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FPO6- 0489-00 DESCRI PTI ON PROJIECTI ON OPTI CAL SYSTEM
EXPOSURE SYSTEM AND EXPOSURE METHOD Techni cal Field

5 [0001] The present invention relates to a projectippys-0489-00

optical system exposure apparatus and exposure

met hod, and nore particularly to a projection optical
system suitable for an exposure apparatus used for
manuf acturing mcro devices, such as sem conductor

devices and liquid cryBESCRIBPTI®Ndevices, in a
phot ol i t hography step. 10 Background Art [0002] In a

PRROJECTION pOP TICAESs S YSTEMNUEXPOSURS: SYSTEM, AND
sem conduct or devi ces, an exposure apparatus which

pEX{ROSURBEMENIOHes a pattern image of a mask (or a

reticle) onto a photosensitive substrate (e.g. wafer
oTeghaicaldFel® on which photoresist is coated) via a

15 projection optical system has been used. For the

e{@fg& re apgieguesent mventionaklatento aqyojectionf opti¢alsystem,
projection optical systemis increasing nore and nore
aexposirgegpparabis antdegrposuse wetheds anthdners pagiciledy to a
i mproves. [0003] In order, to satisfy the demand for

t peojestienuepiaealofystem switahlecigroan gptnasire Appaggpstpied for

wavel ength, X of, the i)l um nation |ight 20 xposure . ..
| rggufagiusing migee devices, Suglas ﬁ@rmmwm( %312&65@0@ liquid

NA at the . inmage side of th rojection optical system

AR RESE i gephatoliglograbiksteRsol ut i on of

the projectjon optical systemis given by k XI'NA (k

i ga&ﬁ‘ﬂ'@@@%‘g{ﬁeffi cient). The nunerical aperture NA

a image side is giyen by n sine, where n is .

P08 Ve TRaer” oPhBISiERRN m RinGENR 1 e dptufBeruring

such.as air) between the%ecti on ogti cal -ﬁ});st e d

o semigindiicion JedFes., ns sRoPRi, Ahaiys; Shichyprices an

! g%bgéeenst a plattern image of a mask (or a reticle) onto a photosensitive
substrate (e.g. wafer or glass plate on which photoresist is coated) via a
projection optical system has been used. For the exposure apparatus, the
resolution required for the projection optical system is increasing more
and more as the degree of integration of semiconductor devices improves.
[0003] In order to satisfy the demand for the resolution of the
projection optical system, the wavelength A of the illumination light
(exposure light) must be decreased, and the numerical aperture NA at the
image side of the projection optical system must be increased.
Specifically, the resolution of the projection optical system is given by k

P y d P

» A/NA (k is a process coefficient). The numerical aperturc NA at the
image side is given by n * sinf, where n is a refractive index of the

medium (normally a gas, such as air) between the projection optical

system and the photosensitive substrate, and 6 is a maximum incident
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FP06- 0489-00 angle to the photosensitive substrate.
[0004] When it is attenpted to increase the nunerical

aperture at the inage side by increasing the maxi mMURP06-0489-00

incident angle O, the incident angle to the

phot osensitive substrate and the em ssion angle from

the 5 projection optical systemincrease, and

reflection | oss on the optical |oss increases, so a

| angle teftheqthiotesensitéve sabstegier t ure at the i mage side
cannot be secured. Therefore an i mersion technol ogy

f POOGd ]t enpt Wiben ahis atterged db inheeasarthei matheripak aperture at
at the image side by filling a nedium such as o

| thrpiirdagéaidenlyy andriegsingetheanakimuimieidént angle B, ithalincident
path 10 between the projection optical systemand the
phoglss tn ¢he i photesdnsitive subsiatek andrtheecmyission amgle from the
Docunment 1)._ [0005] Patent Docunent 1: |nternational
Popvjeetion @pticsl systepoomrease zadreiisetion loss reptgsal loss
the Invention 15 Pr oa%errs to be _Soived by the ) )

| Hu@Resesn Soo@okrgenetisctve namerical apsetuse ofle 8he Jmage side

I T e R g
OB e b bl b A e B ARG SRS B o
| B R0 bSPES 8 se BLE dRopicahpt
oSt pEptelp el P S e s, i
L el lent fluor sin. refore the seal menber is
)
d%@ﬁ&@e@e'fé éﬁegﬁhqufgnéqq tive region (region where
. . . h :

CI0604] 2, LA BOLRRoa PISIrhERE Bk No.
: ﬁﬁ@@w@mgﬁ gé&gﬁﬂé@ light directly. [0007] However

€ proje ptical system flare |ights exist
2 Disclosure of the Invention

Problems to be Solved by the Invention

[0006] In this immersion type projection optical system, a seal
member for preventing the outflow of the immersion liquid into inside of
the optical system and to the wafer stage (photosensitive substrate stage)
side must be installed adjacent to the optical elements contacting the
immersion liquid. Normally this type of seal member is made from a
material which easily deteriorates by the irradiation of exposure light,
such as water repellent fluororesin. Therefore the seal member is
disposed outside the effective region (region where effective image
forming beam passes through) of the optical element, so as ﬁot to be
exposed to the irradiation of exposure light directly.

[0007] However in the projection optical system, flare lights exist
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FPO6- 0489-00 due to nultiple reflection anong the
optical surface(lenssurface), wafer surface and nmask

surface , and these flare lights may possi bly reach FP06-0489-00

outside the effective region (clear aperture) of the
optical elenment. In this case, the seal nenber
deteriorates by light irradiation, and the 5 outfl ow

of imrersion liquid into inside of the projection

ogtie dal muitiplenie aonoamhegvtheecrptmad@@r&c:délenm&ceb,ewafer
prevented. As a result, an_anti- reflection filmaon

t marfape jand masks sedacet,candthess flagpi lights ameyspossibly reach
deterioration of the  imaging performance (gener

optiside the effackivecesgionr(Clegs anestuse) iqfrth@p@pte%alaélement. In
olfieceasss tesEomamben eiaioRes BopLigh dariiation, and the
POTIAY SO IRGa PRI IDkRSIiG o1 DuPiDIPelian PRbcaBSysten
7 BRfH G erAdrsiags. SNt ABngh BenBieveBlRborADe b, an ani-
Srilocion T vt WbkooBRY ired dgeRprupe iighaspses the
BB O R B DRt e ERietab ppiZe By Spmmance)
" HE i BEAYHRAT obfRaCH Pt o ana to the e
DLRREPTS' L AR GRL AP Rk 3 il prese
SBT3 8 ich
D5 A RO Bl SO SR EBF 8 opica
SPL S, g Rl R il FARIAE AoVl s spoter
RS AR S oy BHOR o, g
| BE@exPbs@rRSmcthad foPptdjattiRg badéxpgdithg fricro-patterns at high
precision using a high resolution immersion type project optical system
which prevents the outflow of immersion liquid into inside of the optical
system and to the photosensitive substrate stage side stably, and
maintains a good imaging performance.
Means of Solving the Problems
[0009] To solve these problems, a first embodiment of the present
invention provides a projection optical system for projecting an image on
a first surface to a second surface , wherein an optical path between a
light transmitting member disposed closest to the second surface side
and the second surface is filled with liquid having a refractive index

greater than 1.1 when a refractive index of gas in an optical path of the
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FP06- 0489-00 projection optical systemis 1, and a
light shielding filmfor shielding the passing of

light is formed on at | east one surface out of a FP06-0489-00

surface at the first surface side and a surface at

the second surface side of the light transmtting
menber. 5 [0010] A second enbodi nent of the present

i nvention provides a projection optical system for
ppoyjection@piical spstenvis b dnd atlighishaeldingfibm foeshradding the
surface , wherein an optical path between a |ight

t passng tofilight isdotmed dnspokeadt ohesusfce couthef ssuotade at the
surface side and the second surface is filled with )

| figsti sirface rigde andfa autface phthex sepanst surfacenside lofithe light

when a_refractive index of gas in an optical path of
t frenpmdfting embest i cal systemis 1, a light shielding
filmfor shieldingli

of0QHY | i ghAA seepridrient hc;;gnm@i A tﬁ%&sgnégg%mfcg%&fﬁdes a
0.25 <D/ Yip x tan 0 < 1.7.is satisfied, erePist
I g A
T D s e O
2{?}% & dgﬁg)ff aoﬁ%’[r wgﬁ%&gﬁ tSlg' aqqqzsfgi{eeggg tthe second
oraee ; iy e R i Ben il oo i Romoptry than 1.1
* PRER e rcinbie b8t 6 PPt EabBAtTSE R pistebiion gptical
" PRIPAC sl R shrOa DI, RS Lighh i oMl Bnp side
or e POE U RAE PRl Wb RUF boR bR 5D /
o i A o1 o Y sARTIRE SRR B4 1 pEladsToRRICER, i Second
{LGRAEL L P3O ARLENich MR HRAHL AP eiBforan

image forming beam which reaches the second surface , and Ym is a

maximum image height on the second surface .

[0011] A third embodiment of the present invention is a projection
optical system for projecting an image on a first surface to a second
surface , wherein an optical path between a light transmitting member
disposed closest to the second surface side and the second surface is
filled with liquid having a refractive index greater than 1.1 when a
refractive index of gas in an optical path of the projection optical system
is 1, and a light shielding film for shielding the passing of light is formed
in a non-tapered portion of a side surface of the light transmitting
member.

[0012] A fourth embodiment of the present invention provides a
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FPO6- 0489-00 projection optical systemfor projecting
an image on a first surface to a second surface ,

wherein an optical path between a Iight transm tti ngFP06-0489-00

menber di sposed cl osest to the second surface side and
the second surface is filled with liquid having a
refractive index greater than 1.1 5 when a refractive
i ndex of gas in an optical path of the projection
optaejesetion wypsicalnsystein f(bﬂﬂ?rqjeajheg tanoimage onal fisstsueface to a
conprises a seal nmenber for preventing the outflow of
t becdridyyirfate Qnwheeeinpan agitiqadtpathebeteeent hdighti ghnsmitting
transmtting nenber and the second surface to the
omteshber, disposed closestatt ithe sebendi girfader asislei and e second
menber, and wherein a transmtted 10 wavefront change
gearface yisSibliedt withl lightd hawmgrat tefragtiveninelexvgreatarnthan 1.1
light transmitting menber_ and the seal nenber contact |
switiest 4 esfr@tiverimdex ei\gas ivr aniopéigal path ohthenprajegiion optical
where a_plurality of seal nenbers are prepared for
t Bystemgia 11 thamerejection onsiasé System esnprisgssaisegbmember for
wavefront _change quaptity wh one of the pluralit
opreseatingsthse pEtIQN: @lc the ¥1ﬁ@1§3i‘¢mgme pplsalnpaidy bgiween the
nber is s,. a standard viation of the transmtted
ght HgRsmitiingymeglean the serondhIrfaGe 49 itﬁ9 oytsidgqformed
menbers, is . S. . [0013] A fifth enbpdi nent of the present.
i fOBIACEBE heodigstr Sraﬂajn&cmf‘éﬁg%rpt %1@ WE?E‘?Uéng figgnsmitted

kBB R o B R hen
RIS AR, oS TROSEE, PR RGNS < 7
SHAST b, 550 K 0 AR AP fppor
I
"B Ge® QoS S Spe I8, BR itrtley Tyl HLMEERS Bontacts the
S8} G AP T S A, o, ansive
d¥ R/t ch3fge Quantity s for the plurality of seal members is S.

[0013] A fifth embodiment of the present invention provides a

projection optical system for projecting an image on a first surface to a
second surface , wherein an optical path between a light transmitting
member disposed closest to the second surface side and the second
surface is filled with liquid having a refractive index greater than 1.1
when a refractive index of gas in an optical path of the projection optical
system is 1, and the projection optical system comprises liquid
prevention means for preventing the entry of the liquid into inside of the
projection optical system, and deterioration reduction means for reducing

the deterioration of the liquid prevention means, the deterioration
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FP06- 0489-00 reduction neans being fornmed on at | east
one surface out of a surface at the first surface side

and a surface at the second surface side of the |ighpP06-0489-00

transmtting nenber. [0014] A sixth enbodi nent of the
present invention provides a 5 projection optical

system for projecting an inage on a first surface to a
second surface , wherein an optical path between a

| reghictiorameans beirg foremdrbon cit $¢xss ediesupfaest otibof heurface at
second surface side and the second surface is filled
wtheh firstosirdadceavsidg and af suatadey eati thetesecgmelasuntacehaside. df the
when a refractive index of gas in an optical path of

t hghptrapeniiting memteal 10 systemis 1, the projection

opti cal systemconprises liquid prevention neans for
pt@UkHt i ng Bheixtht exnbedimeat | ofgthal presenti wsicatioof prawades a
projection optical system, and deterioration

r pHRjection Opbwel sysiem eopTQigCting andienags on fsyt srfadge to a
liquid preventing neans, the deterioration reduction , .,
mEeGNG SFGCE or WEETYR an rfic Lpeftécléeia\'eeiﬁha liglhfntransmitting
transmttjng nmber, 15 d wherein the conditign, of
omembendisposed slosestcior the jsecqnd sifeke - Sifleead Shessecond

spage bet n the. second, surface and the. deterioratjon
- BkIBe? ofs Mleds It iGule Raxinem reaticft mgi%i gregicrathan 1.1
i e form beam whi ch, reach he.segqnd surface , .
R o B e RO B SRPGRE A PETScRBEEon optical
surface.. 23 {30015 A sev ntfi entbodi ment . of ‘t.he.d .
pPRERt 1§ v dhe BRI gRUca! SEStEE oMy, ligufd prevention
systemdor _project| i e ©n a fi -Sur f to.a,.
BRS8N P Ry 5 R hf haiB 38 Picktion
| tr i ting . di | :
okl SRR gt ARARATE PR, $2 Hifcipe the
A r y i r .
Al NN SR AE U SRR ki,
Oh}éa'ilﬁ H%,rhgg §65188 P4 'shdd f:uﬁ‘é(éé Of the 13§htt t'i‘&nsgﬁﬁtiﬁgtrheﬂlber,
optical system conprises Tiquid preveiftion
and wherein the condition of 0.25 < D/ Ym x tan® < 1.7 is satisfied,
where D is a space between the second surface and the deterioration
reduction means, O is a maximum incident angle of an image forming
beam which reaches the second surface , and Ym is a maximum image
height on the second surface .
[0015] A seventh embodiment of the present invention provides a
projection optical system for projecting an image on a first surface to a
second surface , wherein an optical path between a light transmitting
member disposed closest to the second surface side and the second
surface is filled with liquid having a refractive index greater than 1.1

when a refractive index of gas in an optical path of the projection optical

system is 1, the projection optical system comprises liquid prevention
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FPO6- 0489-00 neans for preventing the entry of the
l[iquid into inside of the projection optical system

and deterioration reduction nmeans for reducing the FP06-0489-00

deterioration of the liquid prevention neans, the
deterioration reduction neans being fornmed in a
non-tapered portion of a side surface of the 5 |ight
transmtting nenber. [0016] An eighth enbodi ment of

t heamsdoe preventang ithe eptryvofode liquidr inte ¢nside afpthe qarbjection
system for projecting an image on a first surface to a
septinal systeme ancoddeterionation reduation ansans t forgredunting the
di sposed cl osest _to the second surface side, and a )

s gwwratlgntoftt&mbmmdt preyenrtigpeneans,dhepdsier omtjarr seduction
to the light transmtting nenber, wherein an opti.cal
paleansdeginaformed 1my@ nendaperedt porglonenbar siggsurface of the
s&c&nd surface is filled with a first liquid having a

r b BensRittgnegisti er than 1.1, and an optical

= e bl e v
P ALY L e Sl 208 bt oo
L o B T R b Pl
[ A e -
SHSATAE40, KNG, PR PHEELGHOBA oot
i, L A e B
o e f i1 Bd3vide 8 BlrliG ARECTAE 1R6P1.9, Hid an
TSR 08 SR SEEOR G 4400 TP ond i
PHAKERERIR nfenBECISHI D Fﬂﬂ{ iacé’éC(?iéﬂiﬁtﬁld ‘Havine% a ﬁeﬁ'active
projecting an image on a first surface to a seton

S Bide@&%ueaféi‘rﬂ%hﬁ Si. P@viferd 4 $8fraéti A sl b Zad"BIBE bptical path of
di sposed cl osest 7

the projection optical system is 1, the projection optical system further

comprising liquid prevention means for preventing the entry of the liquid
into inside of the projection optical system, and deterioration reduction
means for reducing the deterioration of the liquid prevention means,
wherein the deterioration reduction means is formed on at least one
surface out of a surface at the first surface side and a surface at the
second surface side of at least one member of the light transmitting
member and the second light transmitting member.

