DESCRI PTI ON PRQIECTI ON OPTI CAL SYSTEM EXPOSURE APPARATUS, AND
EXPOSURE METHOD 5 TECHNI CAL FI ELD The present invention relates to a
projection optical system an exposure apparatus, and an exposure
nmet hod, and 10 nore particularly, to a projection optical system
optimal for an exposure apparatus used to manufacture m crodevices,
such as sem conduct or devices and | iDrRgcRTFysdral di spl ay devices,

t hrough a photolithography process. 15 BACKGROUND ART An exposure
apparatus projects and exposes an imge of a pattern of a mask (or a

reticle) on a phot egepsitrirvg ow@éhia*s?sgrﬁw F§%§§§Eoﬁp?m%?8§, plate

coated by a 20 photoresist) . Mre specifical e exposure
apparatus uses a projection optANalEXBGIERRE tMETHW) ect and expose the
i mge i:n a photolithography process, in which sem conductor devices
or the I'tke are manufactured. The projection optical systemis
required to have a higher resol utimgrgued ghe, 5 i ncreasing | evel

of integration of sem conductor devices or the |ike manufactured
with the exposure apparatus. To inprove the resolution of the

proj ection opticajy Sysd t j ect ti.cal_syst.em needs t.aq
shorten the 30 waveels%ngt I %&ﬁ%oﬁflﬂue?nl%ng T o 13 gHOIESpSEu PR tical
| i ght) and systemsean hexpuseré cabpaperisy ealdA @i ddfo dumgenasidel, Higl

resol ut,i.on of the projectipn optical systemis witten as k * A/NA
(v retllg ism%r%r%%g"s%é%]gaelfffi"ci‘g%ﬁ ¢ Hekf! FRfecal e gptinal

aperture NACAS awiiékedls@Se NappStdieis MHES b idarte i Bfd aptd ead nidexs,
of a nedium (usually gas, such as air) that
such as Semiconductor devices and liquid crystal display

devices, through a photolithography process.
15 BACKGROUND ART

An exposure apparatus projects and exposes an image of
a pattern of a mask (or a reticle) on a photosensitive
substrate (e.g., wafer or a glass plate coated by a
20  photoresist). More specifically, the exposure apparatus uses
i a projection optical system to project and expose the image
i;) in a photolithography process, in which semiconductor
devices or the like are manufactured. The projection optical
system is required to have a higher resolution due to the
25 lincreasing level of integration of semiconductor devices or

the like manufactured with the exposure apparatus.

To improve the resolution of the projection optical
system, the projection optical system needs to shorten the
30 wavelength A of its illumination light (exposure light} and
increase the numerical aperture NA at its image side. The
resolution of the projection optical system is written as k

* A/NA (where k is a process coefficient). The image-side




arranged between the projection optical systemand the photosensitive
substrate, and e is the maxi numincident 5 angle at which |ight
enters the photosensitive substrate. Wen the maxinumangle e is set
larger in an effort to increase the inmage-side nunerical aperture,
the angle at which light is emtted fromthe projection optical

system 10 mmdetbeanngberabrahighi s herd 4t gnters e phatasensitd ug o

substrate increase, This increases reflection |loss occurring at an
optical surfaEeachsve jrdextof thangibjectyormbly iosd, Syt e cainmotthat

obtain a | Gt A ' rture at. ifs .inmage side. One
conventional technique for increasi he 1 - i
aéﬂfaﬁﬁégqﬁéyfégynyﬁég@%oi%?%%9? %ﬁk%ﬁﬁﬁa%x%ﬁéhuﬁﬁéigﬂﬁ
aperture i selantosmes 5T ove t eabant xpiee, (deded 19, tHOmexaNEh e nHRadant
Documant5 1) (l\ﬁth which an , optical path forned between a projection
opti cal “systRftandt Aot bEEhsi §F Ve % ube rRit@tq xS 11k viubs trate .

medi um such as a liquid having a high refractive index. 20 Patent
Docunent 1: International Pat ent Publication ED No. WX2004/019128
DI SCLOSURE OF THEVheNVENTE ONix 281nPROBLIEMS TiQ BESAMERBYTHR effort to

| NVENTI ON I—P){\g setting. an i mage-side nuneri cal aperture of
an i nersi on p%[%]gse%\t,\@g% optical T Syst bk PR EE h’%ﬂfg qle 2t 5

light entervlmicisurfgice o amittderfase tinpddarfaceomptdcalsysten
elenenﬁ), of Xhlch light entering side contacts gas and light ™
em{ti g siTRA oMt a1 T i Yui'diFRisthe nhlehla eorres Hur frivet strapwi tive
hav¥ng a | aygeseps vat ierand. 2 @ﬁﬂk@ﬁ%ﬁge Q\ rQe%H%cEE%gtl%%%eghggrring
side to avoid reflection of the incident Tight. T'nthis case, "a
hol di ng tab®% oan optical surface. As a result, the projection optical
system cannot obtain a large effective numerical aperture at
its image side. One conventional technique for increasing
15 the image~side numerical aperture is an immersion technique
(refer to, for example, Patent Document 1}, with which an
optical path formed between a projection optical system and
a photosensitive substrate is filled with a medium such as a
liquid having a high refractive index.
20

Patent Document 1: International Patent Publication
D No. W02004/019128

DISCLOSURE CF THE INVENTION
25

PROBLEMS TO BE SOLVED BY THE INVENTION

However, when setting an image-side numerical aperture
of an immersion projection optical system to be greater than
30 1.2, a light entering surface of an interface lens
(interface optical element), of which light entering side
contacts gas and light emitting side contacts liquid, must

have a convex surface shape having a large curvature and




hol ding the interface lens is inevitably |ocated near the |Iiquid,
and the liquid is apt to easily leaking into the 5 projection optical
system Leakage of liquid into the projection optical systemresults
in deterioration of an anti-reflection filmon the optical surface,
which, in turn, may increase the risk of the inmaging capability

(gener ally, prdj’@:t&m Heta iRt [ fight dfnddie R Uield i@ aQrQ)t 'ocarleﬁ%%teﬂgn

~ 10 being |l owered. Accordingly, it is an object of the presen
invention Q% ’fri”r%viémldeédkalgﬂeg}df | ifquitd i6i meeesi enhb[thund) tabt cﬁotrhe

opti cal er. t in a .sat,isfact i_magi n

capabi | i ty%%a“]q ﬁ%ﬁrje 0 rjltge L t eég brigsent®y l&\?gﬂt JT?Cl%':JF %o n&GoViNFe

an exposur el iappiat atarsd ark almqaxlppsltﬁ epethoddan y preikeld NG Nd e

exposi ng a mcropattern highly accurately and stably usi'ng a high
0

resol ut Pon RiRAFSHE gt ect’ oY Tt calbeagpgeentt ﬂaaﬂﬂpdeweﬁ@stheakage

of liquid (dmpssi h dui )y al ;. sy rd

mai ntai n a%an sfactorypwll rrag?s%g capziY'It)<—:t%(?‘}1&{%t l@EEﬁ%e §dt\%0§?eaeﬁ4€n
PROBLEMS 251Mol aiochf et itde faiblov eroljlectopta dalr sturaseect wafidthe in turn,
present inventi.on row d&fsq a_pr OJCch]tl on .opti.cal system for

proj ecti ng anyllr%l i & 6n 18139 1k 7P Y temsgeld v,

liquid Thes chltdanln cca@amalltgmstc@ﬂﬂﬂgtlp{dﬁ%&&od R1ilB0e QRldGAl
el errent | ncI udi ng side towards the first pl ane that contacts a

ga; and £%he second plane that contacts the liquid.
The/ i nt erface optical elenent includes a |light entering surface,
whi ch has a convex shape facing towards the first plane, and a
groove, 3 which iPs:crcxIrdie@JIm ST ricuath abjefdftectti ther @@e@Rnit iadvien@hlon
emtting sucrface of e |nterfafcel,ot|cal el ement . .
prevent ecakage o uid (immersion liquid) into the
optical system in order to maintain a satisfactory imaging
15 capability. A further object of the present invention is to
provide an exposure apparatus and an exposure method for
projecting and exposing a micropattern highly accurately and
stably using a high resolution immersion projection optical
system that prevents leakage of liquid (immersion liquid)
20 into the optical system in order to maintain a satisfactory

imaging capability,
MEANS OF SOLVING THE PROBLEMS

25 To achieve the above object, a first aspect of the
present invention provides a projection optical system for
projeéting an image of a first plane onto a second plane
through a liqguid. The projection optical system includes an
interface optical element including a side towards the first

30 plane that contacts a gas and a side towards the second
plane that contacts the liquid. The interface optical
element includes a light entering surface, which has a

convex shape facing towards the first plane, and a groove,



A second aspect of the present invention provides a 5 projection
optical systemfor projecting an image of a first plane onto a
second plane through a liquid. The projection optical system

i ncludes an interface optical elenent including a side towards the
first plane that contacts a gas and a side towards the second pl ane

that cont acfsi&hei d0rd b deo Tﬁ@rfcﬂﬁrﬁf fa"Y?eef’fpéé‘@f\} i L!ld_%ﬁ}]ta
S

light entering surface, which has a convex shape acing toward

first planesmhRbilag h@ﬁﬁf&fﬁg@t@b tiwhi o ¢ sfare argleitoh @1errlrm1td| ng pl ane
orthogonal to an optical axis, with the holding tab and the optical
axis formng a space 15 t her ebet ween. A third aspect of the present

i nvention provi des ecExPasitiec BRPRratd i ddidi Ngrant idd WARAKHRN a
systemfor illumnpating a pattern set on the first plane, and the 20
pr oj ect i%on BHPT 2aFIay ekt ¢A L t s beR sfongraicorinhescgorae Bpedtirst

for proj ect}ng,an,)aRoe Qécort&? }%ﬂﬂgr% é\ﬁﬂh % Ppcﬁ‘ chet St V%oggctlon

substrate set on the second pla aspec he “pres
i nvention pCPIO‘VLd@b By s 2&m expobudes naﬁt hiadt ¢ 14 axeli syt 2wl 14 Lamdiad | ng

step of il n]on ting af ttern s @Pn glpe first Iane and an
exposure stepcof prd)ect BT ofthdfe Copftacdh a gas
onto a photgsensiiye ’@ékb&id@tﬂq@eéec%h& f}?la%?&%t ARG W e

pr oj ectl on optl cal éé/’ttem of the first aspect 30 of the second

r‘rﬂ 10a fliepidspdere dfntt%ameeﬁmﬁlqadv@dﬁﬂmtprl@ﬂl@eigsaa déghce

facturl Hgd sur e 4 pro, ectln a
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phot osensi tihe ﬁubst rzalme‘s,etam 4 heol&acpnichipl artel ot tis tahefeﬁfglicﬁQ:tri an

opti cal Sysheféa§§95 ang orthogonal to an optical axis, with the
holding tab and the optical axis forming a space

15 therebetween.

A third aspect of the present invention provides a
exposure apparatus including an illumination system for
illuminating a pattern set on the first plane, and the

20 projection optical system of the first aspect or the second
aspect for projecting an image of the pattern onto a

i:) photosensitive substrate set on the second plane.

A fourth aspect of the present invention provides a
25 exposure method including an illuminating step of
illuminating a pattern set on the first plane, and an
exposure step of projecting and exposing an image of the
pattern onto a photosensitive substrate set on the second
plane with the projection optical system of the first aspect

30  of the second aspect.

A fifth aspect of the present invention provides a

device manufacturing method including an exposure step of



the first aspect or the second aspect, and a devel opnent 5 step of

devel opi ng

t he photosensitive substrate that has wundergone the

exposure step. A sixth aspect of the present invention provides an
optical element for use in an i mersion objective optical 10 system

and havi ng

el ement ing)
havi ng a convex shape, and a groove forne to s

one optical surface that contacts liquid. O The opti cal
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opti cal el etiedt ,° e e or o HE1einhy teen sl rivarmyds torete  thaltdibeg
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(§o sSurro an effective region in the one optical surface.

A seventh aspect of the present invention provides an
optical element for use in an immersion objective optical
system and having one optical surface that contacts liquid
and another optical surface having a convex shape. The
optical element includes a holding tab for holding the
optical element, wherein the holding tab is arranged on a
helding plane orthogonal to an optical axis of the optical
element, wherein a space is formed between the holding tab

and the optical axis.

An eighth aspect of the present invention provides an
immersion objective optical system including the optical
element of the sixth aspect or the seventh aspect. The

optical element is arranged nearest to a liquid side.

EFFECT OF THE INVENTION

In an immersion projection optical system according to

a typical aspect of the present invention, a holding tab for



t he space between the holding tab and the lens cell thus meking it
difficult for liquid to leak into the projection optical system 10
In other words, in the projection optical systemof the present

i nvention, |eakage of liquid (inrersion liquid) into the optical
systemis prevented, and satisfactory imaging capability is

mai nt ai ned.ad N e SROVPE PP RIS + aNnd, &XROSY § JiRhhad qf, Lhe ,

present invention, a high 15 resolution | mrersion projéction optical
syst em t hatngaeVidmiisid |adakdge 1ofgHt guiid tiimtop sturef aapt isdale .syBbeavand a -
mai nt ai ns ti‘%c aklc i used. Thus, fine
patterns e stab

t i ng capability i ,
Syof:)c%/%[}eer%t éjd%asn oefdjorsréﬁlqﬂs 9 Gifirddas depioangt a
sati sf act onyi.gfitcroadiei iors Anresial)y tRNuacu-ed Wit highi1e2@nt .
accuracy. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schenmatic

di agr anPshoiiiiy tHE dnapstaurinsitiors 4w eqsdsir d eafparcatofs ldcesddiingo
to a prese rg%%m r t invention;, Fig. 2's t he
posi ti onal rlirhéeleati onshi pt (ﬁnmtﬂga% gmelr%gc gang\l% éarmfs)?ca% ONAry G Qgﬁ&}lé
regi on for mexkiow & twafierfiand t Eareflérgnce teptliccal iaxics the e jRresent
enbodi ment of .the 30 present enbodinent; Fig. 3 is a schematic

di agr am sh&}atﬁd:aﬁhesys{{reﬁ‘bture of an interface lens and a wafer in
exanpl es of the present enbodinent; 6 Fig. 4 shows a lens structure
of a projection optical systemin a first exanple of the present
erxb)f)di hEnt; Fig. SHOWS Mgrelsal labéiyeatired coddwnr opg iicalt kgstem of

2%03?%;’? ;ﬂfét ipﬁae!se%\{:ﬂi%meinrf: itorﬁe, fliera%gageex %@Jllei qcl),lfidt h(%ImSerpsri%%e ritiquid)
into the optical system is prevented, and satisfactory
imaging capability is maintained. In the exposure apparatus
and exposure method of the present invention, a high

15 resolution immersion projection optical system that prevents
léakage of liquid into the optical system and maintains
satisfactory imaging capability is used. Thus, fine patterns
are stably projected and exposed with high accuracy, and
satisfactory microdevices are stably manufactured with high

20 accuracy.
{:) _ BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram showing the structure of
25 an exposure apparafus according to a presenlt embodiment of
the present invention;
Fig. 2 shows the positional relationship between a
rectangular stationary exposure region formed on a wafer and
a reference optical axis in the present embodiment of the
30 present embodiment;
Fig. 3 is a schematic diagram showing the structure of
an interface lens and a wafer in examples of the present

embodiment;



Fig. 6 shows a lens structure of a projection optical systemin a
second exanpl e of the present enbodinent; Fig. 7 shows |ateral
aberration occurring in the projection optical systemin the second
exanple of the 10 present enbodinent; Fig. 8 is a diagram
illustrating a problemthat occurs when setting a | arge imge-side

nunerical apertureidorqaghodMer ien @EBL@@M(-?%@PJ gg&!ojfé%’%o%moﬁi%al

9 is a schematic di agram showi ng the nmain 15 featur

proj ection ®pstenl 1syst Ehrof ¢heuplesent thenboesarentembo@indifti s a

flowchart show ng.a rreghofcli for form'fgala m cr odevi ce, which serves
% i§

as a sem conduct of - devi ce OERd A F i PSS A F PRI SHow thgt e

met hod for pooitogien26piesddeyiesn Wi ghie SEIVES @arih]d Qi dogL yst al
di splay _ device. 0 DESCRI PTI ON OF REFERENCE NUMERALS 25 R reticle
RST reti‘cl P8GR PENBPOIBeRFOn optical system Lp interface |ens Lp

warer i1 am nacs b ont TeaE ean - A bt B T Betle e pbical
novabl e mrspstdB wafers¢éased é¢xdepieroffeties present embodiment;
¥ig. 7 shows lateral aberration occurring in the
projection optical system in the second example of the
10 present embodiment;

g Fig. 8 is a diagram illustrating a problem that occurs
when setting a large image-side numerical aperture for an
immersion projection optical system;

Fig. 9 is a schematic diagram showing the main
15 features of the projection optical system of the present
embodiment;
Fig. 10 is a flowchart showing a method for forming a
microdevice, which serves as a semiconductor device; and
Fig. 11 is a flowchart showing a method for forming a
20  microdevice, which serves as a liquid crystal display

device.

