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1 DESCRIPTION EXPOSURE APPARATUS AND DEVICE
MANUFACTURING METHOD 5 TECHNICAL FIELD The present
invention relates to exposure apparatus and device manufacturing
methods, and more particularly to an exposure apparatus that is used in a
lithographic process when manufacturing electronic devices such as a
semiconductor or. 10 a liquid crystal display device, and a device
manufacturing method that uses such an exposure apparatus.
BACKGROUND ART T_n a lithograpisemesess gagoroduce electronic
devices 15 such as a semiconductor (integrated circuit) or a liquid crystal
display device, projection exposure apparatus are used that transfer an
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as a ‘reticle’) via a projection optical system onto shot aréas on a'w

coated 20 with a resist (photosensitive agent) or a photosensitive

substrate such as a glass plate (hereinafter referred to as a "glass plate'
eﬁg%%% the reduction projection exposure apparatus

based on a step-arid-repeat_method (the so-called stepper) has been
widely usedﬁéé §5&55§ a 6%75&?%%1%)‘(60% P& GPparatie PoWevetPparatus and

recertly; He fype, 6k Prajection expesweapparatus that %%ri‘%rzm 5 L é G al}] y to an

exposure while the reticle and the wafer are synchronously scan
so-allled seanningpstepper)is atsa srawing attention . Jthegieseluion-ofs s when
the projection optical system installed in the projection exposure
apd%gﬁgﬁﬁ£8ﬁﬁggw%hgptronlc devices such as a semiconductor or

a liquid crystal display device, and a device manufacturing

method that uses such an exposure apparatus.

BACKGROUND ART

In a lithographic process to produce electronic devices
such as a semiconductor (integrated circuit) or a liquid
crystal display device, projection exposure apparatus are
used that transfer an image of a pattern of a mask or a reticle
(hereinafter generally referred to as a ‘reticle’) via a
projection optical system onto shot areas on a wafer coated
with a resist (photosensitive agent) or a photosensitive
substrate such as a glass plate (hereinafter referred to as
a ‘glass plate’ or a ‘wafer’). Conventionally, the reduction
projection exposure apparatus based on a step~and-~repeat
method (the so-called stepper) has been widely used as such
a projection exposure apparatus; however, recently, the type
ofprojectionexposureapparatusthatperformsexposurewhile
the reticle and the wafer are synchronously scanned (the

_ . , , ‘ .
so-called scanning stepper) is also drawing attention.



when the exposure wavelength used is shorter or when the numerical
aperture (NA) of the projection optical system is c in Therefore, n.order to
cope with finer integrated circuits, the exposure wavelength used in a
projection exposure apparatus is becoming shorter year b_y year andto
numerical aperture of the projection opticabsystem becoming higher. The
wavelength widely used for exposure at present 10 is 248nm generated

by the KrF %imer laser; however, the wavelength generated by_the ArF

excimer laser. 193RnRT WHick lis Shoftée h%‘sodlﬁfﬁééﬁloﬁﬂﬁlﬁaénz)‘a}’s*iem

use; 4n addition. Jwhen.exposure is;performed, depth of focus (QOF)is .
alsolequally impértant as resolution. Resg%tio%]i? ig%%ﬁaoll%%# of -focus rIner

3 carnbe expresseda@sithe fallowing requationsaRzk, ZHNA67Kk2 2C hen the
NAs In this case, ?, is the exposure wavelength, NA is the 20 numerical

apeare bf fiielprojectionopticalsy stént; i dokiodnd k2 @re pracessl system is
coefficients. Fr equations (1) and (2), it can bemseen that when

exp%!é ?éeﬁéve enéf%%?)i%es’hoﬁén% %ﬁd hBmericsl dperfurd Nper integrated
increased fara higher esolution: R, depth.qf fogus, S becomes S%"%‘:r 5‘%"%%% ion

In a projection exposure 25 apparatus, however, because expo ure s
performeslinare poito-focus methodowhenegtherssirfase of dhe-waferisar and the
adjusted so that it matches the imace plate of the projection optical ‘
systeied wide FEphT bt foeus 3 i pretéribie o sommrextent] 35 Threrfdre,coming

fJOH%%ﬁéIQrS%R%f%&¥§@¥%€%ﬁ9%ﬂ%%i§‘ﬁﬁggcﬁor exposure at present

10 1s 248nm generated by the KrF excimer laser; however, the
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wavelength generated by the ArF excimer laser, 193nm, which
is shorter, has also been put to practical use.
In addition, when exposure is performed, depth of focus
(DOF) is also equally important as resolution. Resolution R
15 and depth of focus & can be expressed as the following
equations.
R=k;A / NA
d=ko'h / NAZ
In this case, A is the exposure wavelength, NA is the
20 numerical aperture of the projection optical system, and k;
and k, are process coefficients. From equations (1) and (2),
it can be seen that when exposure wavelength A is shortened
and numerical aperture NA increased for a higher resolution
R, depth of focus 8 becomes narrower. In aprojection exposure
25 apparatus, however, because exposure is performed in an
auto-focus method where the surface of the wafer is adjusted

so that it matches the image plane of the projection optical

system, a wide depth of focus § is preferable to some extent.
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focus have been made in the past, such as --he phase shift reticle _

method, the mod9.fied illumination method, and the muIt!pIayer resist

method. 5 As is described above, in the conventional projection exposure
apparatus, depth of focus is becoming narrower du_e to shorter

wavelength of the exposure light and larges numerical aperture of th_e

projection opt ica. system. And, in order to cope with higher mtegratlo_lrll of

the integrated 1D circuits, it js certain that the exposure wavelength wi A
bec{é?“n”egmh%ﬁesh&?t‘fe%ﬁﬂqae ture’; HOWeVeT, i stieh & ¥ask: "theépth eepth of
focusmay hesame loaafiow sohatiberemay noffhe enough marain, ;.
during the exposure operations. Accordingly, a propo;al on an immersion
methodhasbeert Hodnade asreomethoskfor substantially shorepingithe, g tne
exposure wavelength while enlarging (widening) the depth of focus_more
thaf'tHe 4BpiHYSTFoceSisthe®mt v this immersion method, resolution is
improved bxsfillknsq space g%tc\{ve n the lower surface of the projection

optical system and the Stirface of 26 Yite whferWith Fqiid Stth dsiwateroi ect ion
an aiganizsavapLio: maks useofthedackihatihe waeleng of e -ocr que
exposure light in the liquid becomes 1/n of the wavelength in'the air (n'is
the?éfra@ﬁvetiﬁdew@ffﬂfmelimr&du\/\mﬁhtismo&mﬁtb)eaﬁ_eé,lnﬂjiéh?ttoal}@)-lla_rger
addition, when this immersion method is 25 applied, the depth of focus is

subdtAtalG ThiaREa T in ey WhenRemisFingdrwiththe tasewhemtheAnd, in

esolution. is_ gbtained without applying immersion method to the
;?(;? e%c{l% St(())rlF % p%(%f %ygﬁénrcﬁ); ;\gulpgp?besjlfn gP{r%% %5 ¢h-4 Bhoj8ction& dpticaf & ted

10te.micandie made) atis, the-depth of fegust ne exposure wavelength will
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become much shorter in the future; however, in such a case,
the depth of focus may become too narrow so that there may
not be enough margin during the exposure operations.
Accordingly,eaproposalcwlanjﬁmersionnﬁthod}mm;been
made as a method for substantially shortening the exposure
wavelength while enlarging (widening) the depth of focus more
than the depth of focus in the air. In this immersion method,
resolution is improved by filling a space between the lower
surface of the projection optical system and the surface of
the wafer with liquid such as water or an organic solvent to
make use of the fact that the wavelength of the exposure light
in the liquid becomes 1/n of the wavelength in the air (n is
the refractive index of the liquid which is normally around
1.2 to 1.6). 1In addition, when this immersion method is
applied, the depth of focus is substantially enlarged n times
when comparing it with the case when the same resolution is
obtained without applying the immersion method to the

projection optical system (supposing that such a projection
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enlarged n times than in the atmosphere (for example, refer to the_
pamphlet of International Publication Number W099/49504 or the ]lke).
According to the projection exposure method and the apparatus disclosed
in International Publication Number W099/49504 referred to above
(hereinafter referred to as “conventional a4t') , the immersion method
allows exposure to be performed with high resolution as well as a greater

de Q.0f fogys than in the air, and also allows the liquid to be filled ,
sta%%%%t%v%e%%%é@gpojé%ﬁc% %pgtt‘féaisgystem ‘And ther subsStrate thafis, focus is

allews theliguid te bedieldeven whenthedraiection optical systemand ¢,

the wafer are relatively moved. 15 In the conventiongl art, however, 1t was
difficulttocrezaventhetiquid cornpletely iamd: ilmmsktﬂgla:lytp:a@blamazf@fi r
the liquid d for immersion to remain on the wafer. In suc a case, the
heewaté%}fgv/a%%%%tié?‘ifwﬁgﬁ the F@r’haining liquid vaporizes was likely to

cause a te re distribution o a refractive index chance in th _
atmospherge(,@agr{iimlLt glﬂ%}g}]pgépnugn%%né g(?o]u?& caiee & ﬁ'?é)af’s%eemlgﬁttgl‘?g? pnd the

theslaser interferametaro used for measuring:the positionof the stage o, e
which the wafer is mounted. Furthermore, the remaining liquid on the

walfer® g4d1a oty tecthe ack of thewater, riiakingithe fvafer sticke25- tattheo as

carrier arm %n.d difficult to separate. In addition, the gas (ai_rg f!owﬁof the .
atmosphere around-the Fqlid colid - Bftsied withtthed fildiprecovergsure to

OPSEA AMhich Sopid icause A termparalyg distrbytion or arefractive
'index change 5 in he atmosphere.
of focus than in the air, and also allows the liquid to be
filled stably between the projection optical system and the
substrate, that is, allows the liquid to be held, even when
the projection optical system and the wafer are relatively
moved.

In the conventional art, however, it was difficult to
recover the liquid completely, and it was highly probable for
the liquid used for immersion to remain on the wafer. In such
a case, the heat of vaporization when the remaining liquid
vaporizes was likely to cause a temperature distribution or
arefractiveindexchangejjltheatmosphere,andsuchphenomena
could causé a measurement error in the laser interferometer
used for measuring the position of the stage ongﬂnich.the wafer
is mounted. Furthermore, the remaining ligquid on the wafer
could flow to the back of the wafer, making the wafer stick
to the carrier arm and difficult to separate. In addition,
the gas (air) flow of the atmosphere around the ligquid could
be distorted with the liquid-recovery operation, which could

cause a temperature distribution or a refractive index change
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In addition, Jr .the conventional art, when exposing an edge shot on the
wafer, in the case the projection area of the projection optical system was
located near the edge of 5 the wafer, the liquid could leak outside the
wafer which would interfere with the favorable image forming of the
projected image of the palLtern. Furthermére, when the wafer_was not
available underneath the projection optical system, it was difficult to hold
theiliquid,refgrred to,ahove; therefore, 10 when exposure was to begin
after wafer exchange on a wafer that has been exchanged, the start had

to be delayed untit itheawafer was mavedwinder the.prejeetion gpticalx posing an
system and the liquid has been supplied to a space betwegn t'he .
projédions bpiicat Systern Bad e whfert 1S v additibheperphieralunits area of
sucLJ}l%s a sensor like a focus Sensor or an alignment sensor have to be

arranged in” the vicinity Ot te projection-BpticaFsyste: fiitieear the edge of

conventionas art, however, bgcayse the éHEP%FBi_QEQ;ge tb?er%%%veefywhi ch would
piping, and the like were arranged on the outer side 20 of the projection

opticel systent, the degree of freedainiwas nimjtedrwhenrsyich periphesaloect ed
unifs were disposed.. In addition, in the conventional art, bubbles could be

fourtPStForhed i teddisiiiad lidUid: Erermseie sucth Bobbles coniein was not

th , t ojection optical system and 25 the substrate, not
o By oo R i Riacs S5 1 ShpBSLr& At 3 Calise 1t as

unenelr expasure Buheouldalso 1cayse defective imaging WheR the 1o rarore,

projected image o f the pat tern is formed. 6 Fu-thermore, because the

exmgﬁneﬁyggﬁggémﬂgﬁh@o begin after wafer exchange on a wafer
that has been exchanged, the start had to be delayed until
the wafer was moved under the projection optical system and
the liquid has been supplied to a space between the projection
optical system and the wafer.

In addition, peripheral units such as a sensor like a
focus sensor or an alignment sensor have to be arranged in
the vicinity of the projection optical system. In the
conventional art, however, because the supply pipiné, the
recovery piping, and the like were arranged on the outer side
of the projection optical system, the degree of freedom was
limited when such peripheral units were disposed.

In addition, in the conventional art, bubbles could be
found or formed in the supplied liquid, and when such bubbles
come in the space between the projection optical system and
the substrate, not only did they decrease the transmittance

of the exposure light and cause uneven exposure but could also

causedefectiveimagingwheniﬂuaprojectedimagecﬁfthepattern

is formed.



liquid between the projection optical system and the substratg, a
temperature change (a refractive index change; could occur in .the liquid,

which may degrade the -imaging quality of the 5 pattern. In addition, the

pressure of the liquid between the projection optical system and the

substrate may cause the wafer stage that Bolds the projection optical

system and the wafer to vibrate or~o incline, which would dergl;rac:(ral thle0

transfer acg of the pattern onto the wafer. Moreover, when the 10 _
liquid flows %ﬁ%ﬁ%&n&% ihg%?(‘)ljgg’t?orﬁ SpticaPSyStem .H%Lphf gtioptes the
area ofithe-paiens denprratywe ichnation, or pressy s@gwgg%ntrﬁelzatse&strate ,
to the direction of the flow may occur, which may be the cause of
abefratioAsf 1hé Uprejedtiongoptical systeavsucheasrinelinatinaoféhecould occur
image 15 plane or the cause of partial degrading in transfer accuracy of

the atteft, wHidH teteribrate?d the indsmaaranitormigmatthedransfesreg of the

simagg.of the pattern. Aggardingly, various im rovement cagirbe made to

10

15

20

25

the  examples of the conventiorial art refefred to above. SELOSORESen the

OF@NVE@HH@&HH%%@@&@Eﬂb@&%ﬁﬁﬂ%%@%gﬁﬁ@@%ﬁ@ﬁgyﬁmusethewafer
circumstances, and according to a first= aspect of the present invention,

theret fIprovided adfirdtefosuve @ppatdtos thattiluminates ab padethe wafer
with an energy beam and transfers the pattern onto a substrate via a
prorj]%a%tigﬁ OPtical Systert, the ekpBSure™ Apparat e6mprsiRgSs sibstrateans fex

stage-enmhich-he %t@éecé%m%%%ﬂ%%em%\é evfli:[hi%wgo_gfie?m when the

nsional pane holding e r substrate; a
liquid flows with respect to the projection optical system
mltheprojectionarea<ﬁfthepattern,temperatureinclination
or pressure inclination related to the direction of the flow
may occur, which may be the cause of aberration of the
projection optical system such as inclination of the image
plane or the cause of partial degrading in transfer accuracy
of the pattern, which deteriorates the line width uniformity
of the transferred image of the pattern.

Accordingly, various improvements can be made to the

examples of the conventional art referred to above.

- DISCLOSURE OF INVENTION
Thepresentinventionwasmadeundersuchcirc&mstances,
andaccordingtoeafirstaspectcﬁfthepresentinvention,there
is provided a first exposure apparatus that illuminates =a
pattern with an energy beam and transfers the pattern onto
a substrate via a projection optical system, the exposure
apparatuscomprising:easubstratestagecnlwhichthesubstrate

is mounted that moves within a two-dimensional plane holding
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supply mechanism tlat, supp-ICS -;.quid co a space between the

oroect-.on optical system and u he+ substr _.e on the su_bstrate stage; a

recovery mechanism that recovers. the liquid; and an auxiliary recovery

mechanism that recovers 5 the Liquid which could not be recovere_d by the

recovery mechan. In this exposure apparatus, the sup_ply mechanism

supplies liquid to the space between the projection optical hsys_tem and the
sybstrate stage, and the 10 recovery mechanism

recovrs T TG s bt b, sdarhd aout GTRauRFis Heig L to =

recovers %ﬁléo ﬁqdﬁé. In'this ¢a |
(flled) between fihe: tp-aN ihe projection gptieal.systomand Ihe supstiate, oo
on the substrate stage. Accordingly, by performing exposure (pattern

transfer onethewsubstrate) i thigsstate, thedsiamersiormethod ishat recovers
applied, and the wavelength of the exposure light on the surfgce of the

substrate" ¢4 b8 sidtteréd 2 U tindes/ (1 fs therefrantive indexiof thet recovers
iquid) th 2length. in the air and furthermore the depth of focus is
li;?ggj}))eéneeldw g}{o%%d% }1] jﬁﬁwﬂesctﬁg %pgp?hogf Seus FFhEHIF dn addiioR, sgcovery
wheretbediguighsupply by the supply mechanism and the liquid recovery

by the recovery mechanism are performed in parallel, t:*.e liquid between

the projectidnopticat systent and thppsitastiate iscexehanged gonstanty.: s
therefore, in--he case when a foreign matter adheres on the wafer, the

forefgH Matier is28 Ferobed bytheaR(tid 6w TS albisceqiosatd withopt ical

hig ti nd.a,, h.of focus compared with when exposure
is p%r%s?n%lgd %r?) tghegé?r? . %ﬁg (%%f)ange'o? gxzcr%%Ie?%%?ﬁerc‘%s?e 5 sitd&tiomnd the

10wheredhiquid sedlidaioti-be eempletely @ he 1iquid. 1In this case, a
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predetermined amount of liquid is held (filled) between (the
tip of) the projection optical system and the substrate on
the substrate stage. Accordingly, by_performing exposure
(pattern transfer on the substrate) in this state, the
immersionn@thodjjsapplied,andtﬁmswavelength<ﬁftheexposure
light on the surface of the substrate can be shortened 1/n
times (n is the refractive index of the liguid) the wavelength
in the air and furthermore the depth of focus is broadened
around n times the depth of focus in the air. In addition,
when the liquid supply by the supply mechanism and the liquid
recovery by the recovery mechanism are performed in parallel,
the liquid between the projection optical system and the
substrateji;exchangedconstantly,therefore,jjlthecasewhen
a foreign matter adheres on the wafer, the foreign matter is
removed by the liguid flow. This allows exposure with high
resolution and a wider depth of focus compared with when
exposure is performed in the air. 1In addition, for example,

inthecaseeasituationwheretheliquidcouldnotbecmmpletely



:recovered by the recovery mechanism occurs, the auxiliary recovery
mechanism collects the liquid that could not be recovered. Accordingly,
the liquid does not remain on tthe substrate, which keeps the v_ar.ious
inconveniences referred 5 Lo earlier that occur due to the remaining
;.residual) liquid from occurring. Thereforegwith. the exposure apparatus
in the present invention, the pattern can be transferred on the substrate

wit ecision, and the liquid remaining on, the substrate can also bﬁ _
pre%egr%t%%g \%\ﬁtﬁst%g 2)%83[} r%cibvgﬁﬁarrﬁﬁj%]%ﬁ‘ e Predent inventibs, thextliary

liquicbsupply by the:isuppbrmeshanismand.the Jiquidrecoyery by the .\ .
recovery mechanism do not necessarily have to be performe_d at the _

same aiveadhis cases thel exposure apparatiisi cardfusther db COMPASE: on the
a plate provided in at least a part of the periphery of a mounteq area of

the SUBSHrAR St tHE SUbstrATE Bfage! hé piate Ravihg zosuifacecaranget: ferred

sat sygsg%m'@ilg {.h%ﬁg@eo @ﬁ&gﬁht s a ggrg%:e of the substrate mounted_on

the substrate” stage. In such a case, even w%eﬁ%@%%&%t@%b@ua” liquid
moves20tea: pesition Wh@f@ﬁ@@@f@?%@@@@@é‘&ﬁ@éﬂ%%’{%%ﬁ?%@us in the
the substrate in a state where the liquid is locally held between the
projeetief vpti¢alsysteheand Substratet then liguaid can he-belddetweaenon the
thesprgjection optical system and the plate, therefore, it becomes possible

uo's

to prevent the fiqlib " 25 ?t%?ﬁlflaﬁlﬁf@l&ﬁpm'théqﬁst%o@Féiéﬁpa?ﬁmiéfi ng on
thepresenty inventian, -the %Li)glba% ege%ofl ERLMES i&an IS £an {%%nge;ﬂp osure

remaining liquid at the real, side of the projection optical system in

10mowipga@)atus in the present invention, the liquid supply by the
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supply mechanism and the liquid recovery by the recovery
mechanism do not necessarily have to be performed at the same
time.

In this case, the exposure apparatus can further
comprise: a plate provided in at least a part of the periphery
of a mounted area of the substrate on the substrate stage,
thé plate having a surface arranged at substantially the same
height as a surface of the subvstrate mounted on the substrate
stage. In such a case, even when the substrate stage moves
Lo a position where the projection optical system is away from
the substrate in a state where the iiquid is locally held
between the projection optical system and the substrate, the
liquid can be held between the projection optical system and
theplate, therefore, it becomes possible to prevent the liquid
from flowing out.

In the first exposure apparatus of the present invention,
the auxiliary recovery mechanism can recover remaining liquid

at the rear side of the projection optical system in a moving



operation of the suction mec ‘
presentinven-ion:a there ds peovidedha second expesute apparatus thar:. o i 4o of
illuminates a pattern with an energy beam and transfers the pattern onto
15 Alsubsiratees aoprojection optisalsystem the exposure apparatisn of the
comBEi)sin . a substrate stage on which the substrate is mounted that

G5 i
moves W

d; ~ rect_o_ ubs'rate, or the 3,x'y recovery mechanism can recover
remaining li.quid at the iron side of the projection optical system in a
moving direction of the substrate. o n the first exposure apparatusO the'
present invention, the auxiliary recovery mechanism can include a suction
mechanism that sucks fluid. in this case, tite exposure apparatus can
further comprise: a gas supply mechanism that suppresses an 10

environmental change,in t@euhggrgghaetrx of the liquid gggiﬁd by suction

anism. Adcording to a second HspetESIHE ™Y

fh-& two-dimensional plane holding the substrate; a supply

5 mechanism,thafsupplies liquidta locally fill a.s sa%efbce}%/eegetgent ipyention,
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projection optical system 20 and the substrate on t
thetliquid; ax técovery meehanism that recovers thediquid; anda plate; o+ 1 on
provided in at least a part of the periphery of a mounted area of the
subEtielie oh tHe shBstrate Stage. the Blate having a surface arranged at
substantial th%game hei%:]t a%éa surface 25 of the substrate mounted.

on the substrate s%asgec?air?

Qﬂﬁﬂﬁﬁﬁgﬁ@Joéh%§Qa§%ﬁﬁﬂ@eﬁﬂﬁgﬁéHggﬁ“%%é%ngﬂ%presses an

e substrate stage'w

is eXpoSurE ApparatGEhe SupplyTRBcHahisme T
environmental change in the periphery of the liquid caused
by suction operation of the suction mechanism.

According to a second aspect of the present invention,
there is provided a second exposure apparatus that illuminates
a pattern with an energy beam and transferé the pattern onto
a substrate via a projection optical system, the exposure
apparatus comprising: a substrate stage on which the substrate
is mounted that moves within a two-dimensional plane holding
the substrate; a supply mechanism that supplies liguid to
locally fill a space between the projection optical system
and the substrate on the substrate stage with the liquid; a
recovery mechanism that recovers the liquid; and a plate
provided in at least a part of the periphery of a mounted area
of the substrate on the substrate stage, the plate having a
surface arranged at substantially the same height as a surface
of the substrate mounted on the substrate stage.

In this exposure apparatus, the supply mechanism
supplies liguid to the space between the projection optical

system and the substrate on the substrate stage, and the



system and the substrate on the substrate stage, and the 10
rec:)verymechanism recover: the!_iqud. The I._quid supply by the supply
mechanism and the liquid recovery by the recovery mechanism do not
necessarily have to be performed during exposure, however, a' least
during exposure, a predetermined 5 amourit of liquid is locally held bet
weer the projection optical system and the substrate on the substraLe

stage, rdingl.V, _by. the mmersior _ method, exp sure is performed :
Witr%%idg;?ﬁp%lé%o utiéo/}}f’jtanlcl’é\n wider depth of Fog-fu%ucog}npaﬁébemﬂthwrlréjnSupp*y by

expﬂﬁéﬂ%ﬁp@Q@OﬁBQ%Hhﬂﬁhaﬁm%ﬂQH@rF%@ﬂﬁ%?ﬁ@%ﬁgﬁgg?nﬁ¥pgﬁ% recovery
substrate stage moves to a position where the projection optical system is
awd\EfroaTthersubstratetinne states wheley the fiquidds tocafy helsbetweenring
the projection optical system and the substrate, such as when exposing

the periphany” on thécslibstrate, bPRRENBXCHAR girigPthetsubstrateorfthee rmined
515 subsiiale stage,after exnosule Pasaeencampleled the laud ganfe .,

held between the projection optical system an eefflg_e akes'it
possibie ¢ prevert ¢hediguid-tom dawing %éﬁ)@&gg'%%g@'éexam&%rdingly,
because the liquid can be held between the projection optical system.and
theplatehiphile 2ol substeitd ixlheingexeharged; imbecamas possible high

to start exposure operation of the substrate without taking any time to
supply’ ﬁ?le%qlucf& . E(gc%ré i n‘@ljyc,gﬁ/ﬁhqﬁé) eXpBSureCspparafisintRe present when

rVERRO e RAgD.can i dransiaied Wh IR ACEHIRBLONING | oven when
substrate, and the 25 throughput also can be improved, especially
10 bedausesthestime trequired fomltiguid supply géter wafer exchangendilngtjection
be necessary. .

optical 'system 1is away from the substrate in a state where
the liquid is locally held between the projection optical
system and the substrate, such as when exposing the periphery
on the substrate, or when exchanging the substrate on the

15 substrate stage after exposure has been completed, the liquid
cankxaheldbetweamtheprojectionopticalsystanandthéplate,
which makes it possible to prevent the ligquid from flowing
out. In addition, for example, because the ligquid can be held
between the projection optical system and the plate while the

20 substrate is being exchanged, it becomes possible to start
exposure operation of the substrate without taking any time
to supply the liquid. Accordingly, with the exposure
apparatus in the present invention, the pattern can be
transferred with good accuracy on the substrate, and the

25 throughput also can be improved, especially because the time
required for liquid supply after wafer exchange will not be

necessary.

In this case, a gap formed between the plate and the



In this case, a gap formed between the plate and the 11 substrate can be
set no Omar and under. In .:ucl™ a case, even. when the immersion
section on the image plane side of the projection system is the border of
the substrate and the plate, such as when the substrate stage moves to a
position S where the substrate is away frofri.the projection opticfal system
from being located under the projection optical system, the liquid between

the sypstrate.and the %:gete is, Kept f§orrp féoz%in(? qut into tIhe 9ap, due to

the surface tension of the liquid.” in the second exposure apparatus’in thas: ©ver

presenirl Ocinvention: the expesire apRaratus gan further comprisezan. ¢ e
interferometer that measures a position of the substrate stage; and an air
conﬁﬁ@hﬁ@m@@hémgﬁﬂhaipeﬁormls@irbcod@itioniﬁgﬁ'hethe@leﬁiplaerg/_eofand the
the Ii@gig betweeguthe projection optical system and the substrate. 15 in

the BeCond eXBodurdapparausiia the prasent Snidmsn, méiﬁﬁ%lshsdgblyl byosition
' i te, A di .a third aspect
sthe FHERY MECTANAM Lapedn, N MEBIAIe Acoing b 3 INIB AT o e

4 ; %96 n_opri
of the present invention, there is prov posure apparatus

illuninates <0hay patterrtwith ancenergy beam aad trapsfers the-patters e, the
onto a substrate via a projection optical system, the exposure apparatus
comprigiig! Asubsrate sagelbA vt the Substratbaisemouitaditifaton £ lowing

ithi -di [ ing the substrate; an
mO\Cl)eSCW]I_thIn a fwo dlmensgnal lane holding

interfefometer that measires s p gitiBHeof%%ﬁﬁ@%ﬁbgﬁ%iéfég&fgth_e liquid.
supply mechanism.that supplies.Jiguid, fo aspace hetwesn the projection .

optical system and the

10 invention, the exposure apparatus can further comprise: an
interferometer that measures a position of the substrate
stage; and an air conditioning mechanism that performs air
conditioning in the periphery of the liqguid between the
projection optical system and the substrate.

15 In the second exposure apparatus in the present
invention, liquid supply by the supply mechanism can begin
on the plate.

According to a third aspect of the present invention,
there is provided a third exposure apparatus that illuminates

20  a patternrwith an energy beam and transfers the pattern onto
a substrate via a projection optical system, the exposure
apparatus comprising: a substrate stage on which the substrate
1s mounted that moves within a two-dimensional plane holding
the substrate; an interferometer that measures a position of

25 the substrate stage; a supply mechanism that supplies liquid
to a space between the projection optical system and the

substrate on the substrate stage; a recovery mechanism that

recovers the liquid; and an air conditioning mechanism that



substrate on the substrate stage; a recovery mechanisr. that recovers the
liquid; and an air conditioning mechanism that'_2 perfo.rms. air .

conditioning it the er_phery of t e .quid between the projection optical

system and the sub:tra.te. In this exposure apparatus, the_: su_pply _
mechanism supplies liquid to the space b&fiveen the nrojecti_on optical 5
system and the substrate on the substrate sta;lge,I gnc_idthe relcoE)/ert);l

me | cavers liguid. In this case, the liquid supply by the =~
sup%}iprr%g#}%_a%ilsfn g%%%ﬂ&ﬁ&d%& ?gco%/%r)? Ebey tyﬁ%rré %\ﬁegy nfechBAfsnt L auid
do metmecessasily have te be i perfeymed-during exposure, however, @ <, .y . .
predetermined amount 10 of liquid is held locally between theprojec-ion

optical systé &hd theesulostrate onrthe sabstratetstage ap[e'agt eariNgan i sm
exposure Acco%djngélﬁ’a b} the .immersion method, exposure 's performed

with-high reSoluticn Riddr ISR Of IE&s B6mpaRed With Iwisdrion optical

sexpesureds performed i%Hﬂ)es@i}l_:.alpeﬁo%d(gg%n,Sbuekg:g%:se the ai

2 ﬁate'sha%ﬁﬁtﬁgd the
conditioning mechanism performs air conditioning inthe peripher f
liquids turbulence«ththeigas flavecar be praventedin the atposphere il ge  the
the periphery of the liquid when recovering the liquid by the recovery
me%@rﬁ,%@@%&aﬁ&@@n@ﬁ%ﬂr@m}meﬁrem ahtheRB liquid recovery
interfer(%rﬂgters that ma\tfy occur due to the turbulence of the gas low

(inclﬁ}aing tfemperature flubtiation ot thé ga8° refisctive fidex chatgecah@ e
theﬂﬂé@)ﬁ&'ﬂ%@"%&f}%p@%%pr_te\!vaf%%%;gggJy\,lsl ta%rPeeC{g %hsrgn{%ged amount

with good accuracy. Therefore, with the exposure apparatus in

10presént 2§unventions the Jpata &1 v teanbe transfesiesiwith g000RACUFACY s ystem

15

20

on the substrate. |
and the substrate on the substrate stage at least during

exposure. Accordingly, by the immersion method, exposure is
performed with high resolution and a wider depth of focus
compared with when exposure is performed in the air. In
addition, because the air conditioning mechanism performs air
conditioning in the periphery of the liguid, turbulence of
thegasflowcxwlbepreventedjjltheatmospherejjltheperiphery
of the liquid when recovering the liquid by the recovery
mechanism, which can prevent measurement errors of the
interferometers that may occur due to the turbulence of the
gas flow (including temperature fluctuation of the gas,
refractiveindexchange,andthelike),andallowstheposition
of wafer stage WST to be measured with good accuracy.
Therefore, with the exposure apparatus in the present
invention, the pattern can be transferred with good accuracy
on the substrate.

In this case, the air conditioning mechanism can include

a suction mechanism that sucks fluid.



In this case, the air conditioning mechanism can include a suction

mechanism that sucks fluid. 1.3 In th, s case, the suctio r recha sir, can

also perform the function of recovering the liquid which could not be

recovered by the recovery mechanism. In such a case, for example,

when a situation where the liquid could natdhe completely recovered 3 by

--he recovery mechanism occurs, the suction mechanism collects the _

liquid that could not be recovered. Accordingly, the liquid does not remain
0?1 the subs?r%tég\%ﬁicﬁﬁaﬁeeépg%ﬁesggrf&u%q%ﬁbgﬁiéqﬁ@eg‘?&éﬂ'é& ggertorm the
earlierthatieccurrdue dovthe remaining (residyal) liquid from dOGEUHIG- A0 e req
in -the third exposure apparatus in the present invention, the air

conditidiing raechamisniearhlavallyrair-conditiarhthe qeeriphery ofdRemple, when
liquid, independent from the air-conditioning inside the. chamber where

the @xposare ‘dpparafisis Aicuséd s F eacH Grthefsonthirg exposafsovered

SoPPBIRIAI e presertimvanlion.the oleeton ORLCA SHBIET B8 ansom
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include a plurality of optic ments in which an op ement

closest tethessubstraterhas a hele dormed.ls @ section excluding a pertion; o1+,
used. for exposure, and at least one 20 operation of supplying the liquid,

recoVEtidg: thellibue cand vecoverrig babbldse(bubblestin the lighit)is keeps the
performed via, the hole. According to a fourth aspect of the present

invention; thetd s Brovided s fotirtiéXigostire appata-tisthat ifimiAgtes: due to
25 @ pattemnwith aN-eneray beam andLIsIarsbe.patiern. et g

substrate via a projection optical system, the exposure
D}thethirdexposureapparatuslethepresentinvention,
the air conditioning mechanism can locally air-condition the
periphery of the liquid, independent from the
alr-conditioning inside the chamber where the exposure
apparatus is housed.

In each of the first to third exposure apparatus in the
present invention, the projection optical system can include
a plurality of optical elements in which an optical element
located closest to the substrate has a hole formed in a section
excluding a portion used for expésure, and at least one
operation of supplying the liguid, recovering the liquid, and
recovering bubbles (bubbles in the liquid) is performed via
the hole.

According to a fourth aspect of the present invention,
there is provided a fourth exposure apparatus that illuminates
a pattern with an energy beam and transfers the pattern onto
a substrate via a projection optical system, the exposure
apparatus comprising: a substrate stage on which the substrate

1s mounted that moves within a two-dimensional plane holding



apparatus compr_ _, sing: a substrate stage on which the substrate is

mounted that moves within a two-dimensioned, plane holding 14 e

substrate; supply mechanism the supplies liquid to a space between 'she
projection optical system and the substrate on the substrate stage; and a
recovery mechanism that recovers the liquid, wherein the projection

optical system includes a _plurali_ty of optical elrtlamenths iln \]:VhICh C?_n

opticgle located. closest to the substrate has a hole formed ina .
sgclglg% %%%%ﬁg%gﬁoﬁ;-gg%géd fgrvgﬁp%%ﬂrsez? a%i?‘%t feddy ng‘iS > .llq“*a to a
opesatior: af supplying the liguigs E@Wﬁr@ﬁﬂ@%gqu%%rgﬁ%v%%%g substrate
bubbles is performed via the hole. 10 In this exposure appara-us, in the
OpﬂEQQﬂéhﬁ#ﬁﬂﬁﬁaﬁﬁﬂﬁﬁaﬁgﬂhemﬁ@emﬁOnmpﬁgaMSﬂﬁamMQQaﬁﬂht recovers
cloigjsﬁt t(i the substrate side, a hole is formed in a section that is not

used for expoddte, dn& firdligh e RORIGTSFETALIOR bf SuppNitfgtie includes

5 liquid yegovering thediquid, .or recovering, 15 bubbles in the liquidis .,

performed. Therefore, space saving is possible comparedav{}itr?ﬁje case

whemw the supplycneehanisrohansk tbe teeaveny/neghanismeare,discosed ccct+ 1 on
exterior to the projection optical system. In addition, also in this case, .the

supphy r&chafisth suppliesliquitbtd the spase between thec?Giprajection one
optg)caela%%sctgg]nagg the substrate ol[{ the substrate stage, and the recovery

mechanism recovers the tiguitt iy ﬁi&&%ﬁ%%e:ﬂaﬁﬂvﬁrpﬂ}?b%ﬂﬁgliqumr and
supply-peshanisnsangd the; liguidecovery by the recqyery mechanism do

not necessarily have to be performed during exposure, however, a

10 predetermidiedt25iamount sfiliquiskis hietd-betyween the-psejection optiealent that
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system and the substrate on the substrate stage at least during
structures the projection optical system located closest to

the substrate side, a hole is formed in a section that is not
used for exposure, and through the hole an operation of

supplying the liquid, recovering the liquid, or recovering
bubbles in the liquid is performed. Therefore, space saving
is possible compared with the case when the supply mechanism
and the recovery mechanism are disposed exterior to the

projection optical system. In addition, also in this case,
the supply mechanism supplies liquid to the space between the
projection optical system and the substrate on the substrate
stage, and the recovery mechanism recovers the liguid. In
this case, the liquid supply by the supply mechanism and the
liquid recovery by the recovery mechanism do not necessarily
havetokxaperformedduringexposure,however,eapredetermined
amount of liquid is held between the projection optical system
and the substrate on the substrate stage at least during

exposure. Accordingly, by the immersion method, exposure is

performed with high resolution and a wider depth of focus



ex.M-osure. Accordingly, by the in'_-nersion me-hod, exposure is
performed with high resolution and a wider depth of focus 15 compared
with whc:n expo-.L._re is performed in the air, Therefore, with the
exposure apparatus in the present invention, the pattern can be
transferred with good accuracy on the suhistrate, and the degree of
freedom of each section 5 arranged in the periphery of the projection

optical system @Ifgﬂn% es, in each of the first to fourth exposure
apparat%/s in-he present %%eﬁt}ligristﬁé eexﬁé’s@%%%%ﬁ?ﬁtﬁs CRn FhEhér-* -

comprise: acenfrokunih that stepsaeth liguid-supply. 10 opgration by the.
supply mechanism and liquid recovery operation by the recovery
meéatfidraveien tHeespbstraterstage kemainsrstdtionasy. ACCOTdRG &ccuracy
fiftho%s%g:t of the E}resent invention, there is provided a fifth exposure

apparatusthatiiimidatss 84 pattern iithesh ehedgysstan andl each section
‘trapsh pat-ern on strate vi rojection optical system, the
5 fers thepat %h%‘Bé}i%%éé? yia a pre r%ﬁfé%lﬁ?hggﬁ&ﬁ%;esystem

exposure apparatus comprising: a substrate staae whic
Is radunted thatgneves. within a two-dimensional plane holding the
substrate; a supply mechanism that supplies 'Liquid to a 20 apace

between the profectichtopti€alsysténtandthe sbbstate wnetheosubstrates in the

Stage' and arecovery mecharyﬂ:m that recovers the liquid, wherein when
Sern en

the nair tioriary” BOth™ LR S@pply opéfationr ther

rESe Ay p
substrate stage remains

by-beisypplyemeghanism-and figuid regovery, operation by the recavery .

25 mechanism are stopped. In this exposure appgaratus, when the PP~y

10 submpeate thge i®y the supply mechanism and liquid recovery
operation by the recovery mechanism when the substrate stage
remains stationary.

According to a fifth aspect of the present invention,

there is provided a fifth exposure apparatus that illuminates

15 a pattern with an energy beam and transfers the pattern onto
a substrate via a projection optical system, the exposure
apparatus comprising: a substrate stage on which the substrate
is mounted that moves within a two-dimensional plane holding
the substrate; a supply mechanism that supplies liquid to a

20 apace between the projection optical system and the substrate
on the substrate stage; and a recovery mechanism that recovers
the liguid, wherein when the substrate stage remains
stationary, both liquid supply operation by the supply
mechanism and liquid recovery operation by the recovery

25 mechanism are stopped.

In this exposure apparatus, when the substrate stage is

stationary, both the liquid supply operation by the supply

mechanism and the liquid recovery operation by the recovery



stationary, both he liquid supply ope ation by the supply mechanism and
the liquid recovery operation by the recovery mechanism are stoppeq..
this In ti.'~- case, for examp-._e, when a projection optical system ywth a
high resolution (a projection optical system that has a large numerical
aperture) whose distance between the prajection opt_lcal system and the 5
substrate (working distance) is small is used, the liquids held. between

the projection.optical system and the substrate by its surface t(rensiojn..
Becﬁ%%géﬁ%%%c%%ty%%&%ﬁaﬁ%geﬁﬁe lg[%ﬁﬁj isToW in hitist Casd¥while When a

the substrateisorage is statigRary ethe, amount QI;DHQH!%%S__L%C_L%'T’% projection
reduced when 10 compared with the case when both liquid sup_ply

opeP&tiorrBy thE supplythecharismantdicquid recoveryeperatien by the whose
recavery mechanism are performed in parallel at all times (not only when

the SUBSTAE SR IEERBVINGSbEEAISE WhePthePstitsstrate sageris and the

58ta@1@£¥:r&®i§&8§%9ﬁg}’vgﬁs%%ﬁé’éﬁ:ﬁ%&%ﬂ amsount ocfi ”qu'deisliquid is

held between the projection optical sys & substrate _oh th _

substrate stagesainleast quringLxposure; ACCOriNgyys D the MMersian, s« ot e
method, exposure is performed with high resolution and a wider depth of

foch corfpatedd with WRers égposurdss pesfornied ire thesair. 20 Therefdtenge the
Witrlthe egposuri ggp?_ratus in the present_invention, the gattern can be

Fed with good adeuFSsy” ofitRE SubState, ARE 1 @nbuALst Ijfure is

transjfeqr re

Useﬂt@fﬁ%éwceghe-rm%&?&peg@"ziséff}’i‘gled.gérclie cage %’Qeg t%%ced when

liquid used is costly. 25 In each of the first to fifth exposure apparatus in

10 thecprasentinvention the supply meshabisahcan supplydigyishty heeration by
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space between the p o e/ tion optical system and the
the supply mechanism and liquid recovery operation by the

recovery mechanism are performed in parallel at all times (not
only when the substrate stage is moving, but also when the
substrate stage is stationary). 1In this case as well, a
predetermined amount of liquid is held between the projection
optical system and the substrate on the substrate stage at
least during exposure. Accordingly, by the immersion method,
exposure is performed with high resclution and a wider depth
of focus compared with when exposure is performed in the air.
Therefore, with the exposure apparatus in the present
invention, the pattern can be transferred with good accuracy
on the substrate, and the amount of liquid used can be reduced.
This is especially suitable in the case when the liquid used
1s costly.

In each of the first to fifth exposure apparatus in the
present invention, the supply mechanism can supply liguid to
the space between the projection optical system and the

substratecx1thesubstratestagefromﬁjuafrontside:ﬂzanmving



energy beam to transfer the pattern onto t
expbsure methoth thisiease, the: sepplydnechanisa-Ganhave apuality s« cn and
of supply ports arranged spaced apart in a non-scanning direction
perpéfidigtiiaf ¢ tHeescannidedisectivnr ahd the supplymechanismecan side in
supgl %‘?'lk uid from at least one supply 15 port selected from the

plurality oflsg;p

substrate on. the substrate stage from the front side in a moving direction
of the i.bstralL.e, or the supply mechanism can supply liquid to the space
between the projection optical system and the substrate on the substrate
stage from the rear side in a moving direction of the substrate. 5 In each
of the first to fifth exposure apparatus in ti& present invention, the

exposure apparatus can further comprise: a drive system that drives the

substrate-stage iy a predefeumined scanning direction with respect to the
| ‘the pate 5 the su%s]?r}?a}I acs

4

¢in‘aseanning Igt SuPPLY

Py PEtS idccordanice WitthBSi2 of a divided area

ssubject to expasure, onthe, substrate. According tg}r%giéapeagg??h%géﬁ% in the

present invention, there is provided a sixth exposu
illuminates: 20La pattermwith anenergy beam ansbixansiers the pattem ne »

onto a plurality of divided areas on a substrate respectively, via a

profectiBR opticaPsystemc tHe/ 6505 Ure alppardtus scomprisingsa sabstrateage in
stage Or”e‘A’QLCh the substrate is,mounted that moves within a

two-dimensional plane holding the' 25 <Uisstrate! & pefiphrdi S rithdthe energy
surraunds-at leasn s aB pptical plementarapged,clogest ta Egecgu?ﬁtrg_t%canning

constituting the projection optical system, and also forms a predetermined

apparatu

10 clegraimee writh respbetcto a surface of the substrate on the
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In this case, the supply mechanism can have a plurality
of supply ports arranged spaced apart in a non-scanning
direction perpendicular to the scanning direction, and the
supply mechanism can supply the liquid from at least one supply
port selected from the plurality of supply ports in accordance
with the size of a divided area subject to exposure on the
substrate.