[0017] A ninth embodiment of the present invention provides a
projection optical system for projecting an image on a first surface to a

second surface , comprising a light transmitting member disposed closest
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FP06- 0489-00 to the second surface side, and a second
light transmtting nenber disposed adjacent to the

light transmtting nmenber, wherein an optical path FP06-0489-00

between the light transmtting nenber and the second
surface is filled wwth a first liquid having a
refractive index greater than 1.1, and an 5 optica
path between the light transmtting nenber and the
seedhd decoht sunfaces misidd, nndrenbecond light! ansmitting member
second liquid having a refractive index greater than
1dispobed aaljacent aot theelightl eransfitiing imerabenpyhewin pax bptical
of the projection optical systemis 1, the projection
opailc hetvesent e fight Heansnaisting imemder iapd thepsesonet serface is
means for preventlngjta the entry of the liquid 10 into
i fidiedewith a firstgiqy)id havimg epefiestiveyadexgreatar thas 1.1, and an
deterioration of the _liquid prevention neans mhereln
t Rptigak pathcbetvesn thedight wansreting mentbsr ang the second light
non-tapered portion of a e surface of .the |ight
t fransmlitig gmﬁh@éas lmhsqlg)xat wde H&@&i RENInG [ fefEactive
p[ ent |nve i gn_provi des,_an ur e, apparat u

o bjvéen %e%’aﬂ%vn oLgrnist o apigal bath of

flrst enbodl nt to the n nt h enbodi nent or

plﬂ%ﬁ BERIRRHORPRUGRSYSERM S ph it RGN s&%%f AY SRR further
IS set.on irst surface t t he hoto ensitiv
sogiiies i pr&Vesioryfepns Tob Ber gentry ghihg liquid

L G AT T & b

pﬁ%@é ﬁ?ﬁi@ﬂmﬁﬁ%’% “whtEin ﬁb e SEBEBHA ?5%2‘_’“011 means is

d thedt i ool %3’1:‘@5%@@?0&?%&3??3% ot Eﬁe light
ﬁ%@é@?@ﬂ& BB 00501 A el fLh enbodi ment. of t he

' nv%géﬁ’ﬂ]l Bﬁl%\ﬂdﬁ?l%nf‘%éeﬁfépﬁnﬁéﬁﬁt 'ﬁ?\%é}ﬁﬂ)ﬂ %gowdes an

Oje ing and exposing a pre ne tern
exposure apparatus, comprising the projection optical system according

to the first embodiment to the ninth embodiment for projecting an image
of a predetermined pattern which is set on the first surface to the
photosensitive substrate which is set on the second surface .

[0019] The eleventh embodiment of the present invention provides
a manufacturing method for a device comprising an exposure step of
exposing the predetermined pattern onto the photosensitive substrate
using the exposure apparatus according to the tenth embodiment, and a
development step of developing said photosensitive substrate after said
exposure step.

[0020] A twelfth embodiment of the present invention provides an

exposure method for projecting and exposing a predetermined pattern
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FP06-0489-00 which is set on the first surface onto a
phot osensitive substrate which is set on the second

surface via the projection optical system accordi ng ¥P06-0489-00

the first enbodinment to the ninth enbodi nent. Effect
of the Invention 5 [0021] In an imersion type
projection optical systemaccording to a typical

enbodi ment of the present invention, liquid prevention
nadiich is Setcdn dse Arstealrfaveniveito af pliotpsensitive sgbstiste which is
outflow of the inmmersion liquid to the outside, is

| sett e tieslsecord] sutfaghtviatthelphojertion opfical syisterhdicegrding to
flare lights which reach this seal nmenber (liquid
pthevBrst icombodiaresit to thd Gurithrembodidsert. resul t, the seal
menber (liquid prevention nmeans) substantially does
nEffeddttofithedatvenbipnt he irradi ation of the flare |ight,
and the deterioration of the image formng .
pEIG D] nanc elwan timmersipr tpoprojepion apticgksystgmacsording to
the outflow of the imersion Iiquid, substantially
dadypical esdmdimens qfgbeajresentonvention, Hquidpreyieation means,
the projection optical system  of the present ) )
i pveh@ason seahenemberoiPh prevantingrihe jasitlpwg ¢f thenrmersion
inside aof the, optical systemca e stahly prevented. .
ahquid tpdhe P figripptagedpand G %Qﬂ@@ﬁng ilm for shielding
intai ned. I.n the exposure apparatys and exposure .
B dedfs prachEaehthis,§ tn@m?bea di%ﬁwréapgtleﬂ means) 1s
[ rsion pe 20 projection optical ,system which can
oherpast. oS G el el 3iaY SnBRber | (eI AYEY oty dneans)
of the optical syst and . tp the.phqt osensjli Vv .
coistinflly 8Pes ST dREP G, By h B EENS! gy fare light, and
fgrmpn er f.or na I.s used. so nicgo-patie .
ot Rt oh SBe kRt forrbye BrBlodiraBiel “SETE BhoRrion
t her.efore. good n.creo-deyi : .
oBLiFak SRy, QB GRs I E of B AR BhHISP Syipgtantiolly
| 3] Fig. 1 is a diagram show ng a general
(E:)gﬁ%% ggfg% on of the 9
[0022] In other words, according to the projection optical system
of the present invention, the outflow of the immersion liquid into inside
of the optical system can be stably prevented and a good image forming
performance can be maintained. In the exposure apparatus and exposure
method of the present invention, a high precision immersion type
projection optical system which can prevent the outflow of immersion
liquid into inside of the optical system and to the photosensitive substrate
stage side and maintain a good image forming performance is used, so
micro-patterns can be projected and exposed accurately and stably, and
therefore good micro-devices can be manufactured accurately and stably.
Brief Description of the Drawings

[0023] Fig. 1 is a diagram showing a general configuration of the
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FP06- 0489- 00 exposure apparatus according to an
enbodi nrent of the present invention. Fig. 2 is a

di agram showi ng a positional relationship between a FP06-0489-00

rectangul ar static exposure area fornmed on a wafer and

an optical axis of a projection optical system
according to the present enbodinent. 5 Fig. 3is a

di agram showi ng a configuration of a boundary |ens ]
aexip@sura fapparatus rdcogling to ho gmbedimendrifdhie present Birgention.
4 is a_diagramshowi ng a configuration of |enses of

the pFig.e2tis endiggrannsheyingm positiogiahgelasionship between a
present enbodinment. Fig. 5 are diagrans show ng the

| srosangulan statigtaxposure ares forsjasken anwaler anst ar gptical axis of
system of the, present enbodinent. Fig. 6 is_a diagram

sAPRPIegtian el Sy slent RecArding o &ern%entwabaéiréen%t ic

e o 505 Ak 5SmSR By e
o AR Rt RS R e Pt oo
distrihutign. (nmW,cnR) of .a f.lare |ight i ch aches

the o1 Bifslrissdedbirin shamiPgea piriAsughon pbiCHres of the
e S S B

0 20 S U e SIS AL A i rofbion
APl S b st T dmdary Tene and “vaier |
icgn?im;;; %Slﬁor@’ g? &ﬁgﬁa@hglrlg%{'@gl %thg%ﬁ%glya%ec ons:m%f of the
s SRy 1, PR M BRI GSH, Bplaf B of e prosent

IERfIimegpf i guration of the 10

Fig. 7 is a graph showing a relationship of a space D (mm)
between a wafer W and a light shielding film 36, and an illuminance
distribution (mW/cm?) of a flare light which reaches the side surface of
a submerged plane parallel plate Lp in the liquid when the illuminance
on the wafer W is 4W/cm? in the present embodiment.

Fig. 8 is a diagram showing a general configuration of the key
sections of a first modification where the installation of the submerged
plane parallel plate in an optical path between the boundary lens and
wafer is omitted.

Fig. 9 is a diagram showing a general configuration of the
characteristic key sections of the projection optical system according to
the second modification.

Fig. 10 is a diagram showing a general configuration of the

10
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FP06- 0489-00 characteristic key sections of the
projection optical systemaccording to the third

nodi fication. Fig. 11 is a flow chart show ng a net hBB06-0489-00

when a sem conductor device is acquired as a

m cro-device. 5 Fig. 12 is a flow chart show ng a

nmet hod when a liquid crystal display device is

acquired as a m cro-device. Best Mdde for Carrying Cut

t bbaragtertsticokey GectipnEebdhe prajestion eptecalrsystam according to

i nvention w.ll now be described with reference to the

aﬂﬁbﬂpﬂh?“ﬁbﬁéﬁﬁﬁﬂngs. Fig. 1 is a 10 diagram show ng

a general configuyration of an exposure apparatus |,

accor dfig 1biag Heaboehats shoyrngmd nwtggénwgﬁn\pes@mmnductor
jg., 1, the X axis and the Y axis are set in a

In Fg.
- dAPEKEiis ACHRIIBE A8I1A BUCI-deVicRe wafer W  and the Z

axis is.set.i.n a directio ecrpendi cyl ar to the,.waf er
o Vor Bigekaifra e pharh BnSYiSs omelasd svBem Ml grystal
wi,th,the hori.zontal gl ane, .and, 15 the +Z axis is set

usml%wapwhl@ﬁsqugpﬁiaéamrpééwlsﬁ} [0025] S shoun
upiil _

RisstMade _fﬁﬁﬁﬁéﬁiﬁéﬁgﬁ‘ﬁg@ﬁﬁﬁ@m t sﬁﬁfiif’egﬂch as
“Fodid o o FiliodiBieits, ffl thd ¥ iy Stof "yl mgw be

A R FEGRRLE 30, Db @ Padkl diRBihs, diigny! s o

i AE AR, BEREAT Sp B 1y oy ppas
i 8 ] R o SRR o, 1. e X
PRICHRL U 9% SBL o SELQHAF S 20AI wi h yater W.
S o 24 2 g e g g, Mor
| gpbdikieallPafRAX YL plane is set in parallel with the horizontal plane, and
the +Z axis is set upward along the vertical direction.
[0025] As shown in Fig. 1, the exposure apparatus of the present
embodiment includes an exposure light source, such as an ArF excimer
laser light source, and has an illumination optical system 1 comprising,
an optical integrator (homogenizer), a field step, and a condenser lens.
The exposure light (exposure beam) IL, which is an ultraviolet pulse
light with a 193 nm wavelength emitted from the light source, passes
through the illumination optical system 1, and illuminates a reticle
(mask) R. On a reticle R, a pattern to be transferred is formed, and a
rectangular (slit-shaped) pattern area, of which long side is along the X

direction and short side is along the Y direction out of the entire pattern

area, 1s illuminated.
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FP06- 0489-00 [0026] The light which passed through
the reticle Rforma reticle pattern on an exposure

area on a wafer on which photoresist has been coat gdp(6-0489-00

(phot osensitive substrate) Wat a predetern ned

reduction projection magnification via an inmersion

type projection optical system5 PL. In other words, a
pattern inmage is forned on the rectangul ar static

elGORair e ar Fhe(liglitewhiocle passedstireugh ¢h¢ reticlehR hfasmaa reticle
| ong side along the X direction and a short side

apatigrrt be ah @xpesirieoareanon ke wadére onWhsech ghotaresist has been
optically correspond to the rectangular illum nation
aceaiedn (phetasensitive sRbstrate) 00N 7]at Fiag. predeterminédigreainction
depi cting the positional relationship between a

r projeaigon annaguﬁpa‘aonm@ aurimmersdon typaeprajaction optical system
and an optical axis of the progjection optical system
abtor In etherowords, i pedern invageds devmed jon theergotangiHer static
embodi ment, as _shown in Fig. 2, a_ rectangular statjc
eﬁm@snr@ aree e frctivipicsposyicew®s) vkl hasea i@% rsactq alomg the

th.the optical axis, AX center,
%Wmm@n d shortisigg along axq &’”&.rwm ioﬁgt u‘& g0 as
vvlththe opti cal of the pr iQn 0 |ca
s{& PRHCaly ZOTieRBORG P dhe regaBgllAE i bﬂg{lﬁﬂeﬂ are 0B the rgticle
e posure area ERin the X direction is LX, and the
gth inthe Y direction thereof is LY. 20 [0028]

TW@ﬁ]ﬁQte  oRigarbR o el depigting T RIS, deigyship
eﬁs’% aﬂi%éﬁaﬂ%&?% ?fﬁﬁp ThLre R pdndd 055125165’ Wafer“and an
-BPLER hEis 8F Eﬁg il B i £, St 287 isle b the prosent
tRiboidiingfiy. DU helnskit dhbodiidn, S%‘%%i.é‘n'ﬂgh

r ﬁ%dt%ﬁ%ulgr h&nch&é)r?)ﬁlugé E?étif ER) i %cﬂ%ﬁ@ﬁdﬁ&loﬁﬁ%e X direction

directi egr
with the optical axis AX at the center, is set in the circular area (image

circle) IF having a radius B with the optical axis AX of the projection
optical system PL at the center. Here the length of the static exposure
area ER in the X direction is LX, and the length in the Y direction
thereofis LY.

[0028] Therefore corresponding to this, a rectangular illumination
area (that is, static illumination area) having a size and shape
corresponding to the static exposure area ER with the optical axis AX as
the center is formed on the reticle R, although this is not illustrated. The
reticle R is held in parallel with the XY plane on a reticle stage RST, and
in the reticle stage RST, a mechanism for fine-moving the reticle R in the

X direction, Y direction and rotation direction is integrated. The
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FPO6- 0489-00 positions of the reticle stage RST in
the X direction, Y direction and rotation direction

are neasured in real-time, and controlled by a reti gippg-0489-00

| aser interferometer (not illustrated). [0029] The
wafer Wis fixed in parallel with the XY plane on a Z
5 stage 9 via a wafer holder (not illustrated). The Z

stage 9 is fixed on an XY stage 10 which noves al ong

t BsitibnB! dNehe YONiElR §tBgs URSTaL itled ¥ dirsutivn, eV diréétion and
the i mage pl ane of the proj ection optical system PL,

apstatieAndifedtion Afe hiigarad s tre@lnuﬁ@emtil eontrolléd eyZa reticle

direction) and inclination angle the wafer W For

t hgeZigteeodet@qaot iltustrdated).he X direction, Y 10

direction and rotation direction are rreasured in

r (3029]i re aftecwaferoM edfixby in pwrtBel tvatethe XY plane on a Z

interferoneter 13, which uses a novable mrror 12

i stapel9 vih awafee hﬁlderdgmt qllugtpaad). e Xstageafds ]ﬁXedson an

pl aced on a base 11, and controls the X direction,

A ctage 18nwhich andees dlong: the X 6f plahe, wdfich 1Wsubatant1aﬂy

the 15 other hand, a main control system 14 instal]led

i paratlel sxith $he dmagsaplanes offthetprojectiamoptisabaystem PL, and

adj usts the positions of the reticle R.in the X

deertrolsothe foatisr pesition (@mesitien anitbe Aiditestiosy asuk inrlination

t he neasurenent _val ues neasured by the reticle | aser

| nnglef e heewaier Wa &ondhe ostge 9, RSy i 6 Xodlrectlon Y
stem 14 sends.,a control signal to the chani s

i dtregtiatl &and; Fotathen dakectioa fmea@@aﬂs‘@ @ﬁ@ng' Qﬁ)@troﬂed

sition.of, the.retjcle -nmovin the tlcle
Bxg% wafer Jasen ﬂlteptegarrtqter Hges & moyable mirror 12
s,the f sition (p03|t|on|ntheZ
A%%Sl’i?%ﬂ?t]é?%f géf er Wand the | ncI i nation angle to
t he s on t waf.er e ane
”féff oy o Jber8Y et Kpitted o4 ES%EI AR GoRk e the X

gﬁoﬁhéfe% i pid oD HindktioRt 'he SFARELW. On the

S| ﬂ{] g han% 3 8 Cont3l system 14 installed in the exposure apparatus
of the present embodiment adjusts the positions of the reticle R in the X
direction, Y direction and rotation direction based on the measurement
values measured by the reticle laser interferometer. In other words, the
main control system 14 sends a control signal to the mechanism
integrated in the reticle stage RST, and adjusts the position of the reticle
R by ﬁne-moving the reticle stage RST.