o

DESCRIFTION OF REFERENCE NUMERALS

25 R reticle
RST reticle stage

PL projection optical system
Lp interface lens
Lp immersed plane parallel plate

30 Lml, Lm2 pure water (liguid)

W wafer
1 illumination optical system
9 Z-stage



14 main control system5 15 wafer stage drive system 21 first supply
and di scharge nechani sm 22 second supply and di scharge nechani sm
BEST MODE FOR CARRYI NG OUT THE I NVENTION 10 An enbodi nent of the
present invention will now be described with reference to the
drawings. Fig. 1 is a schematic diagram show ng the structure of an
exposure apparakys (@f Lhe present enbodi nent of the present 15
invention. In Fig. 1, %—axis and Y-axis are directions parallel to a
waf er W wié&r easm@vakile msraodi recti on perpendicular to the wafer W
Mor e speci fical | ,fthe XY sur ace is parallel to the horizontal
surface, and +Z-§?i§r 1§S6Fi dRCEATEPRRFESEN the vertical direction.
20 The expagure apparabusrefl therppesent enbodi ment includes an ArF
exciner |l aser |light source, which functions for exanple as an
exposure |ilfght sv@fes, siadeadriVeusyaseimon optical system 1 as shown

in Fig. 1. ,Fhe illyn.nat.i 2 pti.cal _system 1 includes an optical
integratorZI(hongég%%ng%gmg ?P§|8l§ %Sfégnﬁe5%88ﬁ8@nser | ens.
Exposure kizght Eanoedpesppeybead) dikchwhehmbsnbht kavi ol et pul sed
i ght having a wavel ength of 193 nm is emtted fromthe [|ight

source, passes through the illum nation optical system30 1, and

il lumnates a reticl sfdmIGpR rFo & A8l 1GiE d%Th%EﬁeI%%dgq that is

to be transferred. The entire pattern region on't R
infﬁudb% a rectangular (slit) pattern region of which |ong sides

extlnd in X axi ol LEELLAMCANIo' (R BLeNRROLL ELETS, Sl £1YnL T fe
described with reference to the drawings. Fig. 1 is a
schematic diagram showing the structure of an exposure.
apparatus of the present embodiment of the present
15 invention. In Fig. 1, X-axis and Y-axis are directions
paralliel to a wafer W, whereas Z-axis is a direction
perpendicular to the wafer W. More specifically, the XY
surface is parallel to the horizontal surface, and +Z-axis
is oriented upward in the vertical direction.
20
7 The exposure apparatus of the present embodiment
’;) includes an ArF excimer laser light source, which functions
for example as an exposure light source, and an illumination
optical system 1 as shown in Fig. 1. The illumination
25 optical system 1 includes an optical integrator
(homogenizer), a field stop, and a condenser lens. Exposure
light (an exposure beam) IL, which is ultraviolet pulsed
light having a wavelength of 193 nm, is emitted from the
light source, passes through the illumination optical system
30 1, and illuminates a reticle (mask) R. The reticle R has a
pattern that is to be transferred. The entire pattern region
on the reticle R includes a rectangular (slit) pattern

region of which long sides extend in X-axis direction and of



exposure beam IL illum nates the rectangul ar pattern region on the
reticle R 5 Light that has passed through the reticle R enters an

i nmer sion projection optical system PL. The projection optical
system PL projects the reticle pattern with a predeterm ned
reduction ratio onto the wafer (photosensitive substrate) Wthat is

coat ed wt mk?i&bogfﬁfretf'ssitdesT%%{’ée%cpri q51d qn optd lres‘cxﬁto%m .thf or s
an image of the reticle pattern on the wafer re spemﬂca?ly,

t he proj ecta:gpswpd ilsadm sifs tidmuRli rfedrans ittee pattaeicm liarage e region
rectangul ar__ stati onary, ex osure region (effective exposure region)

of which IBhd& de¥ Je‘z]teer{g in the X-axis direction and of which 15
short sides extend in the Y-axis direction on the wafer W which
optically corresponds to the rectangular illum nation region formed
on the Peticle RLigN, thathdws titsseosithironah tékatiedistiep Rbetwees an

the 20 rec tionary expasur.e reqgion (effective exppsure
regi on) th;lt 'S %%‘Ifnrrggcfaocjne#ﬁle%wa ar- A Sé’%eeﬁbrpérhceﬁgﬁt PﬁﬁpeggéQPs in
t he presentoremnbodi nerten P he presenttrenbediimart patasshewrd » Fi g.
2, the rectangul ar effective exposure region ER having a

pr edet er mi W%WW@%W%%@% 25 igo st g seder frhmtcsensitive
reference opidSals @i Sy AhdN &t i Taegang)%%lr?éj%e.Of rp@xi s

anount Awithin a circular region (Image cir center of
the i mdfe @ralection cpitniciales waittdm tHie foefrer emcdmepted ol tid yeAXcle

THe) e, e, I, % S0P N BB, Thecsheshy ve expostte teglen
Y-axis di reeficil Ardtugin nirshaMe igh dtherdrigdqga0 o Re Rctangular
stationary exposure region (effective exposure region) of
which long sides extend in the X-axis direction and of which
15 short sides extend in the Y-axis direction on the wafer W,
which optically corresponds to the rectangular illumination

region formed on the reticle R.

Fig. 2 shows the positional relationship between the
20 rectangular stationary exposure region (effective exposure
region) that is formed on the wafer and a reference optical
(;) axis in the present embodiment. In the present embodiment,
| as shown in Fig. 2, the rectangular effective exposure
region ER having a predetermined size is defined at a
25 position distant from the reference optical axis BAX in the
Y-axis direction by an off-axis amount A within a circular
region (image circle) IF. The center of the image circle IF
coincides with the reference optical axis AX. The image
circle IF has a radius B.
30
The effective exposure region ER has a length LX in
the X-axis direction and a length LY in the Y-axis

direction. Although not shown in the drawing, the



rectangular illumnation region (effective illum nation region)
corresponding to the rectangul ar effective exposure region ERis
formed on the reticle R Mre specifically, a rectangul ar

illum nation region having a size and shape 5 corresponding to the
effective exposure region ERis formed on the reticle Rat a

position di t optica is AX i.n.the Y-axis
direction b%«?ﬂ%ﬁ%@?%ﬁ%lﬁrﬁ%%ﬁf&irﬁ%l% r{e%]?%%ls‘{eagglﬁg*ﬁw&ts
the reticl er®ionpuchr eespamiitg t hat thiderd@tdeh el 83 i sf paraldeelextd e
XY surface. The reticle_stage RST incorporates a nechanismfor

slightly nbWhythe tetiereeR ¢ i SelebG e di r edioren srend fycatily, a
direction, Andkand@lal! ondhieel Of. - INGPINIIANS, Ui IS 1P Gigl el e
e Y- , an e

stage RST in the X-axis direction, t axi s rection
rotati of di?eet¢spordnaehsutied ahtecicon ratpethia remlorn iFRe by frmed

reticle laser jnterferopeter . (not shown fer hol der (not_shown)
fixes the wa et-Fh'%N]f%tl%ﬂ:‘;-Igtaa%ea @?%l%l%rfﬁe%’&trh%t&% st e igmeqce
paral | el toopthiecaR0axds san facechd Thex Zs sde@e-19 d:s ) xath tr @i
XY-stage 10. The XY-stage 10 noves along the XY surface, which is
subst anti al3y°Wpar®i el to an image surface of the projection optical
25 system PL. The Z-stage 9 controls the focus position (Z-axis
position) and the tilt angle of the wafer W The positions of the
Z-stagéf9 in the X-mxiisclkh recadorRST hmapbaxiss thl rneatiicle, ranc theh a
retation direction .are r%asured nd, controlled in real tinme by a

water | aserTNIET f EFometet 1BE1SE° The! Svdtard h lertq riths P siti@cera The
uses a novabdel dlérofade, RS Kb kiso At ANGLdy ih dhiesnd 31,208 1YnthRe

XY-stage 10 is nmounted on a base 11. The XY-stage 10
moving the reticle R in the X-axis direction, the Y-axis
direction, and a rotation direction. The positions of the
15 reticle stage RST in the X-axis direction, the Y-axis
direction, and the rotation direction are measured and
controlled in real time by a reticle laser interferometer
~(not shown). A wafer holder (not shown) fixes the wafer W to

a Z-stage 9 in a manner that the wafer W is parallel to the

20 XY surface.

gi) The Z-stage 9 is fixed to an XY-stage 10. The XY-stage

10 moves along the XY surface, which is substantially
parallel to an image surface of the projection optical

25 system PL. The Z-stage 9 controls the focus position (Z-axis
position) and the tilt angle of the wafer W. The positions
of the Z-stage 9 in the X-axis direction, the Y-axis |
direction, and the rotation direction are measured and
controlled in real time by a wafer laser interferometer 13.

30 The wafer laser interferometer 13 uses a movable mirfor 12,

which is arranged on the Z-stage 9.

The XY-stage 10 is mounted on a base 11. The XY-stage
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10 controls the positions of the wafer Win the X-axis direction,
the Y-axis direction, and the rotation direction. A main control
system 14, which is nounted on the exposure apparatus of the present
enbodi ment, adjusts the positions 5 of the reticle Rin the X-axis
direction, the Y-axis direction, and the rotation direction based on

t he values th e | o O rfe ter. re.
speci fi cal I y, the rﬁ%sﬁ%@on rodc’ﬁ"ttll% %er%%i% rglr?gr%rt @on% & %Igaxslisgnal

t o mechani memmlportaateed—iamusheilrr@tdt(iloel staage thT,rOS;%tara;cﬂl ROSietaBs .
t he retlcl R by sllgcdt y noving_the reticle stag RST. The nain
control SRy CRISts sid SFodds pdichi d§ meRndeds ofoding Grpostde

the tilt a@@ﬁ%ﬁgtdé“%ﬂmﬂﬂﬁ'ﬂ@@é%d%'éﬂ%od%%e%&e % g%%%% %%eh?%s%qa%ks

to the inmage surface of the projection optical em PL
aut of oclsi mf dfee rAftiorket iFc inevilel Fg.axiisr eus@@ctllbmaltlhye, Nig taeumal n

control syste L4 frans S a_caont.rol to.a er stage drive
system 15 ?r:]id: rives the dmf setgé’g: 1§ r@r%ﬁ Q& bes %a Cdrpvdes
system 15 tmezadjust Wyhe Heoous iRQs tlla@réraﬂ%tfefi%etﬂohfete%ngmo% the
wafer W The nmmin control system 14 further adjusts the positions of

the wafer WASTiHElRi $Mg medey gentawd vysties 135 taiansdtitena apdtrol
the rotatiqnfidectd %c@%%%%n%” L aets ¥3 r'élec%dmi?xh‘&ﬁl%dr@é e WAl rs%v\gT

| aser interferoneter More specificallyy, e mai'n contr ol

14 trah8ni tanda mm@lns dignale ttic ltch&® Wwaf el ighage dvmagsmmeﬂcle
andh adj ust s .t he itions of the wafer Win the X-axis direction,

th Y-axissgd'agc?rec ion, and the rotation direction by driving the XY
stage 10 using the waf er stage drive system 15. During exposure, the

main control system 14 transmts 11
The main control system 14 adjusts the focus position

(Z-axis position) and the tilt angle of the wafer W to align

15 the surface of the wafer W to the image surface of the
projection optical system PL through autofocusing and
automatic leveling. More specifically, the main control
system 14 transmits a control signal to a wafer stage drive
system 15 and drives the Z-stage 9 using the wafer stage

20 drive system 15 to adjust the focus position and the tilt
angle of the wafer W.

The main control system 14 further adjusts the

positions of the wafer W in the X-axis direction, the Y-axis
25 direction, and the rotation direction based on the values

measured by the wafer laser interferometer 13. More

specifically, the main control system 14 transmits a control

signal to the wafer stage drive system 15, and adjusts the

positions of the wafer W in the X-axis direction, the Y-axis
30 direction, and the rotation direction by driving the XY

stage 10 using the wafer stage drive system 15.

buring exposure, the main control system 14 transmits

11



a control signal to nechanisnms incorporated in the reticle stage RST
and also transmts a control signal to the wafer stage drive system
15. This drives the reticle stage RST and the XY-stage 10 at a speed
ratio determ ned by the 5 projection nagnitude of the projection
optical systemPL, while the pattern image of the reticle Ris

proj ected and.,BXRES | Jhi rm. regi.on formed.o
the wafer W oAf t erm%gc?gélt h% %ln%%g%tﬁ&rsolﬁg%gﬁg%gffgt rlcan)ngfrnllet §° 12l
control sigtalge R¥Thensaferscsttagamstriitge asysiherolS signd 118 cdithvesatrbe

XY-stage 10, using,t.he wafer stage drive system15 to cause a ste
moverment of> THE V§u15é“‘3:§§‘1 t]1'650n Fﬁlﬁngfﬁgﬁs EhotrekiF b FhraedReh and

the waf er WheTheypatdRr nd MBI Qfpdde ﬂaectiiodd%tlgrﬁ%n%ﬁpﬁgt edly 15
scanned and exposed on the wafer Ww th the step-and-scan nethod as
descri bed #FEVECNwe e tiudsaldfy thehenodictlion spageaRSEyvandnt e,

XY- st age 1 tly the reticle R the.waf er \W d
(scannd) 1o naRon IRt gh RIS RE ShBr oEiaaoal de: PRIBF EReant

rect angul arexgioatddondryhiz0 £xpesigte i gieon stkd rhgishatrfb@Rdty on the
illumnation region, aor the Y-axis direction, while the positions of
the reticl &3Re%aft t AELRENBEIW atBeaBfiBt 68NEEPhgSYheenal ér tseagRits a

drive systemtldiandda wef @lhd aalerl BSkerAMREeL LRAr e hijke.
Through this operation, the reticle pattern is Scanned and 95 exposed
in thelPegidodves tihe Wafertage &t usdsnidt besamfer| engye dsitke senginh1s

of~{ he | ong. si LX of .the stationar xposure region. and has the
sé;ie wi dt h%?s %ﬂ%esewadt%e%é“ror"ee&ﬁf&%di gt?%?pteﬁé’oébl&ﬁnpﬁjlgﬁﬁe}n@( REQICRET
amount) of shise reafiein Wordedich thd waZesChematic di agram showing the
structure of an interface |lens and a wafer in exanples of the

pr esent

The pattern image of the reticle R is repeatedly

15 scanned and exposed on the wafer W with the step-and-scan
method as described above. More specifically, the reticle
stage RST and the XY-stage 10 and consequently the reticle R
and the wafer W are moved (scanned) in synchronization in
the short-side direction of the rectangular stationary

20 exposure region and the stationary illumination region, or
the Y-axis direction, while the positions of the reticle R

{v) and the wafer W are adjusted using the wafer stage drive

system 15 and the wafer laser interferometer 13 or the like.
Through this operation, the reticle pattern is scanned and

25 exposed in the region on the wafer W that has the same
length as the length of the long side LX of the stationary
exXposure region and has the same width as the width
corresponding to the scanning amount (moving amount) of the
wafer W.

30

Fig. 3 is a schematic diagram showing the structure of
an interface lens and a wafer in examples of the present

embodiment. As shown in Fig. 3, an immersed plane parallel

12



enbodi mrent. As shown in Fig. 3, an inmmersed plane parallel 12 plate
Lp is arranged nearest to the wafer Win the projection optical
system PL in each exanple of the present enbodinent. One surface of
the i mMmersed plane parallel plate Lp nearer to the reticle R (object
side surface) is in 5 contact with a second liquid Ln2, and anot her

surface of ifgnaf ]ﬁﬂgd | at.e arer, tq.the wafer
W (i nmage sé%%t%urfac%)%dﬁ]%l cgﬁ%a?cétseéw%]a% :V‘}r%ts%%l iwgulind hr‘ﬁ An
interface Imnsiddbtion arpingeld sidjtaaer®l tin tdheH memgad Jd ante present
paral | el plate %{) %e surface of the interface lens_10 Lb nearer to
the retile BRITTWMe s4& SUTERCE) Ofsths 1EBRESEE WilehegRaraamgl plate

anot her surf@cesfet he itHErfack-1£08 (il Nearsiyd %t{ﬂ%d’é’gf arg Wy

(waf er side surface) is in contact wththe secon iquid LnR. 15
The profPectGUH dpt i Wil sy sterRl ofqusat Hiekaride agfotitehe sprefsenrt of the

i nvention w ter (deionize ter) as_the first liquid Lm
and t he setﬁts)rﬁ%el%%ﬁip a}_nneiz,g%alllghe%ﬂea\%:e %fﬁ)eﬂeélﬁqlilgtq X “@r%d‘t &
than 1. 1. Pumag@teidd ssweasidey) optial neghdard arigd anmuitst atiqdif 1m1 .
exanpl e, a senj conductor 20 manufacturing factory. The projection
optical sydtemPrefaceddh exdple agendas adiedenterfoaddd émeseda

positive | esand hair-has. A SOy égfyrﬁﬁ%?sﬁkfkgg Bﬁtkﬁge%ﬁgggfsag fens

pl anar surface as the wafer si The interface I'ens L
i mrer séd pllanagared o Pateetliparfe ootth aedeiafe siurftae)25 Siili ca

i s~sel ected.as,_the terial for,the .interface |ens L and the
imrsed plcaora1hetap%rr a"fnJ?te}} FiS% M Bdide St%ef%‘cfﬁ' &feég\eor?%&rif@é?e lens

system PL miy d&ddert acgreiiy atdr st abl gra fd@y G ReMFIdBNGe; WhehorftQlet
exanple, the interface |lens Lb and/or the i mersed plane parall el
plate Lp ar@%d@l%fs%@qq Hord4e Wi -ch is soluble in water.

15 The projection optical system PL of each example of
the present invention uses pure water (deionized water) as
the first liquid Lml and the second liquid Lm2, which have a
reflective index greater than 1.1. Pure water is easily
obtained in large amounts at, for example, a semiconductor

20 manufacturing factory. The projection optical system PL of
each example uses, as the interface lens Lb, a positive lens

i:) that has a convex surface at the reticle side and a planar
surface as the wafer side. The interface lens Lb and the
immersed plane parallel plate Lp are both made of silica.

25 Silica is selected as the material for the interface lens Lb
and the immersed plane parallel plate Lp because the
projection optical system PL may fail to maintain stable
imaging performance when, for example, the interface lens Lb
and/or the immersed plane parallel plate Lp are made of

30 fluorite, which is soluble in water.

Further, the internal refractive index distribution of

fluorite is known to contain a high-freguency element. The

13



Further, the internal refractive index distribution of fluorite is
known to contain a high-frequency el enent. The 13 uneven refractive
i ndexes of fluorite including the high- frequency el enent nay cause
flares. This may easily lower the imaging performance of the
projection. optical system Mreover, fluorite is known to have

natural bir L Qgence. : ; i refringenc ffect of fluorite
needs to belﬁ{%:%ér}rgect edat’fs%gg%hllqg%%g% g‘%‘l i@a%qgr}gcepelﬁcglrun%ﬁ eo%]fe thﬁgh'
proj ecti on TptquatcyystamntTheasatddid i1lard¥ ghThieqnapcyasel enealekn
the refractiyve jndex distrjibution, and natural birefringence nake

fluorite unsth tHA T THPIHLRAS AT fldie RFAREHIRreRddealemyatismand
the imersathplaner paFald.el Pl Af 8cndsiy 4 Hé%é”#gﬁﬂfgyeﬁfﬁgﬁrfﬂgén e
d the I1Tel p e ‘made

interface lens Lb an e imersed plane para ate Lp b
of silia. T exposul & bpphraiasnddat f rerf orfivs lswarniriengieants o be -

exposure whi Vi the wafer Wrelative to t rojection. optical
syst em PL V\%C%lﬁr%%eé%%-aa%%es%eaﬁur%} Hﬁ@%’&?et%%r%@ﬁ{qen&ﬁustl fill

the opti calppafdcthiimesst idel i Hierdace Theersibbiandyt haivaterWiehcy
the projection optical systemPL wth the |liquid (Em and LnR) from
the start toI¥MElentd dthe0re headehimiimfand tel opy, 0 ¢@sk nafgiral

enabl e thi g,; tderi SxPasUre; apray - . t echni cri.hed
for exanple Jti n Ilnt ernationa Paﬁ%%#@%taﬁj&r? %ﬁl %%Q%Mibaglr fé)r
t echni dle déserimes fare ekanplie iand dfenesendraiedt @iemePatanil lel plate

Publ i cation No. -10-.30311 25 According tQ the techni que_described in
| nt-ér nat i onrt'égf‘ Iggitt ent .pﬁ&%eir@ tlieo%%ﬂg. t&ﬁ?)éﬁ%@jﬁéﬁ,‘:eal? §ull &npplhe
apparat us isupptd@s i doaml Xd1 hastean adi wsdRd 40 A 1ica.
predeterm ned tenperature, to fill the optical path between the
interface