According to a sixth aspeét of the present invention,
there is provided a sixth‘exposure apparatus that illuminates

a pattern with an energy beam and transfers the pattern onto

8]

plurality of divided areas on a substrate respectively, via
a projection optical system, the exposure apparatus
comprising: a substrate stage on which the substrate is mounted
that moves within a two-dimensional plane holding the
substrate;éiperipheralwallijun:surroundszﬂ:leastenloptical
element arranged closest to the substrate constituting the
projection optical system, and also forms a predetermined

clearance with respect to a surface of the substrate on the



subs rate.. stage; arid at Least one supply mechanism that supplies liquid
inside the peripheral wall from the rear side it a moving di_rec_son of the
substrate. In this exposure apparatus, when the substrate is moving, 5
that is, during the movement of the substrate stage holding the substrate,
the supply mechanism supplies the liquid irside the peripheral wall, which
includes the space between the projection optical system and the
subgggﬂsetg;r%q e Sl{bstra'_[e st%ge fram th%rear side in the movin

t

, g . J
direction of the 10 stibstfate, and the figtiid i filfed i the pHce batedh that

the sprejectiop aptical sysiem and:the substrate-when the substrate,is oo <4 qe
moved. In this case, when the predetermined divided area on the

substrate moves anderthetprojection opticalsysteny tthe liquid is supplied

to the upper side of the divided area 15 without fail before it reaches the

space beldw He BTG 8 DptiaP eyt THEr 78! WherstHessubstiatéssmoving,

smoved iin the QIS?%%’“HPT;%O' %%%%Jr%‘m he space b%t\é\é%?#]rt%‘gepro'e%ggnholding

optical system and the surface of the substrate isille € Iiau
Accardingly,shy-peréqrming expesurenteatiern 20 tansfer en thesubsiiate) i ns; ge
for the divided area serving as the area subject to exposure, the
imnéRidvemnéetioeris hpplied ;anthéxposure isuperforinted with highbe tween the
resolution and a wider, depth of focus compared with when exposure is

performed-in-the &7 TANE InTHZ WAy 2Re patferf Canbe fransrerfédopestrate
25 eaehof thepiyralitofdiided agas on the sYbsiale Wi, 9900 o o ¢ tne

precision. In this case, the exposure apparatus can er comprise: a

10recoverytmechanismchaheecovens the iquidatd8 in the space between the
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projection optical system and the substrate when the substrate
is moved. In this case, when the predetermined divided area
on the substrate moves under the projection optical system,
the liquid is supplied to the upper side of the divided area
without fail before it reaches the space below the projection

optical system. That is, when the substrate is moved in the
predetermined direction, the space between the projection

optical system and the surface of the substrate is filled with
the liquid. Accordingly, by performing exposure (pattern

transfer on the substrate) for the divided area serving as
the area subject to exposure, the immersion method is applied
and exposure is performed with high resolution and a wider
depth of focus compared with when exposure is performed in
the air. And, in this way, the pattern can be transferred onto
each of the plurality of divided areas on the substrate with
good precision.

In this case, the exposure apparatus can further

comprilse: a recovery mechanism that recovers the liguid at



the front side of the projection optical. system. i.n a moving direction. qf

the substra-e. In such a case, the supply mechanism supplies the liquid

inside the peripheral wall from the rear side in the moving direction of the
substrate, and. the recovery mechanism collects the liquid at the front

side of the projection optical system in the moving direction of the _

substrate. In this case, the iiquid supplied flows between the p;rc;{ectlon

optical system and.the substrate along the moving direction of the ‘
sSbgg%rgtgslf%%Fefg%e%n ?ﬁi cASe HDareign fHatterd- adRereaitifgn in a moving
SUb@H@@cM@@rgﬂeWGQMs%ﬂ%’Y fol?)e E%ng I tggssp(,ththe supply
exposure apparatus in the present invention, the supply mechanism can
have<cplaraligynof supplyeports in the pedphesy abanreradiationarea 0211 from
the subst.rate where 15 the energy beam is ;..irradiated via the pattern

andth& proidctivh Sptical 5)stehy B _spasrecandcanSvitch thebsupplye, and

D e O e e ot side

of the substrate. I the sixth exposuré aprjara_t _

20 the exposyre apparatys 6an further comprise; a dnve sysiem that o ;o ¢
drives the substrate stage in a predetermined scanning direction wit _

respéct t6 thes émergy bedm toltramsfenshe pattern ontoithessubstratedn @ ows
scanning exposure method. In this case, the supply mechanism can be

provided oh z%hﬁnB%?@ee&ﬁ&Pfhé’B%?%ﬂdéBﬁft_eﬁb-?iﬂédtiétﬁ)@a@fatmate along
thetﬁf?@%wﬁg%qi%c&%scpﬁ%?%'%’eag%hs supply m%%ha”'sgg that, @ e case

supplies the liquid can be switched in accordance with ~; 8'st ﬁﬁ‘ug Ln

10direttion ofthenstibsirateadBere on the substrate, they are removed by
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the flow of the liguid.

In the sixth exposure apparatus in the present invention,
the supply mechanism can have a plurality of supply ports in
the periphery of an irradiation area on the substrate where
the energy beam is irradiated via the pattern and the
projection optical system on exposure, and can switch the
supply port used for supplying the liquid in accordance with
the moving direction of the substrate.

In the sixth exposure apparatus in the present invention,
the exposure apparatus can further comprise: a drive system
that drives the substrate stage in a predetermined scanning
direction with respect to the energy beam to transfer the
pattern onto the substrate in a scanning exposure method.

In this case, the supply mechanism can be providéd on
one side and the other side of the irradiation area in the
scanning direction, respectively, and the supply mechanism
that supplies the liquid can be switched in accordance with

the scanning direction of the substrate.
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Ln the sixth. ex nosure apparatus in the pr ,sent invention, the supply
mechanism can have a plurality of supply ports arranged spaced apart ir.
a non-scanning direr: =or: perpendicular to the scanning direction, and
the supply 5 mechanism car. supply the liquid from at --east one supply
port se--ected from the plurality of supplyzports in accordance with the
size of a divided area subject to exposure or the substrate. In the sixth

exposure tus in the present invention, . the exposure apparatus can
further cor%%%?e% gjpﬁiaté Srg fded” To RN 64 2par 1§‘(Tf fhepetphey ot ton
a mounted area,ofthersubstiate-on thesubstrate stage; the plateshaying a1

surface arranged at substantially the same height as a surface of the
sulsstrarée grsunted ondhe sabstrate stagerin eaehwof the firsk-tocs-xtn
exposure apparatus in the 15 present invention, the exposure apparatus

ca furtier “csmipfide: &t 1445t o BB blEretovERhetharisd thae supply
ubbles.i liqui . ide of the projection optical
req{?g@‘f?art?yggegsalﬂ g@pﬂ%ﬂ%g{h@%ﬁ%ﬁfy% aﬁ %ﬁg% e sul%ply port

; om @)
system in a moving direc e substrate. In each of irst to six

exposlise apparatis imthe 2Opresent mwention: the &Xpesure ApParltS ce with
can -further comprise: an adjustment unit that adjusts exposure

cortdifiohs ZBagéd chi atlleast ene ofattialrneaserament valuestdndsubstrate .
predict‘_oan klfgs of temgerature information on the liquid between said

projection Gpt-Carsystem ARd SHit SamstiHie 58 Alcoriing 16 a%eventrention,
ast3pctofihe Preseptinyvention, there js pravi d&gﬁj ??‘éeéqghaer?éﬁoasyégp rovided

apparatus that i_"_lurr..inates a pattern with an energy beam, moves
subistrate irea predetesminedfseanning direstien; atd fransfers the paternr the

onto a plurality of divided areas on the substrate via a projection optical

Syﬁgﬁﬁtrate on the substrate stage, the plate having a surface
arranged at substantially the same height as a surface of the
sﬁbstrate mounted on the substrate stage.

In each of the first to sixth exposure apparatus in the
present invention, the exposure apparatus can further
comprise: at least one bubble recovery mechanism that recovers
bubblesjxltheliquidzﬂztherearsideofTjuaprojectionoptical
system in a moving direction of the substrate.

In each of the first to sixth exposure apparatus in the
present invention, the exposure apparatus can further
comprise: an adjustment unit that adjusts exposure conditions
based on at least one of actual measurement values and
prediction values of temperature information on the ligquid
between said projection optical system and said substrate.

According to a seventh aspect of the present invention,
there is provided a seventh exposure apparatus that

illuminates a pattern with an energy beam, moves a substrate

in a predetermined scanning direction, and transfers the
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in a scanning exposure method, the exposure apparatus comprising: a

substrate stage on which the substrate is mounted that moves within a
two-dimensional plane holding the substrate; a supply mechanism that

supplies liquid to a space between the projection optical system and the
substrate on the substrate stage; and a re¢avery mechanism that 5

recovers the liquid; and a peripheral wall that surrounds at least an optical
elemetitrclosest pbisditysubsivatedconstitutihg saidtprejectioproptitaln optical system
system, I a_predetermined clearance with respect to a ,
o S P LR et sage on
mechbisishestybpiies said diguidlitsidmsaid wehipheraloadithanbieralasi@acolding the
secti al jlection;optical em on. the substrate side fronts N
e bl by T S B o s el aggecion
mechulerrty dee padormed it snowithsekposarsapperations: for egaharhanism that

sthe fgf\!&)dz%ps A;ER L‘BH;tQ&i ﬁ"ﬁ%ﬁ%ﬂé@aﬂ@vgl]ﬁh%%(ggrsrg{l%&p thre%t"ésa’?g(ga(%faogﬁeelement

liquid supply by the supply' machan ism and liquid recovery by
recoVeisphieehidrishitraie rarbrtiad iidymojwitlvexptisaleyopenatiohs!forforms a

eaCBr@éé‘t@%é&\@Qﬁpaﬁ‘@%t‘ﬁr}ég&%%r&ﬁ%a%myi'c? Jﬁ%&%& 1S said substrate

transferred onto the divided area subject to exposure on the substrate in
a scarinyhexpdsiae prembanes pragstenpinties saithbantdoiitsidaid peripheral wall

(exchanged cansianty)sanih %J&L@&ll&ltgalcsﬂ ACSDEWEER NRHIIS gf[cii%rfﬁonts,

optical system and the substrate 20 while the divided area passes throug
the |inaifiatioRlzRathst thepbn Bl Riarn ald aaigrisjeetion bptibareystem mechanism

L0and by o the imBiersi RN BXRRSYIE 15 heriergd, wihig Qh{/??e% "eﬁjegé%non the

and a wider depth of focus compared with when exposure Is performe
the #iPSW&nwhile, a staie can be -13 made where there is no liquid on

,__he subsgrgtghd.usrirég{agsegg% other than the irradiation period when the
div7 ded a_ea subj to exposure paseas HrsticH e Hradiation Hrdagpthey by the

ene%m}p@ﬁ@ﬁﬂ@&{aﬁm%ﬁ@ma]ﬁ%@g&W@EJ@%@%%@Q@\%@? mechanism
are performed in sync with exposure operations for each of
the divided areas on the substrate, when the pattern is
transferred onto the divided area subject to exposure on the
substrate in a scanning exposure method, a predetermined
amount of liquid (exchanged constantly) can be filled in the
Sspace between the projection optical system and the substrate
while the divided area passes through the irradiation area
of the energy beam via the projection optical system, and by
the immersion method, exposure is performed with high
resolution and a wider depth of focus compared with when
exposure is performed in the air. Meanwhile, a state can be
made where there is no liquid on the substrate during a period
other than the irradiation period when the divided area subject

to exposure passes through the irradiation area of the enerqgy

beam, or other than a period including the irradiation period



2 and slight length of time after the irradiation period. That is, on
sequentially exposing the plurality of divided areas on the substrate, each
time a divided area is exposed, liquid supply to the space between the
projection opticasystem and 5 the substrate and full liquid recovery are
repeatedly performed, which can shortenzthe period in which the liquid
exists on the substrate, which can also suppress degrading of substances

in the photosensitive agent (resist) on the substrate as well as suppress
the %%@iraorslrileﬂfla% &?eegnrgga%]ti(%% 10°6f THe Gfmb&phere ifthatpétipher/ierd . That

the substate; dn,,, addition; th ee'iﬂ%@; lﬂﬁ%te’gh%y }bful g ad ilatt,i(zn%%:c%p}%_se B4 areas

light during exposure of the precéding divided area does n

exposuré of sh following divided atea: i thiscase; eachtime expese of1 i quiqg
each of the divided 15 areas is performed, the quuid sypply by Ithe_supply
mechaism End-fifl reeevenpsai-thedivia bybthe Tecoviery methanrisns gart en and

be peror . In_thjs case, on transferring the pattern, due to the
s b%%éltgllz%glcer%{éginagqg tt?él ISsLaéaé ning % edtion” 1 Hqdia 26 SUpply By ¥

the supplyrmeshanismgan-hegigral,some paint gs@{%&hﬁrﬁf% edee9f@ 15 quiq

1
divided area subject to exposure enters an irradiation area on the
substrase enawhichh thesetergy deam whitradiatedhvialthe Q&i@&@ﬁg thegrading
projection optical system on exposure. 25 In this case, the liquid supply

by thie SUPpP-ieChsnish taA b%@ﬂ?sﬁ@mrﬁéﬁw%pfé@@ﬁg Sﬁftiﬂ,rv}‘éiSU on the
Vi ich i etween
it Camter ‘o e BhidGd S/Eh Cubbct o posL I A oo adat on
10transferche atmosphere in the periphery of the substrate. 1In
addition, the liquid heated by the irradiation of exposure
light during exposure of the preceding divided area does not
affect the exposure of the following divided area.
In this case, each time exposure of each of the divided
15 areas is performed, the liquid supply by the supply mechanism
and full recovery of the liquid by the recovery mechanism can
be performed.
In this case, on transferring the pattern, due to the
substrate stage moving in the scanning direction, the liquid
20 supply by the supply mechanism can begin at some point before
the front edge of a divided area subject to exposure enters
an irradiation area on the substrate on which the energy beam
isirradiatedviathepatternandthepmojectionopticalsystem
on exposure.
25 In this case, the liquid supply by the supply mechanism
canbeginafternmvingoperatimnofthesubstratestagebetween

divided areas, which is performed between pattern transfer

on the divided area subject to exposure and pattern transfer



23 on a preceding d] ded area, has been compleL.ca, or, as in the
exposure apparatus of Claim 36, the liquid supply by the supply .
mechanism, can begin when the front edge of the divided area subject to
exposure reaches a supply position. 5 In the seventh exposure apparatus
in the present invention, on transferring the-pattern, due to the substrate
stage moving in the scanning direction, the liquid supply by the supply
mechanism can stop at a coin- when the rear edge of a divided area 4
subject o %%%ﬁ?&é&mgﬁw%ﬁiirmmn%ﬁa@%z ﬂié@}bﬁfr%ttfe oAr, as in
whi IS irradiated -via.the pattern and the projection
opti%%%%ﬂ%%%%%%ﬁ% In t%ﬂg %a?é,atﬁrgi%%d Tr?(:t'}:%\ti[(;lr Bythg PPy by the
recoveppmechanism can enchaffer the paternisdransfered QUoshe e §ivided
divided area subject to exposure and before moving operation 15 of the
substf&e stade) Between divided areas perforareceprioriolpattess transfer

na succeegingcgigided area begins. In the seventh exposure apparatus

in the present’ inventi%ﬁygmgngfg?ﬁﬁ’dlﬁﬁ ﬁéﬁé@ﬁa&ﬂ@ to-thelstbskarsent
stagenmevingdn ;h%§C@PQH@f@%@8’ g}?e“%lé'g SUpply géﬁgottget%ué)ps%b strate

mechanism can stop at a point before the rear edge .of a divided area
SubkmagﬁemmﬁimgCmmGQGOﬁHH@@bhgTdﬂ;@@@ﬁﬁﬁﬁ‘@KﬁiQﬂgﬁid.supply by
substrate on which the energy beam is irradiated via the pattern and the
projeBtiors BpiRcar @@%W@xﬁ@hréﬁ%Iriifihisﬂcage,fthew_iqgid supplyear edge
by t upply mechanism can.stop when rear edge of the d|V|dgd area o
subjge%c%o%%ﬁﬁggeurearre%%heég %Sgpi%/opc%éﬁﬁé?ﬁﬂﬁ AdGitGs, thefligaid rradiation

10recQMesy: b&r{h@H@CQ\é@é{ﬂB@%@@§%§§B@%@ft%%®fﬁatﬂ%@m is irradiated
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via the pattern and the projection optical system on exposure.

In this case, the liquid recovery by the recovery
mechanism can end after the pattern is transferred onto the
divided area subject to exposure and before moving operation
of the substrate stage between divided areas performed prior
to pattern transfer on a succeeding divided area begins.

In the seventh exposure apparatus in the present
invention, on transferring the pattern, due to the substrate
stage moving in the scanning direction, the liquid supply by
the supply mechanism can stop at a point before the rear edge
of a divided area subject to exposure comes completely off
an irradiation area on the substrate on which the energy beam
isirradiatedviathepatternandthegwojectionopticalsystem
on exposure.

In this case, the liquid supply by the supply mechanism
can stop when the rear edge of the divided area subject to
exposure reaches a supply position. 1In addition, the liquid

recovery by the recovery mechanism can end after the pattern
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24 s transferred onto the divided area su:_,lert to exycsure and before

moving operation of the substrate stage between divided areas .

performed prior to pattern transfer on a succeeding divided area begins. 5

in each of the fifth and seventh exposure apparatus in the present

invention, the exposure apparatus can further comprise: a peripheral wall

that surrounds at least an optical element closest to the substrate .
constituting the projection optical system, and also forms a predetermine ,
clealrgrl%g %\ﬁﬁ?%& ‘ry']éssg%)eoclﬁgpa%uerfaggevéfc{ﬁg SUbSftate'BA fhe- stifstratecsure and

stage; rwherginthe supRly mechanism supplies the liqu Edtiga?geog@ween divided

peripheral wall where an end section of the projection optical system on

the sidesef the stibstrate frantsrAccording te an eighthaspectof the succeeding
present invention, 15 there is provided an eighth exposure apparatus that
illurfin&teted pattefn Wit Bhsenergy beam, moves a substrate in a

predetermined scanning direction,_and transfers the_ pattern onto a ,
plurality of rc}%idge%cgre%% ((j)tr%1 %egéufk;%s?%raatg VA ProjEchich Spticat syBiepratus in

in arscanpingsexnosure-a1ethegh 20 the exposure,apparats LOMPrsiNg: A+ e

substrate stage on which the substrate is mounted that moves within a
twocdiriensiohalaptens. holdingltheadubstrate; aperiphetal wallthatt an optical
surrounds at least an optical element arranged closes= to the substrate

condtitthifig the profetlionbptical SYSenT andl 488 6rhie P8 AT the projection
predefermined glearance with respect 10 a surface;of the substrate on the
4 | <

substrate stage; a supply mechanism that su‘BEheéisequeulle%n%? e the @ rance with

pert=cphesalwall; andariecovent meehanisat that teepversdhe liguidh e stage,
wherein the supply mechanism supplies the liguid inside the
peripheralwallwhereenlendsectioncﬂftheprojectionoptical
system on the side of the substrate fronts.

According to an eighth aspect of the present invention,
there is provided an eighth exposure apparatus that
illuminates a pattern with an energy beam, moves a substrate
in a predetermined scanning direction, and transfers the
pattern onto a plurality of divided areas on the substrate
via a projection optical system in a scanning exposure method,
the exposure apparatus comprising: a substrate stage on which
the substrate is mounted that moves within a two-dimensional
plane holding the substrate; a peripheral wall that surrounds
at least an optical element arranged closest to the substrate
constituting the projection optical system, and also forms
a predetermined clearance with respect to a surface of the
substrate on the substrate stage; a supply mechanism that
supplies liquid inside the peripheral wall; and a recovery

mechanism that recovers the liquid.



LC: In this exposure apparatus, the supply mechanism supu_iesthe I_|qU|d
inside the peripheral wall, which includes the space between the project
on optical system a-, lid the substrate on the substrate stage, anql th_e
recovery mechanism 5 collects the liquid. Accordingly, when the liquid
supply by the supply mechanlsm and theZliquid recovery by ';:he recovery
mechanism are performed in parallel, a predetermined amount of liquid

(exchanged at all timeg) is held inside the peripheral wall including the |
space betv?e%n%&hg%rélé?t?osnuﬁ optical rsgillgkle“fﬁ a%BSI'h%uﬁ}%Jsi_’ra?ée.Chamsm
Therefare,i whemexposured (patierndransferen the.subsyrate) is s on i ne1udes
performed for the divided areas on the substrate serving as the areas
subjéé é@@&ﬁo@ﬁéwwpeﬁbﬂnmgwhediqmidrsummmreacpye@,m and the
descr%eg above in parallel, the immersion method previously 15

i

described i§ Bpphied - afd BXposie itk Mgt resolatich andcawiderdepghanisn

5 of fogus cempared VK'E*I;{WE%“ eXPOSUTe is i %q]%%rmwekgeriln g})eea;ltr J%%%u% supply by

performed. In addition, in this case, becau e exposure appa
Combﬂse&apﬂgripdf@falawmIsmainﬁ.lﬁf@@(iﬁ_@E@@%@B@@@‘E@I %lﬁn_%% recovery
arranged closest to the 20 substrate constituting the projection optical
systemiitt o fotnisea predetsiminedcledrance witlprespecktod ned amount
sur of the suibstrage on the substrate stage, by setting the clearance

small, the Contact area of theiotifd grl_r&t_ﬁelﬁ‘@r@? airs ‘éxﬁréﬁ?él&? the
smabanshthesurface tension of eyiquid 25 prevensdNeIURon. s cqcson

leaking outside the peripheral wall via The clearance. Therefore,

10 examples becomesepossiblettbeesavertiealiquid usedferByBersioRn exposure
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without fail after the completion of exposure. Accordingly, with the
(pattern transfer on the substrate) is performed for the

divided areas on the substrate serving as the areas subject
to exposure, by performing the liquid supply and recovery
described above in parallel, the immersion method previously
described is applied) and exposure with high resolution and
awiderdepth<1€focuscomparedwithwﬂm%xexposurejj;performed
in the air is performed. 1In addition, in this case, because
the exposure apparatus comprises a peripheral wall that
surrounds at least an optical element arranged closest to the
substrate constituting the projection optical system and also
forms a predetermined clearance with respect to a surface of
the substrate on the substrate stage, by setting the clearance
small, the contact area of the liquid and the outer air is
set extremely small, and the surface tension of the ligquid
prevents the liquid from leaking outside the peripheral wall
via the clearance. Therefore, for example, it becomes
possible to recover the liquid used for immersion without fail

after the completion of exposure. Accordingly, with the



26 exposure apparatus in the present invention, the patLe-r can be
transferred onto each of the plurality of divided areas on the substrate
with good precision, and various adverse effects caused by the liquid
remaining on the substrate can 5 be avoided. In this case, the inside of
the peripheral wall can be in a negative gtéssure state. In such a case,
leakage of-.he liquid outside the peripheral wall due to its own weight can

be prev with more certainty., 10 In the eighth exposure apparatus in
thegp%fgﬁm%%}vgéﬁ%ggé Wwhen the substrate gt%l%gelﬁlo‘f g the subifrae is-ern can

mOMmgtHﬁhﬁﬂ@@§@@MM$WHh@§@@pb@“@ﬁ@wﬂﬁﬂfgmw@§ @%ﬂgivided areas
recovery by the recovery mechanism can be performed. in the eighth

expusuié apparatis intthe préesentdsdnyentions when the substratestageiverse
holdi 9 the substrate is_stationary, liquid supply operation by the supply
me%f?aﬁ’lgﬁs AnAHiGTR RREovRR Oparatitn By thé réesvery rhidéhaiisihtcante can

5 be suspendeg. and a state where the liquid is held within the peripheral
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wall can be maintained. 20 In the eighth exposure apparatus in the

present inven-tinf sthe=predetermingd cleargnce cande-seiia 3ffnand -5 pe
under. According to a ninth aspect of the present invention, there is

providéd BEHIAth S GEtRe apparatus tisat illGmisates 25w pattefrewith@n of the
energy bean moves a sgbstrate in a predetermined scanning direction,
and taRsfers o

.

& paftern orits & pilalif ot divided drehs orf the stibatraight can
viagg pEeiection aplical systeRLin & s¢anning exposure method, the

In the eighth exposure apparatus in the present
invention, when the substrate stage holding the substrate is
moving, the liguid supply by the supply mechanism and the
liquid recovery by the recovery mechanism can be performed.

In the eighth exposure apparatus in the present
invention, when the substrate stage holding the substrate is
stationary, liquid supply operation by the supply mechanism
and liquid recovery operation by the recovery mechanism can
be Suspended, and a state where the liquid is held within the
peripheral wall can be maintained.

In the eighth exposure apparatus in the present
invention, the predetermined clearance can be set to 3mm and
under.

According to a ninth aspect of the present invention,
there is provided a ninth exposure apparatus that illuminates
a pattern with an energy beam, moves a substrate in a
predetermined scanning direction, and transfers the pattern
onto a plurality of divided areas on the substrate via a

projection optical system in a scanning exposure method, the



2'l exposure apparatus comprising' a substrate stage or, which the _

substrate is mounted that moves wi__ hiri a two-dimensional plane holding

the substrate and the supply mechanism that has a plurality of supply ‘

ports arranged spaced apart in a 5 non-scanning direction p_eroendl__Cl_Jlar

to the scanning direction, and the supply miechanism supplies the liquid

along the scanning direction from at least onﬁ srlljpply p_f[)_rt se:cectde_d_(;‘rc()jm

the lit, rts.in, accordance with t osition of a divided

areéQ %ﬁ%g}cﬂﬁ%%%?%l%%% %%mglfﬁé?rﬁ?g 100’ 5%%&&5%&@@ §pafiarh+ch the
areauphich includesnatleasta: space hetweenthe r%lébé%t%%g}?s ional plane
substrate stage and the projection optical system. For example, in the

casé at fedxt thdsize o the dividedr area ebjectio lexposuteninithe that has a

non-icannin.gcdirec ion differs 15 depending on the position of the divided
are& subject to” efpjiosﬁ}lé) Bnih& Substrats FteakppRPieeRanigirt in a

sselecting dhe supply eg@@&%%@%n%goréb&%fgﬁpg t@% qjc\ﬂded arenaning

subject to exposuré on the substrate ¢ nsequently is equn_/e_lf%nf’?oa

selettingdhe suppiypoth.caseqrging fe-the-sizes20:0f1he ﬁ;évédﬁﬁéfféﬁuid along
subject to exposure in the non-scanning direction. Accordingly, wi.".h the

presérit iMveRtion ¢ becefidsposdsible rtséleetthesepplyquory porht selected
corr, nding the range of the divided area subject to exposure in the

o SR i SALoh i 5 D BECH g BxPOARE SRS L the
the Bersion 6@@%&%&%&%@@%@%@9'@&C’eth%oa ngrct:%eé)rgrtéﬁeens ubstrate

the divided area subject. to exposure on the substrate an ection

1 0 optical systeraciorg int thed searnitg tireetien withoutrspilling the iquid one <-4
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areas other
space between the substrate on the substrate stage and the

projection optical system.

For example, in the case at least the size of the divided
areasubjecttoexposurejj1thenon—scanningdirectiondiffers
depending on the position of the divided area subject to
exposure on the substrate, the supply mechanism selecting the
supply port according to the position of the divided area
subject to exposure on the substrate consequently is
equivalent to selecting the supply port according to the size
of the divided area subject to exposure in the non-scanning
direction. Accordingly, with the present invention, it
becomes possible to select the supply port corresponding the
range of the divided area subject to exXposure in the
non-scanning direction, and by performing scanning exposure
using the immersion method while supplying the liquid to the
space between the divided area subject to exposure on the
substrate and the projection optical system along in the

scanning direction without spilling the liquid on areas other



28 than the divided arcs, the pattern can be transferred onto the divided
area subject to exposure with good accuracy. In this case, _the s.ize qf a
part of the divided areas on the substrate in the non-scanning _dlrectlon
may be different from 5 that of the remaining divided areas, or in the case
chipped divided areas are found in the pegiphery of the_subs_trate_, the
size of ail the remaining divided areas in the non-scanning direction may

be ttg same. In this case, when the divided area subject to exposure 10 ]
is a divided area in'the periphefy ofr fife Qﬂ?s?r%?@,‘tﬁéléubélytmﬁéﬁﬂsﬁ@d onto
can phy: iguid pnly - roftg Iurallty of suppl rts g
s,pag,%,\l?ld9 a%ljétft]?# %e%gﬁ-sga%%%gg%itrte%tio% %%%r%lrvlvgl oHaggﬁ%g aspetiofy:

the presentinventione 15 ihereds proyided adenthrexpesyre@pPayatuss on the
that illuminates a pattern with an energy beam, moves a substrate in a

predétefhingtisddniting difectionaand ranstersthe patteny batalaf ferent from

5p|ur9gtgtofod%'viggg areas on the sybstrate via a projection optical system

in a scanning exposure method, Jevzjdj&?béﬁﬁé‘ Apparattis cofifprishig: &0 irped
substrate-stage opwhigh the: substrate @H@%%t?ﬁagﬁﬂ%trmo‘é%s gﬁ@!”s%bstrate,

two-dimensional plane holding the substrate; and a sup y mechanism

that'ties &t phurafity 0f supplysportsrarmanged spaced:apadt iha he non-scanning

non-scanning direction perpendicular to the scanning 25 d|re9t|0r1_, the

supPlyTRECHERsMeSUPHing theRdiid along the scanning direction to a
redetermi tial area, which includes at |east a space between the

: e S A he SO S s fansxposuze

case’
substrate on the susbstrate stage an

l10at is a divided area in the periphery on the substrate, the supply
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mechanism can supply the liquid only from a part of the
plurality of Supply ports spaced apart in the non-scanning
direction.

According to a tenth aspect of the present invention,
there is provided a tenth exposure apparatus that illuminates
a pattern with an energy beam, moves a substrate in a
predeterminéd scanning direction, and transfers the pattern
onto a plurality of divided areas on the substrate via a
projection optical system in a scanning exposure method, the
€xposure apparatus comprising: a substrate stage on which the
substrateisnwuntedthatnwveswithinzitwo—dimensionalplane
holding the substrate; and a supply mechanism that has a
plurality of supply ports arranged spaced apart in a
non-scanning direction perpendicular to the scanning
direction, the supply mechanism supplying the liquid along
the scanning direction to a predetermined spatial area, which
includes at least a space between the substrate on the

substrate stage and the projection optical system, from at



2 9 least. one -apply port selected from the plurality of supply ports in
accordance with the size of a divided area subject to exposure on the
substrate in the non-scanning direction. In this exposure apparatus,
according to the size of the 5 divided area subject to exposure in the
non-scanning direction, the supply mechanism is able to select the supply
port corresponding the range of the divided. area subject to exposure in
the Eon-scanning direction, and by performing scanning exposure using

the immersioh mEthRd WhikSlpplfing thé fiqlia o fo'thershate betweerd supply
the divided area subject.tg expgsure %%é_hgf“bs”%te and the projection

optical system along the scanning d_ ection without spiffing e figdidoh Striect
weasmegbesdhandhetméd%@ﬁgﬁté@%p@HeHh%a%QﬁIgggﬁﬂ%ﬁbowPrection.
the divided area subject to exposure with good accuracy. In 15 this case,

the size of & part'dfesdivivetcaareasorpthes substratednthet o the size of the
nona%cannirgjgg%rectio may be different from that of the remaining divided

areds. or the Size of il divided Areak i e nbh-5E8nA iy difelion g rect Lon,
be thesame,Jnaddition, when scanning exposure is performed on the
divided 20 areas in the periphery of the substrat%??heecgiz?i]nethseuppay port
non=scanningpdicectipn ray gradually-change; howeuele e, NbsiCh @ xposure
case, the supply port can be selected according to the size change. In
each'bf tRE nitfth af 8 28Rt ExpdstRCaFparatusTin they 25présenting scanning
invention, the exposur paratus can further comprise: at least one o
bubble%g) rescovgrygﬁ'é1 grﬁgrﬁWae[rr%&'g\?e%e% BHI&E i tRePitP thiA et he 1iquid
lOupSﬂ@Méidﬁ)@f@%nggé@Wﬁiﬂg @lf?{)g'&@is%n%gg?g&n Wghexposure on
respect to the projection

the substrate and the projection optical system along the

w

scanning direction without spilling the liquid on areas other
than the divided area, the pattern can be transferred onto
the divided area subject to exposure with good accﬁracy. In
15  this case, the size of a part of the divided areas on the
substrate in the non-scanning direction may be different from
that of the remaining divided areas, or the size of all divided
areas in the non-scanning direction may be the same. In
addition, when scanning exposure is performed on the divided
20 areas in the periphery of the substrate, the size in the
non-scanning direction may gradually change, however, even
in such a case, the supply port can be selected according to
the size change.
In each of the ninth and tenth exposure apparatus in the
25 present invention, the exXposure apparatus can further
comprise: at least one bubble recovery mechanism that recovers
bubblesjjltheliquidjjztheupstreansidecﬁftheliquidflowing

along the scanning direction with respect to the projection



3C optical system. In each of the ninth and tenth exposure apparatus in
the present invention, the supply mechanism can supply liquid from the
rear side in a moving direction of the substrate. 5 According to an eleventh
aspect of the present invention, there is provided an eleventh exposure
apparatus that illuminates a pattern with ayjpenergy beam and transfers
the pattern onto a substrate via a projection op_tical system, the exposure
apparatus c?mg-sgré% a substrate stage on which the 10 substrate is

moﬁﬁ?éé%ﬁat mdves within a two-dimensional plane holding the

substrate; arsugRmeshanism hat syaplies lguid. 19 8.8pACE.QOMEEN < i the
the projection optical system and the substrate on the substrat age,
andbatdeasttone bebbleorecovery mechanismihatireeavershubbles N the g from
liquid in the 15 upstream side of the liquid floc w t'n respect to the

projection SGptical Systém. in Y éxsbstite apparatus, fiwiéreexposureate .

. : i .
- (pattern t@gg&g Qo.nnthec8uabrsl‘,treaitg)v|es IPterrformed in a state where there is

|_q,zid in a predetermined spa_-a= area thatincludes the 3o-§piscet tnvention,
betweenhe projectionieptical systemeand,the.substrate an the substrate.
stage, the immersion method is applied and exposure with ‘high resolution

and-a Wiadémdepth of foeus: compared with when expbsure isperformediBrs +he
the air is performed. The bubbles found in the liquid are recovered by 25

the'blibbfe fecBYery mBLhatismhiin thetssireamside erterigirfonysitten, the

' ti tem. That is, the bubbles in the liquid |
e e Dveres By the DUBBIC aBbary WicRariHy BEONE thay Teag g e <he

100p&m%pﬁhxﬁ&&ﬁHmuntedthatnmvéswithin53two—dimensionalplane
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holdingthesubstrate;exsupplyn@chanismthatsuppliesliquid
to a space between the projection optical system and the
substrate on the substrate stage; and at least one bubble
recovery mechanism that recovers bubbles in the liguid in the
upstreamsidecﬂftheliquidflowwithrespect1x>theprojection
optical system.

In this exposure apparatus, when exposure (pattern
transfer on the substrate) is performed in a state where there
is liquid in a predetermined spatial area that includes the
space between the projection optical system and the substrate
on the substrate stage, the immersion method is applied and
exposure with high resolution and a wider depth of focus
compared with when exposure is performed in the air is
performed. The bubbles found in the liquid are recovered by
the bubble recovery mechanism in the upstream side of the
liquid flow with respect to the projection optical system.
That is, the bubbles in the liquid are recovered by the bubble

recovery mechanism before they reach the optical path of the



energy beam between the pro on op'-__;a7 system and the substra_te.
This can preven'_ the transmittance of .he 1. _g:y beam (exposure ight)

from partly decreasing, deter_ora-.on of the projectedmage, or the like,

which are caused by the 5 bubbles enter'.ng the space between the
projection op”_=ca_. system and the substrate. In this case, t_he but_)ble
recovery mechanism can exhaust bubbles along with the liquid (which
has been recovered). In the eleventh exposure apparatus in the present
10 iﬁxr}eerﬁ‘ﬁo%,%h f provided i

d rec rr&%qlge}gigg for recoverin ubblesis. ., =
:\?vititggfi&n@ g{fgdrdgﬁ%witﬁ a moviné%?ritc%%nbo%atrhsemsu strate. IR‘'such a®"=r9Y
caseetie Hublles car beikept fromr entedng Re space betwgen hererioration
projection optical system and 15 the substrate while the substrate IS
movihg “iWRichevef diredtibRane substrateembovis. Ivédcthofthe miathsted by the

1€ BubbieTeCovery méthanisn £aR beirbgided iy plaralsnd the

[ ) 'invention, the exposure
Sele\é%%fégosurgealpioaratgg in the present 'inv p ‘

apparatus can further comprise “&f adjutrm@mUhitthat AdibsRExposurptical
congifiopsr20-basedan at lgastone of actual measurement values and

prediction values of temperature information on the = quid between the

projection opticahsysteas andtthe substrate rAceording to-a huelfthaspecte xhaust
of the present invention, there is provided a twelfth exposure apparatus

that 2% fitifinaeS tepatidrhi wWitheart-&Agryy bean ahd ransterstherecovered) .

pattern ont trate via a projection optical system, the exposure
apparatus c%oﬁrlni)&;}il?sgmg%%gu rfilsi'f‘r%c}att(jae é&og%auo%ewﬁ tha "itibstra- Bli§ present

10mounted:thatmpves withimg twe.dimensippahRlBAE 32 can be provided in

15

20

plurals,andthebmbblerecoverynechani&nusedforrecovering
bubbles is switched in accordance with a moving direction of
the substrate. 1In such a case, the bubbles can be kept from
entering the space between the projection optical system and
the substrate while the substrate is moving, whichever
direction the substrate moves.

In each of the ninth to eleventh exposure apparatus in
the present invention, the exposure apparatus can further
comprise: an adjustment unit that adjusts exposure conditions
based on at least one of actual measurement values and
prediction values of temperature information on the liquid
between the projection optical system and the substrate.

According to a twelfth aspect of the present invention,
there is provided a twelfth exposure apparatus that
illuminates a pattern with an energy beam and transfers the
pattern onto a substrate via a projection optical system, the
exposure apparatus coﬁprising: a subétrate stage on which the

substratejjsmountedﬁthatxnovesxﬂithinaitwo—dimensional‘plane



holding the substrate; a supply mechanism -:.hat supplies ~icuid a
predetermined spa, is'. area which includes a space between: the
projection optical system and the substrate on the substrate stage; and
an adjustment unit gnat adjusts exposure 3 conditions _bas_ed on
temperature information on the liquid between the projection optical
system and the substrate. In this exposure apparatus, the supply

meghanism _supplies the liquid to the predetermined spatial area that e
incI%gzlgséF%gs‘%%hséus%saéggo%ﬁl\/eaeﬁ & projection Bpfical 16 systé arfes L iquid

the substrate-on theysubstiate stage, When .exposure (pattern téaé‘é%‘éer on

. : ; ?eéetween
the substrate) is performed in this state, the immersion method is applie
andtéxgasuee with 1highapsdlutian and eewiden depthof Jagus eamparad +he
with when exposure is performed in the air -'-a performed. In this case, 15

the AdfUSTHRhEURk 2fISE B pEsGré Icondivns based bhat felistohe efxposure

=the rement values and the prediction _values of temperature. .
Dinfoﬁﬁg%t%r?%%e}%e %Si%dbe%?veséﬁ[?ﬁg Stojection BpficalEyiem ahdthe Liquid

substrates diherefore; thisallows, an appropriate, adiustment ofiexposyre. .

conditions, 20 taking into account degrading facto.rs of the exposure
accuracy that goesawitixthestensperatune aistrigutioneof she ligyidrusedanism
Toor immefrsion, such as the aberrat-on (for example, focus) distribution

within the projedtion ared e é@at&?tr%r%ﬁﬁﬁ?ﬁ@j«ﬂ@g%ﬁ@*éh_éﬁgyarea that
ceam vinthepatien And ihe > poledtion.optica; system s itadiated) of o+ can

the pattern, or in other words, th ange in the image pllgnreogﬁé“‘p :
10Accoydingly, avith the exposueapparafysin thespiesent fventioneit  ynen

becomes possible to transfer the pattern onto 33

exposure (pattern transfer on the substrate) is performed in
this state, the immersion method is applied and exposure with
high resolution and a wider depth of focus compared with when
exposure is performed in the air is performed. In this case,

15 the adjustment unit adijusts exposure conditions based on at
least one of the actual measurement values and the prediction
values of temperature information on the liguid between the
projection optical system and the substrate. Therefore, this
allows an appropriate adjustment of exposure conditions,

20 takingintoaccoumtdegradingfactors<xftheexposureaccuracy
that goes with the temperature distribution of the ligquid used
for immersion, such as the aberration (for example, focus)
distribution within the projection area (the area on the
substrate where the energy beam via the pattern and the

25 projection optical system is irradiated) of the pattern, or
in other words, the change in the image plane shape.
Accordingly, with the exposure apparatus in the present

invention, it becomes possible to transfer the pattern onto



the substrate with good precision. _n this case, the exposure apparatus

can further comprise: a drive system that drives the substrate stage in a
predetermined scanning direction with respect to the energy 5 beam to
transfer the pattern onto the substrate in a scanning exposure me--hod;

and at least two temperature sensors, at least each one of which is
arranged on one side and the other side of the projection optical s;;sterrln

int canning direction. In this case, the exposure apparatus can further

10 %gjr%prsléjr’eb:sa% grae%?ctivéﬁtu%itgtﬁg plpejcfjelsccfsl te Eérature change of the

liquid occurring while the Jguidpasses thyough an. area,en the.sybstrate , .
where the energy beam. is irradiated via the pattern and the projection
opticalsystern ; based bnedetection results ofratteastine temperatire stage in
sensors arranged 15 on one side and the other side respectively. In the

tweffth ERPESITE RpParaf EERHE presemc inventihtthe expestireco the energy

s appatatys.can %erf ecgr@%@se:a% tderiz}/r? ?%s%%m trbgt Sdlg'%/e the substrate
i 10

stage in a predetermined scanning direc

beas to tansfer20 he; patigraontathe sybstrate,ina scanning eXposUrg: 1.5+
method, wherein the adjustment :snit adjusts exposure conditions taking

inteEoHsideration temperatuse distribytion ofthen iqaitkketweenthe other side
pro'egti

i With respect td the enérgy °Canning

optical system and the substrate in the scanning direction. 25

- In this é% 2, He ddustnentiit €A adilSE§'positionad rekafnsAip direction.

between anyimage;plang and a surface of the sut Sé%%% ﬁlké”%g‘}lo further

consideration inclination of the image” plane caus

the- temperature

10 di.statiut7 dein thepseaining 34 unit that predicts temperature change

15

20

25

of the liquid occurring while the liquid passes through an
area on the substrate where the energy beam is irradiated via
the pattern and the projection optical system, based on
detection results of at least two temperature sensors arranged
on one side and the other side respectively.

In the twelfth exposure apparatus in the present
invention, the exposure apparatus can further comprise: a
drivesystemthatdrivesthesubstratestagejj1apredetermined
scanning direction with respect to the energy beam to transfer
the pattern onto the substrate in a scanning exposure method,
wherein the adjustment unit adjusts exposure conditions
taking into consideration temperature distribution of the
liquid between the projection optical system and the substrate
in the scanning direction.

Inthiscase,theadjustmentunitcanadjusteapositional
relationship between an image plane and a surface of the
substrate taking into consideration inclination of the image

plane caused by the temperature distribution in the scanning



Ul

direction. In this case, the adjustment unit can incline the substrate
according to the inclination of the image plane caused by the temperatgre
dis~ribution in the scanning 5 directicr and can also scan the substrate in
a direction of the inclination. In each of the eleventh and twelfth exposure
apparatus in the present invention, the supply mechanism can make a
flow of the liquid along a moving direction of the substrate. 10 In this

case, the su !y mechanisin can make a flow of the liquid from the rear
sidedlﬁraer%%glf?)fg’direction of suubstr_at In the twelfth exposure apparatus

in the present, invention, the temperaty ’%En{?n”?ytiol?n%?n include at leas-
15 one of actual measurement values ahd prediction values® fh thetwetth

expestiretappasattsdn thie presen nvention; the XpOsSUTe APPAAIUS CAR 11ane
further comprise: a temperature sensor that can detect the temperature of
the JitfaRFbethechthe projeetor optical systerpand the substiate, 20nning
wherein th% exposure conditi?[ns are adjusted based on detection results

1 an

N & tRERH expostreapparatustin thedirection of

of the temperatura sensor IR fUs'
presem invention, facys control in which a positional relationship
between an image plane formed by the projection optical system 25 and a

surface of thieisabstatefcan be=adjustednbased ondhe teape/aiiiee apparatus
information. According to a thirteenth aspect of the present. invention,
ther&lisTYB\RaEE & Hirldfm expesuregppainlyimechanism can make a flow

of the liquid along a mdving direction of the substrate.

10 In this case, the supply mechanism can make a flow of

the liquid from the rear side in a moving direction of the
substrate.
In the twelfth exposure apparatus in the present

invention, the temperature information can include at least

15 one of actual measurement values and prediction values.

In the twelfth exposure apparatus in the present
invention, the exposure apparatus can further comprise: a
temperature sensor that can detect the temperature of the

liquid between the projection optical system and the substrate,

20  wherein the exposure conditions are adjusted based on

25

detection results of the temperature sensor.