[0031] =~  Also the main control system 14 adjusts the focus position
(position in the Z direction) of the wafer W and the inclination angle to
match the surface on the wafer W with the image plane of the projection
optical system PL by an auto focus system and auto leveling system. In

other words, the main control system 14 sends a control signal to a wafer
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FP06- 0489-00 stage drive system 15, and adjusts the
focus position and inclination angle of the wafer Wby

driving the Z stage 9 using the wafer stage drive FP06-0489-00

system 15. Also the main control system 14 adjusts the
positions of the wafer Win the X direction, Y
direction and rotation direction based on 5 the

nmeasur enent val ues measured by the wafer |aser

i sthge f driverstysterd 315, and addjestswired focushpostiion aadt imelination
system 14 sends the control signal to the wafer stage
dangle ofitheemafts Wanddawing the Fistageiusingtheowaférestage drive
wafer Win the X direction, Y direction and rotation
diystemi b Asdrtheimain tentxy syteigel 4 adpsstsithe pesitimhsrof the
stage drive system 15. 10 [0032] During exposure, the

nwiafierc Yatin ghe ¢ stitaetion, Séwhireciioncand rofationghisectien based on
mechanismintegrated in the reticle stage RST, sends
atheomeasurementayalues measuaed bysthegwalen %éeg yaicegrameter 13.

and projects and exposes_the pattern i mage of the
rn pﬁm voIsly; theamgiie genphsyans hbseadeine epntrplsigalto the
ol G bRl £ 6\ ol ToTti B M AT in
T R, oG Sl ont b A e v
StaBe OB Shbprrdrr SHEE NS v of W o the
CUPEHT €, PSPl bl By i bRy £ sencs o
bR Rl B S PR R B TR sencs
d.sc ' ;
8 s EDE Fe B HEREHRBs R Sier T Sopmd ipgcicots and
R . g
SRS T B il TR el R4 3 R ot area
ab3fe Wikre? Wr\bﬁﬂé %ﬂhg%ﬁ% "Bfic ezia%@ ®RST Snliftfie XY stage 10
dlrec?lon, of the rectafigular statict exposure area s

skl Rfek'séigy rfita,ﬂﬁt 5@&@;@%@%& epf‘ﬁ)j’éﬂtf&i |hAghif&tion of the

positi ons e reti
projection optical system PL. Then the main control system 14 sends a

control signal to the wafer stage drive system 15, and step-moves
another shot area on the wafer W to the exposure position by driving the
XY stage 10 using the wafer stage drive system 15.

[0033] In this way, the operation to scan and expose the pattern
image of the reticle R onto the wafer W by the step and scan method is
repeated. In other words, according to the present embodiment, the
reticle stage RST and the XY stage 10, that is the reticle R and the wafer
W, are synchronously moved (scanned) along the short side direction,
that is the Y direction, of the rectangular static exposure area and static

illumination area, while controlling the positions of the reticle R and
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FPO6- 0489-00 wafer Wusing the wafer stage drive
system 15 and wafer |aser interferoneter 13, therefore

the reticle pattern is scanned and exposed on the FP06-0489-00

waf er Won an area which has a width the sane as the
long side LX of the static exposure area and the
| ength according to the scan quantity 5 (noving
quantity) of the wafer W [0034] Fig. 3 is a diagram
depifet i Wo usheg ctief ivaficat stagebdriveesystesn bduanidr wafemdaser
and the wafer according to the present enbodi nent. As
Firgerfarahotes, 1 3, thedefoner thieareticnpatierindalscagmed andfexpbsed on
present enbodi nent, a submerged plane parallel plate
(the waféd Yhontamasea whiclghas abﬁidtﬁ Ithe sefmelds s g side LX
surface at the reticle R side (object sj dez contacts .
t b thesstati¢ ¢xppsuge areand ibe dengthcaccarding scayy quantity
side (inmage side) contacts the first liquid Lm, is
d(mpymgiquaniied ofibe wafend¥er side. And as a second
light trangsmtting nenber adjacent to thus subnerged
Ipar al Fig. Distdiagram depigimghe P@wggwtmf betiyaem the

p

hausdimabasrand fip WierarerdnS tadhe HEsTSTIRGIIMERt. As
T NC MR I .
amensrded e pagisl FaRte (st bk tERueR itk nigben Lp, of
¢ Eg ) SURECE ot vegTs W e (g CEORAEfs e first
< DERUE L8 3 dieonriel e oo WRIeK 18R At o8 Hsqeond light
SRS, 5@%2@??@' t@ﬁ%ﬁ&?@ﬁ%’@%@ 1856 phf Rl blate Lp,
5 1 LS S TR e 0
MR 8% BnldN§urfiBOfacig the wafer W side contacts the second liquid

Lm2, is disposed.

[0035] In the present embodiment, pure water (deionized water) is
used as a first liquid Lml and second liquid Lm2 having a refractive
index greater than 1.1, since a large quantity of this liquid can be easily
obtained at a semiconductor manufacturing factory. And the boundary
lens Lb is a positive lens which has a convex surface facing the reticle R
side and a flat surface facing the wafer W side. Both the boundary lens
Lb and submerged plane parallel plate Lp are made fromsilica glass.
This is because if the boundary lens Lb and submerged plane parallel
plate Lp are made from fluorite, the fluorite has the nature to be

dissolved (soluble) in water, so it is difficult to stably maintain the image
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FPO6- 0489-00 form ng performance of the projection
optical system [0036] Also in the case of fluorite,

it is known that internal refractive index FP06-0489-00

di stribution has high frequency conponents, and this
di spersion of refractive index, including the high
frequency conponents, 5 may cause the generation of a
flare light, and the image fornm ng performance of the

pfansingi perfomane ofthwtpoj¢atiwsopocarsystert is al so

known that fluorite has a natural birefringence, and

i f00B6der t oAdso ninaithe acasgood fimagite f dt rii ngnpenf thataiternal
of the projection optical system the influence of

t tefsactteu imdexbidisifibutiganbas high requanayecomponents, and this
Therefore 10 because of solubilit the high frequency
cdispersion ofgefrantive dndextingliding dbg h@gléﬁqqmnic}es CofpPNENts,
the natural birefringence. of quorlte@mi1

phwtyercapse then generasiaso wfdar flare nighty theb #@ﬁg@dformmg
pl ane parallel plate Lp are

pgtprnm@% © theuBraiehon ¢nti cgﬁ fjsgrS{erp%Terslﬁl '§a¢%pa Tiris also
g5 e 875 B SRBRE AT Sl
3@%&%@6 R i T REOSER S R B e

ex SurC%tS ,51215:1@' v.el rm\r/llggl \A’aferlgw{e\ﬁlehl“herefore
NEC“”"' 28 plbERIBEGhe ekt HEaBEh &""a@é’é‘%@ﬁ RoB8 rofractive
TRRRCORuTAl ot pad s hafa? sk iy b Rugriibe i B tferable

I Bfaﬁsﬁ%db&gggmﬁ }e)éd-lé;f g?’n%ﬁ%cfmt %)&r 3 ﬁl re |§&%1161 ﬁq é’ﬂeng are

y device V|a a supply pi pe and
dISC arge %@gagg € so as to fill the optical path

P@%gvter:g%fromt HJ?%L_IWE Ifnﬁ@f?hl%yl supplbgﬂb%6path

between the boundary lens Lb of the projection optical system PL and
the wafer W from the beginning to the end of a scan exposure in a step
and scan type exposure apparatus which performs a scan exposure while
relatively moving the wafer W with‘respect to the projection optical
system PL, the technology disclosed in International Publication Number
W099/49504 and the technology disclosed in Japanese Patent
Application Laid-Open No. H10-303114 can be used.

[0038] In the technology disclosed in International Publication
Number W(099/49504, liquid adjusted to a predetermined temperature is
supplied from a liquid supply device via a supply pipe and discharge
nozzle so as to fill the optical path between the boundary lens Lb and
wafer W, and liquid is recovered from the wafer W by the liquid supply
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FPO6- 0489-00 device via the recovery pipe and inl et
nozzle. In the technol ogy disclosed in Japanese Patent

Application Laid-Cpen No. H10-303114, on the other FP06-0489-00

hand, a wafer holder table is forned in a container

shape so as to contain liquid, and at the center of

the bottomarea therein the wafer 5 Wis positioned

and held by vacuum suction (in liquid). The wafer

hdediwe wablthei scaivery spipecandednisd néwlet hdnt ithe dechhelogy

|l ens-barrel of the projection optical system PL

r dischesedi int Japanesei Bafent ahpplitasiaplliatétOpeui¥ock 14303114,
the wafer side of the boundary |lens Lb reaches into

t b8 the giher. handgsviafemhelder jakledafosmed dnreepentaparshape so
water, as_the first liquid 10 Lm, is circulated, in

t A% to gontn Lisgid and sithe cansersoibiherbpitorplaise thergimtheswarer

plate Lp .and the fer Wusing a first water
sippisyPesigonad g@%dw éfmrnum sycHaB AN | lmqmd@; The wafer

Ahpgiﬂpgt{ag&v\?% e as t he eco ngnOfﬁ d@%&afryl of the
BToIgE Olgggm%ﬁ eateem, s%'ﬂ%?sgﬂ T, dinlidnand e poptical
| Aktres ot e aYﬂyfaf sideip Shatodhdagy r%cszﬁb sradispatq e liquid.
bWe-ll/gﬁ}Ne (BB arBperine R nBaE B Al o BT liquid
SPET 1 cBHOIAER o e iR PGP R RO PR GRS Blane
t BaigE! 3’3%%@5 %f"d 31?%5@%{ WhbShErE Sist it Hbpivldisgharee
Sfﬁé‘cﬁ%& e op Oﬁlgf he o Ss?ﬁﬁﬂecwﬁférr ﬁlé Secdn®Biquid

heig i's a ve
ls;czrﬁﬂ%wﬁ o S SRS SRR SR T nd
gﬁ{gﬁ ;agemgluiln—%éedr p&%r) of pftﬂ;]az e?tefﬂpg&séu ?If‘gce S'?ﬁog :rleaghig%&%lrﬁit "Rater
aghphstyy disehiro@GBechMiddl 227 In this way, by circulating pure water
as an immersion liquid at a small flow rate, preservation and mildew
proof effects are provided and change can be prevented.
[0040] In the present embodiment, the aspheric surface is given by
the following Expression (a), where y is the height in a direction vertical
to the optical axis, z is a distance (sag quantity) from a tangential plane at
the vertex of the aspheric surface to a position on the aspheric surface in
the height y along the optical axis, r is a vertex curvature radius, k is a
conical coefficient, and C, is degree n of the aspheric coefficient. In the
later mentioned Table (1), * is attached to the right of the surface number
of the lens surface formed in an aspheric surface.

[0041]
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FP06-0489-00 Z =(y 2/ r) I [ 2 +{ 1 - (1 +K) y 2/ r
2l 1/2] +C4' y4+C6"' y6+Cg' ys8 C10, vy

10 +Cl2 ' y 12+ C 14 ' y 14+ . (a) [0042] Fig. 4 | FPO6-0489-00

di agram depi cting the configuration of |enses of 5
the projection optical systemaccording to the present
enbodi nent. As Fig. 4 shows, the projection optical
system PL of the present enbodinent is conprised of,

sequenti 4y ¥ £ roin the [rettcl{el side] latpthne yphrarriidl ]
plate P1, a bi-concave lens L1 \évhi ch has ansaspheri c 0
concave -sufface gt *theCrgf er ysPde, Cagnegative C o * v
meni scus | ens L2 whi ﬂw has a 10 concave surface at the
r et &)e si tet- Quposy Uire meni scus | ens LBawhich has
an aspheric _concave surface at the reticle side, a
p3042)ve meRigcliss aldiagram depicting the aontigurationsof lenses of
at the reticle side, a bi-convex lens L5, a positive
nthe prjsctiemopticalvsy sianh accerding vesthe preserd embedincnt. As
reticle side, a positive nmeniscus lens L7 which has a
cbigexd sshawis,e the 1Bojacsionetopical sisyelenn Bbsieh vihe present
neni scus | ens L8 which has an aspheric  concaye ,
sembadimgnt s somrisedsel seqyentia Yritemetheardicle sidg, a plane
negatjye. mepiscus, | ens L10 i ch ha convex, suyface
aparable! mletechb, gf’*aegmwamc- leélémﬂ]eﬁ\»@&%nﬁaw@ JpheRCcheancave
an pheric. concgve surface at the wafer  si .
pPEace ot dhe waly sids, whnegative nawg%é?m%cf?oe@é% has a
surface 20 at th eticle si.de, a positive nmenjsc .
| 6PRCavEs Shiface Rhdhs reticlerSifica RSNk nettispli lehs 3 yehich
rﬁti cle side, a bi -conl\b/lgx I eré}s L14,. ‘a bid-conveﬁ. | ens -
L83 a1 aspYSHIP FONGAXE s Biidare i hedelificcHdRad POSHLYR Hipmscus
surf t. ,the reticle si a_ hj-convex.:lens
o eriscid il S e ghi g, Snitice T hs PR iR plrbonvék lens
izch has..an aspheric V. € 25
oo BOSOR, FRRNRT LEROE PR GRS ShokeE Mpiflec®ut the
a i
B8P i 68 fyelkhREds ot [ WRLAHpa4 forftex surface at
the reticle side, a positive meniscus lens L8 which has an aspheric
concave surface at the wafer side, a bi-concave lens L9, a negative
meniscus lens .10 which has a convex surface at the reticle side, a bi-
concave lens L.11 which has an aspheric concave surface at the wafer
side, a plano-concave Iens .12 which has an aspheric concave surface
at the reticle side, a positive meniscus lens L13 which has an aspheric
concave surface at the reticle side, a bi-convex lens L14, a bi-convex
lens L15, a negative meniscus lens L16 which has a convex surface at
the reticle side, a bi-convex lens L17, a bi-convex lens L18, a positive
meniscus lens L19 which has an aspheric concave surface at the wafer
side, a positive meniscus lens L20 which has an aspheric concave

surface at the wafer side, a positive meniscus lens L21 which has a
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FP06- 0489-00 convex surface at the reticle side, a
pi ano-convex | ens L22 (boundary |l ens Lb) which has a

flat surface at the wafer side, and a subnerged pl aRR06-0489-00

parall el plate Lp. [0043] In the present enbodi nent,

pure water (Lm, LnR) having 5 a refractive index
1.435876, with respect to ArF exciner |aser |ight

(wavel ength X = 193.306 nm which is the operation

| cohvex emmdaea eat thiegieticle sxlef ial pleﬂoi-aormexo&nsdaﬂ Khotndary
between the boundary lens Lb and the subnerged pl ane
plarsl Lb) wiishehdspa fiatd sunfagpt iat dhe puafer édeyeand nhsubmerged
subnerged plane parallel plate Lp and the wafer W Al'l

t planiei parallebplate: tting nmenbers (P1, L1- L22 (Lb)
ngoare made fromsilica glass (SiQ2) havi

btive Iml@&pzem@momentr pm;femat@ro(hmé Lm2) having

operation c? 0044 Inthefollovvln Table(i
t Berefeactes BidaxatlABT8 Thewith spsnect dp 4y @&m@% aser light
PL according to the present enbodi nent are, 15, shown.
I| ﬁwartggllegg;h =3, 1|9Bs3 f dwn) wahltc:haxsem prﬁl“%ﬂifbi% Uegposure

ght,, . val ue ction ifiga

%Bwe i éJlél%dawew nsical Pefle emfﬁgbr@?gg lers; ﬂ@)@d the
b i i, P D i Eaﬁ&m Ren te

ER

b 1R SrRLR LIRS S S5 BN, e i
(Endh %‘% %é;ﬁ&f’%%il’i, k) fﬁ%ﬁeﬁﬁﬁ 35 ot s roRbalicg elass
ieAR R e iy MR R v ﬂfo fis bfiefhtion

t ase of an aspheric surface d is a space of each
s Heht A
ce on the axis, that is surface separation (mm,

gﬁw; 2 I ARCYONBARE TR (11 RnE SORREL bP G of the

projection optical system PL according to the present embodiment are
shown. In Table (1), A is a central wavelength of exposure light,  is a
value of projection magnification, NA is a numerical aperture at the
image side (wafer side), B is a radius of the image circle IF (maximum
image height Ym) on the wafer W, LX is a dimension of the static
exposure area ER along the X direction (dimension of long side), and LY
is a dimension of the static exposure area ER along the Y direction
(dimension of short side). The surface number shows a sequence of the
surface from the reticle side, r is a radius of curvature (vertex curvature
radius: mm in the case of an aspheric surface), d is a space of each
surface on the axis, that is surface separation (mm), and n is a refractive
index with respect to the central wavelength.

