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

Field 5 The present invention relates to a projecti onFPO5-O349-O{)

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 sem conductor devices,

'phg?iold{f noor aphy. 10 BecBRSGRIPAION, 0
et R B O P I A, R ST BN SR ATER RIS, AND

exposure apparatus fgmggﬁ@imm%tern i mage of

a mask (or a reticle) a projection optical
SYSF&RAP & The afer (or a glass plate or the 15
i ke) coated Wth a photoresist or the like. resol ving

pover (reggl i’?r?o tiﬁﬁr@ﬂﬂbﬁefbléﬁfs ida @&Sje%ﬁbhoes?ﬁcal system,

opti cal syst e projection exposure apparatus

'S @eRfitd gpbék‘ah?sésdﬂa%sr{]p«gh&e%eﬁ%ﬂ Bndh #ion g%hicularly, to a

increase In Integratio egree of the sem cohduct or

de\lﬁgg—q%@&lﬂﬁ@hheﬁz%jee‘tﬁ)@ ng'éh}f Vel defithbles ?fc'{rﬁ‘;ﬁxposure

t he ulrements for the’ olving 20 power o

Pr Qippaidtas Re8i Rpredfitim of tsehficondasdrr devide s Naqdidrerystal
the wavel ength a. of illum nation |ight (exposureée

| i ghdplagrievices] eer bpphotblithogragiey.si de nuneri cal
aperture NA of the projection optical system
Spm(fkgmluMArhe resolution of the projection optical
systemis expressed by kWNA (where k is the process

coef fi ci ine) .plithelithogrppls dor2 produetion abf ather tsemicotductor

is represented by n-sinO where nis a refractive

i ndexicel andedithess( risr mmplementes] sugihgas ginojedinneexposure

t h%;;f:é%tﬁ.«? tf&rogro}ecting a pattern image of a mask (or a reticle) throngh
a projection optical system onto 2 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 a result, in order to satisfy the requirements for the resolving
power of the projection optical system, it is necessary to shorten the
wavelength A of illumination light (exposure light) and to increase the
image-side numerical aperture NA of the projection optical system.
Specifically, the resolution of the projection optical system is expressed
by k-A/NA (where k is the process coefficient). The image-side
numerical aperfure NA is represented by n-sinb, where n is a refractive

index of a medium (normally, gas such as air) between the projection
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FP05~0349- 00 optical system and the photosensitive
substrate (a wafer or the like) and 0 a nmaxi num angl e

of incidence to the photosensitive substrate. In th'SﬁP05{B494X)

case, if the maxi mumincidence angle O is increased i
order to increase the imge-side nunerical aperture,
it wll result in 5 increasing the incidence angle to

- the photosensitive substrate and the energence angl e

| n ORI sBVBUF b e BAPLEEnsRIE FbsufoRd (3 MEHEL BF Fhp dik) and

LS e T e s e SR

| mge 1001 Risart A0 ek B iRty bR Tk fRchdied in
opt S8 Bkl elinphB0side Kpicriod] wptfe, Tt (YL result in
e IR BRUAAE pREITRG T plkRORIRINC SUpSeate and the
SySHatgeRl AiHc oM Erpiyiotiof SRtivdl ik aad fhorcfore

t hgnelichbingetlscHen 168 bﬂ:@'ﬁ_eﬁl‘ﬁ'ﬁﬁé@. CafTag RV fail to secure
projection optical syste including a reflecting

nebeirge Effisbtiveutmhpe-side animeédcdlr apatiredn Igt teis! reason, as
systens are nore suitable for mass supply of exposure
appiesaitibed 1dter, ttheredisoter ksownojeehtiolopyosf ikrbasing the mage-
systens, however, a lens unit with a positive

r efsidee ningrivadvaperinge byl ﬁﬂlhfn%fa ungdivmi like o diewiad iwith a high
refracting power need to be located with a space, in

or gefractive atdexfin the @pBienk path betveseti the projectioheoptiga clystem
side (mask side) wth respect to the pupil thereof.
Foanddhe iphotasensifiveasubsttateage- si de  nunerical aperture

of not less than 1 as descri bed above, the object-side
nuner i cafnatherotherhandoas tc theadegreendrdifficulty of produetion of
dioptric projection optical systenms, it will result in

f aioptieal sysfems, |the odippliic rrroIdatrom pptical systemsogemprayed of

as coma and,, in turn, failing 2 .,
onfy re%'acimg members have the difficulty degree lower than the
catadioptric projection optical systems including a reflecting member,

and thus the dioptric projection optical systems are more suitable for
mass supply of exposure apparatus. In the diopfric projection optical
systems, however, a lens unit with a positive refracting power and 2 lens
wnit with a negative refracting power need to be located with a space, in
order o 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 fum, failing
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FP05- 0349-00 to secure a large still exposure region
(effective exposure region: effective imging area)

and to avoid an increase in the size of |enses. Then’FP05-0349-00

it is also conceivable to adopt a nmethod of setting
the projection nmagnification (inmage nmagnification) of
the projection optical system5 smaller than nornmal,
so as to keep the object-side nunerical aperture at a

o S LT ST WL iy reon:
RO R e AR A JoRAHE e Yr tnse
"o R i 4 it il 8 ARG ieliod 7 s8Ble ¢ Brojection
ShahiRalpY. (e’ FACLRORPor Y BIYECHGR die Sstem
o SRR horl Sl kB bMEESI: i EfeA e at
e e WALl Wl 60 0P e OTBS errations and

| MNOIERE! AP uRaaY fiD 1R BRRUSLIHsed TRRIWHREL E{' ﬂlé;jﬁrojection

one sbot~area on a wafer while noving the mask an

wafups griificaion of oheh profeetioft \Agﬁcapl%rstéﬁil Ry seemaller than
However, if a configuration erein"a nmediumis

fi logmhal nitt kallopédudelinpiidichdhpetie tik-side) dbhirmdaation area
opti cal system and the photosensitive substrate is

ad optiedlly cofespodding to acshictvres havireg gerdquingel sizéeand thus
nunerical aperture, quick scanning exposure is o

i miaidimigtioacoviep thisargs ilunhimationeared byrecimrently predominating
of the liquid-like nedium and it could cause a drop

of 6cimchugtiplet . The present invention has been

acconplished in view of the above problens and an =
obj ect oNavmdaysy e exposuretapparatus ¢quippeskpouthe pagection
apparatus and cxposure nethod capabl e of ,effecting
hi gpticaksystemdavingitee relativelipleses emagetside gnmerical aperture

t hrqughput, whil e securin | ar 3 . .
adogtsp e step-ang-scan syste?n for ungleementmg scanning exposure of

a mask paitern 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 system and the photosensitive substrate is adopted in
order to achieve the large 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 in view of the
above problems and an object of the invention is to provide an exposure
apparatus and exposure method capable of effecting high-resolution

projection exposure with high throughput, while securing a large
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FPO5- 034900 effective image-side nunerical aperture
through the intervention of a high-refractive-index

mediumin the optical path between the projection
usi nEP03-0349-00

opti cal system and the photosensitive substrate,
the dioptric projection optical systemeasy to
produce and the mask of the ordinary 5 size.

Di scl osure of the Invention In order to achieve the

e AR ol A T #ﬁ%@ of &
o GRS AR BT a%b%%sxz
zs@ﬁm@ﬁ% Aok FADCGERFI i’ b q@ gopiic
on T, 91 AT Bk AR WD 3 o g

fslifé‘ractlve i ndex larger than 1.1, where a
refractive index of an 15 at rmsphere in an optical

pat]?lSEfOS‘lpgOE&H?Qﬁ??ﬁﬁDﬁptI cal systemis 1; and an

exposure ste ecting a pr Oj ection exposure in

one ShOtinabﬁﬁrofb tmmttﬁeeﬁswe Vb éubShﬁaé osure method

wherein the shot-area i1 ncludes a pl ura 'ty of parti al
eXpReesfding @90 figst agskctOoMifie epiestne iBYERION 6isS il Pexfosure

to repeat an exposure in the partial exposure region

nopgethbdnoP RERctiABOL herojeutins WxposBtdh of acrdudeddniapenof a -

second aspect of the present i nvention is an exposure

giattdm)fﬁ)ﬁﬁé@@n aogmaskyr thivengh an prejeptionr @ptidal ssystem onto a
uced i mage of a pattern forned on a nas t hrough a
otosentitive substratd, theyexpusmanneihodlmmpaamg:i ve
strate, the exposure nethod conprising: 4
a filling step of filling an optical path between the projection

optical system and the photo'sensmve substrate 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; and

an exposure step of effecting a projection exposure in one shot-
area on the photosensitive substrate,

wherein the shoi-area includes a plurality of partial exposure
regions, and

wherein the exposure step is to repeat an exposure in the partial
exposure region more than once.

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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FP05-0349-00 a filling step of filling an optical path
bet ween the projection optical systemand the

phot osensitive substrate with a medi um having a FP05-0349-00

refractive index larger than 1.1, where a refractive
i ndex of an atnosphere in an optical path of the
projection optical systemis 1; 5 a first exposure
step of performng a projection exposure in a first

Th & st atk iine g on fling Sp” RHCE-BAN. bFuEHLR Pibiection
oSy 58 BRE Syfn YeRhEf aving
o7 SRERERSR il PG R Sl ' ehiBivg index of an
Eégééﬁskﬁﬁrengf%ﬁéﬂﬁ?%@#ﬁﬁg BoRbtioh SRET S teh R £ |

Sxposur o s B Sfpek SR o SRR Whiiulid Biponyry in 2
af tiglee (R Eﬂé%&%lfre ggggagy bfi ﬂfeeﬁhoﬁﬂénéiﬁvé SREAME in a state in

exposure st rmng the projection exposure In

t hayBRAME. n%élf1 én&??é’?ﬂbfosreﬁgitﬁ)é Qibstiite Bfé’kgﬁﬁtgl Félufive to

substrate int ate 1n which the mask an

ph ok -are kept still relative to
ghg?ﬁaﬂchbﬁ%p‘?dﬂaf&iﬁ&ﬁl,

th oj'ection optical system the second exposure

step bei pmeiagUtes ofl eRihy Afleast tie plotoseasitivePsubstrate
20 An exposure apparatus according to a'third aspect

of rehgivertesthetprojettientoptival systenexpasdee tappgfoadus pf@ection
effecting a projection exposure of a reduced inage of

a peiposure froansetond stilimesdpostite segionanet ailjpdningnthe first still

optical systemonto a photosensitive substrate,
whesxplosuren regicic asubpedted by vihen projechion] exposereopni et first
system 25 and the photosensitjve substrate is filled
wi texpasuredstep, the imgvimg stepr beingv exécuted disecfly afienrthe first
1.1 where a refractive index of an 5
exposure step; and
a second exposure step of performing the projection exposure in
the second still exposure region on the photosensitive subsirate 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.
An exposure apparatus according to a third aspect of the present
invention is an exposure apparatus for effecting a projection 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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FP05- 0349- 00 atnosphere in an optical path of the
projectiou optical systemis 1, wherein the

. t- - 1 i
projection optical systemhas a still exposure regi onFP05~0349-00

substantially smaller than one shot-area to be fonned
on the photosensitive substrate, and 5 wherein the
projection optical systemrepeats a projection
exposure in a portion of the shot-area nore than once

o B o IR bR B
é'; foct Frnévsﬁgfsiﬂoﬁ%eﬁﬁoés%&@ﬁ oﬁﬁaﬁtﬁ‘r’%ﬁh&“ﬁ dfifltkosfife egion
op SRRBLY . PTG ;ﬁaﬁo{f)ﬁ%ﬁa%@%gs IBs it Eoﬂﬂf%f on the
eXRQ{s a ising: a substrate stage for
ho|ﬁ#é§%%§?€%%@§@§%ﬂe substrate in a novable -
siate: SSHBEP SR TbeclD, Shnchl fkee oA Ve efirojection
oo, B & biBFr et DB mEf ] O, B projection

at ‘o i,cal path of the projecti
a?ﬁl;e;lg'ttﬁe%ﬂoﬁ%}éa‘? p proj ection

optl emis and control means for controlling

at | east EW to?h fosfth t of the
projecti ﬁ@%ﬁ%?‘?‘?n [ rstssésbtc?f?ﬁlgxposur e region

on éﬁ% tPIQLARSA SIS Aty xpeREid apPalAtug for aiffeddngMai pfojection
the nask and the photo sensitive substrate are kept

st igxpos@iterdt ¥ Geli@cdd inRs®iofef pantenpiorgadd oays heask, through a
subsequent to the projection exposure in the first

st igrbjectivROgptical rsysienn onto e phbtdseasitiviehsubstrate, the exposure
phot osensiti've substrate relative to 25 the projection
opta[ppafataysompﬂsingzrder to performa projection

exposure in a second still exposure region not .
adj oi ni ng $ubstfate staget forl holdingother phétosensitive substrate in a

movable state; |

means for filling an optical path between the projection optical
system and the photosensitive subsirate with a medium having a
refractive index larger than 1.1, where a refractive index of am
atmosphere in an optical path of the projection optical system is 1; and

control means for controlling at least the substrate stage so as to
perform a projection exposure in a first still exposute region on the
photoéensitive substrate In a state in which the mask and the
photosensitive substrate are kept still relative to the projection optical
system, to, subsequent to the projection exposure m the first still
exposure region, move at least the photosensitive substrate relative to
the projection optical system in order to perform a projection exposure

in a second still exposure region not adjoining the first still exposure
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FPO5 -0349-00 region subjected to the projection
exposure in the first exposure step, and to,
subsequent to the relative novenment of the

phot osensitive substrate, performthe projection
exposure in the second still exposure region on the
phot osensitive substrate in the state in which the
mask and 5 the photosensitive substrate are kept stil

T b Sy s s
SR C N T T —
oL QU FHFHLI PR B o

Ui b it b B B A g nd
T T -

ha%hﬂﬂ: ?@j in the prOJectlon 15 optical systemis
a tHEne I'ng optical nenber wherein a magni fication

of the prp W&L%cﬁﬂ{lhgﬁﬁ éﬁneH&é grdit to "PHRHA té‘i‘i&ifbect of the

1/ 8, and | on optic syst em i

ﬁ);f St et 1§gegﬁ{1$6uon Uptial Bybilf o ¢ Sorfiy 8%educed

the secon ace sSi Anot er exposure

TCPAf RErfaee Dhea Séoddd afPae, of the present

|nven lon Is an exposure mnethod of effectlng a

proj ecti Qiher@MPag Wistical path SsktoRen! fROprdjéctiow ajptival system

formed on a mask, through a projection optical "system

ontzadathpretond saifacy & fillbdtwith e medanatensng a refiviched index
conprising: 25 a preparation step of preparing the

pr dingrer ithan dpl iwdeere sy rifeavtiveairidey of amgrmiosphéereoin ah optical
not nore than 1/8; 7
path of the projection optical system is 1,

wherein every optical member having a power in the projection
optical system is 2 trapsmitting 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 eﬂ‘ecting- 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:

a preparation step of preparing the projection optical system

having a magnification of not more than 1/§;

FP05-0349-00
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| PP0O5-0349-00 a filling step of filling an opti cal
pat h between the projection optical system and the

hot it bstrate with di um havi
pnotosensitive supstirate w a nedl um naving a FP05-0349-00

refractive index larger than 1.1, where a refractive

i ndex of an atnosphere in an optical path of the
projection optical systemis 1. aud 5 an exposure step
of effecting a projection exposure in one shot- area

Chep' o Colie oben oF AR BB: et pAbpAAT Gt B rSiection
7 eqrial Syt il e BuBlSeBallyt, MibsBals, vBth A REIE havig a
O el RS bl B LI SRR Rl R of
Fi unospheGahh ol nat SEthE bk eebr pHEicel AYiyPaTis 1: and

an enbodehbhrs HprIEETtEng B kB R%y fho shot-

an j leé Hﬁ%@@hgﬁ’ﬁﬁ mtg Ye showi ng a configuration

between a nI ary 1'ens and a’wafer in each exanple.

Fig 3 i . . . 4 :

or *a “pr RIS SSAPH RopOL A TIERIIRY tRosure
e st ingh g 2 IRALPL battial kEpBRire regions, and

transver gmeabR thé | 6 6ﬁ1rbh§tegf icbfﬁsop@@rr@ Z)luﬁilﬂy &f i partial
an illustration showing the relationship bétween” a
Sh@xpomastegsie@&i bt athiel 1 36 pRrfoRfH Qﬁﬁojébﬂdﬁeiﬁbdﬁﬁe in the
exanple. 25 Fig. 6 is an illusStration showi ng a’lens
conifai-@lr@tljogﬁr@fegon_pr oj ection optical system
according to the 'second exanple of the 8

Brief Description of the Drawings

Fig. 1 is 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 conﬁguratioﬁ
between a boundary lens and a wafer in each example.

Fig. 3 is an illusiration showing a lens configuration of a
projection optical system according to the first example of the
embodiment of the present mvention.

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 of the
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FPO5- 0349- 00 enbodi nent of the present invention. Fig.
7 is an illustration show ng the transverse aberration
in the second exanple. Fig. 9 is an illustration

showi ng the relationship between a shot- 5 area and
partial exposure regions in the second exanple. Fig. 9

is an illustration showng a |l ens configuration of a
proj ection optical systen1accord|ng to the third
exa e .of th enbodi nent the present invention.
Fi § thPE?WF-‘bYF ng the transverse

?FFLL?? L\i*"sn’?gt 30 WS uhboh SRR e oy, afedtition in the

shot - ar&a andlgartl al exposure regions in the third
ex P 2|s an illustration showng a |ens

accor ﬁi“fn%‘ﬂs Rif b RS LRARART S RSB B beimosp 2 shor
S FRE QUSRI a0l By b bl 1
Cont qur Kobor 3 4 MRSfblb RRARE 3 Wh8eduicRation of o

ac‘b?hgcﬁgnt % 'if&ﬁl [ js?é}ne’%gpfcﬁngf té Nehe Bt of the

rese rnvention 'S an i I'Tustratton
].flﬂjl{[{_é% fp.on in the fifth
exarrp ttcﬂ'ﬁé}ﬁs an ITlustration show ng the
relation Wil ﬁﬁﬁw@ke atsémﬁéﬁ in the
regi ons ?‘E:gp]he four“fw exan'p e angathe 25 fif

eXfhipd @xafripds. 17A to 17D are illustrations shovm ng an
operation of 9

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

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

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

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

Fig. 15 is an illustration showing the transverse aberration in the
fifth example.

Fig. 16 is an {llustration showing the relationship between a
shot-area and pattial exposure regions in the fourth example and the
fifth example.

Figs. 17A to 17D are illustrations showing an operation of

FP05-0349-00
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FPO5 -0349-00 repeatedly perform ng partial exposure
steps for a plurality of shot-areas on one wafer in

the fourth exanple and the fifth exanple. Fig. 18 is %P05-0349-00

flomchart of a nethod of producing sem conduct or
devices as mcrodevices. 5 Fig. 19 is a flowhart of
a nethod of producing a liquid-crystal display device
as a mcrodevice. Best Mdde for Carrying out the

T R b e B ASIASI Wt
oy <t ns Ratepin fRoulh Srinnls Sl dis RE Repdg, )™ '

o cat e TG 405 BPISELARL) PSHLATG DAt
B sBBLiern - mssachusetts Institute o

Sui ties. g 18 iy et &f £iRemoaef BRticing ¥ RQuidCrystal
bei i BE R S HBroddVEE 1710, Meaia havi g the
ot Mo FOR TGRAE ot i Ienflom ™. 200 0 % O

ca o i BiRent AGeliGh INILNES intéposie MEMedi With the
pat:BFREHVE ethdeRe 1Foek eftid0 M OPth C ghe Sopticih path th&ween the

phot osensitive substrate, whereby the high-resolution

IOV refdction epeeslsystemn Ded P Qhidsensfitivee substinia)gtleereby
a

ge effective inage-side nunerical aperture. A S
tygherhsingped iatagehader aarrricdab vapdrnae doApof she projection
performing a 25 first still projection exposure in a
pardptiehl esyxtemr e fregpassingavIResolntioni Znhankententit of 157-nm
hal f of one shot-area, for exanple, using the ]

pr djiiygraphy &y Liquid Immersion” reported in "Massachusetts Institute
of Technology" in "SPTE2002 Microlithography" by Mr. M. Switkes and
Mr. M. Rothschild describes Fluorinert (Perfluoropolyethers: trade name
of 3M, USA) and Deionized Water as candidates for media having the
required transmittance for light of wavelength A of not more than 200
nm,

In the present invention, as described above, the high-refractive-
imdex medium, e.g., a liquid (or fluid) is interposed in the optical path
between the projection optical system and the photosensitive subsirate,
whereby the high-resolution 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 projection

10
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FP0O5- 0349- 00 optical system having the projection
magni fi cation of not nore than 115, and, after

repl acenent of the mask, performing a second still FP05-0349-00

projection exposure in the rest partial exposure
region in the size of about half. In this
configuration, the projection magnification of the
projection optical 5 systemis set smaller than the -

¢ neaioel sy ERLhaREdfe praEafomeE ok df notypere fiym 15,
urikh AP rptletRERE BE e LK, pelRFRbHE A 328 sl pyojection
ot Ebafle I BBl BP kb SR iRl pf byt half. Tn
ondflis EhifemrptiBn PR i SR niinifBa(8h of Fhe pR¥REEBh optical
IS B 5 R et e Bt LaRicHoh niRpincatien e, 1)
| nADERTS. I SNASI ERRAR] SRk okt Fpnially
pr ‘iﬁ@:‘éﬁktﬁ RvEn RP ﬁﬁ?%%sg‘% hiifheritfal i;]tgbrtﬁi@ Bethifics larger than

regions having the s about a half of one sho
ar §Re driimaby Vatles' By irtBe offfheinkervBhE6R U the high-refractive-
mai nstream/as a mask, can be used. Furthernore,” the
pr §5d& medyemt | on enpl oys the configuration wherein
the mediumis filled in the optical path between the
projecti gy aopdsubtalevensindth ane bfiethehdiopsdo spitdjyetion optical
substrate in order to achieve the 20 | arge imge-side
nuRwsicanlkcasy ¢o truarufaondte| hesatistadtoplylagei will exposureeregion
is performed so as not to cause a drop of throughput
dugahdbé Becuredtley wesll correstinghfornéii affraxds fabersationsr such as
the case of scanning exposure. In one aspect of the
pr esard, andvamtinereaseim thes sizcbef lenses ds alsocavaided. Since the
hi gh-resol ution projection exposure can be_perforned .
wi miaski igtreptaeeduyith nothen betyessmr twig stilprojgcgion exposures in
effective image-side_ nungerical 11,

the partial exposure regions baving the size of about a half of one shot-

area, the 6-inch reticle, which is presently mainstream as a mask, can be
used. Furthermore, the present 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 thronghput 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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FP05-0349- 00 aperture through the intervention of the
hi gh-refractive-index nediumin the optical path

bet ween the projection optical systemand the

phot osensitive substrate, using the dioptric
projection optical system easy to manufacture and the
mask of the ordinary size. 5 Incidentally, the current
shot-area is a rectangular region of 33 nmmx 26 nmm or

23 A B Sl B bR S Dpmedivm i
g, ool bR 10 T, RRRRAPACEPLRRL G g e
1N by i e e il St Syt
0 S BT e Y s S e 25 O,

™ 015, o7 iR o5 0 BRI y of 33

tNenfN& 5B GnnP o £5 Lhf x %pﬂﬁﬂf e%‘lﬂf?i@% Eﬁ%ﬁﬁd fﬂa‘f can be
of "6-1ncfi size and the projection optica system

L B PS5 R0 LBy Mol o noh i
B rERRrt? sfndbvg 3o GO tion o

rojecti o the refic

of fyge éﬁ%'ﬂ'ﬂ&@aﬁ whed thik RBot-Rfed REquallyodivida] iy Twipartial

havi ng e projection magnification of "1/6. 20 In
PasxpBSurepiiéns Aadavhersewo stile frajertion’ egposuresuré |carried
divided intd four partial exposure regions and where
f owint Sthiel iz b6 each ipanigxgsisues region is DG irgn >016,5 hive or 22
si ze of each partial exposure region is, for exanple,
13 mm x I&HS5mmn Whérhilse sixgeof sacle pattivd expdsure region is 26
exposure regions can be relatively small, it is o
f eaminbl e 163 pemh,orit ik hfeasitde stotparfarpe cthieoon2sshot projection
exposures using the projection optical systemhaving |
t hexposiinearysingribgerstidde ofagrinchcsize candfthe/ projeetiarh eptical
reticle of 6-inch sjize. 12 .

system having the projection magnification of 1/5.

