DESCRI PTI ON EXPOSURE APPARATUS AND METHOD FOR PRODUCI NG DEVI CE TECHNI CAL
FI ELD The present invention relates to an exposure apparatus for exposing
a substrate with a pattern imge projected by a projection optical system
in a state in which at least a part of a space between the projection
optical systemand the substrate is filled with a liquid. The present
invention also relates to a net hodpfgerpp@dogi Ng a device based on the use
of the exposure apparatus. BACKGROUND ART Sem conductor devices and liquid
crystal display devices are produced by the so-called photolithography
technique in which a pattern forned on a mask is transferred onto a

phot osensi ti ve subsduiat eapPAARXD O MEBRAA PRI DSROMUCENG DEYTEE i N the
phot ol i t hography step, includes a mask stage for supporting the mask and a

substrate stage for supporting the substrate. The pattern on the mask is
transferred onto the substrate via a projection optical systemwhile
successively noving the mask stageygpdathprfppstrate stage. In recent
years, it is 1 denmanded to realize the higher resolution of the projection
optical systemin order to respond to the further advance of the higher
integration of the device pattern. As the exposure wavelength to be used

beconmes shorter rheh@resent invention relates to an exposure apparatus
for exposing a substrate with a pattern image projected by
a projection optical system in a state in which at least a
part of a space between the projection optical system and
the substrate is filled with a liquid. The present
‘invention also relates to a method for producing a device

based on the use of the exposure apparatus.
BACKGROUND ART

Semiconductor devices and liquid crystal display
devices are produced by the so-called photolithography
technique in which a pattern formed on a mask is
transferred onto a photosensitive substrate. The exposure
apparatus, which is used in the photolithography step,
includes a mask stage for supporting the mask and a
substrate stage for supporting the substrate. The pattern
on the mask is transferred onto the substrate via a
projection optical system while successively moving the

mask stage and the substrate stage. In recent years, it is




resolution of the projection optical systemis higher. As the nunerical
aperture of the projection optical system becones |arger, the resolution
of the projection optical systemis higher. Therefore, the exposure
wavel ength, which is used for the exposure apparatus, is shortened year
by year, and the nunerical aperture of the projection optical systen1is
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system is higher. Therefore, the exposure wavelength,

which is used for the exposure apparatus, is shortened year

by year, and the numerical aperture of the projection

optical system is increased as well. The exposure

wavelength, which is dominantly used at present, is 248 nm

of the KrF excimer laser. However, the exposure wavelength

of 1293 nm of the ArF excimer laser, which is shorter than

the above, is also practically used in some situations.

When the exposure is performed, the depth of focus (DOF) is

also important in the same manner as the resolution. The
resolution R and the depth of focus & are represented by
the following expressions respectively.
R = k,*A/NA cee{1)
& = +k,*A/NA’ : e (2)
In the expressions, A represents the exposure

wavelength, NA represents the numerical aperture of the
projection optical system, and k, and k, represent the
process coefficients. According to the expressions (1) and

{2), the following fact is appreciated. That is, when the




If the depth of focus 8 is too narrowed, it is difficult to match the
substrate surface with respect to the inmage plane of the projection
optical system It is feared that the margin is insufficient during the
exposure operation. Accordingly, the liquid imersion nmethod has been
suggested, which is disclosed, for exanple, in International Publication
No. 99/495%& a%u%en%tgo eforh gubstagtigllédshortenin t he. exposure
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operation. Accordingly, the ligquid immersion method has

been suggested, which is disclosed, for example, in

International Publication No. 99/49504 as a method for

substantially shortening the exposure wavelength and

widening the depth of focus. 1In this liquid immersion

method, the space between the lower surface of the

projection optical system and the substrate surface is

filled with a liquid such as water or any organic solvent

to utilize the fact that the wavelength of the exposure

light beam in the liquid is 1/n as compared with that in

the air (n represents the refractive index of the liquid,

which is about 1.2 to 1.6 in ordinary cases) so that the

resolution is improved and the depth of focus is magnified

about n times.

When the exposure process is performed by the liquid
immersion method, if any gas portion such as bubbles or the
like exists in the liquid (especially on the substrate
surface) between the projection optical system and the

substrate, it is feared that a pattern image to be formed




for exanple, to only the case in which the bubble is contained in the
liquid to be supplied, but there is also such a possibility that the
bubbl e nay be fornmed in the Iliquid after the supply. If the inage
formation failure of the pattern imge as described above is left as it
is, the failure is consequently found out as a defective product at the

stage at whjchhe fidhaldeylce s (@iadyeedy ot nhSenLenned.Liial She device

productivity may be | owered. € ot oW ng Situation is
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the stage at which the final device is produced. It is

feared that the device productivity may be lowered.

On the other hand, the following situation is also

assumed. That is, the gas portion is formed by causing

such a state that at least a part of the space between the

projection optical system and the substrate is not filled

with the liquid due to any cause, for example, any

malfunction of a liguid supply unit for supplying the

liquid to the space between the projection optical system

and the substrate when the exposure process is performed on

the basis of the liquid immersion method. That is, it is

feared that all of the pattern image or a part thereof may

be projected onto the substrate without passing through or

not through the liquid. 1In this situation, there is such a

possibility that the pattern image may not be formed on the

substrate. If such a situation is left as it is, then it

is impossible to found out the defect until the final

device is produced, and it is feared that the productivity




In the case of the exposure apparatus based on the use of the liquid

i mrer si on nethod, various neasurenent operations are sonetines perforned
via the liquid disposed on the imge plane side of the projection optical
system However, if the gas portion exists on the imge plane side of the
projection optical system and the space is not filled with a sufficient
amount of {he heddiherkhen there is such a possibility that the
measurenent error appears, and/or it is inpossible to performthe
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filled with a sufficient amount of the liguid, then there

is such a possibility that the measurement error appears,

and/or it is impossible to perform the measurement in some

situations.
DISCLOSURE OF THE INVENTION

The present invention has been made taking the
foregoing circumstances into consideration, an object of
which is to provide an exposure apparatus which makes it
possible to suppress the decrease in productivity even when
the liquid immersion method is used, and a method for
producing a device based on the use of the exposure
apparatus. Another object of the present invention is to
provide an exposure apparatus which makes it possible to
detect, for example, any deterioration of a pattern image
caused by any bubble in a liquid when the exposure process
is performed while filling the space between a projection

optical system and a substrate with the liquid, and a




invention is to provide an exposure apparatus which nmakes it possible to
suppress the decrease in productivity caused by the fact that the space
bet ween a projection optical systemand a substrate is not filled with a
liquid, and a nethod for producing a device based on the use of the
exposure apparatus. Still another object of the present inventionis to
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exposure apparatus. Still another object of the present
invention is to provide an exposure apparatus which makes
it possible to suppress the occurrence of, for example, any
exposure failure and/or any measurement failure even when
the liquid immersion method is used, and a method for
producing a device.based on the use of the exposure
apparatus.

In order to achieve the objects as described above,
the present invention adopts the following constructions
corresponding to Figs. 1 to 16 as illustrated in
embodiments. However, parenthesized numerals or symbols
affixed to respective elements merely exemplify the
elements by way of example, with which it is not intended
to limit the respective elements.

According to a first aspect of the present invention,
there is provided an exposure apparatus (EX) which exposes
a substrate (P) by transferring an image of a pattern
through a liquid (50) onto the substrate (P), the exposure

apparatus comprising:




i mge of the pattern onto the substrate (P); and a bubble detector (20)
whi ch detects a bubble in the 1liquid (50) between the projection optical
system (PL) and the substrate (P). According to the present invention,
when the exposure process is perforned on the basis of the liquid

i mrersion nethod, the bubble is detected in the |liquid between the
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: method, the bubble is detected in the liquid between the
projection optical system and the substrate by the aid of
the bubble detector. Accordingly, it is possible to detect
the information about the bubble in the liquid between the
projection optical system and the substrate, as the portion
which greatly concerns the pattern transfer accuracy. The
exposure failure (defective shot) can be recognized on the
basis of the result of the detection. Therefore, it is
possible to apply an appropriate treatment in order to
maintain the high device productivity.

According to a second aspect of the present invention,
there is provided an exposure apparatus (EX) which exposes
a substrate (P) by transferring an image of a pattern
through a liquid (50) onto the substrate (P), the exposure
apparatus comprising:

a projection optical system (PL) which projects the
image of the pattern onto the substrate (P); and

a liquid shortage detector (20) which detects shortage

of the liguid (50) between the projection optical system




(PL) and the substrate (P). According to the present invention, when the
exposure process is perfornmed on the basis of the liquid inmersion

nmethod, it is possible to detect whether or not the liquid, wth which the
space between the projection optical system and the substrate is filled,
is insufficient, by the aid of the liquid shortage detector. Therefore, it
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exposure failure and the defective shot on the basis of the
result of the detection. It is possible to apply an
appropriate treatment in order not to produce any defective
device which would be otherwise produced due to the liguid
shortage. For example, when any water shortage is
detected, the exposure is performed after solving the water
shortage. Thus, it is possible to suppress the occurrence
of the exposure failure and the defective shot.
According to a third aspect of the present invention,
there is provided an exposure apparatus (EX) which exposes
a substrate by radiating an exposure light beam onto the
substrate (P) via a projection optical system (PL) and
through a liquid (50), the exposure apparatus comprising:
a gas~-detecting system (70) which detects a preseﬁce
or absence of a gas portion in an optical path for the
exposure light beam.

According to the present invention, the gas-~detecting

system is used to detect the presence or absence of the gas




8 portion in the optical path for the exposure |ight beam Accordingly,
for exanple, it is possible to recognize whether or not any defective shot
or any imge formation failure of the pattern i mage appears resulting from
the gas portion during the exposure for the substrate. Accordingly, it is
possible to apply an appropriate treatnment in order to maintain the high

device preoduglicn L +hiey ggggrga@ﬂnfgg_§hgr%ggﬁ%gfetfﬁ%h§Lg@5$ate after
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productivity. The exposure can be started for the
substrate after confirming the fact that the gas portion is
absent in the optical path for the exposure light beam.
Therefore, it is also possible to suppress the production
of any defective device.

According to a fourth aspect of the present invention,
there is provided an exposure apparatus (EX) which exposes
a substrate (P) by radiating an exposure light beam onto
the substrate (P) via a projection optical system (PL) and
through a liquid- (50}, the exposure apparatus comprising:

a surface position-detecting system (70) which detects
a surface position of the substrate by projecting a
detecting light beam onto the substrate through the liquid
(50) on the substrate and receiving the detecting light
beam reflected on the substrate, wherein:

a presence or absence of a gas portion in an optical
path for the detecting light beam is detected on the basis
of an output of the surface position-detecting system

(70).




(70). 9 According to the present invention, the surface position-detecting
system which detects the surface position infornmation about the substrate
through the liquid, is used to detect the presence or absence of the gas
portion in the optical path for the detecting Iight beam Accordingly, for
exanple, it is possible to recognize whether or not any defective shot or

any i mge for matkeRdlifl W6etAk bigsBAL! ShichiROR, ApREASSrESI ting  from

the gas portion during the exposure for t trate. Accordingly, it is
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invention'recognize whether or not any defective shot or any image
formation failure of the pattern image appears resulting
from the gas portion during the exposure for the substrate.
Accordingly, it is possible to apply an appropriate
treatment in order to maintain the high device
productivity. Wwhen the surface position-detecting system
is used also as the gas-detecting system for detecting the
presence or absence of the gas portion, it is possible to
detect the presence or absence of the gas portion without
complicating the arrangement of the apparatus.

According to still another aspect of the present

invention, there is provided a method for producing a

device, comprising using the exposure apparatus (EX)

according to any one of the aspects described above.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a schematic arrangement illustrating an

embodiment of an exposure apparatus of the present

invention.
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10 Fig. 2 shows a positional relationship anong a tip of a projection
optical system a liquid supply unit, and a liquid recovery unit. Fig. 3
shows an exenplary arrangenent of supply nozzles and recovery nozzl es.

Fig. 4 shows a plan view illustrating a bubble detector. Fig. 5 shows a
flow chart illustrating an exenplary procedure of bubble detection. Fig. 6

shows a plan Vi%Wd.lbu§55%%iQgp%ggkigpgisrg?aﬁgogggﬁﬁéﬁ$§?%ggg?igZéf) and

7(b) are diagramnms "explaining a- detecting he” bubbl e

detector. B $rofeshans aBcantadiyBityof o) 9AR1AeLERE OuY P Shq g 0Or i g

to the present i‘nvention. hows a ematr cC strating the

gas- detectﬁﬁ%-%y§%%g5%% ordi:ng to the present invention. Fig. 10 shows an
operation for detecting gas ‘portion, perfornmed by the gas-detecting

systen1accordingi§q %h%hB%%SS te&gﬁgg%%gﬂ%rggggﬁé%gngﬁgsgggﬁgeration for

detecting a gas ortion, perfornge gas- m accor di ng

Bo the prggg@ﬁésn%%gykggbvgk Sno%%ﬁ%é.to 12(c) show an operation for
etecting a gas portion, performed by the gas-detecting system

Fig. 4 shows a plan view illustrating a bubble
detector.

Fig. 5 shows a flow chart illustrating an exemplary
procedure of bubble detection.

Fig. 6 shows a plan view illustrating shot areas on a
substrate.

Figs. 7(a) and 7(b) are diagrams explaining a
detecting light beam emitted by the bubble detector.

Fig. 8 shows an embodiment of a gas-detecting system
according to the present invention.

Fig. 9 shows a schematic view illustrating the gas-
detecting system according to the present invention.

Fig. 10 shows an operation for detecting a gas
portion, performed by the gas-detecting system according to
the present invention.

Fig. 11 shows an operation for detecting a gas
portion, performed by the gas-detecting system according to
the present invention.

Figs. 12(a} to 12(c) show an operation for detecting a
gas portion, performed by the gas-detecting system

according to the present invention.
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according to the present invention. 11 Fig. 13 schematically illustrates
the gas-detecting systemaccording to the present invention. Fig. 14 shows
an enbodi ment of a gas-detecting system according to the present

invention. Fig. 15 shows an operation for detecting a gas portion,
performed by the gas-detecting systemaccording to the present invention.

Fig. 16 shows af:l ow,ghart || ting,ex ary..steps of, produci ng a

sem conduct or dgeﬁée?%ng%ebééééééﬁﬁckngFﬁ%ﬁtﬁﬁ %&E ?ﬁﬁ@ﬁﬁ?%&yﬁgg

expl anati o i, | el.ow, about the. exposure _apparatus and the nethod
for produc%xgtﬁhegggggggngcggrE?nger%ePﬁelgyggéﬁ?nrnvention wi th reference
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Fig. 1 shows a Schemati € ar rangerren

exposure a r of the present. i.nventi.on. Wth reference to Fig. 1, an
exposur e a%%%?%?&?gEﬁo Fﬁ?lBESSeEtnéEHeE%éBB-NBT whi ch supports a mask M a

substrate stage . RPST igggsupports a %ubstrate illum nation optica
5 .

P .
system I L whi chiifl'u 5 't RPgA2 éQBogﬁFed?FG%ElB%aﬁ1%i? the mask M
ted b h K t T j i .opti t L which
porform. BEGaRr ok & ERG0ERe FRoF " SnHEPALATE STBHGRI SUCOYILRE T
the present invention.

Fig. 16 shows a flow chart illustrating exemplary

steps of producing a semiconductor device.
BEST MODE FOR CARRYING CUT THE INVENTION

An explanation will be made below about the exposure
apparatus and the method for producing the device according
to the present invention with reference to the drawings.
However, the present invention is not limited thereto.
Fig. 1 shows a schematic arrangement illustrating an
embodiment of the exposure apparatus of the preseht
invention.

With reference to Fig. 1, an exposure apparatus EX
includes a mask stage MST which supports a mask M, a
substrate stage PST which supports a substrate P, an
illumination optical system IL which illuminates, with an
exposure light beam EL, the mask M supported by the mask
stage MST, a projection optical system PL which performs

projection exposure for the substrate P supported by the
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12 substrate stage PST with an inmage of a pattern of the mask M
illumnated with the exposure |Iight beam EL, a control unit CONT which
collectively controls the overall operation of the exposure apparatus EX,
a nmenory unit MRY which is connected to the control unit CONT and which
stores information about the exposure process, and a display unit DS

whi ch di spl i r i.on out .t he_exposure_process._The.enbod] nent of
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7 i s air ek b PEeRRREY APpHenEivcERy on MAPCRY gmzéﬁ«ﬁ%vﬁﬁﬁws& h the
tical is_AX of th j ect i ti temPL, the axis direction

?25:325 ?ﬁbgﬁgec ?Hcﬁgoﬁégggﬁﬁ %ﬁ%n?ga%?gbpigazgsﬁgéﬁ?n@t%¥i%c;ion) for the

k M and .t trate P in. t n rpendicular to. .t axi s

i rect| on. \RGTIHE 10nagPes| Fht( FROFBEPHEEOFRS : hetdi ¢ cRiFBEAL noA Scanni ng

direction) per en i@ﬁgah to th? Z axi s dbre%tlon and the Y aX|ssd|rgct|on.

The direct Pon&PIGHoGESPHEYR ARFSTrMARLCY ghpPUT LAY ERROFULS| BRrAFeSesi gnat ed

[ I, ively. Th .
as OX, 6Y, and %%edb%gghhﬁgﬁtrgip%ﬁé'ﬁ%e ent En%ention will now be

explained as exemplified by a case of the use of the
scanning type exposure apparatus (so-called scanning
stepper} as the exposure apparatus EX in which the
-substrate P is exposed with the pattern formed on the mask
M while synchronously moving the mask M and the substrate P
in mutually different directions (opposite directions) in
the scanning directions. In the following explanation, the
7Z axis direction resides in the direction which is
coincident with the optical axis AX of the projection
optical system PL, the X axis direction resides in the
synchronous movement direction (scanning direction) for the
mask M and the substrate P in the plane perpendicular to
the Z axis direction, and the Y axis direction resides in
the direction (non-scanning direction) perpendicular to the
Z axXis direction and the Y axis direction. The directions

about the X axis, the Y axis, and the Z axis are designated

as 60X, 0Y, and 0Z directions respectively. The term

"substrate" referred to herein includes those obtained by
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"substrate" referred to herein includes those obtained by 13 applying a
resi st on a sem conductor wafer, and the term "mask" includes a reticle
formed with a device pattern to be subjected to the reduction projection
onto the substrate. The illumnation optical systemlIL is used so that the
mask M which is supported on the mask stage MST, is illumnated with the

exposure |%%%g¥g%§”hEEESIE% Oh'EUHEH§E588P895%C§£F§¥St%H&Iﬁ%%gﬁéﬂges1 for

exanpl e, an osure I'ight” source, an optical I ntégrfator

uni { or m zes gt kT pance ob.tne.l kgbh bl uxcfadi gled Lrom e gxposure
g Fect's™ "t he exp e ?lg t

| i ght source, a condenser lens ich co €XpPos eam EL

suppl i ed T MBS pRLLCRL (1! CARALEE oA EElakct eRS GyStgm and a variabl e

field diaphragmwhich sets the rl'Tumnation area on fe"Mask M
i1lum nated s%P tRe exposure |ight beamEL to be slit- shaped. The
predeterninegﬂi Plifi'nation area on the mask M is illuninated with the

cxposure 1 a0t BEam b, 03KERIcR oUBALITLLLAN 0E0EE GLELTLIURADE e

L et o L0t Rk 401 RELA0 SR b6huBIRhE bhagbhper, 10F, Sxample,

RN Bt MR TN e o AT
illumination optical system IL includes, for example, an
exposure light source, an optical integrator which
uniformizes the illuminance of the light flux radiated from
the exposure light source, a condenser lens which collects
the exposure light beam EL supplied from the optical
integrator, a relay lens system, and a variable field
diaphragm which sets the illumination area on the mask M
ililuminated with the exposure light beam EL to be slit-
shaped. The predetermined illumination area on the mask M
is illuminated with the exposure light beam EL having a
uniform illuminance distribution by the illumination
optical system IL. Those usable as the exposure light beam
EL radiated from the illumination optical system IL
include, for example, bright lines (g-ray, h-ray, i-ray) in
the ultraviolet region radiated, for example, from a
mercury lamp, far ultraviolet light beams (DUV light beams)
such as the KrF excimer laser beam (wavelength: 248 nm),
and vacuum ultraviolet light beams (VUV light beams) such

as the ArF excimer laser beam (wavelength: 193 nm) and the
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and vacuumul traviolet |ight beans (VUV Iight beans) such as the ArF
exci mer | aser beam (wavel ength: 193 nm) and the 14 F2 | aser beam

(wavel ength: 157 nn). In this enbodinent, the ArF excimer |aser beamis
used. The mask stage MST supports the mask M The mask stage MST is
two-di nensionally novable in the plane perpendicular to the optical axis

AX of the B0l £6L+ Wead PLiLAll SYSUPIM g dm ;. 1) 1S Xl Adeneand it is

finely rotatable in the OZ direction. The ‘nmask stage riven by a

mask St agegil Wi el heMSTRsSHCR | ,gggr motor. The mask
stage-driving uﬁiteNB+De¥§ cgntroﬁ?édﬁgyhggﬁe control unit CONT. The

position in therhondbyeashgnaksrdbpebien 2hd hlhex 9! e%fy?éalﬁ%}@“ on of the

mask M on the nask stage are neasured 1'nrea aser

[ f : : . i t t th trol
i ¢ ONT. SHRE=C ey BF et SRR APRELEvTREVRAS, B BHE Bane D T TN TD

on the basie abnkienigsukh Bhe bBEBRASULEIERL OP! BhOCH BYobbEOp aSEr

interfero ereby posi nask support € mask stage

MST. Th i i i - j egt h terpn .onct mask M
onto the SepritatoBuSRbhCeL, SHeLEr Th Eh8l £E BINE PAMCLD 18T LSS

performthe exposyre. The rojection optical system PL includes a
plurality EPtagﬁgﬁEaPneFEﬁeﬁ?sd%F@ﬂEé%?: Thee opipkaftagentit sisre

driven by a mask stage-driving unit MSTD such as a linear
motor. The mask stage-driving unit MSTD is controlled by
the control unit CONT. The position in the two-dimensional
direction and the angle of rotation of the mask M on the
mask stage MST are measured in real-time by a laser
interferometer. The result of the measurement is outputted
.to the control unit CONT. The control unit CONT drives the
mask stage-driving unit MSTD on the basis of the result of
the measurement obtained by the laser interferometer to
thereby position the mask M supported on the mask stage
MST.