[0045] Table (1)
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FP06- 0489-00 (Main date) X=193.306 nm P=1/4 NA=
1.00 5 B=Yn¥13.4mm LX=26 mm LY=5.5mm (Opti cal
conponent data) Surface No. r d n optical nenber 10FP(6-0489-00
(Reticle surface) 50.000 1 00 8.000 1.5603261 (P1) 2
00 5.225 3 -1943.233 12. 000 1.5603261 (L1) 4* 191.125
47.012 15 5 -104.228 42.945 1.5603261 (L2) 6 -470.767
1.000 7* -542.622 39.860 1.5603261 (L3) 8 -202.724
1(Vin date)066. 606 49. 498 1.5603261 (L4) 20 10
-257.416 1.000 11 2900. 000 53.600 1.5603261 (L5) 12
-376193.306.1900 13 254. 290 54.884 1.5603261 (L6) 14
927.490 1.000 25 15 192.047 50.000 1.5603261 (L7) 16
4P5=2p641. 000 20

NA=1.00

B=Ym=13.4 mm

LX=26 mm

LY=5.5 mm

(Optical component data)

Surface No. r d n optical member
(Reticle surface ) 50.000

1 0 8.000 1.5603261  (P1)

2 w0 5.225 _

3 -1943.233 12.000 1.5603261 (L1)

4% 191.125 47.012

5 -104.228 42.945 1.5603261  (L2)

6 -470.767 1.000

7* -542.622 39.860 1.5603261 (L3)

8 -202.724 1.000

9 -1066.606 49.498 1.5603261 (L4)

10 -257.416 1.000

11 2900.000 53.600 1.5603261 (L5)

12 -376.177 1.000

13 254.290 54.884 1.5603261 (L6)

14 927.490 1.000

15 192.047 50.000 1.5603261 L7

16 405.266 1.000
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FP06- 0489-00 17 230.501 39.859 1.5603261 (L8) 18*
322.792 19.156 19 -2992.366 14.004 1.5603261 (L9) 20
96.198 42.051 5 21 1075.262 14.000 1.5603261 (L 10) FP06-0489-00
22 238.222 39.560 23 -133.879 12.000 1.5603261 (L11)

24* 248.570 31.009 25* -309.992 15.000 1.5603261 (L12)
10 26 00 9.148 27* -737.276 51.000 1.5603261 (L13) 28
-176.320 1.000 29 1040.000 48.704 1.5603261 (L14) 30
-3%1. 186 230GDIL5 31 73%8600 48. 7ds5A0EBAZ261 ([

32 -697.471 3.000 33 503.559 30.048 1.5603261 (L16)
318%81. 16B2279250 35 1941%63 54. 923 1.5603261 (L17)

20 36 -564.358 1.000 37 372.647 56.556 1.5603261 SL18)

389- 14242992.366000 39 14080439 41. 2360826403261 (1L

19)

40* 498.912 1.000 25 41 147.694 36.513 1.5603261 (L20)

420 185.19996.1880 21

21
22
23
24*
25%*
26
27*

. 28

29
30
3]
32
33
34
35
36
37
38
39
40*
41
42

1075.262
238.222
-133.879
248.570
-309.992
0
-737.276
-176.320
1040.000
-451.186
725.000
-697.471
503.559
281.163
724.563
-564.358
372.647

-1424.995

196.339
498.912

147.694

185.195

42.051
14.000
39.560
12.000
31.009
15.000
9.148
51.000
1.000
48.704
1.000
48.768
3.000
30.048
111.150
54.923
1.000
56.556
1.000
41.207
1.000
36.513
1.000

21

1.5603261

1.5603261

1.5603261

1.5603261

1.5603261

(L10)

(L11)

(L12)

(L13)

(L14)

1.5603261 (L15)

1.5603261

1.5603261

1.5603261

1.5603261

1.5603261

(L16)

(L17)

(L18)

(L19)

(L20)



FP06- 0489-00 43 147.798 52.775 1.5603261 (L21) 44

216. 307 2.256 45 238.988 26.298 1.5603261 (L22:Lb) 46

00 3.000 1.435876 (Lm2) 5 47 00 20.000 1.5603261 (LPP06-0489-00
48 00 3.000 1.435876 (Lm) (wafer surface) (Aspheric

data) Fourth surface 10 K-0 C4=-1.48452x10-7
C6=5.65923x10-12 C8= -2.78621 x 10-16 C1l0=2. 37952x

10-20 C12=-1.19751x10-24 Cl4=1.82016x10-28

C48=-5. 16147:70& 33 15 £xV@ht h sur flaaed32640 (L21)
CA=-1.27342x10-8 C6=2.18802x1013 (C8B--4.26931x10-18
Gid=4. 55926080722 C12=2:.2206887x 10-26 Cl4=1.46041 x
10-30 20 C16=-1.78415x10-35 Eighteenth surface x=0
A5- 1. 7928808%0-8 C65-20.89837x 10113603261 (L22:Lb)
C8=- 3. 82843x10- 18 C10=-3.85072x10-22 25 Cl12=1, 96652x
14626 Cl4=-% 59987x 10-3000C16=7. 126¥K7610- 37 @Aan2)

10

15

20
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47 a0
48 o
(Wafer surface)
(Aspheric data)
Fourth surface

k=0
Cs=—1.48452x107
Cg=—2.78621x10°
Cp=—1.19751x10%
Cie=—5.16714x10""
Seventh surface

k=0
C,=—1.27342x10°®
Cy=—4.26931x10™"*
Cro=—2.06887x1072°
Cre=—1.78415%x10™
Eighteenth surface
k=0
Cy=—1.79752x10*®
Cy=—3.82843x10™"®
C,=1.96652x10
C16=17.72530x10™

20.000
3.000

1.5603261
1.435876

(Lp)
(Lm1)

Cs=5.65923x1072
C10=2.37952x10%
C14=1.82016x102

Ce=2.18802x107"
C1,=4.55926x10%
C4=1.46041x107

Ce=1.95237x107*
Co=—3.85072x10°%
C=—3.59987x10>!
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FP06- 0489-00 Twenty-fourth surface K=0 C4=1.86641 x
10-8 C6= -2.48589x 10-12 C8= -3.40085x 10-17 C10=
1.20901 x 10-20 5 Cl12--4.99726x 10-25 Cl4--4.18254x FP06-0489-00
10-29 C16=2.90453x 10-33 Twenty-fifth surface x=0
C4=-4.42908x10- 8 C6=3. 24465x10-12 10
C8=-2.17933x10- 18 C10=3. 09914x10-21 Cl2= - 5.89781 X
10-25 Cl4=1.44812x 10-28 Cl16= -9.31891 x 10-33
Feuvgthtdurficef ace x=0 15 C4=1.28473x10-8
C6=-1.52185x10-12 (C8=3.27024x10-'7 Cl10=2.96321 x10-21
Gt2=93. 12141x10- 25 Cl14=1. 24069x10-29 C16=-3.63752x
10-35 Fortieth surface 20 K=O C4=1. 37642)3 0-8
0657 5389410074 C8=8. 1476} %16-248680x19.'38664x10- 22
C12=1.89052x 10-26 Cl4= - 5.72857x 10-31, C16=1.24235X
1053525400863 18econd sur f faeg— k209@Bx10

Cpp=—4.99726x107% Cpy= —4.18254x107%

C16=2.90453%10
Twenty-fifth surface
k=0

Cy= —4.42908x10°®
Cs=—2.17933%x107"%
Cpp=—5.89781x10%
Cis=—9.31891x10™%

Ce=3.24465x107"2
C10=3.09914x10*
C4=1.44812x10%

Twenty-seventh surface

k=0

C,=1.28473x107
Cs=3.27024x10™""
Cip,=—3.12141x10%

Ce=—1.52185x10™"
C10=2.96321x107*
C1a=1.24069x10%

Cis=—3.63752x107
Fortieth surface

k=0
C,=1.37642x10"
Cy=8.14751x10™"
C12==1.89052x10%
Cie=1.24235x10%
Forty second surface

Cs=7.52294x107"*
Cio=—2.38664x107*
Cu=—5.72857x10>"

k=0
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FPO6- 0489-00 C4=-4.67034X10-8 C6=-9.90580x10-13 C8=
-5.14638x 10-t8 Clo=1.69872x 10-21 Cl2=-1.07534x10-25

Cl14=5.68180XI 0-30 Cl16=- 1.53908x 10-14 5 [0046] Fi gFP06-0489-00

5 are diagrans depicting the lateral aberration in the
projection optical system of the present enbodi nent.
In the aberration diagranms, Y indicates the inmge

hei ght. As the agerration di agrams in Fiq3 5 show, in
t €g=pred6m034mbOdi nent, ab&isFatt BP0MOP 10eSpect to the
10 excimer |aser .Light of which mavelen&&p Is 193. 306
u€e= s~ MHP38slPect ed eveR1oF bOP&YFE1Aineri ca
aperture (NA = 1.00) at the inmage side angd a

r izt vdl.Y733g0St ati ¢ exSosurd G EHR (26 run x 5.5
are secured. ,,Therefore according to the present

e oﬁ‘iﬁénﬁﬁ%’hl%h nunmerical aperture at the inmage

side, that is 1.00, with respect to the ArF exciner 15

| aser light of which wavelength is 193.306 nm can be

S S i AR A n e
o S TSR AR A1 s

hll s, S AR bl b a3 ARSREACHSars i
Pk TRk, 5.8 L) Ko el S50 TR GO e
ORISR 7 e MARITRER, 3£ 30 Ao g
B g AT SR LA e e o
Ry BB, AR, OO P 9SS e
) ot@iéeifggel 'Segﬁeg%gitx%g tb{z?lié dniete AP UABOARER, PY Af¥h numerical
aperture at the image side, that is 1.00, with respect to the ArF excimer
laser light of which wavelength is 193.306 nm, can be secured and a 26
mm x 5.5 mm rectangular effective eprsure area (static exposure area)
ER can be secured, s0 a circuit pattern can be scanned and exposed in a
26 mm x 33 mm rectangular exposure area at high resolution.
[0047] In this way, according to the projection optical system PL
of the present embodiment, a relatively large effective image forming
area can be secured while securing a large effective numerical aperture at
the image side, by including pure water (ILml, L m2) having a large
refractive index in an optical path between the boundary lens Lb and the
wafer W. Also the submerged plane parallel plate Lp is disposed in the
optical path between the boundary lens Lb and the wafer W, so even if

pure water as immersion liquid is contaminated by the photoresist coated
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FPO6- 0489-00 on the wafer W for exanple,
contam nation on the optical surface of the boundary

lens Lb at the image side by the contam nated pure FP06-0489-00

wat er can be prevented by the function of the

subnmerged plane parallel plate Lp included between

t he boundary lens Lb and the wafer W 5 [0048] Fig. 6

is a diagramshowi ng a general configuration of the
charthe tveafies tWe fse gxampliéoosntaminbiopran tet opticalptsucfice of
system according to the present enbodinent. As Fig. 6

sthevsounderysiehsdityatitld amagpaidd byl theptattemipated pure water
supported by a first support member 31 usin

acam berprievented by dherfisotibolaf thet siubmerged pgm@dmmllel plate
lens Lb, on the other hand, is 10 adhesive-supported

tipaneladeddbeswopn the betmdaqelzneiubr gndithapmiopiy.at e

adhesi ve (bond). This is because in an |nnersron type
pi8)48dt i on Big.itcis a diggrasmshewing a general momiigugation of the
aperture, an optical surface at the mask_  side nust(P
Clgaolexistisdery sgations efihe prejertion siptical wysiens aceerding to
order to vent a total | ection of |ight ich
Hcepreset wﬁﬁdgmnt e INg gaﬂwws é@@%&ﬁé& apg parallel
the out er edges of . the_boundar Iens Lb,becones ver
i[mme}pgmrt%bm ﬁé%tr S % f Hs1ag, @ﬁerl‘@%laﬂonal
pIan ara ate fer W a en
B bpidimEiadge The Jiarxvfaar Itthemr larmd is
su drschar nmechani s 21 | drr and
maﬁgfrsy V%§“PH%“8§ DA PreRICS e 32&@ & ARt ar?gﬁopﬂate
éh%f ﬁ% bet ween the su bgﬁg? ane E 8 tical
h \ﬁdﬁ CHIT5 L 1 o8B Pipjgigion optica
mat / e -novzl e €
siﬁméteﬁ”\r’leé hi SP\REE?rP‘Fﬁ%’J%%Hr?diT gﬁ%‘ﬁ?ﬁaﬂ mask

"‘Eﬁgﬁﬂggﬁﬁ 5/% 6’%5’?%}.11‘] @ ank }ﬁl s@égtrggﬁ{éh% gecond. flu] }Jr?order to
V‘ﬁfe%en% ?F{BIE&W rgﬂ?gﬁaﬁ o I%E %WHEH' ﬁ%ﬁl@dﬂ)&ﬁ&?ﬁ? JeRE b, and

fH OHABIANS Wméahtd?aé@egeﬁf"ﬁﬁnbéﬁ‘fda&qens Lb becomes very
thin,
[0049] To an optical path between the submerged plane parallel

plate Lp and the wafer W, an end of a water supply/discharge nozzle 21a
of the first water supply/discharge mechanism 21 is directed, and pure
water, as the first liquid Lml, circulates through the optical path between
the submerged plane parallel plate Lp and the wafer W by the function of
this water supply/discharge nozzle 21a. In the same way, to an optical
path between the boundary lens Lb and the submerged plane parallel
plate Lp, an end of a water supply/discharge nozzle 22a of the second
water supply/discharge mechanism 22 is directed, and pure water, as the

second liquid Lm2, circulates through the optical path between the
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FPO6- 0489-00 boundary |lens Lb and the subnerged pl ane
parallel plate Lp by the function of this water

suppl y/ di scharge nozzl e 22a. [0050] Also at the end FP06-0489-00

the wat er supply/discharge nozzle 2l1a, a seal nenber

33, for preventing the outflow of the pure water Lm

from 5 the optical path between the subnerged pl ane
parallel plate Lp and the wafer Wto the outside
(boshdieryt lemspLbi endi the spbinesged yplamenfaralield plataflep by the

stage W5 side) is installed. The seal nenber 33 is

f firmegtbrbyf thimater syl ahscharge nozeksi 224.pr ef erabl y an

el astic body). The seal nenber 33 has a triangular

cfa)]sect i Adso abthegndwfdhe anater isepplyddisoharger vofzle 21a, a

contacts the non-tapered portion 41 of the side

ssadl anember e for prevenging Bleaowtfioay aifitae pyreveatep Lml from

[ 0051] .-The side surface of the submerged pl an

ptheappticalppathebetpeensthensubmenges) plangcpasaliehplate Lp and the

excl uding the surface .at, the wafer side and .  surfac

awaffere Wakk the quitsidet ﬁ@smbﬁf@f pealeptigReoplsall pYtem) i’le and

Lp in the rea outside the effective ea,(are

whailer émgsgﬁf §él§¢}a@elrfs@aelm£g ﬁé%ﬁ?a]p%@é ef fioﬁgﬁznned by

that is an,areg i nside the | form,ng. beam Le

¢ Watero eBe et Tigaresin fﬂf@&%ﬁbr@wlﬁ‘?% i@&bm FLpe scal

plate Lp..,The non-.tapered portion 41.is a portion,o .