On the other band, where the size of each partial exposure
region is 22 mm x 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 projection 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 omne-shot projection
exposures using the projection optical system having the ordinary

projection magnification of 1/4 and the reticle of 6-inch size.
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FP05-0349-00



10

15

20

25

FP05-0349-00 If the | arge image-side nuneri cal
aperture of not less than 1 is intended to be
realized in the projection optical systemwth the

projection magnification of 1/4 which is presently FP05-0349-00

predom nating, the object-side nunerical aperture
will also increase to sone extent 5 therewith. As a
result, in the case of the dioptric projection optica

aper t ur o 1 1 deEaiags-SiE TIRTRA ARFITUELPF oef th fgn 1 is
t anigndef o 208 HeRlizfhcin 4fig e PRoiEPliBPBtisel patih, with the
andrpieckibomasBaet pF 1T vEIGCH B bR Rtie. the
nSTHSCt A% s RBET et Vi, s egaRe “to' Ve  Bxtent
optpeeiitl oBsia TRERr e fhe, (4R, ool giopFielbRyEiof btical
CPishSknd e LRIk o the HFEL IR HurfeliCHl 4Rlre could lead to

ab | i @i i i '

DT A el K, B tats ERARRRS'Sich G and,
ot ity BGR B SeLRIRECRCIARP AL PqsiR Xepitd Tefotive
in + - Q¥ ik T j e hga! i

cof R B, the g oq o ©
si &GoRgh iftirsadcPiimhel dize!6F legise@n area cannot be 20

covered by the presently predom nating 6-inch reticle.

I'n fact, Thendey i€ a¥scrednédigablek o aidept anshethodedf akiting the
plurality of  layers, and it is not the case that all

t herdjeetos mignificatisadimagd msgnifitativh} of dhe peajection optical
apparatus. Therefore, it I's inportant to use the shot-

ar ggstenpnmallerotitahenormaksd axpgoskeep dhpaoljeassidsi numerical
the required 25 size of the shot-areas is_determn ned _
on aperurevere asildw develhetherdpecwieln cosprating foy s them off-axis
if the projection magnification of the prthctLon
opabemntians and also avoiding the increase In the size of lenses.

However, where the projection magnification of the projection optical
system is set smaller 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 large 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
fayers, 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 exposure apparatus. Since the required
size of the shot-areas is determined on the image side of the projection

optical system, if the projection magnification of the projection optical
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FP05-0349-00 systemis set to a value smaller than
current 1/4, the required mask area w | becone

| arger than the current nmask area. In other words, IfFP05-0349-00

the projection magnification of the projection
optical systemis nmade sinply smaller than current -
114, the presently predom nating 6-inch reticle wll

5 fail to cover the required shot-area. However, since

e BRI 5P SeBle SEBUBE B b PRpP R B re RS Pk aren
o I B B0 e e s e TR i pords, if the
- capice g ALt Rlon Bt i Bt Brertlis radecsipaoty
, ¢ Dby P )
| SR Bl i eshiy sREAORAIP BLE G RBEle wil
o 21 F oL e rogiRRMRE  "T o' anot her - aspect  of

h . i D i Lo feasibl Sh= ]
oot oS e By AN B Gt o
o S 0 e BF U proeat St mors
Nt qg&, me%tgeé@sfﬂe r:ﬂﬂﬂéﬁéd]?arpé?ﬁﬁévc%ﬁ? be Reg?&t i Rénall level

igh-refractive-index mediumin the optical path to

t hevefitigaheS Og’)é‘-&i_deTﬁ@n%eals HpSrBRP M Xept laipe. As a result,
exposure nmethod using the proJjection opltical system

ac eeflithe digpitopregéctivipepticall systean ik ebbnto @kl correct for the
i nvention involve repeating a still projection

expdbuki adbereaddnpaich ak cobxpanad| ¢n negi, o fevure tthewslatively
in the projection exposure in one shot-area including

f olgrepafldctivecixpinsug arezs gvithout ihoreasednyhe sizesofilgnéesur
separate 6-inch reticles. In this case, it is o
f easi bl eNanélge pctdrelimg to anothiareypechof ghe presgol nevention, it
for the projection optical system at a |ow level and

i nis fsasiblento realimehths dioptricaprnjection eptisal system capable of
proj ection optjcal system The configuration aof )

fi securang Kbe melatvely ilargeneffegtive: anagms aren Wiale securing the

large effective image-side numerical aperture through the intervention

of the high-refractive-index medium in the optical path to the image
surface. The exposure apparatus and exposure method using the
projection optical system according to énother aspect. of the present
invention involve repeating 2 still projection exposure in each partial
exposure region four times in the projection exposure m one shot-area
meluding four partial exposure regions, for example, using four separate

~_6-inch reticles, In this case, it is feasible to keep the maximum image
height required for the projection optical system, at a low level and, in
tumn, to achieve miniaturization of the projection optical system.

The configuration of filling the medium in the optical path to the
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FPO5- 0349- 00 photosensitive substrate is adopted in
order to achieve the large i nage- side nunerical

aperture, but the still projection exposures are FP05-0349-00

carried out through the dioptric projection optical
system which does not cause a drop of throughput due
to the intervention of the nmedium different from5
the case of scanning exposure. As described above, the

g T M IR -
24 S A LG s oo i o
A5G U PRV SRSGHREP Hotch ol POt cause
T o g e
§ELE;%?S§E%ES§@.8@QM%§€?%%%§§%§ (APl s
o e R R DE B Rl vslicuce the dopri

Corditren” (1" Bef'ou tere | i ;
and DIRE SPAEaR PP RNy O Kl AGI TR b 8RSk of the

SURcaR §iQel | FFBOISDeS W | rh- fhe Hsh-2€4ocliflBACprojection
di sr{('anc_e. _10. 1§ﬂiLz{2f?_LA_<eO. 2 (1) The range bel ow tﬁej

| ookt twith Rphdithicuphpht, iwhilsdgsd ahe2farge effective
because it becones difficult to correct for conms,

as tijrgiwetdide) maneritile apbitiees ahebugh ohé antereentbh eof ithe high-
i mgi ng area. On the other hand, the range above the
uppefratiivé-indéx Goediuim dn (He dpsticsl dpathr bbtweedre thasprojection
the size of the optical system becones |arger. :
Naopitical swetemt 4 therpliciosénpitivpsubstratsy st em sati sfi es
Condition (1), the reduction 25 projection optical

syst em cdeqerogentiiy optieal Systarheciordinglte anotkenspest of the
securing the necessary and sufficient effective .

i mpgesent dmeentioro preferatdy satisfies Condition (1) below, where L2 is

the distance from the. image-side pupil position to the image surface and
LA the distance from the object surface (first surface) to the image
surface, 1.e., object-image distance.

0.18 <L2/LA < 0,245 (1)

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. Om the other hand, the
range above the upper limit of Condition (1) is undesirable becanse the
size of the optical system becomes larger, 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 imaging area. For better
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FPO5- 0349- 00 denonstrating the effect of the present
inveution, the lower Iimt of Condition (1) is
preferably set to 0.2 and the upper limt thereof to
0.24. The projection optical systemaccording to
anot her aspect of the present invention preferably
has at | east one variable aperture stop 5 disposed at
or near the image-side pupil position. This

AL A Bof GGt O geaH iV FBGnhc e oL Jimit of
3?¥¢e§¢ﬁgt S el 550 2o IO i hereoftg 0.24.
Ui or m Je WGt 0Bfk %@s&%ﬁ#%&%ﬁ@ﬁ@%fﬁ@b% fiigtt of the
apdiEt Elﬂvré'éﬂbﬂ?nge Sy, B ot ney VERER, apprippg stop
”"edi%ﬁé ACof R R Niod PR Ecsitinh, ) 1R ViR fighration
MO@% tgagfqg%ég @i@%“ corr espo%ﬁ%}gh%he?repna% with

Theregé e 'Jﬁﬂsl&"tﬁ &SRﬁﬁhgﬁctgf; dg%-%%jyahas rmore, by

aspe presen i nvent |

fi rcﬁ%pcésﬁlgtwa' Lo, Ap@e b5 tés WRA2%phBS RIE" optical-axis

seco W th negati1 ve refracting power,

U higifkd IEII% zt“ﬁédon\ﬂé:st f%a%ﬂﬂ@sﬂot wififoriiizeathiel pigpiP AWape tl%‘oughout

fourth lehs unit wt negative reftacti'ng power, a

fi fthe | @ifive WildetiVe! finagid@s btda/ at '2Vadety o @iinedesl apefures.

aperture stop, and a SixXth lens unit with a positive
r effigacthiel detailedVeperatibflals atfiesf iofstheotwio tvarinb(@)apeshwe. stops
O 04 < P2/PX < 0.2 (2) 1h Condition (2), where a size
f digparedavith e @ntieno Fncaipamsa:‘hrmwmcrefdwnae beouild be
a

froma poi nt onthe optic axi s of the object

sumhadeté JaptafesedRhtenst Applicatioh Ihidr@pen, N&x2062418053 and
maxi rruz‘igartl al dianmeter in the projection optical

sy WOO2B I8 carresporidingntheretd.al 16
The projection optical system according to another aspect of the

present invention 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 refraéting
power, and satisfies Condition (2) below.

0.04 < P2/PX <0.2 2

In Condition (2), where a size of an area occupied on each
optical surface by a beam from a point on the optical axis of the object
surface i8 defined as a partial diameter, PX is a maximum partial

diameter in the projection optical system and P2 a mimmum partial
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FPO5- 0349-00 di aneter in the second lens unit. For the
general definition of the partial dianeter (partial
size: partial beamsize[dianeter]), reference should

be made to Paragraph [0032] and Fig. 3 of Japanese FP05-0349-00

Patent Application Laid-Open No. 2002-151397, and to
Par agraphs [0084] 5 [0089] and Fig. 14 of Japanese
Pat ent Application Laid-Open No. 2002- 258131 (and

e Rtani] R4 sk bbs B or hgshabiat ity of te
ef fﬂ%?cfi‘nﬁi'%mg%( Gy, SEebopirial BB, wipsichmstely geference
3t B OBl TROER A i o Bl Potent
oAk b L ORI ShO2 P T B, oo
ﬁ@ﬁ@ﬁmmr14“@%2%@#q%3§ﬁ>a$#tt%pﬁﬁé@;% U5 2002-
POt a S AR 01 | L ah 1B, A BB Paten
mﬁﬂgﬁﬁc}ggr atﬁgtkl on ﬁ)@l‘ghe'nq{ ﬂﬁ on Se?; oﬁ Prgnlcgns

(t he Pet gyeé,? tcﬁﬂ'ﬁbﬁ ( Z%St mfefit B FdRibid %H%ﬁbfe%ﬂw&mfy the

the effe I on, the | ower

1 | [ r t ﬂﬂ@] ith
upper I I i tegltl(%@%)go tao?%eﬁe%hbgogﬁ} g g]r]%J ection opt| gg Wi

Sy gkeeMafC 9l a%'flé& tol\?diﬂélﬂferthés RaRfge Obelope ther de@r limit of

invention preferably satisfies Condition (3) below, in

W iditioh 2o Mmdisiable drbclons'd seffiGR working distance

Condition (3) Is a mninmm clear aperture radius

of canh6inbeisecitnl bﬁu&iehlﬂaslassldelandamécﬁmm:aé;Imtmference of a
aperture radius of the object surface (a mask in
apphdskakiape becémes Ikelyx pwsevcar appapplivafion Otod the exposure
D4/ D0 < 0.9 (3) 17

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 hmit thereof to 0.15.

The projection optical system according to another aspect of the
present invention preferably satisfies Condition (3) below, in addition to
above-described Condition (2). In Condition (Sj, 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 (a2 mask in application to the
exposure apparatus).

0.4<D4/D0<09 3)
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FP05-0349-00 The range below the lower limt of
Condition (3) is undesirable because it becones

i nfeasi ble to achieve a sufficiently |arge inage-si degP05-0349-00

nunerical aperture. On the other hand, the range abov
the upper Iimt of Condition (3) is undesirable
because it becones difficult to avoid an 5 increase in
the | ens dianmeter or degradation of aberration

femonst r a5 bEh LGe gwep Bk of Bopdifion ) S mdesirable.
0. <PesBiSh it bl inobs iafiARiole 86 apevia SpGHALY Jardfrishdle-side
R phffithe AR o D7 HERRE Hel o Pl ATle tibpmer timit
| et bl 3 Fis RERRRGLT: BERARE BRoBRE diffof @ 3%oid an
| enbetiplsh 4 8 Bn3ehihelE o pbardaMn e hendo Yefbrmance
apeihy etz b AR caﬁ@iﬁgﬁ.'sg dr! Bdfer Hg@pﬁgﬁﬁ?g)mggia%& of the

refracting power, i'sfies Co

15 AR e 160 b TORDPLS) i broferably st

opti cal syst

de iakﬁ@gh@ ] t69. g7 mni num partial dianmeter in
thz@'?hlr l'e un;ﬁ?ﬁ 0.07 < P3/PX < 0.23 (4) \Wen

Condi t i oA KdphativelEthe profebtibRasitivat sySietd ht€drdiig Yo another

ipk
satisfy the 20 PetzvaP‘s condition and to realize

goagpsBef tHe AResaitninveativht prefepably 2Rt a firet dass unit with a

Nanely, the range below the Tower I'Tmt of Condition
( 4)ndgativedesiactibepdeer usseoonsulehisaintit withe akpoitive refracting
di stance cannot be secured on the mask side and |
megivamer; al third tedsenminovithfa hegativeasdfrastige powesedourth lens
likely to occur in application to the exposure 25
appanbwith a@oditive octractitg powdth anrapeghirastop, amé a fifth lens
upper limt of Condition (4) is undesirable because
i t wecwithsa gicsitivurefraoting powegrariBsatisfies Condition (4) below.
In Condition (4), PX is the maximum partial diameter i the projection
optical system as described above, and P3 a minimum partial diameter
in the third lens unit.
0.07 <P3/PX <023 4)
When Condition (4) is met, it is feasible to efficiently satisfy the
Peizval's condition and to realize good imaging performance with
excellent flatness. Namely, the range below the lower limit of
Condition (4) is undesirable because a sufficient working distance
cannot be secured on the mask side and mechanical interference of the
mask stage becomes likely to occur in application to the exposure
apparatus. On the other hand, the range above the upper limit of

Condition (4) is undesirable because it becomes difficult to avoid an
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FP0O5- 0349-00 increase in the Il ens size or degradation
of aberration performance (the Petzval's condition).
For better denonstrating the effect of the present
invention, the lower limt of Condition (4) is
preferably set to 0.1 and the upper limt to 0.21. 5
The projection optical system according to anot her
aspect of the present invention preferably satisfies

Conptsas ipaie 1onS SiamiPr Aokracsionnat aBefafpR R prmiance (the
i oniketZg £ ”rcﬁuen arﬁoabsﬁ%ﬁns el gﬁtﬂwife&&oi’abe present
3359?’%*32%%“’@ € B CRIS A1
sufflsi?ger 15&]5%?7@311 'nf eaS|SbI e torealize a
t he ot he:ﬁkaﬂtﬁae%ﬁ%ﬁ Bﬁﬁg%l %gsg%%%&%@etro a%?ér%b?f %@% of the
ai ety BRgR pHERRLY SRS CHIRE L |(§E'39{§%§ fp,agdition to
pe SEAe RS d?.ésﬁ?’?"’éa ABe EC e“%ﬁﬁémt. G 1f i Minimum
& f‘g&%: ché t?@% f@gge er a %qglett?i%t 0 ﬂ%\%lﬂt’ k@%%?era clear
\'/Hg%{lﬁ%ﬁﬁ%ﬂﬁst qu'ggs% g%ed bel ossm?;gh?ﬁée ba |ngcg1?1%tﬁt lctao the

@4@@ ngs. Fig. 1 is an illustration

schemat | caiﬂlgg/ gho M ng a configuration of an exposure
appar at ug) 3% edbg/DY <t ®8gn enbodi ment of5)t he present

i nvention, wherein the Z-axis is set in'parallel with

the opti GHe sixige WetowStheflosvenrlitngtcof Condition §5) mysndesirable
PL, the Y-axis in parallel with the plane of Fig. I

V\nhtbacausénﬁ béevmenifoadibleots healige acnaiffietently/birgamage-side
the X-axis 19
numetical aperture. On the other hand, the range above the upper limit

'..

of Condition (5) is undesirable because it becomes difficult to avord 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 embodiment of the present
mvention, wherein the Z-axis is 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 plane normal to the optical axis AX, and the X-axis

19
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FP05-0349-00 normal to the plane of Fig. 1. The
exposure apparatus depicted is provided with an ArF
exci mer |aser source as a |light source 100 for

supplying illumnation [ight in an ultraviolet region.Fl:'Os‘O?"w'00

Light emtted fromthe |ight source 100 travels
through an 5 illumnation optical systemIL to
illTumnate a reticle Rwith a predeterm ned pattern

formed thereon, .in a er| ed manner. The  optj cal .
patHrBElvide e iRlnG G Mgl co Thso SARGSTE] aRRATaRYS depicted is
opti cal ystem 1l is hernetically sealed j.n a casin
ChrogHish With Al Ak et IBsgnsowse, o5 a i s6ae0 800 for
reficle in 10 the

|| PR ofitoRatan ight FLAR trRelol FeRA i th an

W th sominEhsRedn Gom ol Hight Koisear £00 Gapels fitough an
o uftiation | BoR sréiel g oS Al piie; B, rBigl" R, vith 2
tr areFEhe patlert Bt Bl o, 0 PtieBinpdholifignner.  The
G Sl e PR, TE Qi ol 100° ang fpu A optical
ar e I 45 Liffictibally sopl¥ aRagh) (it sAophfy afl the space
LQ@&%&%@%&:&& ;agﬁg&ﬂéi%ﬂg anBef cRisest RfRUfeitle in

ninter ronet e usi reticle noving mrror

RMih@ Aiindtiort BpticAlSyshaR 11l 0 1éla6as witte af ARbFOEASSuch as

based thereon. L gﬁt romthe pattern formed on the

I eieH | dUnileskd RiAe bhe With efdlbmtepipdce for the

sygitegmhﬁlPl%%% cfﬁ\orm areti clg gattern i mage on a wafer

W hebBsure 1§ 6 fifahiing] fuhsendyeaciim wafer Wis

kept “in paraflel with the XY plane on a wafer stage

WB, thro(lie retivhs B ishképtein pardlled withiihe TH¥nplane on a reticle

pattern image is formed in a still exposure region of

r etaproRISathehahes eetitlecholdes RMI s A gmttenn dptbe tangcribed is

correspond to the 20 L i
formed on the reticle R, and a rectangular pattern area is illuminated.

The reticle stage RS is two-dimensionally movable along the reticle
surface (i.e., the XY plane) by action of a driving system not illusirated,
and is configured so that coordinates of the position thereof are
measured by an interferometer RIF using a reticle moving mirror RM
and so that the position thereof is controlled based thereon.

Light from the pattern formed on the reticle R is guided through
the projection optical system PL to form a reticle pattern image on a
wafer W being a photosensitive substrate. The wafer W is kept in
parallel 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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FP05-0349-00 rectangul ar illum nation area on the
reticle R The wafer stage Ws is two-dinensionally
novabl e al ong the wafer surface (i.e., the XY plane)

by. action of a driving systemnot shown, and is FP05-0349-00

configured so that coordinates of the position

thereof are neasured by an interferoneter 5 WF using

a wafer nmoving mrror WM and so that the position
ont.rol.l ed based,t her t he

e el B g i v
Ikgﬁw ed U:iﬁlpst t.o. %\a@f} Owifll&waig %(B%qulgi?fvor ‘H%FSXY plane)
o dok SRR PR G B o g S £ iygBfigured so that
Sl o SR T B o
oy W using 3 d@%ar Gitthg BRHDE WG adtl S ?ﬁé}cﬁ@aﬁ@%ﬁﬁ thereof
2o s Ropltblea DRt flersGR 1 0 B And ot oo ot age RS are
.""{ oot BPRShAY Afbars OF fhe, BRAER] chitiodiment, the
O ahfefton o #Y 305 et GHtical! Sistth PL. & %%‘I%‘%a“ #'be kept
SR ai'mﬁeézééf% AR B UERSE o te
st %ﬁcleZ fi5 9.1 201* Jgakéagegt aedégrﬁ%b@bhcaﬂmgleg and a

show ng e config ratl oundary |

anchoiifatyPidis LB 188sRdonaifescto Y flaféramon bptical“members

I n eac anpl e the boundary lens Lb | ocated nearest

t 0 cofistitntiibethd Projeetion’ optedli Systont PLal amd sherpailinsdde the
a convex surface Kept toward the reti cle- In ot her
WoisigjectiBh dpekhr&.ﬁstanﬁpmy réplacedvit an heer? pabguobasthelium
| ens 'Lb has"a positive refracting power. The opti cal
paighs drehitregenh @mBiepty i ennehtly avatiwai estatel | Furilidrabre, the
with a nmediumLm

reticle R and reticle stage RS are arranged on the narrow optical path

between the illumination optical system I 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 helium gas, or kept in a nearly vacuum state.