In the twelfth exposure apparatus in the present
invention, focus control in which a positional relationship
between an image plane formed by the projection optical system
and a surface of the substrate can be adjusted, based on the
temperature information.

According to a thirteenth aspect of the present

invention, there is provided a thirteenth exposure apparatus



that transfers a predet r,mined pattern on a substrate vi_a a pro F t.".ion

opc system in a s'gate where i tau id is filled in between the projection _

optical system and the substrate, wherein in the case multiple exposure is
performed, a first 5 pattern is transferred onto a divided area on the

substrate, and then a second pattern is afsp transferred on the divided

area on the substrate while the liquid is being held between the projection

opti m and the substrate. In this exposure apparatus, when

mpu I%g%aes%i%&%sr%d?sr 10 pé rfroeréi"leetde, after’ ?h% Rirst ngT%TnO% t%@f&ﬁ'_é&f ate via a
on-pedhe cdivided-areaonithe substiate in.a state where the Jiquidis ;o £51104
filled. in a space between the projection optical system and the Substrate,

the secoad pattern isstramsféred onto the: divided preaondhel substraterstrate,
with the -liquid being held 15 between the projection optical system and

the 'SUBSfrafe. “ThéfEtores itIfiBié bxBosuERATNIER the imfiefsismed, a first

5me

. is,.applied Fa%gpg@gdangtexpos ire .V\gth ' Igeh resolution and
N aceuragy dus I iy o b1 o8

a on i 3 Trate,
accuracy due to a substantially wider of focus is per o?%edl.kfﬁ

thiszease; thecausedhe diguish s held between 20,the prejection optical 41 videq
system and the substrate at the point when the transfer of the second

patfeff begiing,thetrdrstarabperdtibhoftthe second patterneanstaeLd between

Witht ut Waitin%for,the liquid to be supplied. According to a fourteenth
aspec?oip t%%jp

exposure apparatys that.exposes a substrate by, fgige%%iﬂgti{‘éﬂa%exo‘coasure is

pattern on the substrate v--'EA a projection optical system, t

fe5&ME 25 e fifion, THETETE ptovided 8 foURESHATe -

exposure

10 appaeatiscomprisiig: e substrate stagedern which the substates36-c4 onto the
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divided area on the substrate in a state where the liguid is
filled in a space between the projection optical system and
the substrate, the second pattern is transferred onto the
divided area on the substrate with the liguid being held
between the projection optical system and the substrate.
Therefore, multiple exposure to which the immersion method
is applied is performed, and exposure with high resolution
and high accuracy due to a substantially wider depth of focus
is performed. In this case, because the ligquid is held between
the projection optical system and the substrate at the point
when the transfer of the second pattern begins, the transfer
operation of the second pattern can start without wailting for
the liquid to be supplied.

According to a fourteenth aspect of the present
invention, there is provided a fourteenth exposure apparatus
that exposes a substrate by projecting an image of a pattern
mqthesubstrateviaeaprojectionopticalsystem,theexposure

apparatus comprising: a substrate stage on which the substrate



IS mounted that moves within: a two-dimensional plane holding the
substrate; a supply mechanism that supplies liquid to a predetermined
spatial area which includes a space between the projection optics'
system. and the substrate on the substrate 5 stage; and an adjust_ment
unit that adjusts exposure conditions based on pressure information on
the liquid between the projection optical system and the substrate. In this
anism_supplies the Jiquid_ to the

tus, the supply mech e .
Space beteen the LUbsIrAle orthe 10 Stbsifate SGE Bt e frojieioR°Ldine
opticaksysteRt: Wher expaswe(patierhuansier onthe sybstrate) of the. ;s 4 .,

substrate 4 _s performed in this sate, the immersion method is applied,
andregeosureWwithanighresdlafionrand arwider de pthioffecuss comparetveen the
with when exposure is performed in the air is 15 performed. In this case,

thepdﬁ?dﬁﬁl%h?ﬁnﬂ%ﬁ].ﬁé eXposiie Tonditiohsbazetor pressuree substrate
S e OB o e T A i dome

substrate. Therefore, this allows an appropriate a&jus men
COWM@M&,dﬁk@gé@@ﬁﬁ@oﬂﬂ@@ﬂﬁ@@H@ﬁagﬁﬁ%wgh§f§@9§uE%tween the
accuracy 20 that goes with the pressure distribution between the
projectionDptieal syster ahdthie sebswate duredoﬁla@ﬁ(qmaltﬁoyv, sych as

the change.in tgglaberration (for example, focus) within the projection

area (the aréa on'thie SUBStrATE WHEPE the ehdrgyBant vRPthe Ftfdinnism
andthe-projectign.optical 25 system.’ é@g@gi%tg%gfeﬁb% attern, e e on the
chance in the image plane shape, or the control error of the surface
10 positigrs of- dhe sehstrate surface.cThe-pressureddistipution betweanthe when
projection optical system and the substrate may be aqua] 37
exposure (pattern transfer on the substrate) of the substrate
is performed in this state, the immersion method is applied,
and exposure with high resolution and a wider depth of focus
compared with when exposure is‘performed in the air is
15 performed. Inthiscase,theadjustmentunitadjustsexposure
conditionsbasedcnlpressureinformationcnitheliquhjbetween
the projection optical system and the substrate. Therefore,
this allows an appropriate adjustment of exposure conditions,
takingintoaccountdegradingfactorscﬁftheexposureaccuracy
20  that goes with the pressure distribution between the
projection optical system and the substrate due to the liquid
flow, such as the change in the aberration (for example, focus)
within the projection area (the area on the substrate where
the energy beam via the pattern and the projection optical
25 system is irradiated) of the pattern, the change in the image
plane shape, or the control error of the surface position of

the substrate surface.  The pressure distribution between the

projection optical system and the substrate may be actual



measurement values, which are directly measured using a pressure
sensor or the like, or prediction values based on information obtained in
advance by experiment or the like. n _ In either case, the pattern can be
transferred onto the 5 substrate with good precision. In this case, the
substrate can be exposed while being maoyed in a predetermined
scanning direction, the liquid supplied to the space between the _
prol%gg_onqutical syste{n and the substrate can flow in parallel with the

scanning 10 diréction® ahd tre gafugﬁnéﬁ%nqﬁc%%cédjﬁsﬁﬁ%%kﬁ%guﬁés 1ng a
congitions based onfyesgyredjstribution mo@gﬁ%ga@l@gﬁ direction. Inthe __ .
fourteenth exposure apparatus in the present i

be expusedathiterbeing aiovetl inn 15 the: saywesirestion as@floWor the 1ike.
direction of the liquid. In the fourteenth exposure apparatus in the present
inverition! tHecadjGstirent Uit damtadjust the expesureacerditionsibasst the

a Ll
vention,the substrate can

s0n %@H%t&%ng inforrggtion on exposure. conditions corresponding to a
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25

scanning speed of the stibstrate” 20 17 thé fourteenth exposure apparatus
in the presery, ipvention,dbe adjustment upit.can adjusting eXROSINe, . | . peing
conditions based on adjustment information on exposure conditions

corresperiding te asuppiy-amoimtdf thedignichby dhe supplyrneehanismquid
25 According to a fifteenth aspect of the present invention, there is

provitiel & fiffecrith 'eXpoStr-apparatifcihal < Ilnp atés-apatierr with systen
an %%%'gykpgaghggqggg%fﬁgrsé%h%lp)g&}erinnogtgraaﬁlitésfraé?%/gi %he‘ scanning

projection optical system,

direction, and the adjustment unit can adjust the exposure
conditions based on pressure distribution in the scanning
direction.

In the fourteenth exposure apparatus in the present
invention, the substrate can be exposed while being moved in
the same direction as a flow direction of the liquid.

In the fourteenth exposure apparatus in the present
invention, the adjustment unit can adjust the exposure
conditions based on adjustment information on exposure
conditionscorrespondingtxJascanningspeedcﬁftheSubstrate.

In the fourteenth exposure apparatus in the present
invention, the adjustment unit can adjust the exposure
conditions based on adjustment information on exposure
conditions corresponding to a supply amount of the liquid by
the supply mechanism.

According to a fifteenth aspect of the present invention,

there is provided a fifteenth exposure apparatus that

‘1lluminates a pattern with an energy beam and transfers the

pattern onto a substrate via a projection optical system, the



38 exposure apparatus comprising: a substrate stage on which the
substrate is moon ed that move within a two-dimens tonal p ane holding
the substrate; a supply mechanism that supplies liquid to a space
between the projection optical system and the 5 substrate on the
substrate stage; a recovery mechanism that recovers the_iquid; and a
liquid removal mechanist, that removes the liquid which could not be
recovered b\r/ the recovery mechanism. In this exgosure apparatus, the

supplymechanisht 70 Supni S88REIUIAS ‘tHe SPace betwesi i on which the
Fﬂq§9@¥£9@%@h§%%@Hté@%m§@H@%@%@ﬁmﬂhﬁﬁg%%@%a%%@gsﬁg%alplane

the recovery mechanism recovers the _iquto, in this case,

predetérined amoeuntf tigie;issheldb(illed) k batveen(thea ipefp e es 11quid
projection optical system and the substrate on 15 the substrate stage. |
Accoftifgl§PRREN %95&@1% (paftein rafsfet on the'substtateyistem and the

5perfg{1nbﬁggri% his sltlatgh'éhe i%\&eggig% rg%'ahod is apﬁ)lled, and the

10
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wavelength of the exposure- light on the sutface & t Sgﬁﬁgﬁgt%?#@@ism that
shortened d/ns times (nigthe refractivg index;oftthediquid) the wayelength .1 .+

20 in the air and furthermore the depth of focus is broadened around n
timessthedepthiof focusiin thieiaih Inaddition;: wheretheiguighsuppiyhbyrecovery
the supply mechanism and the Liquid recovery by the recovery
melHaniéh 578 performed in parallel, the liquid between the projection

optical systeq). and gheégg ggggéatgé% exchanged constantly, In addi%%% ' s |

e . Suppl e
for example, in the case a situation occurs where the Ilquﬂa cotld 7ot Ke

completely: recamesetti by the tecerery pecharisms thediguid reemoval o, optical

mechanism removes the i_-'quid that could not be
system and the substrate on the substrate stage, and the
reéovery mechanism recovers the liguid. In this case, a
predetermined amount of liquid is held (filled) between (the
tip of) the projection optical system and the substrate on
the substrate stage. Accordingly, when exposure (pattern
transfer on the substrate) is performed in this state, the
immersionn@thodjisapplied,eunithewavelengthcﬁftheexposure
light on the surface of the substrate can be shortened 1/n
times (n is the refractive index of the liquid) the wavelength
in the air and furthermore the depth of focus is broadened
around n times the depth of focus in the air. In addition,
when the liquid supply by the supply mechanism and the liguid
recovery by the recovery mechanism are performed in parallel,
the liquid between the projection optical system and the
substrate is exchanged constantly. 1In addition, for example,
in the case a situation occurs where the liguid could not be
completely recovered by the recovery mechanism, the liguid

removal mechanism removes the ligquid that could not be



39 recovered. According to F. sixteenth aspect of the present invention,

there is provided a sixteenth exposure apparatus that illuminates a

pattern with an energy beam and transfers the 5 pattern onto e. substrate

via a projection optical system and liquid while locally holding the liquid

on an image plane side of the projection gptical system, the exposure

apparatus compri_sing:a substrate stage on which the substrate is

mounted that moves within a two-dimensional plane holding the 10
subgﬁg%Y%rguﬁply mechanism that supplies the liquid to an image plane

side of theyprojectionoptical ssystemya first recovery mect arnelssrgﬁ@a}nvention,
recovers the liquid outside a projection area of the projection optical
system;rand a second drecouery inechanismdhatyecoversghe ligwids that
outside the first 15 recovery mechanism with respect to the projection

areal THRISdjeti=RncarbAoF the' pidjettiorr bpticay system, aimcthisreaset ers the

jecti ' n image projected
5meanscgéol[gjectlgg area %‘Sacnr%béect such as a patter, ge proj

performed. According

1

_y the projection optical system. Tn {his ExEosute Gpparatds, the Shppl L om and
mechanisa 20 sueplies e [auidio the imags laneceid atiheproleplion.e o qc

optical. system, and the first recovery mechanism recovers the liquid. In
thiscdasel) theoengrgytheam irradiates the pattern tha s@t@&@@f@t%pa ratus
liquid is held |ocally on the image plane side of the projection optical

systEPAnd e patternas D5ardhsfefrddl on tHelsibstrate viasthsate is mounted
projection opiical Syst

1_and the liguid. That is, immersion exposure is
(Tir/‘?t eawtéyglﬁé%ﬂe&stﬁgﬁe?(rgogar%qi%h §ri) ?}‘}é1 g the

10surtageaf the spbstrategary heshostensd Yadimes (pisithe +he liquid to an

20

25

image plane side of the projection opﬁical system; a first
recovery mechanism that recovers the liquid outside a
projection area of the projection optical system; and a second
recovery mechanism that recovers the liguid outside the first
recovery mechanism with respect to the projection area.
The projection area of the projection optical system,
in this case, means a projection area of an object such as
a pattern image projected by the projection optical system.
In this exposure apparatus, the supply mechanism
supplies the liquid to the image plane side of the projection
optical system, and the first recovery mechanism recovers the
ligquid. 1In this case, the energy beam irradiates the pattern
in a state where the liquid is held locally on the image plane
side of the projection optical system, and the pattern is
transferred on the substrate via the projection optical system
and the liquid. That is, immersion exposure is performed.
Accordingly, the wavelength of the exposure light on the

surface of the substrate can be shortened 1/n times (n is the



40 refractive index of the liquid) the wavelength in the air and y

furthermore the depth of fccu is N cadened around n. times the depth of

focus in the a'_-. In addition, in the case a situation occars where the

liquid could not be completely 5 recovered by hef_rst recovery me hanism,

the second recovery mechanism, which isdocated on the outer side of the

first recovery mechanism, collects the liquid that could not be recovered.
According to a seventeenth aspect of the present 10 invention, there is ,
pros%%la%: géyeent]é%éﬁxe%gos%lg{r% %66%% Is that Meriaes Bhpéﬁeﬁﬁ‘e alr and
withr anenergy. beamyand ransfers: the,patternonto asubstrate viaa 5 . 0
projection optical system and liquid while locally holding the liquid on an
imagesplane tside Of thecprojectiontopticalksystem, thejexpasure apparaiUsase a
15 comprising: a substrate stage on which the substrate is mounted that

moves WithirPa thWe-eimhén&iBRAISIARE hbfeimy thecsuBstrate fwhereiptisletely

55u$§r&g§7g&ﬂ%§£gs fél ggsfesccti%ré which is subﬁgantlall fIEulgh with a
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surface of
substrette: stage, 201n tis exposieapparalusibe Snergy Deam ¢ tpe f£irst
illuminates the pattern in a state where the liquid is held locally on the
imagecplanes sidecofthe projection opticad system), amdi thecpatteradsld not be
transferred on the substrate via the projection optical system and the

liquid “FHAti§ SImmersion exposure 25 is performed. In addition, for

example, exep yhieryige  sbsale siaae noyes. .3 positon where the

substrate is

%%ﬁﬁ%%drecovery

strate’in the periphery-of the Substiate

invention, there is provided a seventeenth exposure apparatus
that illuminates a pattern with an energy beam and transfers
the pattern onto a substrate via a projection optical system
and liquid while locally holding the liquid on an image plane
side of the projection optical system, the exXposure apparatus
comprising: a substrate stage on which the substrate is mounted
that moves within a two-dimensional plane holding the
substrate, wherein the substrate stage has a flat section which
is substantially flush with a surface of the substrate in the
periphery of the substrate held on the substrate stage.

In this exposure apparatus, the energy beam illuminates

the pattern in a state where the ligquid is held locally on

the image plane side of the projection optical system, and
the pattern is transferred on the substrate via the projection
optical system and the ligquid. That is, immersion exposure
is performed. 1In addition, for example, even when the

sﬁbstrate stage moves to a position where the substrate is
away from the projection area of the projection optical system

in a state where the liquid is held between the projection
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away from the projection area of the projection optical system in a state

where the liquid is held between the projection 41 ontl as system and the
substra-.e on the image p'_ane side of the projection optical system, such

as when exposing the periphery on the substrate, or when the substrate

on the substrate stage is exchanged afte¢ exposure has been completed,

5 the liquid can beheld between. the projection optical system and the flat

Seq] bil%rQY'dse?sa{%”Qﬁ@e HQS%%ESSth%Qg tgg s’;l{r?gtrlazg? Stea e%glnlg side of
the liquid can be ]Jcept from flowing out. chordlng to an elg%?ee

aspegt of the) presenh10 rvention stheresis pravided ap eighteenth osing the
exposure apparatus that illuminates a pattern with an energy beam and
traRSfeiP RE Parerntorito ssubistateeviacr project.ichm epticél systene on the
and liguid while Iocalléholding the liquid on an image plane side of the

pProjec F’o%%ﬁt%ﬁ sySfern® thé expBsiie lﬁﬁfi&lﬁtﬁéiﬁg%éﬁ?pﬁ@iﬁ&f‘f“ completed,
substratestage;on.which tﬂ@l%’%g%@r{n?}{@egré al moves withina ;¢ ystem
two-dimensional plane holding the substrate, wherein the substrate stage

hasadlat isection: substantially flushrwitle @ surface of the substeate hold ne1d on
on the substrate stage, and when exposure operation on the 20 substrate

is Suspetidfed Hrsrofdction optical ystend aivd thes flatisection fade eachi lowing

othoelrl to keep on holding the liquid: on the image plane s'_de of the
pro;eé:ti'cn optical system. In this exposure apparatus, the energy beam

illuminatesnthepaitenp in-a stateavhare the liquid isheld Igcally,on 25.the

image plane side of the projection. optical system, and the pattern is

transfered iormthecsubstrate piacthégeojectien. ghteenth exposure apparatus
that illuminates a pattern with an energy beam and transfers
the pattern onto a substrate via a projection optical system
and liquid while locally holding the liquid on an image plane
side of the projection optical system, the exposure apparatus
comprising: a substrate stage onwhich the substrate is mounted
that moves within a two-dimensional plane holding the
substrate, wherein the substrate stage has a flat section
substantially flush with a surface of the substrate held on
the substrate stage, and when exposure operation on the
substrate is suspended, the projection optical system and the
flat section face each other to keep on holding the liquid
on the image plane side of tﬁe projection optical system.

In this exposure apparatus, the energy beam illuminates

the pattern in a state where the liguid is held locally on
the image plane side of the projection optical system, and
the pattern is transferred on the substrate via the projection
optical system and the liguid. That is, immersion exposure

is performed. In addition, when exposure operation of the
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optical system and the liquid. That is, immersion exposure is performed.
In addition, when exposure operation of the 42 substrate is not
performed, the projection optical, system and the flat section provided on
the substrate stage can be arranged to face each other to keep on
holding the liquid on the image plane side;of the projection optical’
system, so that 5 for example, when a plurality of substrates are
congB%%L%srl%texposed, the liquid ca b: %eld or the image plane side of

the projection optical Sysfent WHils the suBSHATE iexchandedtang - System and

expogurercan beginas-s0qn as the-substrate exchange is .completed

'can be
without waiting for the liquid to be supplied. =n 10 addition, because the

liquidris drede dntthefimagesplahecside: of the prejectianopticalsystem” iti quid on
can prevent water marks or the like from being generated on the tip

surfaké o e ImagerpiarieSsitle bhthe® projectionsptical systerfiitieds, so that

the _tip surface drying,up, 15 According, to a pineteenth aspect of the ,
preéfégr)lrt inven |gﬁey,’th%ek}§?s %rg\%c)lga %grltl?{e?eenstﬁ e%%%&réejsaﬁ‘ﬁaeraﬁ?&tmuOUSly

thatillgminades apatternwith anenergy heam and trapsiers, the patem i 4o of
onto a substrate via a projection optical system and liquid while locally
holding thedigpit-oramimage playes 26mside 0f thefprojettionoptical s exchanged
system, the exposure apparatus comprising: a substrate stage on wh-

chtﬁ&%b%ﬁ%i?es%ﬁﬁoﬁﬁfédoﬂ?&t%ééesswﬁﬂirﬁé t\ké-%ir%@%@ﬁart@aﬁéchange is
holding, ﬁ%éé@?tmhvxﬁ%r%iﬁ%fﬁﬁb%%%t%ﬁtg%gihaﬁafat oouon v1ied. In
the substrate %l UB&?

substantially flush with a surface o eld on 25the's ate
stagej andliafter exposure of the substrate held arithe substrate-3iade1ane side

has been completed, the substrate stage
of the projection optical system, it can prevent water marks
or the like from being generated on the tip surface on the
image plane side of the projection optical system due to the
tip surface drying up.

According to a nineteenth aspect of the present
invention, there is provided a nineteenth exposure apparatus
that illuminates a pattern with an energy beam and transfers
the pattern onto a substrate via a projection optical system
and liquid while locally holding the liquid on an image plane
side of the projection optical system, the exposure apparatus
comprising: a substrate stage on which the substrate is mounted
that moves within a two-dimensional plane holding the
substrate, wherein the substrate stage has a flat section
substantially flush with a surface of the substrate held on
the substrate stage, and after exposure of the substrate held
on the substrate stage has been completed, the substrate stage

is moved to a predetermined position where the liquid on an

image plane side of the projection optical systemis recovered,



is moved to a pr determined oosition where the I._iquid on an image
plane side. of the projection optical system is recovered, 43 and the
substrate on which exposure has been completed is unloaded from the
substrate stage, after recovery of the liquid has been completed. In this
exposure apparatus, the energy bears. illuinates 5 the pattern in a state
where the liquid is held locally on the image plane side of the projection
optical sy&;[%mé afﬁd tthg tpattern ishtransferred on the substrate via the

T the™ qlid “TREEE fimmersiotFexposeie ligted 1s

prolae%ijlon opticar System-ard thé™*

pertﬂﬁfl@é’a&&@?&@%@@ﬁﬁ&%@&%b%& éEbééré‘&er%'Q § ?OEE% liquid

substrate stage has been completed, the substrate stage is move

predeterimired positidrs and. the liquid on the image plane side of the

projection optical system is recovered. When the substrate stage is

moved to the* predetErfRiféd POsHSR BvEH In the eaeasisenithen illuminates

5sub§£rg1_te :&Lé i%al%e moves tch Pgs%%)n Whetrﬁ thﬁ isubstrate is awrf% from

the projection area of the projection optical systen, thé Jiquid &n Beriaig L1y on

between ihe projgation-oplicat system-and, the fat section provided soynstbgm , and
substrate stage. In addition, the predetermined position may be set to a

position waere the 20 tigaidis deldewithrthienprejettiaon-apticalisystem and’ ection
the flat section provided on the substrate stage facing each other. In any

cas® the quid 1S Fedbvaret aftér theBubStratd Sedgel fnovegtothéon exposure
L L LN e
10fromdbe sybsisate: BtAge. the substrate stage has been completed, the
substrate stage 1s moved to the predetermined position, and
the liquid on the image plane side of the projection optical
system is recovered. When the substrate stage is moved to the
predetermined position, even in the case when the substrate
15 stage moves to a position where the substrate is away from
the projection area of the projection optical system, the
liguid can be held between the projection optical system and
the flat section provided on the substrate stage. In addition,
the predetermined position may be set to a position where the
20 liquid is held with the projection optical system and the flat
section provided on the substrate stage facing each other.
In any case, the liquid is recovered after the substrate Stagé
moves to the predetermined position, and when the liquid
recovery 1s completed, then the substrate for which the
25 exposure has been finished is unloaded from the substrate
stage.
According to a twentieth aspect of the present invention,

there is provided a twentieth exposure apparatus that



According to a twentieth aspect of the present invention, there is provided
a twentieth exposure apparatus that 44 illuminates a pattern with an
energy beam and transfers the pattern onto a substrate via a projection
optical system and. liquid while locally holding the liquid on an image
plane side of the projection optical system,jthe exposure apparatus 5
comprising: a supply mechanism that supplies the liquid to an imag(_a
planelii]de of th;sgrojection optical system; and an exhaust mechanism

that exhalstsg&s of ﬁ?iﬁfg@pl‘%@%i@@ Gt'the %Voj@&f’?é% 665_%6913 ansfers the
sysisin uhereln the supplymeghanisy. begins supnlying the figuidin g

parallel with exhausting 'D operation of the st mechan i

exposare apparales | heaenefgycdieam.dliuminates, the PateIninaslaie ane side
where the liquid is held locally on the image plane side of the projection

optieal Systerr i@ thé pattent istransierrédon thé substratelis theapparatus

5pr01Fection 15 optical system land the liquid. That is immersion exposure is
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perfornied: In-additién, bedatée e iigaid %ﬁpb]ﬁy ﬁ@g&ﬁﬁ? the liquid to
meehanisayto Fh@am@gbei@@n8§iQ%Qfﬂl%9@é'tef&p o%pélfglaﬁys%?rsnt em; and an
e

begins in parallel with the exhaust of gas w.._thin the space on the

-Imagé plaste sideohthiesprojections2theptical systemothe:spacesean beane side
filled smoothly with the liquid, and such an operation can also prevent

inc&ﬁéﬁi@rﬁrﬁdﬁﬁ%%cP@ésiQi@iélsSﬁ’(%@r@mélilﬁﬁﬂgeéﬁltﬁémg@mafﬁieChaniSm
S S SRl e, Aoy s RTINS
operation of the exhaust mechanism.

In this exposure apparatus, the energy beam illuminates
the pattern in a state where the liquid is held locally on
the image plane side of the projection optical system, and
the pattern is transferred on the substrate via the projection
optical system and the liquid. That is, immersion exposure
is performed. In addition, because the liquid supply by the
supply mechanism to the image plane side of the projection
optical system begins in parallel with the exhaust of gas
within the space on the image plane side of the projection
optical system, the space can be filled smoothly with the
liquid, and such an operation can also prevent inconvenient
bubbles and gas voids from remaining on the image plane side
of projection optical system.

According to a twenty-first aspéct of the present
invention, there is provided a twenty-first exposure
apparatus that irradiates an energy beam on a substrate via
a projection optical system and liquid and exposes the

substrate, the exposure apparatus comprising: a substrate



substtrgt% via the prOJeCCEiO . _
substiale,isfxppsed, Thakis, IMIAIBIon SAPOSULS BPRIIOIMED 1Ny enent o
addition, because the 10 control unit controls the movement o the ‘
substratesstage based som:gtleastene ohtemperatuse infaenation-eftherature
liquid and pressure information of the liquid, defocus or the like, Whlgh is
generated g expbsiifeeddé fotethperature ehange of thEowateriinn of the

apparatus that irradiates an energy beam on a substrate via a projection
optical system and liquid and exposes the substrate, the exposure
apparatus comprising: a substrate 45 stage that i s movable Wlthln a
Two-dim e nsional plane holding the substrate; and a control unit that
controls movement o_ the substrate stage based on at least one of
temperature information of the liquid and pressure informa-.ion of the 5
liquid. In ('g}hi.%hexgosg.rrenag

%%ratus,‘the energy beam is irradiated on the

OpticAf 5)stBn? AXtPIRSITRRAT ‘aiefthedlane holding

S €

jecti ' bstrate as well as
Sbet\ﬁ%@_{ projection optical system and the 15 subs

pressu >ssed, _ !
the transferacceracy carpbe yrevenied. Inadditiqn, in @AET}%%!aBQ'Sm is
process, by transferring a device pattern on a substrate usin . .

the firstagd a¢ the twenhyefisstexpostre apparatasindhe presentdpvantion,system
the pattern can be formed on the substrate with good accuracy, which

alloWa prodifictior o 4 highef intéGrateth THi- efctleltes Witrmgeod yRid is,
Accgrdingly; fyrther from another %SPPS%%Q&"% present nvention, It can

be said that 25-he present invention'is a

e of the water, can be effectively suppressed, and degrading in

any one o

evice manufsttdrng fetisause the

10ﬂmtontrolunitcontrolsthenmvementofthesubstratestagebased
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on at least one of température information of the liquid and
pressure information of the liquid, defocus or the like, which
is generated during eprsure due to temperature change of the
water in between the projection optical system and the
substrate as well as pressure of the water, can be effectively
suppressed, and degrading in the transfer accuracy can be
prevented.

In addition, in a lithographic process, by transferring
a device pattern on a substrate using any one of the first
to the twenty-first exposure apparatus in the present
invention, the pattern can be formed on the substrate with
good accuracy, which allows production of a higher integrated
microdevices with good yield. Accordingly, further from
another aspect of the present invention, it can be said that
the present invention is a device manufacturing method that
uses any one of the first to the twenty-first exposure

apparatus in the present invention.
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uses any one of the first to the twenty-first exposure apparatus in the
present invention. 46 BRIEF DESCRIPTION OF THE DRAWINGS 1 is an
entire view of an arrangement of an exposure apparatus related to a first
embodiment in the present invention; 5 Fig 2 is a perspective view of a Z
tilt stage and a wafer holder; Fig. 3 is a sectional view of a liquid supply
idr_ainage unit shown along with the lower end section of a barrel and a

pipi : ] ' cti jlew of line B-B in Fig. 3; Fig.5is a
v.ew%j’?%éi%é%%éfﬁ& itiés%u d@?ﬁhoﬁ%’e’%ﬁﬁﬁg. 6 is a block

diagram thaétj.slj‘pwsiaspé‘ﬁﬂ%MQQ%QE@'}Q@@E%9£Q;r?&@ﬁgh%yg%rgndexposure
the exposure apparatus in 15 the first embodiment; Figs. 7A and 7B are
viewsferrdescsbingthe sdasonsawhy rabereations desurinian ifadiatiessent

area on a wafer by irradiation of an illumination light; Fig. BA is a view

shoWifi§ Atstate’of a wafer stage when 20 it has moved to a liquid supply

position, Fig..BB i§ gg/iew showéiarégcan exam%IeO%f a Qosi%i?nal relation

rc-Scah Expastie® a feX

14 a rs Ve Vi
between a wafer stage and a BFOJEC]UOH unit ih & sfaep-an
opetatieretor a wafer, and Fig. BC is a view showing a state of a wafer
stage when it has moved to a liquid drainage 25 position; Fig. 9 is a view
showing a state- ofthesinsideofthenal view of a liquid supply/drainage

unit shown along with the lower end section of a barrel and
a piping system;

Fig. 4 is a section view of line B-B in Fig. 3;

Fig. 5 is a view for describing a focal position
detection system;

Fig. 6 is a block diagram that shows a partly omitted
arrangement of a control system of the exposure apparatus in
the first embodiment;

Figs. 7A and 7B are views for describing the reasons why
aberrations occur in an irradiation area on a wafer by
irradiation of an illumination light;

Fig. 8A is a view showing a state of a wafer stage when
it has moved to a ligquid supply position, Fig. 8B is a view
showing an example of a positional relation between a wafer
stage and a projection unit in a step-and-scan exposure
operation for a wafer, and Fig. 8C is a view showing a state
cof a wafer stage when it has moved to a ligquid drainage
position;

Fig. 9 is a view showing a state of the inside of the
liquid supply/drainage unit filled with a desired depth of

water;
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liquid supply/drainage unit filled with a desired depth of water; 47 Fig.

10A -'s a simplified view of the vicinity of _igaid supply/drainage unllt.upon

exposure of a first shot, and 'Fig. 1013 is a simplified view of.the y|C|n|ty

of liquid supply/drainage unit when a wafer is scanned in a direction 5

opposite to Fig. bOA; Figs. "..?.-A to 11F are views than show a flow of a

supply/drainage operation in an exposure apparatus related to a second

embodimeng: whenl% wafer Sta%% is scanned to expose a shot area; 10

Fig. 12 is a view for desctibing |

expPoses Vi exPasUIEaRPRAIS I (o geeont emBAUMENtit ong rig.

employs a liquid supply/drainage unit related to a modifie _

whi¢l & pluralitysoinpadifioas ave provided-extending:in parallel witha o

scanning 15 direction; Figs. 13A to 13F are views for describing a

modifiBd [eXAHRE ot He SBéénd BAtbcdimeRethat showeaflew ofra a direction
5Supply.

I
shot aéea; : : _ e
liquid supply/dsainage mnitoFig #5 is-a viewe of.a modified examp 4 of §OF @

BLabé Srhert &1 édge shof bRidwarerris 1igquid

example ir

% gj%leqe_t%p?ﬁg%r:‘ 2/&?!’] a wafer stage is scanned to expose a

Figs. 4B each show a modified example of the

liquid recovery via a hole provided in a part of a prOJec.tlon lens; Fig. 1 IS
a flowrehait forexplainingoar eatbosiment er2-e:adeviee npapdactiRg related
method according no the present invention; and

to a second embodiment when a wafer stage is scanned to expose
a shot area;

Fig. 12 is a view for describing the case when an edge
shot on a wafer is exposed with the exposure apparatus in the
second embodiment that employs a liguid supply/drainage unit
related to a modified example in which a plurality of
partitions are provided extending in parallel with a scanning
direction;

Figs. 13A to 13F are views for describing a modified
example of the second embodiment that show a flow of a
supply/drainage operation when a wafer stage is scanned to
expose a shot area;

Figs. 14A and 14B each show a modified example of the
liquid supply/drainage unit;

Fig.15:Hsaviewofaamodifiedexampleof1iquidrecovery
via a hole provided in a part of a projection lens;

Fig. 16 is a flow chart for explaining an embodiment of
a device manufacturing method according to the present
invention; and

Fig. 17 is a flow chart for showing a process in step

204 in Fig. 16.



Fig. 1'7 is a flow chart for showing a process in step 204 in Fig: _6.43

Best Mode for Carrying out the Invention First Embodiment A firs-_
embodiment of the present invention is described 5 below, referring to

Figs. 1 to FOB. Fig. 1 is an entire view of an arrangement of an exposure
apparatus 100 related to the first embodimgnt. Exposure apparatus 100 is

a projection exposure apparatus, based on a step-and-scan me_thod (the
so-called scanning stepper). 10 Exposure apparatus 100 comprises an
i1:i.um nation system 10, a reticle stage RST that holds a retlicle R
serwisse amank, AJ¥Oiedipn-yR A FAgeU PR Dlyges a 7

tilt stage 30 on which a wafer W serving as a substrate is mounted, a
controF'systéemEfobsdémparts, and the --lke. 15 As is disclosed in, for _
example, Japanese Patent Application Laid-open No.{HO6-349_701“and. its .
corresponding 105" PREAENGS 5534 970 thecdirdrigémentot iloninationc r ibed

5Sysfem &‘9,inggg]%§9§$§d§%82r?§8%ligh{ spurce, an illuminance uniformity
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optical system. that inc cal integra 820 or the like, a beam

splitter, a refayslensi @ variable NI filtet,, a reticlesblind (none, af wh-ch A vosure

shown). In illumination system 10, an illumination light (ex.pos.ure light) .IL
servifg 2ds an enefdy bedmtluminatesha slitishapeshiumination areBxpelsure
by the reticle blind on reticle R. where the circuit pattern 25 or the like is

fabAEAted Withsubttaritially Unonfi Aluhiifafe oRs manfRatomalight i-, based on
oA RSIRRHAZeE PRI MRVl IR B SEL AR AN G U B s e
.SExposure apparatus 100 comprises an illumination system 10,
a reticle stage RST that holds a reticle R serving as a mask,
a projection unit PU, a stage unit 50 that includes a 7 tilt
stage 30 on which a wafer W serving as a substrate is mounted,
a control system for such parts, and the like.

As 1s disclosed in, for example, Japanese Patent
Application Laid-open No. H06-349701 and its corresponding
U.S. Patent No. 5,534,970, the arrangement of illumination
system 10 includes parts such as a 1light source, an illuminance
uniformity optical system that includes an optical integrator
or the like, a beam splitter, a relay lens, a variable ND filter,
a reticle blind (none of which are shown). In illumination
system 10, an illumination light (exposure light) IL serving
as an energy beam illuminates a slit-shaped illumination area
set by the reticle blind on reticle R where the circuit pattern
or the like 1is fabricated with substantially uniform
illuminance. As illumination light IL, the ArF excimer laser
beam (wavelength: 193nm) is used as an example. As

illumination light IL, far ultraviolet light such as the KrF



5

illumination light 1L, far ultraviolet light such as the KrE 49 excime_r laser
beam (wavelength : 248am) o.- bright 1.".nes in the ultraviolet region
generated by an ultra high-pressure mercury lamp (such as the g-line or
the i-line) can also be used. In addition, as the optical integrator, parts
such as 5 a fly-eye lens, a rod integrator (an .i_nternal ref-lec,_ion type
integrator), or a diffraction optical element can be used. As long as the

natiopal laws in designated states or elected states, to which this .
internationar ahp%ﬁggggﬁ ?énazﬁﬁéfcf 16&%? the ‘digtiostre EFEJ@.tEéPeWS in the
citediabaye s ddlly 40 ncorparated betein by tefernce, In addition. on,

the optical path of illumination light IL within“illumination syste _1 , a

beams sputter isadisposed:thathasha highitrarsmittanee andia fair-ydow 2150 be
reflectivity, and or the optical path of the light reflected off the bgam 15

splittéF &n ir&ég%ﬁ@rlw(o@fs—éan%eﬁ@@ﬂ)qaqlisﬂm;tmpwh;cpasts such as
made_ up of a photoelectric cgnversion element (not shown in Fig. 1, refer

to nggf%y ﬁ?/egg%g{bsdeg*fr?c% ConversiGn gi@n%&fgo?ﬂﬁ&}%?&r 5@@0? qiglon type
areisuppied @ 13 main-cantraller 20{refghta.Fig; 6), 20.Qn reticle stage . 4
RST, reticle R is fixed, for example, by vacuum suction. Reticle stage
RS?ESisJsﬂu@tmedtﬁnelyxadmabhelimamxwiplamsriqpara@i@ulgti&&e or elected
optical axis of illumination system 10 (coinciding with an optical axis AX

cof &°prb Ec2ioh Dptitar Systent PLT WhichPivillHede saribed 28 fatar) by @pplied,
retigle,stage deye sgellon 11 (ot showp I Fig. 1, rfer 1o £Lg.9) that
$139€ . .

. clte is full
comprises parts such as a linear motor; 'Ifis structured also e h & Y

10 pretletesminechseanMiRgein by reference.
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In addition, on the optical path of illumination light
IL within illumination system 10, a beam splitter is disposed
that has a high transmittance and a fairly low reflectivity,
and on the optical path of the light reflected off the beam
splitter,aﬂlintegratorsenor(opticalsensor)14jjsdisposed,
which is made up of a photoelectric conversion element (not
shown in Fig. 1, refer to Fig. 6). The photoelectric
conversion signals of integrator sensor 14 are supplied to
a main controller 20 (refer to Fig. 6).

On reticle stage RST, reticle R is fixed, for example,
by vacuum suction. Reticle stage RST is structured finely
drivable in an XY plane perpendicular to the optical axis of
illumination system 10 (coinciding with an optical axis AX
of a projection optical system PL, which will be described
later) by a reticle stage drive section 11 (not shown in Fig.
1, refer toFig. 6) that comprises parts such as a linear motor.
It is structured also drivable in a predetermined scanning

direction (in this case, a Y-axis direction) at a designated



direction (in this case, a Y-axis direction) at a designate_d 50 scanning
speed. The position of reticle stage RST within the moving plane or the
stage is detected at all times with a reticle laser interferometer , .
(hereinafter referred to as a reticle 5 interferometer’) 16 via a movable rni
rror 15, at a resolution, for example, arougnd 0.5 to mnm. in actual, on
reticle stage RST, a movable mirror that has a refle_ction surface
orthocgonal. to the Y-%f(is direction and a movable mirror that ha_s a
reflesct?orrrnéunr?acsepgr?ho'gonaI to an X-axis direction are 1G provided, and
corresponding.te thase;mavablemirors, 8. telicle Yoinjederometer anda, )
reticle X interferometer are provided; however in Fig. 1, such detai
reprelsentativet ay eshowncastmovableamnireor 15:angkreticledntesferametere 1aser
16.  Incidentally, for example, the edge surface of reticle stage 15 ROT

may DeSiolishedi it 6rdef 6 forima Féfiattion Surfaee (correspendsrertthele

S are

5ref|eg\t_ﬁ-é)£1fseq?[ga}gee og rmcgvzitgevryiarror 15)7aI£| laddltlon, instead of the

reflection surface that extends’ in the X-axis &rgﬁiﬁﬁ%ééfora&efe&%omtlonf
themesmgﬁﬂﬁﬂeﬂde§BEKHQ§T9nﬁBeﬁ£§PmﬁQﬂH@QHEhGhSQ“Qé 120 o stage
direction in this embodiment) , at -east one corner cubic mirror (such as a
retrorefleétory neayliserused c0ftthe tinteHerometarsretiele ¥urface orthogonal
interferog:eter and reticle X interferometer, one of them, such as reticle Y

intet_rferg

axes, @%@eee&qrfg@emgg%%re%%natlva ues of reticle Y

axils.. di tion are
interferometer, the rotation of retlc?e stage InaBr d}fre(s,tlghl ﬁﬁg

Bter, 9& AHUAHARIS intetfetdfefor vt Habawsimeasurehfanthas a

10 rotational directiomaround sefexis) £ag beomeaswedivaple mirrors, a
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reticle Y interferometer and a reticle ¥ interferometer are
provided; however in Fig. 1, such details are representatively
shown as movable mirror 15 and reticle interferometer le.
Incidentally, for example, the edge surface of reticle stage
RST may be polished in order to form a reflection surface
(corresponds to the reflection surface of movable mirror 15).
In addition, instead of the reflection surface that extends
in the X-axis direction used for detecting the position of
reticle stage RST in the scanning direction (the Y-axis
directionjjxthisemmediment),zﬂ:least<nmacornercubicnarror
(such as a retroreflector) may be used. Of the
interferometers reticle Y iﬁterferometer and reticle X
interferometer,one<xfthem,sucheusreticle?finterferometer,
1s a dual-axis interferometer that has two measurement axes,
andbasedcnlthen@asurementvaluescﬁfreticle?{interferometer,
the rotation of retiele stage RST in a 0z direction (the
rotational direction around a Z-axis) can be measured in

addition to the Y position of reticle stage RST.



addition to the Y position of reticle stage RST' he co itional inform__ation

on retic~_e stage RST from reticle interferometer 16 is sent to main

controller 20, via a stage control. unit 19. Stage control unit 19 drives and

controls reticle stage RST via reticle stage drive section 5 11, based on

the nositio a 'information of reticle stage P$, -n response to instruct-ons

from main controller 20. Projection unit PU is disposed below rgzticle stage

RST, as In Fig. 1. Projection unit PU comprises a barrel 40,1an _

projection o@??%apﬁ/%fe%ﬂ? WhicH: G& RiddeUp 6Fa pRIFAIY 16 bREpLGFT £rom
elements, 0f 19 bedpore: shRAllc, a plyality of lenses (ns ele

share the same opt--cal axis AX in the ta
predetermined-positierial uielationship withindhe baweh AsProjection; i ves ang
optical system PL, for example, a both-side telecentric dioptr_c system

thaf 25 has eSpredlétetrinett profedtivh magnificationl(sush as</4er 145 section

ents) that ,
-axis dlrectlon,lﬁeﬁjogllrt%fOtf er 20, via

5timfﬁ) isfused. Therefore, when.illumination light IL from, illumination

systerh _ Igh
IL that has;passed tbeo%{%%&%m%éoﬁﬁdﬁ%%m% e of the circyif

pat-ern within 20 the illumination area on reticle R . :

image of the citeuittpattenn) on wafers\W wnese surtaceds caated With @, e rsT,
resist (photosensitive agent) , via projection unit PU (pro!ectlon optical
systém-PLY 1A additior!, ERhBGH is writted th tandraivings 2 252ameng40, and

[ maki jecti tical | PL, luralit .
e ollregs vane pgosion i e PLaghualy .,

of Specific lenses o

6 fifuminates the fitininatioh-arés OrTaticle ROM-GifinatioR Iight e RST,

r
a partia reauce .

erate un e COo a

10 corsectinn-antollen 8efezer t9:Fe.S)hased.on igstructions frampmaln, . ., ¢

20

25

controller

lenses (lens elements) that share the same optical axis AX
in the Z-axis direction, held at a predetermined positional
relationship within the barrel. As projection optical system
PL, for example,eaboth~side'telecentric:dioptric system that
has a predetermined projection magnification (such as 1/4 or
1/5 times) is used. Therefore, when illumination light IL
fromilluminationsystanl@illuminatestheilluminationarea
on reticle R,.illumination light IL that has passed through
reticle R forms a reduced image of the circuit pattern within
the illumination area on reticle R (a partial reduced image
of the circuit pattern) on wafer W whose surface is coated
with a resist (photosensitive agent), via projection unit PU
(projection optical system PL).