The exposure apparatus that performs scanning and
15 exposure while moving the wafer W relative to the projection
optical system PL with the step-and-scan method needs to
continuously £fill the optical path between the interface
lens Lb and the wafer W of the projection optical system PL
with the liquid {(ILml and Im2} from the start to the end of
20 the scanning and exposure process. To enable this, the
exposure apparatus may use a technique described for example
{Z) in International Patent Publication No. WO099/49504 or a
technique described for example in Japanese Laid-Open Patent
Publication No. 10-303114.
25
According to the technique described in International
Patent Publication No. W099/49504, a liquid supply apparatus
supplies liquid, which has been adjusted to a predetermined
temperature, to f£ill the optical path between the interface
30 lens Lb and the wafer W through a supply pipe and an
ejection nozzle, and then recovers the liguid on the wafer W
through a recovery pipe and a suction nozzle. According to

the technique described in Japanese Laid-Open Patent
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30 lens Lb and the wafer Wthrough a supply pipe and an ejection
nozzl e, and then recovers the liquid on the wafer W through a
recovery pipe and a suction nozzle. According to the technique
descri bed in Japanese Lai d-Qpen Patent 14 Publication No. 10-303114,
a wafer holder table functions as a container for acconmpbdating

liquid. Thewaf s Wds npOosidianed And, sipRar th%q(qaetr tt%%%e%%{ 958N a5
inner bottom surface of the wafer holder table (imrersed in Che
liquid) 5 By saciamesonicttacdmicta]irgnd iefuial .balfhel wateth® is
projection optical systemPL is i rs inthe liquid. A wafer-side
opti cal surchscle€%?n c%eaul1 tse%paocreteirgger%t L'B*§ 4 @0 AR PR

10 As showsiifdid.ofl, tidiardre) el apidical (sl 8Pl n EROf ithg q)
present enbodi nent uses a first supply and di scharge nechanism?21 to

circul afe pUf /3@EER  CHHI 2 f uBctilehglasnthef #i bstreilqafdthel , in

t he opti cal ];j\ecﬁgt-t i I arallel nplate.Lp.and

the wafer \R/IR%L%%%] e tlloéﬁlé%%{eﬁrgg% gysggg%rpﬁfea so' shees(i(élmglel snd™
suppl y and v BSehasigle opechsnl smPRado of i aitre: g anvdtegrs, IMiigh

functions as the eco d’rﬁlei uid Ln2, in the optical path between the
interface 1EHs 1 a]rﬂjqi ]r%rﬁi'blr%'ed pl ane parallel plate Lp. In this
manner, the projection optical systemPL circulates a small 20 anount
of pure water as the imersion liquid to prevent corrosion or fungal
deteri éfation of Aheshdviuiid: Him .t He etenmires eoft itime oprtdsent system PL

i pwention, i f ace n. be wit.ten as_expressio

sh 25 be ot;'/v}.?g Pgr}legééeg?éesezf%d%or%%n,ctayusreesp raesftalrﬁss tsr]rlé)ﬁjré’i Sﬁ]td idrr}r Stg%‘)gr ge
direction werdhaaisi @1 hes apidcdataxXisirZ waeseMrisH indiishanee the
(sag anount), between a tangent.plane at the vertex of the aspherical

surface and tHe* posfiibimt: tHe H gitifal path between the immersed
plane parallel plate Lp and the wafer W. The projection

15 optical system PL also uses a second supply and discharge
mechanism 22 to circulate pure water, which functions as the
second liquid Lm2, in the optical path between the interface
lens Lb and the immersed plane parallel plate Lp. In this
manner, the projection optical system PL circulates a small

20 amount of pure water as the immersion liquid to prevent

corrosion or fungal deterioration of the liquid.

in the examples of the present invention, an

aspherical surface can be written as expression (a) shown

25 Dbelow. In expression (a), y represents the height in the
direction vertical to the optical axis, z represents the
distance (sag amount) between a tangent.plane at the vertex
of the aspherical surface and the position at the height vy
on the aspherical surface, r represents the curvature radius

30 of the vertex, k represents the coefficient of the cone, and
Cn represents the n-th degree aspherical coefficient. 1In
tables 1 and 2, which are shown below, the surface number of

each aspherical lens surface is marked with *.
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on the aspherical surface, r represents the curvature radius 30 of
the vertex, k represents the coefficient of the cone, and C
represents the n-th degree aspherical coefficient. In tables 1 and
2, which are shown bel ow, the surface nunber of each aspherical |ens
surface is marked with 15 Expression (a) z = (y2/r)/[1+{1 (1+k)
*y2/r2}1/ 21+CA*y4 +C6*y6+C8*yB+Clo* Y10+C12*Y12+CO 4*y14+... 5 The
projection optical system PL of each exanple of the present

enbodi ment Bxiefeskom fakst i maging optical systemd, a second

i magi ng optical syste . .and a third inmaging optical system G3.
The first imagi nggo_pt{%glzr)ﬁ%ﬁéh"lo d fornms a first internediate

i mge of a patierrn o i/h reticle K. which is;arranged on an obj ect
pl ane (fi rs{%r]%))l a%é% bt ﬁl%“*ﬁ[r J(Sj(c’éc}f "6 8pJ‘i<1hl€iéYl §L§;éft?}é%1 Pk4*¥he-second
i magi ngsoptical system G forns a second internediate i mage (which

is an inmage of the first internediate inmage as well 15 as a secondary
i mage of the retildie Patiarnornfontiealetsvelten Fit tdr raohs etkamp ltche £

i ght from.the fj i nt dj ate . i . The. third i magin tical
system G 1OMd B T Hal AR T e 7 i TR Pr el
reticle patdwestigm ofl, thesy@ded MadiiEbyts @ anged O8N JHFRGE Hiianke
(second 20 plane) of the projection optical systemPL, based on |ight
fromthe sedWHf-IHt R hES At iRyES Théhe F3rStnagrAgnIopPLiarlspgsEmm

G andiphe dhifh-hamgi g OPtiGal RV EtAM G @ & LY *f;éfztee‘efr%ctéfveche
op{\jacal systens. The second imaging optical” system I's a
catadi opt ritctopticadt, wistam tharZdatlades: akcierdayd aref | Edtrsie

mrror CM éﬁgﬂé)s'[oaplﬁ{]earprroejfe!c Cfcgnveoprgircra ' s fsitresrr;[ EILo.l legg second
imaging optical system G2 forms a second intermediate image
{(which is an image of the first intermediate image as well
15 as a secondary image of the reticle pattern) of the reticle
pattern based on the light from the first intermediate
image. The third imaging optical system G3 forms a final
image (which is a reduced image of the reticle pattern) on
the wafer W, which is arranged on an image plane (second
20 plane) of the projection optical system PL, based on light
from the seqond intermediate image. The first imaging
{:) optical system Gl and the third imaging optical system G3
are both refractive optical systems. The second imaging
optical system G2 is a catadioptric optical system that

25 includes a concave reflective mirror CM.

A first planar reflective mirror (first folding
mirror) M1l is arranged in an optical path formed between the
first imaging optical system Gl and the second imaging
30 optical system G2. A second planar reflective mirror (second
folding mirror) M2 is arranged in an optical path formed
between the second imaging optical system G2 and the third

imaging optical system G3. 1In the projection optical system
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mrror) M is arranged in an optical path fornmed between the first
i magi ng optical systemd and the second inmaging 30 optical system
&. A second planar reflective mrror (second folding mrror) M is
arranged in an optical path formed between the second inaging
optical system & and the third inmaging optical system G3. In the

j ection td S P. | the pr. t
Prweect bn, TTobt 425 RIIR. e o L QO 8 A1 E PR e s

invention, light fromthe . i'magi ng
optical systemde Rrek $ wesst rdugistthet Brnedi iategy impgetafcdlhesystem Gl
reticle pattern. in the_vicinity of the first planar reflective

mrror M. %milg I r%nﬂlfl%tf]ir}%?rr?eféleq%d%%ﬁ%giqu@ec H&F S spttern
through then seieone: ¢ a0t N PPinEat i Syt E- andk TIiE & $i6GYyd M1 .
internedi ate image of the reticle pattern in the vicinity of the

second pl anetIhleffeetiviee irer Mtemedlate inage thempaswesddomdgh

i ntermedi atg, S ough, hitd I magi optical system

&3, and for%séa |Cr)1a($l ?ﬁn%%%ﬁ%féi%ﬂleégfe%% & pa taenrcg Igo%n{%ea VAT O@V

I n the projettenmncdpticalnsyste Ple ofeeache %ﬁ@iﬂﬁr&hﬁn tithe \ﬁ_rce_ﬁﬁﬁ;ty of

invention, the first i i ng optical, system 15 has an optica

i s A and f?%?ﬁ%ﬁgr@aﬁqgﬁge Syt & nas anldse éashaxson
: e o e Bl A% :

~direct il%n. p@rﬂﬁlée: pep(fa?ﬁé‘ axg's AX1 and Scj?%oéi%%aderyrv(\%% t ) ?Creler(rag_nceI

opt i caltYaxi S'#d nThePt setbnel/ s rrgi Yy optd cldrrsy st emn@l hasagen odpttibea

axts AX2 Zoré{ﬁéelgzéggggréi&eagﬂé/ ‘,Qal]f;)enlg he horizontal direction

(veftical to erence optical axis . The reticle R the
wafer W all the optical nmenbers formng the first imaging optical
system Gl, and all the optical nmenbers formng the third inmaging

optical system Glard et B8 pRtidal 136 tewe Mnstheaddl srgmple of
pl anes per pendi g nt 0 A ®htion, the first imaging optical system GI

15 has an optical axis AX1 and the third imaging optical system
G3 has an optical axis AX3. The optical axes AX1 and AX3
extend linearly in the vertical direction. The optical axes
AX1 and AX3 coincide with the reference optical axis AX. The
second imaging optical system G2 has an optical axis AX2

20  that extends linearly along the horizontal direction
(vertical to the reference optical axis AX). The reticle R,

the wafer W, all the optical members forming the first

@

imaging optical system Gl, and all the optical members
forming the third imaging optical system G3 are arranged

25 parallel to one another along planes perpendicular to the
direction of gravitational force, that is, along horizontal
planes. Further, the first planar reflective mirror M1l and
the second planar reflective mirror M2 have reflective
surfaces that each form an angle of 45 degrees with the

30 reticle surface. The first planar reflective mirror M1 andg
the second planar reflective mirror M2 are formed integrally
as a single optical member. Further, the projection optical

system PL of each example of the present invention is formed
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direction of gravitational force, that is, along horizontal planes.
Further, the first planar reflective mrror M and the second pl anar
reflective mrror M2 have reflective surfaces that each form an
angl e of 45 degrees with the 30 reticle surface. The first planar
reflective mrror M and the second pl anar reflective mrror M2 are

f d I
proj ect i on opt cal’: Syat e P o SACh ‘Sraniie 61t fe. bPgsahyect side

i nvention isnd armedindge taidee substantially telecentric at both of

the object side and the image side. [First Exanple] 5 Fig. 4 shows a

| ens structure of a projection optical systemaccording to a first

exanpl e of (e esentp1gnbodi ment. As shown in Fig. 4, the first

i magi ng opti cal systen1 included in the projection optical system

PL of ©he first ﬁ%@mnﬂc@hqwﬂ wdésna pitametparablfeb pratecPionaop@ical
| D convex

bi convex | osi tive s lens_L12 ha in

surface ategfs Fotd cqogrcgﬁnc?e tC’ar"fl %gﬁv?i{almé’r]r? Pfat 5 %Eﬁé(?ﬁ‘éave | ens
L14 havi ng emtaspibesriical neoseawa sur frage af thésfiﬁgtciﬁa§i§§ oﬁtlcal
positive neniscus lens L15 havin convex surface at s reticle

side, a posititd r%m%élqeéhslm%h@wmé\ﬁq’@goe ovhéand swstave Pt oift s
reticle sidee & negatd e, eni3eusdLens Lﬂa?]ehg‘é filgl%avgﬂ%%vﬁpi‘fr%ace

at its reticle side, a positive nenlsc ['en
aspherﬂ@alknaunuavelsumfddd,am.mm$lmeNECMenssdes aepesmueveaﬁﬁﬂbseus
L19 haV|n aveéﬁgrface i.its reticle side, a 20 bi convex

I L110, &and & p05|E¥V% i S & P&&? BGe A% R CoRNCEs pRESI 4P, 2
concave SLwHﬁuﬁhdﬁvdtkénMﬁﬁﬂﬂfﬂd*ingwﬁl%@p%%%lc%ﬁr%Bﬁ%@v%egﬂ%%EEélEX

inthis order fromthe reticle side. The second inaging optical
system G2 il Jfdslde side, a positive meniscus lens L15 having a
convex surface at its reticle side, a positive meniscus lens
15 L16 having a concave surface at its feticle side, a negative
meniscus lens L17 having a concave surface at its reticle
side, a positive meniscus lens L18 having an aspherical
concave surface at its reticle side, a positive meniscus
lens L19 having a concave surface at its reticle side, a
20  biconvex lens L110, and a positive meniscus lens L111 having

an aspherical concave surface at its wafer side, which are

,i> arranged sequentially in this order from the reticle side.

The second imaging optical system G2 includes a

25 negative meniscus lens L21 having a concave surface at its
reticle side, a negative meniscus lens L22 having a concave
surface at its reticle side, and a concave reflective mirror
CM having a concave surface at its reticle side, which are
arranged sequentially in this order along the traveling path

30 of the incoming light from the reticle side (iight entering
side) of the projection optical system PL. The third imaging
optical system G3 includes a positive meniscus lens L31

having a concave surface at its reticle side, a biconvex
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25 negative nmeniscus |ens L21 having a concave surface at its

reticle side, a negative neniscus |lens L22 having a concave surface
at its reticle side, and a concave reflective mrror CM having a
concave surface at its reticle side, which are arranged sequentially
in this order along the traveling path 30 of the incomng light from

the reticl g side {Jight, aenter| J f t j.ection optical
system PL. The thi r'd%n%cgsfhn%\}é;gﬁ%aﬁjssygteenn%]% (r%!cal%ulé’gs “a C%@érieﬁ ve
meni scus | ensriBie dtavitng e Cioroavel Gy fage dift s reetiisthe ide, 124
bi convex 18 lens L32, a positive nmeniscus |ens L33 having a convex

surface at 115 1%t ARSI ! £PYATS RIHSFSAls itenyaiss si&ding a

spheri cal - oongayeyalriaee sl 1 MalGlcaldae BICGAKE Lans L35 a
bi concave | ens L36 having an 5 aspherical concave surface at its
waf er siPde,a¥Plpsicd l econmaiies cusr fares A3 7 tmvialpas iaspher ivoalitive

concave sur £ its reiicle side, a pgsitive neniscus |ens L38
havi ng an Iéi‘%f) Sed?tlisca encsonLc;%tajvglag}ﬁlrr%galcdé1 aatspﬁq}esrl\fﬁ%ercoéﬁc@éﬂe &Urdgas ¢
meni scus | einss Li3%: had ngi de asphesd oalve ancavesinface 13l inke 140 waf er
side, a positive meniscus |ens L310 having an aspherical concave
surface at TIRNGEIGR) R e SHiEIRSL TenyaRrl sige, apenegnd iseop

AS, a pl angr&apnvess ehs U3HP nhavds & H'ae’ﬁrcaslurgoﬁ‘l%%v%t g el giﬂ[l its

side, a positive neniscus |ens L313 having an aspherical” concav
surfacélat Wesfen ssikef,era ghadw, t iarep osirtiiswe svEmirsc Us 1te s v33ik4 ahavi ng an
aspherical cqoncave aﬁurface at 1ts.wafer side, a plano-convex |ens

L3815 (intertace 1ens LBY Havi g B S e e iSti§ie &t comyex

and a pl anel ey aldel, platgdinumhi b ard Y1Gek-SMHR 1ahly 13 2

this order fromthe reticle side 20 (light entering side). In the

proj ect i on TEPHiINGI2 SYATEH Muidfadhe | iitgy wafer side, a positive
meniscus lens L313 having an aspherical concave surface at

15 its wafer side, a positive meniscus lens S314 having an

aspherical concave surface at its wafer side, a plano-convex
lens L315 (interface lens Lb) having a planar surface at its
wafer side, and a plane parallel plate Lp, which are

arranged sequentially in this order from the reticle side

20 (light entering side).

In the projection opticai system PL of the first
example, an optical path between the interface lens Lb and
the plane parallel plate (immersed plane parallel plate) Lp

25 and an optical path between the plane parallel plate Lp and

| the wafer W are filled with pure water (ILml and Im2) having

a refractive index of 1.435876 for an ArF excimer laser beam
(having a central wavelength A of 193.306 nm), which is the
used light (exposure beam). All the light transmitting

30 members including the interface lens Lb and the plane
parallel plate Lp are made of silica (Si0,), which has a
refractive index of 1.5603261 relative to the central

wavelength of the used light.
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exanple, an optical path between the interface |ens Lb and the plane
parall el plate (imersed plane parallel plate) Lp 25 and an optical
path between the plane parallel plate Lp and the wafer Ware filled
with pure water (Lm and LnR) having a refractive index of 1.435876
for an ArF exciner |aser beam (having a central wavel ength A of
193.306 nm, which is the wused |light (exposure beam) . Al the |ight
transmtting 30 nenbers including the interface lens Lb and the pl ane

paral l el plate Lpratsee madgeDéw séhdwa €18 0 ec i &t hass & ¢ refd acti ve
i ndex of 1.5603261 relative to the central wavel ength of the used

light. 19 TBEPES3ther oW shods tHetdpelhfirathontingt ténampreoj edni Gable
optical system PLoihp.the-£ifst gg@{@éf.wé\ge@?%& I 1%Qnere }é)eosst’a&;tes I:Eehaein,,

central wavel ength of the exposur eam present’st

proj ecti‘on Prageipfesantontiie magd hgetabn andfni fheaterdn r eiygtreMatNd of
represents %he nugerical €%grture at the image side (wafer side) of
the system "B rePrEE8nt4StHE - r%iﬂ%p%?s?%%si‘%ﬁ@élwqﬂ@r‘éa]} PRAT tHe at

wafer W A tepresggéssidbewhfeaxisa@mupteef dhe sif e&?@éé&e%‘e@?éé’?ﬁe
sure reg

region ER, LX 10 re?resen_ts the size of the effective exp ion
ERin o theadagier dikecinage (¢heclonht sérlecigd menSd 07 Of A thepresents

ffecti i Y ts th di ' f
The of f octi Vo eXbostr o rabT on: BB | HIE K VoGl & dPHRtyon (T on B, 1

short - didde dépraseonhs ofhé hei ef fettive expastiv dbdagtOn-&Ron IHR the
tabl e, the surfgce nun%)er represents the order of each surface on

t he) pat h of “FReTRGhT THESeriMy fiimn 1onro-5is diengiar et iich is
tHe" obj ect spréacevéléssdsptanedqidf g ! %&Bﬂ&e{@a}é@&ﬁs wWhigh i's
cur

the image surface (second plane), r represents vature radi us
of each surddeension of the effective exposure region ER in the Y-axis
direction{the short-side dimension of the effective exposure

15 region ER}.