Fig. 2 is an illustration schematically showing the configuration
between the boundary lens and the wafer in each example. Referring
to Fig, 2, in each example the boundary lens Lb located nearest to the
wafer in the projection optical system PL has a convex surface kept
toward the reticle. In other words, the reticle-side surface Sb of the
boundary lens Lb has a positive refracting power. The optical path
between boundary lens Lb and wafer W is filled with a medium Lm
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21 FPOb-0349-00 having a refractive index | arger than
1.1. Inthe first to third exanples, deionized water

is used as the nediumLm In the fourth and fifth FP05-0349-00

exanpl es, pure water is used as the nmediumLm The
interior of the optical path between boundary | ens Lb
in the 5 projection optical system PL and wafer W can
be continuously kept filled with the |iquid medium

Z;‘llévﬁés AyRRBYE ﬁﬁé%‘i%kgﬁﬁ% g0 BRARER BrgShemples
ﬁf@a%*%?%é: ‘%ﬁée?p%.”ééeedpgﬁffﬁ%évé@%%%,”112399;@95% g fifth
] . ' I i

L bESIBS R MBS RS el BeBiE e nat T orel

Z} qui d 2@3*@%3@69@@?ﬁ?@é@?{ﬂghiou%%&hilﬁﬂﬂﬁ%“iﬂs Lb in the
petig ¢ gﬂﬁéﬁ‘f@f SEsEm BT, ahd waltr YPRérf b, Baithmously leept
| oAU P el N bR, I Bt OME écliblogy
fﬁvdjigaoséa*iﬂ Peidiemafidnd] PuBlitAor wm/@%%ogi thekedatblogy

apanese Patent Application Laid-Qpen

10-§8334¢d A Tapanse PatentMRppliSatfdb AAE.Opdie Nsa16:303114 and

hol der table I's constructed in such a receptacle

Shaps. att NpesSBI5043) and aorodat dntihe tdohmotbdymeliddlozed m
Lm, and the 20 wafer Wi s positi oned and hol d by

va@@UTh Bietniational Putdicstione WO/ 42504 naeliquat t(arediant Lm)
(inthe liquid). The distal part of the Iens barrel of

t heidpustedat & ?ncdﬂehnhiechmlmmﬁireils sapphed ¢rorh @ ligadsupply
the inside of the liquid and, in turn, the wafer-side
optdevide throighea sipphe tideeiaddr y discharge mozzlaspaagytel fill the
to reach the inside of the liquid. 25 As described . .
abopicahpatht bebpen boundary lens| kb andbwaten Woand the liquid is
exposure light is_created throughout the entire )
optcolactedafrans pnitheiwalier 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 U.S. Pat. No.
5,825,043, the wafer holder table WT is constructed in such a receptacle
shape as to be able to accommodate the liquid {(medium Lm), and the
wafer W is positioned and held by vacuum suction at the center of the
inner bottom part (in the liquid). The distal part of the lens barrel of
the projection optical system PL is arranged to reach the inside of the
liquid and, in turn, the wafer-side optical surface of the boundary lens
Lb is arranged to reach the inside of the liquid.

As described above, an atmosphere with little absorption of the
exposure light is created throughout the entire optical path from light

22
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22 FP05-0349-00 source 100 to wafer W Accordingly,
driving systens, the interferoneters (RIF, WF),
others are used to performthe one-shot exposure
whil e two-di mensionally driving and controlling the
wafer W 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

0 e By, A e S, e
o BB O o B et e i o
10 S QG AR Bl U5 TS oS w
T k02 M) bbbl o 58 AL K B e
L S, 0 S, R RS SHSE o i, s
e e liRtly pGiSEERE RO 3ol Ahbas 3F YBRE: B t5Me oy called stop-

the projection

FP035-0349-00

10

15

20

25

th each of the exanples,
opﬁ%dé\fé@?gﬁ%hﬁ‘ is arranged t_gpbe substantial l'y
tel ecent ThSeaRh e%h{?]&ﬁ&e‘]@h@ %nfﬂdgﬁn;?@u??ﬁ%ﬁigm projection

side. In’e €, W aspherrc

exanp

ace |

to the

oAy 8, TR LS00 by (0. The

oplaneiabiohX béntef Watdleh

axis from a tangent pJane at an apex of

as RIXPosHf
the aspherical surface,
ape¢ntdt wavelen

coefficients of order n. In each 25 exam

6f (RBUATE! Oftinichdaser light being the
e
fiace93.808 pASi theofefictivie indet Wt si¥ficanfor this

r a radius of curvature at the

lis 40560326 1gnindatie Gefractpheiridex of fluorite is

pl e, a | ens

surlf 58 b4348.me Fuirtheaspher i afhes figpe to st

L cegammples, leionized

mark * on the right side to a surface nunber.

water having the refractive index of 1.47 for 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

atranged to be substantially telecentric on both the 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, x 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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23 FP05-0349-00 5 10 15 20 25 Z = (yz/r)1[1 + (1 - {1
+ K)'y2lr2)12] + C4y4 + C6y6 + Cg'y5 + ClQyl0 +
Cl2-y12 + Cl4yl4 (a) [First Exanple] Fig. 3 is an

illustration showing a | ens configuration of a FP05-0349-00

projection optical system according to the first
exanpl e of the present enbodinent. Wth reference to
Fig. 3, the projection optical system PL of the first

;?f‘gﬁgid?n‘:@?&&if% Ih1RE 4 SRS R B R it Coy* +
f
e;é,of%mg“éuﬁﬁé%gca“? z“&eng. ve agn‘;ﬂ.e;'cﬁ?' Bne t2
h .
bodins Exainie s i”‘éﬁs' 13 Whose concave surface of
bi bonvex Tigng 1, 25, HEERAUER"Rhfwing 4isbE Eonflgwation of a
F ooty QRRRH %f‘erﬁéq‘%%ﬁiﬂ@ fif Bl ERPEEDE of he present
;o Gaitiers P lth eRPRR T FiglcH, the BGEE O optical system
e (B r;@%%?ah@% FRRSERE At hsonens
conca&%@ﬂug} tggg ]i) da?gp grl cﬁleoﬁggz%l E?(Eﬁlc? %?oh\%grg %h‘e}Vhose
I

Sur nggv% @gg; Ihéc’]ﬁ}e’fﬁ*% %ﬁuﬁ? i§ Eégt t omqget\ﬁgmmga %legatwe

'?ﬂ G@%’Tel%]e]lﬂ ‘bﬁésé\ﬁﬁ%@aﬁ@ %ﬁ?fﬂ%esl‘drlfe}ﬁetovﬁrd the retlcle a
aspneri ca

ape is kept toward the wafer; a positive
MeRjokftive Rffscus lens L3 whose concave surface of aspherical shape is

kept toward the reticle; a biconvex lens L4; a biconvex lens L5 whose
convex surface of aspherical shape is kept toward the reticle; a positive
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 aspherical shape
is kept toward the wafer; a biconcave lens L11 whose concave surface
of aspherical shape is kept toward the wafer; a positive meniscus lens
L12 whose concave surface of aspherical shape is kept toward the
wafer; a biconvex lems L13; a positive meniscus lens L14 whose
concave surface is kept toward the reticle; a positive meniscus lens L15
whose concave surface is kept toward the reticle; a negative meniscus

lens 1.16 whose concave surface of aspherical shape is kept toward the
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L12 whose concave surface of aspherical shape is kept
toward the wafer; a biconvex lens L13; a positive

nmeni scus | ens L14 whose concave surface is kept FP05-0349-00

toward the reticle; a positive neniscus |lens L15

whose concave surface is kept toward the reticle; a
negati ve neniscus |ens L16 whose concave surface of
aspherical shape is kept toward the 24 FP05-0349-00

\Iﬁ?f \?Elg%g@% ﬁ@gﬁé@y@@?ﬁs f é?gsﬁlls}%ko%%@istéglag% f.g ZSqu?&S concave
Lo b & BEROMEATEAT I IR JR0RE RIS whoe
R
co r\?(rﬁésé léf)felﬁgf Eﬁfaﬁ pfs k@%ﬁf&vﬁﬁﬂetﬁf &éﬁéi@" aaggﬁgllrvl%'c X niscus

nmenl SCus ose cave surface of a
sh [ t QR fiery L i18C YSnaait
I eﬁgﬁf_% d\;h%g{sogeconve% E{Jrﬁ‘f’i g%elgilgelﬂ kept Poﬁv\%r gag& I’%é’ d>positive

" ClihchiRou IhsL Pl WABSE (Rhchol subffide (GRMMIRIICA Shapk ik kept

whose plane is kept toward the wafer. 1071 n the fi

ex3iRiaed the vaditt laCFosifivé ndfitvecRns T2 D harse VbR Ex surface is
| ens L23 as the "boundary lens Lb and the wafer Wis

fi ket tovhrtl tHeeretivhsli and b plasmsdrsieklens L2%e(nimkey lens Lb
Watg??I The | enses LZ2 andeL23 (Lb) are nade of )
f 1 woiddespland i keptavhenrdlthesvaferrponent s are nmade of

silica. 15 Table (1) bel ow presents val ues of

speci fi cit ithadiref exhmpleyr thiecopiical pathi betwespsthenplanoconvex
the first exanple. In Table (1), X indicates the

cedeny L23vas ¢ngbountahdenschbsand the gvafer3W hie filled with the
projection magnification (the_inmaging magnification

of meédingnim ecopgistiong of alegomized twater.nadbeslenses L22 and 1.23
(waf er-side) nunerical aperture, Each surface number

20 (Lbpraze anade of fhiomte and fhe othek dertsr composents arg made of
side, r a radius of curvature of each surface (in the
castic& an aspherical surface, a radius

Table (1) below presents values of specifications of the
projection optical system PL in the first example, In Table (1), A
mdicates the center wavelength of the exposure tht, B the projection
magnification (the imaging magnification of the entire system), and NA
the image-side (wafer-side) numerical aperture. Each surface mumber
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: rom), d an axial spacing or surface separation
of each swface (mm), and n a refractive index for the center
wavelength, The notations in Table (1) also apply to Tables (2) and (3)
hereinafter.

TABLE 1
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of curvature at the apex: mn), d an axial spacing or
surface separation of each surface (TMmm), and n a
refractive index for the center wavel ength. The
notations in Table (1) also apply to Tables (2) and
(3) 25 hereinafter. TABLE 1 25 FPC6-0349-00

FP05-0349-00

(Principal Specificati ons) A =193. 306nm 0; = 1/5 NA=
1 04 5 (Specifications 'of Optical Menbers) Surface
tical (reticle surface)35. 85155

1 21 Bnm %é@?%ﬁ“@@%g%l 5603261(L 1 ) 102*228.8502379.
183 7 g %g% :8%@%020 302511. 5603261(L 2)

43636. J1 Bk 266. 9549849. 961831. 5603261(L 3)
6 1 7. 22§E§1 00000 15714334.3441754. 428081. 5603261( L
4) 5811. 00000 9*345. 4315057. 607211. 5603261(. L

0-31743 730001. 00000
11*éﬁ gyZlSééfg 456391. 5603261(L 6) 2012455.888111.

00000 13180. 2856039. 082051. 5603261(L 7)

(Specifications of Optical Members)

Surface No. T d n Optical Member
(reticle surface) 35. 851556

1 -2116. 15637  29.98465 1, 5603261 (L 1)
2% 298,85023 79, 18317

3 -133.07210  20.30251  1.5603261 (L2)
4 -3086. 24503 6. 03952

5% ~266. 95498  49.96183  1.5603261 (L 3)
6 -187. 00872 1. 00080

7 14334. 34417  54.42808  1.5603261 (L 4)
8 ~341. 42581 1. 00000 |

Ok 345.43150  57.60721  1,5603261 (L5)
10 -31743139. 73000 1, 00000

11 211.82132  49.45639  1.5603261 (L6)
12 455, 88811 1. 00000

13 180. 28660  39.08206  1.5603261 (L7)
14% 221. 90022 8, 59172

15 235. 16731  43.22341  1.5603261 (L8)
16 116.00174  67. 18556

17% -195, 60629  14.00000  1.5603261 (L9)
18 130. 52857  23. 53252
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14*221. 900228, 59172 15235. 1673143.223411.5603261(L
8) 16116.0017467. 18556

2517*%-195. 6062914. 000001. 5603261(L 9)

18130. 5285723. 53252 26 FP05- 0349- 00 ' FP05-0349-00
192316. 6665314. 000001. 5603261(L 1 0)

20*141. 3669328. 05905 21- 832. 0669224. 80161l. 5603261(L

1. 1) 22*781. 195074, 33285

523949. 7531614, 839561. 560326 1 2) 24%1429. 30650

70187 257753, @éﬂ@éﬁﬁﬁ%ossbﬁo@éﬁéze « poG328Y 26- 8871%3

150921. 58607 27- 578, 5306%§$ (é€731 5603261(L 14. )

102@*227 5055614b30B% 29-278290P533530. 823641. 5603261 ( L

%#93842823%7gg£é@g&g60§§%§?¥ﬂ'I dy 560326k (L 11)
613?%%‘8‘438%?15*%033%01“78 b4 84 1 7
35-255, 951101 60000, 36- 2%_38&£%432%758&éé91.56?&2@%&L

1 37-457. 33

58%19. 6070238%3&35&1. 561(?)37’2@1]1(7L 19)

. 077321.
7753. 09495 42, 50839 1. 6603261 (L13)

26 -297. 15092 1. 58607
27 -576. 53063  43.01673  1,5603261 (L14)
28 ~227.50666  1.00000

29 -8764, 75335 30.82364  1.5603261 (L15)
30 ~595, 27589 1. 00000

31 379.04692  30.00000  1.5603261 (1.1 6)
32% 349, 61368  44. 68287

33 o 48. 22674 (AS)
34 ~448.39487  45.40892 1, 5603261 (L17)
35 ~255. 65110 1. 00000

36 -2463.02432  37.63340  1.5603261 (L18)
a7 -457. 33179 1. 00600

28 219, 60702  49.49656  1.5603261 (L1 9)
39 458. 07732 1. 00000

40 172.37588  49.09143  1.5603261 (L20)
41 318, 22764 1. 08037

42 154.21994  31.79043  1,5603261 (L21)
43% 209. 87548 1. 17547

44 140, 16086  44.87372  1.5014548 (L22)
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40172. 3758849. 091431. 5603261(L 2 0) 41318.227641. 08037
42154.2199431. 790431.5603261(L 2 1 ) 2543*209.

875481. 17547 44140. 1698644.873731.5014548(L 2 2) 27

FPO5- 0349-00 45 231.31932 5. 59159 46 256. 60953

FP05-0349-00

49.92220 1.5014548 (L 2 3 : L b) 47 m8.92710 1.47 (L
m) (wafer surface) 5 (Aspherical Data) 2nd surface
1C =0 4=-1.. 1 5575X. 10-1C6=3. 70303X10-12 10 C8=--1.
1.5277X10-16CLQ=z5.,,41093X10- Cl2=-1. 401 82X1
025¢14=1. 3949831&31%9 gﬁg rface K=0 15 CA=1.
036

00

X1 CBOB=- 46X1. 0
X10- 1701055%.%3’%%4&%"?0
(wafer surface)

(Aspherical Data)
2nd surface
k=0
cC,=~—1. 15575x%x10"
Co=—1. 15277X10™"
C,=—1. 40182X10%
5th surface
k=0
C,=1. 03612X10*
C,=2. 00780x10"
Cp=1. 61307x10%
Oth surface

k=0

C,=—7. 06471%X10™
Ce=7. 71113X107"

Cp,=—2. 567T56X10™®

11th surface
k=0

95PG oy O 5 (J 7R L D)

0- Z/FT Cl4-W 1. 90%. 4 5 78%(9%71%'31 19;11}1 surface(L%q) x=0

Ce=3. 70303x10™"
Cp=5. 41093X10™*

C,=1. 39491xX10™%

Ce=—2. 91646X108

Co=—6, 27346X107%

C,=1. 91457x10™

C,=3., 77861%X107%
Cp=2. 18015X107%

C,=—38. 93049X10™®
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CA=-7. 06471 X10-11 06=3. 77351X10.16 Cx=7. 71 1 13X
1019 C 10=2. 1801 5X10-23 Cl2=-2. 56 756 X 1 . 0 -

Cl4 =-3. 93049X10-33 25 11th surface X=0 28

FPO5- 0349-00 CQ=-1. 96404x10-9 C65=8. 50314X 10-14  FFP03-0349-00
C8=--3. 998 9 7X 1 0-18 G o=-7. 1 9.500X ]. O C12=9.
44512X1. 0-28 Cl4=-1. 72884X10-31 5 14th surface i=0
C4= 1. 56401x10-8CS= 1. 34769X10-13 C8--- 2.

26230 0,10 L5l ok YA/ THEDY S 1 s 2

surfface 1c

0 15€T0=51. DOASC: 3P 1501596, aobeatid R
70085 o3& A T E R B "o, Pzl d 18 Bip X 197

01920X1 0-20 C12=6. 45623X10_2" Cr1=-2. 48833X10-m

14th surface

k=0

C,=1. 56401x10"°* C,=1. 34769X10"
C,=—2. 96395X10"%® C,=—1. 41277X10™*

Cy=4. 18316X10™% C,=—6. 92529X107™

17th surface
k=0
C,=—1. 51297X107 Cg=8, 60926X10"

C,=—1. 71366X10™ C,=—4. 09208X107

Cy,=6. 40069X10™ C,=—3, 08505X107%

20th surface
k=0

c=—1. 27228%x107 C=2. 30534Xx107%

C,=2. 42493X107 Cpo=—7. 01920X107

C,=6. 45623X10% C,=—32, 48833X107%

22nd surface
k=0

C,=—3. 68686X10"°
C,=—8. 36437X10™"

C,=2. 41845xX10%
Cpo=4. 79895X10%2
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25 22nd surface ,c=0 C4=-3.68686X10-8 C=---8.

36437X | 0-17 C8=2. 41845X10-12 Cl0=4, 79895X10" 29

FPO5- 0349- 00 Cl12=1. 98835X1 Qzf, Cl4= -2. 1 0246X10

24th surface 0 5 CA=4. 95564X1 0 $ Cs=-1.. FP05-0349-00
99801X10-'"2 (C8;--=- 4. 33859x10-17 Cl=2. 96335x10-Z7

Cl12=1. 89632X10-26 Cl4=-1. 60076X10-3 32nd surface 10

r, =0 C4=2. 52563X].0-11 C$=-2. 05877X10-15 C3=-7.

) Paoly BEEBRIIAT 0 365 45 a 04 ALY

C4 1. 18002X. 10-1 Cs=5. 44281X10-'3 (C8=3. 7419 4
x 108 E- ) Cl2=-1. 76801X10-26 Cl4=1. 60457X10- 30
20 Fj 4 is a diagram show ng the transverse
ab@r‘lhggi”lrfB?F inthe first exanple. In the aberration
di aﬁ]r a§1 Y indicates the imge height. As apparent
fro e aberration diagramof Fig. 4, the aberration

is Ll r fi0R-4M t hi g Lhe qi i Gl t-ia
R EE SR A0 | 8L 1.9 816 1R 1
Cs=—4. 33859X10"Y C,=2. 96385X10™#

C,=1. 89632X10% C,=—1. 60076X10™

- 32nd surface

k=0

C,=2. 82563X10™ C,=—2. 05877X10"
C,=—7. 92881X10" C,=3. 75437Xx107%
Cp=—7. 11351X10% C,=5., 47614X10™

43rd surface

k=0

c,~—1, 18002X10° C,=5. 44281X10"

Cs=3. 74194X107" Cp=4. 03055X10%

Co=—1. 76801X107% Cy=1. 80457X107™®
Fig. 4 is a diagram showing the transverse aberration in the first

example. In the abetration 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 in the dioptric projection optical

system with the projection magnification of 1/5 in the first example.
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the very large i mage-side nunerical aperture (NA =
1.04) is secured 25 using the ArF excinmer |aser |ight
in the dioptric projection optical systemwth the

projection magnification of 115 in the first exanpl e.FP05‘0349'00

30 FP05-0349-00 Fig_ 5 is an illustration show ng the
rel ati onshi p between a shot- area and partial exposure
regions in the first exanple. In the first exanple,

75 hOgR  Pan S s SRR Bl ot

Bl Ml e e
S Bl 1 RS il 1 L4520
S e Sy e o
by S AT 51
o1 gusetihde fae HENIRSin (eiipddBIAE0IE il o IS 8 155 rom.
S, BT S e e v

part. j 51b having the size of a half

of %@hls%oé -Eiaérjéglg , using the second reticle 15 R2.

In the fj @'P* R Re&il PRofictioncétisure is carried out in
magni f i c!g% iﬂ%%ﬂg t %nppr’(r)ajcect ?’2 optical” systemPL is

Setthé‘g]rsﬂét q’%gwglegga?%géo b5 I Ravieedheasize of bhalf of tife shot

f easl ect-side nunerical aperture at

a e 51 ﬁsg%gla first s8fidle i offRinddy dizkar Fhenhedist aeticle R1

nuner i cal rture secured, and to well correct for
t hgs ebplas¥d swithear sicondsretivlé IR2 séff bHinekpomer e Eifally, a still

region of the projection optical systemPL set in the

si peojettieh @xposutinly carvied: vt whidie- sucoad partiabekposure region
causing an increase in the size of lenses. Al though

t hé§1bilasing feorpize afcolalf of tihe shot-arpar 51 i wsngutlee s¢comdeeticle
interior of the optical path between the projection
opRXal Ins st dinsPlexample, 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 cansing 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 mumerical aperture, the execution of the

still projection exposures prevents a drop of throughput due to the
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the wafer Wis filled with the nedi um (dei oni zed
water) Lin in order to 25 achieve the |arge

i mage- si de nunerical aperture, the execution of the
still projection exposures prevents a drop of

t hroughput due to the 31 FPCb-0349-00 i.ntervention of
the mediumLm different fromthe case of scanning
exposure. in thls nanner the first exanple enables

tE%Bhi gh-r.es t| o ;ctl glnﬁeg%&s re %hQ?E‘IigOhf scamning
t hr i

h U, iy fﬁlln #ﬁ@%e et Ea@ﬂw% enﬁ%'&%%éﬁ?é}h?%%luﬁﬂﬂ
'S,Sé%ra% o, fapeRenarith HeRotioRREPe =v8}m@36§$‘§@‘?€)ﬂ’€v large

using the dioptr

Vo eifhative dreBe-dide "hiiueFiel Cadthirgl 0 ? AFLE RO, 3

S haRiegeHoeL o (B retadtit-jltey” ff%?’a g it P Btical Pa‘h

oy ARER e RrPRkclign gifical ?gtgﬁfg’ingmttﬁée waller BERGtnsitive

optﬁgﬁ?@ e i 95 8GR SROfcRABpBoAP SRBRO P casy to
??é‘@%fagﬁﬁa?h’ﬂen caﬁﬂgﬁ?ﬁkﬁ SRS ot ondi UEAE i

keﬂ?’g?‘%w raffIEP 6L E”SaLZnQSZf’ ?vionﬁiﬁ.esiﬂéf fons L3

whose COﬁg\V% Syfiﬁqaugﬁaﬁoﬁpgl%wayg #ans c@aﬁg@mmn of a

tomard t reticle; a positive nmeniscus |ens L4 whose

noﬁtﬁr}ftﬁfaﬂf syﬁeﬁﬁﬁcdréi@ b thessocontiaxamysle of the present

vex e a bi conve ens 20 L6; a positive
jaits Withhesereaoe texFRsiré atte projsetion toptivadi system
the reticle; a positive neniscus | ens L8 whose convex
suiffacs the sriohd &xaaple iheongidseteof thdifollowang domponents
L9; a biconcave |l ens L10 whose concave surface of
as mhmigedl its lorger foriethic retveledsidbe a bi¢aicayealens L1 whose
negative

gconcave surface of aspherical shape is kept toward the wafer; a negative

meniscus lens L2 whose concave surface is kept toward the reticle; a
negative meniscus lens L3 whose concave surface of aspherical shape is
kept toward the reticle; a positive meniscus lens L4 whose concave
surface is 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 1.9; a biconcave lens L10 whose
concave surface of aspherical shape is kept toward the reticle; a negative
meniscus lens 111 whose concave surface of aspherical shape is kept
toward the wafer; a negative meniscus lens 1.12 whose convex surface

of aspherical shape is kept toward the wafer; a lens L13 whose
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meni scus | ens L11 whose concave surface of aspheri cal
shape is kept 25 toward the wafer; a negative neniscus

|l ens L12 whose convex surface of aspherical shape ' S £P05-0349-00

kept toward the wafer; a lens L13 whose 32

FPO5- 0349- 00 aspherical surface is kept toward the

wafer; a biconvex lens L14; a biconvex lens L15; a

positive neniscus |ens L16 whose convex surface is
war,d t reti

whesehgHRal ki s deeof oRuie s iaiEna TbpbPL Tef L14; a

é&é AL RAR L p@aﬁ”&ﬁa&ﬁs&ﬁgéﬁ%ﬁé §idge tBnVER Vorface
ES‘E’%% SR AR relg; o 0B BRI 1B 137 whbse sonvex
E”S%Sll‘?ﬁ%%”#eﬁsegﬁr oE e Tl F altsltiFe bboaS: 8 positive
wnJbebiSERE Sl E18 Hhosed coflpRRE shihbe I ReRE walil pud féticle; a
corisfit %ﬁ%@é&isslﬁmp?f?é*«é?’aﬁ@ﬁ&ef %’F@” ?BMQ‘W‘ the
 SHAEEEE S LRI AT o0 e g s
0Pty g%hr B ﬁbﬁ%@ﬁgﬂb& mé@grehgv@%qggggvﬂ@%dﬁéxmam is

boun t he wa filled w

th I e hioge tdih
TS YRATSSHEL g il 220 e

of siiféek iofaspheriédlehapé m@ke??ﬁﬁvﬁ@'m@ﬂ#ﬁlﬁ'eﬁ @positivecaeniscus

Tabl e (2) bel ow presents val ues of SpeCIfI cati ons of

s Sty pushey S g bovade g0, and
30@iadconvex lens L24 (boundary lens Lb) whose plane is kept toward
the wafer.