The projection optical system PL projects the pattern

on the mask M onto the substrate P at a predetermined
projection magnification § to perform the exposure. The

projection optical system PL includes a plurality of
optical elements (lenses). The optical elements are
supported by a barrel PK as a metal member. In this

embodiment, the projection optical system PL is based on

the reduction system having the projection magnification f
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supported by a barrel PK as a netal nenber. In this enbodinent, the
projection optical systemPL is based on the reduction system having the
projection magnification 15 which is, for exanple, 1/4 or 1/5. The
projection optical systemPL may be any one of the |x magnification system
and the magnifying system The optical elenent (lens) 60 is exposed from

(he barrel R sbhe Ce el be 1P bonivhe, BOseldespbaliatg P o

the projection optical sys S’ efbo € opt enent
C0, S oY Eigtep e RIeOb (ychmpasebli, i beercets Loy s bl pla
R & N A T e T
53 uhich_ SHBRRLLS i U-ohageetZer THE DHESLEAL,P ol O an gaven by @
ot age ot VLI UL ESTRULS,pSPRLES! IOy HheSentalotpll PO, Wen e 2
(702Ut 8 SRR Runh " o2REe bk 8By APERSPSRL LaMrb Pl o
o2 e S R achIEHT TRNERbRBab R TV B, Sl ok BB Lok b LB, BESL O
the imge pIaneng %QBSEEgkgcéngge PST supports the substrate P. The

substrate stage PST includes a Z stage 51 which retains the

substrate P by the aid of a substrate holder, an XY stage

52 which supports the Z stage 51, and a base 53 which

supports the XY stage 52. The substrate stage PST is

driven by a substrate stage-driving unit PSTD such as a

linear motor. The substrate stage-driving unit PSTD is

controlled by the control unit CONT. When the Z stage 51

is driven, the substrate P, which is retained on the 7%

stage 51, is subjected to the control of the position
(focus position) in the Z axis direction and the positions
in the 06X and 0Y directions. When the XY stage 52 is
driven, the substrate P is subjected to the control of the
position in the XY directions (position in the directions
substantially parallel to the image plane of the projection
optical system PL). That is, the Z stage 51 controls the
focus position and the angle of inclination of the
substrate P so that the surface of the substrate P is

adjusted to match the image plane of the projection optical
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optical systemPL). That is, the Z stage 51 controls the focus position

and the angle of inclination of the substrate P so that the surface of the

substrate Pis adjusted to match the i mage pl ane of the projection optical

16 system PL in the auto-focus manner and the auto-leveling manner. The XY

stage 52 positions the substrate Pin the X axis direction and the Y axis

di rection. es, W.t hout i that _the Z sta and t he XY, stage may be
s&%t%%.% 15 Y aﬁ%x_%gcxsn%egﬂ%ﬁtaﬂ?r?ﬁ? %%POV$%V?}

provided in- an | ntegrated manner. ¢ 139 movabl e

h ' h WM.t h ' '
optrcal sy FORERL. THCo RS, PERREORE: hesahbkiPabBectapeorer 1A%y A

| aser interfero .55 is provided at a..position opposed to.the novement
mrror 54. %g gﬁ%%gt& ) a?¥8n§a ﬁthngSE#%PBn iﬁgtﬁ%e?W%%%P%%Esional

di rection f .the strate P,.on the.s ESt te stage PST are neasured in
real -time ByYrhe Fgggr%%ﬁtZrFEPgﬁe?Bg g € %ﬁenggﬁl?agfketﬂﬁpﬁﬁggirﬁﬁent is
out putted [Ke! Lh% contral uni%rCCNT. The control unit CONT drives the
substrate sPa&8-§9F9iﬁ BRAPESTPSTD on the basis of the result of the
measur enent of the vIaséer interfeégnet I, gS,to thegfby ﬁos{tion t he
substrate P suppBPUEESBL PHETSGbatr atBLERagE BRTAPLR FRISTREbOW Nt , the
liquidi %%ion ngth%d i apglied.iﬂ order that the resolution is
i mpr oved b3 s GHSF ﬁ?i&l?3a§ﬁo Pen iyt RESBREbstPe THEVRT @AGEHIARd t he

optical system PL, is provided on the substrate stage PST

(Z stage 51). A laser interferometer 55 is provided at a

position opposed to the movement mirror 54. The angle of

rotation and the position in the two-dimensional direction

of the substrate P on the substrate stage PST are measured

in real-time by the laser interferometer 55. The result of

the measurement 1s outputted to the control unit CONT. The

control unit CONT drives the substrate stage-driving unit

PSTD on the basis of the result of the measurement of the

laser interferometer 55 to thereby position the substrate P

supported on the substrate stage PST.

In this embodiment, the liquid immersion method is

applied in order that the resolution is improved by

substantially shortening the exposure wavelength and the

depth of focus is substantially widened. Therefore, the

space between the surface of the substrate P and the tip

surface (lower surface) 7 of the optical element (lens) 60

of the projection optical system PL on the side of the

substrate P is filled with the predetermined liguid 50 at

17




depth of focus is substantially w dened. Therefore, the space between the
surface of the substrate P and the tip surface (lower surface) 7 of the
optical element (lens) 60 of the projection optical system PL on the side
of the substrate Pis filled with the predetermned liquid 50 at 17 | east
during the period in which the inage of the pattern on the mask Mis

transferreq %%Eothﬁn UQ%% %%%10d g eéﬁr¥9§?02$8¥eo Qﬁiﬁﬁﬁﬁé%ﬁhz

exposed on e tip SI & projeltion op sys?em

l'iquid 50 b t %§h%§?d t Sn@§gngga%%%d OBﬁgvgﬁ%gﬁag?%ﬁ? S CorZ?Accordlngly,

the barrel osed of "the e osion or the
exposur o | 1 %Crﬁéf%%d' BEULs; BT 4850 B Rey S8P6RRY %lﬁeﬁa%q%ﬁ%%.  laser
poam E‘Ea.”s% oPRBIREEIPE. bBREUEY, BpErmnaty ard) R T EGuiA S GRS T O
ul 1 avi of of %Sel%ﬁlt%@lb@ﬁ#n%%evtppﬁﬁf:%bgg% bgﬁlzﬁ% TR WPE: oxci her 1 aser beam
it 1 whi GEBHRIBLY 1 R eFB%%?-@eﬁ?pﬁﬁ%ﬁéééflﬁ%b@ﬁ%uﬁ%ﬁa sHce 56 botuben

t he substrate P g e t| surface.(end s i g of the ens 60) 7 of the
proj ect i onF&StE %F §§P8n9 BLCOERASAOR; ghi § 5%8ry BHIF Swhi ch recovers

the IIqUIdembodlment, pure water is used for the liquid 50. The
exposure light beam EL, which is not limited only to the
ArF excimer laser beam, can be transmitted through pure
water, even when the exposure light beam EL is, for
example, the bright line (g-ray, h-ray, i-ray) in the
ultraviolet region radiated, for example, from a mercury
lamp or the far ultraviolet light beam (DUV light beam)
such as the KrF excimer laser beam (wavelength: 248 nm).

The exposure apparatus EX includes a liquid supply

unit 1 which supplies the predetermined liquid 50 to the
space 56 between the substrate P and the tip surface (end
surface of the lens 60) 7 of the projection optical system
PL, and a liquid recovery unit 2 which recovers the liguid
50 from the space 56. The liguid supply unit 1 is provided
to £fill at least a part of the space between the projection
optical system PL and the substrate P with the liquid 50.
The liquid supply unit 1 includes, for example, a tank for
accommodating the ligquid 50, and a pressurizing pump. One

end of a supply tube 3 is connected to the liquid supply
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50 fromthe space 56. The liquid supply unit I is provided to fill at

| east a part of the space between the projection optical system PL and the
substrate Pwith the liquid 50. The liquid supply unit 1 includes, for
exanple, a tank for acconmodating the liquid 50, and a pressurizing punp.
one end of a supply tube 3 is connected to the liquid supply 18 unit 1.

Suppl | g he  at foot The
aai o supninie D ERaR reeieg M Red H0BgeREef oo R Y AR GRT e

supply tubgp3 %%%ph tuPePBLY ﬂézhﬁ uid A6y b e SYPRLY HPLE e
7 Bty athdeinBide

establishes the erature o the e sup d to the space

56 so thaty jih8 %r@jp%rattlﬁ sb%g%pgéf {h%hﬁhytﬁ%;%gbf?ttu %?ﬁe exposure

the tenperature (for exanp

appar at us %ﬁggat‘,amm@ahed Tﬁgféﬁ'ﬁﬂ;ﬂddsﬁgge%éagnit g gﬂﬂyggg th Q"

exanpl e, i on punp, ‘and or a ting recoveré

l'i quid 50. b ' 0 i d
reggbery unltifﬁggecong;%ﬁggg{égEg §Pet508%ngg§§%§gd ?ﬂe %h%?gé%d5§f t he

t T t. 2 er the liguid 50 from
the " space 85 Tatorde cedtelaiBER) Try oLt Eng Y REIPLES EP" FoBe o “When
the space 56 is fllled with the liquid 50, then_ the_coptrol unit CONT
drives theQWaﬁﬁ%ﬁ's&ﬁpF?euﬁﬁppfra§8r?héﬁofhéxﬁma&Pd 29, @hikh thein a

predet erm ned anount er unit tinme, is supplied to the space 56 through
t he chamber in which the exposure apparatus EX is accommodated.

The liguid recovery unit 2 includes, for example, a
suction pump, and a tank for accommodating the recovered
liquid 50. One end of a recovery tube 6 is connected to
the liquid recovery unit 2. Recovery nozzles 5 are
connected to the other end of the recovery tube 6. The
liquid recovery unit 2 recovers the liguid 50 from the
space 56 through the recovery nozzles 5 and the recovery
tube 6. When the space 56 is filled with the liquid 50,
then the control unit CONT drives the liquid supply unit 1
so that the liquid 50, which is in a predetermined amount
per unit time, is supplied to the space 56 through the
supply tube 3 and the supply nozzles 4, and the control
unit CONT drives the liquid recovery unit 2 so that the
liquid 50, which is in a predetermined amount per unit
time, is recovered from the space 56 through the recovery
nozzles 5 and the recovery tube 6. Accordingly, the ligquid
50 is retained in the space 56 between the substrate P and

the tip surface 7 of the projection optical system PL.
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supply tube 3 and the supply nozzles 4, and the control unit CONT drives
the liquid recovery unit 2 so that the Iliquid 50, which is in a
predet erm ned anmount per unit time, is recovered fromthe space 56 through
the recovery nozzles 5 and the recovery tube 6. Accordingly, the liquid

50 is retained in the space 56 between the substrate P and the tip surface

7 of the proj ectiyon gpti g@l SysbegLBL. 10 ggxeaéam@b@@pg Bl EX s

provided with a b etec #h'th® s any e con ained in

the 1iaul 3@l By SRIEE A8 BELWCER, (] Bigl s5hion, Lfpesystem AL
Geredtdr 3BB8pEPaLTTY°

and the substrate P. The tec t he bubbl e

cont ai ned u%ﬁ%q% %Oqﬁhdtﬁ% SEIF ?HbB| Wg%%e or 20 |n€ludes glﬁagjepting
e |g

system 21 projects a I'ng 0 in the

T St M 'ngeéﬁw LT
h t

e R e T ST X1 Tty
d h . T t

beam < o1 Bt o0 010 Lo, 50, Ln e spase.y e pipiec o sveTen

d he.X [ t h .
directi on “PoPh RESEGERT B BseaFinol bagnt: bEGM %ﬁt%ﬁ%iﬁ%@?@'&&m the

projection, %tg%%he %%EeghﬁLa EQgh@'ieggggghgeg§stéH 22 which

receives the detecting light beam coming from the liquid 50
in the space 56. The projecting system 21 projects the
detecting light beam in a direction inclined with respect
to the surface of the substrate P, and thus the detecting
light beam is projected onto the liquid 50 in the space.
The projecting system 21 projects the detecting light beam
onto the surface of the substrate P from a position
separated in the X axis direction as the scanning direction
for the substrate P with respect to the optical axis AX of
the projection optical system PL. In this embodiment, the
projecting system 21 is provided at the position separated
in the -X direction with respect to the optical axis AX of
the projection optical system PL. The light-receiving
system 22 is provided at a position separated in the +X
direction with respect to the optical axis AX of the
projection optical system PL.

Fig. 2 shows a partial magnified view of Fig. 1

illustrating, for example, the lower portion of the
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projecting system?21 is provided at the position separated in the -X
direction with respect to the optical axis AX of the projection optical
system PL. The light-receiving system 22 is provided at a position
separated in the +X direction with respect to the optical axis AX of the
projection optical systemPL. Fig. 2 shows a partial nagnified vieM/of Fi g.

| 'llUStr%EbﬂQctﬁgh @ aneLe. s gg€eh0$ﬁrofo£ﬁ ngﬁéﬂﬁP% %g#%?é&ﬁgn

optical system PL of t e exposure apparatus supply unit 1,

and the |1 gyiedys gﬁ@&egﬁﬁgmg ufiit 40 EhG. tRe ifgul&“é%{&re&f fli{ S i sposed

at the | owest en rojecti on optical stem to have a

rectangul agpshgpe whi efl iehgngo' Nyh{en Y Qxﬁfsgéégﬁté{?“thé nﬁ&aé&@"é}lc{‘g

direction) while refrai ni ng fhe portion d for the end portion

BOA 11 1heosCan pgogle&%%hoamtl&&' Q stOR BEANDL Ny EXDOSUL Chade PRI e D

i mge of a part d ohto thé rectangu proj ection

area di sposedehighiyndehab aewﬁslghp%tigﬁgﬁ%xtgl oy MR ks ML S LPYgd at the

velocity Vin direction 1'on) W respect to

the proj ection anLhadhes xﬁ}gs&l{é’hg.&,ﬂﬁ NERRERATRY SR LA vl eh; e

substrate I'S nove e Ve

Tgni A\ C2 kb bR B Xe0bhackbaR: ggf R 1Repd dLigk “gno %é’ cffigald o

the XY sta Re“80 on o ne exposur ar ea,
the next SBB&lﬁre@h sHBMSQngoe%BSSE%SP”é”Sattern image of a part of

the mask M is projected onto the rectangular projection
area disposed just under the end portion 60A. The mask M
is moved at the velocity V in the -X direction (or in the
+X direction) with respect to the projection optical system
PL, in synchronization with which the substrate P is moved
at the velocity f*V (f is the projection magnification) in
the +X direction (or in the -X direction) by the aid of the
XY stage 52. After the completion of the exposure for one
shot area, the next shot area is moved to the scanning
start position in accordance with the stepping of the
substrate P. The exposure process is successively
performed thereafter for each of the shot areas in
accordance with the step-and-scan system. This embodiment
is designed so that the ligquid 50 is allowed to flow in
parallel to the scanning direction of the substrate P.

Fig. 3 shows the positional relationship among the end
portion 60A of the lens 60 of the projection optical system

PL, the supply nozzles 4 (4A to 4C) for supplying the
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start position in accordance with the stepping of the substrate P. The
exposure process is successively perforned thereafter for each of the shot
areas in accordance with the step-and-scan system This enbodinent is
designed so that the liquid 50 is allowed to flowin parallel to the
scanning direction of the substrate P. Fig. 3 shows the positional

rel ati onshiljicaigng ot Hey emed xpakiisoni®@Atebnt henheRhe6Pe8bviPe PMEHEESE T ON
optical system PL, the supply nozzles 4 (4A to 4C) for supplying the 21

liquid 50 isn (Srg XEyxifdrdireeetie@Anganfet N€qu8Q0%e Y PRZELGS 3D €BA 5B) for
recovering the liquid 50. In Fig. g the end portion 60A" of the Tens 60

has a rect amguipaitilbap® 0aWairC ik hieS 16ABI 6bNhhBea YraXtdn hi&ftéﬂ eThe three
supply nozzles 4A to 4C are arranged on the side in the +X direction, and

the two remmmemy1@045h@s15Ath58Ya&§larHiﬁaeﬂloﬁn thBeSEHBeL NsEHS1 v X
direction so that the end portion 60A of the lens 60 of the projection.

optical sysiemiBe isa tonuer BQéeQrEEﬁ?%QYDnTIEﬁeSHEQEylﬂo’EKée-5X4A to 4C are
connected to the liquid supply unit via the supply tube 3, and the

recovery n@zzees idh, Qﬁda&%eCQ&BeQbéévEQytHezzhbgu5ﬂ rggogféy P fgéqVi a
the recovery tube 4. Further, the supply nozzies 8A'to 8C an e recovery

nozzl es 9Aon9Bheakedal Hangad ak B9sbLk9Bs QBtﬂhaﬁdtH§ éﬂ&aﬁbfgloﬁy 03
substantially 180", the positions of the supply nozzles 4A to 4C and the
recovery nezzhkes iéns5QOaQQUEhEh$r6§@E€EOHfoptlcal system PL is

interposed thereby. The supply nozzles 4A to 4C are

connected to the liquid supply unit 1 via the supply tube

3, and the recovery nozzles 5A, 5B are connected to the

liquid recovery unit 2 via the recovery tube 4. Further,

the supply nozzles 8A to 8C and the recovery nozzles 9A, 9B
are arranged at positions obtained by rotating, by
substantially 180°, the positions of the supply nozzles 4A
to 4C and the recovery nozzles 5A, 5B about the center of
the end portion 60A. The supply nozzles 4A to 4C and the
recovery nozzles 9A, 9B are alternately arranged in the Y
axis direction. The supply nozzles 8A to 8C and the
recovery nozzles 5A, 5B are alternately arranged in the Y
axis direction. The supply nozzles 8A to 8C are connected
to the liquid supply unit 1 via the supply tube 10. The
recovery nozzles 9A, 9B are connected to the liquid
recovery unit 2 via the recovery tube 11.

When the scanning exposure is performed by moving the

substrate P in the scanning direction (-X direction)
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the end portion 60A. The supply nozzles 4A to 4C and the recovery nozzles
9A, 9B are alternately arranged in the Y axis direction. The supply
nozzles 8A to 8C and the recovery nozzles 5A, 5B are alternately arranged
inthe Y axis direction. The supply nozzles 8A to 8C are connected to the
liquid supply unit 1 via the supply tube 10. The recovery nozzles 9A 9B

are connected to the liquid recovery unit 2 via the recovery tube 11. Wen
t he scanm|ﬁf45ﬁﬁﬁéh§“ﬁgﬁﬁéﬁFﬁFﬁbgabﬁsﬁﬁvfﬁg'tﬁé' ShBstidredPoP nif he

scanni ng directLogﬁng direction) 22 indicated by the arrow Xa (see Fig.