In the table, the surface number represents the order
of each surface on the path of the light traveling from the
reticle surface, which is the object surface (first plane),

20 to the wafer surface, which is the image surface (second
plane), r represents the curvature radius of each surfacé
(the curvature radius {(mm) of the vertex in the case of an
aspherical surface), d represents the axial interval of each
surface or the surface interval (mm), and n represents the

25 refractive index about the central wavelength of the
exposure beam. The sign of the surface interval d is
inverted whenever the light is reflected. Accordingly, the
surface interval d has a negative sign for the optical path
from the reflective surface of the first planar reflective

30 mirror Ml to the concave reflective mirror CM and for the
optical path from the second planar reflective mirror M2 to
the image surface, wherecas the surface interval d has a

positive sign for other optical paths.
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(the curvature radius (mm of the vertex in the case of an J
aspherical surface), d represents the axial interval of each surface
or the surface interval (nm), and n represents the 25 refractive

i ndex about the central wavel ength of the exposure beam The sign of
the surface interval d is inverted whenever the light is reflected.
Accordingly, the surface interval d has a negative sign for the
optical path fromthe reflective surface of the first planar
reflective 30 mriortHd fie dthecencay e grafdactdna om 1or +EM and Lok re
the optical path fromthe second planar reflective mrror M to the
i mage surfa’i‘%‘,?l%e%%a%o%ﬂel‘é%rﬁ%ecqweé? VIr T aegs T ips itoivea csitdre
for "ot her optigale patds, A Iid hauiial-d Baing. ant igal. swsr 0. Gl
the curvature radius 1's positive for convex sur aces T4ci ng toward
the rebicleosiae andddes cioavatarewad uhd sategdld wa deor Hnceneave
surfaces facin oward the reticle side. In the second inmagin

optical syst® RSB SR TR 1% g tqqfé’aftdlrrecéﬁ@é\g}@ is
surfaces fagiao: fanerd: tdghddehtsueni&rd ngSifle ddeld £l sidehof the

incomng light, and the curvature radius is negative for corvex
surfaces f a1 R 400 tsovke dl el ¢ lgghaidmt exfi dnesiidesoningy Adtcdtt, ors1du S

in Tabl i, Tabl ich will be descrjhed |ater.. Tabl
115 (Ml n et T et BRe T 1 25506 i £ A L B 2SS o

20 A =12. 8 mawatX the2@ imht entering side. The notations used in Table

;:) 1 are used in Table 2, which will be described later.
Table 1

15 {(Main Specifications)
A = 193.306 nm
B = 1/4
NA = 1,32
B =15.3 mm

20 = 2.8 mm
LX = 26 mm

(:) LY = 5 mm

(Specifications of Optical Members)

25
surface r d n Optical
No. Member

(Reticle Surface) 113.7542

1 o 8.0000 1.5603261 (P1)
2 o 6.0000
3 961.49971 52.0000 1.5603261 (L11)
4 —-260.,97642 1.0000
5 165.65618 35.7731 1.5603261 (L12)

21



LY =
opti cal

(21)

5 m J (Specifications of Optical

No. Menber

18.2979 1.5%603261 (L14) 5 %57
12 122. %740
14 7283. 76586 22.19B54 A0 95. 8354944408780 1.5603261 ({hB)

1. 5603261 (L15)

(L16)

-480. 25701 49.9532 I D 17*_-327..24655 37. 6724 1.5603261 (L18)

es0s 131838

Menber s)

25 Surface r d n

(Reticle Surface) 113.7542 1 00 8.0000 1.5603261
2 00 6.0000 3 961.49971 52.0000 1.5603261 (LII)
1.0000 5 165.65618 35.7731 1.5603261 (L12)
144. 73700 56.4880 1.5603261 (L13)

_152. 74838%1. 0000 19 - 64551065 %7. 0083%118863261 (L19) 20

-172. 70890 9%. 0000 21 1482 A26h36,132. 747&81 §6Q3261

-361. 68453 1.0000 23 185. 06735 36. 2895

10
11
12
13
14
15
1le
17+
18
19
20
21
22
23
24%
25
26
27
28
28
30
31
32
33
34
35
36
37
38

173.
82.
122,

-632

~480
=327

115
181

165

552,
211.
.15750

-964

73534
85141
17403

.23083
-283.
-95.

76586
83749

.25701
. 24655
-152.
-645.
-172.
1482.
-361.
185.
1499,

74838
51205
70890
42136
68453
06735
92500

.50235
.35110

107.
327,

57500
19447

.18700
327.
107.
181.
115.

7944¢
57500
35110
50235

85298
40931

28

15

-15
-28
-18

-34.

34

15

=72

=27

.5603261
1.

.4319
24.

0000

6508

.8135
22.
44 .
49.
37.

1.
47.
1.
32.
1.
36.
72.

-204.

.0000

.1819

.0000

9854
8780
9532
6724
0000
0083
0000
7478
0000
2895
0000
3065

9832

. 9832
i8.
28.

Q0G0
1819

.00G0
204.
.0000
-24.
.0000
L5799

3065

4934

22

1.5603261

1.56032¢61

1.5603261

1.56032¢1

1.5603261

1.5603261

1.5603261

1.5603261

1.5603261

1.5603261

1.5603261

1.5603261

1.5603261

4 -260.97642
21 6 329.41285 15.7479 7
8 -651.17229 4.1450 9*
11 82.85141 28. 4319
23083 15. 8135 1.5603261

18

(éi%%gézegz{L14)

{L15)

(L16)

(L17)

(L18)

(L19)

(L110)

(CM)
(L22)

(L21)

-678. 61021
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24* 1499. 92500 72.0000 25 -204.3065 (M)

1.5603261 (L21)
1.5603261 (L22)

327.79446 18.0000 1.5603261 (L22)

15. 0000 1.5603261 (L21)
24 4934 1.
5799 1.56
-239. 74429 4@5 7714 1. 56@32614@233)
-206. 94777 -50.0000 1.5603261 (L34
560. 33453 -49. 0000 15683581 28 é

209.32811 -44.0000 1.5603361 o453
1878. 63986 -31.5066 L.5603261
-322. 20466 433. 1856 1.566326170538)

36 552.8929
-964. 15750 -

43*
EL45)

(1dn “ihie

26 115. 50235 -15. 0000

27 181.35110 -28.1819 J 28 107.57500 - 18. 0000
29 327.79447 -34.9832 30 165. 18700 34.9832 (CM
32 107.57500 28.1819 33 181.35110
34 115. 50235 204. 3065 35 00 -72.0000 (M)
3 L31) 40931 -1.0000 38
ggg %Q%Eﬁ 227 %9&%é1 41200 -1.0000 40
4135 171769. 23040 505 0000 (£23)
7898, 47035 - 43,1087 A4

45 ~11@0@%245 - 46.5360 46

5B, oo

5143 -19%6D. 22740 -10. 0172 52

31

-2715. 10365, ; 22. 0000 1. 5%%%2§§4g%39) §§*.-959 87714 %%%ﬁ%?g(L35)

45 -116.92245 -46.5360
46 209.32811 -10.0000 1.5603261 (L36)
47 -189.99848 -23.6644
48% 1878.63986 -31.5066 1.5603261 (L37)

S 49 211.85278 -1.0000

) 50 -322.20466 -33.1856 1.5603261 (L38)
51+ -1160.22740 -10.0172
52 -2715.10365 -22.0000 1.5603261  (L39)
53+ ~959.87714.  -42.0799
54+ 727.37853 -62.0255 1.5603261 (L310)
55 240.59248 ~1.0000
56 -16276.86134 -62.1328 1.5603261 (L311)
57 333.64919 -1.0000
58 . ~1.0000 (AS)
59 ~303.09919 -68.2244 1.5603261 (L312)

- 60 = -1.0000

9 61 -182.25869 -77.6122 1.5603261 (L313)
62 ~472.72383 ~1.0000
63 -131.14200 ~49.9999 1.5603261 (L314)
64+ -414.78286 -1.0000
65 ~75.90800 -43.3351 1.5603261 (L315: Lb)
66 > -1.0000 1.435876 (Lm2)
67 o ~13.0000 1.5603261 (Lp)
68 o -2.9999 1.435876 (Lml)

(Wafer Surface)
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54* 727.37853 -62.0255 1.5603261 (L310) 55 240.59248 -1.0000 56
-16276.86134 -62.1328 1.5603261 (L311) 57 333.64919 -1.0000 58
-1.0000 (AS) 59 -303.09919 -68.2244 1.5603261 (L312) 60 -1.0000 61
-182. 25869 -77.6122 1.5603261 (L313) 62* -472.72383 -1.0000 63

-131. 14200 -49.9999 1.5603261 (L314) 64* -414.78286 -1.0000 65
-75.90800 - : 5., Lb) 66 -1.0000 1.435876 (LnR) 67
-13. 0000 1.@%ﬁ%%%b%ﬁ%?ﬁﬁégé¥é&%é§§ 1.435876 (Lm) (Wafer Surface)
23 (Asphericat Swfaoe Data) 9th surface K= 0 G4 = -7.9031*10-8 C6
= 8.6709* 10-12 5 CB = -6.5472* 10-16 Clo = 1.5504 *10-20 Cl2 =
2.6800%10- 2% T1% = -2.6032%10-28 C16 = 7.3308*10 33 C18 = 0 17th
surface 1@ K-—~=_ F+47672*10-9 = * 1013 Ca =
-2.8591*10- 17 Clg'g%g?Qggl *10-21 2 :gf%i§%§;f310-25 Cl4 =

2.8410* £0- 33 =Ct6 -546255388%10-35 A @;==0115504%10"2°

Ciz = 2.6B800*1072 Cis = —-2.6032%107?®
Cie = 7.3308*10°% Cig = 0

17th surface

10 x =0
r> Cs = 4.7672*%107° Ce = —-8.7145*10713
Csg = -2.8591*10°%7 Cio = 3.9981*107%
Cip = =1.9927%1072° Cig = 2.8410%107%°
Cig = 6.5538*107%° Cig = O
15

24th surface

X =0
Ca = 2.7118*107° Ce = —4.0362*107*3
Ce = 8.5346*1071° Cio = -1.7653%107%2

20 Cip = -1.1856*107% Cilg = 5.2597*107%
Cig = -2.0897*107%° Cig = 0

l:D 43th surface

x =0

25 C4 = -1.8839*107° Ce = 5.6009*%107*3
Cs = —-1.8306*107% Cio = 2.2177*1073
Ciz = -2.3512%107%° Cig = 1.7766*107%°
Cie = —-6.5390%107* Cig = 0

30 47th surface

K =0
Cs = 9.0773%107°% Ce = —5.4651%10712
Ce = 4.4000%107%° Cig = —2.7426%107%°
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24t h surface
8.5346*10-18 Clo =
5.2597*10-31 Cl16

-1.8839*10-8 Co

10-21 Cl2 = -2.35
Cl8 = 0 30(§7th §u
C8 = 4.4000%10- 16

3.0443*10-8 C6 =
10-21 C12

=04 =

12% 10- 2-
g§@§$10M5

2.7118*10-8 C6 =
-1.7653*10-22 20 Cl2 =
= -2.0897*10 35 C18
= 5.6009*10-13 C8

9 C14 =

-1.18, 56*

= 0 43th surfac
= -1.8306*
1. 7766*10 29 C16

-4.0362*10-13 Ca =

10-27 C14 =

e

10-17 Cdo =

K=0254 =
2.2177-
-6.5390* 10-31

=04 =
7426* 10-
2.3641* 10-28 =C16.3951¥8053*10-32 C18==00 48th surface
-1.6528 *10-12 C8 =
= 3.0165*10-25 Cl14 =

= 0 10 51ty fagerae= 0 &4 =

-9.4499*10-17 A O =

8.6892*90-30= 0

-1.2463*
1.8357*10_8 Cb6

2.3.949*10-17 Co =
10-28 Cl16 =

4.3247%10-21 15 Cl12 = -1.6979*

310-8 5. 4651*10- 12
5& é %%l 1§6§Z49*10 25 Cl4 =

5x =004
-4.4953*

1.0783*1032 d g
-4.3103* 10-13 C8 =
10- 25 Cl4 =

C, = 3.0443*107°
Csg = 2.3949*107Y7
Ciz = 3.0165%107%°
Cie = 1.0783%107*
10
:/) 51th surface
o K =20
Cy = 1.8357%107°
Cs = —-9.4499*107%
15 Ciz = -1.6979%1072°
Cig = =1.5935*%107
53th surface
K =20
20 Cq = -3.9000*107°
Cg = 1.,1921+1071°
. Ciz = —3.1544%107%
< Cie = —2.3545%107%"
25 54th surface
¥ =0
Cy = 1.9116%107°
Cg = 1.5688%107%7
Ciz = 1.8575%107%°
30 Cig = 7.3240%107%¢
62th surface
K =0

0

[y =

' o

Il I

!
ha
o]

If

Cg =
Cio =
Cig =
Cig =

Ce =
Cic
Ciq
Cig =

Il

Cio
P

fl

Cig =

-1.6528%10712
-4,4953%107%
-1.2463%107%°
0

-4.3103%107%?

4.,3247+107%
8.6892%1073°
0

-7.2737*%107*3
-2.6393%107%
1.8774%107°°
0

-6.7783*10713
-6.0850%107%2
-4.2147*1073
0
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Cl6 = -1.5935*10 34 C18 = 0 53th surface x = 0 20 C4 = -3.9000*10-8
C6 = -7.2737*10-13 C8 = 1.1921* 10-16 CIO = -2.6393* 10-21 Cl12 =
-3.1544 *10-26 Cl4 = 1.8774*10-30 Cl6 = -2.3545*10-35 C18 = 0 25
54th surface x = 0 C4 = 1.9116*10-8 C6 = -6.7783* 10-13 Cg =
1.5688* 10-17 Clo = -6.0850*10-22 Cl2 = 1.8575* 10-26 Cl4 =Cﬁ4-2147*
10-31 30 @,6==37 0746 36 g = 0 62t f 12X = 0 25 =

3. 0649*10- g%CB 2 9%3%6}2*10 12 gCB @ 1.5262¥?6??? Cl0 = -7.3591*10-21
Cl2 = 2.1593*$01256044187°3, 5918* 10c30= €163592*5879*10-35 C18 = 0 5
64th surfa »6. 0849*10-8 C6 = 21_x10-13 C8
o Be2s 1 Gor T BRt 020 G0 C1z3=501088R5%10. 24 cia
7.9711%10- 29, €156.587@+/@75*10 33 (48 = @ Fig. 5 shows latera
aberrations in the projection optical systemPL of the first _
exanple? In the aberration 15 charts, Y represents the inage height,
the solid ldne reprLsents lateral aberration occurring when the
exposure

K =0

Csy = —6.0849%107° Ce = —8.7021*10713

Ce = -1.5623%1071° Cio = 1.5681*107%°
10 Cyp = ~1.6989%1072 Cig = 7.9711*107%°
-2.7075%107%3 © Cig =0

il

Cis

)

Fig. 5 shows lateral aberrations in the projection
optical system PL of the first example. In the aberration
15 charts, Y represents the image height, the solid line
represents lateral aberration occurring when the exposure
beam has a central wavelength of 193.3060 nm, the broken
lire represents lateral aberration occurring when the
exposure beam has a central wavelength of 193.306 nm + 0.2
20 pm = 193.3062 nm, the single-dash line represents lateral
aberration occurring when the exposure beam has a central
wavelength of 193.306 nm - 0.2 pm = 193.3058 nm. The
e notations used in Fig. 5 are used in Fig. 7, which will be
described later. As apparent from Fig. 5, the aberration is
25 corrected in a satisfactory manner for the exposure beams
with a wavelength width of 193.306 nm * 0.2 pm although the
projection optical system PL has an extremely large image-
side numerical aperture (NA = 1.32) and a relatively large
effective exposure region ER (26 mm by 5 mm).
30
[Second Example)
Fig. 6 shows a lens structure for a projection optical

system according to a second example of the present
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beam has a central wavel ength of 193.3060 nm the broken 1|ine
represents | ateral aberration occurring when the exposure beam has a
central wavel ength of 193.306 nm+ 0.2 20 pm = 193. 3062 nm the
single-dash line represents |lateral aberration occurring when the
exposure beam has a central wavel ength of 193.306 nm- 0.2 pm=

193. 3058 nm at i d.n e used

will be des@?%e%gﬁ%t er%nzgsh z%péperg'{igf r 8t I%51 %%rsﬁzhémgggpga??%cfag
25 correct eslystem Ght1isf e oo PEainEsn fdpftitdlﬁ @mﬁ@mmhéﬂﬂééﬁ@d
wavel ength wi dth of 193.306 nm_0.2 pmalthough the projection.

optical systempLen %C%ﬁd%t?%%:%%%% 3’%@ da mamariceaivex lens
aperture ( 1 r Y

rggl on ER ?m%rmﬁ%%%ﬁﬁgvté & Séeﬁé%n%e ﬂe% 1-iafllzleﬁtz;gt aGeC om%%algqerface at
structurse fbEs ar@tbq:b@tasmheopa |;@®$1ts\ye;tmmom diergs t10 3 teadang a

exanpl e of resent_ 26 enbodi ment in Fi the first
i maang opt%c al Xs@%?%?ﬁ%la ltffhereptilo‘fﬁ%ﬁ 'oﬁ iRg£10 q‘é‘iﬁs‘feerﬁqjl_s df14 he
second exanpyen ngh ugeshar It aNechald edudiate Rl i@ biaonvex d&ps »
L11, a positive meniscus |ens L12 having a convex surface at 5 its

reticle sideOShtbBRineRES fEni seis IP]eEn§1ﬂ_‘4131%a?\/|Q¢g1‘@X csamf@ch esuﬂlrtf ddes
at its reti e bi V. i spherica
concave sur]?%tgleégg ?%(Zere%l %%%&%erhls f%évr{ggngl% ;‘hcaﬁrs Teifs OoE-eve
haV| ng 1& coaweﬁae@raacetatretscle etidd e $Ir£t&;atam3ﬂénl\lﬁ:dﬁ3meﬁ’®$17

L16 h v a concave 10 surface at.its reticle side, a negative
§‘/gfscus | e AR TonEve Surfard et s s cle RadeEL e
positive fﬂ@@hb‘éldzl@s | Bags LB hawd ey ath asdierdical1 CURams: Sstifrf@a&f‘e al

its reticle, S|de fOSItlve meni scus | ens L19 having a
its reticle side, a positive meniscus lens L19 having a

concave surface at its reticle side, a biconcave lens L110,
15 and a positive meniscus lens L111 having an aspherical
concave surface at its wafer side, which are arranged

sequentially in this order from the reticle side.