In the second example, the optical path between 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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25 NA=1, 04 33 FP05-0349-00 (Specifications of Optical

Menbers) Surface No_ rdnOptical Menber (reticle

surface)47. 2707 1-2113. 3646713. 00001. 5603261(L 1) P0O5-0349-00
52*453. 8049334. 2999 3-183. 0545813.55961. 5603261(L Zf - -
4-498.5706819. 1820 5*-224.4744540. 11021. 5603261(L

3) 6-252. 373771. 3804

107-2482. 2516446. 00491, 5603261(L 4) 8-298. 629071. 1690

3554 ST Rg SalioAdRIBR 001 o) 1512 609 894721
Oo%u_%g%li% 9766643. 97141. 5 03261( L72;]5l 141044. Oﬂt@c%?ﬁember

. 7421749. 90571. 5603261(L 16126,
4711534. 64 Q;L%Eé 5. 00 00001. 6603261(L 9)
18119. 654. é@%% %e%lQ 1&65%%57613 00001. 5603261(L 1
0) ,20163. 6168§1]1§3%%%2 é}]‘ggoo%OZGE’iZ].gﬁosgngl. 5pP3Pe1(L

1 1) 2522%185

2% 453.80493 34,2999
3 -183.05458  13.5596 1. 5603261 (L2)

4 -198, 57068 19, 1820

5% -224. 47445 40,1102 1.5603261 (L 3)

6 ~262. 373717 1. 3804

7 -2482, 25164  46.0049  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 (1.8)
12 -629. 89472 1. 0000

13 258.07666 43,9714  1.5603261 (L7)
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 (L 9)
18 119. 65456 - 42, 1278

19% -141.50676  13.0000  1.5603261 (L10)
20 163. 61683  14.7204

21 747.90268  13.0000 1, 5603261 (L11)
22 185,93581  31. 3578

23 ~220. 25186  13.0000  1.5603261 (L12)
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23-220. 2518613. 00001. 5603261(L 1 2) 34 FPOG- 0349- 00
24*-1447.387471. 0000 253886.0009229.09111. 5603261(L 1

3) 26*-3899.699723. 8815 2711621. 9730060. 69981.

5603261(L 1 4) 528-189.525441. 0000 FP05-0349-00
29787. 9855142. 79361. 5603261(L 1 5) 30-729.022321. 0000

31420. 2201346. 92831.5603261(L 1 6) 32743.0281012 3.

0280 1033385. 2384130. 66841. 5603261(L 1 7)

34288. 2181645, 4500 33c024. 1471(A S) 36-530. 3254049,

8354#¥, 560326144471 3874737- 338085921, 0000

0000 40186, 758034800 71 BehSie1 (11 B6GEEE 1 506 BobEL
gg%%ﬁii}ggég;%%%géggﬁiiéé?ggﬁ%ggéFL6§4%i.5603261(L 2

3 Uri7a. 2280 AR 50 IS 637 A Rk o1, sbabdohog

R ~189. 52544 1. 0000

29 787.98551  42.7936 1. 5603261 (L15)
30 -729. 02232 1. 0000

31 420.22013  46.9283 1. 5603261 (L16)
32 743.02810 123, 0280

33 385, 23841  30.6684  1,5603261 (L17)
34 28821816  46. 4500

33 o 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

40 186.72604 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)
45+ 231, 02426 1. 0000

48 ©109.20982  47.6887  1,5014548 (L23)
47 174. 22208 4, 7844

48 | 233. 15627  43.6470  1.5014548 (L 24 : Lb)
49 oo 5.0000 1,47 (Lm)
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49005. 00001. 47(Lm 35 FP05-0349-00 (wafer surface) 5
(Aspheri cal Data) 2nd surface C4—--5 89398X10_3%$
Ca=1. 73443X10-' (C8=5. 24472X1 0-'8 C10=-3.
86522X10-2' Cle=7. 05506X10-28 Cl4=---2. 32807x1.0 FP05-0345-00
10 5th surface 1=0 C4=-1. 41390X10- C6=-3.
41325X10-13 (C8=-3. 73007X10's Cl10=J-5. 71 351X1 0-0
Cl2=-1. 48547X106 Cl4=3. 67043X10-aa 15 19t h surface
x=0 C4=-5. SiaaPX1O S C6=-1. 363 70X10-11 Cs=3.
41049X10-i 5 9x10 ;a 20 Cl2=5. 1 555 5X1
0-2s Cl4=- 2. 51676X1 0-27 22nd surface K=0 CA=-4.
44688X10 e Cs=-1. 46963X10-11 25 C8= 2. 74206X10-~ 5
3 33 10 3 d 8=2. 40025X10-21 Cl4=-8.

474 5T Ddta) po 5. 0349. 00
2nd surface

k=0

C,=—5. 89398X10% Cuy=1, 73443X10™"
C,=5. 24472x107% Cp=—38. 86522xX10*"
C,=7. 06506X10% (C,~=—2. 32807X107%

5th surface

k=0

C,=—1. 41390X10* C=—3. 41325%x107%
C,——3. 73007X10"® C,=—5. 71351X107%
C,=—1. 48547X10% C,=3. 67043X10™

19th surface

£=0

C,=—5. 54786X10% Cgq=—1. 36370X10™"
C,=~3. 41049X107" Cy=—5. 24079%x10™
C,=5. 155565X10%® C,=—2. 51676X10%

22nd surface

k=0

C,=—4., 44688X10% Cyg=—1. 46963x10™"
Cy=2. 74206X107" Cy=—3. 323399x10™
Cpo=2. 40025%X10%® (C,=—8. 47472%X107%®
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24t h surface rc=0 C=-6. 38951. X1 0-8 C6=2.
40146X10-12 5 Ca=_ 9. 96223X10-17 ClE?=1. 94408X10-21
C =2. 46624X10-2s Cl4=-1. 17831X1 0-29 10 15 26th
surface r, =0 C4=4. 30094X10Cg=-8. 90706X10" 13 FP05-0349-00
C3=-5.70322X10-"' 7C10=4. 02240X10- 21
Cl2=-1.06448X1. 0" Cl14=1. 21494X10- 3e 45th surface IC =0
8085 X10 - 3C6=2.25264X1 0-1%$ C4=3. 11
.50272X10 - "Cl10=9.64684X 1 0-12 Cl2=-4. 26869Xl
O26C14=3. 72942x1030 Fig. 7 is an illustration show ng
the tra verse aberration in the 20 second exanpl e.
fration diagram Y indicates the inage
helght As apparent fromthe aberration diagram of
Flg“?0 the aberration is well corrected for in the

exeeTe %F'himé”sé%ni@?éi 4 o6 Fagd T BRI T e
N s Ty
°pt (oA oSy S BTR W g%&ft?zs ProgecLion Mgpid btaty M @
26th surface
k=0
C,~4. 30094X107° Ce=—28. 90706x10%
Cg=—5. 70322X10" C,=4. 02240X107%
Cp=—1, 06448X10% C,=1. 21494X107™%

45th surface
k=0
C,=8. 18085x%x107° Ce=2. 252&3’4>~<10‘*3
Cs=1. 50272X10™ Cpy=9. 64684X10%
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 radis of
13.9 mm in the second example, though the very large image-side
numerical aperture (NA = 1.04) is secured through the use of the ArF
excimer laser light in the dioptric projection optical system with the

projection magnification of 1/6.
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Fig. 8 is an illustration show ng the relationship
bet ween a shot- area and partial exposure regions in

the second exanple. In the second exanple, as shown FP05-0349-00

in Fig. 8, the shot-area 52 of 33 M x 22 nmi s
divided into two partial exposure regions 52a and 52b
having the size of 5 22 mMmmx 16.5 nm Here each of the
partial exposure regions 52a and 52b is set in the

7575 | mterg 34 BuilfstARER SHEWILE it 9ahilBshibdiidhn a shot-
o SR RSP anS A PhE s S Uy e secomd
g3, By SHRORSER B, 8100 Sl 2P L 1,22
S T By $0R, S s D] 98 e of
seopnfihsl 16ApRE. O el AEh of B8 VAL loodie ekl 570 and
CXPESel U E RN 0SSl il e Pt er 139
P COLARE o 0B P LI F0A8 hmage

t hasircll itk rhdiibs 1135 mirgasi bl e to keep the

obj ect-side nunerical aperture at a small level in

spite of Iy e ¥etohd axsrapleled stilli siojeutitRy exmosueds cdfded out
secured, and to well correct for the off-axis

aber thé fiestpartial dgpeiure re@ondsAy withethe izobf b halP6f the shot-
projection optical systemPL set in the size of about

a hadd 52f using thodirst setiele RA tfcirinatnsizeng Next] the astereticle

- in the size of lenses. Al though the present exanple

ad®k i teptacednvith dhe seomndweticle R2 of€-invhesizer Finalhe a still
optical path between the projection optical systemPL
angrojeetion feaposutiesisf péfermed tih theesecord paridkexposurg region
water) Lmin 25 order, to achieve the | arge inmage-side
nuiabiheaingthe sige of ahalf of dbeshoirarear 52, msirg the second reticle
proj ection exposures prevents a drop of throughput, due
t oR%e Sceppshgssesopd 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 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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intervention of the mediumLm different fromthe case
of scanning exposure. In this manner, just as the
first exanple, the second exanple also enables the

hi gh-resol uti on projection exposure with high FP05-0349-00

t hroughput, while securing the |arge effective
i mge-side nunerical 5 aperture (NA = 1.04) through
the intervention of the bigh-refractive- index nedi um

S ednsiioh e S o Ao gt Sening
. . i . . . PL

Lo enaEe .tﬂix‘g if e lpi-fia%%% gt?qﬁ%ié:x%fllw ¢ e Sscapirpmple
[ 10 [ Thj Fig.. 9 i ' [ . .
showsAg chablsss tnANBaMssPHOBr BrOTEHISILEKBAMBR: Wilh high
system accor di to the tﬁi}r exa e,.of the _rgfent ical
enbt_iaaqwl o il ey e dafyty Mgy oL pmeric
hnehe 05 s et e SaEaER 7 R MR Bl
e
corhBo 1 R BAECHAS P, . Wi pp oo
20 Teplection ot %S”s{eﬁm?%é@%}ﬁ?%ﬁhie 3G 2?9@%@&5@
L5; ' [ L6

S %@BF&%S gl Egriscl g;nia pos?fs\égorr]r\é(neixsiﬂ; :agcnes

L7 i ' ;
poﬂ%ﬁ@%&s uzulreﬁgeLgsvmgrs)é Ezgméx tsu?f azzgt:g Eepf1
tovard the etk Che: jifshadah! YKo ié%ﬁs'ﬁ@ﬁﬁ%ll%gﬁog of a

whose conveEx surface I's kept 25 toward the reti

bi ! ) ¥ #mple of th t
asgﬁg cal apdé sﬁgt%\g&?%ggﬁfﬁig ?g{dlf égjlée; 9ae ot tis prosel

negaihy@niEi S Wih! Riferdake | to3Big:FR5tH3pfojeRtivh asgtical system
concave surface of aspherical shape is kept toward the
vwafp ;ofathe third example is composed of the following components

-
-

arranged in order from the reticle side: a biconcave lens L1 whose
concave swiace 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 meniscns lens L4 whose concave
surface is 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 rteticle; a negative meniscus lens L9 whose convex surface is kept
toward the reticle: a biconcave lens L10. whose concave surface of

aspherical shape is kept toward the reticle; a negative meniscus lens L11
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negative neniscus |lens L12 whose convex surface of
aspherical shape is kept toward the wafer; a lens L13
whose aspherical surface is kept toward the wafer;

positive neniscus | ens L14 whose concave surface 5 igFP05'0349'00

kept toward the reticle; a biconvex lens L15., a
positive neniscus lens. L16 whose concave surface is
kept toward the reticle; a Degative neniscus |lens L17

e ot 302, b ool 9900t B R oSl B0 waer; a
C O b Tt ees leng ToEL WHOME RS sEtace S asghesigal shape is
et WA . perers s 1655 TS oRhost, MephElibAL Sirffee is kept
&E%gia.% &t 4 pesite Aep °%'§ggﬁs;@;'gfia%§ deffivi $hrace
oot i RE el eBigho bisivER B6aS E ) B Hosttlys ARSous lens
| | | 24 y .
Fﬁ;@;}’v@ﬁ%&%ﬁwémﬂﬁé R ER 1R B e, B Begarive
podnEsiega ihs"E1*3hfloden SoRueE SGRYE Ts kepEBSyar i reticle; an
ok P AS: o} pBGe HERRSHE et PYY yEERe okl surface
of % hidpf t@g@%ﬁggﬁ 3bichYEx ¥hePIDOAGRskiv meniscus lens

si I'T ca: w presents val ues

SPA, Bbse e Sipgeciedlqprnsmed ahesyetl % i

| TSI 219834 M sl B e il 5

positive meniscus lens L22 whose concave surface of aspherical shape

is kept toward the wafer; a positive meniscus lens L23 whose convex
surface is kept toward the reticle; and a planoconvex lens 124
(boundary lens Lb) whose plane is kept toward the water,

In the third example, the optical path between the planoconvex
lens 1.24 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 124 (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)
A=193. 306nm
B=1/4
NA=1. 1
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Surface No. rdnOptical Menber (reticle surface)43.

2299 51-1648.4244418. 00941. 5603261(L 1)

2*155. 6035253. 8656 3-83. 2460239. 00001. 5603261(L 2)
4-227.869415. 0618 5*- 648. 4621751. 95141. 5603261(L 3) Fr03-0349-00
106- 160. 797120. 7800 7-1390.4779742.87971. 5603261(L 4)

8-268. 836630. 7800 9393. 4485638. 33881. 5603261(L 5)

10- 247596. 48. 990000. 7800

1511179. 4000057. 90281. 5603261(L 6) 12552.987550. 7800

13158. 8571837. 93821. 5603261(L 7) 14299.673530. 7800

%giggg%%‘%ﬁﬁﬁi‘%Lf%‘gg%ﬁéélfzg)ls 53921. 5603261(L
2)6%é%§i§§7734 4560 19*-243. 1016710, 14001.§HA3POLEMer

5780316. 4519
2521677. 574 . 56032 1 1) 22131,
3009724 543 e HEB S0 d0E%5 s’ 7702210
14Q01. 560326144481 4744424 18500004825d3061 (L 1)

2% 155. 60352 53, 8656
3 -83. 24602 39,0000  1.5603261 (L2)
4 -227. 86941 5. 0618

B -648.46217  51.9514  1.5603261 (L3)
6 ~160. 79712 0, 7800

7 -1390. 47797  42.8797  1.5603261 (L4)
8 ~268, 83663 0. 7800

9 393. 44856  38.3388  1.5603261 (L5)
10 ~24759648, 99000 0. 7800

11 179.40000  57.9028 1, 5603261 (L6)
12 552, 98755 0. 7800

13 158.85718  37.9382  1.5603261 (L'7)
14 299. 67353 0, 7800

15 297.95802  23.1595  1.5603261 (L8)
16 352.475634  12.6443

17 2975. 86728  13.5392  1,5603261 (L 9)
18 79.22773  48.4560

19 -273. 10167 10. 1400 1. 5603261 (L10)
20 126.57803  16.4519

21 677.57406 10,1400  1.5603261 (L11)
22% 131, 30097  24.8434
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25-338.1010010. 14001.5603261(L 1 3) 26*-5887.5478410.
1771 527-765. 0110238. 86241. 5603261(L 1 4)

28- 160. 326680. 7800 291497. 3727136. 11131.5603261(L 1

5) 30-398.096990. 7800 31-453.0787122. 41861. 5603261( L FP05-0349-00
6) 1032-290. 484810. 7800 33335. 3599523. 23211. 5603261 ( L

1°7) 34305. 1649337.0794 350029.1138(A S)

36- 385. 7756833. 78581. 5603261(L 1 8) 1537-232.057040.

7800 381914. 0631841, 68851. 5603261 (L 1_§?

39-295. 720850 -45BF60%Z021 707 86¥4 43 1936068503261 D) 0)

41693. 394251. 3503 %%é2146.9§%;445.15831.5603261(L 2 1)

43354 339480. ~YE0E00A137. 2580703, 08121. 5603261(L 2 2)

45*163. 780041. 4036, 46104. 7060035..65291 50145 3
2542508, 3776055 3950 40208 L0259 39 SITHEL. 501@2}5(@ %
?Lﬁ%ﬁl’_‘* b) 42 FBQ5- 034900 (vafer surface) 6.2400 L.47

27 -765.01102  38.8624  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 (L16)
32 ~290, 48481 0. 7800

33 335,35095 23,2321  1.5603261 (L17)
34 305.16493  37.0794

35 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  432.9321 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  35.6529  1,5014548 (L23)
47 208, 37760 2. 3700

48 ~218.94299  38.0000  1.5014548 (L 24 : Lb)
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(Aspheri cal

Data) 52nd surface tc =0

CA=-2.87434X10"' 7C8=1. 77862X10- 11.

C8=-1.51680X10' 15C10=1. 76703X10"
84X10- 23C14=5. 77460X10_"' 2 105th surface r = 0 C4=-1.7
-13 '

3

314X1. 0-5G6 - =

C 2= 1.121

FP05-0342-00

C8=-8.97627X10-"' 8C1=4. 37986X10-22 15Cl12--7. 7 5 3 0 7X

1 0-2' C14=5.20902X 1 0-32 19th surface r,

4
03
C1
23

C

=~ 2. 09048X10- 7¢ .

8=5267
6x10-15  C12=1, 70058%1%-

=0

g-éﬁh%?SFS;é%?2ﬁiﬁ?£2

0 25 C4=--1.

4=-2. 29651 - d surface
182X10-7 Cgéggr§;§§%2X1 0-13 Cg=-8. 9834.2X1 0-18
Cl10=-1. 89028X10-2 43 FP05-0349-00 Cl12=1. 25408X10-23

4=- 1. 36191X1027 24th surface n=0

{Aspherical Data)
2nd surface

k=10

C,=—2. 87434X107 Cg=1. 77862X10™
C,=—1. 51680X10% Cup,=1. 76703x10™"
Cpob=—1. 12184X10% C,=5. 7T7460X10%
Sth surface

k=0

C,=—1. 783314%X10° C,=4. 42971%X10"
Ce=—8. 97627X10™ Cyp=4. 37986X107%
C,=—17. 75307X%X10% C,=5. 20902%X10™®
19th surface

k=0

C,=—2, 02048X107 Cg=1. 22677X10%
C,=—1. 03276X10"¥ Cp,=—5. 36272X10™%
C,=1. 70058%x10% C,=—2. 29651X10™
22nd surface

k=0

C,=—1. 23182X107 Cg=3. 18273X10™
C,=—8. 98342X10™ C,=—1. 89028X10™
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5 C4=-6. 70832X10- C,,=6. 27068x1 0-1s Cs=3.
22210X10-17 C10O=-2. 68397X10-11 C12=3. 03645X10"24
Cl4--2. 93312X10-28 26th surface 10 0 C4=8. 42220X1
0-$ O6=-4. 47676X10-12 C3=-2. 88784X10-" O a=3. FP035-0349-00
66491X10-20 Cl2=-1. 8 7557X1 0-24 Cl4=2. 37260X10-29
15 45th surface r, -0 C4=-4. 71348 X10 -

C6=1. 8 875 9X10"12 CR-l 21807X1 0-18 C1=-1. 1 6
571X10-a Cl2=5. 8 8 3,2 X1 0 Cl4=1. 025 99xlQ; 30
20 Cis 1102 & 4R $|>1 4@t oﬁ:ns"'ﬁowlmga't Bel & hrisdePse
aberration in the third exanple. In the aberration
diagram Y indicates the i mage height. As apparent
fromthe aberration diagram of Fig. 10, the
ab&dtheirldee i s wel | corrected for in the image circle
W th the radius of 10.7 mmin the third exanple,

t hoaghOt he very |arge image-side nunerical aperture

(NA_ 25 = IS .secqured thr uhth N F
excPHBEr ﬁasg) I‘$g?h? A ‘Sh |ﬁ%p§ g giﬁpe%t){ Eeo

opt i cal syste e,,pr oj ecti on ni f | , 44
PPCE = (3202 21 .Qlﬂi 5 "11 i SwEn i P u&?rﬁ aﬁfﬂ n
the_rel ati a hQLaea
exp%surg'rg)gégng $§£ @‘gt hi r d'vexa ?ﬁs ??éet* ?hl rd
exanpl e, as shown in Fig. 11, the shot area 53 of 33
mmx 26 M5 is divided into four partial exposure

regi.qns 53a, 53b, 53c, and 53d having the size of
16 BUHR°13 nm Here each of the parti al

k=0
C,=8. 42220X107° Cy=—4. 47676X10%
Cy=—2. I87TRAX1OY C,=3. 6§6491%X107%

Cp=—1. 875B7X10%* C,=2. 37260Xx107™

45th surface

k=0

C,=—4. 71348X10% Cs=1. 88759X107"
Cy=1, 21807X107® Cy=—1. 168571X10™
Cip=5. 85852x10% Cu=—1. 02599x107%