PHIShein 33 Pace. BianRREAS Grtedony| rcofafiRle. fhd the tip

pl,at e excl udi ng the tapered.portion,42,.¢hat s _a

Plireoh Bobtaii e PbrianeRREPaifE 4l B sids Rprfbe® of the

paral lel wih the far The side surface of the

b%WSF%F(iME e@?’raﬁ@p@.@%{&” ion 43 of the side

S e of e.hou I -

ST 42 THeHAC Rifdhde, fihe yBigeRINehERRE ATl plate Lp

L def i [ ] :

t R SR8 RECIHRRS, sBebRfn 38 ffithoc ARy iRt and

0 . r :

Rt B B ppRRiid8 oTfl SRR Red hlabe papiRIGLEPp in the

P&ty HRkHRAD e dfedREUIREY atWhbhe 8ftictiv® image forming beam
passes through, that is an area inside the image forming beam Le at the
outermost edge) of the submerged plane parallel plate Lp. The non-
tapered portion 41 is a portion on the side surface of the submerged
plane parallel plate Lp excluding the tapered portion 42, that is a portion
which includes a plane substantially parallel with the wafer W. The side
surface of the boundary lens Lb, tapered portion 43 of the side surface
of the boundary lens Lb, and non-tapered portion 44 of the side surface
of the boundary lens Lb can also be defined in the same way.
[0052] Also at the end of the water supply/discharge nozzle 22a,
on the other hand, a seal member 34, for preventing the outflow of the

pure water Lm2 from the optical path between the boundary lens Lb and
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FP06- 0489-00 the subnerged plane parallel plate Lp to
the outside (inside the projection optical system PL

and wafer stage W5 side), is installed. The seal FP06-0489-00

menber 34 is also forned by water repellent

fluororesin (preferably an elastic body), and just

li ke the seal nenber 33, has a triangular cross 5
section, and the tip thereof contacts the non-tapered
ptite | swbmdebgetl phane spatallelirplace Iop thetheoundsicdy ((Bséde the
Lb. [0053] As nentioned above, the seal nenbers 33 and
3grojestibn gptidal pysteenPLamdoals; stage WiBddé), asnimstalled. The
mat erial which tends to deteriorate by the

i sead dheiriben 3df iseal po formed ibymvateFirepell enteflubworssial (preferably
menbers (33, 34) 10 easily deteriorate by the
i an alfistici body)f ahtlgnst likethe sealdnember Bés\ﬂfnhs adaigingylar cross-
causes the deterioration of the imge formng .
psedtiomeanck the tiphéherpobjcentdcss thetnaatapsyed gartondird of the
to the outflow of imrersion |jiquid. The boundary |ens
Lsides sufhes iafdhe ovodasyilens kbe second support nember

o053 18 ARmeatioaed abave: the s Fcobert5s Bodhitrap liquid
BRI JRRR AL ERR: e
LI strartiagion o eanouss HERE HsrHiry Bereslipombsbaid3, 34
T o U A i
Rt 87 SO TR P, Oh AT Lumage charifg . Sepporpgce of the
2 PrORGARA o S Pl Buf B ol ot I pdfeaf fuic.
¢ PR BO6RIBY” e is iR PG shfpofed b8 heo Sehid Ypport
¢ iftitbel S2" TP AAneLise Ruldidl (G dflplibidRe Shhen the

gg&ﬁ&%é SAPbbAGEARR §F ttRObbLATaY IehS L teliVed fR&diGHon of
the flare light, and as a result, the image forming performance of the
projection optical system PL deteriorates due to the positional deviation
of the boundary lens Lb.
[0054] Therefore in the present embodiment, a light shielding film
36, for shielding the passing of exposure light, is formed from a tapered
Iportion 42 to the non-tapered portion 41 of the side surface of the
submerged plane parallel plate Lp. Also on the surface at the mask side
outside the effective area of the submerged plane parallel plate Lp, a
light shielding film 37, for shielding the passing of the exposure light, is
formed. Also a light shielding film 38, for shielding the passing of the
exposure light, is formed from the tapered portion 43 to the non-tapered
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FP06- 0489-00 portion 44 of the side surface of the
boundary lens Lb. Here the Iight shielding filns 36 -

38 are disposed so as to shield the flare |ights whiEP6-0489-00

reach the seal nmenbers 33 and 34 and the adhesive
support are 35. [0055] As described above, the flare
lights reaching the seal 5 nenbers (33, 34) and the
adhesi ve support area 35 are shielded by the function
opottion Ui ghff thehdide dstirfhos ¢Bthe ba8hdaryolenkd.b. Here the light
deterioration of the seal nenbers (33, 34) as liquid
psleieklingdilmme36s- 3@ dr¢ dispised soasatiol shielf thehffare lights which
adhesi ve function of the adhesive support area 35
sraashaheisehl medwbers 33 and 34 andrtietadbesiversippoet are 35.
deterioration of the image form ng performance 10 of

t H¥035]oj ect Asn depetibed sherantlr  flange lights neeaghirg dhe seal
of the immersion |iquid and the positiaonal deyj zfé

oo ) n i e i sy S ol
¢ pnstion of (e N SpekbaImS (6 crdthi sa deoAgipraGoR 4 the seal
e S AT e ot 3 LT Bt
B S e S5 TeOR aSS B0 o
R TR B LR RG-S S B promanc
oo i paegtifn SefiseL B e Pre dusrg PaveielbiPL e immersion
o sl e 58 po BemAL D Bl BF iy o R SRt vbstapially
e it Sy « TERBLRis st fn bt sy e, B nbrkiGtign e
RFOELTR a4 Shbfty T ARG REKESD tsohERens S ARGRA the
SOV AL TEIO E (0h 1L9 cedhe BFES S
808, M g B o AR Plboundry

lens Lb are stably prevented, and good image forming performance can

be maintained. Therefore in the exposure apparatus of the present
embodiment, a micro-pattern of the mask M can be projected and
exposed to the wafer W accurately and stably using a high resolution
immersion type projection optical system PL, which can stably prevent
the outflow of immersion liquid (Lm1, Lm2) to inside the optical system
and to the wafer stage WS side and positional deviation of the boundary
lens Lb, and can maintain good imaging performance.

[0056] Generally an absorption film or reflection film can be
selected as the light shielding film. However, when the immersion liquid

is water, the manufacturing of a reflection film, which has good water
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FPO6- 0489-00 resistance and a high reflectance
characteristic, is very difficult. An alumnumfilm

for exanple, has a high reflectance characteristic, FP06-0489-00

but oxidizes by water, so using it is inpractical.
Therefore in the present enbodinent, it is practical

to use an absorption filmas the light 5 shielding

film In this case, in terns of resistance against the
de¢sistancatanoh aohighh eeSecthnoe diwracteristibiets verys uhffocult. An
area by the irradiation of flare light, it is

debimbhine filing forexamplenhas @ higha reflectadce leharansetistic, but
menber or adhesive support area with the light

s hkiliges §yf water, [SO085ihgOh is Hmpabtiealh aﬂ“dner@%w in thegpresent
shielding filmis formed 10 over a w de range, the _
hembaghenpt itois qraaticaly tof usehanf jabserptiaghtfilin tase the light
light shielding filmincreases, which jncreases the,

t shisddingy fdmyf ~the thipreasg, B clesmss of| seyisiance| against the
paral ] el plates) and jmersion |Iiqyid, and

degteriasatiprso h@lei #agle m@lﬂiﬁeﬁgobeﬁ K uippor (sgea by the
proj ect.ion optical, system Therefore an appropriate
rgﬁéﬁaapnfqi? Idigite 1t lﬁgﬁm@hrf‘etcuv%erﬂgefqmﬁﬁ g3 agpund the
deci.ded considering the deterioration..resistance of

¢ RATB SR DR BOheBiv e HPPOr Arca b he LBk sBieiigdim.

[ nce of.a.te rature ri,se f .the .opt.ic .
OO <% a1 $hes hish b, iy a it SEfdibg Jilsn d formed
enbodi nent, the foll,owing Condition ( i tistied
RVEE Bavid, i B AR Gbeolier gPfgtiel phthe T ligiin the
( [ e.light 20,shielding fidm 36 clqgsest

¢ BB bR AT inties,r B pih faciots, thd CBpRHARRS pf the
(M: B t f ' .
Shptrdl $EnRf HEBal SMEE phllebies Rl lgpid, and
t ' f ' whi and;:
VARl ey, S el T niNG, POBRARHEE Ot e’ BrBlsgtipnoBBrical
< X 7 . i S . 4

* LR THRAEiote o ebgionrie® dear ol U " iLAF Shiclding

film must be decided considering the deterioration resistance of the seal

member or adhesive support area and the influence of a temperature rise
of the optical elements and immersion liquid.

[0058] In the present embodiment, the following Condition (1) is
satisfied in order to form the light shielding film (particularly the light
shielding film 36 closest to the wafer W) in an appropriate range. In
Condition (1), D is a space between the wafer W and the light shielding
film 36, ® is a maximum incident angle of the image forming beam
which reaches the wafer W, and Ym is a maximum image height on the
wafer W.

0.25<D/Ymx tan® < 1.7 (1)

[0059] If Ym x tan® is less than the lower limit of the Condition
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FP06-0489-00 (1), then the space D becones snmall, and
the light quantity of the flare Iight, which reaches

the light shielding film 36, becones too high, FP06-0489-00
a

because of the reflection on the wafer Wsurface. As
result, the heat absorption quantity of the Iight
shielding film36 increases, and the 5 image form ng
performance of the projection optical system PL

del grthen ahe sphye Thdctomsrahall candchedightafudndiey of the flare
subnerged plane parallel plate Lp and 1 mersion

| light,dwHich ) reathesrrthe light rshieldiee dslm H36,uppeomeki foat high,
of the Condition (1), on the other hand, the space D
bbecamse dhthgereflenibrt ba thengaferf W surfaogy s ahesiiltgtie heat
shielding film 36 becones too 10 narrow. As a result,
debsorptioat quantfy wfethee diightrestielding 3Blm 339 mcoeases, and the
deterioration of the adhesion function cannot be

suppges feuning fparfemnance e dtheheriofaagiont oopticad system PL
performance of the projectjion optical system PL
ddeteriaratesdy theotmupenatnsr aerease efkthicpsubmengeghplane parallel
menti oned effects_even better 15 it is preferable to

splate dep naddmmergien diquitdLoshai Hi ¥m gatan@ egcesisathe upper

the ., upper limt tao 1l.4. Actyally in this enjpodi nent,
t ﬂ@n&, ggélae andligen (1) on thepihes dingn thespaca By becomes large,

B0 D aranztogf desmin ok HE M GO AFE A besarmes too
CHAEON-orAB 13 Tesullpflelepiorgipryol See sed) Taebsrsg (3 34) and
42l R Qg Pe s Store AR BRETI O FupREStesL saftigtontly,
SBR RS FHEES, for B ot St R episH! pySin PL

fl a{?g-oli gt whi ch reaches the side surface of the
E}S ]r& pl ane parallel plate Lp when the 25

0o 1 ot BlitbiicticT ot HepuCBd ks even betier

RS Pt Abi R SRGAETLGRT1RitYr hRSCorition (1) to 0.35 and the
upper limit to 1.4. Actually in this embodiment, the space D is set to 7
mm based on the later mentioned reason. The maximum incident angle
O is about 44.1 degrees, and the maximum image height Ym is 13.4 mm.
Therefore the corresponding values of the Condition (1) are D/Y x tan®
=7/13.4 x 0.97 = 0.507, which satisfies the Condition (1).
[0061] Fig. 7 is a graph depicting the relationship of the space D
(mm) between the wafer W and the light shielding film 36 and the
illuminance distribution (mW/cm®) of the flare light which reaches the
side surface of the submerged plane parallel plate Lp when the
illuminance on the wafer W is 4W/cm”. The wafer illuminance 4W/cm®

is the illuminance assumed as the maximum in the specification of the
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FP06- 0489- 00 exposure apparatus according to the
present enbodinment. As Fig. 7 shows, the threshold to

mai ntain a good i magei ng performance of the FP06-0489-00

projection optical systemPL is about D=6 nm- 7 nmm
Therefore in the present enbodi nent, the space D

between the wafer Wand the light 5 shielding film 36,
which is formed fromthe tapered portion 42 to the
nerposyrer appgratis accertling tohthes poesentrdmbedmhenthe As Fig, 7
subnmerged plane parallel plate Lp, is set to D=7
mshowsf ¢ug thmgshold be maintainnangeod dinapeingypedormantéef the
flare |ight which reaches the side surface of the

s pbojectien qyitnat systeal PE ipaboet Do= G 0poo62inm sbhénefore in
the present enbodiment, the followng Condition (2)

i thepraseht etbadimens, therspiacedn bebyweers the wafer AMand thedlight
wavefront change quantity of the submerged pl ane
pahigldisg flmt 26, phieh o foomed frens the taperedhportione42 to the
where the subnerged plane parallel plate Lp or

baondapsradepertion 4hon fhe side fwwlce b the sbmerged plane
cont . In the unit mA RVS the 15 transntte .
vvﬁﬂ’é‘ﬁf‘;‘gnl’la&%é[r@elﬂq @ﬁ‘httptﬁ S, Q;m‘m% releaute de ‘élwe?llummance
vel.ength k_of the light, and RVS.,is the ypot n
2@%1511910@@&&{?@/@%@ i@gba@ﬁw%h reashied; theg ﬁu{z‘z) surtace of the
seifiestrﬁ_@inst I iopn tol erance of the seal
rged plangparglle 'ng a | eak of the inmersion

OB | RS e B GE, RGeS Epticon
TEAPE el 1 GRRBRToN IO Ry P S Sange
RO M R S0 SR L0 bR b i
BRGS0 k0. Q8P PR oy tns
SERS L34 e e RS, SEABPROL TP RARS of e

transmitted wavefront change quantity S, mA is 1/1000 of the

wavelength A of the light, and RMS is the root mean square.