3), the |i qHRPIEET ands gsmovedeshyitde bher ddaiiiehsiRBLY BOLE Suppfy unit 1
and the Ii uigégecovery unit 2 hy using the sugply tube 3, the supply
nozzl es 4A AUl TESONFEYy Ude 24 PYang inHe thecEBYRLY RBRSI 65 Bhe 5B.
That is, when the substrate Pis noved in the -X direction, then the
liquid 50 iSURRIEpINCEE oS0 4Phdos&ce thet KEERVERY BRBEebri 8Rdophfcal system
PL and the substrate P fromthe liquid supply unit 1 by the aid of the
suppl y t ub&CFOXFEYt ROZ&ISS! Y2no2A-es TRat4ASy owWhep, thrdsubRErpEQUPdisS0 i s
recovered to the liquid recovery unit 2 by the aid of the recovery nozzles
5 (5A, 5B) M&% HE Ecovdr Pireghdog., then| thei digoif Rsipnsuprlisxd
direction so that the space between the | ens 60 and the substrate P is
filled théeWilehsSPase hetyeRdr thgn®rouseh ioRe OREARALN§YERpBsBReands

per f or med b¥1nnvin the substrate P_in the scanning
the substrate P from the liquid supply unit 1 by the aid of

the supply tube 3 and the supply nozzles 4 (4A to 4C), and
the liquid 50 is recovered to the liquid recovery unit 2 by
the aid of the recovery nozzles 5 (5A, 5B) and the recovery
tube 6. The liquid 50 flows in the -X direction so that
the space between the lens 60 and the substrate P is filled
therewith. On the other hand, when the scanning exposure
is performed by moving the substrate P in the scanning
direction (+X direction) indicated by the arrow Xb, then
the liquid 50 is supplied and recovered with the liquid
supply unit 1 and the liquid recovery unit 2 by using the
supply tube 10, the supply nozzles 8A to 8C, the recovery
tube 11, and the recovery nozzles 94, 9B. That is, when
the substrate P is moved in the +X direction, then the
liquid 50 is supplied from the liquid supply unit 1 to the
space between the projection optical system PL and the
substrate P by the aid of the supply tube 10 and the supply
nozzles 8 (8A to 8C), and the liquid 50 is recovered to the

liquid recovery unit 2 by the aid of the recovery nozzles 9
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direction (+X direction) indicated by the arrow Xb, then the liquid 50 is
supplied and recovered with the liquid supply unit 1 and the liquid
recovery unit 2 by using the supply tube 10, the supply nozzles 8A to 8C,
the recovery tube 11, and the recovery nozzles 9A, 9B. That is, when the
substrate P is moved in the +X direction, then the liquid 50 is supplied

fromthe |i pply, ynit 1 to the pa between.the projection, optica
syst em PL é% ﬁ%H s { geﬁoﬁﬁryhéugﬁdﬁgf tﬁge 3b§?§dt%@ gi‘?)‘w%nﬁnthe
supply e 8A ta 8 th O.is recovered to the liquid
ecovery ufﬁ’[ %Xms‘ Sstdeh sp Ehatr b6y EPgcRobotugeD 58S (baMs o) AN ¢ he
recovery tybe he |i the +X direction so that the
space bet gﬁ FW@S 5ﬁ566 &ﬁd%lgﬁggsﬁﬁ§F?§ﬂ§hP i 851 FFEBLPRdr dBPTR: As
descri bed ove, 3 contral uni ﬁ | ows the I|qU|d 50 to flowin the
same direct E?tF HoEE AT A éBWFoﬁhﬁflﬂHElguBQtFatE P iR BR%ordance
with the novenent, direction of the substrate using the liquid supply
unit 1 andSEHE | %ﬁﬁ9§lp@céﬁeFPe HHW?m?ntlﬁlFﬁF§18PraﬁgEg% pubFbFakRafipl e,
the liquid., 50, which is supplied fromthe |liquid supply unit 1 via the
suppl y nozZife@CEOTLRERS &6 hépetW@VPmﬁﬁFddGGeF§laﬂtPﬁc%@ﬁ SBRETrAtfoduced
into the space 56 .in accordance with_the novenent of the substrate P in

the - X di r E&cOVons If¥etdroléduddefuphdy URdtsdppng EREr diaBidt RECPVELY d

supply wunit 1 is small, the liquid 50 can be supglled to the space
unit 2. " In this arrangement, for example, the liquid 50,

which is supplied from the liquid supply unit 1 via the
supply nozzles 4, flows so that the liquid 50 is attracted
and introduced into the space 56 in accordance with the
movement of the substrate P in the -X direction.
Therefore, even when the supply energy of the liquid supply
unit 1 is small, the liguid 50 can be supplied to the space
56 with ease. When the direction, in which the liquid 50
is allowed to flow, is switched depending on the scanning
direction, then it is possible to fill the space between
. the substrate P and the tip surface 7 of the lens 60 with
the liquid 50, and it is possible to obtain the high
resolution and the wide depth of focus, even when the
substrate P is subjected to the scanning in any one of the
+X direction and the -X direction.
Fig. 4 shows a plan view illustrating a schematic
‘arrangement of the bubble detector 20. The projecting
system 21 and the light-receiving system 22 are provided to

interpose, in the X axis direction, the end portion 60A of
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56 with ease. Wen the direction, in which the liquid 50 is allowed to
flow, is swtched depending on the scanning direction, then it is possible
to fill the space between the substrate P and the tip surface 7 of the
lens 60 with the liquid 50, and it is possible to obtain the high

resol ution and the wide depth of focus, even when the substrate P is

subj ected t e _sc g.in one of t he direction and the_-

di rection. t% Heﬂs %@ 1 tbﬁaﬁr ﬂ@ﬁﬁﬂppugpFéFﬁi Sﬁsgﬁﬂeﬁﬁtlﬁ eafr%m@enent
of the bubble .det ector 20. _The projectin sten121

i ght - r coPFOHGSISPeRESS BPeOfr edeac’ﬂ%cteﬁpe?%yéa B e hen 2L, en

di rection, %he %g gortlon 60A of 24 the lens 60 of the proj ectlon opti cal
system PL, G1€ &2 rBJecFP&npépégcpAnﬂfSYﬁEeBr%}eE??oﬂ pErebit¥yst em
PL on the substrate P. Qj ecting system 21 has a plurality of
prolectors°§1RrﬁﬁP€ﬁo£FezéP|gﬂéﬁhlﬁrﬁhélYgaﬁﬁslﬂlFE@tVoﬁXl?he det ecti ng

| i ght beans are projected onto the suybstrate P fromthe respective

proj ectors EERCt?ﬁ§ ddtEcfehgertign: 1dghisPeame cATEr BYPABFEEH @ P om t he
plurality of pr ectors 21A, are set to have an identical _angle of

i nci dence Wi'Eh SEESEERES & £KEMs iheadeSpECth¥e BEBIRFEPESPZERspethfvel y. The
| ight-receiving system 22 has a plurality of light-receivers 22A

cor r espondi§g o€ 1He L 1GRS] BERBES ?PACBfaFﬁePEPdFééﬁﬂn§r§W5P3ﬁ121 The

detecting I|ight beam_ which is projected fromeach of the projectors
plurality of projectors 21A, are set to have an identical

angle of incidence with respect to the surface of the
substrate P respectively. The light-receiving system 22
has a plurality of light-receivers 22A corresponding to the
projectors 21A of the projecting system 21. The detecting
light beam, which is projected from each of the projectors
217, passes through the liquid 50 when no bubble is
contained in the liquid. Accordingly, the detecting light
beam is reflected by the surface of the substrate P, and it
is received by each of the light-receivers 22A.

The light-receiving system 22 has light-receivers 22B,
22C which are arranged at positions at which no detecting
light beam from the projecting system 21 directly comes
into the light-receivers 22B, 22C, respectively. Any
scattered light, which is generated when the detecting
light beam from the projecting system 21 collides with the
bubble in the liquid to make reflection when the bubble is
present in the liquid, is received (subjected to the dark

field detection) by the light-receivers 22A, 22C.
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21A, passes through the Iiquid 50 when no bubble is contained in the

| iquid. Accordingly, the detecting light beamis reflected by the surface
of the substrate P, and it is received by each of the light-receivers 22A
The light-receiving system 22 has |light-receivers 22B, 22C which are
arranged at positions at which no detecting |ight beamfromthe projecting
system 21 directly cones __into the. light-receivers 22B, 22C, respectively.
Any scattered % éﬁ? n&htEﬁ ﬁ?tSEFépatéHgﬂﬁeHQ?ﬂ% H%té%?+%@ a¥®¥ ght beam
fromthe pép{i g syﬁb Illdes with the bubble in the |[iquid to
make refle et HESbR BF@ 1Ly B?eggﬁFthnﬂhélghEu?%ﬁm?seW%E¥ﬁ®ed
(subjected to the dark. field detection) by the |light-receivers 22A, 22C
25 Parts oftfffe g@t?f?ﬁﬁﬁthghﬁyﬁEﬁﬁs2EP aﬁﬁlEﬁoé?%te@n%mﬁﬂéﬁh¢rﬁ¥%%
plurality of detectin ht beans emtted fromthe projectin systen121
are prolecPthgﬁtSUPﬁ rapgap GRATTREPSDHiRFatE PheoPResPORbIPYy ¢ g e end
portion 60A of _ the |lens 6Q rojection area PA of the rOjectlon opti cal
syst em PL) FPRed&PSi RY &BFEQ?FgéoPlQﬁﬁabgénﬁfLEhﬁrErob? ?é%@e%PBHQ dlthe
areas di sposed on the both Quter sides in the Y axis direction of the

proj ecti on S¥PEETPRL) TheRepRénéBei Agtegsine 2igptobeens b2 a¥ast parts of
the detecting light beans Le of in the plurality of detecting |ight
beams, ont B¥RIEESSHr Op5Pt FBﬁsaHPéﬁoééaPPﬁeﬂh@n vﬁmh@w utenes bdemdary

portions in the Y axis direction
in the Y axis direction of the projection area PA. The

projecting system 21 projects at least parts of the
detecting light beams Le of in the plurality of detecting
light beams, onto areas or portions disposed in the
vicinity of the boundary portions in the Y axis direction
of the projection area PA. The liquid 50 is supplied from
the liquid supply unit 1 to the portion corresponding to
the space between the substrate P and the end portion 60A
of the lens 60, i.e., the projection area PA on the
substrate P. Therefore, the portion, which corresponds to
the projection area PA, is the liguid immersion portion.
Fig. 7(a) schematically shows, as viewed from a side
position, a state in which the detecting light beam is
radiated onto the bubble 18 adhered to the surface of the
substrate P, and Fig. 7(b) shows a plan view of Fig. 7(a).
As shown in Fig. 7(a), for example, when the detecting
light beam is a spot light beam, and the light flux thereof
has a diameter of D1, then the detecting light beam on the

substrate P is elliptical with the longitudinal direction
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of the projection area PA. The liquid 50 is supplied from the |liquid
supply unit 1 to the portion corresponding to the space between the
substrate P and the end portion 60A of the lens 60, i.e., the projection
area PA on the substrate P. Therefore, the portion, which corresponds to
the projection area PA, is the liquid imersion portion. Fig. 7(a)
schenatical%yﬁipog§, as %Leme froma side Hosition, a_state in, which the
det ecting G ght*Shéadis aGCat-8d SAFBMPABILHABFEL18M 4dRRr BECYD the surface
of the substrate. P, and Fig. 7(b) shows_a plap view of Fi.g. 7(a). As shown
Ch Fg. 7(Hd T baxathre keAthetaB0otioRy PPAERLS nub fecdd ShbeA Tt ght
beam and the light flux thereof has a dianmeter of DI, then the detecting
li ght beamdea Ons&t%ﬁrl&ff BLER EPPPECECAP WPEhSERETFBhGI ¥ udi FAF
direction 26 of the X axis direction_(sg¢anning directioni as shown in Fig.
7(b), whenSt4F& c?@té&’tit?ﬁl‘& ﬁP&ﬁﬂtBQéﬁPilsdﬁFSFEéPBdOifntBe 8t +2BE19ALi ncl i ned
W th respect to the substrate P. The size D2 in the longitudinal direction
of the ellidstiecdindgares: itRg hhgadebectihadqéighti hgami ght theam on the
substrate P is larger than the dianeter D.. That is, for.  exanple, when the
det ecting ISUGSEIBEEMP d5r 4@r9€&d thAnathei AdamPERTpBL pendhahil 4+ t 8OF he
surface of the substrate P, the size in the X axis direction_of the

det ecti ng &FGHPAGr “ire JbEclertRGLinght igBanPramDLs FBdedERd HhRed t he

detecting light beamis radiated in the inclined direction
direction perpendicular to the surface of the substrate P,

the size in the X axis direction of the detecting area for
the detecting light beam is Dl. However, when the
detecting light beam is radiated in the inclined direction,
the bubble 18 can be detected with the detecting area
having the size of D2 which is larger than D1 in the X axis
direction. Therefore, when the bubble 18 is detected on
the substrate P which is to be subjected to the scanning in
the X axis direction, then the bubble 18 is detected with
the detecting area which is wider than the detecting area
having the diameter D1, and it is possible for the bubble
detector 20 to improve the detection accuracy for the
bubble 18. The explanation has been made assuming that the
detecting light beam is the spot light beam. However, an
equivalent effect is also obtained even when the detecting
light beam is a slit light beam.

Next, an explanation will be made with reference to a
flow chart shown in Fig. 5 about a procedure for exposing

the substrate P with the pattern of the mask M through the
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t he bubble 18 can be detected with the detecting area having the size of
D2 which is larger than D in the X axis direction. Therefore, when the
bubble 18 is detected on the substrate P which is to be subjected to the
scanning in the X axis direction, then the bubble 18 is detected with the
detecting area which is wder than the detecting area having the dianeter
D, and it is .possible for the bubble detector_20 to inprove the detection

accuracy f&FURETIPRRPELFE] FHELERpFRNaPHORNRas1BBER PARY J4TIRT ngP® hat
the detecting |light beamis the spot Iight beam However, an equival ent
effect is &FEGSYECaPREATEVER RKeROPRETHELBEL RRgICFTHERPEDBMPYR- a slit |ight
beam Next, an explanation will be made with reference to a flow chart
shown in Fig. 52&bhddEsk ptbEeBaré MoisSexpBdrfAgont kBeshnskratad® ¥¢Th t he
pattern of the mask Mthrough the 27 projection optical system PL and the
liquid 50 Byrdudhsgsphetrakpobuie Appdedt 08 ERecouberuetedSBaJIARETR bed
above. At first, the mask Mis | oaded on the mask stage MST, and the
substrat e PUPSey&8édYon thEeCobsPLanallt GGETPETivesybBaqlb®ely, the
control unit CONT drives the liquid supply unit | and the liquid recovery
unit 2 to SURPLYt H8it) lgand sbpplyaspedr sereHery uhétspake sbaricebedi ngly,
the space _between the |ower surface 7 (end portion 60A) of the projection
opti cal sy3t&mlAL siR®lyhergiraftéeni 68 AheasPACEf 56t heAcobsdingby P tBefi| | ed
with the liquid 50 (Step SI).

space between the lower surface 7 (end portion 60A) of the

projection optical system PL and the projection area PA of

the substrate P is filled with the liquid 50 (Step S1).

Subsequently, the control unit CONT drives the

substrate stage PST to scan the substrate P in the X

directicn, while the mask M is illuminated with the

exposure light beam EL from the illumination optical system

IL so that the pattern of the mask M is projected onto the

substrate P through the projection optical system PL and

the liquid 50. Simultaneously, the control unit CONT

projects the detecting 1ight beam onto the substrate P from

the projecting system 21 in the inclined direction. The

control unit CONT performs the exposure process for the

substrate P while detecting the position of the surface of

the substrate P in the Z axis direction (Step S2).

The detecting light beam, which is projected from the
projecting system 21 onto the substrate P, passes through

the liquid 50 which fills the space 56, and the detecting

light beam is projected onto the projection area on the
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Subsequently, the control unit CONT drives the substrate stage PST to scan
the substrate P in the X direction, while the mask Mis illumnated with
the exposure light beamEL fromthe illum nation optical systemIL so that
the pattern of the nmask Mis projected onto the substrate P through the
projection optical systemPL and the liquid 50. Sinultaneously, the
control wunit projects the detecting |light beamonto the substrate P

CONT ] ] :

from the FrEP&EEAtRgPsystBnt84si AitHatingy i WRandFheckidhle T 1%ontrol unit
CONT perforns the exposure process for the substrate P while detecting the
posi tion oPTERENLU{PHEETER) PRetBBbSHFAREBSPOENtRRSYRSXIATR R ekl ilhe (St ep
S2). The detectin Ii%ht beam which is projected fromthe SE{Q%ecting
system 21 &FCISCheCSuBEFRafE PhopyRsdBsFiHr ofighthehdeteging Fch fills
t he space 56, and_the detecting 1light beamis grojected onto the
proj ecti onP5?8a ¥hifRe 188PEQEEFFgHeOPLo] henbabBleubi ohs SRRkterRd bubbl e
18 is present (adhered) on the surface of the substrate P in the
proj ect i on "Re8a 2a®aghord therdgtegtinmpeldehtchealy Prohectedapptantls s
projected onto_the bubble 18, is scattered. Wen a part of the detecting
| i ght beamPpbbiléctléd isnE6atkereBubbhenigtrgngchight ebeampenwiiehngrei ght
beans, which are not detected in ordinary cases, cone into the |ight-
recei vers 22 dgfectgddinherpiighryi AREASIt 9om@ahivhoi Sheolbghtrecei ved by
the light-receiver 22A corresponding to the

recelivers 22B, 22C, and the light intensity, which is to be

received by the light-receiver 22A corresponding to the

detecting light beam, is lowered. Results of the detection

performed by the light-receivers 22A, 22B, 22C are

outputted to the control unit CONT. The control unit CONT

detects whether or not the bubble is present on the

substrate P on the basis of the light intensities detected

by the light-receiving system 22 (Step S3).

In this embodiment, the control unit CONT can

determine the size and the amount of the bubble 18 on the

basis of the light intensities detected by the light-

receivers 22B, 22C. For example, the light is scattered at

a larger angle by a small bubble. Therefore, the control

unit CONT can determine the size of the bubble 18 by

determining the direction of the scattered light from the

bubble 18 on the basis of the results of the detection of

the light-receivers 22B, 22C. Further, the amount of the

bubble 18 per unit area on the substrate P can be also

determined by detecting the intensity of the received
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detecting light beam is |lowered. Results of the detection performed by
the light-receivers 22A 22B, 22C are outputted to the control unit CONT
The control unit CONT detects whether or not the bubble is present on the
substrate P on the basis of the light intensities detected by the

i ght-receiving system22 (Step S3). In this enbodinent, the control unit
CONT can etermne the size and the anount of the bubble 18 on the basis
of the lig gﬁﬁrensities detected by the light- receivers 22B, 22C. For
exanple, the light is scattered at _a |arger angle by a smal |l bubb] e.
Therefore, the d8ntPSf PaRFEIBERT EBR H@?gFﬁPﬂe FhEhéi%%b%ﬁr%m%:%uﬁble 18
by detern%$in% tge direction of the scattered light_fromthe bubble 18 on
the basis &fi€t Ad FSEFELOBF fReSHEFLELFEnPYf thenESFht OF Jheasrenent 22c.
Further, the amount. of the _bubble 18 per unit area on the substrate P can
be al so d@?&%ﬁ?ﬁ@é by &BfcldtSRYy LRESFREEABLEGT POt hef REERSVedED® |i ght .

In this procedure, the position_ of the substrate P .in the XY directions is
speci fi ed BYSthdopesd| ingtakdasiPendAt thge¥f XaBdIByeEhECR Rk the
interferoneter 55. Further, the position of installation in the Y axis

di rection &ﬂgpﬁereFPQH?rﬁegaﬁvﬁpécgzhﬁﬁhF@ﬁeh&@drEB%i@%He?ﬁénﬁe%bﬁﬁ?ng

| ight beam projected onto the bubble 18 is also specified on the basis of
t he desi gn®§afabPyeictherersie, thRebubRifolBuhft also specified on the

basis of the designed value. Therefore, the control unit
CONT can specify the position at which the bubble 18 is
present on the substrate P, on the basis of the result of
measurement of the laser interferometer 55 and the
information about the position of installation of the
light-receiver 22A for which the light intensity of the
received light is lowered. When the position at which the
bubble 18 is present is specified, the control unit CONT
stores the position information about the bubble 18 in the
memory unit MRY (Step S4).