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 AF excimer laser light in the
dioptric projection optical system with the projection magnification of
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exposure regions 53a-53d is set in the size included
inthe image circle wth the radius of 10.7 nmm 1In

passi ng, the shot-area 53 has the size not included FP05-0349-00

in the image circle with the radius of 10.7 nm 10 In
the third exanple, 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 RL of 6-inch size. Next, the first
retlére Rl is replaced with the second reticle R2 of

per forned i P11 i Bl sfSb 8 P45 betyeen 2
oc AR AEE AL o fingr Eroalof oM, OB PRl T the
[ SRR g&ghgﬁﬁ%@%ly& R Lot gk 6F 33FdnPk 26 mm

6- I S1Z n exposure IS

PNk ORIk nioh forphflidl 2ed Bcbare RARHS 33801538, B3¢, and 53d

havi ng e size O quarter o ot -area )

EZL%@?@% gfzr@egftlﬁﬁenﬁ xF'lBa%m. UPRré Nidch 8P thfc partial

aced wth the urth reticle R4 o

6- | 1394 is ®t9nabE it ; -
sﬁxaezif‘eﬁ?ﬁse 33al33d is ®tdhahbl e Wladed dnithe image circle

pertorne fourth partial exposure region 53

hawiitB theGadh&eoP 10 fiart ¢h wissidte thbahotzesa 53, has the size
using the fourth reticle R4 In the third exanple the

Pr qigtGhc¢lpdedua the image efrchf withethedadisop®tl.7anmept i cal
system PL is set at ordinary 1/4, and the still

exposur e In rtheithirdafxanfysiep naitdlc piwiection i expossesiseperfbrmed in
is set in the size of about a 45 FPOb-0349-00 quart-er

of thédirshgiarialeexposize akgion 580 withf desisticeof @ qeaster of the

correct for the off-axis aberrations in the still
exphetrarca 58i asing theobirstcredile R hrof é+ncleaize.i nNekt; the first
size of lenses, though the very large inmage-side
numretitleaR 1 aisereplaced withether setond retolgR2 f frivehesize, and a
exa;%ll e adopts 5 the configuration wherein the .
i nistifli projeetiom eexgosuralis perfomadwae thengeconds padial oexposure
optical systemPL and.,the wafer Wis filled Wit% t he.
nedegien 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 guarter 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 abontf a
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(deioni zed water) Lmin order to achieve the |arge
i mge-side nunerical aperture, the execution of the

still projection exposures prevents a drop of FP05-0349-00

t hroughput due to the intervention of the nedium Lm
different from 10 the case of scanning exposure. In
this manner, just as the first exanple and the second
exanple, the third exanpl e al so enabl es.the high-

i SUALCEE ﬁégﬁ(ﬁééf%%%%%ﬁﬁ i3 B8 oY 08 e for the
hi@%‘éﬁ% i%%%ﬁfﬁlﬁe%ﬁ@?%%‘? et weithons cAiipe a0
sy ! d"Thé Wafer tosenr iveI Subs e- sl

t gpgﬁédégag%pﬁltte gi'z:é tbg{ \T@g%:gt hﬁlo‘ﬁgfij il QQQP q%\fréef' image side
t'o inenEaChftiticis NAhel, | AURRLE fhe DRI SlarfifY adopts
S e AAEGH SR S B AR hereen e
oo OISl syMéin FL, i The vaféh W3S Hiledwith the medium
st eidrﬁzé@%%@?ﬁﬁfo&aa tEHPAVE $hé REEEMMaRE1 986 Humerical

to ‘each other o ap in part with each other. In

cagipettirt hea@eationi oF theestilb paoieoibn WioshRe pR<eRH 8 drop

di vided 1i'nto two. four par exposudre regions and

ongf thtGugit Unecionbs dntervention il thednédiunedah, différeat from

exposure reéegion; 25 however, it is also possib1e to
perthe caxelof beameup expoamref orlnathid apmhenjast matlie fist example

-exposure region. 46 FP05-0349-00 I n each of the

abemd- des cecbrd examplegstheh¢hisdi examply @lso emables the high-
exposure is performed for each partial exposure ]

r egesolutibntprojectisnadxposupe vatlb high thnoaghpuiy whie aecuring the
exposure of a reticle pattern in each partial

ex parger effeetive irmageisédarmuinnericaleapeartire] @NAng hdf ghrough the
relative to the 5 projection optical system, In each

of mteeverstonofitichigheielchivermdexhaedpimjlamtinothe optical path

X Batween the projection optical syatem PL and the water (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 mto 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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the dioptric projection optical system but, wthout
having to be limted to this, it is also possible to

erformthe projection exposure for each. arti al
b e b b FP05-0349-00

exposure region, for exanple, by use of a catadioptri

projection 10 optical system In the exanples

present ed bel ow, the nedium Lminterposed between the
boundary | ens Lb and the vvafer Wis pure vvater havi ng

[ gnt "+ Tineadt st R chyecdebebibolybxaBIR A 0 projection
| .“gﬁpeqfshﬁfa%ﬁ%rﬁﬁw@xgérp%aéﬁﬁo%m@%ﬁ%%u@ s also

or ttig A5 gl iontl < JHL RGBT 4 HPe B ptiofiel bach partia
Fi gﬁﬂfguﬂ{ ﬁéglg)r 0j ecfé]gﬁ ‘Zﬁ@o?‘?%yﬁ ah@o(@fgéfgﬁ@ﬁﬁn}e to the
ar TR B Rl Sy RAE ﬁé’e?é P oS bR the

”:'&5 oje PR G estre BCHAGH BaliEl é‘?’“f*racﬁg?ﬁﬁpo?sm using
t highd dlﬁﬁ[ﬁﬂc;‘]g‘l‘% @ﬂé@}iﬁaw 9&1' by ewitﬁf)ﬁf#lr Vi %rhxmted

a fourt hegtlvere

POWBI this? if ii§ also?PoshRe HY tp%rﬁnf‘ﬁi’é jecHBh! é)tpt%ure for each

refractl ng power, an aperture stop and asi xt
Al éxﬁ&ui’@ﬁ%i@nafcﬁoékémﬁk Wﬁs’@bf ﬁ%a@&tﬁ@pméﬁm_]ectlon
FP 5-0349-00 The Tirst lens unit i s conposed of

foldmpgyg@ﬁponents . arranged |n order fromthe
reticle side: a plane-parallel plate P1; a

pl anoconavhe| @aanpled piwented below, Sﬂieemedlmi[dntimerposed
reticle; a biconvex lens L12; and a biconvex | ens

L1%etWoen tecbonhdaydensiib @8d $he waten®d sepurd waber having the
foll owi ng conponents arranged in order fromthe
r etrefrheties itelexaofhbddbtbddordhe sxpesurensghton thiedearth example,
concave surface of
and pure water having the refractive index of 1.43600 for 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 unmits
arranged in 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 umt G3 having a positive refracting
power; a fourth lens unit G4 having a negative refracting power; a fifth
lens unit G5 having a positive refracting power; an aperture stop AS;

and a sixth lens umt G6 having a positive refracting power.
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aspherical shape is kept toward the wafer; a biconcave
| ens L22; a biconcave lens L23; and a negative
meni scus | ens L24 whose concave surface is kept

toward the reticle. 10 The third lens unit G3 is FP05-0349-00

conposed of the conponents arranged in order fromthe
reticle side: a positive neniscus | ens L31 whose
concave surface of aspherical shape is kept toward the

o f ace. (CheER Teusape O aomined of te RifvERy Gigponents
ES el gl
O i
e Vet PR dE iRl R BIERF PRI, SBE pePifignd B G2
ﬁ S'ti!ﬁg‘iv‘%éﬂﬁ?f%g@ﬁ ?ﬁ%ﬁ@?@’é@g‘%’?ﬂ%@e@é@%@@ $Rder, from the
Egﬁ\éﬁ@ﬁgfdgﬁ 58@%‘?‘2@_&%‘5@@?‘%3@&5?@2 e JorafRTSdiHEce of
BB 16 SO L B2 12 «
t hﬁig\@%&é?s RA¢ errz: %%Fﬁ?%é;gpa!tﬁ@sﬂl‘%ﬁfsc’ﬁ@ q&fs %‘%ﬂﬁg‘l‘%ﬁs%a concave

sur asp e I's kept towar er.

25 ghbeckid kg%ﬂmag_hér%cj s conposed of the follow ng

conmponents rranged in order fromthe reticle side: a

posi ti ve TN fenkaitit G3Lig'donPesed 8840 Onwuieats arranged

concave surface is kept toward the reticle; a positive

nedhssider frens the Zenohs sideng ayssitive fmefiscas klepts 131 whose
toward the reticle; and a biconvex |ens L53. The sixth

| enonesvé stifacs of agplestehl chapbés képt towardaheawtioles i positive
arranged in order fromthe reticle side: a positive 5
memsoscud s 132 whoseconcenaxswfiadeniekept toapard theareticle; a
the reticle; a positive neniscus |ens L62 whose
cobieonvew leas d.33% kppsitivemmenische lens L34 whose convex surface

is kept toward the reticle; a positive meniscus lens L35 whose convex
surface is 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 in 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 L43 whose concave surface of aspherical shape is kept
toward the wafer, and a biconcave lens 144 whose concave surface of
aspherical shape is kept toward the wafer.

The fifth lens unit G5 is composed of the following components

arranged in order from the reticle side: a positive meniscus lens L51
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reticle; a positive nmeniscus |ens L63 whose concave
surface of aspherical shape is kept toward the wafer;

a positive nmeniscus |lens L64 whose concave surface 0%P05—0349-00

aspherical shape is kept toward the wafer; and 10 a

pl anoconvex |ens L65 (boundary |ens Lb) whose pl ane

is kept toward the wafer. In the fourth exanple, the
optical path between the planoconvex |ens L65 as

bo : f isf. Lk Led WLkt he :
redv R pbRBys: Sudite S oBP (Blrall the reicfE) 4'pbMivR meniscus

Pl qape ‘]Dﬂfxwhﬁg% ave Sdce 43 E%’I_‘rtlf !té%ﬁfdrgcg?gfé(t%?& and a

ot her |'ens co nents are nade of i ca.

bel ue i 1 Feng Of:t
or CTEORNEE BhE, LIpISITRE, SIRAF, lonk Phudf (6ieP\is BBmppsed of the
Ta%ﬂoﬁ%g.c Iié?ftﬁ%ﬂ‘aﬂgc& SR icRHeMRoRt BROEHAE sid a  positive
exposure Tight, O the projection magnification (th

i . £ gati ¢ " _

| Mg AORR B 82 hsOlechIex ki BVELAowdK! ferdRic: o
rm)fddﬂtfﬂe niEaeciRe ldHyt 1.oBagMose! rd‘oﬁ‘fvéxn te € Repp hvard the
an order of a surface fromthe reticle side, r a

r agetislef a Cpoyitiver eneise@s Nlepyr 188 whosd heoase safface of

an aspherical surface, a radius of curvature at the

apexphenigal stiape i? ﬁ%}titowmbﬂiww@feﬁ arpesitve epanstudlens 1.64

of each surface and n a 25 refractive index for

o f phefegets opf b s vl nd
TABlHadog¢drvenclemsl L&p Sotdridzayilons L.b) +hGse plfens kapt A8ward
the wafer.

In the fourth example, the optical path between the planoconvex
lens L65 as boundary lens Lb and the wafer W is filled with the medium
Lm consisting of pure water. Only the planoconvex lens 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, »
indicates the center wavelength of the exposure light, § the projection
magnification (the imaging magnification of the entire system), NA the
image-side (wafer-side) numerical aperture, and Ym the maximum
image height. Each 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 index for the center wavelength. The notations in Table (4)

also apply to Table (5) heremafier.
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5NA= 1. 2 Yxn=1 0. 5 nm (Specifications of Optical
Menbers) Surface No_ rdnOptical Menber (reticle
surface)50. 0000 101 008. 00001. 5603261(P 1) 2 Col. 0000

3 Cal4.00001.5603261(L 1 1) 4 5801.101441.0000 5 FP05-0349-00

274.5786939. 86531. 5603261(L 1 2) 156 -459.164461. 0000
7 1390. 2738520. 05641. 5603261(L 1 3) 8 -868.627661. 0000
9 465. 6506514. 00001. 5603261(L 2 1) 10*

%4 0693 2011 -731.0711314.00001. 5603261(L 2
1249839, 4555 13 -141. 5408514, 00001. 5603261( L

2 3) 14 . 38 8810 15
-15 éép é *603261(L 2 4) 2516
-2828_5 ﬁ;}sdr %%O 17* -326.7610821.99181, 5603261(L 3 1)

BB 19- 449. 5003956. 48261. 5603261(L 3
2) 2Q:183.4111011. 0000 212302. 8924751. 26161. 5603261(L 3

NA=1. 2
Ym=10. 5mm
(Specifications of Optical Members)
Surface No. T d n Optical Member

(reticle surface) 50,0000

1 oo 8.0000  1.5603261 (P1)
2 co 1.0000

3 co 14.0000  1.5603261 (L11)
4 5801.10144 1.0000

5 27457869  39.8653  1.5603261 © (L1 2)
6 -459.16446 1.0000

7 1390.27385 200564  1.5603261 (L13)
8 -868.62766 1.0000

9 465.65065  14.0000  1.5603261 (L21)
10% 173.96720  24.0693

11 - 73107113 140000  1.5603261 (L22)
12 235.12498  39.4555

13 -141.54085 14,0000  1.5603261 (L23)
14 72238474  37.8810

15 -157.78699 218588  1.5603261 (L24)
16 -280.56758 1.0000

17% 32676108 21.9918  1.5603261 (L31)
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522-411, 555431. 0000 23371.4632648. 78161. 5603261(L 3 4)
249503, 365491. 0000 25235. 1115239, 90141. 5603261(L 3 5)
26421. 366141. 0000 1027154. 8682361. 68381. 5603261(L 3 6)1:‘.1:,05 0349-00

'28*465. 724971. 5047 29501. 4396716. 99781. 5603261M4 1)

3091. 8138147. 4329 315363. 8442914. 00001. 5603261( L4 2)
1532*113, 4625654. 7519 33-113. 2245014, 00001. 5603261 M4
3) 34*171.0571342, 4704 35-2480-7515220. 31161. 5603263(L

20318 3321325%%%@3131%883261(L 5 1)

23 ho: Taa7at gony 414%23@?823?8%%%?1560 beid) s 3y
PH a0, iR i 220088805571 "ae0sm6al L 6 1)

457 - 938381,9008, 4197511940651 836556156033 615 § 2)

3 904611
-411.55543 1.0000

23 37146326  43.7816  1.560326] (L34)
24 9503,36549 1.0000

25 23511152 399014  1.5603261 (L 35)
26 421.36614 1.0000

27 154.86823  61.6838  1.5603261 (L386)
28¥ 465,72497 1.5047

29 501.43967  16.9978  1.5603261 (L41)
30 01.81381  47.4329

31 -5363.84429 140000  1.5603261 (L42)
32¢ 113.46256 54,7519

33 -113.22450  14.0000  1.5603261 (L43)
34% 171.05713 42,4704

35 -2480.75152 203116  1.360326] (L44)
36* 1352.94197  10.7376

37 -1754.53968 375345  1.5603261 (L51)
38 -279.22390 1.0000

39 -86335259  57.3985  1.5603261 (L52)
40 -209,74679 1.0000

41 44149020 489491  1.5603261 (L 53)
42 31363.74644  130.3080

43 o0 25.8952 (AS)

51



10

15

20

25

548140-4143959. 22171. 5603261(L 6 3) 49*424.518491. 0000

5092. 8752050. 00001. 5603261(L 6 4) 51*106.821521. 0000

5289. 5639040. 91321. 5014548(L 6 5 : L b)

1053ca3. 00001. 43664(Lm (wafer surface) (Aspherical FP05-0349-00
Data) 10th space 15b=0 C4=-3, 70154X10' 8C6=-7.

54540X10- 13 C8=-1.16366X10.17C10= 9. 55608X10-22
Cl2=--6.37962X1026C14=1. 01247X10-29 201 f 7th sur

Cactty” 236610 85802 4558530 8 BH R~ 4 Falbla
C5) 215(314—3, S%ééﬁt& 1 25'150%bh surface 52 FP05-0349-00

46 197.10040  65.0278  1.5603261 (L82)
47 539.90461 1.0000
43 14041439 592217  1.560326] (L6 3)
49% 42451849 1.0000
50 92.87520  50.0000  1.5603261 (L64)
51% 106.82152 1.0000
52 89.56390 409132  1.5014548 (L65:Lb)
53 o 30000 143664 (Lm) |
(wafer surface)
(Aspherical Data)
10th surface
k=0

Cy=—3. 70154x10°% Ce=—7. 54540x10"
Ce=—1., 163686x10%Y Cip=9. 55608x%Xx107™%
Cp=—6. 37962X10% Cu=1. 01247X107%

17th surface

k=0

Ci=—1. 74641%x10°% Ce=1. 67557X10™"
Csg=—4. 43667X107 Cp=2. 27983X10%
Cp=—4, 73178x107% Cu=3. 84644x10™

28th surface
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10 1C == 0 CA=-1.48540X10- C8--7. 33575XI 0-17
Cl2=- 6~ 35060KI 0-26 32nd surface X ~= C) C4-- 9. 7 5
576x10 Cg= 1. 88917 X10-16 C, 2=2.

30206X10-24 4. 51 07 1 X 1 0 -32 34th surface ic =f103-0349-00
015 CA=- 6. 26 183 X10' Cy=d 65E 19 X1

0-17 C2=- 6. 91878 X1 0-2536th surface 20 x =

0 C4=-8 44783X-10-" Ct=2 80062 X|I

O Il _G 2=-5. 69081X O-27 25 49th surface K == 0 C6; - -

- 537389 x10-'2 Co=2. 78286XI O" CA=4.

1
998%6—-001". Q%5 Ho L FoB 1 150k 0-3% s arsy g2 7
2 1X%X1 072y

Cy=—7. 33575x10Y Cu=2. 78286%X10%4

Ciz=—6. 35060X10% Cuy=4. 99896x10™
s |
32nd surface
k=0
Cs=—9. 75576x%Xx10° Ce=—8. 64616X10"
Csg=—1, 88917X10"™ Cp=—4. 12721%xX10%
10 Cu=2. 39206x%X10% Cu=—1. 23126%x107%
Cie=4. B1071%x10%
34th surface
k=0
15 Cs=—6. 26183x10F C¢=—1. 64882X10"
Cz=4. 65519%x107" Co=1. 00317%X10% ’
Cp=—6, 91878xX107% Cu=7. 21109X10%
’ 36th surface
20 k=0
Cs=8. 44783%x107 Ce=—3. 53948x10"P
Cy=2. sooszxm-}* Cp=5. 31087x107%
Cp=—5. 69081X107 Cu=2. 11477x10%
25 49th surface
k=0
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Cldz--- 1. 23126 X1027C= 1. 64 .88 2 X1
0-12 Go= 1. 0031 7X102 Cl4=7. 211009 X

103 Cs=3 53948X10'13 Co=5 3108 7 X1 0-2

Cld==2- 114 7 7 X 1 02 53 FPO5-0349-00 C4=4. FP05-0349-00
19765x10C6- =- 3. 95821X10-'3 C8=1. 25 7 0 6 X 1 0 ' 1

7C10=9. 21 384X10"22 Cl 2=--4. 7721 2X10- 26CLl4=1. 73402X1

0'34 5 51st surface z=0 C4=1.41379X10-7 (C8=1,

G083 Bos R T~ thi- 5. 626 _%.Cgizﬁv%%ﬁ%?*@l'd‘”
po-G dam 15 BERL s putal. 4 st A6 D

OMp=—yu, 77212%x10% Cu=1. 73402x10%
51st surface
k=0
Cq=1. 41379X107 Ce=2, 76603x10™
C8=1. 95695x10™" Cw=2. 49670X107"
Ci=8. 01029X107% Cw=05. 82860x10%

(Values cotresponding to Conditions)
.2=291. 4mm
LA=1250mm
P2=30. 03mm
PX=326. 5mm
D4=141. 13mm
D0=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 aberration 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

aumerical aperture (NA = 1.2) is secured using the ArF excimer laser

54



10

15

20

25

(1) L2/LA=0O 233 (2) P 2/PX-=0. 092 20 (3) D4/ D0=0.
840 Fig. 13 is a diagram show ng the transverse
aberration in the fourth exanple. In the aberration

diagram Y indicates the inmage height. As apparent FP03-0349-00

fromthe aberration diagramof Fig. 13, the
aberration is well corrected for within the inmge
circle wwth the radius 25 (ITB.XI mum i mage hei ght) of

apdiel i ooy ieeloh i GAR GoRH A L el Bupicction
i R g e 2 0
an TR e ﬁ%&t‘;hi@aﬂ‘g"i |£E'sff:2nfE.x quration of a 5
SLZLSFE' Herhd IRl AL SRBHT kb B, 10ty Eobfiguration of
Fi ol Ptbd! SitpB g 1o Yy Aty Kool O the prosent
?rn{e?ﬂ@f‘?‘ﬁ%%ﬁngr‘g’?@eéa SA R G0, IF (8L M icRtion Ghticdl Hystem

t nifa OFthe Gt ReaibleTe RARD0SEA SR ToIgIng IS Uts afranged
a TiRusider fr6AS g&g@é ﬁﬂg agﬂ?sép&ﬁ;t?m] (Fﬁmﬁhgrw negative

power; an apertur ens un

ha&bﬂ%cﬁngoﬁéﬁbi‘ea ds%E?ﬁ&tl'eﬁQ VG2 HAVInG | 4 Posis refracting

uni t conpose the foll ow ng conpon

af h t}ljﬂlﬂ ka5 dritG3t ]ﬁtﬁnﬁ%ta ftgatpvsitsfgcting power; a fourth
ne- para

pl ate P1; 5 biconcave | ens

whqe& ﬁ@ItC@llehﬁ’Wﬁafgaﬁ g)dsimses pofesctieg poveere drsapentire stop AS;

toward the wafer; a negative meniscus lens L12

whemd o« Gfidclens uditr Gﬁdﬁvﬂig aposiivemiiaiagepowekept

toward the reticle. The second | ens
The first lens unit G1 is composed of the following components

—:)—

arranged in order from the reticle side: a plane-parallel plate P1; a
biconcave lens 1.11 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
it G2 is composed of the following components arranged in order
from the reticle side: a positive meniscus lens L.21 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 124 whose convex surface is kept toward the reticle; and
a positive meniscus lens L25 whose convex surface 1s kept toward the

reticle,

The third lens unit G3 is composed of the following components

55



10

15

20

25

unit & is conposed of the foll ow ng conponents
arranged in order fromthe reticle side: a positive

meni scus | ens L21 whose concave 20 surface is kept gP05'0349‘00

toward the reticle; a positive nmeniscus |lens L22 whos
concave surface is kept toward the reticle; a biconvex
| ens L23 whose convex surface of aspherical shape is
kept toward the wafer; a positive neniscus |ens L24

A I ERRUR Tt SRER che 508 R BidgnBalB e £RU0 R egative
458 S B B RS Ryt
ar ﬂg;g,g.cwe RS2 S o BN BRI 2 BHBHERNSRE is kept

| ens meni scus Ie OSE concav

SUhARE] ek Sphfel OV RArC LA iniEnEa, 3 DBGABESP of the

ose concave surtfacé of asphérica

k P
s oolloWHE e fira m%ngﬂé?*n%%ﬁ?ﬁ?ﬂ;ﬂ%ﬁnﬁ%ﬂez a positive
or %%%E&ﬂéﬂk%ﬂf%ﬁb Tode: b ¢feas cﬁf%ﬁﬁgs 1§ kept

vé
0ose concave surtace 0? asp eri cal ape 1s

t ovafvard fiee ratidle! £ Po@ﬂﬁfé%hiexﬂmgqem U {Widse le%cnb@ sfrface

concave surface ’ aspherical shape is kept toward

t hefvpheiical slefe IsvReperivwands tHeeRafer: 43 pobithe mﬁms lens

surface is kept 'toward the reticle; and a negative

e fi4sc wehdsencorvek widace dorkedt towdrdohel feticha! m@vmnéganve
the reticle. The fifth lens unit G5 is conposed of the

f omhemibengs leasiadewhose eonweg sdrface & Kept towamdithe reticle.
reticle side: a positive neniscus |lens L51 whose

concave Fheffifik lens weiptGS esworiposed oftthe Ifellowibg comyponents
| ens L52; a positive nmeniscus | ens L53 whose convex _
suafranged sinkerster tivomr the wetials sidei al positivpameniseas lens L51
meni scus | ens L54 whose convex surface is kept toward

t havhosei coneave sprface is/kepictoveardshe gaticles 8 hiboseex lens L52; a
concayve surface of aspherjcal shape is _kept foward

t hposKiver meRiseagalens %erwh@s% cpawex surface is kept toward the

reticle; a positive meniscus lens L54 whose convex surface is kept

toward the reticle; a positive meniscus ]e_ns 1.55 whose concave surface
of aspherical shape is kept toward the wafer; a neéative meniscus lens
L.56 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 L57 as boundary lens Lb and the wafer W is filled with the medium
Lm consisting of pure water. Only the negative meniscus lens 156 and
plancconvex lens L5357 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 example.