In addition, although it is omitted in the drawings,
among the plurality of lenses making up projection optical
system PL, a plurality of specific lenses operate under the
control of an image forming quality correction controller 81

(refer to Fig. 6) based on instructions from main controller



52 20, so that optical. properies (includ.ng image "ormin: quality) such as
Ir,agnrfrcatron, di.stortlcn, coma, and curvature of image plane (including
inclination of image plane), and the image plane position can be adjusted.
5 Image forming quality correction controller 81 may adjust the qu_ality of
tie image prcjected via projection optical System PL by moving retlclt_a R or
by finely adjusting the wavelength of illumination light IL, or by combining

both \ways a oropriate, 10 In addition, becayse exposure |s perfoaneg .
usir?gO 'ex%gsﬁrﬁéggppg?g chajljo Sfthe embodiment to\Thich the mersioh 19

method(to-he deserbedlaten)is aplliad, in the.vicinity  of a lens 42 (refer, ,

to Fig. 3) serving as an optical element that constitutes prOJectlon_optlcaI
systen Pl tocatediclosestd Stodhe imdge: planer(dwater Wha tiquid of image
supply/drainage unit 32 is attached so that it surrounds the tip of barrel
40,15&@&? holdd'fheBRs 1BatRs bhaigaidsubply/arirage trit 32 andted.

f ipi t ted to the unit and the like
5 il be Ao e T A IR o LM oLE el ™27

will be describ scriptio age unit 5

suchcas.a wafersstage WS serving-asiasybstiate slage, @ wafer §9l9féct ion
70 provided on wafer stage WST, and a wafer stage dive sectlon 4
whieRefives waferstagé [6S arwafer hotder 120 RAs s ishowiria Figaldjusting

wafer stage "WS- is disposed below projection optical system 25 PI, on a
base | novf%s}ﬁ%\}v%?gfd% r stage s edmprised 8n 1 stage 8Y, @AmAplging both

driven.jn the XY direction by linear motors or the like (not shown_) _
consti%fjting Wafggjls%%e drivee section 24, and Z tilt stage 30, which is

10 mounted o XYasiage 3drgnbecause exposure is performed using
exposure apparatus 100 of the embodiment to which the immersion
method (to be described later) is applied, in the vicinity
of a lens 42 (refer to Fig. 3) serving as an optical element
that constitutes projection optical system PL located closest

15 to the image plane (wafer W), a liquid supply/drainage unit
32 is attached so that it surrounds the tip of barrel 40, which
holds the lens. Details on liquid supply/drainage unit 32 and
the arrangement of the piping system connected to the unit
and the like will be described, later in the description.

20 Stage unit 50 comprises parts such as a wafer stage WST
serving as a substrate stage, a wafer holder 70 provided on
wafer stage WST, and a wafer stage drive section 24 which drives
wafer stage WST and wafer holder 70. As is shown in Fig. 1,
wafer stage WST is disposed below projection optical system

25 PL on a base (not shown) . Wafer stage WST comprises an XY stage
31, which is driven in the XY direction by linear motors or
the like (not shown) constituting wafer stage drive section

24, and Z tilt stage 30, which is mounted on XY stage 31 and



53 is f ne_y driven in the Z-axis d~rectior, and in an inclination direction
with respect. to the XY plane (the rotational direction around the X-axis
(Ox direction) and the rotational direction around the Y-axis (8y direction)
) by a Z tilt drive 5 mechan -ism Inot shown) fiat. also constitutes wafer
stage d_-ve section 24. And, on Z tilt stage 30, wafer holder 70, which
holds wafer W, is mounted. As is shown in the perspective view in Fig. 2,

in the peripheral portion of the area where wafer W is mounted (thq 10 ,
circu FarE &r%%illﬁ é}gléfeen?elr)n, &/%?elzﬁglééfs 7' dorbrisds Altain boRyt e tination

section JOAthat has @ specific shapg wherefwo.corners  located on Qﬁeaal

of the diagonal lines of a square-shaped Z tilt stage 30 are projecting an

thedemaining twercarners losated, :.onsth@ xemaining diagonal ine-are otational
shaped in quarter arcs of 15 a circle one size larger that the circular. area

deseiibed aboved rnd o urzridliary piatée 224 te22d arranged ia thecilt drive

periphery of the area where wafer W is.to be mounted so that they ,
° sub@?s%‘%)l% ;Snrwnat@lot & SHape o%eﬂ%l:n ody SSMtion70A: SThe uifade @ikt drive
porfien)-afsuchyauxiliary, plates 22a ta 22d.20.ararranged spthatthey, i cn

are substantially the same height as the surface of wafer W (the height
diffriehde between the auxitianypkates and the wafer is to be around Lim

or under) As is shown in Fig. 2, a gap D is formed between auxiliary p].
aces 22a td*92d andhwdier N ré&5edtiveRP 8RE INE sizedf 25 9Bt B-isketin the

A AL S, UM PRI e 5ho
10 which is-smalies thangap B: is<omitted inthedravings » 70 comprises a main
body section 70A that has a specific shape where two corners
located on one of the diagonal lines of a square-shaped Z tilt
stage 30 are projecting and the remaining two corners located
on the remaining diagonal line are shaped in quarter arcs of
15 a circle one size larger that the circular area described above,
and four auxiliary plates 22a to 22d arranged in the periphery

of the area where wafer W is to be mounted so that they
substantially match the shape of main body section 70A. The
surface (flat portion) of such auxiliary plates 22a to 22d
20 are arranged so that they are substantially the same height
as the surface of wafer W (the height difference between the
auxiliary plates and the wafer is to be around 1lmm or under).
As is shown in Fig. 2, agap D is formed between auxiliary
plates 2Za to 22d and wafer W, respectively, and the size of
25 gap D is set at around 3mm or under. In addition, wafer W also
has a notch (a V-shaped notch); however, since the size of
kthe notch is around lmm, which is smaller than gap D, it is

omitted in the drawings.
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34 In addition, a circular opening is formed in auxiliary _.ti_G e 22a, and
a flducia:t mark plate rv. is tia.h:tly embedded in the opening. F-.ducial
mark plate FM is arranged so that its surface is co-planar with auxiliary
plate 22a. On the 5 surface of fiducial mark plate FM, various types of
fiducial marks (none of which are shown} are formed that are used for
measurement operations such as reticle alignment or baseline

measuremen-. by the alignment.detection system (to bg desgrib d, Iateg 1
Auxiliary pl?a%esa Czyﬁé to agd do not ﬁéjgeasrsa?%yeﬁ&v% 10 o %%“&3(%-%%5 gttary

ang the-uppersuriace of Z itit stage 30, may.he awapged so.thatit | y_embedded
becomes almost the same height as wafer W. The point is to form a flat

portiontingheperiphery of wdifer\Wlatsubstantiatly thesamesheightoasithes that
surface of wafer W, 15 Referring back to Fig. 1, XY stage 31 is structured
movaBIe HSt SR in-the SRaRnMGire&lioh (He*Y-hxRT dirédtiory btfalso On the

in %99@385_@@@959%5%%%0?&%%gaéi;%aggeﬁif)“)v%eg@%“%icg'af to the fiducial

. e O
scanning direct-on so that the shot areas serving as a plura |¥§Dofgd|wde

areas:s Wafen20 d¥ canhenpasitiopedat anexposyrearea-iconjugate  seq for
with the illumination area. And, XY stage 31 performs a s'tep-and-scan

op&radibh TIsHICh @R Dpefationsforschnning ekposieesof eacheshiobarésm seline
on wafer W and an o er#atiogf(movement operation performed between

CAEEARERTtn RO VKeP W et DURdCnEIPatA SEihi oS i bec
(scapping) starting. pasiti T[Eq £XpQse the pextshotare repeated, The. . | y have

position of wafer stage V%/lg within the XY plane
to be plate-shaped, and the upper surface of 7 tilt stage 30
may be arranged so that it becomes almost the same height as
wafer W. The point is to form a flat portion in the periphery
of wafer W at substantially the same height as the surface
of wafer W.

Referring back to Fig. 1, XY stage 31 is structured
movable not only in the scanning direction (the Y-axis
direction) but also in a non-scanning direction (the X-axis
direction) perpendicular to the scanning direction so that
the shot areas serving as a plurality of divided areas on wafer
W can be positioned at an exposure area conjugate with the
illumination area. And, XY stage 31 performs a step-and-scan
operation in which an operation for scanning exposure of each
shot area on wafer W and an operation (movement operation
performed between divided areas) for moving wafer W to the
acceleration starting position (scanning starting position)
to expose the next shot are repeated.

The position of wafer stage WST within the XY plane

(including rotation around the Z-axis (0z rotation)) is
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(.including rotation around the Z-axis (Oz rotation)) is 55 detected at all
Limes by a wafer 1_asc- interferometer (herei. a referred to as ™ aier
interferometer' ) ] 8 via a movable mirror 11, provided on the upper
surface of Z tilt stage 30, at a resolution, for example, around 0.5 to Inm.
5 In actual, on L tilt stage 30, for example’ as is shown in Fig. 2,aY
movable mirror 17Y that has a reflection surface orthogonal to the

scapuing.dirgetion (he Ye-pxis difaetion), and an X movaple mirtor than,
has a reflection surface ortﬁlogona?fto the non-scanning direction ﬁﬁg .

X-anis=1Q direetion) are provided.-andicorrespondingtodhese movable y g 154
mirrors, as the wafer interferometers, an X interferometer than irradiates

an Zimerferohsetel beam perpendicidiely omXtmovableemisartaXanda 2 tilt
Y _nte-feromerer that irradiates an interferome':~er beam perpendicularly

on Y-m8Vablgmitror 1 7¥°ES A prvided® hof8 e8P Shich #efaiRhre - 5 to lnm.
representatively shiown as movable mirkor *_7.and wafer interferometer 18 -,
3 i d the ¥ “interférometer of

in Fig. 1. Incidentally, the X in,.erferometer an

waferntetferemetan 18 are both multi-axis interfergmetersdhathaves surface
plurality of measurement axes, 20 and with these interferometers, other

thahtheodand Y ‘positivhsssfagafen stagerWSTi(on td beembrexpretistl, Zection)

tilt _stage 30),, rotati awing (Oz rotation, which is rotation. around the
D%)l? pitching' f@)?q?o ation, iﬁhtrz"f"ottaﬁ%%S afodrid the % -35) S ihda oo

a
Z-axIs

rolling-Qy; eptation, whieh.i.5 rotatien 25 argund the Y-axis) can.also be .

measured. And, for example, the edge surface of Z tilt stage 30 may be

polisheddn order are provided, and corresponding to these movable
mirrors, as‘the wafer interferometers, an X interferometer
that’irradiates an interferometer beam perpendicularly on X
movable mirror 17X and a Y interferometer that irradiates an
interferometer beam perpendicularly on Y movable mirror 17Y
are provided; however, such details are representatively
shown as movable mirror 17 and wafer interferometer 18 in Fig.
1. Incidentally, the X interferometer and the Y
interferometer of wafer interferometer 18 are both multi-axis
interferometers that have a plurality of measurement axes,
and with these interferometers, other than the X and Y
positions of wafer stage WST (or to be more precise, 7 tilt
stage 30), rotation (yawing (6z rotation, which is rotation
around the Z-axis), pitching (0x rotation, which is rotation
around the X-axis), androlling (0y rotation, which is rotation
around the Y-axis) can also be measured. And, for example,
the edge surface of Z tilt stage 30 may be polished in order
to form a reflection surface {corresponds to the reflection

surface of movable mirrors 17X and 17Y). In addition, the



to form a reflection surface (corresponds to the reflection surface of
movable mirrors 17X and 171). In addition, the 70 multi-axis
interferometers may detect positional information related to the optical
axis direction (the Z-axis direction) of projection optical system PL, by
rad_atino a laser beam on a reflect’-on susface provided on the frame on
which 5 projection optical system PL is mounted (not shown), via a
reflect'hon.surface arranged on Z tilt stage 30 at an inclination. of 45.

Postional intormiation ?&f\?eq%iﬁ/tiﬁfb”?rﬁﬁt%ﬁ}ed}f Wate? %{ég‘éD\f/\PSlTJrélf ormation
sent o stage ontro| unit,1.9, and then. 10 {0, i”o?ff?‘iéﬁ'(l,erz\%%‘%is;gg%e ction)

con~:irol unit 19. Stage cont-o] _unit 19 controls wafer stage

wafer stage’driviel sectign: Qéd]a%ﬂs@bﬂﬂe?&QSiBQnﬁkiﬂwﬂ%iQﬁéoé laser beam
velocity information) on wafer stage WST ’referred to above, In response
to ifdtructibhs FORT Afiin BotFaller 201 05 Néxt, detailshen figaide on which

supply/drainage unit 32 will be described, referring to Figs. 3and 4. Fig. 3
“sh %’Oa? gec%tf“o%%l ?ﬁgﬁ%?ﬂﬁqﬁiﬁsshﬁﬁlﬁ&aﬁ%g@% "alofg withte) - via a

lowee endsectian of bagreL 40 and the gining system, In.addition, Fig. 4
shows a sectional view of line B-B in"FFig. 3. Liquid 20 supply/drainage
uniti3z-isiconfiguredotd ke tletachable to barrel 40; therefore, in the case

inconveniences such as malfunction or damage occur, it can be |
exchanged P&S is"Sifvert intBige Edh e enl’of Tikd firage plaméosidertofon) on

iecti i [ mall

el 0.1 uaseigrnt £ e ver s sectonl 2o el o e e

lOSeCﬂOﬁﬁaﬁﬂd:'Eﬂ&ttﬂ%Qfl%B@Cdme@age control unit 19. Stage control
unit 19 controls wafer stage WST via wafer stage drive section
24 based on the positional information (or velocity
information) on wafer stage WST referred to above, in response
to instructions from main controller 20.

15 Next, details on liquid supply/drainage unit 32 will be
described, referringto Figs. 3 and 4. Fig. 3 shows a sectional
view of liquid supply/drainage unit 32, along with the lower
end section of barrel 40 and the piping system. In addition,
Fig. 4 shows a sectional view of line B-B in Fig. 3. Liquid

20 supply/drainage unit 32 is configured to be detachable to
barrel 40; therefore, in the case inconveniences such as
malfunction or damage occur, it can be exchanged.

As is shown in Fig. 3, on the end of the image plane side
of barrel 40 of projection unit PU (the lower end section),

25 a small diameter section 40a is formed whose diameter is
smaller than other sections, and the tip of small diameter
section 40a is shown as tapered section 40b whose diameter

becomes smaller the lower it becomes. In this case, within



section 40a is shown as tapered section 40b whose diameter becomes
smaller the lower it becomes. In this case, within 57 small diameter
section 40a, -ens 42 is held, ,ahi.ch is on of the lenses structuring
projection optical system PL located closest to the image plane. The
lower surface of lens 42 is to be parallel Levthe XY plane orthogonal to
optical axis AX. 5 Liquid supply/drainage unit 32 has a stepped cylindrical

sha en Vi from_the .front (and the side), and in the . center, an, A
ope%ﬁl%igzg%%%eﬁ%ga%ﬁ?ﬁjé?geét?c?rf irﬁgr\}ﬁﬁicg dinall Gidmetdr settidry °ne of

40acofdarsel Adscan bednsertadromo abeve isfogmed n avertical,, pr 1 ocateq
direction. The diameter of 10 opening 32a (the diameter of -the inner
circtffférential sufhce iofaaAng-shaped Side wathd2c, whichemakes thens 42 is
aperture on the outer sider% is constant from the upper end to the vicinity

of the IGWer 2ha - Afd witert it becomes vwearit {sXaperel, tor iPG7-cser axis AX.

swords, the diameter becomes sma'ler. ik 4%‘1“%%%“e%q§ér{‘$e"ét§ofr‘?e dindrical
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outer surface of tapered section 40b of barrel 40a and the Infer sur

of risigeghaped:side walk 32¢rakindhef a nezzle (hereinafterdeferred 10,88 11 the
a ‘tapered nozzle section' for -:he sake of convenience) is formed that

wideRs When dRewEERbCaBe e thartoWssvhen Misweéd: frome below). 20to which

On the ggler.end %urface ofcli%uid%?1 ply/drainage unit 32, a depressed

section Kinthe shape of arily WhenViela: from Befowidpritedcshed from

the guierside of gpering 324, In this- case, ring-shaned sidewall dé%%}#ea%er of

has a predetermined wall thickness is formed between depressed section

32boarech Openiig 25-32ad Thedowerend isarfacesof ring-shaped sidewallsurface

32c is arranged to be co-planar with the lower surface of lens 42
of a ring-shaped side wall 32c, which makes the aperture on
the outer side) is constant from the upper end to the vicinity
of the lower end, and when-it becomes lower it is tapered,
or in other words, the diameter becomes smaller. As a
consequence, with the outer surface of tapered section 40b
of barrel 40a and the inner surface of ring-shaped side wall
32¢c, a kind of a nozzle (hereinafter referred to as a ‘tapered
nozzle section’ for the sake of convenience) is formed that
widenswhenviewedfromabové(narrowswhenviewedfrombelow).

On the lower end surface of liquid supply/drainage unit

32, a depressed section 32b in the shape of a ring when viewed
from below is formed on the outer side of opening 32a. 1In this
case, ring-shaped side wall 32c that has a predetermined wall
thickness is formed between depressed section 32b and opening
32a. The lower end surface of ring-shaped side wall 32c is
arranged to be co-planar with the lower surface of lens 42

(the lowest end surface of barrel 40). The diameter of the

outer periphery surface of ring-shaped side wall 32c¢ is



(the lowest end surface of barrel 40) . The diameter of the outer periphery
surface o ring-shaped side wall 32c is 5;8 constant from the upper end to
the vicinity of the lower end, and be ow the vicinity of the lower. end, it
has a capered shape that narrows when it nears the bottom. As is
obvious from Figs. 3 and 4, between ring-slgaped 5 side wall 32c and
small diameter section 40a of barrel 40, a space is formed tha-_is
shaped in a ring.in a planar view (when viewed from above or below) . In
gonstan£9hx> %e

this space. orie end of a plﬂpaﬁﬁfo??éjc&%&kbﬁ}pgé%?%Tr%éﬂ%&ﬁ?tﬂ@wer end,
vertigal SH%UP@@@%%Q@W% geayally %@J&?f%%q t@%c?nrggeal‘gzg%%red shape
-rcumference. On the bottom (upper) surface of depresse

refertedttorabovewaf lignichsupply/deairagehenib 32 tthraugh holes 34 are

formed, respectively, in the vertical direction, on both sides of ring-shaped

side wall 32¢SintRe3EXiSUS difsttionidrt the wrid direetiors amdrntog—shaped

section

5eacgitggo%g§lliolg2%dg ﬁ:)nné—: %@rga?f e@aust %?es 54 is inserted (through

10

15

20

25

hole 54 located on
Figﬁdﬁi@é%@@f@)ﬂd@cﬁd@w@@@ @gﬁ%@nlﬁu%o%rlr%lrﬁ%eaoklanar view
depressed section 32b of liquid supply/drainage 20 unit 32, circular

are foimed et avsiardlityof places (orlexample, twimptaces) spaddhecne end of
lower end section of full recovery nozzles 56 are inserted into the circular

hol8s P1ESectivélyC Faftetifiore, BABsS Iowerénd BF et in the vertical
supply/drainage 23.ynit 32, ﬂgﬁtgg Oéjct%%raﬁﬁe of depressed sectign 32b, a
rng's

depressed groove 32d, which

Sided ih the X-a%is difection ate hof SRowhA Harrel 40,

oles

asari ape When viewad from Belsw - e

circumference.

On the bottom (upper) surface of depressed section 32b
referred to above of liquid supply/drainage unit 32, through
holes 34 are formed, respectively, in the vertical direction,
on both sides of ring-shaped side wall 32c in the X-axis
direction and the Y-axis direction, and into each through hole
34, one end of exhaust pipes 54 is inserted {through hole 54
located on both sides in the X-axis direction are not shown
inFig. 3, refer to Fig. 4). Inaddition,cn1thebottom(upper)
surface of depressed section 32b of liquid supply/drainage
unit 32, circular holes are formed at a plurality of places
(for example, two places), and the lower end section of full
recovery nozzles 56 are inserted into the circular holes,
respectively

Furthermore, on the lower end of liquid supply/drainage
unit32,<n1theoutersidecﬂfdepressedsection32b,eadepressed
groove 32d, which has a ring shape when Viewed from below,
is formed. In this case, a ring-shaped side wall 32e that has

a predetermined wall thickness is formed between depressed



is formed. In this case, a ring-shaped side wall 32e that has a
predetermined wall thickness is formed between depressed 59 groove
32d and depressed section 32b. The lower end surface of rind-shared
side wall 32e is arranged to be co-pl anar with she lower surface of lens
42 (the -owes'-- end surface of barrel 40) §he diameter of the inner
periphery surface of 5 ring-shaped side wall 32e is constant fr_om the
upper end to tpg Iowgr nd while the outer periphery surface is constant:
SF 6 tﬁ§9

fromt the Upper end 15 thé Viciity ot the fowerend and EB%V'\} IHe ViGhity surface
of therlowerend, ithas aitapered shape that %{?{/@W&e};ﬁhgg %ge&rﬁ«% anar with

bottom. 10 The depth of depressed groove 32d is configured to be

somswehabsmallen (arpredetermined distance) than<lepressed . seetion o f barrel
32b, and on the bottom (upper) surface of depresseq groove 32d. of quid
suppiYiera-fatje GHie3z tEplurdiity ©F Stepped Brodgh holesare formed

arr at.a predetermined 15 spacing. Into each of the through holes,
BOnS%%E 0 gé%weog! %ﬁé%lywpa}égs ggeis f‘n%e?t%ﬁ%?o?ﬁ%b&?@f‘bﬁc%ﬁwé@ﬁ’%ﬁ end to

diargter section-attheower end of gach of the: through bales is. referred . .

to as a supply nozzle 36. The wall on the outer side of depressed groove

32df 20mretéreeditp abovedttiguid supphi/drainage urtits32,crdR ey and below
words, a peripheral wall 32f may be referred to as a projected section

329’ Shc& A pbrtibH of the et PERPhENof peripetalwairBrmdjeetspe that
dowwgv%pgﬂqggerﬂn%de adfgtaggg HO\éljgngn compared wit- the

remaining portion. The 25 lower end surface ol?projected section 329 is
10parallel to the.dowep surfage atlens 42-angd.the sleatance betieenwalely +o pe

N somewhat smaller (a predetermined distance) than depressed
section 32b, and on the bottom (upper) surface of depressed
groove 32d of liquid supply/drainage unit 32, a plurality of
stepped through holes are formed arranged at a predetermined

15 spacing. Into each of the through holes, one end of each of
supply pipes 58 is inserted from above, and the small diameter
section at the lower end of each of the through holes is
referred to as a supply nozzle 36.

The wall on the outer side of depressed groove 32d

20  referred to above of liquid supply/drainage unit 32, or in
other words, a peripheral wall 32f may be referred to as a
projected section 32g, since a portion of the inner periphery
of peripheral wall 32f projects downward a predetermined
distance AH when compared with the remaining portion. The

25 lower end surface of projected section 32g is parallel to the
lower surface of lens 42, and the clearance between wafer W
and its surface, that is clearance Ah is 3mm and under, for

example, around 1 to 2mm. In addition, in this case, the



and its surface, that is clearance Ah is 3n and under, for example, around
1 to 2mm,. In addition, in this case, the 60 surface of the tip of projected
section. 32q is positioned approximately AH lower than that of lens 42.
The diameter of the lower end of inner periphery of peripheral wall 32f
(the vicinity of projected section 32g) 5 bergpmes larger as it nears the
bo'_tom, having a tapered shape. As a consequence, by the walls (32e
and s?{%I %32(1%)) gp_l%g}ttg %ides thtat constitute depressed groove 32d, a kind

of a nozzle (hereina

sake of convenienqs) i3 dormseLthat widens when yieped, 39 from above
(narrows when viewed from below) in a ring shaped area on the outer side

of projected'isectiora82¢ of petipheral walk 32f, @nchath sidesdn the Xigxisry of
direction as well as the Y-axis direction, two pairs of arcuate slits that

havBH pridetémitiad Heptt, sfitd182H3 aha 132120 1 srarelislies 8dhsamidion 329)

ed t8'ad’a Widenéd nozgle seciorToP e “1ioned

er ré%rr

532 216 formed. 10 width of gachsit. s considerally small compare

with depressed gr
withiss the slit datake holes that eemmuynicate withthe slits;32h1 and ) |
32h2, and slits 32h3 and 32h,, respectively, which are circular holes 20
whaseSgiameétet is shightlytlarge dihmndhatof theoslits 32hit ,andid32h2,cand nozzle
slits 32h3 and 32h4, are formed on the upper surface of liquid

supplyidraiiie it 32 (Wit aflebst B Antake ol oregporling - Lon’ for
eachSlt ancioach niake: Dole. pre.ondl of AITah: Ve DIPER 8O o e

is inserted (in 25 Fig. 3, however, auxiliary recovery pipes

endMERdY coulatetr shape -

on both

ove a capi ary“p%

and %

10thatf commiricate With slits 32hi andd2h2lecates-ors bath,sides in
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In a ring shaped area on the outer side of projected
section 32g of peripheral wall 32f, on both sides in the X-axis
direction as well as the Y-axis direction, two palrs of arcuate
slits that have a predetermined depth, slits 32h; and 32h,,
and slits 32hs and 32h; are formed. The width of each slit
is considerably small compared with depressed groove 32d, so
that a capillary phenomenon could occur within the slit.
Intake holes that communicate with the slits 32h; and 32h,,
andslitsBZhgand32h4,respectively,whicharecircularholes
whose diameter is slightly larger than that of the slits 32h;
and 32h,;, and slits 32h; and 32hy, are formed on the upper
surface of liquid supply/drainage unit 32, with at least one
intake hole corresponding to each slit, and to each intake‘
hole, one end of auxiliary recovery pipes 60 is inserted {in
Fig. 3, however, auxiliary recovery pipes 60; and 60, that
communicate with slits 32h; and 32h, located on both sides in
the X-axis direction are not shown (refer to Fig. 4), and only

auxiliary recovery pipes 605 and 60, that communicate with



the X-axis direction are not shown (refer to Fig. 4) , and only auxiliary
recovery pipes 603 and 604 that communicate with 61 slits 32h:, and
32h~ 1coa.ted on both sides in the Y-axis direction are shown) The other
end of each of the surpiy pipes 58 connects to a supply pipe line 64,
which has one end connecting to a 5 liquidisupply unit 72 and the other
end connecting to supply pipes 58, respectively, via valves 62a. Liquid

supphy;ynit zgﬂnclud s parts such as g liquid tank, a pressure pump, and
a temperature cén?r%ﬁuni%a“n 868%%85 GRd&r e contPdiS of mhalm’e Y-axis

contrelterx20. dn this cage when liquid supply un_.t 10 72 is operated in a

state where the corresponding valve 62a is open, for example, a
predeterminéediquiid esed fior irfanrersionowhosesteraperatureis eantiolledhnnect s
so that is about the same temperature as that in a chamber (drawing

omitt8dJ wherE (tHePriath bod of) expbiifd apparatisel60\s ousedds ing to a

uppieh s ool 3 SRl ORI ME Lo iy
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partitioned by liquid supply/drainage uni
Hereinadter Sealves:62a pravided,in each obthesupply pip%%%%g@ysﬁéﬁgly unit
re g.

be considered together and referred to as a valve group 62a (refer to Fi
6). 26 A theUiduid pefefredstocibeve dnlthisccaset tira, pare watetire pump, and
(hereinatfter, it will sim%be referred to as ‘water' besides the case when

Specifyingis hacessany) tRatanstit by tREArPBRErie? TastrdRaNt igheontrol
with,a wavelepgth-qr-193.3npy) is tPnb%ﬂi‘ﬁ%tggEa, pure waer can be

obtained in 'large 25 quantities at a semiconductor manutac &rcﬁ%lglglasnlf%ﬁ?ly unit

the Tike i andiitalso hasian advantageafdaving e adverseLfiact 00y valve 622
isopen,forexample,apmedeterminedliquidusedforimmersion
whose temperature is controlled so that it is about the same
temperature as that in a chamber (drawing omitted) where (the
main body of) exposure apparatus 100 is housed is supplied
via supply nozzle 36, to a substantially closed space
partitioned by liguid supply/drainage unit 32 and the surface
of wafer W. Hereinafter, valves 62a provided in each of the
supply pipes 58 may also be considered together and referred
to as a valve group 62a (refer to Fig. 6).

As the liquid referred to above, in this case, ultra pure
water (hereinafter, it will simply be referred to as ‘water’
besides the case when specifying is necessary) that transmits
theArFexcimerlaserbeam(lightwithavmvelengthof193.3nm)
is to be used. Ultra pure waﬁer can be obtained in large
quantitiesai.asemiconductornanufacturingplantcnfthelike,
and it also has an advantage of having no adverse effect on

the photoresist on the wafer or to the optical lenses. In

addition, ultra pure water has no adverse effect on the



the photoresist on the wafer or to the oc-ical lenses. In addition, ultra pure
water has no adverse effect on the 62 environment as well as an
extremely LOW concentration of i_mpur_ities, therefore, cleaning action
on the surface of the wafer and the surface of lens 42 can be anticipated.
Refractive index n of the water is said to b&zaround 1.44 5to 1.47, and in
the water the wavelength of illumination light IL shortens to 193nm x21/n:
aro ] nm,, The.ather_end of each of the recovery pipes 52 . _
con%%%t?%é%%%éo%rywp%% Ii%g B%HWﬁl}é? ean§eotfr¥e gr? Tcgﬁrlge%fﬁb% tgon of
liquidnrecovery-unit 74anstbeothen end canneetingto 10 recovery-pipes. ¢ tpe
52, 'respectively, via valves 62b. Liquid recovery unit 74 includes parts
suchaHsd liguid tahle aner Bastetion pumps ahd operates undet thepeonitol
of main cogtr%ler 20, In this case, when the corresponding valve 62b is

S

in an opened Stags “Ligid PEETvER dnit 72 Fédovers theersiiatdpthameund 1. 44

ssubstantially closed:spage referred 1o eay] %&e‘ﬂ%ﬁ@%@' tOffIhﬁﬁe&%‘;{%% ion light

pipes 52. Hereinafter, valves 62b provided in eac € recovery pipes

52 may stiso-beconsidered iogether ard rafeirad tq as a-valve group 62b

(refer to Fig. 6) 20 The upper end of each of the full recovery nozzles 56

referred to éarfie? toRRetRD Rdcrr): pirfe lihe 6&efered wialove XViaannect s

joint recovery pipe line 68 and a shared valve 62c. In this case, each full
regééer;il/ nroezéga%g 1s Eéﬁf?gufri?éa %o gé vé@fiﬁgﬁy H?o‘?/a%ibebﬁ%%r%mecung to

meghanismie8 (not shewn Zﬁqiﬂﬂ:ig-@,a{ﬁ@r{%gi%@eW@%@og%%escggng to

under the control. of main controller 20. And, each full recovery nozz?e

10js recovery pipes 52, respectively, via valves 62b. Liquid
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recovery unit 74 includes parts such as a ligquid tank, and
a suction pump, and operates under the control of main
controller 20. 1In this case, when the corresponding valve 62b
is in an opened state, liguid recovery unit 74 recovers the
water in the substantially closed space referred to earlier’
via each of the recovery pipes 52. Hereinafter, valves 62b
providedjjieachoftjwarecoverypipes521nayalsokxaconsidered
together and referred to as a valve group 62b (refer to Fig.
6) .

The upper end of each of the full recovery nozzles 56
referred to earlier connect to recovery pipe line 66 referred
to above, via a joint recovery pipe line 68 and a shared valve
62c. 1In this case, each full recovery nozzle 56 is configured
to be vertically movable by a drive mechanism 63 (not shown
in Fig. 3, refer to Fig. 6), which operates under the control
of main controller 20. And, each full recovery nozzle 56 is
configured to be movable by a predetermined distance lower

than the surface of wafer W. Therefore, when valve 62c is in



U1

configured to be movab_e by a predetermined distance Jowe- than the
surface of wafer W.. Therefore, when valve 62c is in 63 an opened state,
by lowering all the full recovery nozzles 56 to a position substantially the
same height as the wafer surface, liquid recovery unit 74 completely
recovers the wateer on the wafer (or the agxjliary plates 22a to 22d
referred to 5 earlier) via all the full recovery nozzles 56. The other end of
each of he exhaust pipes 54 connects to a vacuum piping system 69,

which'h&® 5AE end connecting 16'4Vatint ekhhlist Uit 76 frgovery nozzles
INCOSROTBLES AACLUTLAUTRL RS 25PN Ineclieniom AnC e NS e e warer

S
connecting to éxhaust 10 pipes 54, respect”._vely, Via vaive

Vacaumfesdwaustiunit J6-eperates,under the control of majn.controllet 2G . ov o

Hereinafter, valves 62d provided in each of the exhaust pipes 54 may
alsd’be eBRsitRfed tdgethekhand vafelredty asla valve? grotp 62d(referta-red to
Fig. 6). 15 In addition, ayxiliary recovery pipes 601 to 604 referred to

itk ? B ?Bf?lgfs%ﬂerﬁ BOOrESpectively L G & Shared

r V1
earlier connéct to'vacuu 6

valve 62e. Inthisase, il siwationwhere all the valves 62d are open | .\

. S
and vacuum exhaust unit 76 is operating, when the water istiiled up

(reférctosFiga8) to 20 ppositicryaheve the, lower endsuEfase of lens 42,8Rect ing
wafer W (or the auxiliary plates 22a to 22d referred to earlier), it creates

neghfivé présStird it e tigiserSpaice 0f depréssettseptiorm 3215, whichcuum pump
raises the_ water level. In addition, in the case where valve 62e is in an
ope%%dg 281\3{Y ?t%%é) %n%evcaﬁ:%ﬂrlnsgxﬁg&s%%r%t%ﬁ%ﬁéﬁtﬁ@f"fkﬁ%@(hﬁ%l%? exhaust

1owhenitbesvater leaks dlows,ut)ollsside petipahers) swall 321 o roust unit
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76 operates under the control of main controller 20.
Hereinafter, valves 62d provided in each of the exhaust pipes
54 may also be considered together and referred to as a valve
group 62d (refer to Fig. 6).

Inaddition,auxiliaryrecoverypipes601to604referred
to earlier cénnect to vacuum piping system 69, respectively,
via a shared valve 62e. In this case, in the situation where
all the valves 62d are open and vacuum exhaust unit 76 1is
operating, when the water is filled up (refer to Fig. 8) to
a position above the lower end surface of lens 42 on wafer
W (or the auxiliary plates 22a to 22d refefred to earlier),
it creates negative pressure in the upper spabe of depressed
section 32b, which raises the water level.

In addition, in the case where valve 62e is in an opened
state and vacuum exhaust unit 76 is operating, for example,
when the water leaks (flows out) outside peripheral wall 32f
referred to earlier, the water is sucked up into the slits

(any of slits 32h; to 32hy) due to capillary phenomenon as well



5

10

15

20

25

referred to earlier, the water is sucked up into the slits (any of slits 32h1
to 32h1) due to capillary phenomenon as well 64 as by the Vacuum
suction force of vacuum exhaust unit '16, and exhaust=ed outside. As the
valves referred to above, adjustment valves (such as a flow control valve)
or the like that open and close, and 5 wh@ge opening can also be
adjusted are used. These valves operate under the control of main

controller 20, (refer to Fig. 6) . On the upper surface of liqu=id .
sup%%/gyai%%evfncft%ﬂg ?l%%e%lzﬂg fjg?r#?é% ina V@lﬂ&éﬁmﬁéﬁ@ﬁ%v&&&lt 76, and
the bottams 10 (Upper), swface of depressed section 32b at a pIurall_ty of

points, and liquid supply/drainage unit 32 is fixed to the bottom section of

barrel 40 with Sdrews280 via sucte holes, t respectively (refer ta&ig: 4 IRes (such
addition, on both sides of tapered section 40ib of 15 barrel 40 in the
Y-a%fS Girbetish SR PaiF of tépEraturs $éisord BeAad 38Bss fixed, close, and

res ively. The.output of trht]eset mperature sensors is sent to main
con%ﬁ)ﬁg%g%e é% 0 %%?6 . ﬁ%d%l io%ﬁ%?stgh%ﬁﬁ% Fig®s, in theese valves

vicinity: of 29 slits32h3.and32hd, gasssHRRl pezzies 853 and B4 are . gy

provided, respectively. Furthermore, although it is omitted in the
drafings, in the vicinity of slits 32h1 and 32h2, gas supply nozzles are
also provided, rﬁgectively. Theﬁas supply nozz-es each connect to an

air conditionng MecHaRRsm 86 ot 25°showfiit £_guBPreférierrigagp, unit 32,
WhiﬁBP@Qr%tf"é uf]gﬁfng}? fgngokgﬁﬁlga%onérgg%rc%%on toward the bottom

(upper) surface of depressed section 32b at a plurality of
points, and liguid supply/drainage unit 32 is fixed to the
bottom section of barrel 40 with screws 80 via such holes,
respectively (refer to Fig. 4).

In addition, on both sides of tapered section 40b of
barrel 40 in the Y-axis direction, a pair of Lemperature
sensors 38A and 38B is fixed, respectively. The output of
these temperature sensors is sent to main controller 20 (refer
to Fig. 6).

In addition, as is shown in Fig. 3, in'the vicinity of
slitsBZhgand32h4,gassupplynozzles853and854areprovided,
respectively. Furthermore, although it is omitted in the
drawings, in the vicinity of slits 32h; and 32hy, gas supply
nozzles are also provided, respectively. The gas supply
nozzles each connect to an air conditioning mechanism 86 (not
shown in Fig. 3, refer to Fig. 6), which operates under the
control of main controller 20.

In exposure apparatus 100 in the embodiment, a focal

point detection system is provided for the so-called



In exposure apparatus 100 in the embodiment, a focal point detectio_n

system is provided for _he so-called 65 auto focusi-ng and ut.o-leveling of

wafer W. The focal point detection system will be described below,

referring to Fig. J. In Fig, a pair of prisms 44A and 445, which -is made 5

o_ the same material as lens 42 and arramged in close contact with lens

42, is provided between lens 42 and tapered section 48b of barrel 4t0

Fur ore, in the vicinity of the lower end of a large diameter section .
40c%%h£%%ﬁg section %/x% l}cd?ﬁngr%%ﬁLW diaméter $ection 40 of ©cal point
bareel 49 a pair %EIB'&QHQhd'i@'@%f@di%@%%@%gdf%@fgvyba&8%@99%%}% to Fig.
the horizontal direction and communicates the inside of barrel 40 with the
outSide. On the inner side (the space side referred to earlier) end of such
through holes 40d and 40e, right angle prisms 46A and 15 46B are ‘
disposed, réSpéctively’ art ixdd tebaREl4mDH e B0tidd Bf barerk0,is made

S e L e O s ogontace
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40d. In addition, on the outside oflbear?r a photode

that constitties 4he fecakpaint deigation system with IrAdIaHoR .20 o4 section
system 90a is disposed, facing the other through hole, 40e. Irradiation

systéth 90 Pt fight’Sburce whose on/off is controlled by mail.
controller 29&” %% 1, and emits imaging beams in the horizontal direction
r

so as to forn & Targe huhiber- o PifhBie-drshit iInages wardakemsaging large

plage ohA5.projection aptigal.system bL. Thegmitied Imaging beams are .

reflected off right angle prism 46A vertically downwardp, and
diameter section 40a of barrel 40, a palir of through holes
40d and 40e is formed that extends in the horizontal direction
and communicates the inside of barrel 40 with the outside.
On the inner side (the space side referred to earlier) end
of such through holes 40d and 40e, right angle prisms 46A and
46B are disposed, respectively, and fixed to barrel 40.

On the outside of barrel 40, an irradiation system 90a
isdisposedfacingcnmaofthethroughholes,40d. In addition,
on the outside of barrel 40, a photodetection system 90b that
constitutes the focal point detection system with irradiation
system 90a is disposed, facing the other through hole, 40e.
Irradiation system 90a has a light source whose on/off is
controlled by main controller 20 in Fig. 1, and emits imaging
beams in the horizontal direction so as to form a large number
of pinhole or slit images toward the imaging plane of
projection optical system PL. The emitted imaging beams are
reflected off right angle prism 462 vertically downward, and

are irradiated on the surface of wafer W from an oblique

direction against optical axis AX by prism 44A referred to



are irradiated on the surface of wafer W from an oblique direction against
optical axis AX by prises 44A referred to 66 earlier. NeanWni_1..e, the
beams of the imaging beams reflected off the surface of wafer W are
reflected vertically upward by prism 44P referred to earlier, and
furthermore, reflected in the horizontal dirggtion by right angle prism 46B,
and then 5 received by photodetecti-on system 90b. As is described
abog\i/g,r jn the embpodir‘pﬁgtl, the foca] position detection system is formed

consisting of & muttiplé point foEglep SHSH a‘éfe&llqé:n 15pdembRsedsn gt Lected
obﬁgggnwﬁéog§yﬁ$yé0é@e&@@é&SQP%ﬁga”ké%&%é%@Bbv%?Q%Q%§ ly upward
Paten Application "aid-open 10 06-283403 and the corresponding U.S.

Patemt Noi 51448,832¢ fmdithe systemhindlydes im@diﬂﬂﬁﬂlﬁé@m@gaireflected
photodeteotion system 90b, prisms 44A and 44B, and right angle prisms
46A Bnd BB OTHE Fotat pobitiotdetestiBi systani willo be reférred 468s and then

iti ' t 90a, 90b) 15 in the following description.
* s long s s EAAT e s SaSi ot St 3 cleBad GRBE Do sbove,

As long as the nat _
Wh@htm&em&ﬂﬁémﬂﬁﬂﬁﬂpmgﬂ@nﬂgﬁgﬂﬁ§®Q?%ﬁ%ﬁhgé%%%¥%%ﬁs§§stem is
the above publication and U.S. Patent are fu | b
referense R0 Defoaus! sigrrafsa whith are arpoaltput ©f photodeteetion detection
system 90b of focal position detection system (90a, 9Gb), are sent. to

maifrcontrolie? 207 M BoRfrb e ST RS tHa mgverhent BeZogle disclosed
R e e B e P S AR e 18 e,

in a two-dimensiona

Ioh' s
al'laws™ in"designa

lly incorporated ‘ere- in by

e C&X 8.I‘]&1

direction_ (that Is, rotat_on "1

10 direrti=0npvia stageicenteol anitrksarcwalef U.s. Patent No. 5,448,332,
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and the system includes irradiation system 90a,
photodetection system 90b, prisms 447 and 44B, and right angle
prisms 46A and 46B. The focal position detection system will
be referred to as focal position detection system (90z, 90b)
in the following description. As long as the national laws
in designated statesvor elected states, to which this
internationalapplication:ﬁsapplied,permit,1ﬂmadisclosures
oftheabovepublicationandlhs.E%tentarefullyincorporated
herein by reference.

Defocus signals, which are an output of photodetection
system 90b of focal position detection system (9Ca, 90b), are
sent to main controller 20.

Main controller 20 controls the movement of Z tilt stage
30 and wafer holder 70 in the Z-axis direction and the
inclination in a two~-dimensional direction (that is, rotation
in the Ox and Oy direction) via stage control unit 19 and wafer
stage drive section 24 when scanning exposure (to be described

later) or the like is performed, based on defocus signals such



oL reain coniiojer 0. Whiaf i3 Plade R 0L WoIALoN (or

stage drive section 24 when scanning exposure (to be described later) or

the like is performed, based on defocus signals such 67 as the 3-curve

signal from photodetocnnion system 90b so that defocus equals zero.

That is, main controller 20 performs au'_o-focusing (automatic focusing)

and auto- leveling in which the imaging plane of projection optical system

Pt and the 5 surface of wafer W are made to substantially coincide witrrll

each other within the irradiation area (the area optically conjugate wit

the %gngﬁgtigﬁ g}lé:g Eélessgzﬁklf)léad.il eqa{ﬁi%rrg; 8?‘%?%%%@0%@& IE,yWem 90b so that
contelling the movement of £ tilt 8-age;30 and wafer holder,70 ysing performs
focal position detection 10 system (90a, 90b). Details on this operation

will B& desériived:; later imthedescription: g ng is arblockdiagrameofiany in which
arrangem,ent of a control system of exposure apparatus 100, with the

arrahgément atfall-6Mmittedt THE CoRftblSystem s frainly coRfiosBa ofnd the

microcomputer) or the like, and stage control unit 19, which ]?)lp\érgft%gncj‘de with
underttie canirol of Main conteller 20, Other thandhe seqtians described.: 5 411y
so far, main controller 20 connects to a memory 21.. Within memory 21,

the 2O foN6WirRy iridrmdtion is Sforedrinformatiom dor chlcutatingewatesrlier) of
tem[laﬁrezture di%tributi n (for example, computation formula or table data)

within the Projection ared bf the  pRifefrCor Water Waretorfe @y eafief of 2 tilt
. . : LIE T Patte . e |
opticallyconiygate; with-the illumination @fﬁ@%gfﬁ%g*m%% ition derection

illumination 25 light IL is irradiated, or in other w wit ra n

1 Oares g therwaférawhetsiluminationilight dnischis operation will be

described, later in the description.
Fig. 6 is a block diagram of an arrangement of a control
system of exposure apparatus 100, with the arrangement

partially omitted. The control system is mainly composed of

15 main controller 20, which is made up of a workstation (or a

microcomputer) or the like, and stage control unit 19, which
operates under the control of main controller 20.
Other than the sections described so far, main

controller 20 connects to a memory 21. Within memory 21, the

20  following information is stored: information for calculating

25

water temperature distribution (for example, computation
formula or table data) within the projection area of the
pattern on wafer W referred to earlier optically conjugate
with the illumination area of reticle R where illumination
light IL is irradiated, or in other words, within the
irradiation area on the wafer where illumination light IL is
irradiated via the pattern and projection optical system PL

on exposure, based on temperature difference obtained from



irradiated via the pattern and projection optical system PL on exposure,
based on temperature difference obtained from 68 the measurement
results of Lemperature sensors 38A and 383 and information on the flow
of water (flow speed and flow rate) under lens 42 while scanning
exposure is performed (to be described laggr) ; information (for example,
computation 5 formula or table data) for calculating temperature change
coefficients that corresponds to_the change in aberration (for example,

best focud position clirvatiré L&)}. ifiagé p A(iriciiding inciifiatigw of 64 and 362
"ﬂag%£ﬂ§ﬂ%bEMQ@@%QL@PQH%QQQK%P%%hgg%glofP¥%R@%§Q&' a pElow rate)

: a
projected within 10 the irradiation area, and measurement errors o

focal positiohedeteation.gystem £90a90h) oseyuingdueitd therrormed (to be
temperature distribution; and other information. Such information is
obt&lRéd - B@danice! based on simutatioarreshilts oethendike., 15Fheutat ion

reason why an aberration chan ccurs in the pattern image projected
“on the iHAdALSH aFéagbgﬁwda"f‘éCrg&r?W iFFadiating Hitbhfin&FOrRgHt tu TAlc change

be b | | inclination.of the, i lang inthe, .
scanming drection a6 ah exaE, 1ol NG 1 Fos TA S S SCFig- -7 (201

7A shows the temperative distrifaution;(temperaturet cariowr) of the water
on wafer W when the water exists on wafer W and the relative speed

betWedR prdiBEtctdptital ysiéme PLoandthelWwater izerosthat iplieaical
statggg}eﬁrgtvxggr Véln E?%E?eaﬁf'g }E%Wﬁe{ flow oceurs, and wafer W is

heated due fo 35 illimination light 1L irradiSting the Irathstion Bfex Grted within
10wafenW.drFigiitA referenceletteh § INMICAteSAIOMN crrors of the focal
position detection system (90a, 90b) occurring due to the
temperature distribution; and other information. Such
information is obtained in advance, based on simulation
results or the like.