The control unit CONT projects the detecting light
beam onto the substrate P while scanning the substrate P in
the X axis direction. Accordingly, it is possible to
detect the information about the bubble 18 for each of the
shot areas including, for example, the presence or absence
of the bubble 18 and the amount of the bubble.

In this arrangement, the memory unit MRY stores the
threshold value information about the bubble 18 to

determine whether or not the pattern is transferred at a
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CONT can specify the position at which the bubble 18 is present on the
substrate P, on the basis of the result of neasurenent of the |aser
interferoneter 55 and the information about the position of installation
of the light-receiver 22A for which the light intensity of the received
light is |owered. When the position at which the bubble 18 is present is
specified, the cgntrﬁ% uni t stores the gosition i nformati on about the
bubbl e 18 St PyPuRTEORRYT (SFEPTaAY. WHHR EGPRPOF Ui tNTONT projects
the detecting light _beamonto the bstrate P whil e scanning fhe substrate
Pin the RUBRTEHIEr Bot| GRS KECBPAPRYI J2IRE 1BCHUASS bf e REPSRASCt t he

i nformation ibout the_bubble 18 for each of the shot areas including, for
exanpl e, t N8 PFedBnEELIBF19BsERCENCoPIEReObUBDEPWRPERA R he?BRint of t he
bubble. In _this arrangenent, the menory unit MRY stores the threshold

val ue i nf oF&EPEAR1AbYaI UPh&DHEBBRE12B +6 thEt aRATAk (RETRRF) o?L it t he
pattern is transferred at a 30 desired pattern transfer accuracy with
respect tobPh?lesﬁﬁsPPQPéep.f?ﬁeoﬁﬁrégﬁglHrQQPueTFﬁcFﬁﬁ%%h%l@HY%EH%Id

value in relation to the size of the bubble 18, and a threshold value in
rel ation tdPEREMANIGRt SERERBeAN bhet REMOBHLBNEL HRBUbD| eeMPR¥ed elthot

area. The threshold value inforpation stored in the nmenory unit MRY is
conpared wtPR reRElEesdi ther buhblsugstecaaercpebhoperd obYebheybubleleubbl e

‘detector 20 (Step S5).

Subsequently, the control unit CONT judges whether or
not the result of the bubble detection performed by the
bubble detector 20 is not less than the threshold value
{Step S6).

For example, when a slight amount of the bubble 18
having a small diameter floats in the liquid 50, the
desired pattern transfer accuracy is obtained in some cases
even when the bubble 18 exists in the liquid. Accordingly,
the threshold value in relation to the amount and the size
of the bubble 18 is determined beforehand. If the result
of the bubble detection is not more than the threshold
value, it is judged that the exposure for the substrate P
can be performed appropriately. That is, the control unit
CONT refers to the threshold value information about the
bubble stored in the memory unit MRY to judge whether or
not the exposure for the substrate P has been performed
appropriately, on the basis of the result of the detection

performed by the bubble detector 20. The threshold value
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detector 20 (Step S5). Subsequently, the control unit CONT judges whet her
or not the result of the bubble detection perforned by the bubble
detector 20 is not less than the threshold value (Step S6). For exanpl e,
when a slight anount of the bubble 18 having a small dianeter floats in
the liquid 50, the desired pattern transfer accuracy is obtained in sone
cases even when the Eubble 18 exists in the |iquid. Apconﬁiiyy, t he
threshol d v&l BESVACRER 4t A6heEBLIRRE afBhinE*aRBlehec¥P s MRt I WY hiAfl e 18 i s
det er m ned Beforehand. If the result of the bubble detection is not nore
than the thPEsHOFGShQiAuEalPe 18 Fhaged tRathenBeBRIPHSEREL 8 t he substrate

P can be performed appropriately. That is, the control unit CONT refers
to the thr88k8FE#8Aue i nformati on about the bubble stored in the menory
unit MRY to judge whether qor not the exposure for the substrate P has been
performed appr §rF§téPyJ“éﬁeghEhBESFgeoguPhéerb%u%% BPT Rt AR i on
performed by the bubble detector 20. The threshold value 31 is previously
det er m nedtPfothERERPILE, Vakperi irefit al 1§, 1hnds freIedr eBRbI Bh%al ue is stored
in the menory unit MRY beforehand. If it is judged that the bubble 18 is
not nore tKXROSEERE fRre§h8I gubaruatei Peis perferpsd| appeer¥iricthe

exposure for the substrate P is performed appropriately,
then the control unit CONT continues the expdosure process.

On the other hand, if it is judged that the bubble 18 is
not less than the threshold value, i.e., if it is judged
that the exposure for the substrate P is not performed
appropriately due to the presence of the bubble 18, then
the control unit CONT performs, for example, the following
process. That is, the control unit CONT interrupts the
exposure process operation, and/or the control unit CONT
drives the display unit DS and/or an unillustrated alarm
unit to notice that the bubble of not less than the
allowable range (not less than the threshold value) exists.
In some cases, the position information about the bubble 18
on the substrate P is displayed on the display unit DS
(Step S7).

A consideration will now be made about a case in which
the plurality of shot areas SH on the substrate P are
subjected to the exposure respectively as shown in Fig. 6.
In this case, even if it is judged in Step S6 that the
bubble 18 is not less than the threshold wvalue, the control

unit CONT continues the exposure process. In this
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then the control unit CONT continues the exposure process. On the other
hand, if it is judged that the bubble 18 is not |less than the threshold
value, i.e., if it is judged that the exposure for the substrate P is not
performed appropriately due to the presence of the bubble 18, then the
control unit CONT perforns, for exanple, the follow ng process. That is,
the control unit CONT hnterrugts the exposure process operation, and/or
the cont r oPERREAUEBKT tREr FOBE TP RS pf §Tuﬂ?Fe?E§aEH?oPu%Pﬂ%n¥q“ﬁétrated
alarm wunit to notice that the bubble of not |ess than the _allowabl e range
(not |ess UfdAR9% k&St Rredhsl detgrtiey é%i dnsing| hhgopsPreside’, fRheeHILi ti on

i nformati on about the bubble 18 on the substrate P is displayed on the

di spl ay uni®f B8e psugglahy. of sBASi aEFAFi 8 ARl Fhaostbethake BRbolthe case
in which the plurality of shot areas SH on the substrate P are subjected
to the exp&&RM-é&Cleypdét FONLyrgéeshohh thertireshold wahpg takermabkionf it
is judged in Step S6 that the bubble 18 is not |less than the threshold

val ue, the23®@ntthsl PogatiocroimiesRethgBsabRut ekheshrbbbe oelekaingd khis 32
procedure, the control unit CONT detects the bubble 18 by wusing the bubble
det ect or 2GNGulPA§Tt RBLEXE65aREtEsr teaghores iRetheurarery WRisHHRY areas SH
on the substrate P. The control unit CONT refers to the threshold val ue

i nf or mat i ofR€aflothargasSti ohifhoifainehudpduint heebpbral bbY aphed by

shot areas SH and in which the image formation of the
pattern image is not performed appropriately due to the
bubble 18 (Step S8). After the completion of the exposure
process, the following procedure can be adopted on the
basis of the information stored in the memory unit MRY.
That is, the exposure process is not performed for another
layer thereafter, and/or the resist is applied again to
perform the exposure again for the shot area SH' which is
included in the plurality of shot areas SH and in which the
image formation of the pattern image has not been performed
appropriately.

In this embodiment, the plurality of detecting light
beams include the detecting light beam L1 which is
projected onto the projection area PA on the substrate P
and the detecting light beam Le which is projected.onto the
boundary portions on the both sides in the Y axis
direction. It is possible to judge whether or not the
space 56 is filled with the liquid 50, on the basis of the

results of the receiving of the detecting light beams L1,
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the laser interferoneter to store, in the nenory unit MRY, the shot area
SH which is included in the plurality of shot areas SH and in which the
imge formation of the pattern inage is not perforned appropriately due to
the bubble 18 (Step S8). After the conpletion of the exposure process,

the followi ng procedure can be adopted on the basis of the information
stored in the nenory_uynit MRY.  That is, the_exposure process,is not

per f or ned #@rbgnggﬁ #lgbﬁyﬁﬁcﬁﬁgﬁﬁﬁfF@Fteﬁna?or Fae % %%elsl%dblled agai n
to perform.the exposure agai.n for the shot area SH which is |ncluded in
the plural ifty ugﬁlgﬁ £r4FE8s 3A HRdCPnawRRER PRethPnBRRCE of freiPeh Bt t he
pattern i mage has not _heen perforned appropriately. In this enbodi nent,

the plural - %Fad-fn FdCedtirngdd I?8hfluebEerﬁnVnéPﬁB%V?ﬂéeﬂ%?e%‘i“i’li‘aga$|E;‘Pﬁ beam LI
which is prao icted onta the Rro jection_area PA on the substrate P and the
det ecting IFgR 15&4rnLE TR LigUpFopciBdtBRt BIERBLLHORAIERG portions on
the both sides in the Y axis direction. It is possible to judge whether or
not the sPHRESIBEY| POLLILLBdORKi Fhet aéouﬁawansereén%h@nbﬁ%ffzs%bw%te
results of the receiving of the detecting ght beans LI, 33 Le by the
Ilght-recePV|ﬁ§e§y§P€nPE§10ﬁérPé%&nﬁﬁethﬁfdﬁ egtingt 1 bghtrbeas, Lenishi ch a
part of the_space 56 does not retain the liquid 50 due to an

i nconveni ef@@NgGeh a8dt kbe &iobLi hepBnlef ishBOL| Hareivedi hvtBeevicinity of

t he
light-receiving system 22 to give a state of absence of

incidence in which the light beam Le does not come into the
receiving system 22. The control unit CONT can Jjudge the
fact that the space 56 is not filled with the liquid 50, on
the basis of the result of the receiving of the detecting
light beam Le by the light-receiver 22A. On the other
hand, for example, it is also conceived that the liguid
supply unit 1 malfunctions due to any cause, and the liquid
50 is insufficient between the projection optical system PL
and the substrate P. Also in this case, the optical path
of the detecting light beam L1 is changed to give a state
of absence of incidence in which the 1light beam L1 does not
come into the light-receiver 22A. The control unit CONT
can detect the fact that the liquid in the space 56 is
insufficient, on the basis of the result of the receiving
by the light-receiver 22A. As described above, the bubble
detector 20 also functions as a liquid shortage-detecting
unit for detecting the shortage of the liquid 50 between

the projection optical system PL and the substrate P. 1In
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boundary portion of the projection area PA on the substrate P, then the
optical path of the detecting light beamLe is changed, and the |ight beam
Le is not received by the light-receiving system?22 to give a state of
absence of incidence in which the |Iight beam Le does not cone into the
receiving system22. The control unit CONT can judge the fact that the
space 56 i% not fiIL%d wth the liquid 50, _on .the basis of the result of

q on .
the recei vigSofPERdId6RLIPPng t IR BRT2BEam LEUEY helPPYREIFLERT RF 22A. On
the other ,hand, for ex

exanple, it is also conceived that the liqujd  supply
unit 1 mal fdné OGﬁégﬁuelgglﬁﬁ§sc88§e?néﬁdt9ﬁecﬁﬁauFH ngchsth%g£¥qq%@ent

between the projection. optical systemPL and the_substrate P, Also in this
case, the dftPC& SHRPRLSH: tPhEhgefREFPNg®I PERE1BEAN OF 1RSRARHGERNEYY give a
state of gbsence of incidence in which the |ight beam Ll does not cone

into the | ighBICERE PEr 2380 Fhe €8fier 6P WRLFhCENT lédnidedest Rl fact
that the liquid in the space 56 is insufficient, on the basis of the

result of €fdSte@&i #ilhg by the Iight-receiver 22A. As described above, the
bubbl e detector 20 also functions as a |liquid shortage-detecting wunit for
detecting the sRéFPadd &ﬁlﬁh§a§?quFBGSGoﬁérﬁéeHanh@ogToF@E?¢Bﬁ Bpei cal
system PL and the substrate P. In 34 this specification, the phrase "liquid
i s insuffidi@itdodnspffirdengyeor dasroaeinpbtyonljauhd ehsetagewnbPh the
liquid is nat su%plied to the space 56 partially or insufficiently

using the liquid shortage detector 20 during the exposure

for each of the plurality of shot areas SH on the substrate

P. The shot area (defective shot area) SH', which is

included in the plurality of shot areas SH and in which the

liguid shortage arises during the exposure, is stored in

the memory unit MRY on the basis of the result of the

measurement of the position performed by the laser

interferometer. After the completion of the exposure

process, the following procedure is adopted on the basis of

the information stored in the memory unit MRY. That is,

the exposure process 1s not performed for another layer

thereafter, and/or the resist is applied again to perform

the exposure again for the shot area SH' which is included

in the plurality of shot areas SH and in which the image

formation of the pattern image has not been performed

appropriately due to the liquid shortage.

The liquid shortage detector described above is

constructed such that the liquid shortage detector

optically detects whether or not the liquid shortage
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in amount but also the case in which the liquid does not exist at all.
Al'so in this case, the control unit CONT detects the 1liquid insufficiency
or discontinuity (liquid shortage) by wusing the liquid shortage detector
20 during the exposure for each of the plurality of shot areas SH on the
substrate P. The shot area (defective shot area) SH, which is included
in the plural,ity of shot areas SH and_in which the |liquid shortage arises
during the 2456Sur e FOMEVELer 8% F*2PREEnefiot yaBATt SHRYTR%E t FREBETS of the
result of the _measurenent of the position perforned by the |aser

i nt er f er on®Pdr PeACPEStERETE nﬁVe?i%ﬁOHfrﬁﬁﬁ @?E%§uﬁglo%r5%5%§, t he
follow ng procedyre is adopted . on the basis of _the information stored in
t he menory SGHeCTHRY. WLy E§PVl?ﬁ§ ERposhreSPPBLESsBO?E R0t PErEld?ned for
anot her layer _thereafter, and/or the resist is apEIied again to perform

the exposurd@PRAi hoP6r 3t RE §H6t LAABAASEUPRAY cHRLE Lncl TREJTLPY ¥ikee-

plurality of shot areas SH and in which the inmage formation of the pattern
i mage has N6CeGEARIpEPLSr ABGCCASpEBEr L4P¥| Jalfeofothfel iayid dPeRoMREEe. The
i quid shortage detector described above is constructed such that the

li qui d shotdFe f@&t é8fol 1aypli €41 £¢ Bet eupBliAet her the ABRCEH26} i dRf d
shortage 35 arises. However, for exanple, a liquid shortage detector nmay
be const r udEd TEF Ud tf Péwthgt defreréiopf fswephpetted to the control

unit CONT. The control unit CONT judges that the liquid
shortage occurs if the flow rate of the liquid is not more
than a predetermined value, on the basis of the result of
the detection performed by the flow rate-detecting unit.
The following situations are also conceived. That is,
not only the small gas portion such as the bubble but also
a relatively large gas space (gas portion) appears in the
liquid in some cases. In other cases, the gas remains on
the side of the image plane of the projection optical
system PL when the supply of the liquid from the liquid
supply unit 1 is started. 1In such situations, a state of
absence of incidence is also given, in which the detecting
light beam L1 does not come into the light-receiver 22A.
Therefore, it is possible to detect the presence or absence
of the gas portion on the side of the image plane of the
projection optical system PL on the basis of the result of
the receiving by the light-receiver 22A. As described
above, the bubble detector 20 not only detects the bubble

in the liquid but also functions to detect the presence or
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detecting unit) provided for the supply nozzle 4 or the supply tube 3 of
the liquid supply unit 1. The flowrate- detecting unit detects the flow
rate of the liquid per unit tinme for the liquid 50 to be supplied to the
space 56, and the result of the detection is outputted to the control

unit CONT. The control unit CONT judges that the liquid shortage occurs if
the flowrate of the liquid is not nore than a predeterm ned value, on the
basi s of tRESFEEEI PLofNet ARSJBPEELPBNLBEVEBR nelle B IR 1Ry SRt et ect i ng
unit. The follow ng situations are al so conceived. That is, not only the
smal | gas 68?F?BnPguéﬁdaEh?héubﬁBBPEebﬁt also a relatively large gas space
(gas portion) agpears inthe liquid in sonme cases. In other cases, the gas
remai ns on the?Si 88PdPiNRE PRAYE: pLhnéSoPOsHEL R of@cde®rrbpiital system
PL when the supply of the liquid fromthe liquid supply unit | is started.
In such si&G&PrBAS1icn sbate bhe hpbbheeldfwhiehdereatis afEerf Ve in

whi ch the detectin i ght beam LI does not cone into the |ight-receiver
22A. Ther 8R&+EID| LTRBSHEESABLBTABY déRekhet fRrape eBenee RFCBRHEEME I t he
gas portion on_the side of the inage plane of the rojection optical
system PL b4bPhe Bgtrster 2Aewhéshl debectshbheceebhlagl Hyin hehe

| i ght-receiver 22A. As described above, the bubble detector 20 not only
detects thdlgypel €0 thathéiligutbebapagesdofbatveensthe peedeetide presence

or 36 absence of the %as portion between the projection optical
optical system PL and the substrate P. Accordingly, it is

possible to apply an appropriate treatment in order to
maintain the good productivity. When the bubble exists in
the liquid, it is judged whether or not the pattern is
transferred appropriately on the basis of the result of the
detection of the bubble. Accordingly, for example, it is
possible to adopt, as a product, only a device or devices
corresponding to the shot area to which the pattern has
been transferred appropriately. Further, it is possible to
perform a treatment in order to remove the bubble after the
exposure process is once interrupted.

This embodiment has been explained as exemplified by
the case in which the bubble 18 adhered to the surface of
the substrate P is detected. However, even when the bubble
floats in the liquid 50, the intensity of the light
received by the light-receiving system 22 is changed by
radiating the detecting light beam onto the floating
bubble. Therefore, it is also possible to detect the

amount of the bubble floating in the liquid 50. Further,
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system PL and the substrate P. As explained above, it is possible to detect
-the information about the bubble 18 which greatly affects the pattern
transfer accuracy in the space 56 by providing the bubble detector 20

whi ch detects the bubble 18 in the liquid 50 that fills the space 56
between the projection optical system PL and the substrate P. Accordingly,
it is possible to apply an appropriate treatnent in order to nmaintain the
good produltifvifyengnéy PhetBEbbighExrereivad brecdflyupt, the }iohtmged

whet her or not the pattern is . transferred appropriately on the basis of
the resul t *6FSLNELSdéLBet L8R GﬁfifﬁésbBBBW@?HAEE@r@I?’ﬁ%CFSI%H‘J&l%fk‘érﬁﬂfé‘} it is
possi bl e to adopt, as a product, only a device or devices corresponding to
the shot aMé&ht thﬁhcﬁhﬁhélﬁamégnbﬁéélebééndwg%@@ra@éi Wpropriately.
Further, it is possible to performa treatnment in order to renove the
bubbl e af t 8ftERE Ingx paghitebprBcwishi whagbethat bubbpe cadhared ekl ment has
been expl ained as exemplified by the case in which the bubble 18 adhered
to the surFabetgater Reisubsteatedp | Thaseéered. iHohevalso epess Whkn the
bubble floats in the liquid 50, the intensity of the light received by

t he |ight - J8dgeviThgthest Ehe2detscehrdnhelbibbe isathat fheat heg detllel e | i ght
beamonto the floating bubble. Therefore, it is also possible to detect

t he anounthgf bukklpuBBhertfo&pi hjei aubherpfquPd 60. tFarbaeis a7 the

result of the receiving by each of the light-receivers 22B,
22C. Further, when the detecting light beam is radiated
onto the lower surface 7 of the projection optical system
PL, it is also possible to detect the information about the
bubble adhered to the lower surface 7 of the projection
optical system PL. A part of the detecting light beam from
the projecting system 21 may be used to detect the surface
position of the substrate P.

In this embodiment, the projecting system 21 projects
the detecting light beam in parallel to the XZ plane onto
the substrate P from the separated position in the scanning
direction of the substrate P, and thus it is intended to
improve the detection accuracy. However, another
arrangement is also available, in which the detecting light
beam is projected in parallel to the YZ plane onto the
substrate P. 1In this embodiment, the plurality of spot
light beams (detecting light beams), which are aligned in
the Y axis direction, are radiated onto the substrate P.