' The second imaging optical system G2 includes a

20 negative meniscus lens L21 having a concave surface at its

reticle side, a negative meniscus lens 122 having a concave
J/i) surface at its reticle side, and a concave reflective mirror

CM having a concave surface at its reticle side, which are
arranged sequentially in this order along a traveling path

25 of the incoming light from the reticle side (light entering
side) of the projectiocn optical system PL. A third imaging
optical system G3 includes a positive meniscus lens L31
having a concave surface at its reticle side, a biconvex
lens L32, a positive meniscus lens L33 having a convex

3C  surface at its reticle side, a positive meniscus lens 134
having an aspherical concave surface at its wafer side, a
biconcave lens L35, a biconcave lens L36 having an

aspherical concave surface at its wafer side, a positive
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concave surface at its reticle side, a biconcave lens L110, 15 and a
positive neniscus |ens L111 having an aspherical concave surface at
its wafer side, which are arranged sequentially in this order from
the reticle side. The second i naging optical system & includes a 20
negative neniscus lens L21 having a concave surface at its reticle

side, a neqgative nenjscu s L22 having_a concave surface at its
reticle si g@?nﬁ%ﬂlsari%%;é}aﬂ@‘f% i&fe ar%?}}@(ﬁlcaél\/lmﬂaﬂé’ Fugdicavet
surface at its reticle side, ahicdhare wdanged 1588UeNe Aol Hgh Abhi s

order along a traveling path 25 of the incomng light fromthe

reticle si dSRigghRalerg@daite sif@cofatt He pmejfect isinicoptal dlansyst em
PL. A third.ijmgi ti-cal tem G3 includes a positive ni scus .

| ens L31 ﬁgtlngegg%%%££$%?§h$?%§ 4t %%éb%ﬁﬁq€;(§4§Qﬁ§e A ¢EhFegt 1ts
| ens L33, avapisi ts e menisesist 1w sndrdid diaying @ 109V 8% 30 s whf ace at
its reticle side, L a positive neniscus |ens L34 having an aspheri cal

concave surq‘%éejé]tc"i‘]t SCaRffre stvace af cldi‘?cé\ﬁéﬂcelr% UM, & piosdhdaee
| ens L36 haydgsa@ns P&@%:’;ﬁalh&pﬂr}@vae S e A dd% Vé{atf QS 8%: Je

positive 27 neniscus |ens L37 having an aspherical concave surface at
its reticl egigle,am gsitine gtem dus d gisrdB&dmdngd ey [asphenivdaly a

concave sur. e at_| waf er side | anp- concave |ens L39 having -
an aspheri éja]laa%%:%rﬁcsal’{l/ﬂ;eé%%? faacel%%ﬁ "ﬁfge_rg %éfeér Libge @ Podiilveus Lehs
meni scas | artsl 1 Ly hayidg efphaspher | Gilc LGNS W fAC8 @l Walier side,
rﬁﬁlcle side, a positive neniscus |ens L311 having a concave surface
at dits ret iTIROSLHdE BET R Urrsto adadng @voscmheex dednsongexe

having a planalcsWd acs; giatdsS Y@{Lr Side, a2 ROSIdJ \ﬁe‘éfnrgerﬂai us | ens
10 L313 having an aspherical concave surface at 1ts wafer Side, a
posi tive nenincarstdensl Sl dhadiagiran agphetdc aurdeneave its wafer
side, and a plane parallel plate Lp, which are arranged
15 seguentially in this order from the reticle side (light

entering side).

In the same manner as in the first example, in the
second example, an optical path between the interface lens
20 Lb and the plane parallel plate (immersed rlane parallel
plate) Lp and an optical path between the plane parallel
plate Lp and the wafer W are filled with pure water (Lml and

o

Lm2) having a refractive index of 1.435876 relative to an
ArF excimer laser beam (having a central wavelength A of

25 193.306 nm), which is the used laser beam (exposure beam) .
All the light transmitting members including the interface
lens ib and the plane parallel plate Lp are made of silica
(510}, which hés a refractive index of 1.5603261 relative to
the central wavelength of the used light. Table 2 below

30 shows the specifications of the projection optical system PL

according to the second example.
Table 2
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surface at its wafer side, a plano-convex lens L315 (interface |ens
Lb) having a planar surface at its wafer side, and a plane parall el
plate Lp, which are arranged 15 sequentially in this order fromthe
reticle side (light entering side). In the sane manner as in the
first exanple, in the second exanple, an optical path between the
interface lens 20 Lb and the plane parallel plate (imersed plane
parallel plate) Lp and an optical path between the plane parallel O
plate Lp angMdhe spdeirWaresfd)led with pure water (Lml and LnR)
having a refractive index of 1.435876 relative to an ArF excimer

| aser beam# havi %y 20&emtral wavel ength A of 25 193.306 nnm), which is
t he used Ia'?se; p/e@m(exposure beam). Al the light transmtting
menbers including the interface |ens Lb and the plane parallel plate
Lp are madel®df=sildca (S 2), which has a refractive index of
1.5603261 relatjve to the central wavel ength of the used |light.

Tabl e 2 bel®w 30°shd® the specifications of the projection optical
system PL mccosdjpg to the second exanple. Table 2 28 (Min
Specifications) A =193.306 nm1/4 5 NA=1.3B=154 mM A =3 mm
LX = 26 mLAy¥=& mpn 10 (Specifications of Optical Menbers)

LY = 5 mm
10

C:} (Specifications of Optical Members)
Surface r d n Optical
No. Member

{Reticle Surface) 128.0298

1 o 8.0000 1.5603261 (P1)
2 e 3.0000
3 708.58305 50.0000 1.5603261 (Lil)
4 -240.96139 1.0000
5 159.28256 55.0000 1.5603261 (Li2)
6 10370.42583 15.3309

(:) 7 175.91680 33.4262 1.5603261 (L13)
8 1901.42936 13.4484
9* -313.76486 11.8818 1.5603261 (L14)
10 235.56199 1.0000
11 90.40801 53.3442 1.5603261 (L15})
12 109.36394 12.8872
13 ~1337.13410 20.2385 1.5603261 (116}
14 ~314.47144 10.2263
15 -106.13528 42.5002 1.5603261 (L17)
16 -334.97792 56.0608
17* -1619.43320C 46.3634 1.5603261 {L18)
18 -167.060000 1.0000
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Surface r d n Optical No. Menber (Reticle Surface) 128.0298 1
8.0000 1.5603261 (P1) 2 - 3.0000 3 708.58305 50. 0000 1.5603261 (L11)
4 -240.96139 1.0000 5 159.28256 55. 0000 1.5603261 (L12) 6 1030.42583
15.3309 9 7 175.91680 33.4262 1.5603261 (L13) 8 1901.42936 13.4484
9* -313.76486 11.8818 1.5603261 (L14) 10 235.56;938%é02g0 1537 Laa10
90. 40801 53.3442 1.56032 12" 109, 36394 12. -

20. 2385 1.?6%3261 (L16)_§%%§é%ﬁ%?47144 P563 15 1108083638 bl 302
1.5603261 (40l7) 16 -334197782366. 0608 47%opb619. 43320 46. 3634

1. 5603261 2{18) 18 - 167, 00000 1.0000 29 19 -568.04127 48. 4966

1.5603261 (A119) 20 - 17208738147 0000 27 -637.803167 12558428 11. 6BUBREL
(L110) 22 ,838. 93167 1+§9§Qb§§ é64.564q30§%07549 1. 5603261 (Li 11)
24% 3443. 53617 72.0000 25 =237 1656 (M) 134. 07939 - 15. 0000
1.5603261 @AR1) 27 218.B60176433. 2263 30,7549 1.5603261 (L111)
24% 3443 .52617 72.0000
25 o -237.1956 (M1)
26 134.07939 -15.0000 1.5603261 (1.21)
27 218.66017 -33.2263
28 111.511¢92 -18.0000 1.5603261 (LZ22)
i:) 29 334.92606 -28.5215
30 170.92067 28.5215 {CM)
31 334.92606 ~ 18.0000 1.5603261 (L22)
32 111.51192 33.2263
33 218.66017 15,0000 1.5603261 (L21)
34 134.07939 237.1956
35 o0 -72.0000 (M2)
36 1133.17643 -25.2553 1.5603261 (L31)
37 247.47802 -1.0000
38 -480.60890 -29.6988 1.5603261 (L32)
39 626.43077 -1.0000
wﬁ) 40 -208,29831 -36.2604 1.5603261 (L33}
~ a1 -2556.24930 ~1.0000
42 - =173.46230 ~50.0000 1.5603261 (L34)
43* ~294.18687 -26.4318
44 ©99.54032 -11.5000 1.5603261 (L35)
a5 -106.38847- -47.,9520
46 158.19938 -11.5000 1.5603261 (L36)
47 * -189.99848 ~-27.6024
48+* 487.32943 -34,3282 1.5603261 {L37)
49 153.21216 -1.0000
50 -280.33475 -39.4036 1.5603261 (1.38)
51% ~1666.66667 ~17.3862
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28 111.51192 -18.0000 1.5603261 (L22) 29 334.92606 -28.5215 30

170. 92067 28.5215 (CM) 31 334.92606 18.0000 1.5603261 (L22) 32
111.51192 33.2263 33 218.66017 15.0000 1.5603261 (L21) 34 134.07939
237.1956 35 -72.0000 (M2) 36 1133.17643 -25.2553 1. 5603261 (L31) 37
247. 47802 -1.0000 38 -480.60890 -29.6988 1.5603261 (L32)

626. 43077 -, 0000 40 -208,29831 -36.26 03261 _( 1

- 2556. 2493 %21 0000 42 -173. 46230 -50. %%oé0§%56032é %%%§ZF% 48%39)
-294. 18687 526. 4318 44-590 540390 - 11. 5000 3155603261 (L35) 45

-106. 38847 -47.9520 46 158, 19938 -11.5000 1.5603261 (L36) 47*

-189. 99848 297, 6024 48* 4B BYOUB - 34 -F2821P85603261 SE0F2H1 49L310)
153. 21216 -l 0000 50 -2 5 39. 403 03261 (L38) 51*
-1666.6666%i%17.3862 30 %§3§g 2. 0000 % @8@@261 (L39) 53*

-1511. 715806 40. 3150 54*8655! BEBY3 - 624212838, 5603265602350) (551.1)
242. 88510 -1, 0000 56 8432g§0§§bo49 2538 1.5603261 (L311) 57

280. 00000 -1 0000

58 ~1.0000 (AS)
59 ~291.92686 ~61.1038 1.5603261 (L312)
60 o ~1.0000
61 ~179.32463 ~67.4474 1.5603261 (L313)
O 62 ~438.34656 ~1.0000
63 ~128.42402 ~52.4156 1.5603261 (L314)
64% -401.88080 ~1.0000
65 ~75.86112 ~41.5893 1.5603261 (L315: Lb)
66 e ~1.0000 1.435876 (Lm2)
67 - ~16.5000 1.5603261 (Lp]
68 - ~3.0000 1.435876 (Lml)

(Wafer Surface)

{Aspherical Surface Data)

9th surface

{D x =20

5 €y = —3.1753%107° Ce = 9.0461%107"
Cg = —1.0355*1071% Cio = 1.2398*107%°
Cio = —1.1221*%10723 Cig = 5.7476*%107%°
Cie = —-1.1800*107% Cig = 0

10 17th surface

x = 0

Cy = -2.8399*107° Cs = -3.0401*107"

Ce = 1.1462%107% Cio = 4.0639*%107%2

Ciz = -8.6125%107%° Cira = 4,4202*%107%
15 Cig = -9.9158*107° Cig = 0
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58 - -1.0000 (AS) 59 -291.92686 -61.1038 1.5603261 (L312) 60
-1.0000 61 -179.32463 -67.4474 1.5603261 (L313) 62* -438. 34656
-1.0000 63 -128.42402 -52.4156 1.5603261 (L314) 64* -401.880860
-1.0000 65 -75.86112 -41.5893 1.5603261 (L315: Lb) 66 - -1.0000
1.435876 (LnmR) 67 -16.5000 1.5603261 (Lp) 68 -3.0000 1.435876 (Lm)
(Wafer Surface) (Aspherical Surface Data) 9th surface 0 x =05 &4 =
-3.1753*10-8 C6 = 9.0461*10-12 08 = -1.0355*10-15 C10 = 1.2398*10-19
Cl2 = -1.122%th Hox23c€ld = 5.7476*10-28 Cl6 = -1.1800*1032 C18 = 0O
10 17th surface X =0 C4 =-2.8399%10-8 C6 = -3.0401*10-13 C8
1.1462*10- ¥770% = 4.0639*10-22 Cl2 = -8.6125* 10-26 Cl4 =
4.4202%103@, 15,Cifgg«1§-29158*10 3§:C18 3 Q %% Lﬂ surface K=0C4
= 2.1499*10-8 C6 = -3. 8861*10 13 2 2*10-18 Co =
_2.1623510C23~ B128%2+R0EE36* 10- 260 1614 -221&87%&1@330

Ci2
Cise

-2.5636*%107%° Cia = 2.1879%107%C
-6.5039%107%° Cig = 0

It

43th surface

10 xk = 0
D Cq = -2.0533%107°° Ce = 7.8051%107%3
Cg = 9.4002%1071® Cio = -2.1043*10™%
Ciz = 7.8182%1072% Cia = =-9,2007*107%°
Cie = 3.6742%107% Cig = O
15

47th surface

K = 0

Cy = 9.8639%107°° Ce = ~6,7359%10712

Ce = 6.8579%1071¢ Cio = -6.1604%107%°
20 Cip = 5.1722%107% Ciqg = —2.9412%107%8

Ci¢ = 8.6688*10773 Cig = 0

48th surface

K = 0

25 C4 = 4.3101*107® Ce = —3.2805%10712
Csg = 5.6432%107Y7 Cio = —-9.2345%10722
Ciz = 1.0713*107%° Cis = —9.9944%107%°
Cis = 1.8148%107% Cig = O

30 51th surface

x =0
C, = 2.5839%10°° Ce = —1.8848%107%2
Ceg = —4.9271*%107Y Cig = 4.4946%107%1
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Cl6 = -6.5039*10-35 C18 = 0 43th surface 10 K= 0 C4 = -2.0533*10 e
06 = 7.8051*10-13 C8 = 9.4002%10-18 Clo = -2.1043*10-21 Cl2 =
7.8182%10-25 Cl4 = -9.2007* 10-29 Cl6 = 3.6742*10-33 C18 = 0 15 47th
surface K =0 C4 = 9.8639%10-8 CB = -6, 7359 10-12 C8 =
6.8579*10-16 Ol o = -6.1604 *10-20 20 Cl2 = 5.1722* 10-24 Cl4 =
-2.9412* 10:28_ C16 *1033 C18 = 0 (D 48th surface K = 0 25
C4 = 4.3101%2078" 255§§%§%g5* 10- 1%14 C8 g@ 3643910-17 d o

"9, 2345+ 102,22 C324564+ FE8* 10- 25 @%ﬂ_r6-95%%445$®-30 C16
1.8148*10 33 C18 = 0 30 51th surface ="2.5839*10-6 OB =
-1.8848%10-12 C8 = -4.9271*10-17 Cl o = 4.4946*10-21 32 Cl2 =
-7.2550* 10:46 Gl4 7 4 9237%10-31 CL6 = -2.4260* 10-35 CL6 = 6. 2565*
10-40 53tHh surfaceégzx =0 C4 = -4. 7449%10-8 C6 = -2.3075*10- 13

5 x = 0
Cq = —4.7449%1078 Ce = -2.3075*10713
Cg = 1.0475%107*® Cio = -2.1805*%107%
Ciz = -9.0530*%1072%° Cis = 4.6274%1073°
Cig = -6.4961*107%° Cig = 3.4402%107%
10
(:) 54th surface
K = 0
Cqs = 2.0328%107° Ce = —-7.7439%107%3
Cg = 1.6217*1077 Cig = ~3.5531%107%2
15 Ciz = 8.2634%107% Ciqa = 2.6232*%31073%
Cie = —-2.0989*107°° Cis = 4.0888*107"°
&62th surface
K =0 '
20 C4 = 2.5121*107° Ce = -2.0342*107%2
Cs = 1.2906%1071° Cig = —-5.4455%107%
N Ciz = 1.2885%107%° Ciq = ~1.4600%107%
~ Ci6 = 3.2850%10°% Cre = 0

25 64th surface

k =0
Cy = -2.8098*107% Ce = -3.9565*10712
Cs = 3.1966%107%° Cio = -2.7246*107%°
Ci» = 1.8266%107% Ciy = -8.6244*107%°
30 Cig = 2.1570%107% Cig = 0

Fig. 7 shows lateral aberrations occurring in the

projection optical system PL of the second example. As
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C8 ='1.0475* 10-16 C10 = -2.1805*10-21 C12 = -9.0530* 10-26 Ci14 =
4.6274*10-30 Cl16 = -6.4961*10-35 Cl16 = 3.4402*10-91 10 54th surface
K=0C = 2.0328*10-8 C6 = -7.7439*10-13 C8 = 1.6217* 10-17 Cl10 =
-3.5531 *10-22 15 Cl12 = 8.2634*10-27 Cl4 = 2.6232*10-31 Cl6 =
-2.0989*10 35 C18 = 4.0888*10-40 62th surface K =0 20 G4 =

2.5121*10- & 2. O3 r19: 12, Be 2367105 3566,%11% >
10-21  Cl2 _@]5%%5* 10- 25 %:‘%4 = -%%48‘300* 10-30 Ci6 efstfgi ZI%‘ g’él c18

= 0 25 64t rﬁ%“tﬂf&f%%%tow gy Lo Go0 Exe-811E6 beand, gﬁaﬁﬁ’i’ll;oglgz4gl8 =
3.1966* 10- 16 2. 7246*10- 20 12 = 1.8266*10-24 Cl4 = -
*10-21 30 "@L‘ée e Gl ’g‘s%f 61%3 H my = 70 showi %@%r‘éﬂlough the

Aol At LonsoRsfaii 169 ddridie Olaetdon, PR LA e SRl e o

second exanple. As 33 apparent” from the 61 ra
corrected |¢Kian’\em%h‘lllsdm onrrg/agmrme:fe fmnnetme:adxmrrt@drﬁeam h-aw g and

el ength wi nm .2 pmeven thou t he ect I on
\gg;/l cal gsys% er%e% J()‘fe]][ ’%& e HEL A S @)&lroé'ﬁap & g& by 5
i mage- si de nawmerH cigthe aémﬂ[é liﬂ[é:hr(é\lAas krﬁ)tl’%nq;rc% J&liatd %%Jtﬁéaqr &rstem

ffective exposure region ER (26 nmb
€ If of the first exémple y s

10 In this manner, the optical path formed between the
ii) interface lens Lb and the wafer W is filled with pure water
(Lml and Lm2) having a large refractive index in the
projection optical system PL of the present embodiment. This
enables the projection optical system PL to have a
15 relatively large effective imaging region while achieving a
large effective image-side numerical aperture. The
projection optical system PL of each example of the present
invention has a rectangular effective exposure region
{stationary exposure region) ER having the dimensions of 26
20 mm by 5 mm while achieving a high image-side numerical
aperture of about 1.3 for an ArF excimer laser beam having a
fi) ‘central wavelength of 193.306 nm. This enables the
projection optical system PL of each example to scan and
expose a cilrcuit pattern within a rectangular exposure

25 region of, for example, 26 mm by 33 mm with a high accuracy.