S <7mARMS (2)

[0063] The Condition (2) specifies the installation tolerance of the
seal member 33 or 34 for preventing a leak of the immersion liquid into
inside the projection optical system PL and to the wafer stage WS side.
Here when the seal member 33 or 34 contacts the submerged plane
parallel plate Lp or the boundary lens Lb as the light transmitting
member, surface deformation is generated on the optical surface of the
light transmitting member (Lp, Lb) due to stress by the seal member (33,
34), and a transmifted wavefront aberration is generated in the light

transmitting member (Lp, Lb). The transmitted wavefront aberration due
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FP06-0489-00 to stress by the seal nenber (33, 34)
can be corrected by adjusting the position and

orientation of the optical elenents (e.g. |ens) FP06-0489-00

constituting the projection optical system PL, or
usi ng an aspheric surface adding nethod for the
optical surface (e.g. lens surface). 5 [0064] However,
if the transmitted wavefront aberration generated in

t e stré@hby tthaedl hidmbe3he34) &an bebjordetted byt bdjusting the
strgss byyt he seal rre?Tber (3? 34) is mgjor, )ihejn S

cpositiohl aid keken@sonlidff iheubbticdlyelenmats f(gigdehile constituting
installation tolerance for the seal nmenber (33, 34) so
athet projeationfoptidad eretnt Php of 2)singhan taspheme tsuefice adding
wavefront aberration due to 10 stress by the seal

nerdtkeod (GBthe3dptica nsurdacte (e gadats surface)ange where the
above nentioned correction nethod can be used. [0065]
AGO64]n t heHomeevanh&f thet transmittedravefrong abegajionsgenerated
e.xchan%ed, the transmtted wavefront aberration of the
piojlee Tight transimitting syember BLpe db)pduetprtbprsteass by the seal
suppr essed _t hroughout before and after 15 exchapge ?f

t memben (33ntkt) i33napy) thens sprrgpslpngbﬁﬁ@mﬁanéti%@ﬂ t. By
the Condition (2). To exhibit the above effect even
bspeaifyingthe ingalatien solerance fnyithgspakmember éﬂs%‘is §Os to
case of praoviding a plurality aqf seal nber for a

| safralyt thenGendition @Spﬁaﬁ transpyke W@gﬁpﬁé aberration due to

PGPS by 1o RPN 5 0 A DA be leciasod 1piagminge whe the
(b9 msnteneti et meTioh Sl PErRERL  change

U)ok B L B A e R . o
Sexell ARS8, S ARRY SRRl b o P FRign optica
DR eRE DL, ORIy MR PO B g e
g%@g&g@; gﬁﬁgko%ag{}g@@;&g@, |94y 89 QltidDheS WRIRRAEY of the

Condition (2). To exhibit the above effect even better, it is preferable to
satisfy S < 5mA RMS. In a case of providing a plurality of secal members
for a light transmitting support member, when the transmitted wavefront
change quantity when one of the plurality of seal members contacts the
light transmitting support member is s, the standard deviation of the
transmitted wavefront change quantity s for the plurality of seal
members is regarded as the transmitted wavefront change quantity S.

[0066] In the above embodiment, the submerged plane parallel
plate Lp is disposed in the optical path between the boundary lens Lb
and the wafer W, but the present invention is not limited to this, and a

configuration where installation of the submerged plane parallel plate Lp
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FP06-0489-00 is omtted is also possible, as shown in
the first nodification in Fig. 8. In the first

nodi fication in Fig. 8, the boundary lens Lb is FP06-0489-00

adhesi ve- supported by the support menber 51 using an
appropriate adhesive. To the optical path between the
boundary lens Lb and the wafer W the enc 5 of a water
suppl y/ di scharge nozzl e 23a of a water

sitomytteld Ecalad Possitibe anhown W tikdfitst modifidatiost indligd 8. In
is directed, and pure water (inmersion water) Lm

ciliec Yirgt aotlification theFipt Beahe padimdratwias (lte is adhesive-
boundary | ens Lb and the wafer Wby the function of

t bippordcd by themuppodi snab@es hasirigead 3pprdrijeaitiesite. To
the end of the water supply/discharge nozzle 23a, a

stim optiealteath Sxtwieen the doemidamg lenselbutrfd the ehfeh¥, the enc
pure water Lmfromthe optical path between the
bofirdavatet esvpplyydischarpe nexzle 28a oft hewaten sugply/discharge
(inside the projection optical system PL and waf er
snwgtbamsm,si\mhl)cjh iis nptt dlusttated;hds sdirectedybend 5pure water
formed with water repellent 15 fluororesin (preferably
afinamgesion watey) L oviraidates! brough dhereptical pathbrjwiegn the
cross-section, and the tip thereof contacts, the .
nbaundgiar dens Jdb tansh the wrafemeWsitye thar iogr afhthis water
boun%a?rra;i lens Lb. The_light shielding filmb53 for
sHRply/digcharge pwgZiad3®f the exposure light is forned

of0B N he. 26idha el o fievoten spHSHREIFEr cneltsoa, 2 seal
cieanbet A, P pEvarie ths eRQH el haRs Sater Landrorh the
A W A S
B B DRSS R A e
TS, T R B e 3 e et
AR GhoRERH i(%?eﬁi‘aﬁlg}e an>8lastic body), for example, which has a
triangular cross-section, and the tip thereof contacts the non-tapered
portion 61 of the side surface of the boundary lens Lb. The light
shielding film 53 for shielding the passing of the exposure light is
formed from the tapered portion 62 to the non-tapered portion 61 on the
side surface of the boundary lens Lb. Here the light shielding film 53 is
disposed so as to shield the flare light which reaches the seal member 52
and adhesive support area 54.
[0068] In this way, in the first modification in Fig. 8 as well, the
flare light which reaches the seal member 52 and the adhesive support
area 54 can be shielded by the function of the light shielding film 53, so

the deterioration of the seal member 52 and the deterioration of the
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FP06- 0489- 00 adhesive function of the adhesive
support area 54 substantially do not . occur, and

therefore deterioration of the imagi ng performance ofpQe-0489-00

the projection optical systemPL, due to the outflow

of the imersion liquid and positional deviation of

the boundary lens Lb, substantially does not 5 occur.

In the case of the first nodification in Fig. 8 as
wathesivé fusctipn edfetiad hdhésive atuppoyt trea G4 retitistamtially) do not .
for formng the light shielding film 53 in an

appeapramt eherefge, detatidratient of fihe tineaging dp¢riformége tod’ the
suppress the transmtted wavefront aberration

gpnejeatien apticahsystormBhs yluedonsthewutflos obthxt maswersipn liquid
the seal menber 52 to be low 10 [0069] In the above

e ahd giosemenal tdeyiateam adi thel bawi emol.b, substastiatly does not
support the subnerged plane parallel plate Lp by the .
f peer. sulgpdiae casendl ithea 1firsbumodiacasians dnt Figav@ms avell,sit is
not |imted to this, but the subnerged plane parall el

pbeeferable tapatisfydbedsonditionidofor domminggthedightahielding film
A3 11 Sh 4PPJORTERIMENES, ANGHO SRS e ndifPRK2) to suppress
i GapeiGgboraverat dctrslion BSTERed pithn oY dpns Lb
R faftens by B Sealiaer o2 rbelng 11 | m (36, 53).
0T calRohe i Easmbpsh fhe Ticgbasisel Gold gnethoa is
F sert 0 P 6C SubBergt plak Besallepfke Bl g Brsgpupport
P 33, ' I DAREInDVERDR i A0t JRTEHPRIE e the
OB e A0 TR 5L S0P pab e e
bt BN BGRERRE 1 BAREARR oty fom o
PE3HE BhitldiNe fil}f iPORLELARy 334HaR REE MAe 1ipfit which reaches the
adhesive support area of the submerged plane parallel plate Lp is
shielded.
[0070] In the above embodiment and modification, the light
shielding film (38, 53) is formed from the tapered portion (43, 62) to the
non-tapered portion (44, 61) of the side surface of the boundary lens Lb.
The light shielding film 36 is formed from the taper portion 42 to the
non-tapered portion 41 of the side surface of the submerged plane
parallel plate Lp, and the light shielding film 37 is formed on the surface
at the mask side outside the effective area of the submerged plane

parallel plate Lp. However, the present invention is not limited to this,

but various modifications are possible for the position and range of
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FP0O6- 0489-00 formng the light shielding film
Cenerally in the boundary |lens Lb and the subnerged

pl ane parallel plate Lp, the light shielding filmisFP06-0489-00

formed in an appropriate position and in an

appropriate range of at | east one surface out of the
surface at the mask side, the surface at the wafer

side 5 and the side surface outside the effective
aferaingohellight stdelding Henab Geneealby dn thaboandary lens Lb and
nodi fication, the seal nenbers (33, 34, 52) are

i tiss shbraerged playei phrptiel plete dip, thadiptshieldmey i 1sgformed
the entry of pure water Lml into inside of the

pijasc approprigie i positiey smeimrPlan bpprapriteadnge athak deast one
seal menbers (33, 34, 52), or in 10 addition to these
s sutfaoe oné of the surface a;tzi'-ﬁ: mastasisle, thpenrfane at the wafer side
functional filmmy be forned on the boundary lens Lb
aadd she suleg surfpra neutsister theledfeqtivetareap. [0072] Now a
second nodi fication, where a water repellen

f (P bnal Alpeninstheopbeve @@b@cbm@tpa:r&/méiﬁﬁa&@anﬁw seal

for preventing the 15 entry of the pure water, Lni

| mambas (83074 h&br%ﬁemsl@lﬁ({)rﬁtsi ilﬂméymeéfﬁnbenamﬁa&s for
light shielding filmis forned_as, deteriorati .

- BERRANTEIE Heasuinst of P wiatey Lial dake nsids: b the projgstion

- 0PBrah TR blg bub iistged Y thegs sefl Gt g dsd: S2), or in
ekt B el SEnbiEn S P Yop afties fopsplint functional
o it T i, Tttt e PRgsdry Fsal-5 i Chytufieted plane
- SRElS eI 0ol s 1 n Fig. ‘o differences in the
SR 2L Al ARG ST AR ARG et
RS8P AR RoR ARatl e yening e
PeAt§ SPtHeSpare Waldt ERAC fitoARdideN6t W SrojedPon optical system
PL and a light shielding film is formed as deterioration reduction means
for reducing the deterioration of the liquid prevention means, will be
described with reference to Fig. 9.
[0073] Fig. 9 is a diagram showing a general configuration of a
characteristic key sections of a projection optical system according to the
second modification. In Fig. 9, composing clements having a similar
function as the elements in Fig. 6 are denoted with the same reference
symbols. In Fig. 9, differences in the configuration from the above
mentioned embodiment in Fig. 6 are that the space between the water

supply/discharge nozzle 21a and the side surface (tapered surface ) of

the submerged plane parallel plate Lp is a micro-space, and the water
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FP06- 0489-00 repellent functional film71 is forned
on the side surface (tapered portion 42) of the

submerged pl ane parallel plate Lp, so as to prevent FP0Q6-0489-00

the outflow of the imersion liquid Lml fromthe
optical path between the subnerged plane parall el
plate Lp and the wafer Wto the outside (inside 5 the
projection optical systemPL), and that the space

begpetiomt t fimcviehal filaupll ¢ dosabdr ge thezgide 2Rafasved (thpered
boundary lens Lb is a mcro-space, and the water

r ppefibiedR) olinhée sobalerged plat paratlet plate dip, sbeasstoderevent the
surface (tapered portion 43) of the boundary |ens Lb,

s outiowvoopiteyEnmersiondiduidolum lofroh ¢hée mptical path baween the
Lm2 fromthe optical path between the boundary 10 |ens .

L submitrgérk pharenpargel plade & panditheivaienVé te phe outside (inside
outside (inside the projection optical systemPL).

[ 0¥ projeytiohiaptival sy sieapdiL )eands that the space between thenwater
imrersion liquid Lm, reachi ng the first support,
neuppely/dischacge mezzle 22 apandvtn boundanynlens del 1 a migge-space,
of the water supply/dischar nozzle 21 a ,and the 15

siand tharwates repelient @nﬁﬁ@ngﬁghm Ghiés formgd en theaide | girface
can be prevented. _And by this water repellent

f (tepereshpertion 43 yof the,hos slﬁﬁﬁh%: §aiag tppgevent the outflow

Tk S TR L oy S e 6 bihary
R S N TS
repel | ent .functional fil 71 and 72 are formed not
0 ?/PHHGPH%“PR%J‘@PEWS'{B‘&]@%S 42 and 43, but also on
0PI 2 RO REE Yy oo 228, B fpgion
 FRGAT Pt g 997 Sl bRy ST g petween
956 RO AP B 0 B A1 B e
tRfid 's8face NoEIY QfbrhitdBd3Stane Firallel plate Lp, can be prevented.
And by this water repellent functional film 72, the immersion liquid Lm?2,
reaching the second support member 32 via the inclined surface of the
water supply/discharge nozzle 22a and the side surface of the
submerged plane parallel plate Lp, can be prevented. Here the water
repellent functional films 71 and 72 are formed not only on the tapered
portions 42 and 43, but also on the non-tapered portion adjacent to the
tapered portion 42 and the non-tapered portion adjacent to the tapered
portion 43.
[0075] The water repellent function films 71 and 72 tend to
deteriorate and lose its water repellent function by the irradiation of the

exposure light, so in the second modification the light shielding film 36,
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FPO6- 0489-00 for shielding the passing of the
exposure light, is fornmed fromthe tapered portion 42

to the non-tapered portion 41 of the side surface ofFP06-0489-00

the subnerged pl ane parallel plate Lp, and the Iight
shielding film37, for shielding the passing of

exposure light, is forned on the surface of the 5 mask
side outside the effective area of the submerged pl ane
pforaishidldivigatiee pavsin ofsthien esipostict ddghtsus dolingtt from the
whi ch reaches the water repellent functional filnms 71
atapeted portior 42 tputhe ponvepetednporsioms4 1 afdhesige emeace of
deterioration of the water repellent functional filns
7theasubriergedl plantparall¢lgpleteshpetund te ightslagldiog film 37, for
shi el ding the passing of exposure light is 10 forned

f shielding theppassing of taxposus: light,Hs fosmedape the syskacenf the
44 of the side surface of the boundary | ens Lb

[ ouwk] side outside ithe affgpbve aremef theasubmergedsplane parallel plate
reach the water _repellent, functignal filnms (71 and

7hp, ace agHioe sh@éd t@anwﬁr Jight, v{hl%h repghey tl@ehtwater repellent

v\gllt“;lr foraBdiimsnt ! 4BAriZ8s fHsagis ﬁ@gf@'{lﬁéﬁtlﬁ%}”nsif@nﬂﬁe prevent
HateriRsRipB F tHeCuRIcD RapeUFIcnEHanF b B oy gﬁccﬁ o the

g b shadamenpior ¥ et el fhe e %’ﬂ?ﬁﬁﬁf%ﬁﬂ%ht i

h

gﬁ%ﬁ%%;@ it P.teaﬁ%r:?tygf?émnp‘ﬁg ifs‘s ébE AEtaps e GOt 7T the
i td | d
LR tjé:t Py 1R | FLBpti cal ystem and the
oo A IR #Wfﬁ%?ﬂ%er yater

E%Péélk?‘tgﬁﬁgﬁﬁﬁ@n FRETT] dndola) iR SfEEE BIpEd R of the
eﬁgﬂlﬁ ?’gﬁ&?glg?ﬂﬁﬁf 6 ngf Uhat (Tét)én@%uﬁrr’ oTttﬁ@%afé}'l‘é ellent

| mer<ion type projection optica

S Ygh&iBndT- 11ﬁ‘i‘§‘ @1 0 cﬁ) ad 2@& N8 prévehBidnCticahs iffstantially

i Mer si on |qu
does not occur, and therefore deterioration of the image forming

performance of the projection optical system PL, due to the outflow of
the immersion liquid, substantially does not occur. In other words, in the
immersion type projection optical system PL according to the second
modification, the outflow of the immersion liquid (.m1, Lm2) to inside
of the optical system and the wafer stage WS side is stably prevented,
and good image forming performance can be maintained. Therefore in
the exposure apparatus of the second modification, the micro-pattern of
the mask M can be projected and exposed on the wafer W accurately and
stably using the high resolution immersion type projection optical system