However, for example, the following procedure is also
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the intensity of the light received by each of the light- receivers 22B,
22C differs between the detecting |ight beam wth which the floating
bubble is detected and the detecting |ight beamw th which the bubble
adhered to the substrate P is detected. Therefore, it is also possible to
j udge whet her the detected bubble is the floating bubble or the bubble
adhered to the_substrate P, .on the basis_of the result of the_receiving by

each of thé&VEightiPecemPafrsi82p0ne28pPOt FlitghkrPedhels t HEPIRTRA ity | ght
beamis radiated onto the |ower surface 7 of the projection optical system
PL, it is &P§oSFE581LBAe iPotHBt EcXifediheEHalT ol abB Ut R bR Budher ed
to the lower surface 7 of the projection optical systemPL. A part of the
det ecti ng PiSgRfapegmh fPoflet Kea5isj BEEPAELSNsRERPSY Hag BROtskigR det ect
the surface position of the_substrate P. In this enbodi nent, the
proj ect i ngP&¢&rent2tepnatavedy t ReSHetetighy PraRt Bobeh i axpoRds 18! to the
XZ plane onto the substrate P fromthe separated position in the scanning
di rection &€t Kea¥dBsdifeetponanBayhhs proijsctiadepded the swhpsovate he
detection accuracy. However, another arrangenment is also available, in
whi ch the &et eEVFRgiRi §he cBEanPEstppopstapdenanparal descrbehieahqvel ane
onto the substrate P. In this enbodinent, the plurality of spot [Iight
bearms (det &&t ifgPPE§RblBesiAsperfinrBhtheeonerghédni fort Aetqching die ecti on
are radiated onto the substrate P. However, for exanple, the follow ng
procedure P¥bgilgofor a predetermined area of the surface of the

substrate P.

The embodiment described above has been explained as

exemplified by the case in which the liquid immersion area

is formed on the substrate P. However, it is also

conceived that the side of the image plane of the

projection optical system PL is filled with the liquid even

when various measuring members and sensors are used on the

substrate stage PST (Z stage 51). If it is feared that any

measurement error is brought about if any gas portion

(bubble or the like in the liquid) is present on the side

of the image plane of the projection optical system PL when

the measurement is performed through the liquid by using

the measuring member and/or the sensor as described above,

then it is also appropriate to detect, for example, the

presence or absence of the gas portion by using the bubble

detector 20. Specified contents of the various measuring

members and the sensors capable of being used on the

substrate stage PST (Z stage 51) are described in detail,
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38 available. That is, one spot |light beamis subjected to the scanning in
the Y axis direction, while the substrate P is scanned in the X axis
direction across the spot light beam Alternatively, a spot |ight beam
which extends in the Y axis direction, may be projected onto the substrate
P. Even in the case of the arrangenent as described above, it is possible
to performthe operation for detecting the bubble for a predeterm ned area
of the surff&&e SFATPRE . éﬂbgﬁPépésﬁ.PﬁgénénﬁéﬁihﬁﬁFl@%s%?+ fbHNE has been
expl ained as exenplified bélthe case in which the liquid i mersion area

is formed of%nd480Bst LardoPleoRdvel 72p8,i §1aP38680nce? Yo 1hbt - tand si de
of the image plane of the projection optical systemPL is filled with the
l'i quid eve%“3@H§ﬁ3vaFP6@§nﬁ§a§§rWhgcheﬁﬁérénﬁﬁﬁpgéﬁé%ﬁsh%ﬁ%l%s%ﬁ on the
substrate stage PST (Z stage 51). If it is feared that any neasurenent
error i s bEGEGRENESoGLSPECRAYEYEsWpEhinoA rapubbps permhesiokeot nthee
liquid) is present on the side of the image plane of the projection
optical syseegspicwhens gpd avdinpeaent ofstpersbrheddentongredher | quid by
using the nmeasuring nmenber and/or the sensor as described above, then it
i s al so appedgeitade inothésednterpatananpl applheatpersence or absence of the
gas portion by using the bubble detector 20. Specified contents of the
various neasuri H§XtneaBeespdavathenswnsdr becmpdbl €eidh befapensedton the

Fig. 8 about another embodiment of the present invention.
In the following description, constitutive parts, which are
the same as or equivalent to those of the embodiment
described above, are designated by the same reference
numerals, any explanation of which will be simplified or
omitted.

Fig. 8 shows a side view illustrating those disposed
in the vicinity of the tip section of the projection
optical system PL. With reference to Fig. 8, the space
between the substrate P and the optical element 60 at the
tip section of the projection optical system PL is filled
with the liquid 50, and the liquid immersion area AR filled
with the liquid 50 is formed on the substrate P. 1In Fig.
8, the supply nozzles 4 for supplying the liguid 50 onto
the substrate P and the recovery nozzles 5 for recovering
the liquid 50 from the substrate P are omitted from the
illustration.

The following explanation of this embodiment will be

made about a case in which the substrate P is opposed to
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substrate stage PST (Z stage 51) are described in detail, 39 for exanple,

i n Japanese Patent Application Laid-open NOS. 2002-14005, 11-16816,
57-117238, 11-238680, 2000-97916, and 4-324923, contents of which are

i ncorporated herein by reference respectively within a range of perm ssion
of the donestic |laws and ordi nances of the state designated or selected

0 Lhis [nkSEnaphongh BRBLAR!KANoNBKL p20IEXPLARALENIN Ly earade v th

reference to about anot present” 1 nventi on. I n

the fo"°“h8ﬂe@%§crhﬂ% Pﬁgsgﬁgogh€gh£¥8%pf§t§ S¥W% &Eéﬁf@néﬂﬁ sanme as or

equivalent to those o I ment escCri ed a ove, are e5|gnated by

the sane rg&ﬁ,‘iﬁe%ée”%‘aé%ﬁseaﬂ}{ %ﬁ?&ﬁ‘”ﬁéf? %ﬁﬁ%ls%%d%. Gl MRl f1ed

omtte hows a side view il sposed I'n the

vicinity of, BES]:E' B Qabgf;rggs 9{;31%8%;%”%5 «?8'#213%” Bedd o

reference to ace et wee I

e Erent S04t 0% SR LT (G P 50 e T

1 Tor Supof i A ERECT e éggon”%% fe ulntrrabe®s BRtetne focoviry

nozzies 5 hob1i8GRYSh! NdiatB8eh’ ALY 20021 PEDSS PYOREEPES £ 2P0 1t ed
11-238680, 2000-97916, and 4-324923.

The exposure apparatus EX is provided with a focus-
detecting system 70 which detects the surface position
information about the substrate P. The focus-detecting
system 70 includes a projecting system 71 and a light-
receiving system 72 which are provided on the both sides of
the projection optical system PL respectively while
interposing the projection area PA of the projection
optical system PL therebetween. A detecting light beam La
is projected in an oblique direction from the projecting
system 71 through the liquid 50 on the substrate P onto the
surface (exposure surface) of the substrate P. The
detecting light beam (reflected light beam), which is
reflected by the substrate P, is received by the light-
receiving system 72. The control unit CONT controls the
operation of the focus-detecting system 70. Further, the
control unit CONT detects the position (focus position) and

the inclination of the surface of the substrate P in the %

axis direction with respect to a predetermined reference
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The foll ow ng explanation of this enbodinment will be nade about a case in
whi ch the substrate P is opposed to 40 the optical elenent 60 of the

proj ection optical system PL. However, the present invention is also

equi valently applicable to a case in which various neasuring nenbers and
sensors on the substrate stage PST (Z stage 51) are opposed to the optical

el ement 00 gafrieoPiqkephion 8t boal rBugtens Plyas, dsplongdsy fale exampl e,

I n Japanese Pat ent I cati on Lal d-open Nos

57-117238, kﬁ 2}%@%9Vlggog¥gzg$6 2andl?‘ ﬁgé%ZéﬁlCﬁgdé%giég{f%gpparatus EX

IS prOV|de ocus tecting sys urface

P tioe o YR 71O AnAORE §GnEUBRLEIL S §E€e£°9ysa98t§fseggedSyéten170

i ncl udes a rojecting s eCél vi ng sys whi ch are

provi ded OQH%J%O QQEQEFdEEBQEatEthggﬁj%ﬁ%lon gékfgﬁA éét on the

respectively si ng € proj act PoR7area € projection
optical system PL therebetmeen A detectin ght beamlLa 1is projected in

an obl i que I§SPECLIYR FAERFt AR EPS}égtﬂhﬁecgygﬁ%nVWil?h%%ﬁ%ﬁp?%%n$|Eﬂﬁd 50
on the substrate P onto the surface (exposure surface) of the substrate P.

The det ec@r@gelctgﬁm B&&m FhRetherebetiveght bBawpyewhi theiprojeftanged by
the substrate P, is received by the light- receiving system72. The control
unit CONT &ustesl d1t had bper dfigbh-vecehwifgcaysteneé?i mgyshst pnevided

Furt her, the

on the respective sides in the Y directions while

interposing the projection area PA therebetween.

The projecting system 71 of the focus-detecting system
70 has a plurality of projectors. As shown in Fig. 9, the
projecting system 71 projects a plurality of detecting
light beams La onto the substrate P. The light-receiving
system 72 has a plurality of light-receivers corresponding
to the plurality of projectors. Accordingly, the focus-
detecting system 70 can determine respective focus
positions, for example, at a plurality of points
(respective positions) in a matrix form respectively on the
surface of the substrate P. Further, the focus-detecting
system 70'can determine the posture of the substrate P in
the inclined direction on the basis of the focus positions
determined at the plurality of points respectively. The
arrangement of the focus-detecting system 70 is described
in detail, for example, in Japanese Patent Application
Laid-open No. 8-37149, a content of which is incorporated

herein by reference within a range of permission of the
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control unit CONT detects the position (focus position) and the
inclination of the surface of the substrate Pin the Z axis direction with
respect to a predeterm ned reference 41 plane on the basis of the result of
the receiving by the light-receiving system72. In Fig. 8, the projecting
system 71 and the light-receiving system 72 are provided at the positions

separated faadde BLQCEh0BATRAEEO0! BRe LERECHLY RAAES 4P the X

directions while 1 nterposing € projection area e weeén. However,

t he projecgéyécﬁ§§ngkﬂﬁsa?ﬂgggggkagg 1rgggaé%$gigx§ten172 may be provi ded

on the respective sides in ifection € "I'nterposing the

' [ . [ecti 7 t he.
Focus: detecti ng 2y om0 haatacpra, AERVESCHIE, 2Y 8RR 5L Al tReRo 1 n i g

0, Lhe | Pr9106kd RASURLERLILPLRGS! 30 BLULAL Lol cdeheckingy Lo beams
|9t receltegs c0rtashoninggh Lie BLULALLLY oo BEOLSELor o cAgger i ngly
o Sxampl e ol Wil pUOLTES crCLESREELLYS OB L ool 2 T

ocus. deleqlaga SYSLeTT0 eah SeueL il iG ResLue ol Lhe sipstrate @ in

t he pIuralk%%c%% QU NLS Lespec

i .. The . . -
Oosition EhgeEyaxIsedlrectlon and the positions

in the 0X, 0Y directions of the substrate P retained by the
Z stage 51. That is, the Z stage 51 is operated on the
basis of the instruction from the control unit CONT based
on ﬁhe result of the detection performed by the focus-
detecting system 70 to control the focus position (%
position) and the angle of inclination of the substrate P
so that the surface (exposure surface) of the substrate P
is adjusted to match the image plane formed via the
projection optical system PL and the liquid 50.

With reference to Fig. 8 again, a first optical member
81 through which the detecting light beam La radiated from
the projecting system 71 of the focus-detecting system 70
is transmissive, and a second optical member 82 through
which the detecting light beam La reflected by the
substrate P is transmissive are provided in the vicinity of
the tip section of the projection optical system PL. The
first optical member 81 and the second optical member 82

are supported in a state of being separated from the
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arrangenment of the focus-detecting system 70 is described in detail, for
exanpl e, in Japanese Patent Application Laid-open No. 8-37149, a content
of which is incorporated herein by reference within a range of permni ssion
of the 42 donestic |laws and ordi nances of the state designated or selected
in this international application. The control unit CONT drives the Z stage

51 (see Fi gpntilbhioky Q%n%u%%tgqggoggag P§Eeb¥lgh§fa#g?hérégg%§f$§trate

st age- dr|V|ng uni t PSTD on th Si's o the res

performed By,tihe ) f%g%%eﬂ9%%Ct'Qﬂes¥§E§g]th}cgﬁcﬁégbggayl 18 £OM0y Uit

CONT control's the position focus Sitl xi s direc n and

the pos'tlgeethensa@% 2 5% It ATLLADINT ENEySUBLEALE By LRLAL NS bY the

Z stage 51 hat is the I's 0 erate asr's

|nstruct|o% [ Qi %%C%%thg%lgght gﬁp@ bgaeﬁs 8 358368H|£h f %Qghenfocus

det ection per orne ocus- &8t I fig sys to con

posi tion (£ 9. ang Lie ﬁgglgtgéegnghe@sg of bfg ggfggfate P so

that the sur ace exposure sur ace e subs ted to

TR LD g FRCLY 85 afe e gl heE) &?g@ itk A g e
R T R R L e
opti cal ne%&%os%%et i%ﬂ%hbeam EL and the movement of the substrate P
are not disturbed and at which the first and second optical
members 81, 82 are capable of making contact with the
liquid 50 of the liquid immersion area AR.
As shown in Fig. 8, the liquid 50 is supplied onto the
substrate P from the liquid supply unit i (see Fig. 1) so
that the optical path for the exposure light beam EL having
passed through the projection optical system PL, i.e., the
optical path for the exposure light beam EL, which is
disposed between the optical element 60 and the substrate P
(projection area PA on the substrate P), is entirely filled
with the liquid 50 during the exposure process for the
substrate P. When a predetermined state is established, in
which the optical path for the exposure light beam EL
between the optical element 60 and the substrate P is
entirely filled with the liquid 50, and the liquid
immersion area AR covers all of the projection area PA on
the substrate P, then the liquid 50, which forms the liquid

immersion area AR, makes tight contact (contact) with the
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whi ch the detecting |light beamLa reflected by the substrate Pis

transm ssive are provided in the vicinity of the tip section of the
projection optical systemPL. The first optical nenber 81 and the second
optical nenber 82 are supported in a state of being separated fromthe 43
optical elenment 60 disposed at the tip of the projection optical system

PL. The fi E%%Fgléﬁzhgél e%@ﬁifgéebsoﬁrﬁﬁggffﬂ sPNo %chéi%ed\ £ el -2ha

direction of the optical elenent 60 e se ond optl menber 82 is
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first optical nmenb 1 and the second optica er 82 are prOV|ded at
the positi qnguah Whingb.i B 9eLLCAR P! ?of{qe&hgn o Seid EL and
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liquid 50 of theliquid I mmersion area own in e liquid

50 I's SUPPLeE 0BLOOkNEncSDSLE LGy Polli OE: iUkl g@@'ye g 1 (see

Fig. 1) so at the optical pat he exposure beam havi ng

passed {1 ol chliendiBlbechson 9pt hEakysyLETEL %%tﬁset%é%ﬁeerﬁpﬁﬁ&al path

for the expOsure |1 eam |spos e optica
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light beam La on the substrate P and the detecting light
beam La projected from the projecting system 71 of the
focus-detecting system 70, are filled with the liquid 50.
In the state in which the optical path for the detecting
light beam La is entirely filled with the liquid 50, the
detecting light beam La, which is emitted from the
projecting system 71 of the focus-detecting system 70, is
established such that the detecting light beam La is
radiated onto the projection area PA of the projection
optical system PL on the substrate P. It is also allowable
to provide the detecting light beam which is radiated onto
areas disposed outside the projection area PA, especially
onto the position separated in the scanning direction (X
axis direction) of the substrate P with respect to the
projection area PA.

-In the state in which the liquid immersion AR is
formed under the predetermined condition, and all of the

optical paths for the detecting light beams La between the
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whi ch the optical path for the exposure |light beam EL between the optical

el emrent 60 and the substrate Pis entirely filled with the liquid 50, and
the liquid imrersion area AR covers all of the projection area PA on the
substrate P, then the liquid 50, which fornms the liquid inmersion area AR
makes tight contact (contact) with the 44 respective end surfaces of the

first optigghsteabenc8i ﬁ@ﬂbe&hglsgﬁﬁng arLL £&a Pomedtied N9, State in
G

which the [liquid inmersion area orne e substrate P, and the

liquid 50 nmkesitight 3Rt /A mgn ahgofeeﬂsca{eﬂ&ﬁgﬂg gg@ﬁgﬁfé Igf a;]he

first optical nenber 81 and the second tica

morber. 82, AToR are T ek ade i h Fhe BEeTEar thac e TR red
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t he focus- ecting system esta ed suc tecting

| i ght beanh%%%?%ﬁ E@ngtSHtg”EHetQSE££$F%Ctb°” arig?oA‘%raégg %fjeetion

optical syste on the substrat Fsal ovi de the

detecting h&QHBu@eéﬂhﬂﬁhgb k%rrggaﬁﬁfg,ogﬂg scattering and the

refraction. The reflected light beam La, which comes from
the substrate P, passes through the liquid 50 of the liquid
immersion area AR and the second optical member 82, and it
is received in a desired state by the light-receiving
system 72. 1In other words, when the detecting light beam
La, which is projected from the projecting system 71 of the
focus-detecting system 70, is received by the light-
receiving system 72, the liquid immersion area AR is formed
in a predetermined state. As described above, it is
possible to optically detect whether or not the optical
path for the detecting light beam La is entirely filled
with the liquid 50, on the basis of the output of the
light-receiving system 72 of the focus-detecting system 70.
As described above, when the liquid immersion area AR
is formed in the predetermined state, then the detecting
light beam La, which is projected from the projecting
system 71 of the focus-detecting system 70, is radiated

onto the projection area PA of the projection optical
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areas di sposed outside the projection area PA, especially onto the
position separated in the scanning direction (X axis direction) of the
substrate P with respect to the projection area PA. In the state in which
the liquid imersion ARis forned under the predeterm ned condition, and
all of the optical paths for the detecting |ight beans La between the 45

first optig ghtgﬁ”’ﬁﬁr §hqapfet fi%%?‘c‘gggm?ﬁghﬁaﬂmﬁﬁ@ﬁ Bsedr eddﬁhed W th

the liquid t he detectlng ich prolec omthe
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the substrate P (proj ec cau5|ng, or

scatter'ngfagqgtasteggaggssgg@FﬂTvs ffgaii DAL, Lﬁgtﬁg%ch comes

from the Su rate roug |qu

. | nb 2 d
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d h d f t t t 71
of the fotudlad iet] ngﬁsy?gﬁmbgop”’ RS TRERE e p
systen172 hhelllg L Mersion. _area is formed in a predeterm ned
state. escr% g abovéy Y PE° S%s ble to optically detect whether or

not the Optlcalln this embodiment, the first optical member 81 and
the second optical member 82 have been explained as
mutually independent members. However, for example, the
first optical member 81 and the second optical member 82
may be constructed as a single annular optical member to
surround the optical element 60 at the tip section of the
projection optical system PL. The detecting light beam can
be radiated onto a part of the annular optical member, and
the detecting light beam, which has passed along a liquid
immersion area AR2 and the surface of the substrate P, can
be received through the annular optical member. When the
optical member is formed to be annular so that the liquid
50 of the liquid immersion area AR is allowed to make tight
contact with the inner side surface of the annular optical
member, it is possible to satisfactorily maintain the shape
of the liguid immersion area AR2Z2. In this embodiment, the
first optical member 81 and the second optical member 82
are provided separately with respect to the projection

optical system PL. However, the first optical member 81
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path for the detecting light beamlLa is entirely filled with the liquid
50, on the basis of the output of the |light-receiving system 72 of the
focus-detecting system 70. As descri bed above, when the liquid imersion
area AR is fornmed in the predeterm ned state, then the detecting |ight
beam La, which is projected fromthe projecting system 71 of the

f -d [ 40, | di d h ' I on. PA of th
o1 0] Gt 1 on 265t LSl S7600)sPRIVRRT NPThet Aebatt PRGPT TGRS heHR T Pekles
h h . . f th tical h for.the. ight b
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system 70 < %t%@;EEally detect whether or not the optical path for the
exposure Iig t" " beamEL is filled with the liquid 50, on the basis of the

output of  the Ll sheceelta Siken T2 kALl s eRbecL ity LheiTel
ronbor 51 ShaChRe (aEEbnANpe FEAR nERGLr B2 eRATEBG bordd 1Ok (BHF a5 & oi ngl e
octi on of HEpPERERPLoR B HOFBaP s BEcAPEL STHGPHLT BLINREFY GHE bon

_ P 10 aPtsyStefti P t ght beam can
e 22t oo 93808 oL, e auuLop 0 Loal Dot and LS, detecti g
surface Ofe%gﬁpig?sgr?ggpﬁilggntreatment, the liguid 50 of the liquid
immersion area AR easily makes tight contact with the
liquid contact surfaces of the optical members. Therefore,
it is easy to maintain the shape of the liquid immersion
area AR.

