai m 28,

wherein the image of the patternis fornmed in a

wen The %ﬁaﬁr&@ﬁﬁéﬁﬁs%%dgg@n@‘w[ﬁ%gguﬁsf rate
SR i ipael) FN Bt B ChEFE TR piftion on the
photoi%i’sfiﬁ{;et %I? ﬁﬂgﬁdao%%ﬁgme i Olilmfgg ‘glfioifec;t gl?q gﬂ'wltpwnsmve

anot her portjon djfferent fromthe portion,

substrate e Keplipfl welaxwmﬂleaﬁaowﬁeogmnttﬁ@é RYPianean Wherein at
substrate are kept still relative to the projection

least dyer pbatoseopsitiig substsate shmaewgsbselativapimithe rojection optical
according to Claim?29, wherein the portion and the

systemj iff erdet tgp cfotmdﬂneo'fm&ge odhtbie- patéernoire ehatheir pompiamt different
with each other. 20 31. An exposure nethod conpri sing:

from the portion, in the state in which the mask and the photosensitive substrate

are kept still relative to the projection optical system.,

30. The exposufe apparatus according to Claim 29,
wherein the portion and the different portion of the shot-area overlap in

part with each other.

31. An exposure method comprising:

an illumination step of illuminating a mask set as the first surface; and

an exposure step of effecting a projection exposure of an image of a
pattern formed on the mask, onto a photosensitive substrate set as the second
surface, through the projection optical system as set forth in any one of Claims

36 to 43.

32. The exposure method according to Claim 31,
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an illumnation step of illumnating a mask set as the
first surface; and an exposure step of.effecting a
proj ection exposure of an imge of a pattern forned

CrBEITHE o0 RRSSIETRILYE, SRRICERR. Sfbedfe in one
shot-5 g S i Bt BRGoRe kg 8™ 3>

vvhe{gei n the exposure step is to perform,a projection

e

SifiR the SRROSWROBLCRr EAMIMEICSdR niglusaliiyu 4] parjiadf exposure
partial exposure regions, and wherein the exposure
steps saeh oforbichsisstoapgiformla pyojettiparadpaisuex po the partialegrposure
each of which is to performa projection exposure in
regiom.he partial exposure 5 region. 33. The exposure
nmet hod according to Caim32, wherein the partia
exposure step is to performa projection exposure in
a partial exposure region having a size of

Ay OXTHBle&hYs@redattdd a@éokﬁ‘ﬁg P5 € laid 3N0t -area, and

wherei n the exposure step conprises at | éast four the
p i . - The .
Db SR, B8 i is WpRIBaAE BriRsHBH, qyposure in
posure step.is,to.performa. still .projection
a partfgl SRnsieg feBian havidp saf sl aprosigielya qudtisr of, the one
whi ch fhe mask and the photosensitive substrate are
shot-algg%,ta ill relative to the projection optical system
35., The exposure nethod accor di n% to any one of C ains
- 3avheresy the zxppsvkeh sicpcepmprscAgt lgastatury the paitiad exposure
step of replacing the mask with another between the
steps.first partial exposure step and the second parti al
exposure step in the exposure step.
34. The exposure method according to Claim 32 or 33,
wherein the partial exposure step is to perform a still projection
exposure in the partial exposure region in a state in which the mask and the

photosensitive substrate are kept still relative to the projection optical system.

35. The exposure method according to any one of Claims 32 to 34,
further comprising:

a mask replacing step of replacing the mask with another between the
first partial exposure step and the second partial exposure step in the exposure

step.

36. The exposure method according to Claim 35,
wherein the exposure step is to perform projection exposures in a

plurality of shot-areas, and
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25 36. The exposure nethod according to C aim 35,
wherein the exposure step is to performprojection
exposures in a plurality of shot-areas, and 84

wherein the mask repl acing step i s exeguted between .

¢ b et A8 APRRK, TePBadife. ed oS Lo aculted Tt e aine, ftey partal

shot -areas and the.secqnd partial exposure step, for
CXPOSUER SHRAQT ithg RIpralis ogr -argas and the second partial exposure

step for the plurality of shot-areas.
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