PL, which can stably prevent the outflow of immersion liquid (Lml,
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FPO6- 0489-00 LnR) to inside of the optical system and
to the wafer stage W5 side and positional deviation of

t he boundary | ens Lb, and mai ntai n good i nmagi ng ];P06-0489-00
t he

performance. The light shielding filmaccording to

second nodification is forned so as to satisfy the

above nentioned Condition 5 (1), so that deterioration

of the imgi ng performance of the projection optical
symZMdinside Bf eebpedal syem] arditd tie: sef@nstage WS side and
nodi f'i cati on, the subnerged plane parallel plate Lp

i posiitiopas deviatichef trtbeaaidaratendEbyasd maiatieusstal imaging
lens Lb and the wafer W but the present invention is
nptrformiahee. t 0Thei dightutshididirk0 fibnf iagoortingn tahée second
the installation of the subnmerged plane parallel plate
Lmoddifieatibhds fosmaeldsso pegei dutisfy dhe showe mentibaed Condition
nodi fication in Fig. 10. In Fig. 10, conposing

e(Byesot that aldteigordtian af therictdging pesforimancs ofréhe projection
Fig. 8 are denoted with the same reference synbols. In
FopticallgystetnfRleisprasenterd.t he configuration fromthe

above nentioned 15 enbodinent in Fig. 8 are that the

sPE bet webn thresagondr madifipationi theh snbmenged |planeparallel
and the houndary lens Lb is a m.cro-space, _and the

walate Lo ge dispaseduinc the eptical pathy between the boyrdare lens Lb
side surface__(tenpered portion 62 and ngn-tapered
panditha veafer IV, 3)#& the pressng neeniion & n%ﬁa@t@tcgtcpﬁwehw the

AL S g A B Tt e
o tsrorpited JalsPrpasblents ShOWBGH R madifiERior h Fig.
eABos dRcETe oh plisiiie £ PheRlR RaVindosiafial dhfrBing 2 the
¢ RIS dE T B s g SR InS ke Efod Mty In e
7 30, ndfrEREEES, 7 o B | BaRlbfitidtnhf g ;9603 " Midhioned

embodiment in Fig. 8 are that the space between the water

supply/discharge nozzle 23a and the boundary lens Lb is a micro-space,
and the water repellent functional film 73 is formed on the side surface
(tempered portion 62 and non-tapered portion 61) of the boundary lens
Lb, so as to prevent the outflow of the immersion liquid Lm from the
optical path between the boundary lens Lb and the wafer W to the
outside (inside the projection optical system PL). And in the third
modification as well, a light shielding film 53, for shielding the passing
of exposure light, is formed from.the tapered portion 62 to the non-
tapered portion 61 of the side surface of the boundary lens Lb. Here the
light shielding film 53 is disposed so as to shield the flare lights which
reach the water repellent functional film 73.
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FP06-0489-00 [0078] In the third nodification in Fig.
10 as well, the flare lights which reach the water

repellent functional film 73 are shielded by the FP06-0489-00

function of the light shielding film53, so
deterioration of the water repellent functional film
73 substantially does not occur, and therefore 5
deterioration of the imagi ng performance of the

P[@) 78]t i on Dpthe ghird yaddificaflon uFig.ol 0 he weil f thewflafe lights
the imrersion liquid substantially does not occur.

Aisdrch metdie théiwateroepéllest functiomakifgm 76 are slielded by the
is preferable to satisfy the Condition (1) to form

t fiendticghtofsthieelight ghi¢lding Filim 5 sapleteporadton ofirthe. water
10 [0079] In the exposure apparatus of the above

engpmdieme functional Gitm- @2 \substantiafly dees nohdweunrand therefore
device, inmage sensing device, liquid crystal display
ddeterioration ofthe imagigpedonmanye oftheprojesiion epticabiSystem
bg’b irradiating a reticle (mask) by an illum nation

dBl, sl to itheiflosn of tthe) immessierpliquidysubgiantially, dags not
transfer which is fornmed_on. the npsk int

PREE o Inieivet adsticaion m R phlbeBrallost isgareGapble to
e . No l e.of.. h f
ety e doanditionntihitor sy he- DY Shislding GEUT 30y an

form ng.a predetermned circuit pattern on a wafer,
a3PPHIPTERS f 3% hsi ti ve substrate using the exposure

a tus of the present enbodine w .l be .

(b8 Fheq win iheceRPEREE ABDRREL |Qhth AoV, embpdiment, a

11.. OgigOl F'trst i n.stlgf Olﬁ&?f Fi g 11, a netal fil M uid

i SUGEFOEVIEa 08 SHEUCPMUGPT (i TMRRE STIPILE fFVAES, HdW

a _photoresi st ,i s cogt.ed..on _a netal, fi 0

"B Pt it iR TP R b e i BPBursd by

on_ay. pask is.se j . ed.,:

o efcielBE s FOICETHERS Tt A STRBHARHOR e & I ER0A step)

PL.QjieGk i t. .

RN T R e T R

PRALESRALRYCBubifai Gsihg the3Brojection optical system (exposure
step). Now an example of a method of acquiring a semiconductor device
as a micro-device by forming a predetermined circuit pattern on a wafer,
as the photosensitive substrate using the exposure apparatus of the
present embodiment, will be described with reference to the flow chart in
Fig. 11.
[0080] First in step 301 in Fig. 11, a metal film is deposited on one
lot of wafers. Then in step 302, a photoresist is coated on a metal film
on the one lot of wafers. Then in step 303, an image of a pattern on a
mask is sequentially exposed and transferred to each shot area on the one
lot of wafers via the projection optical system of the exposure apparatus

of the present embodiment. Then in step 304, photoresist on the one lot
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FP06- 0489-00 of wafers is devel oped, and then in step
305, a circuit pattern corresponding to the pattern on

the mask is formed in each shot area of each wafer ]bp()ﬁ 0489-00

performng etching on the one |ot of wafers using th

resist pattern as a mask. 5 [0081] Then devices such

as sem conductor devices are manufactured by form ng

circuit patterns on higher layers. According to this

seffi Gafesctior déﬁe’lio@)@ dmeandd agienr 110 stes h305, a circuit pattern

sem conduct or devi ces havi ng extrenely fi ’ne circuit

pabirespendiag tbethagpandrmbmth@ nghdis fommedgimpech bhot area of

step 301 - Step 3 netal is deposited on the wafer,

1@aclesvaferitsy peaforthing ¢tchingremnathd ohe loref emfbrssmapg the

of exposure, development and etching is perforned,

bdsistaqedtern sistaomasl, silicon oxide film may be formed

on the wafer before these steps, then resist is coated

of0@3H si | i dhwenoxideeices| nsudnd aeacﬁﬂmtmmdmmtmxpdsuw@s are

devel o rrent and etching is performed. 15 [0082]
byppamang sirstit priterne sarhighen tayicisn nAcc:@rdmg to

I i qui d cryst al display device, as a mcro device,

bthisc ggmisendyctor ordevilge arrp,aratf@@wgn emngihoder &clp@@ductor

circuit pattern, electyode pattern) plate ( e%ﬁ

s dewices thayingueniramedy fing eireyit ﬂlﬂﬁ@mﬁe@%ge dcmmsé with good

descrlbed with reference to_the ro ch rt in Fig

thnoughput Ia stgpphl ot .stemaépép myeta: ‘msﬂﬁd orf the Wafer,
transfers and ex os S a atte n mas
pﬁ%ﬁtlﬁiséﬁsppatsa@l bt @1%@ u’ﬂéﬁ %Cil StEMnPEhexposure,
Sist is coat USl n e e sure at us f t he
eRloprasIgmAhing S Bedormed, pa neerdERatc i shlicon Gxide

”a“og%gq,f;%&p&tﬁé %’fea&feﬁ‘“’“" 5 St ALt i coated

d osenS|t trate The
eQBo”@@dS@ssgt%ﬁs RnRGLRTEY g ffVeloBhent and
I1 gﬁg&fteg& etching step and reS| st strl ppi ng
[0082] In the exposure apparatus of the present embodiment, a

liquid crystal display device, as a micro device, may be acquired by
forming a predetermined pattern (e.g. circuit pattern, electrode pattern)
on a plate (glass substrate). Now an example of this method will be
described with reference to the flow chart in Fig. 12. In Fig. 12, a
photolithography step, which transfers and exposes a pattern on a mask
to a photosensitive substrate (glass substrate on which resist is coated)
using the exposure apparatus of the present embodiment, is executed in
the pattern formation step 401. By this photolithography step, a
predetermined pattern including many electrodes is formed on the
photosensitive substrate. Then the exposed substrate passes through
each step of development step, etching step and resist stripping step, and
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FPO6- 0489-00 as a result, a predeterm ned pattern is
formed on the substrate, and processing noves to the

next color filter formation step 402. [0083] Then i FP06-0489-00

the color filter formation step 402, nmany sets of

three dots, corresponding to R (Red), G (Geen) and B
(Blue) are arrayed 5 in a matrix, or a plurality of

sets of three stripe filters, R G and B, are arrayed

i as a hosult,oat ptedeteminedepalitersc is dormedaent thef substaate, and
color filter. After the color filter formation step
ApRyceasing moxass torthgnextegnlon filies founetian step 402t he

cell assenbly step 403, a liquid crystal panel (liquid
cf@8H cel Thensimtaerblemdfilter fgrmationusiepr4d manynsets of
a predeterm ned 10 pattern acquired in the_ pattern

f tmeatdoss; coregspooding i RHR e} 6r (Graend anddd ¢Bluepremrrayed

the color filter formation step 402.,[0084] In the

ctl B meyeRbvYy aplepluy Nt sety@fihees stries tidtess, Iy @Qfﬂé‘é! B, are

reuedin oo st Reosion BRckpl fam o colr fier

formation step.401 and t.he color filter,acquiyed in ﬁ% .

¢ Attty cplar fiter dormetion Seppt0bo2 &I 365bly step 403 is

TERSASHinf 1S elibtai b AP TS od Mo AR i

(Fhiatalicel] it asSeBblod tsiigahf SRl LAY Hpd: Rredsiermined

?E&t%jf BeISERg ne %%ﬁ%‘laf‘ aftgn dteh 4 End dhe eolop fiter

A ' ' ' hod f

RO Ut R R TED S RO s

IOBE oot ol N A BAY Rk ghBn oGk fff Aected
. X . [

R4S R Tehlveof ot sBYGUI b BRE o hiekicitheq pattern

¢ _ . : o

 Beqinh 02 ber, RmBRRAPREL A0 bAGH SORE Mo Hred in

fFf:hé askk ﬁlﬁ%ﬂn%ti%ﬁ%ﬂeﬁﬂoﬁf‘ 8o B¥ R84S falflte the liquid crystal

uori ne-
panel (liquid crystal cell). Then in a module assembly step 404, electric

circuits for the assembled liquid crystal panel (liquid crystal cell) to
perform display operation and each component, such as back light, are
installed, and the liquid display device is completed. According to this
manufacturing method for the liquid crystal display device, a liquid
crystal display device having extremely fine circuit patterns can be
acquired with good throughput.

[0085] In the above embodiment, an ArF excimer laser light source
is used, but the present invention is not limited to this, and another
appropriate light source, such as an F, laser light source, may also be

used. If the F, laser light is used as the exposure light, fluorine-

41



10

15

20

25

FP06- 0489-00 contained |iquid, such as
fluorine-contained oil and perfl uoropol yet her (PFPE),

whi ch can transnmt F2 laser light, is used as the Fpp6-0489-00

liquid. [0086] In the above enbodi ment, the present

invention is applied to the imersion type projection
optical systeminstalled in the exposure 5 apparatus,
but the present invention is not limted to this, and

casntenébhigued, suclotbeflugdneicahtdinadidl iamdepsifhorbpolyether
projection optical systenms. [0087] In the above

e(PBEE)ewhich ¢ trausaivly, laseslight, andsedas tisiqaidyed

pl ane parallel plate Lp are made fromsilica gl ass,

b{@086le nulerthalabose émbodigent)ehdpresktyinventiohhisapplied

the subnerged plane 10 parallel plate Lp is not

| tortheimtrersioni typegiragecticanopticalisystem tinstahtad enithe exposure

magnesi um oxi de, cal ci um oxi de, strontium oxi de and

bappanatassi bigt, thenpyeseat uneadntipd8sjotAlisvtednta Hbisatandecan be
enbodi ment, pure water is used for the first liquid
aappbed t;m othérganerabliquidhienmiersion|typaipdojestionspsieal systems.
liquid are 15 not limted to pure water, but water
c0&TIni ng I thesabover embodinsoipthe doupdary lens Lb and the

I sopropanol , glycerol, hexane, heptane or decane may

beubrerged planaparallyl Patebae asp dea rfff@nsSlﬁG@@PS& put the

reticle 20 RST ., reticle stage P pr o] ection

opateial §’9%t oFming, the Wyleqnéhs‘bL@d supHngged plane

pl an arallel .plate .Lnj, L ure water (liguid).,

D pamic! Blatedsp 1St fimitsl ioatilion edasts: and Sgg;ﬁtca(ﬁtaﬂ@at%nal as
magnesium oxide, calcium oxide, strontium oxide and barium oxide,
may be used.

[0088] Also in the above embodiment, pure water is used for the
first liquid and second liquid, but the first liquid and second liquid are
not limited to pure water, but water containing H', Cs*, K¥, CI', SO,*, or
PO,”, isopropanol, glycerol, hexane, heptane or decane may be used.
Explanation of Reference Symbols

[0089]

R« - - reticle

RST - - - reticle stage

PL - - - projection optical system

Lb - - - boundary lens

Lp + * * submerged plane parallel plate

Lml,Lm2 + * + pure water (liquid)

W « « water

1 - - - illumination optical system
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FP0O6- 0489-00 9 Z stage 10 XY stage 12 novabl e

mrror 13 wafer |aser interferonmeter 5 14 mai n
control system 15 waf er stage drive system 21 FP06-0489-00
first water supply/discharge nechanism 22 second

wat er suppl y/di scharge nmechanism 43 CLAIMS 1. A
projection optical systemfor projecting an i nage on a
first surface to a second surface, wherein an optica
pfth *betBetagen |i ght transmitting menber di sposed
cl osest to the second surface side and said second
slff ace t XYistdged with 1liquid having a refractive
i ndex greater than 1.1 when a refractive index of gas
i h2an *opt incaiableamirrof sai d proj ection optical system
iIs 1, alight shielding filmfor shielding the passing
ofl 314 ght* wafdrdaseingerferomnaétée surface of said |ight
transmtting menber, and the condition of 0.25 < D/ Ym
x 1¢an0 < mam penkal seFtew@d, where Dis a space between
sai_d second surface ,and said light shielding film O
i 45a ‘nﬁﬂMﬂ@ﬁ$@g@dEN@SHN§Mé of an image form ng beam
ﬁﬂiCh reacghes said sez&ngbsurfac , and Yinis a

Xi ‘mim i HEg &vater swpplyfdisehareeduernAnISty f ace. 2. A

pr.Qj ection optical syst fo rojecfing an i mage on a
FRest - sutacand Wates SUBBBHHISChAtBsechiREl n an opt i cal
path between a light transmtting nenber disposed

cl osest to the second surface side and said second
surface is filled with
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liquid having a refractive index greater than 1.1 when
a refractive index of gas in an optical path of said
projection optical systemis 1, and a |light shielding
filmfor shielding the passing of light is fornmed in a
non-tapered portion of a side surface of said |ight
transmtting nmenber. 3. The projection optical system
according to Caim?2, wherein said non-tapered
portion includes a planéclmﬁlﬁqs s substantially
parallel with said second surface. 4. The prOJectlon

opti ga .em ac a|m2 r
1 oher & Rroketishnapticah et Eof pipiasting glloneage opga firs
suﬂmeﬁdaadcon&euﬁ‘aﬁm wheaempace bet ween sai d second

sur f%g o SIS P ﬂ} | b @fecs! e'l%ﬁlgtﬁahgﬂhttﬂ] BE?X sed

i nci angl an | e eam reac
closastdto Hecsgadnsur sut@ceamge wnd sasd sepand mﬁﬂ &@g@ filled with

ligh&i Hﬁﬂr%”a Sréﬁﬂcﬁ% 9hnfex g‘t‘éét%? €hart4 . P-wierP é%ﬁ“abtl% index of

optica r proj écting an i e on i rst
ga%m ﬁ%@@tltcé ajé@gﬁ : g@ﬁ@Fé‘?ﬁ%ﬁ?@o‘éﬁpc al path
bet ?E@t%hﬁelgiﬁ g tilangon sﬁéemg@h@ passingrtg‘sleght;:ismﬁted ona
0 secgn e sj n e secqnd surface is
SldFl I F‘é’ga ﬁsﬂcﬁﬁgff& 131@ W%?q%%rf i ndex greater
t hathelcdndition af 0y «dDi'Ym kride® of 1.gas sahisfiad, witeredD is a
spdtd! Beﬁ{/eél{lgaﬂ{ gé@cfﬁcg orl‘.u&‘f’idecgllld Ss%f’d ?i@gﬂtss}ﬁfldtntﬂ ﬁlm ® is a

proj éction’ o em comnp

MAXEyER tingi Qfﬁeartglﬁf@ @notmaae ofonnqug daqamrﬁvhnrrﬁl é@@qf@@ said
sediid) Rakmeen apd Wm! (DR nddRfuht ilAge NBERBE @D Gaddi gbcond

cond surface to the outside, forne contacting said
SUReHt transmitting member, and a transmitted wavefront
change quantity S of said light transmtti ng menber

2. oy EgiseliSh opiRAEFRlRO ST HiBIochl 37 BriBR ppp firs

sutface treasgsendheswiace wheleiny of said

an optical path between a light transmitting member disposed
closest to the second surface side and said second surface is filled with
liquid having a refractive index greater than 1.1 when a refractive index of
gas in an optical path of said projection optical system is 1, and

a light shielding film for shielding the passing of light is formed in a
non-tapered portion of a side surface of said light transmitting member.