15 Thereasonvﬁgzanaberratimlchangeoccursinthepattern
image projected on the irradiation area on wafer W by
irradiating illumination light IL will be briefly described
below with the inclination of the image plane in the scanning
direction as an example, referring to Figs. 7A and 7B.

20 Fig.'H%showsfjuatemperature<jistribution(temperature
contour) of the water on wafer W when the water exists on wafer
W and the relative speed between projection optical system
PL and the water is zero, that is, in a state where wafer W
rests and no water flow occurs, and wafer W is heated due to

25 illumination light IL irradiating the irradiation area on
wafer W. In Fig. 7A, reference letter C indicates a low

temperature section and reference letter H indicates a high

temperature section. As is shown, when the temperature



temperature section and reference letter H indicates a high temperature
section..As. is shown, when the temperatureZ69 s ribut4or of the water

crnanges by the irradiation of illumination light It, it becomes the cause of
a change in the best focus position, and the cause of changes such as
spherical aberration, astigmatism, distortigyy and the like 5 in the pattern
image projected within the i_rradia-lion area on wafer W. In this case,

because the temperature distribution in the vicinity of the irradiation area _
is §/lrﬁm3é%nc%‘hﬁ€ b tf%%ﬁs%%gﬁibn%?%%ﬁﬁﬁ @on@%n&aﬁ%ﬁéaul@ﬁ of
SC&DPEMF%F@QBr(thfilaﬁalﬂfecf@nkpé &%B%gecgﬁg sgrface of E 9, 7c ange in

point P_" and the best focus position of a point on the other end in the

scanningedirgction cpeinbBp,i atenf thensame positiostherefertinges such as

inclination of the image plane does not occur in the scanning direction.

TheeRifperaturediSiEiBaticrPof tiesiamnis Actlimitidstocthel ¢5 omend the like
5sho]xq/\{ln !t Fig, 7A, and there ma)gbe a case(gvhe‘re a temperature chancre

occurs whendffuntination HgtILEE 2bS6rbe _ b@?tﬁ@%gfe’??aﬁ&ﬁ?éﬁat ton area
temperature of the waterneas the, i of Jrajegtion QB%Caééé{étgP}iE&re

becomes higher than the iemperature of the water close to the surface of
wafer W.r20 Meanwhile, inteestatewhetesthefretative speed between area is
projection optical system PL and the water is not zero, for examn'-e, in

the TAEBHE Water flowiat s predetsintine@ speedTin gfd_i@gmmﬁqiﬁati@ne end
by sha s B M e vl tesed b luminalonla L .
100r therwater @ wafer t results.as is:shownindrign22,88d, als0,s position of
a point on the other end in the scanning direction, point P,,
are at the same position, therefore, inclination of the image
plane does not occur in the scanning direction. The
temperature distribution of the water is not limited to the
15 one shown in Fig. 73, and there may be a case where a Lemperature
change occurs when illumination light IL is absorbed by the
water, and the temperature of the water near the tip of
projection optical system PL becomes higher than the
Lemperature of the water close to the surface of wafer W.
20 Meanwhile, in a state where the relative speed between
projection optical system PL and the water is not zero, for
example, in the case the water flows at a predetermined speed
in a direction indicated by an arrow F in Fig. 7B, when the
wafer is heated by illumination light IL irradiating the
25 irradiation area on wafer W, the temperature distribution of
the water on wafer W results as is shown in Fig. 7B. And, also
in Fig. 7B, reference letter C indicates a low temperature

section and reference letter H indicates a high temperature



in Fig. 7B, reference letter C indicates a low temperature section and
reference -wetter H indicates a high temperature 70 section. In this case,
the temperature distribution of the water in the v=ci.nity of the irradiation
area i.s obvious-y asymmetrical. Therefore, when this asymmetry of the
temperature dirt i_bution is ignored, the best focus position 5 of the point
P2 on the other end in the scanning direction (the lateral direction of the

age surface of Eig. deviates to a pqint AZ upward from the surface
gf \g/]vgaef((a%:{ \}V?r\}vhileft%ez‘%}égt focus ’po?skl}fac?r% gfmﬁ)o?ﬁtigﬁiro% the’drid grg P of the
the searningrdirection coingides with the surface,otwater W, The reason, : s
10 why the best focus position of point P2 does not coincide with the
surfaggofavatéronlis bétarisefthe waterkeated by the heat fiom the the
wafer moves from point P,, to point P2. In. this case, the closer itis to the

upstreBhr&ias (& pasition e PdiRt 1) Euid fatet iwhRpfrofPcus position
upsheam is argdomipant, whergas, 13 fhe dloser i s e the
2 . ) e

) éc?nnin_ direction (the
downstream side (a position near point a |

€} ]

ed water is'more

dominasat: When thectemperature ndistribytion is-as, showr i Fig. 7B 8 oviates
difference occurs in the best focus position of point P1 and point p2

becagse temiperatifewhienge (femperaturesdistibution)corsesponds tohile the

20 the change (distribution) in refractive index. Acccrdingly, in this sense, ‘
changes %ngff 54 68U iR btRér BBERAIBAL NspisiCAI A& fation the scanning

astigmatism; distarion,. and the like, ,correspopding tod hv?atg mperature, reason

distribution. As is previously described, because there may be a case
10whereya 2bdemperafurechangs dersavhen i-uminatieB gt isincide with
absorbed by the water, and the temperature of the water near
the surface of wafer W is because the water heated by the heat
from the wafer moves from point P, to point P,. In this case,
the closer it is to the upstream side (a position near point
Pl),coldwaterflowingfromupstremnismoredominant,whereas,
15 the closer it is to the downstream side (a position near point
P>), heated water is more dominant. When the temperature
distribution is as shown in Fig. 7B, a difference occuré in
the best focus position of point P; and point P, because
temperature change (temperature distribution) corresponds to
20 the change (distribution) in refractive index. Accordingly,
in this sense, changes may also occur in other aberrations,
spherical aberration, astigmatism, distortion, and the like,
corresponding to the temperature distribution. As is
previously described, because there may be a case where a
25 temperature change occurs when illumination light IL is
absorbed by the water, and the temperature of the water near

the tip of projection optical system PL becomes higher than

the temperature of the water close to the surface of wafer



the tip of projection optical system PL becomes higher than the

temperature of the water close to the surface of wafer 71 W, the .

temperature distribution of the water is not limited to one one ;hoyvn in

Fig. 73. As is obvious from the description above, aberration d_|str|_but|on

(such as, focus distribution) caused by the7 5 temperature distribution of

the water within the illumination area depends on the direction ogthe ;Natewr

flow, In ition, when there is a water flow between lens 42 and wafer W
prev@éugs%eggﬁﬁg&ap%gseur%ldff%frle%gg J(’)%Eu%g befiedd g upstréath 1imited
and downstresnesides: i otherwgrds; 40 the pressure on the

downstream side is more negative compared with that on. the upstream

side. That is}#he pressuteotthérwatertbetween prejection aplical SYSiBRY- ration
PL adnd waferW changes, and such pressure changes the position of lens

42 St WAfer - SWhictF tHeh GatiseS @Befrafion ebirespomding tatheed by the

5posigig1qﬂe‘3_r\giglaipeﬂ}§iiglérp'irbqgign (%egggé[%h as the change.in the best

focus position, or causes control error In & gﬁoﬁgcﬁé ﬁnattﬁc?-lé&&wnatlon
In additiondithe-pressure distibutionsinthe, seanning diregtion relates
closely with the speed of the water referred to above, and changes In
accordanceWith ¥ séarning 2enspéed-of wafer Wi tthe siipply oeantyyrofl ens 42

the water (liguid) and the like. Accordingly, within memory 21, table data
(or %%#eﬁvl%gﬁgn o?rﬁﬁl‘é%?%%t%r&fﬁ%f%ﬁ@deﬁﬁ@§§%ﬁn§l§§@e@@ﬁe occurs

the maferand the-supply guaptity,of t@%%%rﬁ%%%S gda 18 gor p?r? rrc‘aectﬁresg’ words,

for calculating a pressure change coefficient that corresponds 16 the

10chahbe inabesrationsfsuche downstream side is more negative compared

with that on the upstream side. That is, the pressure of the
waterbetweenprojectionopticalsystanPLandwafechmanges,
and such pressure changes the position of lens 42 and wafer

W, which then causes aberration corresponding to the position

15 within the illumination area such as the change in the best

20

25

focus position, or causes control error in the auto-focus and
auto-leveling. In addition, the pressure distribution in the
scanning direction relates closely with the speed of the water
referredtx>above,eﬂuichanges:U1accordancevnij1thescanning
speed of wafer W, the supply quantity of the water (liquid),
and the like.

Accordingly, within memory 21, table data (or
computation formulas) is stored that include the scanning
speed of the wafer and the supply quantity of the water as
data (or parameters), for calculating a pressure change
coefficienttﬂmﬂ:correspondstoiﬂmschange:ﬂ1aberration(such
as best focus position, curvature of field (including

inclination of field), spherical aberration, and the like)



as best focus position, curvature of field (i cluding inclination of field),

spherical aberration, and the like) la within the irradiation area. Such table

data (or computation formulas) is obtained, based on the results of

simulation that has been performed in advance. The pressure change

coefficient also includes aberration changé gomponent, which 5

corresponds to control error in the surface position of wafer W. Within

e IR O e I o, e R L rut at don
above, which include temperature cﬁange coe?nc:lent and pr »sél?rﬁ
changeeoefficientas dO-parameters; arerlsorstored. A s€rigs ofi 1,1 ot 1on that
operations in the exposure process of exposure apparatus 100 in the
emBotimefAthaving e rerrangemeht deseribed above wilkbe desaribed:

next, referring to Figs. 8A to IOB. 15 As a premise, reticle R is to be .
Ioacf’e%lecj)(;:r‘;E %egiic?élgt RETFCMAGHtiBR SWafer SPiye WP R feBeonent, which

spositioned at the; wafer exchange position, and wafer Wis to be loaded

10

15
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on wafer holder 70. Then, in the same manner asin a tyﬁi%a?gcélnnlng

stepper, 20 preparatory operations, which are predetermined, are

performed, such as reticle alignment, using a reticle alignment system |
(no"-shown)ié Alighifient detectiorrsystdras a;nId ﬂ@@pléhmarﬁptateeﬂ\dulatmg
pre\gguslé/bde%s%iped and wafer alignment, as in baseline measurement

of an alignment syjé?ehrﬁ hot Showrn) aht E&A @H’rﬁhée‘&cé}b%%l temperature
Aligament). Theos whenvaferalionmenthasbeancompleted: Malle, .

parameters, are also stored.

A series of operations in the exposure process of
exposure apparatus 100 in the embodiment having the
arrangement described above will be described next, referring
to Figs. 8A to 10B.

As a premise, reticle R is to be loaded on reticle stage
RST. In addition, wafer stage WST is to be positioned at the
wafer exchange position, and wafer W is to be loaded on wafer
holder 70.

Then,jjzthesamenennerasjjxatypicalscanningstepper,
preparatory operations, which are predetermined, are
performed, such as reticle alignment, using a reticle
alignment system (not shown), the alignment detection system,
and fiducial mark plate FM previously described, and wafer
alignment, as in baseline measurement of an alignment system
(not shown) and EGA (Enhanced Global Alignment).

Then, when wafer alignment has been completed, main
controller 20 then gives instructions to stage control unit

19, and moves wafer stage WST to a predetermined water supply



5

controller 20 then gives instructions to stage control uni= 19 and moves
wafer stage GIST to a predetermined water supply 'J 3. position. Fig. 8A
shows a state where wafer stage WST has been moved to the water-
supply position. In Fig. BA, reference letter PU indicates the position of
the tip of barrel 40 of projection unit PU. Iry the embodiment, the water
supply 5 yoSi.tion is set t.0 a position where pro ection unit I?U S
positioned directly above fi.ducia'_ mark plate FM. Next, main controller

20 starts the Operation ‘olgl‘?qﬁiﬁogﬁp‘f)lﬁﬁﬁﬁe].?’ B84l as dperisaeST has been
group.62ate a E@?Qe&%%@e%‘?ﬁ!ﬁwng&e S 19 .SungAy water fé%m aél?ference

the 10 supply nozzles 34. Then, immediately afterwards, main  controlle

20 starts the operatidn of vasutmeexhasist unih 76 ras wellascompletelye 1 40 of
open valve groups 62d and 62e, and begins -vacuum exhaust via eac.h of

the BXRAEE pipsds 54 afkd BixiliaFy: rebeveryipiptsBoltto 604: Inadditionupply
duriggss,ugh olg)erationstlé main. controller 20 begins local air conditioning

L

in the vicinity ofllfdu%esuppcfylﬁréglﬁgglécﬂ‘lﬁi’f‘35?@*80&?&@@@?%-9& fmit PU is
congisioning meehanis 86, in this manner, by: supplying ?ﬁaw,%t% to

the space on the image plane side of projection optical sy tem. PL while
exhausting thexgas irethe spade; ot 20 anlyseantbe waterdhe filed on of 1iquid
smoothly in the space, but it can also prevent inconvenient bubbles and

gas VOIS Hom™ FemdifirdFort felinfeyedpIane sidelofprajeetion opticalo a

sys And, wh redetermined period of time Ia_pses,'the_' 25
subﬁg‘%\%%tljy closel)% fp%%ép ep%z‘;lftithonndeé3 by ﬁ&lf’ld%guﬁbl@? difseinit 33m a1l the

10andshesuifage of fiducialmarkplate immediately afterwards, main

controller 20 starts the operation of vacuum exhaust unit 76
as well as completely open valve groups 62d and 62e, and begins
vacuum exhaust via each of the exhaust pipes 54 and auxiliary

recovery pipes 60, to 604. In addition, during such operations,

15 main controller 20 begins local air conditioning in the

vicinity of liquid supply/drainage unit 32, by controlling
air conditioning mechanism 86. In this manner, by supplying
the water into the space on the image plane side of projection

optical system PL while exhausting the gas in the space, not

20  only can the water be filled smoothly in the space, but it

25

can also prevent inconvenient bubbles and gas voids from
remaining on the image plane side of projection optical system
PL.

And, when a predetermined period of time elapses, the
substantially closed space partitioned by liquid
supply/drainage unit 32 and the surface of fiducial mark plate
FM is filled with a predetermined amount of water. The water

supply amount immediately after the water supply starts is
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FM is filled with a predetermined amount of water. The water supply
amount immediately after the water supply starts is %4 set to a low level
so that the water does riot leak outside from a clearance (gap) formed
between projected section 32g of peripheral wall 32f and fiducial mar_k
plate FM due to the force of water, and atthe stage where the water is
filled 5 up to the height Ah and the inside of liquid supply/drainage unit 32
becgmﬁes a comjpcl)e‘;tieq closed %patce, the water supply amount is set to a

high Tevel: Main"coftroffé 20 fitay @%rﬁ#%u@ﬁg%tfﬂﬁeéf Water sGpplyoutside
ameuntby-adiusting te-degres, ot gpening;of @@g@xlag%ﬁﬁvg&veedggoeu tion 324

62a, or by controlling 10 the water supply amount itse iquid supply

unitoZ2 pmieldiately after the watensugply starts,, the watgn supplyM due to the
amount may be gradually increased, or increased step by step. In any

caseoWhen e WatersupbiFreaenes deptirAR, theesgadd partiticned by £illed

liquid supply/drainage unit 32 and the 15 surface of the water becomes .
u?wdle? n%e%a i@%a&régﬁ‘r& }%ﬁwiéﬁl uppP6its Be-BigHt of tHe WhteH RighinsE rainage

the uiiside of Higuidmsupplyldrainage 4nis 32 due. to g};?a\@é:,u u%gu%té% r supply

force of vacuum exhaust unit 76, that is, the negative pressure raises the
watenfevet.. Aecordingly awhiemtheswater supplyramaunt 20 is mqeaﬁeg} perform
after the water supply reaches depth Ah, the water becomes difficult to

leak 16th thé Tieataiice foffAdd GnElBPprdjetted 8échioh 324wt peripheral degree
walg%zgggﬁgggi% gqag}ils\pﬁ%b%a‘gs \tfr%e ﬁkeigégn%% is around | to
[ [ alr 3zf

a, QL §5:ontrolling
2mm, the water is also held within periphera p_rofec e
secting 32g) by its spfage fension. Whee the predetermined;spacs,1v unit 72.

between projection optical v
Immediately after the water supply starts, the water supply
amount may be gradually increased, or increased step by step.

In any case, when the water supply reaches depth Ah, the
space partitioned by liquid supply/drainage unit 32 and the
surface of the water becomes under negative pressure, which
supporbstheweightcﬁfthewater,againsttheoutsideof]jquid
supply/drainage unit 32 due to the vacuum suction force of
vacuunlexhauét unit 76, that is, the negative pressure raises
the water level. Accordingly, when the water supply amount
isincreasedafterthewatersupplyreachesdepUnAh,thevater
becomes difficult to leak from the clearance formed under
projected section 32g of peripheral wall 32f. In addition,
in this case, because the clearance is around 1 to 2mnm, the
water is also held within peripheral wall 32f (projected
section 32g) by its surface tension.

Whenthegmedeterminedspacebetweenprojectionoptical
systemEEJandfiducialmarkplateEﬁﬂhasbeenfilledwithliquid,

main controller 20 then gives instructions to stage control



system PL and fiducial mark plate FM has been filled with liquid, main

controller 20 then gives instructions to stage control 15 unit 19, and

moves wafer s'_age WST so that the t_i_p of projection unit_ P | is

positioned at a predetermined cos'i_tion above wafer W. In the case

wafer stage GIST moves from the starting7gos _' Lie ---I of water supply

shown in Fig. 8A, an immersion area under 5 projection unit PU wi_II pasi

througk bordey of auxiliary. plate 22a and wafer W, however, since the _
surflglgg t(t) A |3F{/mglgtee82‘§aa)%aér)1% ?%(53 €4 r?é%g SFwter W e dimost tHe Ject ion

samgnheight apdibe gaphetwesn Q%ﬂ@@é@@ﬁ%ﬁ@@%‘é@@ié’}{ i%}gﬁve wafer

around Imm, the water held under lens 42 can be maintained. 10 W
peripheralraiitis drawmwatdeach af slitss32hd e s32hdnby vacutsm stetiopos it ion
via slits 32h1 to 32h4 referred to earlier, in the case no countermeasures

are takélf ithay Cabs aif "RifBuléfcd a8 wellFas level The presenreasftheunder

sp the . ide of each-slit to a ative pressure, a dvv_hen o
5suc @1 r?egggalti%\%v?)lrrr&:-sggur%U o%m?r%,‘?ﬁe%o%a ﬁllglgég?t ﬁeew Perr%%diqﬂé auxiliary

from the clearancedgapi nder projecied: sectign 32g,ef peripheralwall |5 1 4 ry

32f becomes higher. In the embodiment, however, air condition_ing
meé&Hariisnt86 refetred 2osearfierceffettivefiesuppresses suettaithe same height
turbulecp%%and ne)%ative 20 pressure from occurring in the vicinity of each

e

slit, Vis gas© stpply o7 7HEL 883t 854/ oP the ke g2 DSHEwWS4 dfafes around

wherie-he inside ot liguid supply/diaingge uniy 32 s filled with the water |
reaching a desired depth on wafer W, and the iImmersion area is forme

1025 on a partiobwater\Wthatincludes the projectiomarea at Prejection: s 32n, to
optical system PL. And, exposure operations based
32h4byvacuumsuctlonviaslits32h1t032h4referr@jtoearlicr

er,
in the case no countermeasures are taken, 1t may cause air
turbulence as well as lower the pressure of the space on the
lower side of each slit to a negative pressure, and when such

15 negativepressureoccurs,thepossibility<ﬁfthewaterleaking
from the clearance (gap) under projected section 329 of
peripheral wall 32f becomes higher. In the embodiment,
however, air conditioning mechanism 86 referred to earlier
effectively suppresses such air turbulence and negative

20  pressure from occurring in the vicinity of each slit, via gas
supply nozzles 853 and 85; or the like.

Fig. 9 shows a state where the inside of ligquid
supply/drainage unit 32 is filled with the water reaching a
desired depth on wafer W, and the immersion area is formed

25 on a part of wafer W that includes the projection area of
projection optical system PL. And, exposure operations based
on a step-and-scanmethod are performed in the manner described

below.



on a Step and scan m thud are performed in the manner described below

. 76 More specifically, under the instructions of main centrol!.er 20, stage

control unit 19 moves wafer stage ST via wafer stage drive section 24,

based on wafer alignment results, to the acceleration starting position for
exposure 5 of the first shot area (first shot),avhich serves as a first divided

area on wafer W held on wafer holder 70. When wafer stage WST moves

from the water su iti liquid suppl sitio.ng to tne acceleration
starting po?ijit?o%%rg%)e%éeg %E% %v / mgfhc%gnt?col &r 2 Ss%arrFsCt Jéoonpsergfoﬁnam

of liquid-k® recovenyoynit 74 s welhas-epens atleast ope,valve 62.9f <+ 1qe wsT
valve group 62b to a predetermined degree of opening, and recovers the

watér isideliquid sapplyfbrainage emit32wia drecoverypipes 52And ®hignment
such o e{ation, selection of valve 62b used for the recovery of water and

adjistment of tHe d&dfed TS bf 5péningin 8aeh vaie 625 afe perfdmiedxposure

550 that the.inside; of liquid sypply/draipage ynit, 32 is filled, with a constant, First

( , %hlch.ﬁ%rVﬁ$ a&
amount of water at all times that makes the water surface higher than the
lowe surface eflensA2 win this case: main controlier 20 may,complet@lyer warer
close 20 valves 62a that correspond to supply nozzle 36, which are
located %t d'positiorbesidestié reapside cfyirpjertion uniti PU ifltheuid supply
movigg PJ[i:recti(in Tg)(f) vvtag‘%r_ gtgge WST (wafer \g/% and open valves 62b that

corfesponid 10 recovery pipes 52 Which Carelotated i & pSsitidrdntheerred to

ﬂmﬁ%ﬁk%Qfmgkﬁﬂ@Bﬂ%@éﬁﬁ%gi@@h%gqugiﬁﬁ%j%@eég%ion oﬁ liquid

predetermined degree of opening. This operation creates a water flo

10undepdense4? unit 74 as well as opens at least one valve 62 of

15

20

25

valve group 62b to a predetermined degree of opening, and
recovers the water inside liquid supply/drainage unit 32 via
recovery pipes 52. And on such operation, selection of valve
62b used for the recovery of water and adjustment of the degree
of opening in each valve 62b are performed, so that the inside
of liguid supply/drainage unit 32 is filled with a constant
amountofwateratalltimesthatnﬁkesthewatersurfacehigher
than the ‘lower surface of lens 42.

In this case, main controller 20 may completely close
valves 62a that correspond to supply nozzle 36, which are
located at a]positioh.besides the rear side of projection unit
PU in the moving direction of wafer stage W3T (wafer W) and
open valves 62b that correspond to recovery pipes 52, which
are located at a position on the front side of projection unit
PU in the moving direction, at a predetermined degree of
opening. This operation creates a water flow under lens 42

that moves from the rear side of projection unit PU to the

-

ront side, in the same direction as the moving direction of



that moves from the rear side of projection unit PU to the front side, in the

same direction as the moving direction of 77 water stage WST, while

wafer stage WST is moving. And, also in this case, it is preferable for

main controller 20 to set t :e supply amount and the recovery amount of

the water so that the inside of liquid supply/drainage unit 32 is always

filled S with a constant amount of water that makes the water surface

hi e low rface.of lens 42, while exchanging the water
cognhgéé%?w e ew‘%é{ftésiltJ ’\NW?\?vla?fgr gt%g]ég %N%ﬁ%%s%e%nlr?\&%ﬁﬂﬂhe And, also
accelgrationsstasiing position describedabove stage;contrgl JOYRIL19, o o o oy
begins relatively scanning reticle stage R 'I' and wafer stage WST m_the

Y-a%i5 direttiphwiarteticle stagetdrive sectien t laandiwaferrstage dever so that
section 24, in response to the instructions from main controller 20. And,

when Both $tdtjes @é#%ﬁd\ﬁg‘?ﬂ%ééﬁ%ﬁﬁdﬂ@eﬂ@éénﬁiﬁg@@édi afg filled
=15 mavs info:a fansiapt speed, svashionous stgte mination, lign 7L

£
(ultraviolet pulse Tight) from illumination system 10 begins toillTmitate th§ r face

pattefryares afireficler, and: sganning £xposure1keging, Stage £ontrok ohanging
unit 19 performs the relative scanning referred to above, in response to

the 2DSnstructibns $towt ATdin gontroller 20, by controlling ret-._clg stage
drive sectio% 11 and \%/afer sta&e drive section 24 while monitoring the

5 ferferometeteLd 2Ry refidle itBHermiaer to the

measurement VAIUEE of vafer i
16 M@M@yéb’ad@ﬁ&ﬁqi%ﬁ%%‘i%‘é@w% ]dgeg%ggrk%_s SY %r\]frg nous, ggcontrol
control, 25 especially during scanning exposure described above, so that
- L0the YraXisldireetidmmaving speed Vrsofseticlestage RSEanth ge RST and wafer
stage WST in the Y-axis direction via reticle stage drive
section 11 and wafer stage drive section 24, 1in response to
the instructions from main controller 20. And, when both
stages, RST and WST, reach their target scanning speed and
15 move into a constant speed synchronous state, illumination
light IL (ultraviolet pulse light) from illumination system
10 begins to illuminate the pattern area of reticle R, and
scanning exposure begins. Stage control unit 19 performs the
relative scanning referred to above, in response to the
20 instructions from main controller 20, by controlling reticle
stage drive section 11 and wafer stage drive section 24 while
monitoring the measurement values of wafer interferometer 18
and reticle interferometer 16 previously described.
Stage control unit 19 performs synchronous control,
25 especially during scanning exposure described above, so that
the Y-axis direction moving speed Vr of reticle stage RST and
the Y-axls direction moving speed Vw of wafer stage WST are

maintained at a speed ratio corresponding to the projection



the Y-ax.s direction moving speed Vw of wafer stage WST are
main-.ained at a speed ratio corresponding to the projection 7Z
magnification. of projection optical system. P_,. Then, different areas in
the pattern area of reticle k are sequentially illuminated by illu-nination
light IT_, and when the entire pattern ared tas been illuminated, scanning
5 exposure of the first shot is completed. BV this operation, the .pattern of

reti IS~ nd transferred. onto the  first shot via projection
985%§f§93%§%§-9E ﬁﬁt@ggtloqe%ﬁﬁﬁgé% E%%Hl%

optical’'system PL. On scannin posu t SHSt on wafer W

described abeve, inthe samemannes asiwhenwafer stage Wad, 10r retricle R
moves from the water supply position to the acceleration starting position

desétiled aove, trhaihlconirbllien2@ atpstd the tégreeneftopening.ght 1L, and
(incllﬂing a fully closed state and a fully opened state) of each valve

conéfititing VaNE grotpsP 834 Bh 651 S0 thit A5Fater fidwis-Breatéd Scanning
sundekiens gz 1a-thatineves.fron, dhe fear s of plejectigh YNLEUAG. ration,

the front side in the scanning direction, that is, the moving direction of

wafen¥ patthe samerdireetiof as the mewng cdirection efwafee M (£¥ onto the
direction). Nig. -CA is a simplified view of the vicinity of liquid 20
supplyfdrairfaietunit-32 ar succa point Pl diréctiorséfaineP ater flow at
this point isége same as scanning directio%;] SD of wafer W (+Y directi%?,

er W

and the water flow speedis Greater thar? the-Sanhidg Spedd o Warel
Thesefore, thewates flows:abquewater Wofrom the left gide to 1obe right o yqr

side 25 of the drawing, and theil_umination area of illum_nation light IL on
10the surface bf the water (thegrojection aremefitheon to the acceleration
starting position described above, main controller 20 adjusts
the degree of opening (including a fully closed state and a
fully opened state) of each valve constituting valve groups
62a and 62b, so that a water flow is created under lens 42,
15 that moves from the rear side of projection unit PU to the
front side in the scanning direction, that is, the moving
direction of wafer W, in the same direction as the moving
direction of wafer W (+Y direction).
Fig. 10A is a simplified view of the vicinity of liquid
20 supply/drainage unit 32 at such a point. The direction of the
water flow at this point is the same as scanningAdirection
SD of wafer W {(+Y direction), and the water flow speed is
greater than the scanning speed of wafer W. Therefore, the
water flows above wafer W from the left side to the right side
25 ofthedrawimg,andthejjiuminationareaofjjjuminationlight
IL on the surface of the wafer (the projection area of the
pattern on reticle R via projection optical system PL) is

always filled with a predetermined amount of water during the
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pattern on reticle S via projection optica-._ system PL) is always filled
with a predetermined amount of water during the 79 scanning exposure
(the water is exchanged at all times) In this case, the water may leak
outside from the front side of projected section 329 of peripheral wall 32f
in the scanning di_.rer_.tion, depending ondhe flow speed and flow rate 5
of the water, however, the water that leaks out is sucked up into slit
32h_3 due.to caeg)illar}églhenomenon as well vacuum sacked by vacuum

exhatst unit 76 Vi auxillary tecovely pipes 36%)3?%%%%‘65{%@ Sutsideimes) -
Thatk%reg@ﬂﬁ@gﬁﬁeé&@@anhQWEQWQ}QB¥§ﬂ§%Q&tgg&%%&%t?%E%QQQF front
riot be recovered 10 by recovery pipes 52 provided on the opposite side o
supplipipes 58 and spilledseutsitdepesipheral wail:32¢ghisrecovered 32 in the
(removed) -from wafer W by auxiliary recovery pipes 603. In addition, as is
ShoWrfiR Fig Ikt fif thecCasé BUBbIgs né?@f@)uﬁd@infth@mamfr%mmﬂi@d? low rate
or supposing that bubbles 15 are generated just after the Water_supply is
per%gmtc‘c;%ﬁ3 t%é%gﬁgé tr}?‘éj ggg&r(ne%%%vgap% sUré%pacey festrited S~ sucked up

earlierds avaiable.onthe upstream si lens 42 byhbles are, QPé'S%‘iﬁg sucked

within the space so that they do not reach the area underneath lens 4
whérythearelativessperdsof the iwatéwith 20arespactde waferWdees Pebes 605,
exceed a certain value (normal usage state). That is, because bubbles in

the Witer 416" E5iltette P BEREEH sUPPI pipes arPiéns dRntheydo AGENNing
reagf) ,{be.aeq bepwaen leans42.40d wafer i, which mea

bubbles do not deteriorate the'image of t%lélpat-ern proﬁe%?e%ﬂr?'\stttol‘%eﬁvﬁ%over ed

W. ncidentaliy @yggonyemay berproviged omthelowslnosite side of supply
pipes 58 and spilled outside peripheral wall 32g 1s recovered
(removed) from wafer W by auxiliary recovery pipes 60s3.

In addition, as is shown in Fig. 10A, in the case bubbles
are found in the water supplied, or supposing that bubbles
are generated just after the water supply is performed, because
the space (negative pressure space) described earlier is
available on the upstream side of lens 42, bubbles are
collected within the space so that they do not reach the area
underneath lens 42 when the relative speed of the water with
respect to wafer W does not exceed a certain value (normal
usage state). That is, because bubbles in the water are
collected between supply pipes and lens 42, they do not reach
the area between lens 42 and wafer W, which means that the
bubbles do not deteriorate the image of the pattern projected
on wafer W.

Incidentally, a groove may be provided on the lower
surface of lens 42 in an unused space, that is, the space where

exposure light does not pass. In this case, even if bubbles



surface of lens 42 _n an unused space, that _s, the space where

exposure fight does nor pass. In this case, even if bubbles 80 ".each the
area between 'Gns 42 and wafer W, beC:3 use the croove captures the
bubbles, it can prevent the bubbles from reac:iing the optical path of the
exposure light in a more secure manner. Buring the scanning exposure

described above, because 5 exposure needs to be performed in a state

thrg gj&@] i&lHéninatiqnbaég% 6(}:»gnwg;lfer W §ubstgntla¥y coincides with the

imaging plane of projection optical yatern P niin %&Wr’olfé???@lse the groove
perfosms aste-fosusing.and auto-leveling in-the-mannes, deseribed below, . 1,4 ¢
from a. to f., based on the output of the 10 focal position detection system
(90&180bY. &l Malinceoritrolfer B8 takes inumedsigement valuesokecure manner.
temperature sensors 38A and 38B during scanning exposure, and

calculates t@Mpersure BiffsreRte AT, WARDEIS Re CRpfperag fealiffarencecause

bet t ' d and the 15 downstream side end of th
5 e‘é@ %éhlﬁ”gp%.é%‘gs e%% ﬁeg%ormeg dir%cﬁoﬁ@%%aedd{ cre ﬁ%e

irradiation area on the watfer in the scanning ion, ma
controllern2® uses the-itormation for Galouiatingwater tempstafureies with the
distribution within the Irradiation area on the wafer (such as computation
formiiiacktabid dat)cstared is afemory 21,126: in sydercto bbtainthe watetroller
temfgrature distribution by _computation, based on the calculated

temperature diffSrerca” AT " Vi Bfhotint GF the Wa_%é“rgﬂdivﬂnéhe manner
undes iensi42 gbylpaddition, main copgroller Z%QF%%th(g gg{%é?%ggggu £ of the

stored in memory 21 (such. as computation formula or t a and

10calcutate’ the tempenatutetchangercoefficient thatoegrresponds to the
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change "...n best focus position, for examp_e,
a. Main controller 20 takes in measurement values of

temperature sensors 38A and 38B during scanning exposure, and
calculates temperature difference AT, which is the
temperature difference between the upstream side end and the
downstream side end of the irradiation area on the wafer in
the scanning direction. 1In addition, main controller 20 uses
the information for calculating water temperature
distribution within the irradiation area on the wafer (such
as computation formula or table data) stored in memory 21,
in order to obtain the water temperature distribution by
computation, based on the calculated temperature difference
AT and the flow amount of the water flowing under lens 42.
b. In addition, main controller 20 uses the information
stored in memory 21 (such as computation formula or table data),
and calculates the temperature change coefficient that
corresponds to the change in best focus position, for example,
at points on both sides within the irradiation area in the

scanning direction, based on the water distribution obtained.
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at points on both sides within the_rradia-lion area in the scanning
direction, based on the water distribution obtained. 81 In addition, main
,controller 20 uses the. table data or computat.i.on formula stored in
memory 21, and calculates the pressure change coefficient. that
corresponds to the change in best focus gdsition, for example, at points
on boLh, sides 5 within the irradiation area in the scanning direction,

based on the s&aa@@goépe%gfnwgfc%é’!@fﬁé@%ﬂ&%sgp%amggﬂe data or

d. In addition, main controller 20 substitutes the temperature change

coefficientandipressutechange: coefficientehtained respectivelsind1 ates the
and c. above into a 10 computation formula stored in memory 21 for
caliaigite aberdton prévidushrdésdried, sachrasiimties to the change
compu%ation gﬁormula for calculatin%the best focus position, and

calculates the Eat foBUS position, fof ExEFPIE st pdifits® oA'both Siudyth sides
within the rrasiation atea iy erSeanning 13 glreclion, g addiion, main .o g
controller 20 calculates the shape of the image plane (méh ation of the

image planej of thel projection apficah system baseeren the-esultspp1y amount .
calculated in d. above at this point, and sets the target position (sets 20

the Hetectioroffs&l) 5 84ch BeteRtiGIPPGiRP lifradiatibn Spintofithe imaginte

be of the focal position detection system based on the calculation
oA S G TS i i

&S, m trOfieF 58 berfGhAd ftus

ues, main ¢o

conteed and clexeling sentielof wafep\We That is, maincontroller 2025, 1 1+o &

controls the movement of % tilt stage 30 and wafer holder 70 so that the

surfareroftwdferW Sabstahtalytcoircides witmory 21 for calculating the
aberration previously described, such as in the computation
formula for calculating the best focus position, and
calculates the best focus position, for example, at points
on both sides within the irradiation area in the scanning
direction.
e. In addition, main controller 20 calculates the shape of
the image plane (inclination of the image plane) of the
projection optical system based on the results calculated in
d. above at this point, and sets the target position (sets
the detection offset) at each detection point (irradiation
pint of the imaging beams) of the focal position detection
system based on the calculation results, and based on the
target values, main controller 20 performs focus control and
leveling control of wafer W. That is, main controller 20
controls the movement of Z tilt stage 30 and wafer holder 70
so that the surface of wafer W substantially coincides with

the image plane.

f. Main controller 20 repeats the processing a. to e.
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the image plane. f. Main controller 20 repeats the processing a. to e. 82
described above during scanning exposure at a predetermined interval.
As a result, each point on wafer W is driven along the image plane of
projection optical system PL, and defocus, which is generated during
exposure caused by the water 5 temperattite change of the water
between lens 42 and wafer W or the pressure change due to the water

flow, can,he effectively. ;@ngﬁ%?f . When, scannin §xp0s Jgﬁoff}l%sgg%termmed

e Os U
shot on wafer W is com IS manner, stfge con eps

wafen tk)-stage WET yia waferstage ehivesection24.fecexampleginithe, 21ong
X-axis direction in response to the instructions from main controller 20, to

the 'aeeeldrationrstamingpoint forexpbsingthé sedond shet(the skot@réarocus,
ser\V/qiﬂgcaﬁ a second divided area) on wafer W. And on the stepping

operation (MovermeRt 15 spefatibn BetmEEA ﬁﬂﬁ@efﬁﬂéﬁ%fqﬁﬁa@? Stageter
WSTheween, shotsas.well hetween the exposure ofithe first shotand .o

the exposure of the second shot, main controller 20 performs the

opemnicidse ppetationeof racivaliedn-a sindlaraBanner 8§ JNcthesaser rectively
when wafer stage WST moves for exposure from the water 20 supply
postigtPEthe%itceleration starting position. With this operation, even

when durin% the ste(TpéPrilnqu eration between shots, the water is supplied
4 Side

to the spacé below Tens. 42HrGmtRa rear OSidets the front Sifforn water W is

projestion amitaPLhincthe movement ditgclion ol wafer $tage:WSTs andits, arer

amount 25 is maintained at a constant amount at all times. Next, scanning

exposareigiaiforneed fof ¢ire seegrd Shdtve section 24, for example, in
the X-axis direction,in.response to the instructions frommain
controller 20, to the acceleration starting point for exposing
the second shot (the shot area serving as a second divided
area) on wafer W. And on the stepping operation (movement
operation between divided areas) of wafer stage WST between
shots as well, between the exposure of the first shot and the
exposure of the second shot, main controller 20 performs the
open/close operation of each valve in a similar manner as in
the case when wafer stage WST moves for exposure from the water
supply position to the acceleration starting position. With
this operation, even when during the stepping operation
between shots, the water is supplied to the space below lens
42 from the rear side to the front side of projection unit
PU in the movement direction of wafer stage WST, and its amount
is maintained at a constant amount at all times.

Next, scanning exposure is performed for the second shot

on wafer W in the manner similar to the description above under

the control of main controller 20. In the empbodiment, because



on wafer W in the manner similar to the description above under the
control of main controller 20. --n the embodiment, because 83 the
so-called alternate scanning method is employed, when the second shot
is exposed, the scanning direction (moving direction) of reticle s-age RST
and wafer stage WST -s the opposite of thé first shot. The processing of
ma_.n controller 5 20 and stage control unit 19 during the scanning,

exppgure of the se oggts 0 is basically the same as the processing
previously describe%. In thé:s %ggg zf’scv?/eflrﬁlgjinmgﬁn foller >20 R8s theW oD the

degree:of.opening (inslusing-a &dlly closed; state and afully opeped state); |,

of each valve constituting 10 valve groups 62a and 62b, so that in the

moviAg direetien of vafeitr wiichs issoppJsite teithe exposure ofthe wigst is the
shot, a water flogv IS created%ﬁunderklens 42 that moves from the rear side

of projection TnitPU o the fiont Sitfe: Fig BB SKsws Bigimpifisa Wiewitroller

sthe wiginity; of liquid wtyég@i%&eclgé%%%%tﬁ%%heaé’%%%%d it apure of

shows that wafer W moves in the -Y direction when 'scanning exposure o

the 'seeonet shat! issperformedband that the water dlows heiwesn 1ep$42 551 ng
and wafer W in the same direction as wafer W (the -Y direction). inth s

maRA&rY SE4friHgEXPBSttesst thelshdttareawns 20awafer W amd: the controller

steppj lg C%{%%tison are rggeatedly erformed, and the circuit pattern of
reticle R is sequentially transfarred oo e "Shot Hrédsiafnarer it lly closed

serving @s aplurality. of djvided areas; Fig. 8B shows an example of ., i3 g

positional relationship 25 between wafer stage WST and projection unit

10PU duiing whitezrexp68erexbaséton the step-andrseanemethachis BeiRgction of
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performed . , .
wafer W, which is opposite to the exposure of the first shot,

a water flow is created under lens 42 that moves from the rear
side of projection unit PU to the front side. Fig. 10B shows
a simplified view of the vicinity of liquidysupply/drainage
unit 32 at such a’point, and it shows that wafer W moves in
the -Y direction when scanning exposure of the second shot
is performed and that the water flows between lens 42 and wafer
W in the same direction as wafer W (the -Y direction).

In this manner, scanning exposure of the shot area on
wafer W and the Stepping operation are repeatedly performed,
and the circuit pattern of reticle R is sequentially
transferred onto the shot areas of wafer W serving as a

plurality of divided areas.
Fig. 8B shows an example of a positional relationship
between wafer stage WST and projection unit PU during while

exposure based on the step-and-scan method is being performed

for wafer W.

When scanning exposure for the plurality of shot areas



for wafer W. When scanning exposure for the plurality of shot areas 84 on
wafer 69 is completed in the mariner described above, main controller 20
gives instructions to stage control unit 19, and moves wafer stage WST to
a predetermined water drainage posiiiion. Fig. 81- shows the state Wher_e
wafer stage WST has 5 been moved to the 4vater drainage position. In Fig.
8C, reference letter PU indicates the position of the tip of barrel 40 of

projecti it PU. In this case, the water drainage position is setfo a ,
posli‘%i%(:)rxl9 \%ﬁgr% {/#eltﬁ) o?gg?rg%f islI|c1)o%|l’t)i%nI(Ta%il lg?rggtlya BB6ve AGKiliar Ve, main

platec22o: d 0iNextomaiy eentrolies 20, fully: clases-all thewalves in. vahve i+ 19,
group 62a, while fully opening all the valves in valve group 62b. At the_

samé dnie eain'cohtrolle- 20 $oWers alb the fullréeovenyinozzlesifviadrainage
drive mechanism 63 so that the tip of full recovery nozzles 56 comes into

cont&etwitt15 adixifary Hlafe 995, ﬁﬁ@tr?e?ﬁﬁﬁeﬁ?\%l@e%_By%Eﬁ%ﬁgST has
s oparaion i waterhelpw Iegs 42 i3, complelely collepted by liguidy g,

. 1.
recovery unit 74 after a predetermined perio en, wafer sta%e

WSTermneves te:the wader exchangea2@ pasiionand waterexehangeds, £ barrel
performed. As is obvious from the description so far, in exposure

appdtafis TOIE Hel embadirieRY a supply:miechaaism [ that suppkes drainage
the liquid (yvater% to thecs ace between projection ogtical system PL and
T10TL IS Vg

wafer W or waferstage WST i€ fiade up™25' bFparts 86ch B8 Ibidsdpphy 40 is
unig 72; supply. PIRe: line-64 ,conesting o licuid, supply it 72, the
plurality of supply
10 Next, main controller 20 fully closes all the valves in
valve group 62a, while fully opening all the valves in valve
group 62b. At the same time, main controller 20 lowers all
the full recovery nozzles 56 via drive mechanism 63 so that
the tip of full recovery nozzles 56 comes into contact with
15 auxiliary plate 22b, and then opens valve 62c.