When the image-side numerical aperture of the
immersion projection optical system is, for example, less
than 1.2, as shown in Fig. 8{a), reflection of incident

30 1light at a light entering surface Lba can be avoided even if
the curvature of convex light receiving surface Lba of the
interface lens Lb is not that large. As a result, a holding

tab Lbb for holding the interface lens Lb may sufficiently
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mm) in the sane manner as in the projection optical system PL of the
first exanple. 10 In this manner, the optical path forned between the
interface lens Lb and the wafer Wis filled with pure water (Lm and
Lnm2) having a large refractive index in the projection optical
system PL of the present enbodinment. This enables the projection

optical systemPL t ave 15 relatively | arge effective i magi ng
regi on whi Isﬁee achi @ c?n q ]Iajaqug]é:{ eé‘lfngflﬁlﬁs\/lé)q a‘dé&]é%'dél%r?@rq‘@dl at” the
aperture. Tdide psoj£ctidit aptitaalngysiemdd e eaghiexapRbesofnthei sk

present invention has a rectangular effective exposure region
(stationar yexpbBur® R NY BReBHany thedwhaneridicons lofin26 t2® minbbynd

S Mmwhile a I i e-si-de n rica apertur.e of about
1.3 for an A?@%c@nelﬁl Ihda}g%rl geaﬁ%a]'viar?g&]ﬁ%uelr# #ﬁa%lbé\?elléﬁ(‘?t f
193. 306 Snmprdy ecenabl@st idiel Ppragjerct i on optical system PL of each

exanple to scan and expose a circuit pattern within a rectangul ar
exposure 25 region of, for exanple, 26 mm by 33 mm with a high

accuracy. VWMen Ufig,dvERJC e SUTRHL AN ARG G 100 Lifig OIS Si on
projection optical systemis, for exanple, less than .5, as “shown
in Fig. 8(a®Rerefiecti dheofinnaisdent B®Jdgtitoratore ildaghts yenttear itag be

surface Lb voi d even if, the curvature of, convex |ight
receiving s I(r:(%{akcé;reL%Iaa&o'f ?Chre e%aﬁ%pé‘ref’age‘%’er‘?ss I_Sglq"‘g1 ot %tlﬁat 8 & ge toas
a resull, aatholdlingfldahdibly f dndielediing itghe: ity enfeaa Jrenenkl ATRY

sufficientl 4 be spaced fromliquid (inmrersion |iquid, not shown)
at)the si o%l%‘ga% IiR_fhte ferfilta ilmgt%r&rar%elep@c.vamtéla g ehd eriisky

of 11 qui d enlerd 0 ML rRRACE el weenda: il lidng,itab Ll 4nd; 2 gl d
Hd in the lens cell and liquid |eaking into e o proj ect’i on Optnl cdl
system large curvature. In this case, the holding tab 1bb for the
interface lens Lb is inevitably located near the liquid at
15 the side of the light emitting surface Lbc, and liquid is
apt to easily leaking into the space between the holding tab
Lbb and the hold Hd and further into the projection optical

system.

20 When liquid leaks into the space between the holding
tab Lbb and the hold Hd, the leaking liquid acts to produce
,n> a force that attracts the holding tab Lbb and the hold ad
= toward each other. This may move or deform the interface
lens Lb and increase the risk of the imaging capability of
25 the projection optical system being lowered. Further, when
liquid passes through the holding lens Lbb and the hold Hd
and leaks into the projection optical system, the anti-
reflection film formed on the optical surface of a light
transmission member, which includes the interface lens Lb,
30 may be deteriorated thereby increasing the risk of the
imaging capability of the projection optical system being

lowered.
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However, when setting the imge-side nunerical aperture of the

i mrersion projection optical systemto be greater than, for exanple,
1.2, as shown in Fig. 8(b), to 10 avoid reflection of incident |ight
to the light entering surface Lba of the interface |ens Lb, the
light entering surface Lba nust have a convex shape with a

signi ficantl | ar. rvature. |n . this,.case, the hol di tab Lhb for
tlhg Iinterfa%:/e Izﬁlr:llggelb i iR Y9 %&ggd‘hhégﬁowﬁﬁg It?‘gufnﬁlgt ggture

the side ofot hgnd ighij @ tdi nepisirdace, die, aNdrd PHdens caBbdifent .
easily leaking into the space between the holding tab Lbb and the
hol d Hd andRetREFENT i R oF the Drdjecil dhemticdsctiopsopni c20 Wyeem PL

liquid | ea i C A t he | dj_n t bh and the hold
Hd, the Iegcﬁ nﬂg‘ifl%{ﬁ%& actegn}:%g&%fo dcgi d}%fog}recg;rt h(gtt%algt t1°4cfs Spﬁge? -8
hol di ng 5t abfduribedingb tdwe tol ditcburtcbvear cbmﬁtmzt@e:regi'ls:cmi S(hrlé@y[ oo \t@ rofigh
deformthe interfa | ens Lb and increase the risk of the inmaging
capabi lity ‘8?1% ?ﬁﬁe‘iﬁb‘f%éﬁw AT ARt embdiley Lighdr epitting

Further, whan-rddguint Rassase tugh ddhe Hol d(:i@l&elr%%e'-% rd;the

hold Hd and | eaks into the projection optical system the anti-
reflection ¢i¢weiior ned oFhehgropriec&k derf doe ekampllghtontinuously

transm ssi e i i_ncl the interface ns .Lb, 30.nay€&e
det eri or at gﬂoﬁée?e Y %@ncfg;aés&nlgyﬁqﬁg FHsK L%‘fiettﬁléa eigri%&%ﬁéf Scapdoit

of thelprojtees i bigyloptémat t igystam hetngdbd cuey 8hclield Gn AnicS iked
schenmatic di agram showi ng the nmain feature of the projection optical

sgsjemin t S ertddi ek 2GRS GRy vHdIritge gfdpctiive he
proj ecti on opiddle sl &N Rur ©fcd NPT @RaNte,ibAd M, 3,05094¢. &
(that is, a space) is 5 forned so as to surround an effective redion
(region thrighllel to an effective circumferential surface Lbd)
connecting the circumference of the effective region of the
15 1light entering surface Lba to the effective region of the

light emitting surface Lbc.

In the projection optical system PL, the image-side
numerical aperture of the immersion projection optical
20 system is to be éubstantially greater than, for example, 1.2
(L.32 or 1.3). Thus, the light entering surface Lba of the
”ﬁj interface lens Lb has a large curvature, and the holding tab
K Lbb is located near liquid Lm2 {(not shown) at the side of
the light emitting surface Lbc. However, the groove Gr
25 extends deeper than the holding tab Lbb to be closer to the
light entering surface Lba. In other words, the holding tab
Lbb is arranged on a holding plane Lbbs (hypothetical plane
shown by double-dashed line in the drawing), which is
orthogonal to the optical axis BAX. Space, or the interior of
30 the groove Gr, is formed between the holding tab Lbb and the
optical axis AX. 1In this specification, “groove” is a broad
concept including a recess and gouged out portions. For

example, a step may be formed between the level of the inner
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whi ch effective |ight beam passes) of the light emtting surface Lbc
of the interface lens (interface optical elenent) Lb. The groove G

is, for exanple, continuously forned so as to entirely surround the

effective region of 10 the light emtting surface Lbc and includes an
inclined surface Gathat is in accordance with the effective

circunfer ergdﬁa% (:Sé,lré ereneingca%o(J‘Pe G%xaﬂ%ﬁﬁjt elfnq targ{g: %I I%% I eI tdo

an effective circu sur face connec

ci rcunf er endes dfetdie @f factduer egirarnaf mhe 15 Ilght entering
surface Lba to the effective region of the Ilight emtting surface
Lbc. In the projection optical systemPL, the image-side nunerical

aperture of the iygmy I d cal t

substantial ly great err% %gr?% e}?ﬂ()tﬁ%tengatl‘l@a!l %gszc%ﬁ?} gF fﬁf) B Q‘%ent
the |ight emlzrdiersur fmclelqmla;i dfoltchlmg :mztcérafrgm Ilehisfdrb htgﬂfi;gagi am?e
curvature, @an | .d tab i s cate i qui no
shown) at t]hecgus%%:mg‘f ﬁalr%eté_%ﬁtt“fei% tg’l?r Yoo Bewevdr oft hbe
groove G 25 gt eér@llsuﬂﬁapeguztﬂm tihe: hot ditg J.tr?eterl-f%b:et q P& CinO%% Tt%e
the |Iight enterl%g surface Lba. In other words, the holding tab Lb

i s arranged 8 HoIRAARyF Madiel 1ob (@ ympdithet i'bal lphaad hehowngby
doubl e dashgsbl e .1 e depulap)e, i S S Arkhagonal L (e,

optical axis AX Space, or t e interior roove _
for medlBet vmnmémﬂmﬁeﬂg taab:l umtartd.ﬂyh@chjFﬁdt(Bahrﬁ)d & 0AX 1 nle rtilirs
ecificati "gr oove" |s broad concept |nclud|ng€a recess and

g ged out ‘r%'iori%pa ok 1F oW SstHp ndf e SPEFAEICBet eeh Ehe

| evel of tmqqmrh&@mgfrmﬁlgnhqmrw%@oﬁﬂd% s%fPﬁaHen&Ha,
surface Lbc) and the level of an outer surface Lbe. In

proj ection qubas,s Sgggq@eﬁ Flrosf atsk Qe toward the 1ncllned surface

Gra of the groove Gr. A water repellant treatment is

15 performed on at least either one of the inclined surface Gra
and the opposed surface LHa. Alternatively, a water
repellant film is formed on at least either one of the

inclined surface Gra and the opposed surface LHa.

20 As described above, in the projection optical system
PL of the preferred embodiment, the light entering surface
,t> Lba of the interface lens Lb has a large curvature. Thus,
F the holding tab Lbb is located near the liquid Lm2 at the
side of the light emitting surface Lbc. However, the groove
25 Gr is formed so as to surround the effective region of the
light emitting surface Lbc. Therefore, even when the liquid
holding mechanism LH is not used, the groove Gr functions to
resist leakage of the liquid Im2 into the space between the
holding tab Lbb and the hold Hd of the lens cell and further
30 into the projection optical system PL.

That is, in the projection optical system PL of the

present embodiment, the leakage of liquid (immersion liquid)
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5 enbodi nent, a liquid holding mechanismLH for holding the 1liquid
Ln2 is arranged between the effective region of the light emtting
surface Lbc of the interface lens Lb and the imrersed plane parall el
plate Lp. The liquid holding nechanismLH is formed from for
exanple, titaniumor 10 stainless steel, and partially projects into

the interiar 1€, ace) of the .groove G.. Mre specifically, the
i quid hol cf‘lnntgo( % é)rﬁscglrﬁ%% Hadgh GppiSyendGrr 308 eHSE tijtreikory

spaced fromrang rappegeditiowsy d 4 ke imeliideed senfeger & F‘h@f e&ﬁ)&sﬁf@ove

G. A water repellant treatnent is 15 perforned on at |east either
one of the ARFRALHEP QU fidice RGSF erdnEMdsligepés egesuthacdilgHaresolution

A Lerhnal velo 481 Srrc s o JULID 5 LGS o030 880 AL

one of the 1Inc ace aan € “opposed’surface
descri béd dbioueid ifirdrherprenjiect iiorncopthec alptsystieRy sRemofnih@aintains

preferred enphodi ment, the light entering surface Lba of the
interface | ﬁ_%e%ya qaé:iﬂé’gtlcldﬁrat tPES TRYSropatEpenAGRaY ngtaaby Lbd

i s | ocat ed gyepfedthay ldrivich ot Bty itdhe hi%jhd%c%hrfag%.' ight emtting
surface Lbc. wever, the groove 25 G “is fornmed'so as to surround
the effective region of the light emtting surface Lbc. Therefore,

even when the |iqui |l chanism LH is not used, the groove G
functions to reg‘? 5’?%%&%&%9)?%8@@&&9? Eﬁﬁoivﬁtso&f:hg‘agpggefﬁﬁﬂﬁgeﬁo
the hobdi ng ttab dibtrcand,t fohelxdnid f thke drerstaelel rard ohubthehe 30

into the projection optical systemPL. That is, in the projection
opt hcal systieh Pt iRy S&%‘é&rﬁ Ihtedi Fdst intkes feegkdgasolbl-i qui d

(1 mer si on gy, 37 éf'fte%_tti_%19,Pt;ir‘éfa‘z'en%y%ﬁq%m1ii§bﬂrdﬁm@t 99 A48 ching
satisfactory inmaging capability”is maintained. rther, the exposure
the heolding tab Lbb, as described above, it is preferred
that the groove Gr be formed continuously so as to surround
15 the entire_effective region of the light emitting surface
Lbc and that the groove Gr be formed to extend deeper than
the holding tab Lbb to the side of the light entering

surface Lba.

20 In the projection optical system PL of the present
embodiment, the plane parallel plate (generally an optical
;:> member has substantially no refractive power) Lp is arranged
\ in the optical path between the interface lens Lb and the
wafer W. Thﬁs, even when pure water, which serves as the
25 immersion liquid, is contaminated by out gas or the like due
to the photoresist applied to the wafer W, the plane
parallel plate Lp arranged between the interface lens Lb and
the wafer W functions to effectively prevent the image side
optical surface of the interface lens Lb from being
30 contaminated by the contaminated pure wafer. Further, the
refractive rate difference between the liquid (pure wafer:
Lml and ILm2) is small. This significantly moderates the

orientation and positional accuracy required for the plane
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apparatus of the present enbodi ment uses the high resol ution

i nmer sion projection optical systemPL, which prevents 5 liquid from
entering into the optical systemand nmaintains satisfactory
capability. Thus, mcropatterns nay stably be projected and exposed
wi th high accuracy. A plurality of unconnected grooves G may be

formed so S 410 , ex e e .gffective regjon, of
the |Iight %%a?tliénlg e ‘Lbfgﬂgf”t%gg%ln?B%FaEgﬁ§%%H‘EbParigéa§%%ePl,ate
to effecti Vet yi praveramitiea dd,quite lopt ifdadmosgachiligy ©Whe bel deegvbaby
Lbb, as deigribe above, it is preferred that the groove G be
formed contihddtsidr Sy #8456 (IS Peaassagnt i r BUBEReEL | Voe rebion

of the |ighfaremidi RA W figceruddis Ahd dhatdihe %E:%%§%r9 f@%cftﬁ%lgﬁgns

to extend deeper than the holding tab Lbb to the side of the
entering $Ur fidee Lisaidansy e gbr gjoedicds dpei dalt esfstemlBhsofbt he

present e [ |_an arallel plate.(generally an optical
nenber has sugg#ﬁ%%?ﬁ%ﬂgmﬁ5§Fgf$%§F?V§ 6%“3Wflggﬁss FPaRg&88™erh -t he
optical pattthuset ieemitchengdyntey freael liens kRiandvhe swafier sWh-Lhus,

even when pure water, which serves as the 25 immersion liquid, is
contam nated by out gas or the like due to the photoresist applied

to the wafer W tihe tpleang o-Rfialhelotk rranged -b the
interface lens Lb ande hgjwafer wf 3&?%?0%?5?8%e?gegfigéﬁisg?8$gﬁt
the i mhfe sihodigsmitcaltheurlfiang dothotlld niogntrerchaed skens bhrfiamibei ng
3Q_cont am y. t.he contam nated pure wafer. Further, the
réf)aptivegﬁgﬁgéﬁﬁf%ﬁ%%%%%%é?ﬁﬁgﬁ t eSPi&&i%o(BUP&QW&PQF?CtLWPthHhe
Ln2) is snildterfice Siegni figantlar Medersat s theprarkant akkepnadrorce
positional accuracy required for the plane 38 parallel plate Lp.

Thus, even & 2 gﬁetﬁgr&pﬂ@mfgp@téens Lb. This ensures that the

liquid Lm2 is held in the optical path between the effective
15 region of the light emitting surface Lbc of the interface
lens Lb and the plane parallel plate Lp. However, when a
pressure fluctuation that is greater than predicted occurs
in the liquid Lm2, which contacts the interface lens Lb, the
ligquid Im2 may be transmitted to the holding tab Lbb through
20  the space between the inclined surface Gra of the groove Gr

and the opposed surface LHa of the liquid holding mechanism
LH.

Accordingly, it is preferable that a water repellent
25 treatment be performed on at least either one of the
hydrophilic inclined surface Gra and the opposed surface LHa
or that a water repellent film be applied to at least either
one of the inclined surface Gra and the opposed surface LiHa
so that the liquid Im2 is not transmitted to the holding tab
30 Lbb through the space between the inclined surface Gra and
the opposed surface LHa even when a pressure fluctuation
that is greater than predicted occurs in the liquid Lm2,

which is in contact with the interface lens Lb. It is
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Lp is contam nated, the optical capability may be recovered by
repl aci ng parts whenever necessary. Further, the plane parallel
plate Lp functions to reduce pressure fluctuations 5 of the liquid
Lnm2, which contacts the interface lens Lb, during scanning and.
exposure or during a step novenent. Thus, liquid my be held in a

relatively rQjecti Lcal. system PL qf th
present 10 enbéordl ne?]t?}aﬂt h%eﬁ%]fgqr&ogjehgrld?l%g%pnét(?%aﬁing%lﬁq%gﬁltr&éllcley%ra
proj ects i ntlmt s gimoaved@daaasitth atn ¢ fferttack wWithulferential
interface lens_Lb, that is, so as to prevent external force from
acting on tsﬁjerﬁarﬁeerlfb&geﬂ}aesnsarlbl.ncllﬁir?téﬁéhﬁé’éfrteﬁ%nldﬁég itioqdib@ Lne i s
hel d i n t heopddcal i esn ithe i 5 regi .Qf | i ght
emtting surface Lbecg%?lh?ﬁ[gﬁi nt erlfatalceS‘%jCIJIC%(rEftse| L%déngot%%g%gllgﬁettg%r al | el
plate Lp. Hoviesmerfengiare oo f pries sufifedtivet uatgion ohathies lggeat en tieldng

predicted q i the liqui . which.contgcts the interface

|l ens Lb, the :alg%euilgjal_gﬁj r%% b%%errz%r}svrﬁ t1%¢d “Fo © hé;%ﬁolqdigll?& €59 YtaR9

t hrough 20 dihef spaciebdetmesnided Reldured spuickbade rGia c0h e jeheove o f
G and the opposed surface LHa of the liquid holding nechanism LH.

Accor di ngl Y:B9 t2 38 i % navkEand spatlér- repel lent 25 treatnent be
performed on at |east either one of the hydrophilic inclined surface
Gra and the opposed surface LHa or that a water repellent film be
appl i ed0to at | edst taie pero]jcartd onf ol darickiysedms BLf ade tGeapardehhe

opposed surface..L.Ha,h sq.,that.the liquid Ln2 is not transmtted to the
Hgﬁdi ng tat 3t PE R Hr o etfﬁftee d&e e feent the hﬁ@ﬁtngﬁlﬁﬁflﬁce Ga
and the opposkrbeuniacsr Lt avaR bR adiesl @ sf buehuati ofnpthatye
is greater than predicted occurs in the liquid Ln2, which is in

contact w thR¥He 9intirs ddeighdm2y betiwges 3he interface lens Lb and
the plane parallel plate Lp has a uniform thickness. This

15 prevents luminance differences in the exposure region on the
wafer W even when the transmissivity of the liquid Lm2 with

respect to exposure light is insufficient.

In the above embodiment, the plane parallel plate Lp

20 is arranged in the optical path between the interface lens

Lb and the wafer W. However, the present invention is not

(:) limited in such a manner and, as shown in the modification
of Fig. 9(b), the plane parallel plate Lp may be eliminated.

The same advantages as the present embodiment may be

25 obtained with the modification of Fig. 9(b) by forming the
groove Gr (that is, a space) so as to surround the effective

region in the-light emitting surface Lbc of the interface

lens Lb.