TABLE 5
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L56 whose convex surface is kept toward the reticle;
and a planoconvex |ens L57 (boundary |ens Lb) whose

plane is kept toward the wafer. 20 In the fifth IenéFP05'0349'00

exanpl e the optical path between the planoconvex

L57 as boundary lens Lb and the wafer Wis filled with
the nmedium Lm consisting of pure water. Only the
hegati ve neni scus |l ens L56 and planoconvex |ens L57
are . rl and the other |ens conponents of
siligﬁﬂﬁ¥§éﬁé§#ﬁ%ﬁl ef ow presents val ues of

spegi Li on the projection optical system PL
in t f ?h ?%%%g i TABLE 5 56 FPOb-0349-00
(Pr%ncy99+ SpeC|f|cat|ons) =1,93. 306nm 0=1/8 NA= 1
15Ym= 1 0. 5nn1(SpeC|f|cat|ons of Optical Menbers)
Sur kg, e_gb rdnOpti cal Menmber (reticle surface)50.000
101Cﬁ§ 0 01 603261(P 1 ) 25,852

3- 23133653 4. §9Q}L, 5603261(L 1 1) 4*392.56382. 347
5*-153.92914. 5851. 5603261(L 1 2) 156-394.9122.821
7-468. 74924. 6611, 5603261(L 2 1) S-303.9704.731

9- 2515. 15142. 2071. 5603261(L 2 2)

(Specifications of Optical Members)
Surface No. T d n Optical Member

(reticle surface)  50.000

1 oo 8.000  1.5603261 (P1)

2 0 5.852

3 ~2113.365 14000  1.5603261 (L11)
4+ 392.563 82347

5* -153.929 14585  1.5603261 (L12)
6 -394.912 2.821

7 -468.749 24.661  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 47.130  1.5603261 (L24)
14 621.048 1,000

15 207.549 39.109  1,5603261 (1.2 5)
16 398.158 81,085 |

17 -415.296 14000  1.5603261 (L31)
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10- 309. 0403. 752 2011912. 98447. 1731. 5603261(L 2 3)
12*- 468. 7491. 000 13213, 29847. 1301. 5603261(L 2 4)

14621. 0481. 000 15207. 54939A091. 5603261(1, 2 5) FP05-0349-00
2516398, 15881, 085 17-415. 29614. 0001. 5603261(L 3 1) 57

1885. 26042. 810 19- 102. 12035. 1591. 5603261(L 3 2)

20-103. 43121. 454 21.-91. 13514. 1571. 5603261(L 3 3)

522+*165. 94044. 380 23*-193. 03653. 0161. 5603261(L4 1)

24- 181. 39343. 188 25" - 15383 2ikp60. 0001. 5603261(L 4 2)

26-218. 5841, 059 1027464, 95432. 4601. 5603261(L 4 3)

281987. 91837..983,1201041.9390629. 971 Kk05H13261 (L 4 2)
30427.09334. 141 310027. 275(A S)

15329 1066. 707483.3561. 56GA264(L 5 1) 33-326.104L078

34631. 26060. 0001. 5603261(L 5 2) 35-489. 6341, 000

3618F7. 61244. 2901.1550326114l155 3) 1.5603261 (L33)

22* 165.940 44.380
23% -193.036 53.016  1,5603261 (L41)
24 -131.393 43.188

25% -1536.216 60.000  1.560326] (L42)
26 218584 1.059

27 464,954 32460  1.5603261 (L43)
28 1937918 37.933

29 1041.991 29971  1.5603261 (L44)
30 427.093 34.141

31 o 27.275 (AS)
32 -1066,707 42356  1.5603261 (.5 1)
33 -326.104 1.078

34 631.260 60.000  1.5603261 (L52)
35 489,634 1,000

36 187.612 44,290  1.5603261 (L53)
37 386.150 1.000

38 140.054 38790  1.5603261 (L54)
39 236.715 1,000

40 134.236 19.527  1.5603261 (L55)
41* 131,000 1.000

42 122.637 30971 15014548 (L56)
43 63.462 1.022
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2037386. 1501. 000 38140. 05438. 7901. 5603261(L 5 4)

39236. 7151. 000 40134. 23619. 5271. 5603261(L 5 6)

41*131. 0001. 000 2542122.63730.9711.5014548(L 5 6) FP05-0349-00
4363. 4621. 022 58 FP05-0349-00 44 62,543 46.511

1,5014548 (L 5 7 : L b) 45 DO (wafer surface) 1.000

1. 43600 5 (Aspherical Data) 4th surface C4=-6.

87058x10- & Cg=-2. 33418X10-17 10 C, 2=-1. 88289X1023

Sthygurface 043%5%:2' 147%@%@—19 A506b% 81)2@%5%%-:1i b)

Cl2=- 1. 011 X1 12t h"surface
Cl=4 . 35709X10s Cg=9. 48ﬂ6’@(. 1.94%0 Cl2= @L%?c)"‘d

surface
(wafer surface)

(Aspherical Data)

4th surface

k=0

Cy=—8. 87058x10" Ce=1. 98337x10"
Cs=—2. 33418x107 Cpo=4. 28841Xx10%
Cp=—1. 88289xXx10% Cu=1. 056516X%X107%

5th surface

k=0

C4=8. 21473x10° Ce=5. 90186x107"
Cy=2. 81237%x10" Cup=1. 57428%x107%
Cp=—1. 01146%X10% Cu=4. 08058x10%

12th surface
k=0

Cs=—1. 35709%x10°* Cs=1. 56240x10"

Cs=9. 48078x107" Cw=b5. 36314X107%
Cn=0 Cu=0

22nd surface

xk={

C,=—8. 82552%X10% Cec=—3. 31660xXx10"7
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25 tc =0 C4=-8. 62552X10" (Lm) C6=1.98337X10-12

Cla=4. 28841X10-21 Cl4= 1. 05516X10' 29 C6=5.

90186X10-13 Cla=1. 57429X1021 Cl4=4. 09058X10-30

C6=1. 56240X10-15 C10=5. 3631'4X10- Cl4= 0 Cr,=- 3. FP05-0349-00
31660X10' 2 59 FP05-0349-00 Cs=3. 60806X10-16 Clo=-2.

06842X10. 24 Cl2=4. 96281X10-25 Cl4=4. 51047X1.0-31

23rd surface 5 r. =0 C4=-2.42730X10-R

CS =8,55817X%18-4. 6 6 §4 2316 80044X1@i %5t Iy BUE f5286¢ 350 2
=-9. 37917X10. 14 ~C10=5. 22545x102

Cp=4. 96281X10™ Cu=4, 51047><10'31

23rd surface
k=0
Cs=—2. 42730x10*F Cs¢=—19, 37917X10*"

Cy=9, 55217x10"7 Cw=5. 22545x10%
Cin=23. 80044x107% Cu=3. 98450X10%
25th surface

=0

C.——2. 28538%x10°% Ce=2. TOB616X10™M
Ci=—4. 54050x10" Cpo=—7. 42942X1 0%
Cp=—1. 22807X107% Cu==—2. 838334x10%*

41st surface

k=0

Cy=—4. 41623x%x10% Cs=—1. 35429x10"
Ceg=1. 59382x%x10" Cw=—1. 00707X10%
Cp==2. 48318x10% Cnu=—8. 65436%X10%

(Values corresponding to Conditions)
L2=289. S5mm
| LA=1250mm
P3=56. 91mm
PX=320. Tmm
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Cl4=3. 98450X10-29 x=0 C4=-2. 2 8 53 8 X 1 04 C6=2.

706 1 6X1 0-14 (C8=-4. 54050X10-18 Cl10=-7. 42942X10 2

4 Cl2=-1. 22807X10-27 Cl4=-2. 98334X10.32 41st

surface CA=---4. 41623X10"8 C5=1.59382x10. 17 FP05-0349-00
Cl2=---2. 4831 8X1.025 (Values corresponding to

Condi tions) L2=289. 5nm LA=1250mm 25 P3=56. 91mm

PX=320. 7mm C6=-1. 35429X10-12 G 4=--1. 00707X10-21

Tl A A T
{7 4R 0Graetaber PR FOn in the f11ih exanple. In the
appal it 1 ZoritRe Boert Bt on di agram of Fig. 15, the.
cirof Ot A/ kR ud foximum e A
5 (3) D3/D0=0. B6R
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
10 image height) of 10.5 mm though the veryrlarge 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 is an illustration showing the relationship between a
15 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
20 substantiaﬂy inchided 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
25 and a still 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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10 i mage height) of 10.5 nmthough the very | arge
i mge-side nunerical aperture (NA=1.1) is secured

using the ArF excinmer laser light in the dioptric FP05-0349-00

projection optical systemw th the projection

magni fication of 1/8 in the fifth exanple, as in the
fourth exanple. Fig. 16 is an illustration show ng the

rel ati onship between a 15 shot-area and parti al

eXPRsHiiR] FARIORD.i N heecdid ré i i

t he fourtﬁ and |ftﬁh§§gfn[%%é§,q gggg(%o%é’[lwﬁéﬁ%ﬁie&la%éﬂ wiih
shothethid fetielé RP BT E0mch Osig8 Cark 'aPHtill FojettidHNeypeSure is
mmis divided into four partial exposure reglons ,

Zlg} géﬁ'onﬁeﬂ indtiRaiing paRalSexsostire ¥eglon e havirsy ! I size of a

each of the partial exposure regions 7a-7d i

subguanes o shtsiebs Eusing! > RASIGACICIRS W Finallye the third

radiius of 10.5 mm .In the fourth and fifth exanpl €s,

st tetidle § 3 feplacodowity el fourtberetiele'Rd 6M6tiNeh kiZesdnd a still

partial exposure region 7a having the size of a
quaptcgectién %kgbsmree'm perfosined iahthef fousth paitidll expgdbusé region
6-inch size. Then the first reticle RL is replaced

wi t Ad hawimgethersize ef aajuarfe? offshbt-areh7 sising the fsurdngeticle R4,
still projection exposure is perfornmed in the second
partial ehnptheuforrtheand fifith ekampiws, the pedjeetioh magnification of
quarter of shot-area 7, using the 61 FPO5-0349-00
secthigdprodestion: oppicakaystear Fbr &5 sethat 34 smalleetthah exarenal 1/4
Is replaced with the third reticle R3 of 6-inch size
anoanﬁ the still pxppswreiregiakpbthe prajectigreopticatssystemiBle is set to
third partial exposure region 7c having the size of a
quaheesize ofsalpputan cuarter of the shet-area; dhersfoxg, dhgpobject-side
Finally, the third 5 %ei(i cle R3 is, replaced with the

f outiACHeal apestimg n e kaphaka smadhigval 4 spite of the very large

e JccSHle pAeTIal HReTHEE BRGS0 A¥ TTeRilsbHsdRasible to

e S 4 B8 A B Ut e cbha B4, in 10

ML il Al c1)1[:11.?1%fve1y large effective imaging area, without causing an
increase in the size of lenses.

The above examples employ. the configuration wherein the
interior of the optical path between the projection optical system PL and
the wafer W is filled with the medium (pure water) 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 intervention of the high-refractive-index medium Lm in
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the projection optical systemPL is set at 1/8 snaller
than normal 1/4 10 and the still exposure region of
the projection optical systemPL is set to the size of

about a quarter of the shot-area; therefore, the FP05-0349-00

obj ect-side nunerical aperture can be kept at a small
l evel in spite of the very large inmage-side nunerical
aperture secured. As a result, it is feasible to well

correct f.or, the off axi,s aberrations.sych as ma d

“n {5 pticel pafhoetimesnthe Tralestionaanrcal systes Floand dhe wafer
i mgi,ng area,. Wt t C ing an .,jncrease in the,sjize ..
of SenSHie o BROSTalSh W, oS thS  HHRPLEG ProIeFLPR o ptical
wherei,n t interior he opif ,cal th._be the 4.

o osEaPh Bl oast 5o Rdmilagtidt iR RS pesfil AR TG e Srdinary
filled with the nmedium (pure water) Lrn in order to 20
achP&¥e t he | ar ge i mage-si de nunerical aperture, but

ey IO i 65 b S e e
b8BT S A P kb v
oS ROP Al SRR AR BLPSBAR, g practie
|1 By AR LATARS B SEA AL TSRS st areas
O BHE SN LR of Shbfed TORF: 104007, B
" PAtal apmie ool lanema patams i AV iioaiy of

MandKRodrene offwafer W€ bcdd¥Bively ekpbSal, ahd intadkyis replaced

size. 5 The above description was ‘given wi'th focus on
onewsthohnéihes and ahereafler decohd epapal expdkare 9dgions thatched
performng a’'still projection eXxposure was repeate

f orpéttingain il GBS il ahe egluoality’ af hdtheesviare Isuccessively
practice, however, partial exposure steps are _

r epegposddf orTlemthe alaskyisakepkivet-withaanother and thereafter third

partial exposure regions (hatched portions in Fig. 17C) in the plurality

of shot-areas are successively exposed. Furthermore, the mask is

replaced with another and fourth partial exposure regions (hatched

portions in 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

exposure regions in the plurality of shot-areas; i.e., the plurality of first

~ partial exposure regions in the plurality of shot-areas are formed with a

space (or the plurality of first partial exposure regions do not adjom

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

exposure are focated away from the exposure regions formed by the
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on one wafer W Specifically, as shown in Figs. 17A to
17D, first 10 partial exposure regions (hatched
portions in Fig. 17A) in a plurality of shot-areas o

a wafer Ware successively exposed, the nask is %P05'0349'00

replaced wth another, and thereafter second partial .
exposure regions (hatched portions in Fig. 17B) in
the plurality of shot-areas are successively exposed.

e PSSR st bt ahLven bohimsh eSSl o avoid
CuLinbiShel BrRAL B e G SRR xposre, in the
replﬁﬁﬁgewgigﬁﬁg&trgertand f_our}:_h par1t7iDaI _ ex?gsure
:Jlegrality of s?ot- ?re |Sonse| gucI g.ss'vel). Ine gsed. 2

't e oxhE I8 il RS Mkt G0F%: B Shot-area
B:""Lis;f‘eﬂyeﬂéfﬁﬁﬁﬁéq B8 By DD G BEOs, Uit is also
Bﬁﬁbﬁé#iﬁ%xﬁoogéﬁ‘éﬁéaﬁ%%cﬁeﬁ Ratl oPsitpfompyestlostié 1 a state
o 1 MR ol Bptibic? BeiaiRiafabt f fadll HiFl dverlap in
eaggaﬁt\i?ﬁﬁ kacl'dth&: t 16 158 RBBYEdsBAbEA Tohth T £¥%h'Xamples
previ ous exposure'aretﬁocat eg awnay ?rom{{he exposur e Pes,

regbﬂé‘ssﬂo@fﬁgzij igydlbe P infd %?f%ﬁa@%i&p e%ﬁ?ﬁﬁ%u tons and one

exposure as descr above, omes” f easi to

av Oeﬁ)ged;ﬁkiﬂ L@gjb%uﬂé i§@imied bhe fbr l%%cﬁugaftihlt &fosure region;

pr e us exposure, in the subsequent exposure.” In the

f oukéepad ifs Isf 4180 peRsIDIE fo Pesformbésulsb esposare for at least one

shot-area” 5 is equally divided into four partial
exppatiad egpoone reglon.t | Thal sboveaksctbedt donrhf emd fifth

the so-called partly overl apping exposure in a state

7 i e S gy gt

abopartisb sexpdsade fregiom bt i st Alsxpuosside to perform a scan
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 L65 is made of fluorite, but the optical system is preferably
constructed so as to include a pair of fluorite lenses, for example, by
dividing the planoconvex lens L65 into two lenses or by forming the
positive 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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one shot-area is divided into four partial exposure
regi ons and one 10 projection exposure is carried out

for each partial exposure region; however, it is al S%P05-0349-00

possi bl e to perform doubl e exposures for at |east one
partial exposure region. The' above-described fourth
and fifth exanples involve performng the stil

projection exposure for each partial exposure region,

buth QIRAP TP % PO PBIREEC2 PG XPORYSeation

patter In e exposure reg

(HENOQ EﬁﬂEMﬁﬂQnd waf er relative to the

prOJec I on op |caI systen1 1n the above-descri bed

fourth eX’THB' ﬁ&a%%& Al ﬂﬁ“ﬁfb’i'enf R, PEQ%q&ﬁocﬂ‘iﬁﬁ’é‘nt can

of fluorite, systemis prefe

Conéfddifdeeﬂnéz‘b ée‘é {)@ﬁggglgl e i‘"de\ﬁ esf '1#%#5 ickup devices,

| en for exa |ng t nve

I eng ﬁﬁiicmw dﬁ%ﬂh NERYid¥s bthjﬁiﬁltﬁh gaaggﬁpcp%%hakveetc) by

neni cus ens L6 fluorlfe i guration,
i nf {lLghEf fﬂi&l e@ﬂ‘clé b?p&@:' iﬂlhﬁ}ﬁlﬁnﬁhlﬂwlé@ (f#Bfinination
be recuced y proper | |ng the rel ation of

or | ﬁ@p}lhhﬂr}ierﬁnﬁiﬁ]gsﬁﬁ'ex@éﬁﬁreoﬁf ahganRidptiin batter fsrmed on

| enses. For the technique of reducing the i nfluence
of fhier afasknamits ehepghotosenditive Ssifbistiatd by the @j@enbn optlcal

setting the orientation relation of crystal axes

t hesyspar (epdsuverstep).| eraesexampler efca siwthodd ﬁ:& producmg
made, for exanple, to 64 FP05-0349-00 W2003/ 007045

( orseticBntuctoinedeHets s Ayipto desvi cesn by US00iRie0 @5 pasigrmined
and others. |le exposure apparatus of the

af ovieenihpatiemcor abvaferertthe dike g8 mqhbomsmsmx@eslﬂxs&ate by use
(semi conductor devices, i rrage pi ckup devi ces,

li oofi ﬂlewsfmsme appptagys ofdhe gssamuambmdlmam(g]wﬂl be described
heads, et¢.) hy illum nating the reticle (mask) by the

i | |hnlaﬁfamtbrreﬁtren@% tq the ﬂmbattmf Figt d8) and

performn an exposure_of {rangcription pattern

formed o Irsthsteneill, oFig khis mqumansqwam@a@a@aeﬁa&ﬁém on

by etarc]:ﬁ & “Jaf Crg Iu? 'one' o t | Caﬁ\lext step 302 is to apply a photoresist onto
the metal film on each of the wafers in the lot. Thereafter, step 303 is
to sequentially perform an exposure to transcribe an image of a pattern
on a mask into each shot-area on each of the wafers in the lot through
the projection optical system, usmg the exposure apparatus of the
present embodiment.  Step 304 thereafter is to perform development of
the photoresist on each of the wafers in the lot, 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 pattemn 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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system (exposure stcp). An exanple of a nmethod for
produci ng 10 sem conductor devices as m crodevi ces by

form ng a predetennined circuit pattern on a wafer orFP05-0349-00

the |ike as a pbotosensitive substrate by use of the
exposure apparatus of the present enbodinment will be
describe- d- belowwith reference to the flowhart of
Fig. 18. First, step 301 in Fig. 18 is to form an

ot Dhkaxist s A< priy ST i B e gemics
-'Fﬁéﬁ%gé'té‘#‘?@ﬂiﬁ%&iﬁ;@&é@%&f@f%&ﬁf@ﬂ Hutregely fine circuit
ookt P SREhiaPul "o NE3AT10" R 367 By Berfrm the
ex 5o E peP R Bp ISP et in B H AR, APt of the
onoliSr Bt {65 el ALRC e BoReg YEETGne gpd Ahing, pye it s
o el WA 0 B SN W06 ASRRLD s, prior o
For fhefo Steish SilRR! GiledRi RORRTHUION tie Wiferfid fEreffter the

t he shot-area on each wa

Thereant g rapglieg 353‘.&5 thersiBed® Bxide Elme lfbﬂoﬂ%gltsﬁﬁ%é frespective

upper | aye ot hers, the device$ suc

senitbpoBf BgpSiurd el vl paieat,RiteRuge dnd 8 o’CS- 0349- 00
The sem conduct or device production nmethod descri bed

above perThé¢ expasuie apphpitns tdfe tise Presuid uaehboditagnt @an also
with an extrenely fine circuit pattern at high

t hrpredapata ligued-c39sial displap &Shcarss hompavtevivet be forming

respective steps of evaporation of netal on the

wafpredeteamin¢d phitemsafivchit fattersj electrotie pattermetel) on a plate

film exposure, developnent, and etching, but it is

nedglassssubstrate)t i ohn telxatnplieeofhe trhedho Hues grodnction ewtill be

that, prior to these steps, a silicon oxide filmis_.

f ordeseribad thistowavih reference te ghe Sowdhert 0£Eigtl9.s In Fig. 19,

applied onto the silicon oxide film followed by the

r ePedtern ferming step 401 1s to execute a so-catled photolithography step
of performing an exposure to transcribe a pattetn 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 pattem
mcluding 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 configuration wherein a number of sets of three dots corresponding to
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steps of exposure, devel opnent, etching, and so on. 10
The exposure apparatus of the present enbodi nent can
al so produce a liquid-crystal display device as a

m crodevi ce by form ng predeterm ned patterns FP05-0349-00

(circuit pattern, electrode pattern, etc.) on a plate

(gl ass substrate). An exanple of a nmethod of this

production will be described below with reference to
pattern

12233‘1 ngﬁjeg ﬁ@fiee;b, twﬁ%@é@)aa@%w&%%m matrix, or in a
P sviipatan tedin 2pRiraiSt pf sHisooL.AgR, BE ELive, tlpes of R,
f’ ﬁg : hids gﬂ'tf??iigeeﬁws S afspaRh i ticlal SFatlinth.  After
for %'n%f% ﬂé&g&wu“ffiﬁ'@ﬁﬁﬁ RIS hlg, 403 is then
R