Fig. 10 shows a state in which a bubble 18 exists in
the liquid 50 in the liquid immersion area AR. As shown in
Fig. 10, the detecting light beam La, which collides with
the bubble 18 and which is included in the plurality of
detecting light beams La projected from the projecting
system 71 of the focus-detecting system 70, causes, for
example, the scattering and the refraction. Therefore, the
detecting light beam La, which collides with the bubble 18,
is received by the light-receiving system 72 in a state in
which the light amount is lowered, or the detecting light
beam La 1is not received by the light-receiving system 72,
because its optical path is changed. 1In other words, when

the bubble (gas portion) 18 is present in the liquid 50,

the intensity of the light received by the light-receiving
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be received through the annul ar optical nenber. Wien the optical nenber is
formed to be annular so that the liquid 50 of the liquid inmersion area AR
is allowed to nake tight contact with the inner side surface of the
annul ar optical nenber, it is possible to satisfactorily nmaintain the
shape of the liquid imersion area AR2. In this enbodinent the first

opti cal g%eﬁ17§nqstQﬁaﬁsgang18§t|c?)sys Or?b ghgrgv¢%gdf?$g?rately
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and the detecting light beam La irradiates the projection
area PA as a part of the optical path for the exposure
light beam EL. Therefore, the focus-detecting system 70
can detect the presence or absence of the bubble (gas
portion) in the optical path for the exposure light beam
EL, i.e., whether or not the optical path for the exposure
light beam EL is filled with the liquid 50, on the basis of
the output of the light-receiving system 72. Further, the
focus-detecting system 70 can detect the bubble (gas
portion) in the optical path for the detecting light beam
La in the liquid 50.

As shown in Fig. 10, the bubble 18 herein includes a
bubble 18A which floats in the liquid 50, a bubble 18B
which adheres to the end surface (liquid contact surface)
of the first optical member 81, a bubble 18C which adheres
to the end surface (liquid contact surface) of the second
optical member 82, and a bubble (not shown) which adheres
on the substrate P. When the bubble 18 is present in the

liguid 50 of the liquid immersion area AR, the detecting
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~detecting light beans La projected fromthe projecting system 71 of the
focus-detecting system 70, causes, for exanple, the scattering and the
refraction. Therefore, the detecting |light beam La, which collides with

t he bubble 18, is received by the light-receiving system72 in a state in
which the Iight anobunt is |owered, or the detecting Iight beamlLa is not

(eoelved D GHG B gL GRS Y LB DESRUBE! Lo SRuLERL poL1 15
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exBosure F%ﬁﬁﬂv gg#VEkhﬁs1ﬂﬁPFé5eﬁFFWlPﬁesV?ﬁﬁWd7%0ﬂ58ﬁ Fﬁ@ pyEbelof  the

[ - ivin em 72. Further, the
out put of &Es.ll%ggr% %%E, t%es%g%us-detecting system 70 can detect

the presence or absence of the gas portion (bubble) in the
liquid 50 of the liguid immersion area AR provided on the

optical path for the exposure light beam EL, on the basis

of the output of the light-receiving system 72.

This embodiment is constructed such that the focus-
detecting system 70 detects the bubble 18 in the optical
path for the detecting light beam La on the basis of the
output of the light-receiving system 72. Therefore, it is
pessible to detect not only the bubble adhered on the
substrate P and the bubble 18 (18B, 18C) adhered to each of
the first and second optical members 81, 82 but also the
bubble 18 (18A) floating in the liquid 50 for forming the
liquid immersion area AR. Therefore, it is also possible
to detect the bubble 18 which exists at any position other
than those in the optical path for the exposure light beam
EL in the liquid 50 of the liquid immersion area AR
provided that the bubble 18 exists on the optical path for

the detecting light beam La. The control unit CONT
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focus-detecting system 70 can detect the bubble (gas portion) in the
optical path for the detecting light beam La in the liquid 50. As shown in
Fig. 10, the bubble 18 herein includes a bubble 18A which floats in the
liquid 50, a bubble 18B which adheres to the end surface (liquid contact
surface) of the first optical nmenber 81, a bubble 18C which adheres to

th d f f f f..th econd tlcal nenber 82,
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optical absence of the gas portion in the optical path for the
detecting light beam La. Of course, the focus-detecting
system 70 can also detect the presence or absence of the
gas portion in the ligquid 50 of the liquid immersion area
AR at any timing other than those during the exposure
process.

The focus-detecting system 70 can also detect the
bubble 18 existing at any position other than those in the
optical path for the exposure light beam EL in the liquid
50 of the liquid immersion area AR provided that the bubble
18 exists on the optical path for the detecting light beam
La. For example, even when the bubble 18, which exists at
any position other than those in the optical path for the
exposure light beam EL, is moved in the liquid 50 in
accordance with the movement of the substrate P during the
scanning exposure, and the bubble 18 is arranged on the
optical path for the exposure light beam EL, or the bubble
18 adheres to the substrate P or the optical element 60,

then the focus-detecting system 70 can be used to detect
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path for the detecting |light beamLa on the basis of the output of the

|l i ght-receiving system 72. Therefore, it is possible to detect not only

t he bubbl e adhered on the substrate P and the bubble 18 (18B, 18C) adhered
to each of the first and second optical nenbers 81, 82 but also the

bubble 18 (18A) floating in the liquid 50 for formng the 1liquid imrersion

area AR TRerefof@) o b gl $3L3Q F&g%s%aﬁloﬁle.t?sde\%ﬁ%%{lté‘g%gé’?b £ L8, whi ch

exists at any position othér™ th ose in the optic pat FOY t he
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process. substrate P or on the optical path for the exposure light
beam EL, on the basis of the output of the focus-detecting
system 70 to perform an appropriate process including, for
example, the stop of the exposure process and th driving of
the alarm unit, for example, before the bubble 18, which
previously floated in the liquid 50, is arranged on the
substrate P or on the optical path for the exposure light
beam EL during the exposure process. Accordingly, it is
possible to avoid the inconvenience of the occurrence of
the exposure failure and the defective shot.
The‘projectinq system 71 of the focus-detecting system
70 radiates the plurality of detecting light beams La onto
the respective points in the matrix form on the substrate
P. Therefore, the focus-detecting system 70 can detect the
position information about the bubble 18 on the basis of
the respective light intensities (received light amounts)
of the plurality of detecting light beams La received by

the light-receiving system 72. 1In this embodiment, the

information about the respective radiation positions of the
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The focus-detecting system 70 can al so detect the bubble 18 existing at
any position other than those in the optical path for the exposure |ight
beamEL in the liquid 50 of the liquid imersion area AR provi ded that the
bubble 18 exists on the optical path for the detecting |light beam La. For
exanpl e, -even when the bubble 18, which exists at any position other than

hose i h.for.the. . |jght beam EL.. i din th
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the position of installation of each of the light-receivers

of the light-receiving system 72 corresponding to the

detecting light beam La.

As shown in Fig. 11, there may be a possibility as

follows. That is, the space between the substrate P and

the optical element 60 of the projection optical system PL

is not sufficiently filled with the liquid 50, and a part

of the liquid 50 is discontinued or interrupted. The

liquid immersion area AR is not formed in a predetermined

state, and a gas area AG is formed in the optical path for

the exposure light beam EL. The focus-detecting system 70

can also detect the presence or absence of the gas area AG.

The gas area AG is generated, for example, by the

exfoliation of the liquid 50 caused by the movement of the

substrate P and/or the malfunction of the liquid supply

unit 1. In Fig. 11, the gas area AG is formed in the

vicinity of the second optical member 82. The liquid 50 in

the liguid immersion area AR does not make tight contact
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previously floated in the liquid 50, is arranged on the substrate P or on
the optical path for the exposure light beam EL during the exposure
process. Accordingly, it is possible to avoid the inconveni ence of the
occurrence of the exposure failure and the defective shot. The projecting
system 71 of the focus-detecting system 70 radiates the plurality of

the substr e epeanaith FAEoepl FubFaBEhE nRCldhd bt et e
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the detec%&ggehlgatigegng 8te in which the light amount is lowered,

or the detecting light beam La is not received by the
light-receiving system 72. The focus-detecting system 70
can detect, based on the output of the light-receiving
system 22, the presence or absence of the gas area AG in
the optical path for the exposure light beam EL in the
liguid immersion area AR, i.e., whether or not the optical
path for the exposure light beam EL is filled with the
liquid 50. Also in this case, the control unit CONT
performs the exposure process while detecting the surface
position information about the substrate P by using the
focusndetecting system 70. Therefore, it is pdssible to
detect the presence or absence of the gas portion in the
optical path for the exposure light beam EL during the
exposure for the substrate P and/or the presence or absence
of the gas portion in the optical path for the detecting
light beam La, on the basis of the output of the focus-
detecting system 70 (light-receiving system 72). When the

gas area AG is detected by the focus-detecting system 70
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As shown in Fig. 11, there may be a possibility as follows. That is, the
space between the substrate P and the optical elenent 60 of the projection
optical systemPL is not sufficiently filled with the liquid 50, and a
part of the liquid 50 is discontinued or interrupted. The Iliquid
imrersion area ARis not formed in a predetermned state, and a gas area
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When the substrate P is subjected to the liquid
immersion exposure process, as shown in Fig. 12(a), the
liquid immersion area-forming operation is performed to
form the liquid immersion area AR on the substrate P by
driving the liquid supply unit 1 and the liquid recovery
unit 2 before starting the exposure process after loading
the substrate P to the substrate stage PST. 1In this
procedure, the control unit CONT performs the liquid
immersion area-forming operation before the exposure
process while radiating the detecting light beam La, from
the projecting system 71 of the focus-detecting system 70,
onto the substrate P. Accordingly, it is possible to judge
whether or not the start of the exposure for the substrate
P is appropriate, on the basis of the output of the focus-~
detecting system 70 (light-receiving system 72). That is,
when the gas area AG 1s present while the liquid immersion
area AR has not been formed sufficiently yet as shown in

Fig. 12(b) in the operation for forming the liquid
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can detect, based on the output of the light-receiving system 22, the
presence or absence of the gas area AGin the optical path for the
exposure light beamEL in the liquid imrersion area AR, i.e., whether or
not the optical path for the exposure light beamEL is filled with the
liquid 50. Also in this case, the control unit CONT perforns the exposure

process Whili d2ieG! B4l BeSUE! 268 RRSLALONLBLALIRLIRD AP the

substrate P by using the ocus-detecttng sys ere it is
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unit CONT continues the liquid immersion area-forming

operation until the liqguid immersion area AR is formed to

be in a predetermined state. 1In some cases, the control

unit CONT changes the operation condition concerning the

formation of the liquid immersion area, for example, such

that the supply amount of the liguid to be supplied by the

liquid supply unit 1 and/or the recovery amount of the

liquid to be recovered by the liquid recovery unit 2 is

changed, and the position of the substrate P is moved. As

shown in Fig. 12(c), when the liquid immersion area AR is

sufficiently formed, and the optical path for the detecting

light beam La between the first optical member 81 and the

second optical member 82 is filled with the liquid 50, then

the optical path for the exposure light beam EL between the

substrate P and the optical element 60 of the projection

optical system PL is also filled with the liquid 50. 1In

this state, the detecting light beam La, which is projected

from the projecting system 71, comes into the light-
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i mrer si on exposure process, as shown in Fig. 12(a), the [liquid inmersion
area-formng operation is perforned to formthe liquid imrersion area AR
on the substrate P by driving the liquid supply unit 1 and the liquid
recovery unit 2 before starting the exposure process after |oading the
substrate P to the substrate stage PST. In this procedure, the control

unit OONT BEELOGThot UEebLAUYY LTUCLA0L ALERALEr LG ORErAIL AN, Defore the

exposure process e radiatingt I'nNg Tom the

o Ol 2cL] TOTRUSLIRLL o NEpLoBUSFLoCbIRgITItE 0y cRRLPi 0 SUbet ot e

P. Accordi ngly, I'S possI Wh r~or %&? of the

exposure f .substrat 2 | rLopri at on the basis o e out put of
t he focus-qgg%gggﬁﬁggéﬁgtgﬁl58 ?P?@E !rgggigF%gc%%s¥%ﬁ19%%F ﬁ?éilis, when
i ea AR has not been

for madsuf PREPest FhRy et EassRbknoEnehe: JLuds yuhar Chan chorat ton for
ntensrty GFCERESaaBo2PRAPEIGRE - bBAnTLE PaS4r PLetat TREBUT | ght hecei vi ng
oystem 72 ysohenseediThs GoRiegl unot O Ludoss Loelodne Liauisy
The' cont rof CORFEUBAREYY ualgs CRAFOLRBPLFaf Dbl SEREET T G c o HmErel ot
exposure p%%%egipggukgaggaggrngg'Ezhgocggg%gém the exposure process.
When the gas portion such as the bubble 18 and the gas
area AG is detected in the liguid immersion area AR
including the optical path for the exposure light beam EL
by the focus-detecting system 70 during the exposure for
the substrate P as described above, the control unit CONT
performs the process, for example, such that the exposure
process for the substrate P is stopped. However, it is
conceived that the following situation may appear. That
is, the detecting light beam La is not received at a
predetermined light intensity by the light-receiving system
72, although the optical path for the exposure light beam
EL is filled with the liquid 50. 1In such a situation, an
inconvenience arises such that the exposure process is
stopped although the liquid immersion exposure process can
be performed. For example, as shown in Fig. 13, a
detecting light beam La3, which is included in a plurality

of detecting light beams Lal to La5 projected from the

projecting system 71 of the focus-detecting system 70 and
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unit CONT continues the liquid imersion area-formng operation until the
liquid immersion area AR is fornmed to be in a predetermned state. In sone
cases, the control unit CONT changes the operation condition concerning
the formation of the liquid imersion area, for exanple, such that the
supply anmount of the liquid to be supplied by the Iliquid supply unit 1

I d
?22282r§“3x??E%”?%y AT bnk i pnafloel, PRsPERh AR SRRE, Pkt %h.gqﬁ;vedl
i . . I AR i cient
ﬁzrnégomgnl the osﬁﬁ%g%at@h%nﬁo thgﬂ§ggeggﬂﬁg§l??gﬁ%ggégﬁngy%%@%een t he d

7S¢ oot cal opher AL 30 he. secand gutLcal opber Bl sofyl e T

the liquid t e dp pat | e ex ogurs ] eanm £t
b th t d nt of the oj ection
ogzrggr sygtgﬁ% %%%g'gﬁgo% i [ edr%ﬁ%ﬁggﬁegtegﬁpﬁegﬁte¥ﬂln?ﬂp% é?%te t he

comes. | nto TRETFIIR: "85 thEcaiopke B5 8 TR Tosur BN 1 daaber ekl gl
ncens) . eelIARe A o b LeT b pges et e Lo
R s
focus- det eeti g 3V fefiflel whmﬂbsqu%%'l&edt 888RRLE Stallly  afohRaStRE S 1P

substrate P. The upper surface of the plate member 57 has

approximately the same height as that of the upper surface

- of the substrate P. The plate member 57 makes it possible

to maintain the shape of the liquid immersion area AR by

retaining the liquid 50 under the optical element 60 of the

projection optical system PL even when the liquid immersion

exposure is performed for areas or portions disposed in the

vicinity of the edge section E of the substrate P. The gap

58 is formed between the substrate P and the plate member

57. The detecting light beam La3, which is radiated onto

the gap 58, has such a possibility that the detecting light

beam La3 is not received at a predetermined light intensity

by the light-receiving system 72 although the liquid

immersion area AR is formed satisfactorily. 1In this case,

an inconvenience arises such that the control unit CONT

stops the exposure process on the basis of the output of

the light-receiving system 72. An arrangement, in which

the plate member 57 is not provided, is also conceived.
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t he exposure |light beamEL to performthe exposure process. Wen the gas
portion such as the bubble 18 and the gas area AGis detected in the
liquid imersion area AR including the optical path for the exposure |ight
beam EL by the focus-detecting system 70 during the exposure for the
substrate P as described above, the control unit CONT perforns the

process, f g R ‘%‘m %'&%'E TaRaErEQﬁggﬁeﬁ%“r?ngﬁﬁiﬁ?é?eﬁé’é i eh?;t'@?ﬁrate P

i s stopped. However, concel'v OW Ng s

appear. That; 4 ehh%e%%%%ﬁt%ﬂg EEEQEF %nbLgndstﬂgtsﬁﬁgﬁf%fQ7%£ g?though

pr edet er m ned Ilg intensity t-receivin

Lhe opti calpghal 31, pgﬁur%hgkgh&sbgﬁgh ELoh ésihk§§9¥W@%§tt@ﬁe'iquid

50. In SUCh a SI tuatl nconveni ence ari se suc e exposure

process 1S getlannad gl %ugﬁﬁhgeLahQUL§4 ”gsngegeﬁ POTKLS PhOCHPS LA

per f or ned a’'lig bean1La3

whi ch i s '3%ha% %d'%n%opggg%abhg dgéggg%sc @géhggghgbggggt%gk tg Las

proj ect ed e proj I'ng syste |ng {ystem 70
and ST i g Sl YLIU NG 20°8 58 DRS00 SIRERTLI PR, C L0
e, TR AR P
Occurrencel%hErsgoneé§g%|%R Egef%%%%heghn%h%nguks%rate P in the

vicinity of the edge section E.

In this case, the control unit CONT controls the

exposure operation on the basis of the result of the

measurement performed by the laser interferometer 55 (see

Fig. 1) for measuring the position of the substrate stage

PST for supporting the substrate P, and the position

information about the edge section E of the substrate P

(gap 58) in the stage coordinate system prescribed by the

laser interferometer 55. Specifically, for example, the

control unit CONT previously determines the position

information about the edge section E of the substrate P

(gap 58) in the stage coordinate system to store the

position information in the memory unit MRY beforehand, for

example, during the alignment process performed before the

exposure process. .Subsequently, the control unit CONT

performs the exposure process while measuring the position

information about the substrate P by using the laser

interferometer 55. During the exposure process, the
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refraction. In this case, the plate nenber 57 is an annular nmenber which
is provided concentrically around the substrate P. The upper surface of
the plate nenber 57 has approxinmately the sane height as that of the upper
surface of the substrate P. The plate nmenber 57 nakes it possible to

mai ntain the shape of the liquid imersion area AR by retaining the liquid

50 under  tbenoRbiCah 18! EBRA 16048L hhEenDEOhECLONODtAcA0 YR ot ik even

when the liquid I nrersion exposure I's performed for areas or ons

di sposed | Beblieravigl pubivabLa! Bi6dg6.BE6hL OB Fplcd ey SRS AL Ry The 029

58 is fornmed between the substrate

Coterbi 'Y, beihePeagL gl tOhch oF LAY BLAL, RLO » e AR B R, 8CD 2

possibility that ~detectin I eam s n recei
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to continue the exposure process, even when a situation

arises such that the light amount of the detecting light

beam La received by the light-receiving system 72 is

lowered or the detecting light beam La is not received. By

doing so, it is possible to avoid the inconvenience which

would be otherwiée caused such that the exposure process is

stopped although the liquid immersion exposure process is

satisfactorily performed.

Fig. 14 shows another embodiment of the present

invention. This embodiment is characterized in that

optical members 81, 82, through which the detecting light

beam La of the focus-~detecting system 70 is transmissive,

are provided integrally with the optical element 60 of the

projection optical system PL. A part or all of the

detecting light beams La, which are included in the

plurality of detecting light beams La projected from the

projecting system 71 of the focus-detecting system 70, are

"designed to pass through a part of the optical element 60
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are not received by the light-receiving system 72 at predeterm ned |ight
intensities, although the liquid imrersion area ARis forned on the
substrate Pin the vicinity of the edge section E. In this case, the
control unit CONT controls the exposure operation on the basis of the
result of the neasurenent perforned by the laser interferonmeter 55 (see

o) o IE R0 e PO oL U A0 o4, Bl a5 O

supporting 't and € pos nfornetion a t he edge

section E akgg{eggataggg;ghs ro§d8pi3 %gg%ggpéég?«g i P07 AL S ouaLem

prescribed b nterféerometer ica y% or exaane, thﬁ

i i | y.d g h L j t] t the

cdge sect | astEostoBnSYEERE, Yot BERIELEE e g RSt A L S L Sy st em
evanp e aonten BEL bAPLRRERE FBokdn ERp PREI L s M ehe Slypaicat O

i Ly, th | unit CONT. f t
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onto porti%ﬂs di.spose n the, vici e_edge section E

N i f .th
substrate anFEdPﬂﬁgfhg bapth%8°§#%%a}ngﬁgn£%rt%h?h%XEE%?¥?8Lléh€

infornatiogegROHi_thEn Fig. 14, the respective lower end surfaces
(liguid contact surfaces) of the optical members 81, 82 are
flat surfaces which are substantially paralliel to the XY
plane, and they have approximately the same height as that
of the tip surface (lower end surface) of the optical
element 60. The liquid 50 of the liguid immersion area AR
makes tight contact with the lower end surfaces of the
optical members 81, 82 and the lower end surface of the
optical element 60. The liquid immersion area AR is formed
in a wide area between the projection optical system PL and
the substrate P.