By such an operation, the water below lens 42 is
completely collected by liquid recovery unit 74 after a
predetermined period of time.

Then, wafer stage WST moves to the wafer exchange

20 position, and wafer exchange is performed.

As 1s obvious from the description so far, in exposure
apparatus 100 in the embodiment, a supply mechanism ,that
supplies the liquid (water) to the space between projection
optical system PL and wafer W on wafer stage WST, i1s made up

25 of parts such as liquid supply unit 72, supply pipe line 64
connecting to liguid supply unit 72, the plurality of supply
pipes 58 respectively connected to supply pipe line 64 via

valves 6Za, each supply nozzle 36 of liquid supply/drainage



pipes 58 respectively connected to supply pipe line 64 via valves 62a,

each supply nozzle 36 of liquid supply/drainage 85 unit 32 respectively
connecting to the plurality of supply pipes 58, the widened nozzle section
communicating with each supply nozzle 36, and the like. In addition, in

exposure apparatus 100, a recovery 5 mé&chanism, that collects the liquid

(water), is made up of parts such as liquid recovery unit 74, recovery pipe

line 66; connecti joul o) I the plurality of recover

pipo &5 rempectivEly connestoc i rasovery iR b Gl \ANeeBaB SUEPLY
the tapereditzzie sectian communigating 10:with the 1R of each 1eCoveIYn cach
pipe 52, and the like. In addition, in exposure apparatus 100, an auxiliary

rec6Véty hiedhanish is formedchycparts. $dich- as vacuum exhaust unit 76,
vacuum pip@pnq s§y85 em,69 connecting to vacuum exhaust unit 76, auxiliary

recovery pipes 601 1o 604 ‘conRe g 10 I VARRM pipity sPdtemPeg §iacvery

5 valyes628, §§§§,3%@ %%ﬁ“i@fcHSUigﬁélpﬂyé%rf‘H‘a&?a‘%%iﬁ’z C?%ﬂ%ﬁt@é} up of
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to each of the auxiliary recovery pipes, respectively, and the like.

auxiliary. recoveny awethanism carcremove (recever) thediguide on wafeeWine 66
that the liquid recovery mechanism could not recover. 20 In the

embBOdiENt the atXilakrechvERCMBERanisMmiremdvest (recoverspthety of

remaining liguid on wafer W by suction; however, t also may be removed ,
byr%%?v?r%ég %ﬁ%g Sdr%%ﬁ%ﬁé ﬁaﬁiﬁy%r%l%%%nﬁnc&ggaﬁgr & IR HdditiehPe Line

in exposute apparatis 200, a SUPRY o Nechanism, AL SURRESSERINE; cating
environmental change in the periphery of the water (liquid), which occurs
due'totductibs tip of each recovery pipe 52, and the like.

In addition, in exposure apparatus 100, an auxiliary
recovery mechanism is formed by parts such as vacuum exhaust
unit 76, vacuum piping system 69 connecting to vacuum exhaust
unit 76, auxiliary recovery pipes 60; to 60, connecting to
vacuum piping system 69 via valves 62e, slits 32h; to 32h, of
ligquid supply/drainage unit 32 connecting to each of the
auxiliary recovery pipes, respectively, and the like. This
auxiliary recovery'mechanisnlcan remove (recover) the liquid
on wafer Wthat the liquid recovery mechanism could not recover.
In the embodiment, the auxiliary recovery mechanism removes
(recovers)theremainingliquhjonwaferVbesuction;however,
it also may be removed by blowing dry air to dry up the liguid,
or blown and scattered.

In addition, in exposure apparatus 100, a supply
mechanism, that suppresses the environmental change in the
periphery of the water'(liquid); which occurs due to suction
by vacuum exhaust unit 76, is made up of parts such as air

conditioning mechanism 86 and gas supply nozzles 85; and 854,



by vacuum exhaust unit 76, is made up of parts such as air condit_ioning
mechanism 86 and gas supply nozzles 853 and 854, 86 and the like. In

addit.ion, in exposure apparatus 100, a drive system, that drives rgticlg

stage RST and wafer stage WST synchronously in the scanni_ng direction

with respect to illumination light 5 IL in orde¢ to transfer the reticle pattern

onto wafer W in a scanning exposure method, is constituted by reticle

stagg, drive se ygg 11, wafer stage drive sectiqn 24, e_md stage control

unite 19. In addition, ring-shaped side wall 32c is provided SO 10_as to

partition opemingi32a ilens 42-08 the,inage idg of projegtign ; system,
optical system PL is disposed in the center of opening 32a) formed in the
Cen&ﬂ%ﬁmﬁﬁ@%@mﬁ%@ﬂigﬁaﬁgwﬁ$32%&h@ﬂﬁgﬁh&@%kd&ﬂﬁ§§@@hronously
section 32b is also provided on the outer side of ring-shaped side wall

32c WhoSE oy 15 Aefght RESetHigherttharFstheFSeétioris, thereforeion light

‘quid).i lied into.liquid ly/drai ,
v e U DB N U RS

unit 32, a void space remains wit sha
section32hm im this manner Jn-expesdre appamstus: 100-anhubble. <5 10 srage
recovery mechanism is made up of parts such 20 as ring-shaped side wall

32 Fihgsshapet side wal 32e £ exhatstosipes 54 ¢orret-1ing 4heand stage
upper spag ofgirfg-sggped depressed secti(_)n 32b formed by _

ring-shape side Wall'32¢c and ring-shaped side wall 32e, and the like.

Furt;hiermore, indhis: case, hﬁf&&s%ﬁiggé%‘@f eSiQI%}Vf‘”?}cC and provided so

S
ring-shaped 25 depressed section 32b are both forme surround‘lng

10profeetion mait Pt covering therentirecircumferences:t isisubstantialy ane side
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of projection optical system PL is disposed in the center of
opening 32a) formed in the center of liquid supply/drainage
unit32,andxing~shapeddepressedsection32bjj;alsoprovided
on the outer side of ring-shaped side wall 32c whose ceiling
heightjj;sethigherthanothersections,therefore,evenwhen
the water (liquid) is supplied into iliquid supply/drainage
unit 32, a void space remains within the inside of ring-shaped
depressed section 32b. In this manner, in exposure apparatus
100, an bubble recovery mechanism is made up of parts such
as ring-shaped side wall 32c¢, ring-shaped side wall 32e,
exhaust pipes 54 connecting to the upper space of ring-shaped
depressed section 32b formed by ring-shaped side wall 32c and
ring-shaped side wall 32e, and the like. Furthermore, in this
case, because ring-shaped side wall 32c¢ and ring-shaped
depressed section 32b are both formed surrounding projection
unitIﬁJcoveringtﬂmsentirecircumference,jj:issubstantially
equivalent to having a large number of bubble recovery

mechanisms provided covering all directions.



equivalent to having a large number of bubble recovery mechanisms
provided covering all directions. 87 In addition, in exposure apparfdf[us
100, an adjustment. unit is configured to adjust the exposure conditions,
or more specifically, offset of the focal position detection system (QQa,
90b), conditions related to focus leveling gontro= of 5 wafer W (imaging
conditions) , and the like, based on the actual measurement values

(measured by temperature sensors 38A and 38B) of temperature ,
information%é} ﬁ‘l%gv%t]écr)gétv@“éleﬁ “Projection vpt gllasgllét’erﬁ% (o' g ustment
Mokenprecise clens AL and M@%&W@B%@@S&H 'QM@@&%@@E@%S , Or more
water between 10 projection optical system PL (to be more precise, lens

42)sanrd WatereW. the GllﬁifbengéOm&Eutﬁdda)&ntQQﬁtb@i|QI62@_ction system
Furgmrmore in exposure apparatus 100, a prediction unit is configured to

predict the ?e%ﬁeraﬁ?r’é%%ﬁ@@%ﬁﬁéﬁé]r Hatfoteurs whieathagvatentrol of

o e A ATa 3ol Ly o onte

wafer, based on détection results 0 emper _

andn33B dispesed oa pneendnand theether enddndhe 86aRNINGLsors 384 and
direction, respectively, the unit also being constituted by main controller.

20. 28 The hunsher of armperaturecsenmsoisdoesindirecessatilybbhave ton

be two, and . the temperature change can be obtained by one sensor,

only bfe fiay B8 nekessaty. OFShBrdértto ( bBtaifamicie d?eft‘_ﬁi‘Fé'oFer lens 42)
tempeyatyte distripusion, Hk%%’&&%r%n%%%gﬁ&‘% (hay, CoMpLSe three% Yetween

A 2 é)ﬂ QFH wWa
more temperature sensors. 25 As is described in detall, according to

10 exposure apparatus 10640 theyembediment: whes the retigle pattem is1ens 42)
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and wafer W, the unit being constituted by main controller
20. Furthermore, in exposure apparatus 100, apredictionunit
is configured to predict the temperature change of the water
that occurs when the water passes through the irradiation area
of illumination light IL on the wafer, based on detection
results of the two temperature sensors 382A and 38B disposed
on one end and the other end in the scanning direction,
respectively, the unit also being constituted by main
controller 20.

The number of temperature sensors does not necessarily
have to be two, and if the temperature change can be obtained
by one sensor, only one may be necessary. Or, in order to
obtain a more detailed temperature distribution, the exposure
apparatus may comprise three or more temperature sensors.

As 1s described in detail, according to exposure
apparatus 100 in the embodiment, when the reticle pattern is
transferred onto each shot area on wafer Wbased on the scanning

exposure method, the supply operation of supplying the water



transferred onto each shot area on wafer W based on the scanning
exposure method, the supply operation of supplying the water 88 to the
space between projection unit PU (projection optical systgm PL) and
wafer W on wafer sage WWWST and its recovery operation are
performed in parallel, by the supply mechatism and the recovery _
mechanism described above. That is, exposure 5 (transferring the retlgle

t fer) isnerfor_med in a, state where a predetermine ,
g;?ugzt%ﬂg\?vg}g? t%:%é%é?ee“Xé%%%&S&%%%ﬁti%%%Z% is alwRyS fiffsd (et Pt cal
between tensp42, whieh ¢arstitutesqojestian optical sygtem B at; its, t'@’ecovery
and wafer W mounted on wafer sage WST. As a 10 consequence, the
imnisrSivAThethautie apptitdraretithen wenveldrigth pflillurninationdight lhe chani sm
on thedsurface of wafer N can be shortened to 1/n of the wavelength in

the AtiMospheraC i BHe Fefrative Thass 6f tHeSiatéroTimich T.4): whiehposure

simprues the ‘E%@H@O{‘h@ the.projection optical sy stem, énw]é ?gq_”i ions’ erformed
tters”
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because the water supplied | s exchanged at all times, toreighm

fourichon wafet & cavebe removeddythe flown of water: In adgition the 1o yater
depth of focus of projection optical system Pt is enlarged around in times

wherP cohparstP®ith iata20 of imeeatmospheterayerefore] kds (held) between

advantageous when focus leveling operation of wafer W is performed
usir%efhsg f‘ggél ‘&%%i%onCa%?escﬁﬁoEgsEgPerﬁ%@daﬁ%ﬁ?%@@&d@& nfakessm PL at

more: giffigut fox defoeusdo agcur, And. ip the %%evxh%%i&bgeedm.of < a

focus has to be secured only around the same level as In 2~ the case 0

the @im tvecmemerdcal @perture éNA)Y ofipraection opticalsystern Plnean be

increased, which also improves the .
wavelength of illumination light IL on the surface of wafer
W can be shortened to 1/n of the wavelength in the atmosphere
(n is the refractive index of the water, which is 1.4), which
improves the resolution of the projection optical system. In
addition,becauseTjuawatersuppliedjjsexchangedat:alltimes,
foreign matters found on wafer W can be removed by the flow
of water.

In addition, the depth of focus of projection optical
system PL is enlarged around n times when compared with that
of the atmosphere; therefore, it is advantageous when focus
leveling operation of wafer W is performed using the focal
position detection system (90a, 90b), because it makes it more
difficult for defocus to occur. And, in the case when the depth
of focus has to be secured only around the same level as in
the case of the air, the numerical aperture (NA) of projection
optical system PL can be increased, which also improves the

resolution.

Inaddition,whenbubblesarefoundjjxthewater(liquid)



resolution. In addition, when bubbles are found in the water (liquid) 89

sup from the supply mechanism, or when bubbles are generated just after
the water has been supplied, such bubbles are collected at. the upstream
side of the flow with respect to projection unit PU (projection optical _
system PL), by the 5 bubble recovery mechianism. That -s, the bubbles in
the water are collected by the bubble recovery mechanism, without
reachin%the space below lens 42, Therefore, such an operation can

prevetitthe fransmittanceof RS FGRE IS Fron® paitiafy: desieabing are
t ' i attern from degrading due. to the
b T ot s e K i hefadigsh busbLes

as is obvious1feom &g 10 anhb B, dhe Bubhledecevary Positiopsafy, respect
the bubble recovery mechanism used for collecting bubbles is switched,

in aECoRfaNEE Wit ihel I-5mmbVingP dirsctionicfiwafet W éfor exampte fthe, by the

i irection in Fi is the scanning direction
5m0\gr&ggirgctlon in Figs. IOA}g%nd 10B is ‘ ﬁ%&
e |
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Therefore, regardiess of the tirettibn that Waferw %}%‘iﬁ}gt%‘éso&iﬁbf_%%e water
cancheckeptfiom eptering e spagabelveelifns A2 gndwafer W duing, ..

4 W
such movement. 20 =n addition, when the plurality ot areas o wafer

W are sequentiallycbeing expaser, forlexample,.in thesasecasituation, an
occurs where the water cannot be completely collected by Fhe recovery '
mecanisth Yeferréd tBebovB Lstibr BS wWhenitheavaterddaks butsidention light

liquid. s drainage unit 25 32, then,the water that could not be
collgdgte?p(%n%}[ﬁ%%%\l}fgr s,gtﬁ%%éitcsarl fhat Ras Tesked CdE ffdvege of the

Jeq9&6ﬁ¥§%1fronmdegrading‘due to the bubbles that enter the space
between lens 42 and wafer W.

In addition, as is obvious from Figs. 10A and 10B, the
bubblerecoverypositioncﬂfthebubblerecoveryn@chani&nused
for collecting bubbles is switched, in accordance with the
moving direction of wafer W (for example, the moving direction
in Figs. 10A and 10B is the scanning direction). Therefore,
regardlesé of the direction that wafer Wmoves in, the bubbles
can be kept from entering the space between lens 42 and wafer
W during such movement.

In addition, when the plurality of shot areas on wafer
W are sequentially being exposed, for example, in the case
a situation occurs where the water cannot be completely
collected by the recovery mechanism referred to above, such
as when the water leaks outside liquid supply/drainage unit
32, then the water that could not be collected, or in other
words, the water that has leaked out, is removed (recovered)
from wafer W by the auxiliary recovery mechanism described

above. With this operation, the water does not remain on wafer



fro=_r: wafer W by the auxiliary recovery mechanism described above.
With this operation, the water does not remain on wafer 90 W, therefore,
various inconveniences that occur due to the remaining (residual) water
can be avoided. That is, measurement errors of wafer interferometer 18,
which measures the position of wafer stage WST, can be effectively
suppressed 5 by suppr_essing the occurrence of temperature distribution

in the 0 re_or by suppressing the occurrence of a refractive index
chawgbeafitg.' ?r?ég g?rﬁt%ph%?é}éﬂ%eﬁ%%ﬁ%@ {E5t OF VAapbhaticiwHEn e to the

remaining water qwaporates: Futhesmore, sugh an operation can prevent

the water remaining 10 on the wafer from moving to the back of the wafer,

so thad the sitaation where the wafersticksdo the cakies arms a_lnxﬂhich measures
becomes difficult to separate from the carrier arm. can be avoided. In

additith PeXpostrE appdiats 100CsmPBRSes 5 petiplicraPmall 821 v suppressed

s projecied seclion 329). hich suriounds atleast the periphery of lens 42

serving as an optical. element of projection opticar syster PL dosest e t+on in
thewaferanssalse -ereates,a-pregdetesmined clearance with respect todhe | 5 o
surface of wafer W on wafer stage WST, and the clearance is set to 20 a

smal d5ie Gfareind-Ah£ D ¢o 2imm sTherefore cthescantact area between £

the water within peripheral wall 32f and the outside air is set extremely
small A By theCstrtiee teh&icn “6fthe Wwater W%tl?q%idfl‘éa@plf%%‘? ~
ieakingonlsie perinfieral wal szt vl clepianes.cherefore, i o

: : d:remaining
becomes possible, 23 for example, to recover the liquid ;water) used'in

10 theoimrnkesion frethdd without/fail @ftes theneompletiop Of the wafer, so that

15

20

the situation where the wafer sticks to the carrier arm and
becomes difficult to separate from the carrier arm can be
avoided.

In addition, exposure apparatus 100 comprises
peripheral wall 32f (projected section 32g), which surrounds
at least the periphery of lens 42 serving as ah optical element
of projection optical system PL closest to the wafer and also
creates a predetermined clearance with respect to the sgrface
of wafer W on wafer stage WST, and the clearance is set to
a small valué of around Ah=1 to 2mm. Therefore, the contact
area between the water within peripheral wall 32f and the
outside air is set extremely small, and by the surface tension
ofthewatertheliquidjj;keptfromleakingoutsideperipheral
wall 32f via the clearance. Therefore, 1t becomes possible,
for example, to recover the liqguid (water) used in the
immersion method without fail after the completion of

exXposure.

In addition, according to exposure apparatus 100 in the



exposure. In addition, according to exposure apparatus "i OO in the 91
embodiment, even when wafer stage WST moves to a position where
projection unit PU (the proection area of project.ion optical system .PL)'Is
away from wafer W in a state wnere the water is held between projection
optical system PI. (lens 42) and 3 wafer W5 such as when a shot area in
the periphery on wafer W is exposed, or when the wafer on wafer stage

WST i “hanged _after the exposure has been completed, the water can
be @gﬁégﬁ%ﬁo&v&i@@éﬁ}s@g By‘Bﬁo%lgljﬁgs f%naegv?/g/gésrlb geh tive? projettionn where

opticabsystemand auxiliary plates(any of the,10 plates fro EEE%%% ?B%%&)éopt ical

Such an arrangement can prevent various inconveniences cause
outffoi¥ efWaker)frora eccuyrridg Frurthefmord), because thergaphetweerhe water
auxiliar &I%tes 22a to 22d and wafer W is set to 3mm and under, the

surface tension of e Walkeh Prevents the Waie? Fronf Hlewing Bhintd ties 42) and

a W ili late in a case, such as W_hen
Saaﬁg%%tgggﬁwgﬁrénﬁg/ﬁ]%%?ga% \)/‘Vﬁe?erve\/gfe% r\/\%%eur%%? projetioe ™ water

UniWPib(ﬁMﬁﬁ@dﬂl,ObﬁiCahfgﬁste[{b%ﬁ@ﬁ&@ﬁﬂ@ﬁe\&‘hgf%@/@fﬁ'éWﬂé exchanged
away from projection =unit Po. The inventors have confirmed that leakage
hardfy‘Gceurs U Zr fthe dirfadectensiomofithe waterevenwhen thatebe kept
i difference of ar between the surface of the wafer

o T St DA Sy Pl SHeRioh o NG <he
eXHQﬁ@ﬁ%Q@@Bﬁa&§5ﬂ5§§rg§gééﬂegﬁgxgﬂ 4¥§g?epa%% g§ g%? of the
is held between 23 projection unit PU (lens 42%}pr01e(%|0% optical
10 sysrdrn tRds) dndbthe? aaxiliary 2tate pricrieithe rbeginning ef.exposure, prevent
various inconveniences caused by the outflow of water from
occurring. Furthermore, because the gap between auxiliary
plates 22a to 22d and Wafer W is set to 3mm and under, the
surface tension of the water prevents the water from flowing
15 into the gap between wafer W and the auxiliary plate in a case,
such as when wafer stage WST moves from a state where wafer
W is under projection unit PU (projection optical system PL)
to a position where wafer W is away from projection unit PU.
The inventors have confirmed that leakage hardly occurs due
20 to the surface'tension,oftjwawater'everxwhen'there<isaasurface
difference of around lmm between the surface of the wafer and
the surface of the auxiliary plate.
In addition, for example, when exposure begins after
wafer W has been exchanged, because the water is held between
25 projection unit PU (lens 42 of projection optical system PL)
and the auxiliary plate prior to the beginning of exposure,
exposure can begin without waiting for the water to be supplied

14

which consequently improves the throughput.



exposure can begin without waiting fo-r_ the water to be supplied, which
consequently improves the throughout. 92 In addit.”_on, becqgse the

water supply into liquid supply/drainage unit 32 begins on auxiliary plate

22a before the exposure begins, the risk of the resist being partly

removed by water pressure or the _ike as$s often the case 5_v_vhen

starting the water supply on wafer W can be a\:joided. In addlltlon, es) a
because air.conditioning mechanism 86 (including gas supply nozz es)arr
conditions the paecr}lé)ﬁér“‘j%%f |i(§lﬁ& %ﬁﬁﬁly}td}gin‘ﬁﬁé%itsé?\ﬁlﬁé’rel@l%%atéﬁmd
iSh@ﬁbﬂmﬁuwyaxwyagﬁﬂﬁﬁﬂgél@éB%ﬁ%”EﬁQQSQE@%@Pgﬁ%ﬁﬁ%%ﬁﬂék before
within the chamber where the main body of the exposure apparatus is

houskd) axmdithe Wateriheld inside liquid smfp;ﬂy/@lr&i@@g%ﬂnggag@rp artly
be prevented when the water is recovered by the recovery mechanlsm or

by the"HukiiAry YeWoVery rRechamisms, WHICRIR turh iredentss often the case

smeasprement errors 15,of wafer interferometer 18 thae% may occur due to

the turbulence of the gas flow%ngluallﬁ%pte%p%?at‘ﬁ? ﬁﬁc}tﬁaﬁ&fopfﬁeamided‘
gas, refractive indexchangepand theslike) » and,allows the position, af 5 .\ 55
wafer stage WST to be measured with good accuracy. Accord_mgly, ywth
exposirelappidrate 00 ipthey20 emblogimeat, duectodthe Varieus king ek i phery
effec&s qss described abave, the pattern of reticle R can be transferred

L

ont each BFtHe PRIVARL/ SHshob afsasBh afer W%ﬁ?aﬁ extremenr is held,
good asgracy n aediion xpasice, can be performed with, & wider

. h i
depth of focus when compared with that of the air. arra gemeﬁltsoilC ©arr

10eachisection describechinsthewabove first embodirentis asmere.example,

15
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and it is a matter of course |
apparatus is housed) around the water held inside liquid

supply/drainage unit 32 can be prevented when the water is
recovered by the recovery mechanism or by the auxiliary
recovery mechanism, which.intxnx1prevents1neasurementverrors
ofwaférinterferometeriﬁ%thatmayoccurdue1x>theturbulence
ofthegasflow(includingtemperaturefluctuathmlofthegas,
refractivéindexchange,andthelike),andallowstheposition
of wafer Stage WST to be measured with good accuracy.
Accordingly, with exposure apparatus 100 in the
embodiment, due to the various kind of effects as is described
above, the pattern of reticle R can be transferred onto each
of the plurality of shot areas on wafer W with an extremely
good accuracy. In addition, exposure can be performed with
a wider depth of focus when compared with that of the air.
The arrangement of each section described in the above
first embodiment is a mere example, and it is amatter of course
that the present invention is not limited to this. For example,

in the embodiment above, while wafer stage WST is moving, main



that the present invention is not limited. to th' s. For example, in the

embodiment above, while wafer stage WST is moving, main 93 cootrol ler

20 adjusts the degree of opening (includi.rig a _ully closed state and a

fully opened state) of each valve constituting valve groups 62a and 62b

so that a water flow is created under lens 42 that moves from the rear

side of 5 projection Unit PU to the front side the moving dire_ction of wafer

stage NST. On the contrary, while wafer stage WST is moving, main )
con%gﬁle%li%i)rg%f/eé juasi§¥hesa§gf§§ Stopefimg (inEIGaihg A fullFdissddo @ fully
state aodaaiully gpengd stalekoh each yalye Lonstiuiing yalve arpups

62a and 62b so that a 10 water flow is created under lens 42 tha moves

front thesfrornu sidepfprdjeetion unip £ Ustostherrgarside 4 theBOVING at e r flow
direction of wafer stage NOT. In such a case, the auxiliary recovery

mechanishit Féfefrette arliet s tof Frecbbertiecremaifingrliquicton the side of

front side 0 jection unit P'i 15 (projection optical system Pt) in the
ooy STSlon o ater -

moving direction o atis, ﬁ‘ureorré% in % ﬁchiBW?rW@d@?’areCtion
slit 32h1,docated ondthesfront side in the moving dicection of the, wafer ... o7
and auxiliary recovery pipe 601 (i=any of 1 to 4) communicating with the

slit. 2® wraddid, ona il'msherﬁitsi@lﬂbod'mﬁ)emh@es@’ﬁ)ﬁdtabﬁ%edeﬁj\r@léxﬂi@%pening
recovery £nechanism is constituted by parts such as slits 32h,l to 32h4

formed & PaRDiliquid supplRiFamate? bifit22d atidiiak) lecoverg gipesate) of

601&9&94&%u9&§g@9‘ijtpiﬁ%svsasz?tg'gig)%iﬁéesgfgﬂve%}t;léa%ﬁ%;gno that a

exhaust unit 76, and 25 the like, however, e, air coh

10mechanisms1 86 mayinckideca setion mechapismithat suctions-iquid. o £, one

20

25

(liquid

side of projection unit PU to the rear side in the moving
direction of wafer stage WST. In such a case, the auxiliary
recovery mechanism referred to earlier is to recover the
remaining liquid on the front side of projection unit PU
(projectionoptical system PL) in themoving direction of wafer
W. That is, the remaining liguid is recovered via slit 32h;
located on the front side in the moving direction of the wafer
andauxiliaryrecoverypipe60i(i=anyof].to4)<xmmmnicating
with the slit.

In addition, in the first embodiment described above,
an auxiliary recovery mechanism is constituted by parts such
asslits32h1to32h4formedineapartofliquidsupply/drainage
unit 32, auxiliary recovery pipes 601 to 604 communicating with
slits 32h; to 32hy, respectively, vacuum exhaust unit 76, and
the like, however, for example, air conditioning mechanism
86mayincludeeasuctionn@chani&nthatsuctionsliquid(liquid
and gas). That is, air conditioning mechanism 86 may

incorporate a vacuum pump, and a suction nozzle connecting



and gas) That is, air conditioning mechanism 86 may incorporate a
vacuum pump, and a suction nozzle connecting 94 to The vacuum pump
may be disposed in the vicinity of each gas supply nozzle previo;_.sly .
describes. By employing such an arrangement, the vacuum pump serving
as a suction mechanism may also perform4he function of recovering the
water that 5 the recovery mechanism previously described could not
recover the wafer that leaks outsi%g liquid supply/drainage unit 32) In t:
v

is case, slits 33h1 15 38HE do ot h e%& BBYI6Mmed ih Faﬁid‘flcmity of each
supplyldsaipage unit32, and inacrordange with the jposition where the . ., )
suction noz%?e%s disposed?%le suction@fo nozzléL may be agbleentlg q% &'with <" 2"
water leakagedn b, slightly viargermrapgepinsadditiony ia she emPadidentechanism
described above, the water supply and recovery are perfqrmed while

wafb? W 7s- HeikFéxpusadt lifthe tase ! Apwever: tiowateicantieheldter that

b ' t | d recovery operations do 15 not have
T o B ot CONGHBA g AR ecover

86 maygemove: thesremaininguater from waterW thatcould nathe 5y 35
recovered by the recovery mechanism outside peripheral wall 32g by

providifig: dey air o hotair so asto. dnothe2iemainingwatery204s the formed in
em?odime t above, fiducial mark plate FM is disposed on a part of the
auxil%a??b?gté}lﬁ&/%é(\/éjr}: MSBERE of this afrangément Tor afsigr@ithce with the

g P e A et ton

Spose
the focal position detection system m.ay“be élsgose I'on
10 25 obthelauxiliaryplateb O, the refgrenge reflecting plate; apd fidugial <11 gnc1y
mark plate FM may be combined in one plate. In
larger range. Inaddition,jjltheembodimentdescribedabove,
the water supply and recovery are performed while wafer W is

being exposed. In the case, however, the water can be held

by surface tension, water supply and recovery operations do

et
(2

not have to be performed during exposure.

In addition, air conditioning mechanism 86 may remove
the remaining water from wafer W that could not be recovered
by the recovery mechanism outside peripheral wall 32g by
providing dry air or hot air so as to dry the remaining water.
20 In the embodiment above, fiducial mark plate FM 1is

disposed on a part of the auxiliary plate, however, instead
of this arrangement, or along with fiducial mark plate FM,
a reference reflecting plate used for calibration of the focal
position detection system (90a, 90b) may be disposed on a part
25 of the auxiliary plate. Or, the reference reflecting plate
and fiducial mark plate FM may be combined in one plate. 1In
addition, the auxiliary plate is provided covering the entire

periphery of wafer W, however, it can be also disposed



addition, the auxiliary pate is provided covering the entire periphery of
wafer W, however, it can be also disposed 95 partially at required places,
or it can be disposed spaced apart at a predetermined interval. In
addition, in the embodiment above, besides the stepping operation
between shots and scanning exposure when 5 wafer stage WST is
standing stil1l, ma' n controller 20 may cease both the water (liquid)

supply operation by the supply .mechanism previously described and the
wa réljr:e%cloéelgéyy o%%rﬁ%%ugg %ude covery m&chanismHlsd préVictsRped spaced

descpbed. Even in such acasenthe water inside liquid supply/drainage

10 unit 32 is held due to the action of negative pressure described earlier
and the surfaceaensionof the watére Becausk themeeth saexchangedbe the
water is lower in the case wafer stage WST is stationary when compared

witr?H@@&é@%%@ﬁﬁiﬁb%&ﬁ%ﬁ%m@éﬁ%h@tgiaﬁ@%@aﬁmagexposure when
S O R o e e stoba 2 hay cease

with the case n both the Tiqui yopérrélﬁon

meghanismranddhediguid recqvery spgration hydhgrecovery mechanism, ,

are performed in parallel at all times (not only when wafer stage WST is
moVifgBitiago whenlivisstil) dHowever; dyzcontinbing20-the watebvery

supply and drainage while wafer stage WST is stationary, it may free the .
(oWeT SaACE B Toh S R CRAIRAUGH: 1 Ao P& oS Ly described.

empodiment %b%’éhg_§§§? @?eb%%%ggsf%g% N q%r%u%sda rem-se(ndrainage

--he- water supply position and 25 the water drainage p §|t|on SRGWr
10 Figsr8%, andiBCG,gespectivelyde reithave anynedationwith the waferjescribed

exchange
earlier and the surface tension of the water. Because the need
to exchange the water is lower in the case wafer stage WST
isstationarywhencomparedwiththecaseofsteppingoperation
between shots and scanning exposure, the amount of liguid to
15 Dbe used can be reduced compared with the case when both the
liguid supply operation by the supply mechanism and the liquid
recovery operation by the recovery mechanism are performed
in parallel at all times (not only when wafer stage WST is
moving, but also when it is still). However, by continuing
20  the water supply and drainage while wafer stage WST is
stationary, it may free the lower surface of lens42 from
contamination.
In addition, in the embodiment above, the case has been
described where as a premise, the water supply position and
25 the water drainage position shown in Figs. 8A and 8C,
respectively, do not have any:relaticm1with_the wafer exchange

position (wafer unload position and load position). The

present invention, however, is not limited to this, and for



w1

position ((wafer unload posit'on and load position) The present inventlo_n,
however, is not limited to this, and for 96 example, the water :upp t po lion
may ~. _ serve as the wafer loading posi.ti on and the water drama_ge
position as the unload. position. Such an arrangement may be real_lzed by
adjusting the relation between the area ofghe tip of prOJect_'.or_w_unlt 5PU
and the area of wafer stage WST (to he more precise, the auxiliary plate)

SO thatapro' ction PU does not get in the way of wafer transportation. In
exam

this case.t %’Wgt‘g?sﬁﬁp § “and e WateP drainage Fisy eéortinteddre wafer

sustained a4 (86 sunload kosition andiload nositin glthe waer, Insusha 1,
case, 10 the load position and the unload position of the wa ef may be'set

at theosdrhe positiciu (referredtorasi g avaiting jpesition) where fidycia aq9usting
mark plate FM is to be positioned directly below projecjuon un!t PU’. and | |
the 5F&a 6RWaket Stades WSElortbeha eerecpretive, theaodlianyaplate) ion unit

ma so that the 15 tip of projection unit' PU is located above any .
ongP o%e a%%s”agé epIg%ﬁe"?sazZoa%[t)ox'qucﬁE uﬁﬁﬁ%f@%ligﬁﬁeﬁ?lﬁ“@&"& Biasese, the
because it heeomescpessible ta-hald the Jyater at all ymes under lens 42, . -\
the water supply and water drainage previously described may be

contifired Huringea period 20othertthan the exposuse operationhased-er supply
the steg-%ﬁd-scan method. In this case, once the water is supplied under

lens"'42, eXBo¥ret & pRit-aIty Bf WajersTaibeé eotiilious|ys perfoimed at the
withut deainiag all o, walgnuder 08 AZ NN LN 11 cuen 2 case,

em.bod-ment above, liqui

10 the load position and the unload position of the wafer may

15
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beseteﬂ:thesamepmsition(referredtx>aseawaitingposition)
wherefiducialmarkplateFMjs1x>bepositioneddirectlybelow
projection unit PU, and the area of wafer Stage WST (or to
be more precise, the auxiliary plate) may be set so that the
tip of projection unit PU is located above any one of auxiliary
plates 22a to 22d during wafer alignment.

In such a case, because it becomes possible to hold the
water at all times under lens 42, the water supply and water
drainage]previousl5fdescribed&naykmacontinueclduringeaperiod
other than the exposure operation based on the step-and-scan
method. 1In this case, once the water is supplied under lens
42, exposure of a plurality of wafers can be continuously
performed without draining all the water under lens 42.

In addition, in the embodiment above, liquid
supply/drainageLMdi:32comprisingperipheralwall32f:hsused
in order to hold the water under lens 42 of projection unit
PU, however, the present invention is not limited to this.

That is, for example, liquid supply/drainage unit 32 does not



25 supply/drainage unit 32 comprising peripheral wall 32f is used in order

to hold the water under lens 42 of projection unit PU, however, the

present invention is not limited to this. That is, for example, liquid

supply/d-ai nag-' unit 32 does not 97 have to he used. Even in such a

case, because the distance (worr':.ng distance) between lens 42 of

projection optical system PL and wafer W is around 3mm, the water i s

hel surface_tensiaon between lens 42 and wafer W, In addition, in this
casgf%y ?o%‘egxg)r% ple, %%ﬁeceégr%gml&msl fé(%%o the figuid s%ﬁﬁ@%gcﬁ%s%l stance
and ligwtid recovers mechanisp, disclosedin the pamphlet 0=, ¢+ optical
International Publication Number WOa9/49504 or the like previously
desetibéermidy dechrevidedIn suctpan atangenteaty :duertd thealuxibaryur face
plates described earlier, even when 10 projection unit PU deviates from

abovE Warer WALUERSEs YiHeh ‘thé Wate: g d sectionds @kposed, tiethis case,
e R e ¥ans o

I. In this case, while wafer stage WST is standing sti ,ltﬂe wa élrps%p%
and:water idfainageanay alsp he stoppednin thisseases dyeite 19,106, npniet of
immersion method, exposure with high resolution (or exposure with a
widérdepthedtfeads. cataparedawitiy théloases in tHed&tiiosphére)cartke 1ike
performed. Acior ingly, the pattern can be transferred onto the wafer
with good acCarady” %%/ the Eibe MROWRVE: Q8 e embodinfeheabavs 2agement ,
a0 Hhe Toulo SHRPYAUAeGR UL 2 ISP NOEE S SRAIP0 AN wnen
enclosure (peripheral wall 32f) around lens are integrated 'is used, the

1 0exchande operatiamdan be doae iallatontceswhicho-sinplifiesthe such as when

maintenance operation. In the embodiment above, the valves for
Supbﬁﬁng%ﬁﬂr edge section is exposed, the water can be kept from
leaking from under lens 42 unlike patent document 1. In this

case,whilewaferstageWSTisstandingstill,thewatersupply

and water drainage may also be stopped. 1In this case, due to

[
(&)}

the immersion method, exposure with high resolution (or
exposure with a wider depth of focus compared with the case
in the atmosphere) can be performed. Accordingly, the pattern
can be transferred onto the wafer with good accuracy.
In the case, however, as in the embodiment above, a unit
20 like liquid supply/drainage unit 32 whose nozzle section and
theenclosure(peripheralwallBZf)aroundlensareintegrated
is used, the exchange operation can be done all at once, which
simplifies the maintenance operation.
In the embodiment above, the'valves for supplying and
25 draining the water connect directly to the nozzle section of
liquidsupply/drainageunit32Viapiping,andasthesepiping,
flexible tubes are preferably used. Furthermore, the tubes

that connect to the valves and factory piping are preferably



25 draining the water connect directly to the nozzle section of liquid
supp7y/drainage unit 32 via piping, and as these piping, flexible tubes are
nreferably used. Furthermore, the tubes that connect to the valves and
factory piping are preferably 98 separated mechanically from the main
body of the exposure apparatus and projection unit PU via springs, so
that. the vibration does not spread. And, such an arrangement can .
revent vibratign and water hammer that accompany the opening, 5 an
: VAIJSE oM aveling G ATOetng THE. pREIRRIGN ubk PLP xposuTe

closing of the valvéasctkﬁgr% rave i\f/\g and a

andsthemaimhody:of the expesureappatatus; and becoming the cause, [ o

of various errors. In addition, in exposure apparatus 100 of the
embediment cabovegin thetcasemaltiple axpbsuseistchas giovblegement can
exposure 10_s per.f_ormed, after the first pattern is transferred onto a

pIu%ﬁﬁ/V@frHﬁWd]eW%ﬁgéS?sﬁija‘r’é’éﬁ%@WW@%@@@\OWM( the opening
T e

PU (lens 42 of projection optical system an |
liquids dhe seeend patteraumay:lbrhefransiersted on m?epétygwﬂ_fé%%paratus ,

areas on wafer W with the water being he'd between lens 42 and vyafer
W. finthidease)iagreticte stgeRST, astageubatecarchald two reticles

based on the so-called double reticle holder method is preferably used,

such as the'dh8 isclosEy in ¥ EXafpie _ﬁmé%ﬁéqé?ﬁ the embodiment
Applicatian Laid-open Na. H02,166717. &&%ﬁ%g‘f@aﬂg?mengobu CAUSE  osure

a
reticle alignment and wafer alignméent do not have to be per?orme
10 betweendhe dirstshot and ¢he tsecontrshot,double-eXpeswWe-6a8¥Re reqd onto 2

performed without any problems in a state where the space between
moﬁ%ﬁﬁﬁ%ﬁmy of divided areas (shot areas) on wafer W based on
the step-and-scan method in a state where the space between
projection unit PU (lens 42 of projection optical system PL)
and wafer W is filled with the liquid, the second pattern may
15 Dbe transferred on the plurality of shot areas on wafer W with
the water being held between lens 42 and wafer W. In this case,
as reticle stage RST, a stage that can hold two reticles based
on the so-called double reticle holder method is preferably
used, such as the one disclosed in, for example, Japanese
20 Patent Application Laid-open No. HO02-166717. With this
arrangement, because reticle alignment and wafer alignment
do not have to be performed between the first shot and the
second shot, double exposure can be performed without any
problems in a state where the space between projection unit
25 PU (lens 42 of projection optical system PL) and wafer W is
filled with the liquidibetween the exposure of the first
pattern and the exposure of the second pattern. In this case,

multiple exposure that uses the immersion method is applied,



25 PU (lens 42 of projection optical system PL.) and wafer W is -filled
with the liquid between the exposure of the first pattern and the exposure
of the second pattern. In this case, multiple exposure that uses the
immersion method is applied, 99 and a highly precise exposure with high
resolution and a substantially enlarged depgh of focus can be performed.
In this case, since the liquid is held between lens 42 and wafer W at the
poirg where,exposure be%ins on the second pattern, 5 the exposure of the

R pataite ithout Waiting f6r t%éqﬁu%&@bggﬁﬁﬂﬁéa?-orﬂ and a

second patter can startw ;
the smhodimentahqve 1elidle aligamsntmay be, performed jp_astate, o4 1,
where the space between projection unit PU (lens 42 of project™ (an
opticalisystemeR L} and didctieial mauk d1.Q plate FMiis filled withethe watelnd wafer
In addition, in the embodiment above, main controller 20 serving as an
adj&%t%%n‘f%%it%%&iﬁs%ﬁ@ra%e@r%ﬂﬂ@ﬁWﬁﬁirb@ﬁéﬁﬁadiatiéﬁ@r@@ﬁﬁnd pattern,
illuminatiop light 1L, such as the temperature change coefficient that o
5corr:aeg%o%gé(tggltjh!!yécﬁanﬁg%@15s N DeSt foCUS Positon. baset on the-out waiting
measurement resyltsof (iemperature sensors 38A and 38B (the actual
measurement val'des of temperature information on the water between
projection apticahsystehrRLilens 42)pand wafert\) ] bowevernmain may be
controller 20 may, obtain the temperature change coefficient 20 based on

predizfion VEesSF @nipérafurdifforniadtibnSsirte Rfatsebemigeni ection unit
rojegti i : 42) and wafer W ins . In this case,,
%foﬁaﬁ%ﬁnﬁeﬁ%ﬁg}ﬁi t%éllgg% ?'&a%ﬁecﬁ%arslg %eef%tﬂgeﬁﬁ %%ép o%%/vélg%?al mark
10W thathaverbears measuerd s storedhin advange in memory 21, and

when exposureis ' .
In addition, in the embodiment above, main controller

20 serving as an adjustment unit obtains the aberration within
the irradiation area of illumination light IL, such as the
temperature change coefficient that corresponds to the change
15 in best focus position, based on the measurement results of
temperature sensors 38A and 38B (the actual measurement values
of temperature information on the water between projection
optical system PL (lens 42) and wafer W), however, main
controller 20 may obtain the temperature change coefficient
20 based on prediction values of temperature information on the
water between projection optical system PL (lens 42) and wafer
W instead. 1In this case, information on the transmittance of
reticle R and the reflectance of wafer W that have been measured
is stored in advance in memory 21, and when exposure is
25 performed, main controller 20 obtains the thermal absorption
amount of the wafer by performing a predetermined calculation
using the output of intecjrator sensor 14, the transmittance

of reticle R and the reflectance of wafer W, and then predicts



25 performed, main controller 20 obtains the thermal absorption amount
cf the wafer by performing a predetermined calculation using the output of
integrator sensor 14, the transmittance of re--c-le R and the reflectance of
wafer W, and ".hen predicts 100 the temperature rise (temperature
distribution) O r'e Water in the, irradiation acea, based on the obtained
thermal absorption amount and information on the water flow(flow speed
and.flow rate) under lens 42 due to water supply, Wa;er,%gna e, 5Sand
sc%%ﬁlgtc%% ration. Then, main Egﬁlt?glfeaf%% i obtai the-ts efé{un‘éﬁe water
change-coefficientibasadan the:predicliop, resultsyin & manngesimilac 10,

the one described in the embodiment above. As a matter of course, when
obtainirgrhel temperatuteachdngetcostficiént, mainicontroller 20 pay H$&w speed
10 the actual measurement values of temperature ‘'information on the

wateF BetiRB projectibA obticalSySte risLE Gera 42y andPrwaferitanddrainage,

i

can o

5the£ﬁadgc£ea%{q'}{ss&§§t d.on the Q%R%]}gfl ﬁ%%tg i;%ﬁ%ﬁﬁf%%“ ifﬁg‘ft obtain

like described above bC
abaves maimsenteliere 20 obiaias thedemperatre shaage goeffigientand: o+ ion
the pressure change coefficient, and then obtains the best focus position

witHift 3 frfadiatiorp areznpasedoma fermula otltlse fikes thiatdnclidesl in the
both the 80efficient§ﬁas arameters. The 2C present invention, however, is

not?f%l%djt%etﬁi%,% >
te%ﬁ%@%@ﬂ%@%@?g@%@f‘gi@ﬁ@Ir_l%s,s%gfﬁa@%%fggqlflgpt’qudmay~ use

then may obtain the best focus position within the irradiation area by

e same time. e embo

Q'¥iain ‘contrdiigr 56 T8y oAk Sihel 8RB Sfikeining the

10 using the: formuila refesreddoabove Hut sybstitUtiBYZEFR ture information on

20

25

the water between projection optical system PL (lens 42) and
wafer W and the predicted values based on the output of
integrated sensor 14 and the like described above at the same
time.