S ng%rq@zc.i SR o) e Wi

prpr

tr anstert (ygﬁgl eathatg T)aﬂf W#@f& %@r %lhgip?éﬁrz{ggﬁ %amed
cor: th‘r’“??@?'f?’%eﬁ 5 "“%ﬁf SEP.JORCHER 6 n. T W BN Bssembly
Set%‘?ﬁf‘wgh BIEY hﬁ?ﬁf&gsﬁﬂ 15 povped Ry AHAR Btween

are arraye in a

Matth Xsubyixdta @1ﬂ10ﬂﬁ:f paedatinmed ghﬁbfh e irt b pattern

sets of filters of thfee stripes and B are

ar rfafs m% sfept 461 dndetiticolorfiltep bbEdnéd in ﬂ@@@oldrlﬁiﬁer forming
After e color filter formng step 402, cel

FeEPU92 Sﬂleﬁel?@gm@udmgla lﬁ;tﬁdeﬂyf,taﬂpaﬁéle(hqa!ld crystal cell).
assenbly step is to assenble a l1quid crystal
panel (| IModdlecrassembly estep, 4041 tigerebfiers ulss to agttach tdach of
the predeterm ned pattern obtained in the pattern
f oroonmporsidp st@h, as hen edéatrict circwit, abbackdight, ietct tfier display
color filter form ng step 402, and so on. In the cel
asoperatjon of the assembled liquid crystal panel (liquid crystal cell),

—I

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

The above embodiment uses the ArF cxcimef Jaser 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 easily available in

large quantity in semiconductor manufacturing facilities and others and
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step 403, for exanple, a liquid crystal is poured into
t he space between 10 the substrate with the
predeterm ned pattern. obtained in the pattern

form ng step 401 and the color filter obtained in the FP05-0349-00

color filter formng step 402, thereby producing a
liquid crystal panel (liquid crystal cell). Module
assenbly step 404 thereafter is to attach each of

oA Bt 3. Gh e B DR, g0 o
B TS Sl Choel B . Sno
Gev P 8 pO AR b, efrOpflehS B SopBait ap expemely
pfgk’ﬁ’%’g‘%ﬁéﬁlﬁﬁﬁiﬁ tC;%;Zr'E%E‘E@%ﬁ%’ﬁ@kﬁﬁgﬁ‘g the
use c e of thé optithl S@ient located on
BT

exci mer | wat at@n?ﬁi% REIPHPRIVE ﬁ}ée%éﬂ;%c@% i%lex n of about

descri bed above, pure er 1s supp

eggy.:zls gogg%x%b o rgnigﬁtsbpﬂaee%a%wngﬂl Bfgggmﬁate 193 nm.

rge quantity in sentctonducto

ek ffd Yase WHe6 the LAFS cRB&t hes 18 (Gavelength 193 nm) is
FP05- 0349- 00 has the advantage of no adverse eftect on

t hepgliba9aeHpht s@irdehsf egpbsiredight( whé avivel R tehiced to

el enents (lenses), and others. Since pure water has

no By erse abbliecl3d mnenym rths neutistrate doc acliaveshigh resolution.

extremely |ow anount of inpurities, we can also

ex pégrthérmeores tthe rdepth of dacunds imereasadité abeubn fihes or about

substrate and the surface of the optical elenment

| ochdddimes thdtendiist al end surface of the projection

optical system Pure water (water) is said to have the

refracti vEhe digidn can b oanother diquidr thate 12 dpanspagent to the

l'i ght of the_ wavel ength of approximately 193 nm .
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 lignid, for example, such as fluorinated oils and
perfluorinated polyethers'(PFPE), which can transmit the F; laser light.

The aforementioned embodiment adopts the configuration
wherein the liquid is locally filled between the projection optical system
PL and the substrate P, or the configuration wherem the liguid chamber
in a predetermined depth is formed on the stage and wherein the
substrate is held therein, but the present invention can also be appled to

[iquid immersion exposure apparatug artanged to move the stage
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In the case where the ArF exciter laser |ight
(wavel ength 193 nrn) is 10 used as a |ight source of

exposure light, the wavelength is reduced to 1/n,
. o FP05-0349-00

i.e., about 134 urn on the substrate to achieve hig
resolution. Furthernore, the depth of focus is
increased to about n tinmes or about 1.44 tines that .
inair. The liquid can be another liquid that is

t 4 balui

| TERISEhe ke OCUROMAE g g, T s
205808 Sl S L PR HRASBI Sy spparas o
a

th : ISRt Wi Bl Is8At ipt P
ey, St OB e YRS OPRL SOl i e i

. d - | - -

5ttt or gt ke g piaon

af oL aifr e @, D73t adopts the configuration
wherein the liquid is locally filled between the

proj ect i OMhe Piréstdit neveritim isF’AJs@!&ﬁp,libﬁbl%lﬁtbséxﬁ)@‘siﬁ%ec’%pﬁratus of

the configuration wherein the |iquid chanber

pr eglavdn rstagel typet hThe dtevdtark andt dgosiugd dpestion ofethe twin
the 25 substrate is held therein, but the present

| nveiage dype axpoisare hpparaphs ark disclodeglifdr iexamipleoin Japanese
exposure apparatus arranged to nove the stage 68

FPOBateat 9A pplibaticisnd_aideOpe sNoat B0-163D89eandshid, 10-214783
l'iquid chanber. The structure and exposure operation

of (coerdspouiliig noerdiSn Ratpalor e634d2087,uNo60r6,46044g No.
the stage holdjng the substrate to be exposed, in the_

|| o0, 26t No 69630 IP-AoR080AR958 (eorresponding to
Japanese Pat ent plication 5 Laid-Open No. 6-124873.
ThdJpr.8nNo. ﬁﬁ.ﬁ,ﬂ‘ﬂ)}ﬂ,i%‘ WQiSs PaiNpi 620840D exposure

cposr o Whenatheridd: FamaRHen stelfed: ypapplisdeas dlosoribed
PR ove, thé mumerical Sperture NASF e Biojettion optical system can
be 0.9 to 1.3. In 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
alighment with the longimdinal direction of line patterns of line-and-
space patterns on the mask (reticle) so that the s-polarized component
(TE polarization component), ie., diffracted light in the polarization
direction along the longitudinal direction of the line patterns is more
emifted from the pattems of the mask (reticle). When the liquid fills

the space between the projection optical system PL and the resist
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Pat ent Applications Laid-Open No. 10-163099 and No.
10- 214783 10 (corresponding to U S. Pat. No.

6, 341, 007, No. 6,400, 441, No. 6,549,269, and NaU_S. FP05-0349-00

6, 590, 634), JP-A-2000-505958 (corresponding to

Pat. No. 5,969,441), orU S. Pat. No. 6,208,407. \Wen
the liquid imrersion nethod is applied as descri bed
above, the numerical aperture NA of the projection

Tl LR b ok b & 8 GRS becomes
SR o o 9y SASRCH O BBl IEALO e s pojarived
OBl TR Bolak DA BboREh LSTARGARY Y Fhlfarement
Lo HPEReha 0580 He BBkt ot (580 Siethe space boiyoen the
P hePfajetn bPHEANSstOf PE i B {E6ist dpplied SHTHR' sutfdce of the

g O

D

Ine patterns o

|1 Nutfdte PPAGHARIS Rialen Ofhel AEHTRRAgi Hek forflande ddtPiiso be

the s-polariz conponent TE™p _ _ _
congpeliiendd -eventin tHef EdseCindtbre | Bt pinfehbg] Ripeftiure ATAOBS the

direction along the longitudinal direction O0f the line

pat}am?é\ﬁid:ﬁ opHies] gpstem bkeskds' PO t e iphérRS Bffedivé 86 use the

nas reticle). Wien the liquid fills the space

betpiese tafior gkl | ¢he opsblivple susiiéondd. dhemimgion method
resi st 69 FPOS-0349-00 applied on the surface of the
sulparticdatty, theedipole shiutoimatien)nacdigpanehi gl therloppitudinal
resi st surface for the diffracted light of the

s- phitectiore of laepattems a3 Hipclosed 2at JapanesenPanentt Application
contributing to inprovenent in contrast than in the
cadeaidiepen ANo. G-d88) 69; etes praperhpacecibination. t he 5
projection optical systemPL and the resist applied on

t he surf ¥aers fingdinerandtspace (B/Srpattemis(erpabih oftdbeont 25-
hi %h i magi ng perfqrmance can also be _achieved even in

t helase) areeitkanssabed entocthic awbstrate & iy gse tofethe projection

rojectj,on optical systemexceeds 1.0. It is nore
gf fcipgq esyﬁts:%S%Ltngy.\ the reduchon 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, 1t i1s also desirable to use the linearly polarized ilhunination as
described above, but the randomly polarized light can aiso be used for
illumination of the mask M to achieve the high resolution performance

by use of the projection optical system having the large numerical

70



10

15

20

25

phase shift mask, the oblique incidence illum nation
met hod 10 (particularly, the dipole illumnation) in

alignment with the longitudinal direction of line FP05-0349-00

patterns as disclosed in Japanese Patent Application
Lai d- Open No. 6-188169, etc. properly in conbination.
Were fine |ine-and-space (L/S) patterns (e.g., L/S of
about 25- 50 nn) are transcribed onto the substrate P

AT S R

'tiste i ro Lgaeey Scre iror@by YAl -l Paliphf on the
eltnﬁkrrasﬁl (ﬁgﬁg&{brﬁdnu eg}slggf ﬁB%Fak{t% g?h:ﬁ%n? ? hfanzatlon

t hl &gﬂﬁﬁﬁ poI ar [ ?@%&%@Hﬁ&%@ﬁ?ﬂiﬁgr% g)rgl g} %ﬁ%rn ?lflan the s-

dlf g@t% atfo Sc{w ns?é‘ﬂﬂthd%OIPhrgrmzlglFr on (gnnépﬂgzlb# t%Aﬁp‘ﬁ/f)f the

pO'W]fezaGhﬁneﬁEBPOBﬁP;t?l cfsg%l{l ﬁrﬂﬁéfb%h also be

In this case, It IS uset

|'i ngskidved evehi fethd bbsénorerhbq%r nuﬁfmsal b,gsbrﬁjaeVNA of the

but the randomy polarized Irght can al so be used t

25 projetricrepesalofystdin siehlas\d 901 3cBeaniretthie diffidcted light of

resol ution perfornance by use of the projection
opttheak-rayatiestidie véoigpohent! {TEe f@lﬁfﬁzatmﬁi cOdiponent) is more
FP05- 0349- 00 aperture NA of 09- In. cases where
extomeitieldy ffomethei nmsknithasptiee difftacesd digho (ifht:he papdladzation
are transcribed onto the substrate P, the
pcdmnpmmtor@TMopplarmlho@TMonmmam)gt ifom mmmpleenm)lder the
can be greater than the s 5 FOl ari zati on conponent (TE
polcaniditaensothat dhp chdhexchmern lasenés vked as thevexposnradlight, the
effect, but the high resolution performance can al so

be prajdehioncexpossitc iSystene haasthe seduction matgefnabmti Y4 and the

aperture NA of the projecti 0 t| cal system such as
0. dine-and-spaes atienas @reptesc popm @re transcribed onto the
substrate P.

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 mfluence of the Wave guide effect and the Wire
Grid effect due to the lime-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 illnmination using the linearly 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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the s-polarization conponent (TE pol arization
conponent) is nore 10 emtted fromthe mask than the
diffracted Iight of the p-polarization conponent (TM

pol ari zati on conmponent), for exanple, under the FP05-0349-00

conditions that the ArF exciner laser is used as the
exposure light, the projection exposure system has
the reduction rate of about 1/4, and the

| i ne-and-space patterns eat er th
t r aRBEiGUbRY.oR GASeRavhers Tae BatiFmsdTihe @ﬁ@%@ﬁﬂ&le) include line

per PG SRR oY WadetarminedoPugErion gpts bige patterns
or SOERAE B M?&Féﬁﬁﬁw@n Selitnismiagd: e figh imaging
reduc |nfluence ‘e i de effet andth?th 1

W rBOrTOTmaReE GR GiEo b Fewal | VR ATl agge OF the lage
a5, R T Bk s o, by
'dl & ﬁﬁ#;’”al " i MR o2l AR QoL L the Jinealy
= BB g g @esﬁgmw§g@e 3@@% sejr o
ot ?@é%éf%a?‘ﬂfaa%?“%?%‘ﬂf@%@@éﬁ%' " dxbs, cui th the

71 FP05-0349-00

gar cutarql%ﬁﬁ cag@u\whg?: ?Ee patterns of the nask
(ret| cl e)ak EISE%HE ed hh&ve R Osr.[ peet BE R é%@nt fhvén on mvolves

pr edeterm n ectl on ’an I ne patte exten I ng

in g 5“ i ro#iﬁcﬁf ,E’“M RERE régh%g%jé&fﬁm”bﬁﬁéal Ej?ﬁeﬁi ﬁﬁd the

|nag|n ce can a chieved even in th

g;ﬂ]dibséﬂk@tﬂ/é”@l%sﬁafw Pt ¢hé raedinhd Tervive Qhetl'&fractwe index

ction optical system by cornbinationally using
t hQaﬁgHrafhahefl 1| hndn repbatine Uhe nexpdvare iihesadly partial exposure
pol arized Ii ght' in the tangent direction of a CI rcle
W: ltrbgﬁ)m gnbsy thantdece dpttheapreysttion agtpésiee aimnohar shot-area
i I'lum nation.
including a plurality of partial exposure regions. As a result, the

present invention enables the high-resolution projection exposure with
high throughput and, in tun, production of good microdevices, while
securing the large effective image-side numerical aperture through the
intervention of the high-refractive-index medium in the optical path
between the projection optical system and the photosensitive subsirate,
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-

72



10

I ndustrial Applicability 10 As descri bed above, one
aspect of the present invention involves filling the
optical path between the projection optical system and

the photosensitive substrate with the nedi um having FP05-0349-00

the refractive index larger than 1.1, and repeating

the exposure in each partial exposure region nore

t han once in the projection exposure in one shot-area

15 |n dlng a plurality of partial exposyre regions.
medlumri@ fﬂﬁr@mﬂ peth intheounage sudacs. h s a result, the

high resol ution projection exposure. wth
t hr G¥BOPITE PRATA mﬁrﬁxp&.samm ﬂdcﬁsnggaﬁe projection optical

m o Od%\%éﬁl@mﬁé@t Daemﬁl ¥ S | arﬂ?qéf ! e’rffltel ﬁllegh-resolution
|ntervent|on of the ract, ve-i ex ,medium

t heDBREFtaR eﬁ&pﬁﬂ@%@%&m g, %ryﬂ.larruabt {bchoduce good
sy sten1 d.the tosen5|t|

o oiriatEyicste ol sssm& S”bseﬁigﬁv?aus' ”ﬂﬁlﬁstwemal
v ﬂgaéglig@ﬂf?@?‘@bﬁhh&ﬁm FoBRnborhE highhACly S3RESt nfidium in
Choliel| GpthA! palt OBofpid C%Feﬁf’ﬁé'%ﬁa&%ﬂf 8‘258%'4*33‘ the
ZSZ%%%G%% %‘9‘%955’?“% e Bt i U6l judeRhbh Bptical system

optr 8 R, AR 8 W O R GRUEY, B3, o, ample, by
ex QH@E?@HT%@V]E ¢xth 1&&5&56&%&% Bf thdfe than once in

pr o) opt system'o e "present” 1 nventi on

ar X i
exS%%EPI% CHRERHRINTG BE ol Mol S0 Mk Rling M AGISIEY, of partial
gOOgk i Sine péSIEAY] ees, while securing the large

ef fective 1 mage-side nunerical aperture through the
intervention of the high-refractive-index nediumin

the optical path between the projection optical system

and the photosensitive substrate, using the dioptric
projection optical system
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easy to manufacture and the mask of the ordinary size,
for exanple, by 10 repeating the exposure in each

partial exposure region nore than once in the FP05-0349-00

proj ection exposure in one shot-area including the
plurality of partial exposure regions. 73

FPO5- 0349-00 CLAIMS 1. An exposne nethod of
effecting a projection exposure of a reduced i mage of

a pattern forned on a mask, (h a projection

opti cal system onto a phot ogme substrate, the
exposur e SASRNL

filling an op caﬁopath Eﬂid\?ég%@#ﬁbﬁ#%%@ ‘deglréﬂe}{posme of a

t t
e #ﬁcﬁni egzlﬁirllg ref racti vcﬁ%xh] é?ﬂé?g’fﬂ{‘%@h\'\q ﬁl‘o?echon

vvhe tigal e{¢aft | 3% I @b Ne

opt ?@ ?a]p ?%1 ﬁ]% OPE% proj egéﬁrggh%%:sﬁggt? systemr's sure method
andgdf posure step of effecting a projection
exposupﬁgnrfgone shot- area on the photosensitive

substratey ﬁﬁiﬁgestégltéleﬁm&g AP ophicsR philf 'b@ﬁ?éelﬁ the rProjection

pl ural ity of parti exposure regl ons and wher el

t hepgtiesl %iﬂs@rﬁtﬁﬂ the plfotbsatsitivesuBstis Wigh anmeifum having a

part’ al 5 exposure reg| on nore than once. 2. The

ex prgidctiveetihdek abegedithant 4.1 aileré wheefbotivdeindex of an

exposure step conprises: a still exposure step of

per dtatosphgraimsan loptivabpetht oftheprpfestion optidabeyster isal; and
exposure region in a state in which the mask and the
phot osensirt exposwrbsterabf cifeetingnt petjettion 2&posiuzt invene shot-

to the projection optical system and a noving step of
movaneg cax theqpltosemsitivosubsdrates i ve substrate relatiVe
2ostin1 " wherein the one shot-areh inclidos & pluraiity of partial ex
a still 1mn area me. P ity o1 p posutre
regions, and
wherein the exposure step is to repeat an exposure in the partial
exposure region more than once.
2. The exposure I_nethod 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 woving step of moving at least the photosensitive substrate
relative to the projection optical system, in order to perform a still
projection exposure in another partial exposure region different from the
partial exposure region already subjected to the still projection exposure.
3. The exposure method according to Claim 2,

wherein the projection optical system has a projection
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projection exposure in another partial exposure region
different fromthe partial exposure region already
subjected to the still projection exposure. 25 3.

The
exposure nethod according to Caim2, wherein the FP05-0349-00

projection optical systemhas a projection 74

FP05- 0349- 00 magnification of not nore than

approxi mately 115, and wherein the exposure step is to
repeat at least twice a still projection ex osure in
t henpgnifieatien pbaot maredhan aparoxigatelyi 178,

appr oxi ma y .a half of the one shot-area,

ef fecti ng“ﬁﬁ@mpg‘!ﬂ SEPOSHIC SiRes 48 J0i FEpeas ﬂingaSt twice a still
shot-area. 4, The exposure nethod according to Claim

3, WFRIFEON (oRPaskR S thes maptials 3KB°$¥EeEﬁg1%I193‘E1ﬂgcé size of

the still, 0j ec surelnthe par ur.e
regaﬁﬁr%maf@m fo DAL &SHfih €afPeohokaErsay Hereby BRoeHez the
one shot - ar ea, theregﬁ ef f ect ir;igethe 10 projection
expBE‘UF@@%eFH‘éS%ﬁén B Ong a.The exposure rret hod

el no L The i Rosre miéthod %égq?@%%%& e
Sifzﬁﬁﬁ”swﬁpf”ﬁﬂéc%h'ss%poﬁé's" TR bl e othe stil
ahebiaiReticih SPERER e 18 ?ﬁafciﬁg?@%gwémf% & the size of

exg%ééfpiﬁﬁilkﬁeiv 2 MR 3§ fe obe o sflo-3t, BRI fffeting the
;ﬂ)}oﬁe‘?gpmpé}gj&qﬁé%tﬁ Bﬂéléhgt be o he partial exposure

a srze o approxinately a quarter of

the one sgwot ThE 8 sﬁ}.ﬁ qﬂéfrhgi?f GELorAng 16 CRARI SCht YW further

exposure 1'n
comprising:

a replacing step of replacing the mask with another between the
first still projection exposure and the second still projection exposure in
the exposure step.

6. The exposure method according to Claim 2,

wherein the projection optical system has a projection
magnification of approximately 1/4, and

wherein the exposure step is to repeat at least four times a still
projection exposure in the partial exposure region having a size of
approximately a quarter of the one shot-area, thereby effecting the
projection exposure in the one shot-area.

7. The exposure method according to Claim 6,

wherein the exposure step is to repeat only four times a still
projection exposure in the partial exposure region having the size of

approximately a quarter of the one shot-arca, thereby effecting the
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7. The exposure nethod according to Caim®6, wherein
the exposure step is to repeat only four tinmes a stil
25 projection exposure in the partial exposure region

having the size of approximately a quarter of the ondP05-0345-00

shot -area, thereby effecting the 75 FP05-0349-00

proj ection exposure in the one shot-area. 8, The
exposure nmethod according to Claiml or 2, wherein the
projection optical systemhas a magnification of not
nor prajRetion e3pogug nthe oarshotreeaet hod according to
Claim8, wherein the exposure step,is tao_perfor

proj ecti oh eXBELRIOSUTGHT aeeording tg Claist 1 0tehs and
to repeat expqQsuyes in partial exposur regi ons. not
adj oi ni ngW tqmé.ﬁarpmﬁpa anfical syiem has ath sgloncof not
nmet hod according to Claim9, 10 wherein the exposure
st emare than 8.t o perform exposures in specific

Ecposur o 51 cd HEreaPoRIneRt Arvargit (o bihPeas. and

exposur ¢ WhETURANS SRS RS PRaS de BerDTBLPrERF G sapgsures in

regions_oqf th luralit f, shot areas. 15 11. T

e et b sbabedes Haf 1" Kbeah HOOSHIR, fibipartal exposure

w creigs i Aol e sthEk pBus e BReBre cpeci 1 c

o her “parit-al 1o sepbpSmEftbd ARoRRE GRS, lcp

20,12, TG e 5, SE57'F 83, IO o

10 HRLIRE BRI Ypishf regions among respective partial exposure
regions of the plurality of shot-areas and thereafter to perform exposures
in other partial exposure regions among the respective partial exposure
regions of the plurality of shot-areas.

11. The exposure method according to Claim 10, further
comprising:

a replacing step of replacing the mask with another between the
exposures in the specific partial exposure regions and the exposures in
the other partial exposure regions in the exposure step.