As shown in Fig. 15, if a bubble 18 is present in the
liguid 50 of the liquid immersion area AR, the detecting
light beam La, which is emitted from the projecting system
71, collides with the bubble 18 to cause, for example, the
scattering in the same manner as in the embodiment
described above. Therefore, the detecting light beam La is
received by the light-receiving system 72 in a state in

which the light intensity is lowered. Accordingly, the

61




edge section E of the substrate P stored in the nenory unit MRY. For
exanple, if it is judged that the detecting light beamlLa is radiated onto
the gap 58, then the control unit CONT neglects the output of the

i ght-receiving system72 to continue the exposure process, even when a
situation arises such that the [ight anmount of the detecting |ight beam

La recel vedduystheckt ! 898Ul I0SUShERLT 2ol Senb oUBLEghOL e detect | ng

l'i ght beamLa i's not OSSI 0 avoid the

|nconven|eg%§ W@lcgf @?%O Eg%%thglquﬁgrgggﬁ d_§ugg %Qgt tkfégfggéﬂ?g

process is stoppe I'MEr si on exposur proc

sati sfactord kytﬂgrf ?ﬁgﬁ Fi@gh%4b§h0“ﬁLaQO&h§ﬁ?haP lca |%9¢h f%%erégsent

i nventi on. f? 1S € aracterrze 81
mlLa. of the focus det

Sistég:gggggwgrgﬁghls%%@éeggare gglﬁgﬁ ?ﬁ?gbgaF?@eﬁ?%%nt%% ? cé?
e ot g S5 AL 8 I e %a%%?%w' o2 0 et ng
ngzg-zgfga %ﬁ:ga;%f@%f%ff;i&"g%@zegﬁgn SRV S
optical o BeRyBocdoht %F&s?%hg?;iab.%3%95}@2573%%5 1o BhbELeg oS
system 70 Rl%%%%% 1veﬁyqekﬁgtbg aghﬁeg ansg& 82 may be formed
annularly integrally to surround the optical element 60
disposed at the tip section of the projection optical
system PL.
As described above, pure water is used as the liquid
50 in the embodiments of the present invention. Pure water
is advantageous in that pure water is available in a large
amount with ease, for example, in the semiconductor
production factory, and pure water exerts no harmful
influence, for example, on the optical element (lens) and
the photoresist on the substrate P. Further, pure water
exerts no harmful influence on the environment, and the
content of impurity is extremely low. Therefore, the pure
water is also expected to have the function to wash the
surface of the substrate P and the surface of the optical
element provided at the tip surface of the projection
optical system PL.
It is reported that the refractive index n of pure

water (water) with respect to the exposure light beam EL
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onto the substrate P through the optical elenment 60. Even in the case of
the system as descri bed above, the focus- detecting system 70 can det ect
the presence or absence of the gas portion in the optical path for the
exposure light beamEL. In Fig. 14, the respective |ower end surfaces
(l'itquid contact surfaces) of the optical nenbers 81, 82 are flat surfaces

appr oxi mat 1y (e s ansenengny 56 ehab ar il FFoeeBRakifte fet o
i) SRR Sy ST TS U AT
T aui o § Rt Shes aOY g Rea ekl Beurhe L1 aBPburnEeh Chet i o ect on
optical YRy Mk BeOR LGRS FIDMPELILF 9 HhordLr@ ubtl e 19
w ih the bibe £ UPstPa R.0EY AP caaRprott ABSECALE el prg ke Bhe
ot boamTA™ € <PARBAYBA 1By SEREPRaN - PAEENGT ntySReRFAZSFntaSEt at e i n
uhioh he 4ShlaghUShal Lkohd Loysned, Acgordupgly e oL Logysi detect ing
18 in the %%t£%%¥a%%hhwith the value obtained in the air. Therefore,

when it is enough to secure an approximately equivalent

depth of focus as compared with the case of the use in the

air, it is possible to further increase the numerical

aperture of the projection optical system PL. Also in this

viewpoint, the resolution is improved.

In the embodiments of the present invention, the lens

60 is attached to the tip of the projection optical system

PL.. However, the optical element, which is attached to the

tip of the projection optical system PL, may be an optical

plate which is usable to adjust the optical characteristics

of the projection optical system PL, for example, the

aberration (for example, spherical aberration and comatic

aberration}. Alternatively, the optical element may be a

parallel plane plate through which the exposure light beam

EL is transmissive. When the optical element, which makes

contact with the liquid 50, is the parallel plane plate

which is cheaper than the lens, it is enough that the

parallel plane plate is merely exchanged immediately before
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for the exposure |ight beam EL and the optical path for the detecting
| ight beamLa in the liquid imersion area AR, on the basis of the output
of the light-receiving system72. Also in this case, the respective optica
menbers 81, 82 may be constructed with nmutual |y i ndependent nenbers.
Al ternatively, the optical nmenber 81, 82 may be fornmed annularly

ed at the tip section

of the profubEigA Hpereart 188k &) sPeR A hacopy belPAratee b varer s
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(wat er) mnth respect, tqo the exposure |ight beam EL 62 haV|n a mavelength
of about 1§§aﬁﬁﬁls 855189 Bfefyapgpgrt, the assembling, and/Sr

adjustment of the exposure apparatus EX. An advantage is
obtained such that the exchangé cost is lowered as compared
with the case in which the optical element to make contact
with the liquid 50 is the lens. That is, the surface of
the optical element to make contact with the liquid 50 is
dirtied, for example, due to the adhesion of scattered
particles generated from the resist by being irradiated
with the exposure light beam EL or any impurity contained
in the liquid 50. Therefore, it is necessary to
periodically exchange the optical element. However, when
the optical element is the cheap parallel plane plate, then
the cost of the exchange part is low as compared with the
lens, and it is possible to shorten the time required for
the exchange. Thus, it is possible to suppress the
increase in the maintenance cost (running cost) and the
decrease in the throughput.

When the pressure, which is generated by the flow of
the liquid 50, is large between the substrate P and the

optical element disposed at the tip of the projection
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extent of 1.44 to 1.47. \When the ArF exciner |aser beam (wavel ength: 193
nm is used as the light source of the exposure |light beam EL, then the

wavel ength is shortened on the substrate P by 1/n, i.e., to about 131 to
134 nm and a high resolution is obtained. Further, the depth of focus is
magni fi ed about n tines, i.e., about 1.47 to 1. 44 times as conpared with
t he val ue tal d_in the Therefore enough to secure an
approxinatgﬁy §h§1§ SR ép&ﬁ &f ?géﬁsaé%OWS 3r h ?% MREEHE of the

th bl t f e crease t meri cal erture
of “the proFdZieBE dst ?&%ﬁsﬁ?ysﬁiﬁe sS,Bgt; hBEPRE Soh LuplpReat (e ndEr "
| ut d. In th nb t f th esent i
ens 601 BoYerhBYed e, Pe-’%ssyf%s?ow??hg"iﬁré Jeeidh Bh: carisglietetme
However , tQp ptlca el ement, which is attached to the tip of the
proj ect i on "Spti cgﬁ gﬁ&?&%ﬁiﬁ may be an optical plate which is usable to

adj ust the opti r ristics the projection optical, system PL,
for exanple, th 5@ §P§8 l@F8F5e9§nﬁP8 P§Bﬁ€?FcéPV§BE£?%t|B%eaﬁﬂa%%natlc
aberration% Altern ivel the optical _elenent nay be a parallel plane
pl ate thr oGl h8r8¥58§&P8 PPiRFabesHstER Pl ?PQnEH?s%?Q%aC%% t he
opti cal nent mhlc es .contact with the liquid 50, is the parallel
pl ane platg PﬁtFétEh@aﬁérfﬂﬂéﬁdtWétpeﬁge F%qFédeﬁgughF?ﬁa?X%%%lef

aral l el pl.an late i s _nerely exchanged i mediately before 63
P pl% %spa 50 ailowable to ado%t an arrangemgnt in which the

space is filled with the liquid 50 in such a state that a
cover glass composed of a parallel flat plate is attached
to the surface of the substrate P. In this arrangement,
the cover glass also constitutes a part of the projection
optical system PL. That is, the projection optical system
includes all of the optical elements existing on the
optical path for the exposure light beam EL between the
mask M and the substrate P.

The liquid 50 is water in the embodiments of the
present invention. However, the liguid 50 may be any
liquid other than water. For example, when the light
source of the exposure light beam EL is the F, laser, the
F, laser beam is not transmitted through water. Therefore,
in this case, those preferably usable as the liquid 50 may
include, for example, fluorine-based oil and
perfluoropolyether (PFPE) through which the F, laser beam
is transmissive. Alternatively, other than the above, it

is also possible to use, as the liguid 50, those (for
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supplying the liquid 50 even when any substance (for exanple, any
silicon-based organic nmatter), which deteriorates the transmttance of the
projection optical systemPL, the illum nance of the exposure |ight beam
EL on the substrate P, and the uniformty of the illum nance

distribution, is adhered to the parallel plane plate, for exanple, during
the transport

he assenbl i.ng, ndgo the _adjustnent of the, exposure

appar at us @%@mﬁhead$§§?§gglag WEBF ihéaesﬁeﬁ %ﬁﬁ?sWhEt%Q%ﬁa%bEhcost i's
| ower ed as _conpare ith the case_i.n whjch the optical elenment to nake
contact wWiTHREERE %quhg §5PP§uFﬁe1FEH§.b?ﬁﬁtEPs,QPﬁ%hsﬁ?Y%th%f t he
opti cal elen%£1 Q nake contac%. tth the liquid 50 is ,dirtied, for
exanpl e, dEEHEEEHYCadRIEF0ASoP19BaPFePRESIBLFYi BREsWRLRRr aF S FaRIS t he
resi st by beiqg irradiated wth the expasure |ight beam EL or any inpurity
contai ned A9RWRE HPGUPHCSETCFREFePBP Lo tPsTRBCEYEERGSt BT BR®i odically
exchange the optical el enent. However, when _the optical elenent is the
cheap par alSU&s \EP&Re PpPate thenBROIPRE 18 PPEACRheSERERENBE- part is | ow as
conpared with the lens, and it is Bossible to shorten the tine required
for the exchand® ThRRuLESPECTdVBo8EPBAEMERtEURBFEEsPEAAbPYRr eblBR in the
mai nt enance _cost (running cost) and the decrease in the throughput. Wen
the pressuf@aPrhPenhthe gerelst éd Bytt Aeeridhcallyt hanitadid BB is |arge
bet ween the substrate P and the optical el enent disposed at the tip of the
projectionexample' two pairs of the nozzles may be used to supply or

recover the liquid 50 for the long side of the tip section

60A. 1In this arrangement, the supply nozzles and the

recovery nozzles may be arranged while being aligned

vertically in order that the liquid 50 can be supplied and

recovered in any one of the directions of the +X direction

and the -X direction.

The substrate P, which is usable in the respective
embodiments described above, is not limited to the
semiconductor wafer for producing the semiconductor device.
Those applicable inclilude, for example, the glass substrate
for the display device, the ceramic wafer for the thin film
magnetic head, and the master plate (synthetic quartz,
silicon wafer) for the mask or the reticle to be used for
the exposure apparatus.

In the embodiments described above, the exposure
apparatus 1s adopted, in which the space between the

projection optical system PL and the substrate P is locally

filled with the liquid. However, the present invention is
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64 optical systemPL, it is also allowable that the optical elenent is
tightly fixed so that the optical elenent is not noved by the pressure,

wi thout allow ng the optical element to be exchangeable. In the

enbodi nents of the present invention, the space between the projection
optical systemPL and the surface of the substrate Pis filled with the
liquid 50. For exannple it is also allowable to adopt an arrangenent in
whi ch t he aslﬁé’cé"HnglFF‘Pllé’dtﬂ fhltAB i dBPET8HoNeERRR RS sRBRRT 3 HAT 2 cover
gl ass conpo%gd of a parallel flat plate is attached to the surface of the
substrate PRICR @hS&ager ZGEABART 3t FEbEsTat e gRasANaPEBOEBRSt it utes a part
of the projection optical systemPL. That is, the projection optical
system i n@PUFEL YA 16f MPNEdopT Rall igNdAeRBEhexPBE| AglsAULReiMBRFFEAR pat h
for the exposure |ight beam EL between the mask M and the substrate P. The
liquid 50 FEPRENEE PRPPKEtEFhAA WBACE 8f ligaidppesénhaVilenti on. However,
the liquid 50 may be any |iquid other than water. For exangle, when the
light souP&@dsterRdnedpdentd isghormednreLaj stage gnd| asepbstpateris| aser
beamis not transmtted through water. Therefore, in this case, those

pr ef er abl y T&$aBredad berein. quilies gty turgc rndethpopxpRaRpEeOPeration
fluorine-based oil and perfluoropol yether (PFPE) through which the F,

| aser beam®fi &her dAsNiidsilpmerAlogr fEPPVEIE, aBPRERTEAaANt HBlghotbe |t

stage retaining the substrate as the exposure objective is
moved in the liquid bath are described in detail, for
example, in Japanese Patent Application Laid-open No. 6-
124873. The structure and the exposure operation of the
liquid immersion exposure apparatus in which the liquid
pool having the predetermined depth is formed on the stage
and the substrate is retained therein are described in
detail, for example, in Japanese Patent Application Laid-
open No. 10-303114 and United States Patent No. 5,825,043,
contents of which are incorporated herein by reference
respectively within a range of permission of the domestic
laws and ordinances of the state designated or selected in
this international application.

As for the exposure apparatus EX, the present
invention is also applicable to the scanning type exposure
apparatus (scanning stepper) based on the step-and-scan
system for performing the scanning exposure for the pattern
of the mask M by synchronously moving the mask M and the

substrate P as well as the projection exposure apparatus
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is also possible to use, as the liquid 50, those (for 65 exanple, cedar
oil) which have the transmttance with respect to the exposure |ight beam
EL, which have the refractive index as high as possible, and which are
stable against the photoresist applied to the surface of the substrate P
and the projection optical systemPL. In the respective enbodi nents

descri bed above, the shape of the nozzle is not specifically limted. For
exanpl e, tWStFRPFE)oP2ERE ABzENBsSHEP-BRATERRERD SUPHY ¥RT recover the
liquid 50 for the long side_of the tip section 60A. In this arrangenent,

t he suppl yPﬁ*ézf?%‘énangh?héulP—eéé%iﬂyeﬁaﬁiv& Ry Bee bR hithE bei ng
aligned vertically in order that the liquid 50 can be supplied and
recovered Masknit dRe2oftahe #nrwBirbnshefmapk Mrepd reke | vHpsEmte i - X
direction. The substrate P, which is usable in the respective enbodinents
descri bed &b6vellpyefiotol Fhrnddstéli newhibai eer@ers brelaf skeporopktiuci ng
the sem conductor device. Those applicable include, for exanple, the glass
substrate té&r sSuRetgpEpl By dEhpcerespptcipupitioafey 4bvo tapplinab¥e | m
magneti c head, and the master plate (synthetic quartz, silicon wafer) for
t he mask oitot fBer BKPEPBreoappanatysf basedhenekpossirerappdratiischin the

enbodi nents descri bed above, the exposure apparatus is adopted, in which
t he space B¥EREeBn 1ihwhich at least two patterns are partially

overlaid and transferred on the substrate P.

The present invention is also applicable to a twin-
stage type exposure apparatus. The structure and the
exposure operation of the twin-stage type exposure
apparatus are disclosed, for example, in Japanese Patent
Application Laid-open Nos. 10-163099 and 10-214783
(corresponding to United States Patent Nos. 6,341,007,
6,400,441, 6,549,269, and 6,590,634), Published Japanese
Translation of PCT International Publication for Patent
Application No. 2000-505958 (corresponding to United States
Patent No. 5,969,441), and United States Patent No.
6,208,407, contents of which are incorporated herein by
reference respectively within a range of permission of the
domestic laws and ordinances of the state designated or
selected in this international application.

As for the type of the exposure apparatus EX, the
present invention is not limited to the exposure apparatus
for the semiconductor production apparatus for exposing the

substrate P with the semiconductor device pattern. The
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~projection optical systemPL and the substrate Pis locally filled with the
| i qui d. However, the present invention is 66 also applicable to a liquid

i mrer si on exposure apparatus in which a stage retaining a substrate as an
exposure objective is noved in a liquid bath, and a liquid i mrersion
exposure apparatus in which a liquid pool having a predeterm ned depth is
formed on a stage and a substrate is _retained therein. The structure and

t he exposuPéeéﬁgFaﬂPHﬁntéPntHé plgoi WifahEr aPBhiesbb8ur AR IR i n whi ch
the stage retaining the substrate as the exposure objective is noved in
the |iqui dBathearEPassEri BRRAFAtHEL APF, PFBAuCERanphe, 11guid parested Pat ent
Application Laid-open No. 6- 124873. The structure and the exposure

oper ati on G£SPHEY FRydre Prmirsi BROERpsBAr happasplay 2% wilkhes Heei qui d
pool having the predeterm ned depth is formed on the stage and the
substrate P¥PPEL&PnARPERAFEFNnTaFeryeduribad far dsemple, foheckdabdl e, in
Japanese Patent Application Laid- open No. 10-303114 and United States

Pat ent No. f3l@omagasticchrednt shef inapehparkupndey poe at @eP herehé by
reference respectively within a range of perm ssion of the donestic |aws
and ordi nak€&3cdr .t RE $hgt agksi gnated or selected in this international
application. As for the exposure apparatus EX, the present invention is

al so appl i cabl eWhgnt kbesdanaphgneype éfposadeforppheaswss{seb@dns tagdst epper)

based on the step-and-scan
PST and/or the mask stage MST, it is allowable to use any

one of those of the air floating type based on the use of
the air bearing and those of the magnetic floating type
based on the use of the Lorentz's force or the reactance
force. Each of the stages PST, MST may be either of the
type in which the movement is effected along the guide or
of the guideless type in which no guide is provided. An
example of the use of the linear motor for the stage is
disclosed in United States Patent Nos. 5,623,853 and
5,528,118, contents of which are incorporated herein by
reference respectively within a range of permission of the
domestic laws and ordinances of the state designated or
selected in this international application.

As for the driving mechanism for each of the stages
PST, MST, it is also allowable to use a plane motor in
which a magnet unit provided with two-dimensionally
arranged magnets and an armature unit provided with two-
dimensionally arranged coils are opposed to one another,

and each of the stages PST, MST is driven by the
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system for perform ng the scanni ng exposure for the pattern of the mask M
by synchronously noving the nask M and the substrate P as well as the

proj ecti on exposure apparatus 67 (stepper) based on the step-and-repeat
system for performng the full field exposure for the pattern of the nask
Min a state in which the mask M and the substrate P are allowed to stand
still, while successively step-noving the substrate P. The present

i nvention S SKtEOMRARREAELEE R t RB ERpESAFEARPHALAE usABASRRE ot (e
step-and-stitch systemin which at |east tw patterns are partially
overlai d af@9CinsPdftr 88dokhehareabyrpanibip. isheopnesked rovele i BFRdS al so
applicable to a tw n- sta%e t Ee exposure apparatus. The structure and the
exposur e opérat M6A roPREhERPWPRNETagE thBemagpeturRit oppdr B sampature

di scl osed, for exanple, in Japanese Patent Application Laid-open Nos.

10- 163099 &fRdt18sS2pae¥3dedcopr E8poRdARgOfotAI Revalslat eur Pagen?t Ndse

6, 341, 007, 6,400, 441, 6,549, 269, and 6,590, 634), Published Japanese

Transl at i oft@9ePEPT nt¥€Fnat i onal Publication for Patent Application No.
2000- 505958 (corresponding to United States Patent No. 5,969, 441), and
United States PahentreRetios, fogcap7vhicht &t generahedhiaractardapes at ed
herein by reference respectively within a range of perm ssion of the
donesti c | @ighagbeopavrRabss obf thresybatsatesshaaeclSBr maelketed in this

international application.
mechanically released to the floor (ground) by using a

frame member so that the reaction force is not transmitted
to the projection optical system PL. The method for
handling the reaction force is disclosed in detail, for
example, in United States Patent No. 5,528,118 (Japanese
Patent Application Laid-open No. 8-166475), contents of
which are incorporated herein by reference within a range
of permission of the domestic laws and ordinances of the
state designated or selected in this international
application.