In addition, in the embodiment above, main controller
ZOobtainsthetemperaturechangecoefficientandthepmessure
change coefficient, and then obtains the best focus position
within the irradiation area based on a formula or the like
that includes both the coefficients as parameters. The
present invention, however, is not limited to this, and main
controller 20 may obtain either one of the temperature change
coefficient and the pressure change coefficient, and then may
obtain the best focus position within the irradiation area
by using the formula referred to above but substituting zero
as the remaining change coefficient. 1In this case, main
controller may obtain the best focus position directly from
a formula that does not include the temperature change

coefficient and the pressure change coefficient as parameters,



25 as the remaining change coefficient. In this case, main controller may
obtain the best focus position directly from a formula that does not include
the temperature change coefficient and the pressure change_ coefficient
as parameters, 101 such as from the temperature distr'_but'-ion or the_
pressure disrrirutiorl of the water within the tad i_cr. area. In addition, in
the embodiment above, the case has been described where as the

EXPARURE ggn(%l'ggpn r? ie@ cont 9 -g[CEKZO gggiﬁgggﬁ?gg\%gzﬁég?gressure

position detection system an erformsthe

based onthe best., facks positipns on WQMS&%@%%{M%Q%EC%?% :

within the irradiation area obtained in the manner described above. T
present invéritionicHiowevey, istotlimited tal this,randdbe pattea sttaeias been
of reticle R may be adjusted or t::*:e inclination of the image plane itself of

projeCiio t opficalSystemPL iy eadjEsted Vaifage forming gualityntroller

correstion - trol--.per s the_exposure condition, based on the
50bt£§egag)g%trE f%)clﬁ}s}%o%%[jl%%tono o%h%gn S%‘?%é} SEannig difecfiG 187 system

withim the érradiatien area.cthers Wher the,inclinajjgn of- the imageplane ;. o«
cannot be totally corrected, main controller 20 may perform the offset

adjustmientor thé fovat position: detection Systemsanehperform thefaclisn within
Ievecl'%r]g of wafer W .described in the embodiment above, based on the

state of the” 20 1MagE PIATE &iteP EBrEGTbR-INtAHHITEH 1 thelease Wirh above.
tispiediciec Il they femperature, ghanae (emperatyre distbution) of . -,
the water will affect the measurement of the focal posmon%e ection
10system (80a,:90h), focus leveling contraldnay herpefformeddiusted or the
inclination of the image plane itself of projection optical
system PL may be adjusted via image forming quality correction
controller 81, as the exposure condition, based on the obtained
best focus positions on both ends of the scanning direction
15 within the irradiation area. Then, when the inclination of
the image plane cannot be totally corrected, main controller
20 may perform the offset adjustment of the focal position
detection system and perform the focus leveling of wafer W
described in the embodiment above, based on the state of the
20 image plane after correction.

In addition, in the case when it is predicted that the
temperature change (temperature distribution) of the water
will affect the measurement of the focal position detection
system (90a, 90b), focus leveling control may be performed

25 taking into consideration measurement errors due to the
temperature change (temperature distribution) of the water,
orthedetectionresultsofthefOcalpositiondetectionsystem

(9Ca, 90b) may be corrected based on the output of temperature



25 taking into consideration measurement errors due to the temperature
change (temperature distribution) of the water, or the detection results of
the focal position detection: system (90a, 90b) may be corrected: based
on the output of temperature 102 sensors 38A and 386, and focus_
leveling conttrol may be performed, baseldén the corrected detection
results. In addition, furthermore in the embodiment above, the pressure

Chaggﬁég@%'ﬁ?ﬂ@%{@“%@ o&ltt%g %g{liss 5Lobta-n,ed in advance b%ay be

simulation or by experiment, and the movement of Jtﬁtgsteclaél%ﬁ%

contrelied based op ihe resuts: thowever.dhe mpvementof Z,tilf, stage 30

may also be controlled, for example, based on the measurement results

of the presstite 26fthé Wwater, Whith erayobe measuned dyepressute above, the
sensor 10 attached to she liquid supply/drainage unit. In addition, the

embodiment abové fottises bhitRe - presstre cHang e the vatérdueter 1s

sthe et flow. Hipweyetqthe movement ot waferstage W fhay, o¢

" e riment,_ and the
controlled and the imaging operation may be corrected byxtgﬁlng m_t% 15
consideratiort thef water pressuee in the £aseno-walerdlowsexists (hthe csuits,
case the liquid supply/drainage unit does not perform the water
suppRYfEEdYery ) et tefemmbodimehtalsov deschbes the caserolled,

where focus leveling control error due to the temperature 20 change or
pre%rgﬁeetﬁg&éeedg@? ?\%PO o%%u%%’o%@@@fﬁ ffthetade cidriges BC%BP iPressure

the yarigys types.of aberratigng {such.as, spherical a@;r@tiﬁ essyre sensor

astigmatism, distortion, and magn'_fication) of the Image of the pattern

10projeeted-withint thetinradiationiateawmpigfen W due de the temperature

15

20

25

change L :
In addition, the embodiment above focuses on the

pressure change of the water due to the water flow. However,
the movement of wafer stage WST may be controlled and the
imaging operation may be corrected by taking into
consideration the water pressure in the case no water flow
exists (in the case the liquid supply/drainage unit does not
perform the water supply/recovery) .

In addition, the embodiment above describes the case
where focus leveling control error due to the Temperature
change or pressure change does not occur, however, in the case
changes occur in the various types of aberrations (such as
spherical aberration, astigmatism, distortion, and
magnification) of the image of the pattern projected within
the irradiation area on wafer W due to the temperature change
Oor pressure change as is described above, such changes may
be corrected by operations such as adjusting projection
optical system.PL, adjusting the wavelength of illumination

light IL, and moving reticle R, based on the temperature change



25 or pressure change as is described above, such changes may be

corrected by operations such as adjusting projection optical system PL,

adjus- iing the wavelength of illumination light " L, and moving reticle P,

based on the temperature change 103 (temperature .information) and the
pressure change (pressure information) oftae wafer. Depending on the

type of resist on the wafer, resist substances may dissolverilnto the water

and rse, f the image forming. In such a case, it is
necgles%%%t%%gggcée ;'[Lr%?}nf uéﬁgg ltqﬁatatﬁeg d?gs%lgé% material ot the ereé}%fessur ©
whitch seeps ©ubwhen the previgus shot area is exposed, has on the

image forming of the next shot. The following second embodiment has

been madelffdtAzstich ancaspgeee 1vrSecohdrEmbodimenttAsesanter, resist
embo ir%}ent of the pres(int invention is described below, referring to Figs.

114t TIFES p At that Frave the Sahfe GPSintiaF afrangemenl §s &ie adverse

5 firstembedinmgnt jpreviously described, the ﬁa%%egrf@ rfe:récseenu.[ﬂier?‘ sl osa ry

10

ot
(82}

20

25

be used, 15 and the description thereabout wil rief, or ehtirely

omittedr Fhecrangement of anexposure apparatussp the $agRdrial of the
embodiment is similar to that of the first embodiment, other than the

supplyldfdinatie HRetFREBEtRE Water via liquit: supplysdsdinagensit 82 byposed,
majn_contraller 20. Accardingl,,, 20 from the viewpoint of avoiding any
rep%%ﬁo%??ﬁlé?oﬁg\?v%eg 5%%? icc))r11ff Wi Bé& Fade 16dusing &n ﬁ‘?egﬂ)Bi‘ﬁfs“g second
differens frome.dhe fitst apphodiment 1n the exposure apparatus of the

second embodiment, when operat’ions o-her than the exposure operation
basedb@atthed Embodiment
A second embodiment of the present invention is
described below, referring to Figs. 11A to 11F. For parts that
have the same or similar arrangement as the first embodiment
previously described, the same reference numerals will be used,
and the description thereabout will be brief, or entirely
omitted. The arrangement of an exposure apparatus in the
second embodiment is similar to that of the first embodiment,
other than the supply/drainage method of the water via liguid
supply/drainage unit 32 by main controller 20! Accordingly,
from the viewpoint of avoiding any repetition, the following
descriﬁticwlwill.be1nade focusing on the points different from
the first embodiment.
Dltheexposureapparatuscﬁfthesecondembodiment,when
operations other than the exposure operation based on the
step-and-scan method is performed, more specifically, when
wafer exchange and predetermined preparatory operations

(reticle alignment, baseline measurement of the alignment

detection system, and wafer alignment) are performed, the



25 step-and-scan method is performed, more specifically, when wafer
exchange and predetermined preparatory operations (reticle alignment,
baseline measurement of the alignment detection system, and wafer
alignment) are performed, the 104 wafer exchange and the
predetermined preparatory operations aretgerformed in the same manner
as in the first embodiment except for the point that the supply and

recouery gd@gﬁ%@g gf gqjedwt?}%%r on \gl/g/(ziljfetrﬁqu\f/marge1 né)t erformed at all.

during such 5 operations. Accordingly, in the descri i%ﬁ%%fo%,ory operations
operationswhenransierring.adeticle paiigm-onto a plyrality of SROt 1, 41 pent
areas on a wafer based on the step-and-scan method will be described,
espRERAY thé operaton diringtdoanniriteexposte afistiot elfbareas antkainage)
the s%e% ing operation in between shots. As a premise, liquid supply unit

72, 9iquid fecbveRy uiit 74 f&td VaBdim exhaiRE GRETE SHowrRiklFigusing such

5are59@§a99gg@ging, and the valves in valve groups 62a and 62b fully

open, while valve 62c is fully C osed, and the valves in valve 15 groups
62d and 62ecare npenet o a predeseasinedideares. 1Rigs 11410 1417 on s when
show a water supply/drainage operation flow while wafer stage WST is
scanhl 16 eXpodse @ shetarehe of ahexposurd apparatusaélated ¢6 theot areas
second embhodiment. The g%ter supply/drainage method in the second

embodimant will° 20 Fow b de<tribEd %%%W,%@fl;%b%%@%éﬁﬁg%@ scribed,
Fige11A showsa state whete, a shat area;SA S%%Eﬁﬁem@%}% g ”gﬁatfﬁi% shot

projection area (an irradiation area on wafer "W where Ination i

10is iracmteduia reticlesk apdi prpjestionoptical systemRiddA ofhot s .

20

25

projection unit PU by stage == _ o .
Asa;memlse,llquldsupplyun1t72,llquldrecoveryunlt

74, and vacuum exhaust unit 76 shown in Fig. 6 are to be
operating, and the valves in valve groups 62a and 62b fully
open, while valve 62c is fully closed, and the valves in valve
groups 62d and 62e are opened to a predetermined degree.

Figs. 11A to 11F show a water supply/drainage operation
flow while wafer stage WST is scanned to expose a shot area
of an exposure apparatus related to the second embodiment.
The water supply/drainage method in the second embodiment will
now be described below, referring to the drawings.

Fig. 11A shows a state where a shot area SA subject to
exXposure nears a projection area (an irradiation area on wafer
W where illumination light IL is irradiated via reticle R and
projectionopticalsystanPL)IU&ofprojectionunitI%bestage
controlunit]fadrivingwaferstageWST‘&n:thispoint,reticle
stage RST is also driven in the opposite direction of wafer

stage WST at a speed corresponding to the projection

magnification) under the control of main controller 20. While



25 control unit 19 driving wafer stage WST (at this point, r_eticie stage
RST is also driven in the opposite direction of wafer stage 64S' 'at a
speed corresponding to the projection magnificat:_on) under thelcontrol
of main controller 20. While 105 wafer stage WST is moving, main
controller 20 adjusts the deg ee of op etllf}§ of each valve ill valve_group
62a of the water supply so that the wager is supplied on wafer W via

su 1 n r j fprojection un_ . PU with respect 5.to_
the moving ireation (ssauning areaton) Tha arsi aréa (TR n Fig Tik° e

showsthecared ondhe syrtace at-wafen We Wﬁiﬁklaj§\ﬁ@@f:§@wimg§/@>t§rtﬂb water
this state, each valve of valve group 62h of the water drainage (water

recoVely} is st dt1a fullytfoseristatelas suprevibaslydesetibed. 10 them, supply
[ [ ' i ile th ter su
\év(?ntﬁiégag%%ﬂST rr%%veesrlg atlrflesscgnnln direction while the water st

/ , ly
nues, and the area covered with a?é?(im)l%}g‘é’aéfalgﬁg%ggtﬁéeSpeCt
s movement of waferstage-WST (water W), as is shown in Fig, .11%h1§‘%ray area

state shown in Fig. 11D is the state immediatély before shot area S
subjéctito 15 ekposure is.abbutite benexposed. Thenwhem shatarearSAarer w
reaches the exposure area, exposure of shot area SA is performed in the

satie hinhersy fEpreviobay aéscribed. DafiAG expostres astisshowndrd valve

Fig part,of sho area SF that passes through projection area ,'_I'A
is in éésgtgte%%gvg%dtcvﬁ% yv%t%ee?%t %ﬁ?i%ne%gfe:ro%atli%gg Polrit SRBFRin Fig. set at

11G (anfrom heforessuch: a0’ ), maip coptrolien20 adiusts;the degree
of opening of each valve in valve croup 62b of the water drainage so as
10 Then, wafer stage WST moves in the scanning direction
while the water supply continues, and the area covered with
water (WTR) spreads along with the movement of wafer stage
WST (wafer W) as is shown in Fig. 11B. The state shown in Fig.
11B is the state immediately before shot area SA subject to
15 exposure is about to be exposed.

Then, when shot area SA reaches the exposure area,
exposure of shot area SA is performed in the same manner as
is previously described.

During exposure, as is shown in Fig. 11C, part of shot

20 area SP that passes through projection area IA is in a state
covered with water at all times.

From the point shown in Fig. 11C (or from before such
a point), main controller 20 adjusts the degree of opening
of each valve in valve group 62b of the water drainage so as

25 to collect the water covering the part where exposure has been
completed. 1In this case, the valves in valve group 62b, which
are provided at a position substantially symmetrical to the

valves in valve group 6Z2a that are opened for water supply



25 to collect the water covering the part where exposure has been

completed. In this case, the valves in valve group 62b, which are .

provided at a position substant-al 11,% symmetrical. to the valves in vfa!ve

group 62a that are opened for water supply | C6 with resnect to proec tion

unit PO, are opened. And, as is shown inlfi@a. 11 ), stage control unit 19

drives wafer stage WST while exposure of shot area SA that passes
through,projection.areg i%isol%%igg ip&rlfogm?g and ,th% water 5 It}hea(§ covers

the part where exposure has been completed is collected. ﬁlﬁen, asis

shown in Figad 1E,sexposhiteaf shati area 57y is; completad: AS1SOON S 9 drives
exposure is completed in the manner above, at the same time main

controlier 26 ‘cdpfpldely clbées eaetp A9 ofthe Vakestin vake graupi62a passes
used for water sup%l)é.tT,hen, at the stage where water on wafer W is

completely dréined s is Shéwit th Fig. 11F° i cBRtrSMer st campletdly water

5 closes; ieagh-pf the TYﬁlé’eéé);ﬁ/aWﬁlegu%Qgg'sl@rtgel{g @)eéednesggpn%_ eted is

above, exposure operation to a 15 shot area SA, and the water _
supphyrecovety opBration,zor in sothebwords,; the @Lataqmpmng@ugge of shot
operation performed synchronously with the exposure operation is
completed Theh, GeEEHHfGE® instructions given from main controller 20,
stage contrp]. upi performs the stepping 20 operation between shots in

g &% Qé&g ag S go %%68,dﬂ%anﬁe@@ﬂﬂﬁﬁgabove’

the same manner as in the Tirst embodimen Ho

operatienenengnef thenwaieriis suppliedan waferoV . Thenforihe nexd s cacn
shot area, scanning exposure (transfer of the reticle pattern) and the

10 wafdr the valves in valve group 62a used for water supply. Then,

15
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at the stage where water on wafer W is completely drained as
is shown in Fig. 11F, main controller 20 completely closes
each of the valves of valve group 62b.

In the manner described above, exposure operation to a
shot area SA, and the water supply/recovery operation, or in
other words, the water supply/drainage operation performed
synchronously with the exposure operation is completed.

Then, according to instructions given from main
controller 20, stage control unit 19 performs the stepping
operation between shots in the same manner as in the first
embodiment. However, during the stepping operation, none of
the water is supplied on wafer W.

Then, for the next shot area, scanning exposure
(transfer of the reticle pattern) and the water
supply/drainage operation synchronous to the exposure
operation are performed in the same manner as is described
above. 1Inthis case, main controller 20 controls each section

so that the moving direction of wafer W and the flow direction



25 supply/drainage operation synchronous to the exposure operation are
performed in the same manner as is described above. In this case, main
controller- 20 controls each section so that the moving direction of wafer

W and the flow direction 107 of the water supplied on wafer W are in the
opposite of the case described in Figs. '1kA/to 11E. And, in the manner
described above, the scanning exposure of the shot area on wafer W %nd
the | - een s re repeated| rformed, a

the che | Danrn of roile B s SabanTany hanaiorred s (HE olaraiy ©F ==
of shot areassservingaasi dividegareas eniwafen W. As is described

above, according to the exposure apparatus in the second embodiment,

the water stipply by theh €0 BapplyImecttanisim orevidbosly destribed:tontheng

inside of peripheral wall 32f, which includes the space between .
profeﬁi%ﬁ%ﬁ??’% %(I}aqr% Aot projection"sptical Lystehi-BE) SafdPwatsr peration

5on waferstage WST, and t&%gev@gecre@wvggPy&tzﬁe@f:%%%( ;E%%h%@%@uit

are performed in sync with the exposure 15 operation to each shot area

on paferalh Thérefere] wihenra pattervisdransterned entatbe shotaregnto the
on wafer W subject to exposure based on the step-and-scan met.hod,.
whitd the?dridtYarda phasses irBtgh Sridiation area VA eeilluminationlight fer W.

IL via projection optical system. PL, a predetermined amount 23 of water
(the water gagn %3 eégﬁgr%{&ede St alﬁP fimes; Ganbé ﬁllré]d; betwEEr IHEAS e

anchpaerabh, andby:the inwaersion method, exposure M@t@ghsupply by the

resolution and a wider depth of focus can be performed when compared

10 withs tieo éaseahieprexpospress Lproségsetkincait. 2ai theoothiee hand,ide of

15
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ides the irradiation
be%efﬁp eral wall 32f, which includes the space between

projection unit PU (lens 42 of projection optical system PL)

and wafer W on wafer stage WST) and the water recovery by the
recovery mechanism are performed in sync with the exposure
operation to each shot area on wafer W. Therefore, when a
pattern is transferred onto the shot area on wafer W subiject
to exposure based on the step-and-scan method, while the shot
area passes through irradiation area IA of illumination light
IL via projection optical system PL, a predetermined amount
of water (the water can be exchanged at 21l times) can be filled
between lens 42 and wafer W, and by the immersion method,

exposure with high resolution and a wider depth of focus can
be performed when compared with the case when exposure 1is

processed in air. On the other hand, besides the irradiation
period while the shot area subject to exposure passes through
irradiation area IA or the period including the irradiation
period anda slight length of time after the irradiation period,

wafer W can be in a state free of any water on its surface.



25 period while the shot area subject to exposure passes thr(_)ugh

i-rad'..ation area IA or the period including the irradiation period _and a

slight length of time after the irradiation period, wafer W can be in a state

free of any water on its surface. 108 That is, when the plurality of shot

areas on wafer W is sequentially exposed) because the supply and the

full recovery of the water between lens 42 of projection optical system PL

andhyafer W argyepeaipdly pertarmed each tipg exposure of 5 the shot,,

area is performed, decrease in tr_ansm-ttance of illumination Iight'IL,

adverse effecton. sthexdmagefporming . apd the likggue t-substances0f-ccovery

the photosensitive agent (resist) on wafer W dlssplvmg into the yvater can

be Stippresseit S0 headditen Linrthe e posure apparatosimthieisecbnsly stem PL

embodiment, the supply mechanism has a plurality of supply nozzles 36 _
e hahy A aloH e T AR o7t B G posure of

in the periphery of irra

5 water Supply-switchgs in ageordange with;the, scanning direction (maving. -

direction) of wafer W. More 15 specifically, each time a shot area is
exposedptheawater i isyipplied by-the stipplyemneshanism Ermnﬂﬁ@g%arf orming,
side in. the scanning direction of wafer W, and corresponding to this

opération e Water RUEIN: Fectverdd by fife REEovErs Piachanishs bhilve agent
front side in the scanning direction. 20 Therefore, the jmmersion method is
apgli&e%g%ge{échozlxsgglﬁ% o{fﬁéelgﬁﬁqeﬁéggrebgﬁegs &t tha 'Seanhimg €
d-rectian: 43 addition, the water supplied to the inside of peripheral wall

32f from the rear side in the scanning direction of wafer W by the supply

10 mechanismipredslishyion, in the exposure apparatus in the second
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embodiment, the supply mechanism has a plurality of supply
nozzles 36 in the periphery of irradiation area IA, and supply
nozzle 36 used for water supply switches in accordance with
the scanning direction (moving direction) of wafer W. More
specifically, each time a shot area is exposed, the water is
supplied by the supply mechanism from the rear side in the
scanning direction of wafer W, and corresponding to this
operation, the water is fully recovered by the recovery
mechanism on the front side in the scanning direction.
Therefore, the immersion method is applied to each exposure
‘of the shot area, regardless of the scanning direction.

In addition, the water supplied to the inside of
peripheral wall 32f from the rear side in the scanning
direction of wafer W by the supply mechanism previously
described, is recovered by the recovery mechanism also
previously described on the front side of projection unit PU
in the scanning direction. 1In this case, the water supplied

flows along in the scanning direction of wafer W in between



25 described, is recovered by the recovery mechanism also previously
described on the front side of projection unit PU in the scanning direction.
In this case, the water supplied flows along in the scanning dire-c--ion of
wafer W in between 109 lens 42 and wafer W. Therefore, in the case
foreign matters are found on wafer W, the0gater flow removes such
su-nsta:nces. In addition, also in the second embodiment, bubbles found

in the, Wg\tq@ag%%ol&%c%%qf b(/)(ntheIt%uebrb(IEef recovery 5 é‘gechanism previously

described as in the first embodiment, at the rear side of projec igﬁ%ﬁrﬁ@atters
in -hesseanniag sliregtionr of the wafgk Ja thisicase, whep-she scaniitgs t ances .
direct-on of wafer W is switched, then corresponding to such an

operation, fhe Bulshlé iecoveryanedhanisma useddoricaltasting thent bubbles
bubples 10.is also switched. In addition, in the exposure apparatus in tine

second embBdimént"Wh&h thé pafierhiis fansferred: e Waks stppRpyery

sthesupplynechanism.is &gque&ie%téQ?}ggi(g\t where t%%reeafi%% O]zethgcdiment ,

shot area subject to exposure moves off ' __-ra lation 15 area ueto -

the movementof thelwaferstage itherseanningy direetiensThereforg dhise .+ 1 on
effectively suppresses vibration caused by the drive of the valves and.the

watef hafifine2 BeEempdhyifiy thecdrivee frotnetravdiing to projéctipriumitct ion of
PU_and degrading the image fqorming quality of projection optical 20 .
sys%qean%lOI ﬁ%’gFﬁﬁhsé%rJrjﬁgrce%ﬁgé atrqﬂgﬁngg%ﬁ gﬁﬂc}lfé% EanPE-RetiiceRSE2 Lo,
mueh aspessikle, se asdoreguce the time, teguired,. for yecovery, lnth%ebubbles

addition, in the exposure apparatus in the second embodiment, when t

10pattern has beentrartsterred or, a shot
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In addition, in the exposure apparatus in the second
embodiment, when the pattern is transferred, the water supply
by the supply mechanism is stopped at the point where the rear
end of the shot area subject to exposure moves off irradiation
area IA due to the movement of the wafer stage in the scanning
direction. Therefore, this effectively suppresses vibration
caused by the drive of the valves and the water hammer
accompanying the drive from traveling to projection unit PU
and degrading the image forming quality of projection optical
system PL. Furthermore, the amount of water supplied can be
reduced as much as possible, so as to reduce the time required
for recovery.

In addition, in the exposure apparatus in the second
embodiment, when the pattern has been transferred on a shot
area subject to exposure, the water is recovered by the
recovery mechanism before the stepping operation of wafer
stagewsfbetweenshotsperformedpriortothepatterntransfer

of the next shot area begins. Therefore, this frees the



25 area subject tc exposure, the water is recovered by the recovery
mechanism before the stepping operation of wafer stage rdST between
shots performed pr i_or to the pattern transfer of the next shot area
begins. Therefore, this frees the 110 excosur_e of the next _.shol area
from adverse. effects due to substances b the nholosensi_i-ve agent
(resist) of wafer W dissolving into the water. Furthermore, the water

supphpand recevery maecharismiin the stepping direction can be gmitted. | .

5 In the second embodiment described above, the case has %een

deseribed where the supply phedhanism begins thgézvaier(’]s@@@]yﬂ/yh% wafer W
the front end of the shot area subject to exposure in the scanning

direttion P e Supply Pasifien (of ihhieiatelycbefore) as isshowrply and

in Fig. J1A. resent 10 invention, however, is not limited to.this, and
theﬂé%pply ﬁ&%ﬁgﬁ% may Jbréngtr%1 the Watar SUppiy AESither iRt dieromitted.

5 the steppingoperation o waferstage WST Q@W@?@%'ﬁagﬁf&fé'"t@% tgaetse has
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pattern onto the shot area subject to exposure and trans erring the

patfet i bnis terplecddingeshot tnea asdyden & completed rafterwafehe water
stage WST has begun its movement for exposure of the succeeding shot
area}lgﬁg }ger%I%nt &'froht BHd BF thé Shbh &réa Stibject foexposare frotiseposure

i irection reach Jpply position. In this case, the supply.
e Sl AP SR e o
whicirieclidesthe spacerbetween projestion unit RYLlens A2 of ope L csent

projection optical system PL) and wafer W on wa_fer stagg WST, from t e

reat SitR\iRtRE mERRMG Hirsetiors (Scah nmlgr}dlt@ctlom of wafer Wnand fils supply

themsepc%: Sl’lble fé[vrr\{e$g ryler?es g412 nar%%gl a&%rt\évrwgﬂgt)g%yaaﬁr lé%?:nh?re point; after

movement ot wate
thesteppingoperationcﬂfwaferstageWSTk@tweentransferring
the pattern onto the shot area subject to exposure and
transferring the pattern onto the preceding shot area has been
completed, after wafer stage WST has begun its movement for
exposure of the succeeding shot area, and before the front
end of the shot area subject to exposure in the scanning
direction reaches the supply position. In this case, the
supplyn@chanisn1supplies'thewaterixatheinsidecxfperipheral
wall 32f, which includes the space between projection unit
PU (lens 42 of projection optical system PL) and wafer W on
wafer stage WST, from the rear side in the moving direction
(scanning direction) of wafer W, and £ills the space between
lens 42 and wafer W with the water upon the movement of wafer
W. In this case, when shot area SA on wafer W subject to
exposure moves to the position under lens 42, the water is

supplied on shot area SA without fail before shot area SA

reaches the position under lens 42. That is, when wafer W is



25 W. In this case, when shot area SP_ on wa_"er.W subject to exposure

moves to the position under lens 42, the water is supplied on shot area

SA without fai before shot area SA reaches the position -under lens 42.

That ; s, when wafer W is 111 moved in the scanning direction, welter is

supplied to t,"1.- ;pace between 'ens 42 ahdlthe surface, of wafer W.

Accordingly, by performing exposure (transfer of the pattern qf reticle R
onte,wafer;W)-ofshet.arga WPéC&%eJMﬁ%SJQg @ge%gugrfggeg tgg the space
exposure, the immersion method previously escrlbga IS aB led; an
exposuresisperformewithdiigh seselution-and ra.yiderdepth @.fJQEE‘%lingly, by
compared with the case when exposure is processed in a-r. In the secon
emb&dirfert 4BSchbEE ah6Ge 58 @Wmicﬁhe}:@auz,eﬁ?n @;@m@}tel,coire R onto
the | r end section of liquid supply/drainage unit 32, a plurality o '
parﬁ%\gr%s%%; aﬁ%[ g ng?%ﬁgﬁggig the’ g&&ﬁhiﬁ& tifestigmay perrea subject

5movbeex@b@@§®9n%98tEM&éE@§A%“M%@8%§°@¥¥QQ9H§ %ﬂggg%ribed is

plurality of supply nozzles 36 (supply nozzles that'are within 15-a range
corfsdiponding orptofection area {isrradiat cemarea)i thohtherpatterint ion and
the nor-,Sé:anning direction) arranged spaced apart in the non-scanning
diréctidn T tHiE Bade, OlvithrescH-areeasgltioied by bartitions S7aeand xposure

) ) 0
87h wh LPR zzles.36 are eachdisposed, recovery pipes 52 are 2
dis%o\élse%riev?/i(fs- gagld:)%é cojr%a'sponding to each of the supply nozzles 36.

Then, mainicordtodles 204nay switeh SHBRlY nazzle. 3g usedfgr water, ; 5 shown
supply by the water supply mechanism in accordance with the position o

10 thelshot afea bA wafer Ve sabjeée to exposure] ane aceardingly,Tesavery 1:quid
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i er
mp%%g%f??gggﬁﬁgée unit 32, a plurality of partitions 87a and

87b extending in the scanning direction may be provided, at
positions on both sides in the non-scanning direction of a
pluralityofsupplynozzles36(supplynozzlesthatarewithin
a range corresponding to projection area (irradiation area)
IA of the pattern in the non-scanning direction) arranged
spaced apart in the non-scanning direction. 1In this case,
within each area partitioned by partitions 87a and 87b where
supply nozzles 36 are each disposed, recovery pipes 52 are
disposed with each pipe corresponding to each of the supply
nozzles 36. Then, main.controller‘ZOInay'switch.supply1qozzle
36 used for water supply by the water supply mechanism in
accordance with the position of the shot area onwafer W subject
to exposure, and accordingly, recovery pipes 52 used for water
recovery may also be switched. In this case, supply nozzles
36 and recovery pipes 52 may be switched by the selective

open/close operation of each valve in valve groups 62a and

62b.



25 recovery may also he switched. In this case, supply nozzles 36 and_

recovery pipes 52 may be switched by the selective open/close operatlon

of each valve in valve groups 62a and 62b. 112 Normally, a plurallty of

so-called chipped shoes that are partly chipped is located in the periphery

on wafer. W, and in such chipped shoesl! iere are some shots like shot

area SAn in Fig. 12 whose size in the non-scanning direction is S smaller

than that ofielfigesha areas(siiol areas lopated in thedaner seetion on o ¢ .¢
wafer W) . The position of chipped shot SAS, on wafer W and tHe shape

of theshot {in¢ludingithe size) sisknosne I herefores Whenieposing-8Avarer w,
main controller 20 can perform the open/close control of each valve in

valie 10 grotisd 655 HrdwshIs 36 that tHeewateris suppliedfrdm, Idrke shot area

ex le, supply nozzle 36Q indicated.by a a in Fig. '_2, and, recovered ,
byarézégo‘\e/lerfy}%? e"S% a"léj%oo%%icséljfezé3 b&rga%.%n(f hérr 8teH At dntrbPist ton is

5 perfarmeds wates supplyfdrainage.is, not gerformed. in( the chipped ?airgigated in
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she-- area SA,. 15 Accordingly, by completely draining the water from the
arebheniwafer Wotherthanrtheshot di¢a subjest toexpasiiedefors ghed shot
exposure, it can prevent the water from leaking as much as possible

whanexpoding ffe Enidiea afes ef inithehasehwhefd tvd sizend the size)
auxiliary, plates 2%%@1%%%%"\’%?#@9'%%% %O 70 canpot be increased. 1n
t

this case, It is'a matter o- course that, su ysr%élz%le urél%_&?orc\ﬁgfé‘?Oll?r 20
supply apdrecevery pipecpe areswiehed ninaccordance With,the, e 11, vaive

scanning direction of wafer W. In addit'..on, main controller 20 may switch
suﬂﬂ?%@§ﬂ@2a and 62b so that the water is supplied from, for
example, supply nozzle 360 indicated by a e in Fig. 12, and
recovered by recovery pipe 520 also indicated by a e. And,
when such a control is performed, water supply/drainage 1is
not performed in the chipped part in shot area SA;.
Accordingly, by completely draining the water from the area
on wafer w othér than the shot area subject to exposure before
the exposure, it can prevent the water from leaking as much
as possible when exposing the chipped area, even in the case
where the size of auxiliary plates 22a to 22d of wafer holder
70 cannot be increased.
In this case, it is a matter of course that supply nozzle
36 used for water supply and recovery pipe 52 are switched,
in accordance with the scanning direction of wafer W.
In addition, main controller 2Q may switch supply nozzle
36 used for water supply by the water supply mechanism in
accordance with the size of the shot area in the non-scanning

direction instead of the position of the shot area subject

to exposure on the wafer, as well as accordingly switch



25 36 used for water supply by the water supply mechanism in .

accordance with the size of the shot area in the non-scanning direction

instead of the position of the shot area subject to exposure on the vyafer,

as well as accordingly switch 113 recovery pipe 52 used for Collecting the

water. In such a case, even when transférting, a pat tern of a different

size onto the same or a different wafer, exposure can bbe gergormed5 "

sm ition -1 mbodiment descri above, e
cas%%h@gv k%gegr?%gg]&?b@eg%haeer%%ﬂ%%vﬁj%rcstulp%ﬂ/gls% %t%“;%g&& ‘wheh S U_Ch acase,
exposure of the shatrarea:on wafer Wabhas beencompleted (teferdo Fig., o 1
1" E). The present invention, however, is not limited to this, and it is

posSEHHIE toremplby nekposUré cseqeemtessuch asthecone showmdt smoothly.

Figs. 13A. ~0 13F. 10 In this case, the processing in Figs. 13Ato 13C is )
the same gsninaE%éFffﬁ,’t&’fl@ﬁe@ﬁﬁ%ﬁ%@?&?ﬂﬁﬂ?ﬁ&w@\%ﬁ?%w above,

5 poiphjuist before-theyear, e(ﬁ'gs%flsll'pé gr%gféslé}?x'g ¢ tg SX psousglaj 5 I(Yj f::lsse a5 topped

scanning direction moves off irradiation area IA, or {0 be more §f)e

thewpaint wherestheaear 15rend nbshetareacsAwgachesithe SUBBY. completed
position (water supply position (the position of s_upply pipe 58)) shown in '

Fig' 185k Edriroliek0- corpfetelgeses valvegroum f2acanteuts is not

' ' ion i . This reduces the
qffﬂlﬁ{\iaggrds%pgl%%{ntll thg1 expogure operation is over. This reduc
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time required to drain the water compfet&ly® ﬁé}f)&:aﬁ?e fPrmgedtp exposure
whichdhewatersis suipplied issmallers (fgfgr to Figs; 13E and, 13F) when

compared with the case described referring co _ags. 11A to 11F..

Accordingly;tintthe scaseseibratien generated ng water sgpp:p/erainadesc is the

oA 2omal BTSN £ PEOPHE BUVESLTS HonorPhe " novever,
at the point just before the rear end of shot area SA subject
to exposure in the scanning direction moves off irradiation
area IA, or to be more specific, at the point where the rear
end of shot area SA reaches the supply position (water supply
position (the position of supply pipe 58)) shown in Fig. 13D,
main_controlleréﬂ)completely’closes'valvegroup 6Z2a, and cuts
off all water supply until the exposure operation 1s over.
This reduces the time required to drain the water completely,
because the range to which the water is supplied is smaller
(refer to Figs. 13E and 13F) when compared with the case
described referring to Figs. 11A to 11F. Accordingly, in the
case vibration generated on water supply/drainage only has
a small influence on exposure accuracy, the throughput can
be effectively improved. In this case, again, the water is
collected by the recovery mechanism, after the pattern has

been transferred onto shot area SA and before the stepping

operationcﬂfwaferstageWSTh@tweenshotspriortthhepattern



liquid supply/drainage unit

25 be effectively improved. in this case, again, the water is collected by
the recovery mechanism, after the pattern has been transferred onto shot
area SA and before the stepping operation of wafer stage WST between
shots prior to the pattern 114 transfer onto the. next shot area begins _
(re-erto __j g. 13F) As the liquid supply/drainage unit, its arrangement is
not limited only to the ones described in the embodiments abtlnve, and

i f arrangement can be employed. 5 For example, as in a_
e e I 35S oSbler?efn ig—lrg%/ﬁi%?%él%nftrrﬁéﬁ?b"eto Fig. 13F).
structured withauthavieg theduhble recoyerysmechanism apd the full (o 54
recovery nozzle provided, and comprise only a widened nozzle section,
Suppit nozzles=360and supplyspipes S8e;shaticoastitute the suppl kent s above ,
mechanism for supplying the water, a tapered nozzle sect;-on and

recGVETy Piiet B tHatRofsitiite theaBE6WSH) mechanism sfop éoliecting

sthe water, apgd,slits, 3703 and 32h4 that Eonstij%te the a#xi igr recovery
ike. n {h thé ¢

mechanism, and the like. [n this case; wﬂ%ﬁgns 42'4H _ taej_r,nﬁfée unit 32
tapetiedvozale d5csecraion andresovery, ppes52 are provded inthe, . 1oying
periphery of lens 42, and the widened nozzle section, supply nozzles 36,
and-$tiph-pipes 58 arevdisgosettom 1 ikencaned sidecoffthe ltaperesyery nozzle
nozzle se.céigg and recover§\£ipes 52. In the case when liquid

supply/drainage GRit 32°SREw n ‘%ﬁ”gl.ﬁﬂ\vi’si@ﬁfb%%/éﬂ? héfi o on, supply
example,1exposyre %BG@Q{PW?%@ %:% \I%%f%% r]:cra%;rnll I%fg.té)urtl%ht‘ﬁ:}bg supply

water is supplied from supply pipes on e Via supp

10nozzlest 86 and tHe widened yozzlecsection: ard aapar 9L theWatef ; 1¢ section
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supplied is drained and bubbles in the supplied water are exhausted by
the?&ﬁb&@covery'pipes 52 that constitute the recovery mechanism

for collecting the water, and slits 32hs and 32hs that

constitute the auxiliary recovery mechanism, and the like.
In this case, with lens 42 as the center, the tapered nozzle
section and recovery pipes 52 are provided in the periphery
of lens 42, and the widened nozzle section, supply nozzles
36, and supply pipes 58 are disposed on the outer sidebof the
taperednozzlesectionandzecoverypipes52. In the case when
liquid supply/drainage unit 32’ shown in Fig. 14A is employed,
when, for example, exposure is performed scanning the wafer
from left to right, the water is supplied from supply pipes
58 on the left hand side via supply nozzles 36 and the widened
nozzle section, and a part of the water supplied is drained
and bubbles in the supplied water are exhausted by the tapered
nozzle section and recovery pipes 52 on the left side of lens
42, which suppresses the bubbles from passing under lens 42.
Meanwhile, the tapered nozzle section and recovery pipes 52

on the right side of lens 42 recover the water flowing below



25 nozzle section and recovery pipes 52 on the left side of lens 42, which
suppresses the bubbles from passing under -ens 42. Meanwhile, the

tapered nozzle section and recovery pipes 52 on the right side of lens 42
recover the water flowing below 115 lens 42, In th__s case, the tapered

nozzle secd on, recovery pipes, widened hbzzle section, supply nozzles

36, supply pipes 58, and the like described above do not necessarily
have-tebe 5 provided covering the entire periphery of lens 42, and for _
example, each one of them may he provided respectively on both ends in

the scanning directions Regarding this paink e same canbe saithips ry pipes,
ligu=id supply/drainage unit 32 previously described. 10 In addition, in .
eadh6ftheemBadihterts aedcibeHbdVe] Tfewate? sBpplysampbly pipes 58,
e I e aoind e ve to be

nozzies e present Inven..ion, however,is n

SGX%Mﬂ@idQQW@H$%$ﬂ%%y@ﬂ@dgﬂeég%nﬁgﬁgiggggnggdYgﬂga%§}5and for

supply/drainage nozzles 52' as in a Liquid supply/drainage unit 32" shown
in FigargBeln s tasepwher ivafemstage w&'ﬁfismamwpa_aﬁtwmﬂry on both
may be supplied from a water supply/drainage nozzle located in the

rears Heir the- BEarihig thredtion BRd chiBctedBy@awhitey this point, the
su rai ocated. _n the front side.in the scanni ,
e e B D TR Tl gt
gathes ¢ the yicinity o'f the ceiling inside liquid supply/drainage unit 32"

in the front side of lens 42 in the scanning direction, and when the

10 scanning directidf i teverséd aadthe hozmesmbodiments described above,
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the water supply and drainage by the liquid supply/drainage
unit is performed using different nozzles. The present
invention, however, is not limited to this, and for example,
the water supply and drainage may be performed via water
supply/drainage nozzles 52’ as in a liquid supply/drainage
unit 32”7 shown in Fig. 14B. In this case, when wafer stage
WST is scanned, the water may be supplied from a water
supply/drainagenozzlelocat@iintherearsideinthescanning
direction and collected by a water supply/drainage nozzle
‘located in the front side in the scanning direction. And, in
this case, when bubbles are found in the water, they gather
in the vicinity of the ceiling inside liquid supply/drainage
unit 32”7 in the front side of lens 42 in the scanning direction,
and when the scanning direction is reversed and the nozzles
used for water supply and drainage are switched, the bubbles
are exhausted from the water supply/drainage nozzle on the

drainage side,

Furthermore, in the exposure apparatus described in each



25 used for water supply and drainage are switched, the bubbles are

exhausted from the water supply/drainage nozzle on the drainage side.
Furthermore, in the exposure apparatus described in each 116 of the
embodymen's above, in lens 42 located closest to water . W among t_he

lenses that constitutes projection optical System Ph, for ex_ample, asis

shown in Fig. 15, holes may be formed in the portioE that is not#s?d f_c()jr

expasu liquid. 5 supply by the suppl anism, or the iqui

recpogv§el§/% o%%%gtg%%{(%&?éﬁy %)%p%%blelsnlni tﬁ@%c@% by’ ﬁﬁtéer%cbv%i?“’ - to wafer
mechanistymajebediesioemachvia-shatheles.da I -6 fase §99V\>/e\f}lﬁﬂ@. El% system
15, the liquid is recovered through the holes formed in lens 42. en

suchlan arangerient is employedsitherspace T ganitie savateompared formed
tothe c e when the supply mechanism and recovery mechanism are

both arranged completely ekterfor 6 thes frojédibnesiticarsysteniidnthe 1iquid

SGaCE'Lf%fﬂ@%/ WO%GEW%%% strz]nas beentkqgscjribedi\ghér%ecove ry or

ultra pure water (water) is used as the [-ii quid. %rs_ a matte%%?co_u _ |
hovieuer Lthepresentigventionisnot Jimiteddadhis . and as Idgxlé'd_r@covery
liquid that is chemically stable, having high transmittance tO.I Iu_mlnatlon
lighf'aERgid sBfeevuBeE, Beentasadilcrine sontairing ert liquid imay dee shown
use .such as a fluorine-cantaining inert liquid, 20 for example,

o (LAt Sorie it GIA LR B 3 Sh e RBaSmEne holes formed

fluorinereadaining ingrtliquid s alsp a%&ﬂ%’grﬂr&’i‘%t %pgrir%tﬂ];%cf:gglin%he space
effect. In addition, as the liquid, a liquid which has high transmittancé t6

L0illurairation light #dandmaprefradtive index askigh@sen the supply mechanism
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and recovery mechanism are both arranged completely exterior
to the érojection optical system.

In each of the embodiments above, the case has been
described where ultra pure water (water) is used as the liquid.
As a matter of course, however, the present invention is not
limited to this, and as the liquid, a liquid that is chemically
stable, having high transmittance to illumination light IL,
and safe to use, such as a fluorine containing inert liguid
may be used. As such as a fluorine-containing inert liquid,
for example, Florinert (trade name; manufactured by 3M) can
be used. The fluorine-containing inert ligquid is also
excellent from the point of cooling effect. In addition, as
the liquid, a liguid which has high transmittance to
illumination light IL and a refractive index as high as
possible, and furthermore, a liquid which is stable against
the projection optical system and the photoresist coated on
the sﬁrface of the wafer (for example, cederwood oil or the

like) can also be used.