12. The exposure method according to any one of Claims 8 to
11,

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 parfial

exposure steps.
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exposure in a partial exposure region having a size of
approximately a quarter of the one shot-area, and 25
wherei n the exposure step conprises at |east four the

partial exposure steps. 76 FPCB-0349-00 13, The FP05-0349-00

exposure nmethod according to any one of Clainms | to
11, wherein at least two partial exposure regions
anong the plurality of partial exposure regions

overlap in_part with each ofher. 5 14. An exposur )

met hod of 13ff &th FEPSUTe @@E@S@ece@agdpearm ong of Tlaims 1 to
red ied i mge of a pattern forned on a mask, through a
projT ction optical systemonto a photosensitive

Step of {IHheReg Ao (HopATal FBOTIRE SRERE Fefi i Blyrality
op car e ot ERGoR 5 bl o RcufL BRI o bl o
expadsnnoed, imact; 6fa TathFn Brgbdlof 4 oBisk, hitheha projection
ot PAF° et SIS o BB nSifle bbb, Y S method
rel @@W the projection optical system a noving

ste ng at | east the photosensitive substrate
relative : ] i ' ' I :
perfor m o SHLRE-ReB! 6F 5 3 opBoaF $3UF M Benf (66 pribfection
eXPAS: . At it . | _ '
exp g@ uH r% ﬁe 9 |1% n su E Jegﬁdggé%%&tlﬁ@e g%fr)éotj_f%%t%ﬂln de?%_cg)ls%ﬂrlehavmg a
N FBackiveStind X PRRUEC tHAAP1 1N B0 BfaBiPe! fillex of an
execute irectly after the fi’'rst” exposure step; and
atmosphere in an optical path of the projection optical system 1s 1;

a first exposure step of performing a projection exposure in a
first still exposure region on the photosensitive substrate in a state in
which the mask and the photosensitive substrate are kept still relative to
the projection optical system;

a moving step of moving at least the photosensitive substrate

~ relative to the projection optical system, in order to perform a projection
exposure in a second still exposure region not adjoming the first still
exposure tegion 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 projeciion optical system, the second exposure step being
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a second exposure step of perform ng the projection

exposure in the second still exposure region on the

phot osensitive substrate in the 25 state in which th

mask and t he photosensitive substrate are kept still (%P05'0349'00
relative to the projection optical system the second

exposure step being 77 FP05-0349-00 executed directly

after the noving step. 15. The exposure nethod

"R B b BT T

T
L T bl e GRS,
s PR RSP AT g o
1o i S e ot 1| exposure regions in
substrat ejgr eﬁ%ﬁ%‘gﬁé%é FLegﬂn@% :fiEEofcﬁng ltES @afh 9 bP15, further

optical system rd sti exposure
r egénkisigeecat ed between the first still exposure
reg‘lbonpan(}i%;he second still exposure region. 17. The

exposur e M%@%ﬁf@k%fﬁp@‘ﬁﬂ]ﬁ%ﬁ i jeBEén exposure in a

conprising: 15 a“repl ac step of ng the mask

W t@ji@%ﬁﬁl%xﬁ@&&%e@e%ibﬁ dsfesens RuaPItEefisdteandngedond still

third exposure step. 18. The exposure method accordi ng

t o &lisird begiond,/in thehaaey i Whach ithe tnidd did exppRotorensitive

region overlaps in part with the first still exposure
r egiubstrate adet lkeptheilisedaive i thel projeutiur eptiedisystenz0
19. The exposure nethod according to any one of C ains
| to 18, whereén rthe Hhindr sfilt otxposuoptregin sy dvcated detween the
di o&tric_ system X . )
st still exposure region and the second still exposure region.
17. The exposure method according to Claim 16, further
comprising:
a replacing step of replacing the mask with another between the
second exposure step and the third exposure step.
18. The exposure method 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.
19. The exposure method according to any one of Claims 1 to
18,
wherein the projection optical system is a dioptric system
comprised of only a plurality of light transmitting members.
20. The exposure method according to any one of Claims 1 to
19,

wherein the medium contains water.
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conprised of only a plurality of light transmtting
menbers. 20. The exposure nethod according to any one
of Claims | to 25 19, wherein the nmedium contains

wat er. 78 FP05-0349-00 21. An exposure apparatus for FP05-0349-00

effecting a projection exposure of a reduced inmage of

a pattern fornmed on a mask, through a projection

optical systemonto a photosensitive substrate,

wherei n ap_ optical path between the projection optical
oot

system 52hndAtheXpagrsaparaius og REA PEOIECHPR FXposure
with_ a diu havin%a refrfactiveindexl er than . ..
1. 10hadedueed gnage ol Rpatteraosmeshon 2 masiHbreugh aprojection

o bl b ST bl LT,

AP TR a AR ST B AR gptica syt
PUSSAA S RN shBSul o TR R b i o
ek M bR B ECH, o
. s 0 e AP D8RR |
e PSRRI B AFGAL A BRI Rife rsin
andg, yeHENR, 2k !aﬂ?]ﬁt tdif BROT %ﬁSf‘-ﬁh{a! v SH@S?{{)ﬁhSd' on the
nove rﬁ%’tlveqlo e projection optical system In

ord@io%éﬁg{éggﬁ?ﬁ%i Lhdprojection exposure 20 in a

porition rom the portion of the shot-area.

23_ The gyp&%s € ctiorP GG NgydtemC repaatdZa projection
vvherei_ntevﬁg stllﬂﬁggggiéurereion hg%ta sizg of proj
apPEPosiiid §4 ¥ Portion of the shot-area more than once in the projection

exposure in the shot-area.

22. The exposure apparatus according to Claim 21,

wherein a still projection exposure in a portion of the shot-area
is performed in a state in which the mask and the photosensitive
substrate are kept still relative to the projection optical system, and
wherein at least the photosensitive substrate is moved relative to the
projection optical system, in order to perform a still projection exposure
in a portion different from the portion of the shot-area.

23. The exposure apparatus according to Claim 22,

wherein the still exposure region has a size of approximately a
half of the shot-area and wherein the projection optical system has a
projection magnification of not more than approximately 1/5.

24. The exposure apparatus according to Claim 22,

wherein the still exposure region has a size of approximately a
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hal f of the shot-area and wherein the projection
optical systemhas a projection magnification of not
nore than approxi mately 115. 25 24. The exposure

apparatus according to Caim22, wherein the still FP05-0349-00

exposure region has a size of approximately a 79
FP0O5- 0349- 00 quarter of the shot-area and wherein the
proj ection optlcal system has a projection

oo dnatge of Bk SueEBRAH Hhfrdia iinrPBicstrr altfHi5fem has a
Sﬁgﬁf@?‘?%‘?f??f'f@q’éﬂgﬁﬂﬁ? B S BRfenRERES A e oY of ect i on

mor et hard o Tnagphufd @@ﬁ"@%@%ﬁ% Bk Bng "t o

tha artr evbstd dheidilt SxoosudRRRlnas® 828 dfcihiigRimately a
par élhofg@sl%thﬁrea aﬁtﬁdvﬂgf‘eﬁ ;‘@9 ﬂ&ggﬁ%%ﬁéﬁ system has a

acc any one o
Eéﬁlﬁﬁse F‘%‘?ﬁbaﬁ&?ur%@ I S nemi i ng
any ane A0 aies @‘?fg Wﬁfiﬁﬁ"?’n&?‘ﬁéﬂ%f oo of Claims 21

coqtoazg]s wat er: 29. An exposure apparatus for
effecti’ng a projection exposure of a reduced image of

a patt er Rgh&reitk dhe "partions ind t theodidferanto g@n@@ﬁ '(ﬁhthez Ghot-area
optical systemonto a photosensitive substrate,

ex apvatld Wa&jﬂgeagpﬁﬂidrsi ng: a substrate st age for
hol di ng"t he phot osensitive substrate in a

27. The exposure apparatus according to any one of Claims 21
to 26,

wherein the projection optical system is a dioptric system

comprised of only a plurality of light transmitting members.

28. The exposure apparatus according to any one of Claims 21
t027, |

wherein the medium contains water.

29. An exposure apparatus for effecting a projection exposure
of a reduced image of a pattem formed on a mask, through a projection
optical system onto a photosensitive substrate, the exposure apparatus
comprising;

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, where a refractive index of an

80



10

15

20

25

novabl e state; nmeans for filling an optical path
bet ween the projection optical 25 system and the
phot osensitive substrate with a medi um having a

refractive index larger than 1.1, where a refractive FP05~0349-00

i ndex of an 80 FP05-0349-00 atnosphere in an optical

path of the projection optical systemis 1; and

control nmeans for controlling at | east the substrate

stage so as to performa,projection exposure ina . _

fi r amegphore é&aasqpt@ar pgtlbafo ﬁn@éectmib%fé@ajsﬁyﬁt% 18 1; and
substrate in state.n which the sk.and.the, 5
phot osens‘F‘?Ii“Vgl meAYs fak Eo%lir@ﬁmép‘l‘t Eéﬁ’i {he, bsirate.stage so as to
the%&o'ection.otical system t%,g sulsequent tao the th
pr of n2 oD eXPORES: 1T & DEgh sl exposyLe, region on the

nove at | t he photosensit.i

b Sos R soBFRiL P SHRRCTR tRor B Sy wa e
SRR ST SR G s L ki g
B R e e
e AR LB, bl ASSACHR BRACRAS LAIE oaive
R Bie4 79 BRURR GBI SRR LB vposur
T el AL o bR KBl BLOTRENA exposur

e : : ’ . .
e AR b G B8 prRRin BBl e TRl exposure step,
sti p [ d r gy ' u ' i1
L SSPaRB A 80 81l fogtoign orASE.pAoichenicve
appgibatidte, Jserfneh tHe tptofd o €2p@furdQn thBedeebAdastill exposure
proj ection ‘exposure ina third'still exposure region
di flegi@nbn fthe Phichesensitie sbktines dinthesitatd irewhéchutiee mask and
regions is performed in

the photosensitive substrate are kept still relative to the projection

optical system.

30. The exposure apparatus according to Claim 29,

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.

31. The exposure apparatus according to Claim 29 or 30

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 which the mask and the photosensitive substrate are kept stili
relative to the projection optical system, and

wherein the third still exposure region is located between the

first still exposure region and the second still exposure region.
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the state in which the mask and the photosensitive
substrate are kept still relative to the projection
optical system and 25 wherein the third still

exposure region is located between the first still - FP05-0349-00

exposure region and the second still exposure region.
81 FPO5- 0349-00 32. The exposure apparatus according
to Caim31l, wherein the mask is replaced with anot her

gig\gﬁﬁret Eﬁep BeXBARS Osﬁé%e@f‘tége%iﬁ%a]é{% (;\E’é@rd%]nng to

Cegl Lnnsidfﬁeﬁéht mer 25k S gbpheet, Wﬁlgi%ﬁoléh?f BPfYecs the, second
ZS‘;%?&%&@M@&%%@%@% 32, hherein the

flrse stiff %S%@Spg%?ﬁﬁmgﬁ%‘%ﬁﬁ% Skl 400k 52,
Zﬁggfgfﬁgr%*%@OﬁP S, REE TR FittPs, the frst sl
de %@%gecgﬁdsﬁ‘ll x‘ﬁo‘iﬁérlge{b&?“ cal system

for m ng I mage  of surface on a

second sug ac are e
proj ecti on optq‘lhc]%ﬁsﬂégﬁenﬁpa e secga[g Z@ga?g’ﬁ

filled w
t han 1 1 ere a rg@f‘gctwexﬁoﬂ'g% 0 %ﬂn%gtbfrlr?f?‘(#% e th the
an g bﬂ %rmﬁmﬁé kEebrRP4tile ekpémﬁegm

1, ere|n very o I cal nmenber having a power in the
proj ecti ogs, Z%QFBxpéahresyﬁ;sﬁﬂmssa@o&ﬂﬁ@sm drly Bﬂe of Claims 29
opti cal nmenber, whéerein, a nmagnificatidn of "the
pr ajoe34,i on opt| cal systemis not nore than 1/8, and

wherein the medium contains water.

36. 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
opﬁcal system IS a transmitting optical member,

wherein a magnification of the projection optical system is not
wmore than 1/8, and

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

37. The projection optical system according to Claim 36,
satisfying the following condition:
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wherein the projection optical systemis substantially
telecentric on both the first surface side and the
second surface side. 25 37. The projection optica
system according to Caim36, satisfying the
followi ng condition: 82 FP05-0349-00 0. 18 <L2CLA<
0.245 (1), where L2 is a distance froma pupi
position on the second surface side to the second

e o AR L a1

east onc et dt o8 5 tidhel Bom 4 oBBTEROIHBH, oflcbe gocond
oL I0 0 WOERCRRNRT T Ll 5 e e
P B e BRRAGS 12,0 P 5 L2

| ens it taRaVTH Rl M5ICAS A BOSRE o €18 SMor 37,
Ien§?¢ﬁ#%ﬁg?V|ng a positive refracting power; a

fou sunit having a negative refracting 15
power; a Jfqi Qg*%ﬁﬂ ; r :
power ; an1é%%$¥hﬁgsw§?%%? n aeg¥§€ﬁhﬁ%%§dU§€F@EE%?%EPHPH

a Desditibd o Ale'sRebhdSuiapekidether ein, where a size of

a region occupi ed on each optical surface by a beam
froma pagt Yheaprajetic! optical gfstéxheaéwr_ain%sytbf a8¢ one of
is defined as a partial difameter, the projection
optChanssY6 1638 dongirisiagtthe following!lens naits clithrigedhin order
0.04 < P2/PX < 0.2 (2), where PX is a nmaxi mum parti al

di afrstrethe first Berfacekkiet i on

a first lens umt having a positive refracting power; a second lens

unit having a negative refracting power; 2 third lens wnit having a
positive refracting power; a fourth lens unit having a negative refracting
power; a fifth lens unit having a positive refracting power; an apertute
stop; and a sixth lens unit having a positive refracting power;

wherein, where a size of a region occupied on each optical
surface by a beam from a point on an optical axis of the first surface is
defined as a partial diameter, the projection optical system satisfies the
following condition: _

0.04 <P2/PX<0.2 ),

where PX i3 a maximum partial diameter in the projection
optical system and P2 a minimum partial diameter in the second lens
unit.

40. The projection optical system according to Claim 39,

satisfying the following condition:

&3
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optical systemand P2 a mninmum partial dianmeter in
the second lens wunit. 25 40. The projection optical

system according to Claim39, satisfying the 9FP05-0349—00

foll owi ng condition: 83 FP05-0349-00 0.4 < D4/D0 z O.
(3), where D4 is a mninmumcl ear aperture radius of a
lens in the fourth lens unit and DO a cl ear aperture
radius of the first surface. 41. The projection
optical sgsgem )99 to any one of Clainms 36 to
38, conpri ﬁng the fkg??owi ng | ens uni tgairranged in
order fretdD4 ii§ o niib{rhaff chlatCapeduirk 1aklilseBE a'Idns in the
having a negative refracting power;” a second | ens
uni fouliely 11t #niPaAd DO 8 dl@iﬂa?fe'mﬁ@ A0S of tHe FRSH SarfRiRs
unit having a negative refracting power; a fourth
I ens uni t4haviThe @r@j@éﬁbﬂVéﬁJﬁﬁlr Spdtbmg adfordierto afly one of
aperture stop; and a fifth lens unit having a positive
r ef Chaitign36 toBE:rcompasivipntheviidloviagsleas aiitstarr@gga in order
occupi ed on each optical surface by a beamfroma
poi fionotheafirsd glirfask sidg-s of the first surface is
defined as a partial diameter, the projection optical
syst em sag fisdtilens uhit haténg eldepativg refracking powed; 8 §econd lens
P3/PX < 0.23 (4), where PXis a maxinmumpartial )
di emtet chavingt Aepgsitije crafractingp povadr; sy shiedh lend  B8itahaving a
m ni mum partial dianeter in the third lens unit. 42 ]
Thenggativectefmastingtpawer; ayfnuth lensamit hgving Cpesitiverefracting
20 satisfying the follow ng_condition: 0.35

|iiﬁha

<DPDen WA fure shep;carnba Tt lensninit havinga papitivenefracting
radius of a lens in the
power;

wherein, where a size of a region occupied on each optical
surface by a beam from a point on an optical axis of the first sutface is
defined as a partial aiarneter, the projection optical system satisfies the
following condition:

0.07 <P3/PX <0.23 4),

where PX is a maximum partial diameter in the projection
optical system and P3 a minirnuin partial diameter in the third lens unit.

42.  The projection optical system according to Claim 41,
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.

43. The projection optical system according to any one of
Claims 36 to 42,

wherein the medium contains water.
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third lens unit and DO a cl ear aperture radius of the
first surface. 43. The projection optical system

according to any one of 25 Clains 36 to 42, wherein FP05-0349-00

t he nedi um contai ns water. 84 FP05-0349-00 44. An
exposure apparatus conprising: an illum nation system
for illumnating a mask set as the fast surface; and
the projection optical systemas set forth in any one

Formea or*ine A sapoufte b Dl s I8 af ARG bstem
e BN PEERR Rtk Yol i (A RuPHRES G RO AR ELH{G optical
Coner S net Rih ey SRk IO AiFlo AT RGHOIAL 46 image
Pheoheapiers SSrRMt o Bl (EH pHRkOsnel v bkl set as the

t heg idive substrate is noved relative to the
projection optical system in order to formthe inmage

of the patte [ 1 ] L far t he
portion, TH tRee R AR oo i

phot osensiyh| i'éin%@?ﬁﬁal@eeoﬁ'tﬁemlpﬁﬁbnﬁé fbrrh&d dh1 gofli’on on the

the projection optical” syste 15 46. The exposure
apgp}ti@tbaénﬂﬁver gubgrite Ghaiamstite Viernehight e Poidskonand the
an

he different portion of the shot-area overlap in

parphatokéndifiod subRanie dre képt etilloslutévares the projection optical
conprising: an illumnation step of illum nating a

masdystan, amd hehdreistat RAss thé aglotosakitive esylstrate is moved
step of effecting a projection exposure of an inage

of wmlgting 6o thé propdtion opticalsyktennninoordqrhiot foren the image of
substrate set as
the pattern in another portion different from the portion, in the state in
which the mask and the photosensitive substrate are kept still relative to
the projection optical system.
46. The exposure apparatus according to Claim 45,
wherein the portion and the different portion of the shot-area
overlap in part with each other.
47. An exposure method comprising:
an tHlumination step of illuminating a mask set as the first
surface; and
an exposute 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.
48, The exposure method according to Claim 47,

wherein the exposure step is to perform a projection exposure in
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t he second surface, through the projection optical
systemas set forth in any one of Clains 36 to 43. 25

48. The exposure nethod according to O ai m47, wherei Y%P05-0349-00

the exposure step is to performa projection exposure
in 85 FPO5-0349-00 one shot-area including a
plurality' of partial exposure regions, and wherein
the exposure step conprises a plurality of parti al

o opit pfighaipffling s ittty A HRERR A E rvaigneyand,

e st YR SRS a5 Ml o
cppr AP B VAR [l AR SRR Sl the
MR o 5,

accor di ngy$ 0 iy (ﬁﬁuﬁ;m‘éﬁmd é?ﬁrﬁh{gw@lﬁﬁ{m}a'

exposure step Is t orma oJ ecti1on

Eﬁf?ﬁ”[ e hetcif ey i’hﬂ!‘ E%?‘?%“éﬁs?t? B8, PeRGIE 4 prjection
1
epéx e;%s}u'ré lﬁed i« ngsr Sl § r%bﬁ‘lidv%g al&izORifl eﬂ@imxtmately a

syst 51. Th d according to anyone of
C aqigtettof the b sHdtidies, agPpri sing. a mask repl acing

step of replacing the mesk with another between the

first parywhéteigxthesexpsosiiremstep omprisesr endeastr fawl the partial
exposure 20 step in the exposure step. 52. The
exmqwsamrgtepgd according to Caimb51, wherein the
exposure step is to performprojection exposures iu

50. The exposure method according to Claim 48 or 49,

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.

51. The exposure method according to any one of Claims 48 to
50, 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.

52. The exposure method according to Claim 51,

wherein the exposure step is to perform projection exposures in
a plurality of shot-areas, and |

wherein the mask replacing step is executed between the first
partial exposure step for the plurality of shot-areas and the second
partial exposure step for the plurality of shot-areas.
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a plurality of shot-areas, and wherein the mask
replacing step is executed between the first 25

partial exposure step for the plurality of shot-areas FP05-0349-00

and the second partial exposure step for the
plurality of shot-areas. 86 FPOS-0349-00 53.. An
exposure nethod of effecting a projection exposure of
a reduced image of a pattern fornmed on a mask, through

a project5sn Mpekhsdure taggﬁij i
substrate, the ex%%sure%ﬂ?c%afggen%ﬁ% g. %d:tg@’%xposwe of
Preaaedited itiage off aitRah fegmcdCoR hREki ‘P.Ekdb%h' ﬁgiro_gection
system having a magnification of not nore tham 1/8;

fi | bptials spstel obtd |4 phobdsepRitiakubatiitebeh¥rsibdshfe method
projection optical systemand the photoSensitive
subgbmpt—ig' t:th a nmedium having a refractive index

| arger than 1.1, _V\/ne_re a refractive index of an 10

at nospherz prepavationt stepl ofgirepafing heppeojectio®noptical system
optical systemis 1: and an exposure step of

ef fating e magnifiextionoof rotneewe tham1/Be shot- area on

t he photosensitive substrate, wherein the exposure

step is tofibngwtep tofefiling ant bpticaixpathubetween tre projection

shot-area including a plurality of parfial exposure

r egdptical system andrtae photesensjtovasebsttate withprinedisim having a
plurality of partial exposure steps each of which is

t o 1gbuastive  ingsnoj largdrothax pdslyr svlieme t Aerefpactivealindex of an
exposure_ region. 54. The exposure nethod according to

O #@tmosphergiaran aptiedl pathiafdhe prpjsction aptisal system is 1: and
performa projection 2 pqsure in a, partial )

exposur e AFFIIFURR Sy e%ﬁténﬁfa pisyeetiomexposurg m one shot-

‘quarter of the me shot-area, and wherein the exposure
3 Sighe 260

tQgensiive: substrate.he parti al
wherein the exposure step is to perform the projection exposure

St a4p&

n one shot-area including a plurality of partial exposure regions, and

wherein the exposure step comprises a plurality of partial
exposure steps each of which is to perform a projection exposure in the
partial exposure region.

54. The exposure method according to Claim 53,

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.

55. The exposure method according to Claim 53 or 54,

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

87



10

exposure steps 55. The exposure nethod according to

Claim53 or 54, 25 wherein the partial exposure step

is to performa still projection exposure in the

partial exposure region in a state in which the nmask FP05-0349-00
and 87 FP05-0349-00 the photosensitive substrate are

kept still relative to the projection optical system

56 The exposure method according to any one of Clains '

of r eplpgﬁgl?%% ]@mas SI anolf%) Sﬂﬁ%‘g‘ﬁé ?&e ﬁi fection

parbb Qohire stop and the second partial exposure
step I n tHe exposure step 57 The exposure net hod

accordin 0 iéﬁp%g

per f orm 8?%] eghlaon exposures | n &51} g% #ﬁfo F?’;f% 35310

sho ﬂ\g_ﬁ ein the mask replacing step is

exe%:su’t ed et vveﬂg) g first partial exposure step for

the pl Uraé'lhﬁsﬁfreiﬂé’émg{ S&p @tfdrégi]&ﬁgcﬁféj mﬂQEH;v@ﬂh another
[

exposure step for “the f shot - ar eas,
between the first partial exposure step and the second partlal exposure

step in the exposure step.

57. The exposure method according to Claim 56,

wherein the exposure step is to perform projection exposures in
a phurality of shot-areas, and

wherein the mask replacing step is executed between the first
partial exposure step for the plurality of shot-areas and the second
partial exposure step for the plurality of shot-areas.
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