The reaction force, which is generated in accordance
with the movement of the mask stage MST, may be
mechanically released to the floor (ground) by using a
frame member so that the reaction force is not transmitted
to the projection optical system PL. The method for
handling the reaction force is disclosed in detail, for
example, in United States Patent No. 5,874,820 (Japanese
Patent Application Laid-open No. 8-330224), contents of

which are incorporated herein by reference within a range
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As for the type of the exposure apparatus EX, the present invention is not
limted to the exposure apparatus for the sem conductor production
apparatus for exposing the substrate P with the sem conductor device
pattern. The 68 present invention is also widely applicable, for exanple,
to the exposure apparatus for producing the liquid crystal display device
or for prod cing the.dis Ia¥ as well as the ex osqgf appar at us for
produci ng, “FoPCERARBIEY PhetPhi ACMEF AT mbgWet 72 nREHNIMET gl ckup
device (CCD),,.th reticle, or the pmask, Wien the |inear notor is used for
t he substrﬁ%@tgtéﬁﬁlgﬁg € naFo?eFﬁﬁtﬂésknsF%b% MEFSTRITINAY | owabl e to use

any one of thgose of the air floating type based on the use of the air
bearing an8PPhdS§8LdP 2t he magnetic floating type based on the use of the
Lorentz's force_or .the reactapnce force. Each of the stages PST, MST may be
ei ther of the %ﬁpéeﬁﬁr&hﬁéhaPﬂ%ennvaﬁeﬁ¥9?§u%?f%@E%%P%H%d%ﬁthe gui de or

of the guideless.type in which no guide is provided. An exanple of the use

of the Iin85F°KBLBF F8r thRecEPagenfat afsthserefaRni2eRREieR 58 Pat ent

Nos. 5,623,853 and 5,528,118, contents of which are incorporated herein by
reference PESHBEEAVEYyAFFERPALRIr BAGVRF LPRE nFURFHHLYRS t HRCLydigtiRe | ans
and ordi nances of .the state designated or selected in this international
appl i cati oReSRECEeVet RENEFILTIhgVReehahPahffaf eabhned i1mCLRHERSSO

that the predetermined mechanical accuracy, the electric
accuracy, and the optical accuracy are maintained. In
order to secure the various accuracies, the adjustments
performed before and after the assembling include the
adjustment for achieving the optical accuracy for the
various optical systems, the adjustment for achieving the
mechanical accuracy for the various mechanical systems, and
the adjustment for achieving the electric accuracy for the

- various electric systems. The steps of assembling the
various subsystems into the exposure apparatus include, for
example, the mechanical connection, the wiring connection
of the electric circuits, and the piping connection of the
alr pressure circuits in correlation with the various
subsystems. It goes without saying that the steps of
assembling the respective individual subsystems are
performed before performing the steps of assembling the
various subsystems into the exposure apparatus. When the
steps of assembling the various subsystems into the

exposure apparatus are completed, the overall adjustment is
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PST, MST, it is also allowable to use a plane notor in which a nmagnet unit
provided with two-di nensionally arranged magnets and an armature unit
provided with two- dinmensionally arranged coils are opposed to one anot her,
and each of the stages PST, MST is driven by the 69 el ectromagnetic force.
In this arrangenent, any one of the nmagnet unit and the armature unit is
connected to _the stage PST NET, and.the ot her of the nagnet unit and the
armature Gt OrLeSy 501 GEFUSR £RE ¥YPGECHF PREURBGLBF SRR LI S he stage
PST, MST. The reaction force, which i enerated in accordance wth the
moverent  of RS &G EEPATE Hitage 1BSTS Ay LherlfebRahi LAF | SXPETERRed (o { he
fl oor (groun%) b* usi.ng a_ fra .nenbei so that the reaction force is not
transnitt e@PPEFEHE BroPLOAnGRopRi BaF €98t ERPBLINTHRIGRt hE¥ for  handl i ng
the reaction force i% disclosed in detail, for exanple, in United States
Patent No. S¥28pd ey, &hetsuperatups aptt APpI FLSRPBRSE aftbe IPRIASRA 8- 166475),
contents of which are incorporated herein by reference within a range of
perni ssi on of tRE &gﬁﬁgtﬁé Fafls dRd 5P8i MaRERLEBLCENBUCRL 3% etliRsi gnat ed or
selected in this international  application. The reaction force, which is
gener at ed SRTACOPAYSHOE ARviRer A8 REVERERE BY PRELAERANGt afRTMST, nay be

mechani cally rel eased to the floor. (ground) by using_a
example, a step 201 of designing the function and the

performance of the microdevice, a step 202 of manufacturing
a mask (reticle) based on the designing step, a step 203 of
producing a substrate as a base material for the device, an
exposure process step 204 of exposing the substrate with a
pattern of the mask by using the exposure apparatus EX of
the embodiment described above, a step of assembling the
device (including a dicing step, a bonding step, and a

packaging step) 205, and an inspection step 206.
INDUSTRIAL APPLICABILITY

According to the present invention, when the exposure
process is performed on the basis of the liquid immersion
method, it is possible to detect the gas portion including
the bubble in the liguid in the space between the
projection optical system and the substrate, the portion
greatly relating to the pattern transfer accuracy, by using
the bubble detector or the gas-detecting system. It is

also possible to detect whether or not the liquid is
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frame menber so that the reaction force is not transmtted to the
projection optical systemPL. The nethod for handling the reaction force
i's disclosed in detail, for exanple, in United States Patent No. 5,874,820
(Japanese Patent Application Laid-open No. 8-330224), contents of which
are incorporated herein by reference within a range 70 of perm ssion of the

d tic | .or di f.th tat e.desi t | ect inth
i o7 nat | 0A4E CRBIIEE POR SRS RSCPFBAA-BAB0 o PL HEs LRBRUrE Sioa ™ us EX

according to.the enbodinent of the present invention is .produced by
asserl i ng RS WAFFoaE s HBE) BEENET] REFUBNRG FAES PLAPBCEIVE Sbrsh? tuti ve
el ements as _defined in clai so, that th r.edet er mi ned, mechani ca
accuracy, Fﬁ@JQFééppi89%&883f53§Fe§n&StﬁéfﬁggiEéPhaE%%rgkﬁuHQe mai nt ai ned.
In order to _secuyre the varigus accuracies, the adjustnments perforned
before and SHterEREIYsL8mvifPRg FREFHUE £RE tﬁﬁjﬂ%%ﬁ%ﬁ?m?%?'ac%?eving t he
optical accuracy for the various optical systens, the adjustnent for

achi evi ng PRBPTORELRLRI CAPALREDNFaEGTf BF fRBLVEF BhsthechanidaPi sy ens, and
t he adj ustnent _for achievin% the el ectric accuracy for the various

el ectric sy&E&tt ofnéher 5686F198sdRbPIAGTt he M3aPrFaL8 ERBs§eP@ns into the
exposure aEParatus i.nclude, for exanple, the nmechanical connection, the
Wi ring conR&CAUEH1VaftYrhe el ectric circuits, and the piping connection of
t he
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air pressure circuits in correlation with the various subsystens. It goes
W t hout saying that the steps of assenbling the respective individual
subsystens are performed before perform ng the steps of assenbling the
vari ous subsystens into the exposure apparatus. Wen the steps of
assenbling the various subsystens into the exposure apparatus are
conpleted, the overall adjustnent is 71 perforned to secure the various
accuracies as the entire exposure aéﬂg? Us. It is desirable that the
exposure apparatus is produced in a clean roomin which, for exanple, the
tenperature and the cl eanness are managed. As shown in Fig. 16, the

m cr odevi ce such as the seni conductor device is produced QY er form ng,

for exanple, a-‘step®B0T*BPSHEE gRPAGAEHE WGﬁEPi@#@%ﬁﬁFt?ﬁﬁ ?é%?%ﬁ%ance of
t he nicrodgéi e, a_step 202 of manufacturin a mask (reticle),. based on the
desi gni ng e%FaﬁsgﬁéﬁlQQSanlmBBSdBéiﬁgpﬁtgﬁﬁgthf%“%E 3 braeldetr? al for
t he device, .an Xposure process step 204 of exposing.the substrate with a
pattern oftPFeSHEEErB§euS|H§ FRBCEXpEsAPRALAPYF afRPEIE BRI t he embodi nent
descri bed above, a step of assenbling the device (including a dicing step,
a bondi ng st ep, 2aRd°deCHaERagPh§CetepysEEB, WA aRIPHepERt Flom ERage 206.

| NDUSTRI AL APPLI CABI LI TY According to the present invention, when the
exposure Pfol8&sPRETEERT BRRRATBR EHESBAEEST ofNEhe | quid i mrersion

a bubble detector which detects a bubble in the liquid

between the projection optical system and the substrate.

2. The exposure apparatus according to claim 1,

wherein the bubble detector optically detects the bubble.

3. The exposure apparatus according to claim 2,
wherein the bubble detector includes a projecting system
which projects a light beam onto the ligquid, and a light-
receiving system which receives the light beam from the

liquid.

4. The exposure apparatus according to claim 3,
wherein the substrate is subjected to scanning exposure
while being moved in a predetermined scanning direction,
and the projecting system projects the light beam from a
position separated from an optical axis of the projection

optical system in the scanning direction.

74




method, it is possible to detect the gas portion including the bubble in
the liquid in the space between the projection optical systemand the
substrate, the portion greatly relating to the pattern transfer accuracy,
by using the bubble detector or the gas-detecting system It is also
possible to detect mhether or not the liquid is 72 discontinued between the
proj ection Optl% temand the substrate and _whether or not the inage
pl ane side of t FeEEPORUSHt PRRPLEVUFeArFr N et Wit & hee | i qui d
sufficientl f%t the exposure and the neasurenent. An proprij at e,

treat ment raEBWPE&S&HgtﬁeSBBQFg BPth@thEsﬁFPpeteghEh et ¥ idn in
order to maintai.n tgg good productivity. 73 CLAIMS 1. An exposure

appar at us WWFEﬁléx l&“%@bggPyﬁelnb?aFPéﬁ§ieFP|EbeaﬁC?%% Jof a pattern
through a Ilj.quid ont the substrate, the exposure apparatus_conprising: a
pr oj ect i on WpECEICNs PELERERNICRR BFBP@EF%OPhQPFhﬁ@e SPFteRePAttR¥n onto the
substrate; and. a bubbl e detector which detects a bubble in the liquid

bet ween th@uﬁﬁﬁfééﬁigﬁréﬁﬂlEQF §G8PBANGNBXPREUSAbSt rate. 2. The exposure
apparatus according to claim1l, wherein the bubble detector optically
detects the bubble. 3. The exposure apparatus according to claim 2,

6. The exposure apparatus according to claim 3,
wherein the bubble detector detects an amount of the bubble
on the basis of an intensity of the light beam detected by

the light-receiving system.

7. The exposure apparatus according to claim 1,
wherein a judgment is made whether or not the exposure is
performed appropriately for the substrate on the basis of a

result of the detection performed by the bubble detector.

8. The exposure apparatus according to claim 7,
wherein the bubble is detected by the bubble detector
during the exposure for a plurality of shot areas on the
substrate respectively, and a shot area of the shot areas,
for which the image of the pattern is inappropriately
formed due to the bubble, is stored on the basis of each

result of the detection.

9. An exposure apparatus which exposes a substrate

by transferring an image of a pattern through a liquid onto
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wherein the bubble detector includes a projecting system which projects a
| i ght beamonto the liquid, and a light- receiving systemwhich receives
the light beamfromthe |Iliquid. 4. The exposure apparatus according to
claim3, wherein the substrate is subjected to scanni ng exposure while
bei ng noved in a predeterm ned scanning direction, and the projecting
system projects the Ii%ht beam froma position separated froman opti cal
axi s of théDsr SPEELEEHS ot PcEXPSFEEENRPRALAEUS CRARPRES ¥MFection. 74 5. The
exposure apparatus according to.claim4, further conprising a supply unit
whi ch supplies BhETPIGETAON RRELERL BHETPRqURYCh| BRRIFRLHatRP| EFAYD t he
scanning direction between the projection optical systemand the

substrate @drithG PRETSERNANRG &RBoSUPELrateThandxposure apparatus according
to claim3, wherein the bubble detector detects an anount of the bubble

on the basis of 2adidnienshrytapget Hetpr§pr whamhddebeekd shortage of

| i ght-receiving system 7. The exposure apparatus according to claiml1,
wherei n a jfiggréAlids bpieenhshBeprodeastiophertkpasusestem pedf bhded
appropriately for the substrate on the basis of a result of the detection
perfornmed EyPER&EaBEBDI e detector. 8. The exposure apparatus according to
claim7, wherein the bubble is detected by the bubble detector

10. The exposure apparatus according to claim 9,
wherein the liquid shortage detector optically detects the
liquid shortadge between the projection optical system and

the substrate.

11. The exposure apparatus according to claim 10,
wherein the liquid shortage detector includes a projecting
system which projects a light beam onto the liquid, and a
light-receiving system which receives the light beam from

the liquid.

12. The exposure apparatus according to claim 11,
wherein the liquid shortage detector detects the liquid
shortage on the basis of absence of incidence of the light

beam from the liquid into the light-receiving system.
13. An exposure apparatus which exposes a substrate
by radiating an exposure light beam onto the substrate via

a projection optical system and through a liquid, the

76




during the exposure for a plurality of shot areas on the substrate
respectively, and a shot area of the shot areas, for which the inmage of
the pattern is inappropriately formed due to the bubble, is stored on the
basis of each result of the detection. 9. An exposure apparatus which
exposes a substrate by transferring an inmage of a pattern through a liquid
onto 75 the_substrate, th exgosure apparatus conprising: a projection

opti cal sy??@ﬁ?%ﬁ?cﬁpB?BFgE?s ?ﬂef%ﬁﬁ5§= of the pattern onto the substrate;
and a liquid shortage detector which detects shortage of the liquid

bet ween t he proFe89g6ﬂeBBFF&89 SY&Feh YRgchndeterb3td RECSARFEE e exposur e
apparatus according_to claim9, wherein the liquid shortage detector
optically 3@?@8?? gﬁea BREUPATEABRt ABe2BePREEFAE HRATR of @ELTRA opti cal
system and the substrate, 11. The exposure apparatus according to claim
10, wher ePEPPRBIEi 4iPHtshBMage detector includes a projecting system
whi ch projects a light beamonto the liquid, and a light-receiving system
whi ch receives the Iight beamfrom the liquid. 12. The exposure apparatus
according to claim1l, wherein the liquid shortage detector detects the
liquid shortagéon £hE BXBPSUSE aABRBARLUSTAFHRTAEMEetOfCIMUN| I ht

wherein the gas-detecting system detects a bubble in the

optical path for the exposure light beam.

15. The exposure apparatus according to claim 13,
wherein the gas-detecting system detects whether or not the
optical path for the exposure light beam is filled with the

liquid.

16. The exposure apparatus according to claim 13,
wherein a judgment is made whether or not start of the
exposure for the substrate is appropriate, on the basis of

an output of the gas-detecting system.

17. The exposure apparatus according to claim 13,
wherein the gas-detecting system detects a presence or
absence of a gas 1n the optical path for the exposure light

beam during the exposure for the substrate.

18. The exposure apparatus according to claim 13,

wherein the gas-detecting system optically detects the gas

77




beamfromthe liquid into the light-receiving system 13. An exposure
appar at us whi ch exposes a substrate by radiating an exposure |ight beam
onto the substrate via a projection optical systemand through a |iquid,
the 76 exposure apparatus conprising: a gas-detecting system which detects
a presence or absence of a gas portion in an optical path for the
exposure Ii%ht.beanl 14. The exposure apparatus according to claim13,
wher ei n t h&°§ddC8et ecting system detects a bubble in the optical path for
t he exposure |ight beam 15. The exposure apparatus according to claim 13,
wherein the gas-detecting system detects whether or not the optical path
for the exposure |light beamis filled with the |liquid. 16. L The exposure
appar at us accor difng L8ScPEPRFEES 2RRBFBFHS a7 GOEAERY TR PRI wht her or not
start of the exposure for the substrate is_ appropriate, on the basis of

an out put SRefReNgEbeqgractrh§CtietefiYStem TReluededstireuahR® at us accordi ng
to claim13,  wherein the gas-detecting systemdetects a presence or
absence ofP&Sd§§opﬁdﬁﬁécéﬁpﬂcgpnﬁﬁﬂﬁnfgPrtﬁétéﬁbbgﬁr@ $?§Eﬁcebean1during

t he exposure for the substrate. 18. The exposure apparatus according to
claim 13, ®BRELEILANt RE §hS- aBPEErRKRE BYsPemIsptindl pydakeeking t hidlyas

beam onto the substrate through the liquid on the substrate

and receiving a reflected light beam thereof.

20. An exposure apparatus which exposes a substrate
by radiating an exposure light beam onto the substrate via
a projection optical system and through a liquid, the
exposure apparatus comprising:

a surface position-detecting system which detects a
surface position of the substrate by projecting a detecting
light beam onto the substrate through the liquid on the
substrate and receiving the detecting light beam reflected
on the substrate, wherein:

a presence or absence of a gas portion in an optical
path for the detecting light beam is detected on the basis

of an output of the surface position-detecting system.
21. The exposure apparatus according to claim 20,

wherein the detecting light beam passes through an optical

path for the exposure light beam.
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77 portion. 19. The exposure apparatus according to claim18, wherein the
gas-detecting systemincludes a surface position-detecting function for
detecting a surface position of the substrate by projecting a detecting
light beamonto the substrate through the liquid on the substrate and
receiving a reflected |ight beamthereof. 20. An exposure apparatus which
exposes a substrate by radiating an exposure |ight beamonto the substrate
via a projectidnh-optPEafXByStEfm aRBAEA Bﬁgﬁc%9¥$gﬁﬁcﬁot?%@“%kﬁbsure

appar at us CB ri,sing; a surface gosition-detectinqaifsten1mhich detects a
surface po¥fEr&Alof PHEPLELEEr dBEeBlePr dPebbengPhicRt RATRGECT it beam
onto the substrate through the liquid on the substrate and receiving the
det ecting ﬂ?&ﬁ?tﬂéanﬂﬂghgeéﬁéﬂ oBnthRePaspst Pht Ehe vPletRIh: 05 hesence or
absence of a gas portion in_an optical ath for the detecting |light beam
is detecte&uégaFﬁepﬁﬁéFéonoﬂeEﬁc Hﬂﬁuﬁyégewhe surface position-detecting
system 21. The exposure apparatus according to claim20, wherein the
detecting |ight beam passes through an optical path for the exposure |ight
beam 78 22. The_exposure apparatus according to claim20, wherein a

bubbl e i s detectéd i FhehexppenEal appphates apeording to claim 20,

wherein a judgment is made whether or not start of the
exposure for the substrate is appropriate, on the basis of

the output of the surface position-detecting system.

24. The exposure apparatus according to claim 20,
wherein a judgment is made whether a gas is present or
absent in the optical path for the detecting light beam
during the exposure for the substrate, on the basis of the

output of the surface position-detecting system.

25. The exposure apparatus according to claim 20,
wherein the surface position-detecting system projects a

plurality of detecting light beams onto the substrate.
26. The exposure apparatus according to claim 20,
wherein the surface position-detecting system projects the

detecting light beam onto the substrate via a part of an

optical member of the projection optical system.
27.. A method for producing a device, comprising using
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detecting |light beamon the basis of the output of the surface
position-detecting system 23. The exposure apparatus according to claim
20, wherein a judgnment is nade whether or not start of the exposure for
the substrate is appropriate, on the basis of the output of the surface
position-detecting system 24. The exposure apparatus according to claim
20, mherei%eae&u%%g§nt (S nage mhetger.a as_is_present_or. absent in the
optical pathf SFPCRETTPEEATAG P gt CBEAREIAPi ABY t ARS eXboStAES ot t he
substrate,gonlgheab§35§ of the output of the surface position-detecting
system 25.’The'ex8 sUré apparatus according to claim?20, wherein the
surface position-detecting systemprojects a plurality of detecting |ight
beans onto the substrate. 26. The exposure apparatus according to claim 20,
wherein the surface position-detecting systemprojects the detecting |ight
beam onto the substrate via a part of an optical nenber of the projection
optical system 27.. A nethod for producing a device, conprising using 79

t he exposure apparatus as defined in any one of clains 1, 9, 13, and 20. 80
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