25 possible, and furthermore, a liquid which is stable against the

projection optical system and the photoresist coated on the surface of.

the wafer (for example, cederwood oil or the like) can also be used. r 17

In adaition, in the above embod-_ment, the liquid recovered may be

reused, and in this case, a filler that remoVv&s impuritiesfrom -he cpllected

water is desirably provided '_n the liquid recovery unit, recovery pipes,

arid the liker s 1a &ach ob e embogiments pbovg, g Gase hasheen, ; .. 4
described where the optical element closest to the image p.ahe 0 ‘
projection @pticahslysteme B qd lens @2 -howeverathe apticalelementis, croves
not limited to a ;.ens and .i.t may be an optical plate (plane-parallel plate)

for aBfSting tHeSoptical 10 Brofserties sach @Q@@érf&ti@i&@pgﬁb@tprovided in
ab i0 ma, and the like) of projection optical system PL, or it may

s.irr(?%%f/Eg bgiaa%olvger% ate. The sﬁr %i%é of the oiticdl Breifeit cidsest 16 thel ke -

5image plane 9f projection %@%%ﬁ%@%%ggnﬁégv@ e eOfcthe has been
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embodiments above) may be contaminated by 15 scatté_re partlcles
gerittatedifiem theaesistiwiththe deradidtioncofillumination Hght Ak orhYye plane
coming into contact with the liquid (water in each of the embodiments

abdVe) FéSnt&ining i ptRities 2FheréforéthRloptieallclemett is figedver, the

det e le) to, the lowest section of 20 barrel 40, and may
e orica:

element eomirigairiocontact siththe disyidds lens42, the price pfthe, 1

exchanged component is high and the -___me required to complete
properties such as aberration (spherical aberration, coma,
and the like) of projection optical system PL, or it may simply
be a cover plate. The surface of the optical element closest
to the image plane of projection optical system PL (lens 42
in each of the embodiments above) may be contaminated by
scattered particles generated from the resist with the
irradiation of illumination light IL or by coming into contact
with the liquid (water in each of the embodiments above)
containing impurities. Therefore, the optical element is
fixed detachable (exchangeable) to the lowest section of
barrel 40, and may be periodically exchanged.

In such a case, however, when the optical element coming
into contact with the liquid is lens 42, the price of the
exchanged component is high and the time reguired to complete
the exchange operation is long, which increases the
maintenance cost (running cost) as well as decreases the
throughput. Therefore, the optical element coming into
contact with the liquid may be, for example, a plane-parallel

plate since it has a more reasonable price than lens 42. 1In



the exchange ope-ation is long, which increases the 25 maintenance

cos-_ (running cost) as well' as decreases the throughput. Therefore, the

optical element coming into contact with the liquid may be, for example, a
plane-parallel plate since it has a more reasonable price than lens 42. In

118 this case, even in-.he case when maltidts (such as organic matLers
concaini_ng silicon) that reduce the transmittance of projection optical
system £l dhe | Luminancg of jjlumination, Jight !Ilr_d(er%%\j’[ﬁger(\é/ﬂt € as organic
uniformity of the illuminance 5 distribution, or the like adhere to_ﬁ‘ne

plane-pacaltel ptateaatthedime of transporation cassembly. agdjustBent 0k nce of
the like of the exposure apparatus, the plane-parallel plate can bg . .
exchanged justbétote the ié‘r&ﬁéﬁ@@u‘ﬁbﬁe‘@b%n@l{h@@miﬁmitﬁwllélmlnatlon
incr due tg the less expensive exchange cost 10 when compare
Withf't{;;lgeﬁgasfcleﬁw gn\ﬂasﬁegra ens l%re th%nolp%ﬁ:%llme?é’mgrﬁt.Wﬁddi%_BWﬂi‘ﬁame

5 eachiefitheamboediments desctibed above . dhe Jange where the liguid o1 741

(water) flows can be set covering the entire projection area_(lrradiathn
areatoftileminationctb lightridy) of the patternsareancf 1he reticle, anekits:, or the
siz% ,rg{gy be oFtionaI however, from the point such as flow speed, flow

U ;

amouRtcontrof thé Farge s rerérab R REpt %@n@ﬁ%@p@@sﬁ@lé@l‘ plate can
Setti ightly | the irradiation area. 20 Furthermore, in
ol Pt S e BB IS RSl oo coee

arerprovidedlindherperiphersoti the ereanherewater Wis meunted 00 g cost
wafer holder 7C, however, in the present invention, exposure apparatus

10 thatBsmhgtompared with the case when using a lens for the optical
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element.
Inaddition,:Uleachcﬁftheembodimentsdescribedabove,
the range where the liquid (water) flows can be set covering
the entire projection area (irradiation area of illumination
light IL) of the pattern area of the reticle, and its size
may be optional, however, from the point such as flow speed,
flow amount control, the range is preferably kept as small
as possible by setting it only slightly larger than the
irradiation area.
Furthermore,ineachcﬁftheembodimentsdescribedabove,
auxiliary plates 22a to 22d are provided in the periphery of
the area where wafer W is mounted on wafer holder 70, however,
in the present invention, exposure apparatus that do not
necessarily require an auxiliary plate or a flat rlate that
has a similar function on the substrate stage are available.
In this case, however, it is preferable to further provide
piping on the wafer stage for recovering the liguid so that

the supplied liquid is not spilled from the substrate stage.



necessarily require an auxiliary plate or a flat plate that 25 has a simll_ar

function on the substrate stage are available. In this case, howevgr, itis
preferable to further provide piping on the wafer stage for recovering the

liquid so that the supplied liquid is not spilled from the substra:_e s-.age.

119 In addi-ion, in each of the embodi_merit_s above, the exposure

apparatus is employee whose space betw_eer_1 projection optical system

PL andamafet Won ocally felde -y 8 wilrs hliguid; Howeve raﬂ%%e, Present xposure
invention, there are some parts that are 5 applicable to an immersion

expusbie apparatas whoseydetailé care diselosed inwlapaneseRatebn optical
Application Laid-open No. H06-124873, where a stage.holdln‘g a

substatE Subjecito Bxpedute is Mol ihva figdibashml ohtdamiid. However,

immersi .apparatus whose details are disclosed in, Japanese
patont Lb ARplication Laidkopon No. 310 3057, 14 whef a Waldis héfd 7=

Sin aliquid el ef & predeterminedidepth formed-an astage. =0 each.of 4. 4
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the embodiments above, an ArF excimer laser is used as the light source.
Thé pfesEnt fvetion] howéeer ris ot Himitedttozthis] and andttravielet open No .

li 15 as a KrF excimer laser (wavelength 248nm) may
;?sqé i%%?f:@ﬁy AdUiHiGA Sof exampe, i Giravictetight isrotdintitdel ect  to

onlgi%g&pée[sb%méﬁmgtgdﬂ% £a %fhtheo' ight sources_referred to

7 LOYrTCOo an imm on exposure
above, and a harmonic wave (for example, having & waveléngti of

193nmpmayaisobe useddhatiis obtairediby 20 MPIITYING 85apanese Patent
single-wavelength laser beam in the infrared or visible range emitted by a

Retriiedhdictor faser 8Pfser fasel, IWith @Fibet ampldier doped f¥ith, 1 s held

for;%agﬂﬂ%QEQﬁ %501 of a predetermined depth formed on a stage.
In each of the embodiments above, an ArF excimer laser
is used as the light source. The present invention, however,
is not limited to this, and an ﬁltraviolet light source such
as a KrF excimer laser (wavelength 248nm) may also be used.
In addition, for example, the ultraviolet light is not limited
only to the laser beams emitted from each of the light sources
referred to above, and a harmonic wave (for example, having
a wavelength of 193nm) may also be used that is obtained by
amplifying a single-wavelength laser beam in the infrared or
visible range emitted by a DFB semiconductor laser or fiber
laser, with a fiber amplifier doped with, for example, erbium
(Er) (or both erbium and ytteribium (Yb)), and by converting
the wavelength into ultraviolet light using a nonlinear
optical crystal.
Ih.addition, projectjﬁnloptical.systenmPLjﬁsnot limited
to a dioptric system, and a catadioptric system may also be

used. Furthermore, the projection magnification is not



sandstbersubstrate wafen argsubstantially.standing still, the
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(Er) (or both erbium and ytteribium (Yb)), and by convert_ing the
wavelength into ultraviolet light using a nonlinear 25 optlgal cr_ystal. In
addition, projection optical system PL is not limited to a dioptric sys.tem',
and a catad.loptric system may also be used. Furthermore, the projection
magnification is not 12C limited to magnifieation such as 1/4 or 1/5, and
he magnification may also be 1/1C or the like. In each of the

embogiments described above, the casg has, been gdescrihed where th

! arl e
present invention is applied to a scanning exposure apparatus based &

the steprard-sean methad. Hisa rb@ttelr/()j@oygsg—% howevey, that the
present invention is not limited to this. More spemﬂcally, th_e present
invention catafst e Suitdbly ippi o teredustiohbprojectior, the case has

ex re apparatus based on a step-and-repeat 10 method. In this case,
pesides e point hat exposLie 5 perorinEd wieh 6h the meSicFetile)” to =

at exposure is
. O éﬁﬁBQ Eg%gmznethod.

apparatus can basically employ a structure similar to the one described in

the firstlembotimentand obtainsthe sasneveffect: Asdn@addiion.dber :nvention

present invention can also be applied to an exposure apparatus that

comptiseRtwb Wafer Stages (A stalfe t§peerpédirecdpparatusy Theesent

atus in each of the embodiments described above can be
s o ahall By inéorperating 50 o Mihriior aptcal &yt imade™

upph@pﬁwaM¢@f&xp@§@¥@rH@E&H@%HB“EﬂéQEOEHPH“E%QBQ%REU¥%peat

exposure apparatus, and attaching the liquid supply/drainage unit to
method. In this case, besides the point that exposure is
performed when both the mask (reticle) and the substrate
(wafer) are substantially standing still, the exposure
apparatus can basically employ a structure similar to the one
described in the first embodiment and obtain the same effect.
In addition, the present invention can also be applied to an
exposureapparatus'thatconprisestww>waferstages (twin stage
type exposure apparatus).

The exposure apparatus in each of the embodiments
described above can be made, first of all, by incorporating
the illumination optical system made up of a plurality of
lensesandpmojectionxnﬁﬁ:PUintothen@inlxthoftheexposure
apparatus, and attaching the liquid supply/drainage unit to
projection unit PU. Then, along with the optical adjustment
operation, parts such as the reticle stage and the wafer stage
made up of multiple mechanical parts are also attached to the
main body of the exposure apparatus and the wiring and piping
connected. And then, total adjustment (such as electrical

adjustment and operation check) is performed, which completes



projection unit PU. Then, along with the optical adjustment operation, _

parts such as the reticle stage and the wafer stage 25 made up of multiple

mechanical parts are also attached to the main body of the exposure

apparatus and the wiring and piping connected. And t_hen, total _

adjustment (such as electrical. adjustmeﬁr?énd operation check) is

performed, which completes 121 the making of tZ: exposurehe;pigaratus.

Th [ [y built 1 an feom W ,

condilons Such as. he temAeratiLe A 5 dosies of eanHac e SPParatus

controlled=leaddition Hinieechiof thecembedimentswesedbed ahove.0Bs such as

the case r has been described o where the present invgntlon is _applled to

exptc:)sﬁré: APPartIS HEedTor MishGrREEIRME %ﬁﬁr@@g%&mes fﬁﬁ;ﬁmml led.
ent inventi er,is not limited fo this, and it can be ,

g|roepslied to fn%eggggg;%%ébplé?a%uascﬁarorﬁgn%?a%fntﬁiﬂajif&ﬁfﬁt&ﬁ%%%ﬁlﬁﬁsabove :

Swhichel@ traastess adiguid erystal display,deice.patiernonto asquare | . .
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shaped glass plate, and to an exposure apparatus for r_nanufacturl_ng

thirPfift riagnefic hsads dmagingrdevices; micsamachingsrerganic Bling

DNA chips, or th% like. |n addition, the present invention can also bg |
suitably- 15 applied to AR‘exXposure appaltGSHat rangfers aefreuiowever, is

ili ducing
atiesn ontea glass,supstrate gra silicon wafer notonly when producing
&ic%dﬂeviceé such azysemiconductors, Ut also” Wheh produciiiy woréficfeposure

or @praskaised if exposureppaiatus oSUCh,RS an Pyl EXPASWE 5 s which
apparatus, an EUV exposure 20 apparatus, an X-ray.exposure apparatus,
or &rf Biéetdhhéam ExpBstre apparatisoNanmady.ca thetexposureto a square

ap@%@ggghSEass plate, and to an exposure apparatus for
manufacturing thin-film magnetic heads, imaging devices,
micromachines, organic EL, DNA chips, or the like.

In addition, the present invention can also be suitably
applied to an exposure apparatus that transfers a circuit
pattern onto a glass substrate or a silicon wafer not only
when producing microdevices such as semiconductors, but also
when producing a reticle or a mask used in exposure apparatus
such as an optical exposure apparatus, an EUV exposure
apparatus, an X-ray exposure apparatus, or an electron beam
exXposure apparatus. Normally, in the exposure apparatus that
uses DUV (deep (far) ultraviolet) light or VUV (vacuum
ultraviolet) light, it uses a transmittance type reticle, and
as the reticle substrate, materials such as silica glass,
fluorine-doped silica glass, fluorite, magnesium fluoride,

or crystal are used.

<<Device Manufacturing Method>>

An embodiment is described below of a device



uses DUV (deep (far) ultraviolet) light or VUV (vacuum ultraviolet) Ilght, it
uses a transmittance type reticle, and as the reticle substrate, materlals
such as silica glass, 25 fluorine-doped s-' ica glass, fluorite, magnesium
fluoride, or crystal are used. Device Manufacturing Method>_> An _
embodiment is described below of a devié&222 manufacturing method in
the case where the exposure apparatus described above is used in a

lith ic process. Fig. 16 shows a flow chart of an example when i
ma%%ggggi%uarégﬁc@ ﬁ%‘eognll% ngnclfsgleaé’)ﬂ?é% Eé‘ﬁn@éﬁ&?ﬂéﬁcﬁi@?af atus
a liquid erystalpaneh @-CCD, alhip ma%ne}im?g%r mieromacnhine, or

theqlﬁie) . As is shown in Fig. 16, in step 201 (desi n sft)eﬁ)c, t_ﬁé?ﬁr?&i%n/
performancEidesign of hadevice (ffosexample; d@@lg@m%@gmgglgf%@en
semiconductor device) is performed, and pattern design to 10 |mplement
suchFURSTSH-S PErbrMedSTRER, in Sidis262 (Mask manufasturing step)a

sa mask onwhichthe desi eEr>r1ed gireuit attern is formed is manufactured,
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25

whereas, in step 203 (wafér’ manufacturing &%Bj‘?&m%?éﬁs' a CCD, a thin
manafactured usingimaierials rshe-as slicon, 15 Next..in step 204 (wafer .
processing step), the actual circuit or the Ilke is formeq on the wafer by
lithégraphyfor thedikennZDmatwes ivhick wilb be deseribeddates.on, Msind rmance
the&nask and wafer prepared in steps 201 to 203. Then, in step 205 ‘

(deVice a8sefh |§7‘sf§%)ild%%ic%f8§se%¥ﬁmsl Berféipfcdiusing 20 thewvafer for a

FN0§@§%%EEH3%Qg94d§%%%%95ipghg§§ég9%%§ ?Sand pattern design to

implement such function is performed. Then, in step 202 (mask
manufacturing step), a mask on which the designed circuit
pattern is formed is manufactured, whereas, in step 203 (wafer
manufacturing step), a wafer is manufactured using materials
such as silicon.

Next, in step 204 (wafer processing step), the actual
circuit or the like is formed on the wafer by lithography or
the like in a manner which will be described later on, using
then@skauuiwaferpreparedjjlsteps2011x>203. Then, in step
205(deviceassemblystep),deviceassemblyisp@rformedusing
the wafer processed in step 204. Step 205 includes processes
such as the dicing process, the bonding process, and the
packaging process (chip encapsulation) when necessary.

Finally, in step 206 (inspection step), tests on
operation, durability, and the like are performed on the
devices made in step 205. After these steps, the devices are
completed and shipped out.

Fig. 17 is a flow chart showing a detailed example of

step 204 described above when manufacturing a semiconductor
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such as the dicing process, the bonding process, and the packaging
process (chip encapsulation) when necessary. Finally, in.step 206
(inspection step), tests on operation, durability, and the like are performed
on the 25 devices made in step 205. After these steps, the devices are
completed and shipped out. Fig. 17 is a flotchart showi_ng a detailed
example of step 204 described above when manufacturing a

serpiconductor 123 ./ ;,i%egv.gg. p(le%erriqgto Fi%é%%%tgpé\lf rox~aatlon

step), the surface of the wafer is oxidized.' In's D'§t&pfianton step),
insulating filmis formed:an the-wafersyrface. 1 step 1213(glectrode; cyp grep) |
formation step) , an electrode is formed on the 5 wafer by vapor _
depﬁéitiérﬁtllrl@ﬂébrmiéiémimplammswp)pbasméémpiam&da_mo then step
Walcf{.3S$e s 211 to 214 described above make up a pre-process in each

stage of \Wafer processing ad- e ﬁé@é@sarﬁ%réé@ﬁﬁ@f&cﬁéséﬁJéliﬁ@ld on the
is exacuted, gt %%gaggpg;g When.the fjlgovsecgrge_-ar%:e Sis cor&%ﬂ%dtation

on. 1
in each stagé of wafer processing, a post-process is exec ed in

mannep destribed helow.ip 1his post-pracess st A step 248.0esist 1 to 214
formation step), the wafer is coated with a = photosensitive agent. tiex _,

in St65 21048%heRrEStBIkaher15 drceitipattersenitheanask isage of wafer
transferred onto the W%fe£ the exposure apparatus and the exposure

b : :
method describad above. %grld?ei}ncgtéﬁazﬁff? (dEVEIBpMENT step) S Rafetnd 1s
thathasheen exposed;is gigg@lgped. Then, in step 218 (etching step) , an

When the above pre-process is completed in each stage
of wafer processing, a post-process is executed in the manner
described below. In this post-process, first, in step 215
(resist formation step), tﬁe wafer is coated with a
photosensitive agent. Next, in step 216 (exposure step), the
circuit pattern on the mask is transferred onto the wafer by
theexposureapparatusandijuaexposuren@thoddescribedabove.
And, in step 217 (development step), the wafer that has been
exposed is developed. Then, in step 218 (etching step), an
exposed member of an area other than the area where the resist
remains is removed by etching. Finally, in step 219 (resist
removing step), when etching is completed, the resist that
1s no longer necessary is removed.

By repeatedly performing such pre-process and
post-process, multiple circuit patterns are formed on the
wafer.

When the device manufacturing method described in this
embodiment is used, because the exposure apparatus described

in the embodiments above is used in the exposure process (step



exposed member of an area other than the area where the resist 20
remains is removed by etc:ning. Finally, in step 219 (resist removing
step), when etching is completed, the resist that is no longer necessary is
removed. By repeatedly performing such pre-process and post-process,
multiple circuit patterns are formed or. the 225 wafer. When the device
manufacturing method described in this embodiment is used, because

the Q(gg)sur&aéppag%géjs descgb% in the embodiments above is used in
the ‘expodure process (8iep 124 “216) the'patferfi ¥t the reticid edifbg ed on the

transfersed,pn-the; Wafer with-goad aceuracy. As.a consequence, the o
prodgctivity (including the yield()a%;]i| highly integrate ml%r(%de\}:l%gs %gﬁdﬁgtlmty
impfovet. UINDIgSTRIALIARRI 1 XETH doth 1AS isndeseribed aboverthavices can
exposure apparatus in the present invention is suitable for transferring a
pat{%f?n W%Vﬁlﬁte. In addition, the device manufacturing method in the

~ 510 present invention is suitable for producing microdevices. LLOYD WISE

10

125 WHAT IS CLAIMED IS: 1. An exposure apparatus that illuminates a
patteNDWHA R 8derdPBuaiCaT IRAgaTs said pattern onto a 5 substrate

via a projection optical system, said exposure apparatus comprising: a

substrate stage'on AhiHraid SUBSIPALE is Atuntet WA RoTEPWItAiALE in the

twosdimensionalplane polding.said . ¢ ¢, transferring a pattern onto

a plate. In addition, the device manufacturing method in the

present invention is suitable for producing microdevices.
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substrate; 10 a supply mechanism that supplies liquid to a space between
said projection optical system and said substrate on said substrate stare;
a recovery mechanism that recovers said liquid; and an auxiliary recovery
mechanism that recovers said 15 liquid which could not be recovered by
said recovery mechanism. 2. The epr%ére apparatus of Claim 1, said

%Qf(&gqﬁg %%rﬁ%g filrther comprising: 20 a plate provided in at least a
part of ery o

e peripher fsai mounted area of said substrate on said
substrate stage, sa_d plate having a surface arranged at substantially the

same feight,as a surface of sad substrate motntegion said substrate,
stage. 25 3. The eff)osure apﬁﬁ)ra{us’éjf C'-ai_m I. wherein said auxi 'éﬁy '
redovesy:mechanigniretoverstremaininge liguid at theorear side ofsaid a
projection apteal system, n.a moying dirpeion ol sAdsUbSURE- 0.4,
The exposure apparatus of Claim 1 wherein said auxiliary recovery
ATEehARISHT récolerst ieaining liquid at the front side of said projection

optical system LOXF VYILSE. 126 in,apoving directien.of said substaie. ¢ g

The exposure apparatus of Claim | wherein said auxiliary recovery
hethaliRAE cllidesidisGetiofo ~dimensional plane holding said

substrate;
| a supply mechanism that supplies liquid to a space
between said projection optical system and said substrate
on said substrate stage;
a recovery mechanism that recovers said liquid; and
an auxiliary recovery mechanism that recovers said
liquid which could not be recovered by said recovery

mechanism.

2. The exposure apparatus of Claim 1, said exposure
apparatus further comprising:

a plate provided in at least a part of the periphery
of a mounted area of said substrate on said substrate stage,
sald plate having a surface arranged at substantially the
same height as a surface of said substrate mounted on said

substrate stage.

3. The exposure apparatus of Claim 1 wherein
sald auxiliary recovery mechanism recovers remaining
liquid at the rear side of said projection optical system

in a moving direction of said substrate.

4. The exposure apparatus of Claim 1 wherein
sald auxiliary recovery mechanism recovers remaining

liguid at the front side of said projection optical system

LLOYD WISE



10

15

20

25

30

5 mechanism that sucks fluid. 6. The exposure apparatus of Claim 5, said

exposure apparatus further comprising: a gas supply mechanism that _
suppresses an 10 environmental change in the periphery of said liquid LLOYD WISE
caused by suction operation of said suction mechanism. Y. The exposure

apparatus of Claim | wherein said projééﬁ’on optical system includes a

gluralit%/\f]of .15 optjcal elements in which an cr)gtical element located

ibsaslfe sdld stibstrate Hal & hok¥ormad T hisdkfion excluding a

portion used for exposure, and at least one operation of supplying said

liquid, reco rgangeskai% !Si%l%ig, gnd r%%ocvering ]J)L{fbf)gelsmis Pevrvf%ryggnm via
said hoﬁé. 8. The exr?osure appgpaefus of Claim , sald exposure

apparatas. further toampriging: accontrol wait thatissops hothitiguid supplyt 1 on

ﬁgg@g@S%S@;{asgi%g%&@y m%%r@pism and liquid recovery operation by
. han

said recovery mechanism when said substrate stage remains stationary.
9. The exposure apparatus of Claim | wherein 30 said supply mechanism

supplies liquid fo the space. between.said prejection gptical system.and s, e

said substrate on said substrate stage from the front side in a moving
EPOMIAVISE TLp7tdifectioAre? SaftfSWbstrate. 10. The exposure apparatus

of Claimn Lwdheteipsajd supplymeshanism sipplies liguid taa space
environmental change in the periphery of said liquid caused

by suction operation of said suction mechanism.

7. The exposure apparatus of Claim 1 wherein

salid projection optical system includes a plurality of
optical elements in which an optical element located
closest to said substrate has a hole formed in a section
excluding a portion used for exposure, and

at least one operation of supplying said liquid,
recovering said liguid, and recovering bubbles is performed

via saild hole.

8. The exposure apparatus of Claim 1, said exposure
apparatus further comprising:

a control unit that stops both liguid supply operation
by said supply mechanism and liquid recovery operation by
sald recovery mechanism when said substrate stage remains

stationary.

9. The exposure apparatus of Claim 1 wherein
said supply mechanism supplies liquid to the space
between said projection optical system and said substrate

on said substrate stage from the front side in a moving
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.5 between said projection optical system and a substrate on said
substrate stage from the rear side in a moving direction of said substrate. LLOYD WI
11. The exposure apparatus of Claim 1, said exposure 10 apparatus
further comprising: a drive system that drives said substrate stage in a
predetermined scanning direction witH'?eEpect to said energy beam to
transfer said pattern onto said substrate in a scanning exposure method.
5P i exPostife Apparatie 8 Eraim 11 wherein said supply
mechanism has a plurality of supply ports arranged spaced apart in a
-on-scar iing ireecteig){n Seurggngicularé% saidosicagﬂg diﬁecvgiggk%q%said
supply 20 mec anisrrPsupp Ies §a?cfﬁqw3?rom at'least one supply part
selectech framssaid plurakityof supplysportslineaccdordance LOY DEYWASE

128,y e Sze ol divided greq subiect o exposure on sad, subsiate .,
~he'exposure apparatus of Claim 1. said’exposure b apparatus
fartiverscorsprising at least ohedsubbie recovensmeehanism thav ietdvers

gypggg@iiglgh% liquid at the rear.side of said projection optical system in a

moving direction of said substrate. 10 14. The exposure apparatus of
Claim 1, said exposure apparatus further comprising: an adjustment unit

that adjusts expesweconditionspparatus of Claim 1, said exposure
apparatus further comprising:

a drive system that drives said substrate stage in a
predetermined scanning direction with respect to said
energy beam to transfer said pattern onto said substrate in

a scanning exposure method.

12. The exposure apparatus of Claim 11 wherein

said supply mechanism has a plurality of supply ports
arranged spaced apart in a non-scanning direction
perpendicular to said scanning direction, and said supply
mechanism supplies said liquid from at least one supply
port selected from said plurality of supply ports in

accordance

o
o
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based on at least one of actual measurement values and prediction
values of temperature information on said liquid 15 between said
projection optical system and said substrate. 15. The exposure apparatus
of Claim 1 wherein said recovery mechanism has a first opening that

faces said substrate

during exposure ofthe substrate, 20 said auxiliary

recovery mechanism has a second opening that faces said substrate ,
wiifiRg eXBostresofthe 2substrate, Said FécoveRy isthafishtecavers salid 5449
diguighvia said first opening, and 25 said auxiliary recovery mechanism

recovers said liquid

, Which could not be recovered by said recovery

mechanism, via said second opening. 16. The exposure apparatus of
Claim 13 whereia 39<said ueeovesy mechanisnt recoviers saiddiguitl wiaposure

said firs'- openin
SPERRTHA (DD

recovess saida kquicd

utsideoa é)rgjggtion_ area of said projection optical
SART: Sgsaldnﬁfxiliary recovery mechanism
via saidlseecond opening thatisaarianged autsidecovers

Said first opening with respect to sajd projection.area, 5 17, Ap POSUE: i on
i 1 e

apparatus that illumi

nates a pattern with an energy beam, mov

spbsteaté i agiretetermingtb stanniAg dietction, and transfersdaid rate.
pattern onto a plurality of divided areas on said substrate via a projection
optical system in a scanning exposure method, 10 said exposure

apparatds combfisipgposure apparatus of Claim 1, said exposure

apparatus furth

er comprising:

an adjustment unit that adjusts exposure conditions

based on at lea

st one of actual measurement wvalues and

LLOYD WISE

prediction values of temperature information on said liquid

between said projection optical system and said substrate.

15. The

exposure apparatus of Claim 1 wherein

sald recovery mechanism has a first opening that

faces said subs

said auxi

trate during exposure of the substrate,

liary recovery mechanism has a second

opening that faces said substrate during exposure of the

substrate,

said recovery mechanism recovers said liquid via said

first opening,

said auxi

and

liary recovery mechanism recovers said

liquid, which could not be recovered by said recovery

mechanism, via

le. The

said second opening.

exposure apparatus of Claim 15 wherein

said recovery mechanism recovers said liquid via said

first opening outside a projection area of said projection

optical system,

and
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a substrate stage on which said substrate is mounted that moves within a
two-dimensional plane holding said substrate; a supply mechanism that LLOYD WISE
supplies liquid to a space 15 between said projection optical system and

said substrate on said substrate stage; a recovery mechanism that

recovers said liquid; and a peripheraIWaal that surrounds at least an

optical element closest to said substrate constituting said 20 projection

optical Systema Hid AisdbTrme aprREEerRTmed thehrafce With fespedt to

aisyrfaceof saih subsieate on saidrsubstrate:stage, wheteinysaidsupplyie

mechanism supplies, said quui% inside said éoerighjc_ecrﬁl wall where an end
0

LBl ot 6F SAid Projettich B5 optit&°&etEm oh the subBlrate side fonts, <

liquid supply by said supply mechanism and liquid recovery by said

recovery mechanism are performed in sync, with exposure operations._f
each o?zaid (£\r/1id%épa?(§§s% on “54id rs%g?at? 118&?'%81&)1(%%2%@% %aogtem
apparatus eh€laim Tewhereiw each timeiegposite of said divided ageas ned

issc%%:rfgr oy HLOXD WIS -, 130,sp1d, iquid supply py said spupplyn o 4
mechanism and full recovery of said liquid by said recovery mechanism
ptel peHormed 5A0V Thedxpbsare apparaiis cfublait aBsvidreirfon

H?Q?@%@ﬁ%ﬁa@é¥ﬁ%%ﬁ’@§%¥%§QQ§UQS@@%hning exposure method,
sald exposure apparatus comprising:

a substrate stage on which said substrate is mounted
that moves within a two-dimensional plane holding said
substrate;

a supply mechanism that supplies liquid to a space
between said projection optical system and said substrate
on said substrate stage;

a recovery mechanism that recovers said liquid; and

a peripheral wall that surrounds at least an optical
element closest to said substrate constituting said
projection optical system, and also forms a predetermined
clearance with respect to a surface of said substrate on
sald substrate stage, wherein

said supply mechanism supplies said liquid inside said
peripheral wall where an end section of said projection
optical system on the substrate side fronts,

liquid supply by said supply mechanism and liquid
recovery by said recovery mechanism are performed in sync
with exposure operations for each of said divided areas on

said substrate.

18. The exposure apparatus of Claim 17 wherein

each time exposure of said divided areas is performed,



stage moving in said scanning direction, said liquid supply by said supply
mechanism begins at some point before the front edge of a divided area
subject to exposure enters an 10 irradiation area on said substrate on LLOYD WISE
which said energy beam is irradiated via said pattern and said projection
optical system on exposure. 20. The eXpdsure apparatus of Claim 19
wherein 15 said liquid supply by said supply mechanism begins after
Mevifg oifératiorP Py stibistPate Staye Betivest dividetrarezd, Which is
performeeibeiween pattern;transfer oy said.divided atea.subjeetton are
exposure and pattern transfer on a preceding divided area, has been
cbo%ﬁ&%‘?dzo 21. The exposure apparatus of Claim 19 wherein said
liquid supply by said supply mechanism begins when said front edge of
said divided area subject to exposure reaches a supply position. 25 22.
> The expios'ure@?)%a?a BS BF Clai RS Wherdin© t?;n%éri%% SAitF p&ttEm,
due to said substrdter stage meving i saklrscanning directiohdsaiddiguich t e
%%P%%ﬁ%%?ﬂ%i“@ Iysn%el(g‘laglcsarplggqps %ti%QOI{I:tLgg?nsth%ée%ris%ggg%upply
of a divided area subject to exposure comes off an irradiation aréa on
Sdid sabstrateran whichsaidhénergyebeam isirradiatedosa saidopditera the
and,said prgiection LLOYD MUSE, 131 ontical.3ysters on.gXposiie- 4 e rs an
The exposure apparatus of Claim 22 wherein
10 dirradiation area on said substrate on which said energy

beam is irradiated via said pattern and said projection

optical system on exposure.

20. The exposure apparatus of Claim 19 wherein
15 said liquid supply by said supply mechanism begins
after moving operation of said substrate stage between
divided areas, which is performed between pattern transfer
on sald divided area subject to exposure and pattern

transfer on a preceding divided area, has been completed.

20
21. The exposure apparatus of Claim 19 wherein
sald ligquid supply by said supply mechanism begins
when said front edge of said divided area subject to
exposure reaches a supply position.
25

22. The exposure apparatus of Claim 18 wherein
on transferring said pattern, due to said substrate
stage moving in said scanning direction, said liquid supply
by said supply mechanism stops at a point when the rear
30 edge of a divided area subject to exposure comes off an
irradiation area on sald substrate on which said energy

beam is irradiated via saild pattern and said projection



10

15

20

25

30

said liquid recovery by said recovery mechanism ends 5 after said pattern
is transferred onto said divided area subject to exposure and before

moving operation of said substrate stage between divided areas LLOYD WISE

performed prior to pattern transfer on a succeeding divided area begins.
10 24. The exposure apparatus of Claifn’18 wherein on transferring said
pattern, due to said substrate stage moving in said scanning direction,
SHGiGaiIY SHPPly=By Said b1y htechanism stops at a point before the
rear edge of a divided area subject to exposure comes completely 15 off
an irradiation area on said substrate on which said en,erg)é beam is

irradiatéd via said paftern A saiP projectivpn opticafsyster SH'Esdstre.
25. ThesexXpbsuterapparatusokClaim24swhereire 20 -said liguid supplydyends

said supply mechanism stops when said rear edge of sajd diyided area
saaﬁgé 6 %%ogl??%tree%%hég atslTuapnp??%cr)éfiﬁagr oi% q’hséaéx%o%/ﬁ?fé ded’srea
apparatus of Clainp24 wirereind? Sosdiddiguitbrecoverydsyrsaid secavergaid
echanismends, gller,said pater I tansferred onto said divided area.
subject_ to exposure and before moving operation of said substrate stage
Berweerdivided afeds perfornadopiarddnpatterm irkesfermrabegins .
succeeding divided area begins. 30 27. An exposure apparatus that
illuminates a pattern with an energy beam and transfers said patters onto

a LLOY4F WISE'$32 %nBstige \BRRepdjettioR bptiealisysiem "degein

EXPOSUE®, transferring said pattern, due to said substrate
stage moving in said scanning direction, said liquid supply
by said supply mechanism stops at a point before the rear
edge of a divided area subject to exposure comes completely
off an irradiation area on said substrate on which said
energy beam is irradiated via said pattern and said

projection optical system on exposure.

25. The exposure apparatus of Claim 24 wherein
said liquid supply by said supply mechanism stops when
said rear edge of said divided area subject to exposure

reaches a supply position.

26. The exposure apparatus of Claim 24 wherein

said liquid recovery by said recovery mechanism ends
after said pattern is transferred onto said divided area
subject to exposure and before moving operation of said
substrate stage between divided areas performed prior to

pattern transfer on a succeeding divided area begins.

27. An exposure apparatus that illuminates a pattern

with an energy beam and transfers said pattern onto a
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apparatus comprisinc a substrate stage or which said substrate is

mounted that moves within a two-dimensional plane holding said 5

substrate; a supply mechanism that supplies liquid to a space between LLOYD WISE
said projection optical. system and said substrate on said substrate

stage; a recovery mechanism that recovéfs said liquid; and 10 a liquid
removal mechanism that removes said liquid which could not be
rReBEred sy SHid récdvery RfdchaRistk 28> TheBkpodiire 8ppatatusssure
Glapm 27rwheredngaid dighig: removal mechanism recovers liquid on said

--5 substrate, 29. The exposure apparatus of Claim 27 wherein said liquid

is locallj Kt Betiraeh, SaASrofettibn*Gpticit Systehiand & stibstrats: ted
anch20 saidesubsirate stagethas-al flaksectionanhigh isi substaatially fushy
with a surface of said substrate in the periphery of said substrate held on

Su stgat
sald sups

traté stage. 30. She exposure apparatus of C"aim 29, said

exposufe 25cgpparatustfarthemcamprisingpari exlsaustanechanism thatace

: i e of el Droiection ontical Svet
exhaysLy0as,en @ PIE R %%%Saﬁa'g %ﬁé&é;%ﬁ%ﬂ%%&yéugtrate

wherein sai

cnanism

supply gins supp

para

With @RR&ustingoperatiors6bsaid exhaust 30 mechanism. 31. The
eXPOSULE aRPYAIS, Ot (claim 275 5ald exPosUIe, LLQYDMISE, 133 o, ang

a liguid removal mechanism that removes said liquid

which could not be recovered by said recovery mechanismn.

28.

The exposure apparatus of Claim 27 wherein

said liquid removal mechanism recovers liquid on said

substrate.

29.

The exposure apparatus of Claim 27 wherein

said liquid is locally held between said projection

optical system and said substrate, and

sald substrate stage has a flat section which is

substantially flush with a surface of said substrate in the

periphery of said substrate held on said substrate stage.

30.

apparatus

The exposure apparatus of Claim 29,

further comprising:

said exposure

an exhaust mechanism that exhausts gas on an image

plane side of said projection optical system, wherein

said supply mechanism begins supplying said liquid in

parallel with exhausting operation of said exhaust

mechanism.

31.

The exposure apparatus of Claim 27,

sald exposure
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apparatus further comprising: a control unit that controls movement of said

substrate stage based on at least one of temperature information of said

liquid and pressure information of said 5 liquid. 32. The exposure LLOYD WISE
apparatus of Claim 31 wherein said control unit controls movement of said

substrate stage based on at least one f femperature information of 10

said liquid and pressure information of said ]liquid to make an image plane

fORREd By S3id projé&on-sptical-Sy<tém and a surface of said substrate

substanfially ceinside with each-otherJF-33 The,expasure apparatus of
Cla{)m 27 wherein said recovery mechanism has a first opening that

fREES Said SubR AR dOfiNg Ex85uie of BieSutttfate fsaid GG temoval
mechanismihas a secendiopening dthahtacessaidisubstrate guHAGon of said
exposure of the substrate, 20 said recovery mechanism recovers said
Ilqu%lvia'said first opening, and said liquid removal mechanism sucks

said liquid on said substrate, which could not be recovered by said

recovery mec .ésnéx\é\?ssélr%S%%%”Qr%%%”s'”%’@%%éi%h%?X% e
apparatus of Claim 33'wherein said recovery mechanism recovers sali

liquid viasskid dipsttopehing: obtsidend pedjectionvareandf safd projectiomostrate
aptical. system,; and 3¢ spidliquid remgyalmeehanism, sucks said liguid | . ¢
on said substrate via said second opening that is arranged

said liquid and pressure information of said liquid to make
an image plane formed by said projection optical system and
a surface of said substrate substantially coincide with

each other.

33. The exposure apparatus of Claim 27 wherein

said recovery mechanism has a first opening that
faces said substrate during exposure of the substrate,

said liquid removal mechanism has a second opening
that faces said substrate during exposure of the substrate,

said recovery mechanism recovers said liquid via said
first opening, and

said liquid removal mechanism sucks said liquid on
said substrate, which could not be recovered by said

recovery mechanism, via said second opening.

34. The exposure apparatus of Claim 33 wherein

said recovery mechanism recovers said liquid via said
first opening outside a projection area of said projection
optical system, and

said liquid removal mechanism sucks said liquid on
sald substrate via said second opening that is arranged

outside said first opening with respect to said projection
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outside said first opening with respect to said projection LLOYD Wiv 334
area. 3 5. An exposure apparatus that laminates a pattern with an energy

beam and transfers said pattern onto a 5 substrate via a projection optical LLOYD WISE

system and liquid while locally holding said liquid on an image plane side

of said projection optical system, said £xposure apparatus comprising: a
substrate stage on which said substrate is mounted 10 that moves within

& two-dimensional plane holding said substrate; a supply mechanism that
supplies said liquid to an image plane side of said projection optical

system: g ‘irstfecoyery meehanism that recoyers sajd liquid 35 quiside g,
pro ectionarea of Salt prOJectloﬁ oplflcalu System; and a Second recovgry
metharismethat tecoversrsaid diquick outSide saidifiistoecowery onto a

TeEhanismWith 1espect (o said, projection area. 20 36, The XpOSMIE, 51
apparatus of Claim 35"'wherein said substraté stage has a flat section

Whichlid vsubstahtiadly flaskl withcarsdrface ef:sdidsubstpaterin tie de of said
periphery of said subsirate.held gp said sybstratestage., gp 3/, g

exposure apparatus of Claim 35 wherein a supply position of said supply
ethRanisATis arranged

a substrate stage on which said substrate is mounted
that moves within a two-dimensional plane holding said
substrate;

a supply mechanism that supplies said liquid to an
image plane side of said projection optical system;

a first recovery mechanism that recovers said liquid
outside a projection area of said projection optical
system; and

a second recovery mechanism that recovers said liquid
outside said first recovery mechanism with respect to said

projection area.

36. The exposure apparatus of Claim 35 wherein
said substrate stage has a flat section which is
substantially flush with a surface of said substrate in the

periphery of said substrate held on said substrate stage.

37. The exposure apparatus of Claim 35 wherein
a supply position of said supply mechanism is arranged
between said projection area and a recovery position of

said second recovery mechanism.

38. The exposure apparatus of Claim 35, said exposure

apparatus further comprising:
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between said projection area and a recovery position of said second
recovery mechanism. 30 38. The exposure apparatus of Claim 35, said

exposure apparatus further comprising: LLOYD WI!SIE. 135 an exhaust LLOYD WISE
mechanism that exriausts gas on an image plane side of said projection
optical system, wherein said supply anism begins supplying said

liquid in parallel with exhausting operation of said exhaust 5 mechanism.
39. ThéBxpE8ire Hpparatis of Elair 85, S3ib 2REGSUrd 2 Sppatattis ftither

sompEsingaa contrebunit that ¢entrelsrmeyemeatiofsaid <0, substrate n

stage based on at ],east one of temperature informﬁtion of said Cqu id and L
pressuré hfortitihYor Said Hui" 40° Fhe exposlie apparstis of Cidi & "
32 ndierein 15 saideontrakurihgontrels amdvemertt of saitl substrate stage
based on at least one of temperature information of said liquid and
mecnanisinp, . . . . .

pressure information of said liquid to make an image plane formed by

said projection optical system and a surface of said substrate

substanialy caiicide with.20.eagh ather AL The SpopuiR, apAAAIS 0L o sure
Claim 35 wherein said’second re very mechanism is arranged around
saidaprojectiofvarehe25 comprising:

a control unit that controls movement of said
substrate stage based on at least one of temperature

information of said ligquid and pressure information of said

liguid.

40. The exposure apparatus of Claim 39 wherein

said control unit controls movement of said substrate
stage based on at least one of temperature information of
said liguid and pressure information of said ligquid to make
an image plane formed by said projection optical system and
a surface of said substrate substantially coincide with

each other.

41. The exposure apparatus of Claim 35 wherein
said second recovery mechanism is arranged around said

projection area.

42 . The exposure apparatus of Claim 35 wherein

said first recovery mechanism has a first opening
that faces said substrate during exposure of the substrate,

said second recovery mechanism has a second opening
that faces sald substrate during exposure of the substrate,

said first recovery mechanism recovers said liquid

via said first opening, and
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42. The exposure apparatus of Claim 35 wherein said first recovery

mechanism has a first opening that faces said substrate during exposure LLOYD WISE

of the substrate, said second recovery mechanism has a second opening

30 that faces said substrate during exposure of the substrate, said first
recovery mechanism recovers said liqéiél© via said first opening, and Li
2t(UWLSE 136 said second recovery mechanism recovers said liquid via
said secotopEring that RCaT&Rged BGiidel sdid FirtOgSéming with auid
tespegh tossaid prejactign aredy St An eXpastie gppaaiusthad said first
illuminates a pattern with an energy beam and transfers said pattern onto

QPSTIStFAL vid'a projBETon SiticaT sysRAPaRd fiadi"d WHild - locally

holding said liquid on an image plane side of said protection optical

system, said exposure apparatus 10 comprising; a s Fstrate tage on
which s4a d su%égraeté%) ?r@oru%t&? RAat r%lf')\é/)eéC bv% inlay v\%—ﬁiqr%séﬁgioﬁa attern
plane holdiagsaid; substratenwherein séid-substrate stagechas aflab a

%e%tiogl saLJCbst%r}Ltiglll 15rguséh Witgna sur{a}Lce f said §ubstrant8 held.on said_ .,
Slibstrate s?age, an% dfter %xﬁosure of'said Substrate held on said”

Substiate stagedhasybeen dompleted, said substrate stageise movéd tofa said
T st e o o 0 a0 20 a0 e
comprising:

a substrate stage on which said substrate is mounted
that moves within a two-dimensional plane holding said
substrate, wherein

said substrate stage has a flat section substantially
flush with a surface of said substrate held on said
substrate stage, and

after exposure of said substrate held on said
substrate stage has been completed, saild substrate stage is
moved to a predetermined position where said liquid on an
image plane side of said projection optical system is
recovered, and

said substrate on which exposure has been completed is

unloaded from said substrate stage, after recovery of said

liquid has been completed.

44, The exposure apparatus of Claim 43 wherein
said projection optical system and said flat section

face each other at said predetermined position.

45. A device manufacturing method including a
lithographic process, wherein

in said lithographic process, a device pattern is



said substrate on which exposure has been completed is unloaded from

said substrate stage, after recovery of said liquid has been completed. 25

44, The exposure apparatus of Claim 43 wherein said projection opti.caL ~ LLOYD WISE
system and said flat section face each other at said predetermined

position. 30 45. A device manufacturingdmethod including a lithographic

process, wherein in said lithographic process, a device pattern is L.L.OYD

WISES 187 frahsfetiet entdiersiiistiat o ising aflexposare dpataisl 2Rus 1n

any, ong Of Claims 1l 10:44. o 44,