3. The projection optical system according to Claim 2, wherein said
non-tapered portion includes a plane which is substantially parallel with
said second surface.

4. The projection optical system according to Claim 2 or Claim 3,
wherein

the condition of 0.25 <D/Ym x tan® < 1.7 is satisfied, where D is
a space between said second surface and said light shielding film, ® is a
maximum incident angle of an image forming beam which reaches said
second surface, and Ym is a maximum image height on said second
surface.
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seal nmenbers are provided for said light transmtting
menber, if said transmtted wavefront change quantity
when one of said plurality of seal nenbers contacts
said light transmtting nenber is s, a standard
deviation of said transmtted wavefront change
guantity s for said plurality of seal nenbers is S

6. A projection optical systemfor projecting an imge
on a first surface to a second surface, wherein an

5. opti palnrBRidficRCOMERAL Systéit foF 3efBdin An"eMage on a first
u&]@sgos d " cl gses ftp the second surface side and said
suidace i As§EPEEe FWIRGT | ERCRGHR L | i quid having a

ref aaai%ti&l ipade bepweat arligllktamaﬂsrﬂlit}zilngmlemkﬁr_rcﬁspmseei closest

iLndex g ORLI t [ s
to §i¢ RbsPhd, S fck S Bh e Bl i BCe Jo i offh djquid
havmgpairefractive qudex greatentham Inkavtwerf arefretivatndex ofigas in

[ ey e Y s AN S ai d projection

an?yttlfc%:%?fagg? glrr% bg(ﬁ'ggt db{ig%uodra £t§ }’%%H?{esdﬁ’cti oﬁ : ans for

r edthg nprajgetign; antisak: Sy SaMPrigesguid Sﬁggva}ﬁm'aw for

pré‘%?ﬂn a{h% 21% snﬂﬂbw b@?rs]@tﬁdl qiquitadﬁ?m Qhe @ﬁi@l k}?ﬂt{igbétwd&? said
: st one ,surface.out of ,a surface g
el et Pia el {Vhebedo UREH fis Pl Rlmed
confacsimgosdid tttraarssmitting myenmbeheand 7. A proj ection

oy t ARl TS b ooRt BERhRY RnLIRPCeP BB lekChap iitting
memba;e»me@ smgﬂtght;tmfml_ttgng gnﬂlmﬂm_é s;di S@p@i@d m@wénﬂ%@;ﬂontact
satiéfi <CGAR . idéd¢hat"ih 8t LakPhBiefe Ayl 8f said
il RGN b el et e e
tran?hﬁttgﬂ_ wavéfrpr.m Jcihehgg/e rqmttltya\l:zhens@&lrr.}uf ssia;éd ploeality of s.eal
k6 SR RETRERY i BT Phcon
of said transmitted wavefront change quantity s for said plurality of seal
members is S.

6. A projection optical system for projecting an image on a first
surface to a second surface, wherein

an optical path between a light transmitting member disposed
closest to the second surface side and said second surface is filled with
liquid having a refractive index greater than 1.1 when a refractive index of
gas in an optical path of said projection optical system is 1, and

the projection optical system comprises:

liquid prevention means for preventing the entry of said liquid into

inside of said projection optical system; and

deterioration reduction means for reducing the deterioration of said
liquid prevention means,

said deterioration reduction means being formed on at least one
surface out of a surface at the first surface side and a surface at the
second surface side of said light transmitting member.

7. A projection optical system for projecting an image on a first
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i nside of said projection optical system and
deterioration reduction neans for reducing the
deterioration of said |iquid prevention neans, said
deterioration reduction nmeans being fornmed on a side
surface of said light transmtting nenber, and
wherein the conditions of 0.25 < D)Ymx tan(r) < 1.7
is satisfied, where D.is a space between said second
surfaee 40 @ seeand suafags: BesiaX i on reduction means, O s

a Maxh MYAiEAIC ipdent béRedch Qf I?ghtl RERGH@ i et n@leﬁﬂ%ﬁ disposed
whi ¢ reaches, sai d.seco

ClaRExt i BeRsEiche Syhiace s 08 Yad Gkaoa 1 Sudacgis filled with
lignidhevinga refiactisk iaysk ereater thawjlet twhen arefmegeeandex of

ool i S P o 0

cl os pI(DeQMthl@ﬁ Sﬁﬁjﬁﬁmrﬂésand sai d second

Suri ‘Eu‘?d el n%éﬁg V% ¥ fife @nt r?féiagalavﬁquld into
ater than 1, actlve ndex of 'gas
ms1ae PEQJEC QBWPéFaJSW%FeHP d} tion optical system

i's 1detelﬂﬁ>raﬁ@nqetlu@ﬁo@nhe@rad ey sddeiving e ideesriodation of said
1i %ﬂ vent| n neans for preventing the entry of said
19 @EF%IW Y %8 de of said projection optical system
and saitdedéteriaratbon reductioromeanartseingformeédaimg side surface

ot SEIEILAr ALhARiRineRlethnd QHdRLRYENi on means, - sai d

ng forned. in
nonth@p@néﬂlorpdpﬁ 038 oD/ w )aéars(aﬁg Ae?el&ﬁatﬁéiasi, whgre D is a

sp éé@rﬁé’ﬂ\#ée'nn Qaf@ Rond9- sthfader %In@c tshh &éiéh@?dltl@d SteRiiction
rein sal non

accor | n Cl aim.8, t
MG 1 oIy (p i el oLty iS5 HOrRling beam which
redulieal sla@rﬂ SBD(bﬂiﬂ_ ssirfaces @anddY suid acpaxbuhOimdge he1ght on said
Se%grgl rencsg{r 0Pt cal system according to Claim8 or

8. A projection optical system for projecting an image on a first
surface to a second surface, wherein

an optical path between a light transmitting member disposed
closest to the second surface side and said second surface is filled with
liquid having a refractive index greater than 1.1 when a refractive index of
gas in an optical path of said projection optical system is 1,

the projection optical system comprises:

liquid prevention means for preventing the entry of said liquid into

inside of said projection optical system; and

deterioration reduction means for reducing the deterioration of said
liquid prevention means,

said deterioration reduction means being formed in a non-tapered
portion of a side surface of said light transmitting member.

9. The projection optical system according to Claim 8, wherein said

non-tapered portion includes a plane which is substantially parallel with
said second surface.
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wherein the condition of 0.25 < DDYmx tan(r) < 1.7 1is
satisfied, where Dis a space between said second
surface and said deterioration reduction neans, Ois
a maxi muminci dent angle of an imge form ng beam
whi ch reaches said second surface, and Ymis a
maxi mum i mage hei ght on said second surface. 11. The
projection optical syst em accordi ng to any one_of

10Q ai hhe projeciian nepticalusydiem eoepiding g @y laiga ohcon (Jam 9,

whdBiPMd Londit 0 b Q@Pﬁﬂl X%@C@rlt i stﬁﬁ‘s%e(ﬂ i @hkre D is

transmtti ng erel anotlc evvee
a SPRGH rﬂeémeem%aa PSRNy ERCE aRd SAiflqdbleEsRROR gtuction

mée[rﬁs??ﬁ td ir’%gdigigitiﬁrmbﬁiéﬂt'd de \gfééih %ﬁg@oﬂaﬁﬂm gUehm Whlch
| r an
regidhos, s sePSnd ke, AT HL I h Shak iRt iiags Bt oh said

scommd surfaoee out of a surface at the first surface
side, a surface at the second surface side, and a
side _surface of said second light transmtting
1lgenbdhe projestion ipsteal siystameassordipg tmangrong 6f delaimg6 to

Clafin| 9RAatINY 8o Fﬁﬁ‘in usdRARI light tfﬁl%ﬁﬂ@hﬁg' rlﬁéﬁl%er disposed
ransm tt.ing nber disposed

conpr’i sin
adjacsnt &9 Sf‘gi llg]ét@gﬁ%‘ﬁétt@%mg@@erm *CUhd a second
|'i ghtint optisati pathh betwobiersaid dpgstetransinditany niembaf dind said

8 SORTH A TTRE 3 MR THED S o g
refracviel index greatestifan 1 ddandth a first 1iquid having a
el f 8a1d ekt faticH SRl tiohN Meahs! i8N fordfle@PbhCat 1084 one

tween s transmt Ing ne er a sal
sug 6nBUt iqghe ¢ PBHERS tati He erSUréaqs spdey @i ¢ face at the

se868@Nkurfatld sideaund sider edurdsdd V€ shitsucgideAbRr trahamitting
when a refractive index of gas in an optical path

m%rp%g 5id projection optical systemis 1, the projection
optical systemfurther conprising:

12. A projection optical system for projecting an image on a first
surface to a second surface, comprising:

a light transmitting member disposed closest to the second surface
side; and

a second light transmitting member disposed adjacent to said light
transmitting member, wherein

an optical path between said light transmitting member and said
second surface is filled with a first liquid having a refractive index greater
than 1.1 and an optical path between said light transmitting member and
said second light transmitting member is filled with a second liquid having
a refractive index greater than 1.1 when a refractive index of gas in an
optical path of said projection optical system is 1, the projection optical
system further comprising:

liquid prevention means for preventing the entry of said liquid into
inside of said projection optical system; and

deterioration reduction means for reducing deterioration of said
liquid prevention means, wherein

said deterioration reduction means is formed on at least one
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liquid prevention neans for preventing the entry of
said liquid into inside of said projection optica
system and deterioration reduction neans for reducing
deterioration of said I|iquid prevention neans,
wherein said deterioration reduction neans is forned
on at |least one 47 surface out of a surface at the
first surface side and a surface at the second

sufaet Ak off de Birfage pbike fose mwiree sidesand g i gweface at the
seddrﬁf‘S%Fﬁabegs1d€EHPeJt RAgt %‘:Hed n¥kaABEH dfi §hid hght transmitting

megbor st HGOR il BUREGP Mty face 1o 5

?neﬁgn(rj surfaced conprising: a light transmtting .
30nd B SERBRASR gRHCA Swsldtr, R, MERErERL iBag® OF o firs

suﬁdq:@txeatseconéal shrfagghtcompmsingi t t i ng nember, wherein
| 22d°§2rg%ﬂ?2§§ﬁg‘“§%>“?§§2§?§ cHPISATRTHES LR face

a@nﬁg a refractive index greater than 1.1, and an

0 pt ¥ %lec@ﬁrﬂ il@ﬁt e REng Mcaiber! didposéd idjuram tbegaid light
sai d cond .l i ght transmtting menber is filled

traﬁf%ﬁglgs@@&ﬁ Tbi Yhaving a refractive index
gr eateropiticat path beeveen sefd dightvizansmdekingf ngasbémn aad said

se(tocﬁ‘[d ¢ %hrﬁ%[e Rs ‘Hlle?ﬁ»/i’ﬂfé %&P@gﬁfaf H&’%xﬁgaa{ re¥SUR [lek greater

Oj ection r conprising
tharg d|ulr carysh eucoptien nb,etwﬁerpseidehghh franseIEmg yaember and

saieitdctoniday ﬂrﬁﬁéﬁm’dt ﬁ'l%n%ersﬁ' fill16d Qigk é&:‘%o@rﬂt Bl%@ild having

2 TOfABice FIPRBFOHeDa (1 VGG B IREBVONE: BHHanaAs fh an

optibal gath o4 shldqh@lject[(at iopticabdystanensmbatize psoﬁeotmadoptlcal
Sy$tg8ﬁ@@%ir§cﬁﬁbﬁgﬁg%%g;] of a side surface of said

liquid prevention means for preventing the entry of said liquid into
inside of said projection optical system, and

deterioration reduction means for reducing the deterioration of said
liquid prevention means, wherein

said deterioration reduction means is formed in a non-tapered
portion of a side surface of said light transmitting member.

14.  The projection optical system according to any one of Claim 6 to
Claim 13, wherein said liquid prevention means further comprises a seal
member for preventing the overflow of said liquid from the optical path
between said light transmitting member and said second surface to the
outside.

15.  The projection optical system according to any one of Claim 6 to
Claim 14, wherein said liquid prevention means comprises a water
repellent functional film formed on a light shielding film of said light

transmitting member.

16. An exposure apparatus, comprising the projection optical system
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14. The projection optical system according to any one
of daim6 to Claim13, wherein said liquid
prevention neans further conprises a seal nenber for
preventing the overflow of said liquid fromthe
optical path between said |ight transmtting nmenber
and said second surface to the outside. 15. The

d{leCtl on optical systemaccqrding.to any one of
acqorging 60 way oneioh Gliimphdpdiiainnil§ for UOIEG g antdmage of a

pré&@&%nﬁﬁﬂprp%r@ V‘@ﬁ@ﬁ i§ eget | ent s‘aw@CtﬂI@ﬂa' furflte to a
formed. on a,li Sh l.di n flllgisofs 'IE}%
PhotOSEBRIIVE SHPS 1ch ds selion 33 psP
conprl sing the projection opt| cal syst em 48 accor di ng
L t
3@*&%@’[‘&%@8&% Gy %ﬁ%&ﬂcﬁ S R A
f| r san SAXpoSuEe tStem o pﬁ:@p@&ngs i peedstipaningde patterh ago the
ph?ﬁiseﬁ&éﬁ%‘ %ﬁﬁfﬁ@%ﬁﬁ ftﬁEee IPWsur@ t%%%ﬁdo?&v%ié‘@mm

evi ce, conprls exposure step of exposing
16tﬁ@dpredetern1ned pattern onto the photosensitive

subsj idavelopment §tep @d&i&l’d&}gﬁ ngpiid phesosersiiivé Bgbsteate after
ai m 16; and a devel opnent step of devel oping said
sai UreFtehve substrate after said exposure step.

18. An exposure nethod for projecting and exp05| ng a

d .
s SRS SRR AR R sl riseine
paterms avhich 66 oved Qm.sa e first as cgrca}t@oa t‘éfiﬁHSHéVe substrate
wl'ﬁ?éﬁt RMe@6R0EAIINGedshdNBulRReOViLtRE Mrbjé@ida alptidhd- system

accordmg to any one of Claim 1 to Claim 15.
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