30 In the above embodiment, the pure water (ILml and ILm2)
is filled in the optical path between the interface lens Lb
and the wafer W. A liquid having a refractive index higher

than the pure water (e.g., a liquid having a refractive
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preferred that the groove G have the inclined surface Ga that is
in accordance with the effective circunferential surface Lbd (has an
inclination corresponding to the effective circunferential surface
Lbd) connecting the 5 circunference of the effective region of the
light entering surface Lba to the effective region of the |ight

emtting c dn_.order .t nsure space for the_arr enment of
the 1iqui diﬁ%{egf%gﬂ_ﬁécdh%rﬁ én%efl_elh %& ?Dne tuhc’ee%prlgjs(g(‘??fjm %ﬁ‘—f‘?ﬁ‘g S s?/gt%‘ﬁ?h
PL of the priegentefrhembediineilx ltikgiiefS astdlvee angeeha1t he i ght
emtting ~J surface Lb the interface lens Lbc is planar. Thus,

c _of

the layer Gfi(RE!FHGHFACEREOBEL vttt 19ieEINM etGHce 1 effgrEtheandvathe
plane paralddgl: Aty 5P, hag-a wni fqrm LRI Lkngs sy Bhi Sw&?e r%ﬁ@éfﬂing
| um nance differences I n the exposure regi on on ?‘he war er even
when the trarnicdsisyvialy cofidechef iaduird nue®, isbipropespeact heaagxposatige
light is in lf:fzJ ieci ent. .In the above enbodi nent, the plane parall el
plate Lp P Pan G P eSSt i cal path between the interface
lens Lb and the wafer W However, the present invention is not
limted in such a manner and, as shown in the nodification of Fig.
9(b), the plane F&c& Iseichplatd gbp redyalsd igki Andaxediquiteisamsed, it
advant ages ;as i t obt.ai.ned w th the
modi fi cat i on é&%@?a%é%ﬂﬁk%? %%r“{r?gf F?gf s qgé%%’%\?qu t?‘?hﬁt”?&,‘?tcéon
space)18o0 apitticaursyeaimh tHie dff galritdeulaegi Arnisest heali ght emutki ng
surface Lbc of. the itnt grfacef I en§ Lb. 30 In the above enbodi nent,
t@ pure wat B 4G5 Een e f5ts Wi | ﬁ%mfﬁe_féﬁf“i EaMafarhabebABeRd 2
the interfaceH ersddtiand ithevaf e W Arbeguhgdibaving aafefhRctivee,
i ndex higher than the pure water (e.g., a liquid having a refractive
40 magnesium oxXide, barium fluoride, strontium oxide, barium

oxide, or a mixed crystal mainly composed of these materials

15 be used as the high-refractive index material.

This realizes a high numerical aperture with a

feasible size. When, for example, an ArF excimer laser
(having a wavelength of 193 nm) is used, the projection

20 optical system PL achieves a high numerical averture of
about 1.5 or more. When an ¥, laser having a wavelength of

{t) 157 nm is used as the exposure beam IL, it is preferable to

use a liquid enabling transmission of an F, laser beam,
specifically, a fluorinated fluid, such as

25 perfluoropolyalkyether {PFPE), or fluorinated oil as the
liquid.

The exposure apparatus of the above embodiment
illuminates the reticle {(mask) using an illumination
30 apparatus (an illumination process) and exposes a transfer
pattern in the mask onto the photosensitive substrate using
the projection optical system (an exposure process). Through

the illumination and exposure processes, the exposure
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index of 1.6 or nore) may be used instead. Exanples of such

hi gh-refractive index |iquids include glycenol

(CH2[OH CH OH CH2[ OH] ) and heptane (C7H16). Further, water

~containing H, Cs-, K, d-, 5042-, or PO42-, water containing 5

particles of oxide of aluninun1 i sopropanol, hexane, and decane nay
quid,is used, it

al so be us refractive.inde

is prefera%%gayggi soﬁ@uoﬁ t%éeFeW§5§°dﬁvﬁﬁ85 ﬁﬁF BEEPBAUCEBT oPEVEGES/
system PL, iimagpaudt icekliddes, Iaaaasdneaystaﬁ um@g@a§uaE§§@eétOthQhwﬁier
W, be forned froma material having refractive index. It is

pr ef er abl e Ly H@&lﬂcﬁt&rﬁ Serds, - n%lgrh@ém% w@ambﬁacmmmq:oau de,
strontium gxi-deqRariu %ﬁkgﬁf 85%§5E5X§ mgrﬁﬁ&ﬁcto FS”BB?Sgng

these materials 15 be used as t ractive I Rd ex Hateria
Thi s real i Zegma thiogh ofure pirede taped hatieciirthia pheasihl enshzear¥hesr

for exanpl a Ar F exciner | aser |, ShaV|n a wavel ength of 193 nn) is
used, the %P&i iC0f 526 &POtesrRSy St Em PHPSERPEGeYS AT FRenarBpPFEAR

aperture ofappabeutusl oF Qhe”%&%seﬂ@eamﬁedﬁ%ehﬁs@Elmaﬁbﬂgb %?E?Bgﬁh
of () 157 nmis used as the exposure beamIL, It is prefera

use a | i quid tenaisifiergnceartsnias Eiloncbhranshawhaser Fhganj o.

specifically, a fluorinated fluid, such as 25 perfl uoropol yal kyet her

(PFPE), or fluorinated oil as the |I|iquid. The exposure apparatus of

the abb¥e enbodi menstepl koviinahesiyhelnet hchetmaskImuskngi 8adt formed
um nation 30 a@par tusﬁéan i1l um nation process) and_ exposes a

t nsfer P&t &LFLS SR 8n98ttﬁBrﬁHaPo§6H§Ftﬁ@EO§H5éPBatelmSSEEP

t he proj ecigizon O@Hd%@re%ﬁ%Eeﬁb(%Bp@ﬁgﬁs%Eeapﬁ8€§§skllmT?69ﬂga ohh8ach
i |l umination and exposure processes, the exposure 4
wafer of the single lot. In step $303, the exposure
apparatus of the present invention is used to sequentially
15 expose and transfer an image of a pattern in a mask onto
shot-regions of each wafer in the single lot With the
projection optical system. Then, in step S304, the
photoresist formed on each wafer of the single lot is
developed. In step S305, each wafer of the single lot is
20 etched using the resist pattern formed on the wafer as a

mask. This forms a circuit pattern corresponding to the mask

<:) pattern in the shot-regions of each wafer.

Afterwards, circuit patterns corresponding to upper
25 layers are formed to complete the semiconductor device or
the like. With the semiconductor device manufacturing method
described above, a semiconductor device with an extremely
fine circuit pattern is produced with high throughput. 1In
steps S301 to S305, metal is deposited on the wafer through
30  vapor deposition, resist is coated on the metal film, and
then processes in which the resist is exposed, developed,
and etched are performed. Prior to thase processes, a

silicon oxide film may first be formed on the wafer, and the
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appar at us manuf actures m crodevi ces (sem conductor devices, 1nmaging
devices, liquid crystal display devices, or thin- filmnmagnetic
heads). A nethod for manufacturing a m crodevice or specifically a
sem conductor device through 5 formation of a predetermned circuit
pattern on a wafer or the |like as a photosensitive substrate using

t he exposur of the,present enpodi nent, will now be

descri bed I\?&%Jﬁg?(ﬁ%% (Lai?]ececcf%tead f?%v@hearstl P9 S, Toern shep
S301 in Fi gporddsssesretmlwiidimtice fidstsd arddoddR) Wahri1$id,2 ang
single lot through vapor deposition. In step .S302, photoresist is
appl i ed to SFTREGITRY B8 fRAME AR each wafer of the single lot. In
step S303, the exposure apparatus of the present invention is used to
sequentially 15 expose and transfer an imge of a pattern in a mask
onto shot -regi or&rofergactunmfagpdmthie of nglee grefsenitt RriR@inent may
proj ection aojgtiﬁl sg/scgem Thepn, in step S304, the photoresist
formed on &acH vt 159 q%é”%qcﬂiﬁeea}oltl wd fE tEhedl s ayt 6l vizes,
each vaf er frdhey gl eud foderi2Q BENRAMIING TR RIS R 8 L ern
formed on the wafer as a mask. This fornms a circuit pattern

cor r espondi ffy ¢lor Gt skt e pataeran ial ate shotpatdgirons cof seadktwaf er .

Af t erwar ds, ; ¢ij i s correspondi.ng to,upper 25 |ayers are
forned to C%%{Sgéfjegl%kﬁ%%aggnéﬁcbn {r}gt %fga%g\}iec@egpoat §8rlf“ﬁ89%\? Hrthe 2
seni coh@uctldrquiieV i cey meanufdaiciplrd ngdetdwdvi deseid bed RoMaped with

S conductor_device with an extrenely fine circuit pattern is

pf\\ol):lu.ced wi'tH HiGH S frbugHpitichart stiqse d3oFico 305, Tnefap.isl, a

deposi t ed qiatiterwal Hmd g RQ AR ARSI LN, R3Sk deg cofed, o,
S

on the metal film and then processes in which the resrst i
exposed, dé&Alloped nagdhdaditehad lar & ppersiemedl P exposdcheseo a

gﬁgcfﬁz €s, ho S dd 5o Qxd g, fdd,m JBY g qr.s,t ab%lfaosrsn%%b%r‘]c rtahc% \cl\:%fa?:lé’ci
15  with resist) using the exposure apparatus of the present
embodiment. In other words, a photolithography process is
performed. Through the photolithography process, a
predetermined pattern including, for example, a large number
of electrodes is formed on the photosensitive substrate.
20 Afterwards, a predetermined pattern is formed on the
substrate through processes including a developing process,
<:> an etching process, and a resist removing process. Then, a

color filter formation process is performed in step S402.

25 In step 5402, a color filter is formed by, for
example, arranging plural sets of R {(red), G (green), and B
(blue) dots in a matrix, or arranging plural of sets of
filters formed by R, G, and B stripes in horizontal scanning
line directions. After the color filter formation process is

30 performed in step S402, a cell assembly process is performed
in step S403. In step S403, the substrate having a
predetermined pattern obtained through the pattern formation

process performed in step 5401 and the color filter or the
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42 resist may be coated on the silicon oxide film Then, the
processes in which the resist is exposed, devel oped, and etched may
be performed. 5 The exposure apparatus of the present enbodi nent may
al so be used to produce a liquid crystal display device serving as a
m crodevice by formng a predeterm ned pattern (a circuit pattern or

an el ectrode. pat R | at.e | ass substrate) . e exanpl e

net hod for %ﬁ%fé@%%ﬁ%% ]gh;l)(bu?fil q’i}%% %‘?@%‘t aﬁbl esrpI%V: i¥e Ri99eStow
be descri bedexnfohmedeirrenge $00a {+OVdurin IOWHddtHe 9+ ol lro i -
11, a pattern formation process is performed in step 5401. In step

5401, a maskipatfefRYFsat ramrtlr Febid exposed entlo a

phot osensitive substrate (e.g., a glass substrate coated 15 with
resist) using the exposure apparatus of the present enbodinent. In
ot her wérds, a phbt ob4@hogiaphyxpimices sa i1si quier foaryed]l Thy dughdthel

phot ol i t hography process, a _predetermned pattern including, for

exanpl e, a%%gﬁ%eﬁuﬁ% rSﬂ%?tﬁ%%t DHEY i G GrTRstP o tied pattern

phot osensi tbhea subSt £12k GugR O i LRL VBl €S, -l 1eds! %;ggg&g; &?ﬁtﬁﬁf}lﬂécﬁ in
a

formed on the substrate through processes including evel opl ng
process, anlltchifgthe oeeker ahbter rdstsingdmviqugtprdcesslokhen,ltaer

color filte i | or |, step S4Q2. 25 In step
S102. o colo? Triter TR Sra i AR Tl o Fahdtiey bl
sets ofl(R (cedjtal fgnekbn)liqni Brydiae)calar)s. i Tnaamabbiie @6sembly
arranging plural of sefs of filters fornmed by R and B stripes in
hé?ﬁzont al REANRFAPST T one rath i e n by e tHer ol 0t f ian érlectric

f ol : : . a cel
ormati on prpeesst i 8080088 of 3é %ﬁ&l@al%dtpzllcﬁlji%ﬁeérsyﬂssb%qr taélel

process is performed in step 03. In step $S403]
having a pkeHeted npestphtcern obt arewetbarhrooubisleey patdmerion and

formation other components including a backlight are mounted. This

15 completes the liquid crystal display device. The liquid
crystal display device manufacturing method described above
enables a liquid crystal device having an extremely fine

circuit pattern to be produced with high throughput.

20 Although the ArF excimer laser light source is used in
. the above embodiment, other appropriate light sources, such
/ f’) as an I, laser light source, may be used. When an ¥, laser

beam is used as the exposure beam, a fluorinated liquid
enabling transmission of an F, laser beam, such as

25 fluorinated oil or perfluoropolyalkyether (PFPE), is used as
the liquid that fills the image space portion.

The present invention is applied to an immersion
projection optical system that is mounted on the exposure
30 apparatus in the above embodiment. However, the application
of the present invention is not limited to such an optical
system. The present invention is also applicable to other

typical immersion projection optical systems. Further, in
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process perforned in step 5401 and the color filter or the 43 |ike
obt ai ned through the color filter formation process perforned in
step 5402 are assenbled together to formthe |iquid crystal panel
(liquid crystal cell). 5 1In 5403, for exanple, a liquid crystal is
injected between the substrate having the predeterm ned pattern

Che-cotor 11T or8ht afReet TR EGNEEh P EBTOI (R T (bbb Tb b en

the col or fi obf ained

perforned | OfS548R1¢ociosaisherld amboidOl csystial panelidd i oryst al
cell) In a ppdule assenblg process perfornmed subsequently in step

5404, an el eER+HcOt cYieti €o¢ornehabhs et Heiasrdisiadd 4% g dBompyeal
| (i gu | ' . ti.on .
panel  (Iiquid &ﬁﬁ!ﬂ%‘cf@ﬁ detoy ﬁ'éig%é‘?l@ ﬂ{é&i@godl?&ﬁﬁlsdtggl% L

ot her conponents 1 ncluding a bac are noun conpletes
the liqw d seylstah dpsptaly seviee. The lprewiedt dnyshaliodi spl ayseevi ce

manuf acturin t hod descrjbed above _enables a liquid crystal device

havi ng an e?g?geﬁ%%g?iﬁ% OLRPEUF Pt e‘?‘?Pl?ftHé“brcgﬂim xS Sigh

t hroughput . A28 A shough, the A& %\@f@%m&@&ﬁﬁeﬂﬂﬂ"ﬁhé%é&h s [;)H'ﬁ%ﬂi%n
as an

i
the above enbodi nent, other appropriate |ight sources, suc
F2 laser |iyhtaRBehte@, Loayn binpeesi ombero e F2T ageri dsdamyssarsed as

t he exposur uQyr i | qui enabling transm.ssian of an
F2 | aser bé%ﬁ?gg%%ha%éé2§5¢P€%$?Hg g%fgﬁqe - %ﬁéﬁlﬁﬂﬁﬁﬁ)%ﬁﬂ KyetHfer
(PFPE) 10i s Lsedted tdéhsuthouh dophibdalidystdhe iThegerepace pPakkh®Aon is
The present 'nventifn is applied to an jnmersion projection optical

$ysdt em t hat®1+8° notit £ ohe t e Fxpbitfes 130 Aplntais qafigrl dsten.
enbodi ment. However, the application of the present invention is not
limted to such an optical system The present invention is also
applicable to ot het the above embodiment, the interface lens Lb and the

immersed plane parallel plate Lp are formed from silica,

15 which is an amorphous material. However, the material
forming the interface lens Lb and the immersed plane
parallel plate Lp is not limited to silica. For example, a
crystalline material, such as magnesium oxide, calcium
oxide, strontium oxide, barium oxide, barium fluoride,

20 barium lithium fluoride (RaLiFs), lutetium aluminum garnet
(LUAG), or crystalline magnesium aluminum spinel (MgAl,04)

fi) may be used.

Although pure water is used as the first liguid and

25 the second liquid in the above embodiment, the first and
second liquids are not limited to pure water. For example,
water containing H*, Cs*, K%, ci7, so,*, or P0.*, isopropanol,
glycerol, hexane, heptane, decane, Delphi (cyclic
hydrocarbon compound) manufactured by Mitusi Chemicals,

30 Inc., HIF-001 manufactured by JSR Corporation, and IFi31,
IF132, and IF175 manufactured by E. I. du Pont de Nemours

and Company may be used as the first and second liquids.
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typi cal imersion projection optical systens. Further, in 44 the
above enbodi nent, the present invention is applied to an off-axis
catadioptric optical systemof which effective field of view does
not include the optical axis. However, the application of the
present invention is not limted to 5 such an optical system The
present invention is also applicable éﬁth§MH typi cal projection
optical systems. Additionally, in the above enbodinent, the present
invention is applied to an inmersion projection optlcal system

However, the appllcatlcrag of .the present invention is not 10 limted
to such an optical® sys F\roﬂﬁétﬂp&é’ﬁttmﬁ\}eﬁﬂﬁéﬁml §0Trapselapplingabie
to an i MerisiQfe A actdive Ol IS eMsdddridg 1above | !

the interface Tens Lb alnd t%te i mrer sed pseané1 pg)r %ﬁ% i gjlgggg %eﬂtéguld
formed frorhbs IﬁweqtaqmlmtuC@lammmmaajteer@m t he
material formn inte rface. l.en and the i rsedp

paral l el plate L% | rsl%r%-’oetr 456 O8I S‘L5|elqle@§ntF&P é)‘(lgﬁﬁ‘l

crystal | i ne:treatmrd =y ,pl%lﬁéh tafam&gﬁﬁ:e‘a!dtfﬁ Xige, 6l G lémdeox:'o@%’rds the
stronti um oxi de, barium oxide, bariumfluoride, 20 bariumlithium

fluoride (BASHES Plancetingh suhasi® Janeét aUiidiaG), or crystalline
”Hgnes'U”‘a|Um'“#Hé%@l%e%h%NQ%g%E%%ce”%ﬁtQ%a§s%qemékghQHQQuag angSEt

is used as the first liqui 25 the second Tiquid in the
ermbodi #8nt entterifig sturdade, seddnt [Heguiadsomve xnathadaTiflaed nigo tpuaeds

water. For .exanple ter con a| ni n
PO42-, i sop(r%opar?r?o st pvyla)}]ceér i g"'%eﬁ?@ﬁ@ l&eé&?@edﬁpﬁurround
(cyclic hyd m&ﬁimm@a) 1@@11‘161%5 eshit iMdt Usir sGhamogals,e 30

Inc., H F-001 manufactured by JSR Corporation, and |IF131, |F132, and
| F175 manufiddii@f oy iqal @ eowitt -de Nermour s

1ge towards

15 2. The préjection optical system according to claim
1, being characterized in that the groove is formed

continuously to entirely surround the effective region.

3. The projection optical system according to claim
20 1 or 2, being characterized in that the groove includes an
inclined surface that is in accordance with an effective

circumferential surface connecting the circumference of an

W

effective region in the light entering surface and the
circumference of the effective region in the light emitting

25 surface.

4, The projection optical system according to any
one of claim 1 to 3, being characterized in that the groove
extends closer to the light entering surface than a holding

30 tab for holding the interface optical element.

5. The projection optical system according to any

one of claims 1 to 4, further being characterized by:
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and Conpany nmay be used as the first and second liquids. 45 CLAI M5
1. A projection optical systemfor projecting an inmage of a first

pl ane onto a second plane through a liquid, 5 the projection optical
system bei ng characterized by: an interface optical elenent including
a side towards the first plane that contacts a gas and a side

towards the secopd | %%@%lt%@%Eggghg%ﬁgghgﬁbggggﬁgg}ﬁggﬁgh?ﬁigg?tive

interface optical el ément i
whi ch has @osenvendhaed agime geemandsn b?@i&bnsbaﬁhaﬁﬁtw@@ﬁ &he
groove, which is forned to _surround an effective region in a |ight
em tting suf¥&dEast e 1G3dt erlegea topidc &heelserened. pisng. The
projection optical systemaccording to claim 1, being characterized
in that the groove is forned continuously to entirely surround the
ef fecti ¥e region6.3. THeeppopgeticannoppi-taklsyssesmasconsdinggt 0oCkak i
20 1 or 2, begggtﬁggr cterized in that the groove includes an

at

i nclined surf 0% CRECEFERREE S P Can ef fecti ve

circunferential $_1Uflfi%ﬁQdC@lB'l@(ihigngleEhﬁn%isﬁlc‘fm:ef@T&?n@f t A8 1@{;{1}?? kye
e

region in the light entering surface and the circuntérence o

effective PEgIOBHliGRlt et gietvesint theg efZscsdvbacegison Thetperojleghion
opti cal Sy%gﬁ@kﬂﬁ&ﬁ%ﬁh%%c%go%n¥heoq%t%E§§%%:gé%}%g%3gﬁggkgghﬁnd the

characteri I'n tthat the groove  éxten

enterihg swrftdcmlt hemberholadiing s3Bstabtfian 1johdi pgrirheciRtepbace,
optical elepgent. 5. The ,projection optical system according to any
éﬁk of cl al"fETEify tpe ﬁ&ﬁFH@r eidigIc RErRerdenzBarbyaldg projects” into

the groove.

7. The projection optical system according to any
15 one of claims 1 to 4, further being characterized by:

a liquid holding mechanism for holding the liquid in
an optical path between the effective region in the light
emitting surface of the interface optical element and the
second plane, wherein the liquid holding mechanism partially

20 projects into the groove.

i:) 8. The projection optical system according to claim
‘ 6 or 7, being characterized in that the liguid holding
mechanism includes an opposed surface spaced from and
25 opposed to the inclined surface of the groove, with a water
repellent treatment being performed on at least either one

of the inclined surface and the opposed surface.

9. The projection optical system according to claim
30 6 or 7, being characterized in that the liquid holding
mechanism includes an opposed surface spaced from and
opposed To the inclined surface of the groove, with a water

repellent film being formed on at least either one of the
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an optical nenber having substantially no refractive power and being
arranged in an optical path between the interface optical elenent
and the second plane. 5 6. The projection optical systemaccording to
claim 5, further being characterized by: a liquid hol ding mechani sm
for holding the liquid in an optical path between the effective

region in the {.igh 1ttin rface of the interface optical
el enent an rl’f%lelr%)é osﬁeﬁr?caa © r#r?ge %g\ﬂpﬁgg%ﬂﬁéjtr 5%l 1y no refractive
power, wherein the liquid holding mechanismpartially projects into

the groove. 7. The projection optical systemaccording to any 15 one
of clains 1 to 4,1%urtKeProp&ichd cthapadcedi seetep: farl pqeidchondi ag
mechani sm fqr | o - Lou.d i a ti tween the. .
ef fective rlegal'&(;gg c?fn%?hfelr%ﬂgﬁﬂlgnceémot t|Ongnd ;gl%rclfogl?e p([)i% E'Ltréhgc%lrrtljt"léqr%f gcgilquld’
opti cal Sel erfentpranmkdthieon sewoinc Iplsgesemviterieion dHae ddteuiid daokhdi:ng
mechani smpartially . 20 ojects .into the grogve. 8. The projection
optical system ac?’é%rld]i%r‘?&p]{ ecloéitrhca.é @rleﬂe%ﬁeilﬁléjl(‘:lﬁépgctaelsilﬁljédtPHardS
that the |iwnd de holdigigandraghani gRdnalddes an Lppesed fUrtace 3Paaed
fromand 25 opposed to the inclined surface of the groove, with a

wat er repedd&EHtd tirledtanditathedang gedrsf dhreed. iomiat; | east either one of
the inclined surf d e . surface.. 9.. The pr.ojection .
optical system ac@%%fﬁr%g thh% C%%%%%%% g’pécrlcﬁl Eéfieﬁlﬁn(?hé#&g‘flgleisz@d Light
that the |ientiakiho} diurragechanicdmbaiclaideswx eppesedsirlacowspaced
f(;?m and opposed to the incliped surface of the groove, with a water

fepel I ent fitmibeitly Hotifed B & SN %iter "ri€tor s Reragped on a
inclined sydraee st dhe oppsphSurdacs, optical axis; and

wherein a space is formed between the holding tab and
the optical axis.
15
11. The projection optical system according to claim
10, being characterized in that the space is formed
continuously to entirely surround a light emitting surface
of the interface optical element.
20
12. The projection optical system according to c¢laim
<:) 10 or 11, being characterized in that the space includes an
inclined surface that is in accordance with an effective
circumferential surface connecting the circumference of an
25 effective region in the light entering surface and the
circumference of an effective region in a light emitting

surface.

13, The projection optical system according to any
30 one of claim 10 to 12, further being characterized by:
an optical member having substantially no refractive
power and being arranged in an optical path between the

interface optical element and the second plane.
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10. A projection optical systemfor projecting an image of a first

pl ane onto a second plane through a liquid, 5 the projection optical
system bei ng characterized by: an interface optical elenent including
a side towards the first plane that contacts a gas and a side
towards the second plane that contacts the |iquid; wherein the
interface optical elenent includes a light 10 entering surface,

whi ch has a convex shape facing towards the first plane, and a

hol di ng tab, whidh.s ahcangedcenian bplkdicay pyapremortbeganal tg amaim
optical axis; and wherein a space is forned between the holding tab

and the oﬂtqfca@%@i%ﬁ DF5LNg) Chpr G510 &Y :optical system according
to claim 10, be'a{]&icd?.ﬂrcﬁ%toqrdi% nfe%fh%lil&tsmt Be. SRATH; ?} £8EMed uig in
a li gtlng f fl %He

continuously to entirely surround ght em surface 0
interfaée aptiaaliclemsith ROEWERN Tihe Arigjhecicndn toply calr fayst em the

according tQ . 1 r 11, being characterized in that the space

| ai m 0.0 , >
i ncl udes aﬁnﬁﬁﬁeﬁ%o‘)psiﬂrcf éejteﬂ‘ftn% and, tAcc GPEAREd Wielhean herEagt i ve
ci rcunf er enthird t W fAC8, GNNRGHHNG ithe pgde%u%te%%% eheal i2Rid

effective region in the light entering surface and the circunference
of an ef f edtq A\ e giashar s [Haghtl adrivt Dineg ecdwr flate. the. sThee.
projection optical systemaccording to any 30 one of claim10 to 12,
further being characterized by: an optical nenber having
subst abfi al | y no Irfef r adhiev@rogewen candpheicag asysasgedckoranngptbcahy
path between the int.erfaice opt.ical el ement and the second pl ane. 48
5 one of claims 1i tc 13, further being characterized by:
a liquid holding mechanism for holding the liquid in
an optical path between the light emitting surface of the
interface optical element and the second plane, wherein the

15 1liquid holding mechanism partially projects into the space.

16. The projection optical system according to claim
14 or 15, being characterized in that:
the space includes an inclined surface that is in
20 accordance with an effective circumferential surface
connecting the circumference of an effective region in the
r<:) light entering surface and the circumference of an effective
region in the light emitting surface;
the liquid holding mechanism includes an opposed
25 surface spaced from and opposed to the inclined surface of
the space, with a water repellent treaitment being performed
on at least either one of the inclined surface and the

opposed surface.

30 17. The projection optical system according to claim
14 or 15, being characterized in that:
the space includes an inclined surface that is in

accordance with an effective circumferential surface
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14. The projection optical systemaccording to claim 13, further
bei ng characterized by: a liquid hol ding nmechani smfor holding the
liquid in 5 an optical path between the light emtting surface of

the interface optical elenent and the optical nenber having
substantially no refractive power, wherein the liquid holding

mechani sm [ Y. PrQj ect.s | the, s e. 1Q.15. .The projectio

opti cal syg?%%¥§%%%¥ﬁﬁ%§’3%§§%§&%gﬁgcgf%?fgpng%ffCF6Vf3?gga#phép Che
bei ng char ddtggrti zed drying shirquicd helodithg rechanirsrcher bel dhngrkbetive
liquid in an optical path between the light emtting surface of the

interface SMICA & dfsntl lghd ©hd tdsndusItase; wherein the 15 |iquid
hol di ng_mechani simeantilggly nBfLAIAG! siclAbA 1 Lhe 1803680 1R, ofBEseq

proj ection optical systemaccording to claim or fS, berng

char act er i z¢d farea Fpacachd ropaced nopedes! an ithel inedisetf acerhbat ofs
in 20 accqrdance with .an effective circunferential surface

connecti ng hﬁeqﬁafﬁﬁnﬁgi@n@ew %e§nr éﬁ@?&efﬁg@i fiPA £REME PEhEL
entering surfaaae dnthdhend raurher ene igkdarefhest bwe thedbgRokBgt he
light emtting surface; the liquid holding mechani smincludes an
opposed 2534 spaced from and opposed to the inclined surface of
the space, with a water repellent treatnent being perforned on at

| east either one of the inclined surface and the opposed surface. 30
17. Th&Cproj ecti dB.opt Thal pspgeemiancopdinglt eyekainmacddraingdStobghng
characterized in that.: tﬁf sp%ge i ncl udes an inclined surface that is
inf)accord§ﬁ§% i (12 et &€t Ve ORIQInCOAERCTESI 126F ARethag the

connect i ng diffe dHiveUHLfiRAC e rof han 18ihecthMe tieg QlrifAckNEr the

interface element is formed to be planar.

15 19. The projection optical system according to any
one of claims 1 to 18, being characterized in that a reduced
image of the first plane is formed on the second plane based

on light from the first plane.

20 20. The projection optical system according to claim
19, further being characterized by:

a refractive first imaging optical system for forming

O

a first intermediate image based on light from the first
plane; |
25 a second imaging optical system including at least one
concave reflective mirror for forming a second intermediate
image based on light from the first intermediate image;
a refractive third imaging optical system for forming
the reduced image on the second plane based on light from
30 the second intermediate image;
a first folding mirror arranged in an optical path
between the first imaging optical system and the second

imaging optical system; and
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i ght entering surface and the circunference of an effective region
inthe light emtting surface; the liquid holding nmechani smi ncl udes
an opposed 5 surface spaced from and opposed to the inclined surface
of the space, with a water repellent filmbeing forned on at | east
ei ther one of the inclined surface and the opposed surface. 10 18.

The projection optical t according to an one of clains_ 1 to
17, Belkg charac%eﬁ@f@&dY% ?nggtﬁérngfQEFPVéege@PoﬁnlﬁpFﬁéaﬂlﬁﬁFh

emtting swdtaeRofcHhgedonienhiae@ng epRAtalls sheterd ahe Qﬁepkﬁ@% 15
19. The projection optical systemaccording to any one of clains 1

to 18, bei AgeCHMBErddicsdd siveteRat a reduced image of the first
pl ane is fornmed on the second plane based on light fromthe first
pl ane. 20 20. The projection optical systemaccording to claim 19,

further5bei ng chaﬂactemhéeﬂrbyecalbﬁfbpcﬁtue Eiyssbmi BBELREI APt t6ahNyY
systemfor formng. g f |nterned|ate i mage based on light from
the first 9p€and Qé?%Q éc&ﬁd 2PmadiPighEpt Pealds FhaamcitrElagingnathat

| east one t%‘én%lvc%ﬂfeafdee%'t%%am rerl%eﬁq%r 1O -RG 42 £50G0Rd . stalline
intermedi ate inmage based on Iight ron1the irst intermedi ate i ma

a refracti wateried . magi ng optical systemfor formng the reduced
i mge on the second plane based on light from 30 the second
internediate image; a first folding mrror arranged in an opti cal

path between thez.irsthenpgbhgcepbhcabtsyst eayandnt Recs5ea9Ag to any

gi ng optlcal systen1 and 50 a second folding mrror arranged in an

dgglcal pa claims 1 to 20, further being characterized in that
the interface optical element is formed from an amorphous

material.

15 23. An exposure apparatus being characterized by:
an illumination system for illuminating a pattern set
on the first plane; and
the projection optical system according to any one of
claims 1 to 22 for projecting an image of the pattern onto a

20 photosensitive substrate set on the second plane.

{:D 24. An exposure method being characterized by:
an illuminating step of illuminating a pattern set on
the first plane; and
25 an exposure step of projecting and exposing an image
0of the pattern onto a photosensitive substrate set on the
second plane using the projection optical system according

to any one of claims 1 to 22.

30 25. A device manufacturing method being

characterized by:
an exposure step of projecting and exposing an image

of a pattern set on the first plane onto a photosensitive
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bet ween the second inmaging optical systemand the third inaging
optical system 5 21. The projection optical systemaccording to any
one of clains 1 to 20, further being characterized in that the
interface optical elenment is formed froma crystalline material. 10
22. The projection optical systemaccording to any one of clains 1
to 20, furt bei.ng characterized in, that the interface .opti.cal

el enent is orsn%%aEerqosrﬁ%anonarﬁ}eplFoelfson% Qlts iy f%{e R CIg5d<ore
appar at us hgptig-Chag pst @ | 2ot Ring alb iddwamatgor1sistem fQf 22; and
illumnating a pattern set on the first plane; and the projection
optical system ackdtRNHFRUSENE tewe off deslediops np fthe2 phpbdosphnejiedvieng

an i nage of ]_pcﬂ% 0 ensitive substrate set on
t he second sp#}%ﬁce. %%%@g%oglur}%qrrﬁ}h%gﬁbeier%oéﬁlé:reagt et1zed by: an

illumnating step of illumnating a pattern set on the first plane;
and 25 an exposure step of projecting and exposing an image of the
pattern onto a pHo 'osepniﬂ tql\%é%ﬁbﬁ B dProMSenén §B8coAHCEEARE

using the phojectivn Qpti&al SHEMALHMA NG 2 %009 o H-AdTR
to 22. 30 25]:%}'J A devi céew&rranuf acturing met hodlqggei ng %é%alr act %rui zé_%eg?: at

an exposur ¥t brdjledt ity an: isglos et ibwdge  abfaraqiatrtiersd by
set on the first e . hq nsi'tiyv 51 substrate_se n_the

second pl ane usi n%%ee%&&%ééﬁaoﬁ%%ﬁ et &t é’%scéc?@gr& g S 1ng

one of 16l aiarscdntax 22jamnd sndlevel opnment step of devel oping the

phot osensitive _ , ,
L a groove formed to surround an effective region in the

cne optical surface.

27, The optical element according to claim 26, being
15 characterized in that the groove is formed continuously to
entirely surround the effective region of the one optical

surface.

28. The optical element according to claim 26 or 27,
20 being characterized in that the groove includes an incliined
surface that is in accordance with an effective
{") circumferential surface connecting the circumference of an
- effective region in the another optical surface of the
optical element and the circumference of the effective

25 region in the one optical surface of the optical element.

29, The optical element according to any one of
claims 26 to 28, being characterized in that the groove
extends closer to the another optical surface of the optical

30 element than a holding tab for holding the optical element.

30, An optical element for use in an immersion

objective optical system and having one optical surface that
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substrate that has undergone the exposure step. 5 26. An optical

el ement for use in an imersion objective optical system and having
one optical surface that contacts liquid, the optical elenent being
characterized by: another optical surface of the optical elenent
having 10 a convex shape; and a groove formed to surround an
effective region _in .the. one optical surface. 27. -The optical el enent
accor di ng t%éﬁﬁ%ﬁﬁﬁ féfﬂﬁéfﬁﬁd f@ogﬁﬁFa8P$RF?édSPﬁf?ﬁ§t HeTgr BorENVEX
formed contdiupasiohd Gptaalr @lemsutl dundqt kesebteetiiveqr ggi.on of the
one optical surface. 28. The optical elenent according to claim26

or 27, 20 bei ng &chgrladmner itadd fo hRadinketheoopéiradl gdesean, wherein

i nclined - IS 1. Wi_t .effective
circunfereﬁ##%ﬁﬁgﬁ%q%%ék%Bﬁ%e%%?%%%%ﬁg%gichﬁﬁg%g cgﬁgpeaﬁrtgpggg ﬂvgo
regi on Bn tdre criotdeEr 2optd ed thur bacd cafl themeapt i calkreliemantpard the
circunference of the effective 25 region in the one gptical surface

of the opticHmed dfdieen Jge %ﬁéddﬁﬂi$§P érenthe aPEdrading*is -any one
of clains 26 to 28, being characterized in that the groove extends
closer to the another optical surface of the optical 30 elenent than

a hol ding tab for3thol diThg vieicpti edkmeh&nentord30y An opkiwmaB0, being

ol din lhol difiag b6 iopti cabnehémentordl abo, !
one opt i cal U HHCE T B Ko Satts S d S ARGt FeP OBEruaN T CO

sur f ac@Ohawiig re oo oshRapde he optdicall euerart BE RBe optical
act erized by: a holding tab for holding the optical elenent,
ﬂ&eﬂrl t QWﬁ%ﬁng tab is arranged on a hol di ng pl ane orthogonal to

32, The optical element acéording to claim 30 or 31,
being characterized in that the space includes an inclined
15 surface that is in accordance with an effective
circumferential surface connecting the circumference of an
effective region in the another optical surface of the
optical element and the circumference of the effective

region in the one optical surface of the optical element.

20
33. The optical element according to any one of
<:) claims 26 to 32, being characterized in that the optical
element is formed from a crystalline material.
25 34, The optical element according to any cne of

claims 26 to 32, being characterized in that the optical

element is formed from an amorphous material,

. 35. An immersion objective optical system including
30 the optical element according to any one of claims 26 to 34,
being characterized in that the optical element is arranged

nearest to a liquid side.
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5 an optical axis of the optical elenent, wherein a space is forned

bet ween the hol ding tab and the optical axis. 31. The optical el enent

according to claim30, being characterized in that the space is

formed continuously to 10 entirely surround the one optical surface

of the optical elenment. 32. The optical element according to claim

30 or 31, Dbeing aract.,erized in. that the space i.ncludes an inclinged
R S (IR A U e AGAE Sl g

15 surface that is in accor aﬁ%%?%39t9g9$93
surface conbectiagntbhe, che gt erenserofi aeg Bf feedt viend edirgdy- 4 1bd he
anot her optical surface of the optical elenent and the circunference
of the effeepivetivegPRhl¢al theshbre BpENean simdgr obfan e inmt ddirough
el ement. 20,33, ; theqoptical element according to any one of o

claims 26 to 32, being characterized in that the optical elenent is
formed froma crystalline material. 25 34. The optical elenent
according to any one of <clains 26 to 32, being characterized in that
the optical elenent is fornmed froman anorphous material. 35. An

i mrer si on objective optical systemincluding 30 the optical elenent
according to any one of clainms 26 to 34, being characterized in that
the optical elenent is arranged nearest to a liquid side. 53 36. The

i mrer si on objective optical systemaccording to claim 35, being
characterized in that the inmersion objective optical systemforns

an image of an object through the liquid. a 54
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