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| MVERSI ON FLUI D I N A GAP ADJACENT AN OPTI CAL ASSEMBLY 15 RELATED

APPLI CATIONS This application clains priority on Provisional Application
Serial No. 20 60/462,499 filed on April 11, 2003 and entitled "Landi ng Pad
for Imersion Lithography", the contents of which are incorporated herein
by reference for all purposes. BACKGROUND 25 Lithography systens are
commonly used to transfer inages froma reticle onto a sem conductor wafer
during sem conductor processing. A typical |ithography systemincludes an
optical assenbly, a reticle stage for holding a reticle defining a
pattern, a wafer stage assenbly that positions a sem conductor 30 wafer,
and a neasurenent systemthat precisely nonitors the position of the
reticle and the wafer. During operation, an inmage defined by the reticle is
projected by the optical assenbly onto the wafer. The projected inmage is
typically theg size of one or nore die on the wafer. After an exposure, the
waf er stage assenbly noves the wafer and anot her exposure takes place.
This process is | repeated until all the dice on the wafer are exposed.
The wafer is then renoved and a new wafer is exchanged in its place.

| mrersion |ithography systens utilize a |layer of immersion fluid that
conpletely fills a gap between the optical assenbly and the wafer during
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RELATED APPLICATIONS

This application claims priority on Provisional Application Serial No.
20  60/462,489 filed on April 11, 2003 and enfifled “Landing Pad for Immersion
Lithography®, the contents of which are incorporated herein by reference for all

purposes.

BACKGROUND

25
Lithography systems are commonly used to transfer images from a reticle

onto a semiconductor wafer during semiconductor processing. A typlcal
lithography system includes an opfical assembly, a reticle stage for holding a
reficle defining a pattetn, a wafer stage assembly that positions a semiconductor
30 wafer, and a measurement system that precisely monitors the position of the
reticle and the wafer. During operation, an image defined by the reticle is
projected by the optical assembly onto the wafer. The projected image is typically
the size of one or more die on the wafer. After an exposure, the wafer stage

assembly moves the wafer and another exposure takes place. This process is



i ncludi ng 65 nanoneters, 45 nanoneters, and beyond. |Inmersion |ithography
10 therefore represents a significant technol ogi cal breakthrough that wll
i kely enable the continued use of optical |ithography for the foreseeabl e
future. After a wafer is exposed, it is renoved and exchanged with a new
wafer. As currently contenplated in imrersion systens, the imersion fluid
woul d be renoved fromthe gap and then repl enished after the wafer is
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off, the fluid is removed from the gap (i.e., by vacuumy), the old wafer is removed,
a new wafer is aligned and placed under the optical assembly, and then the gap is
re-filled with fresh immersion fiuid. Once all of the above steps are complete,
exposure of the new wafer can begin.
20 Wafer exchange with immersion lithography as described above is
problematic for a number of reasons. The repeated filling and draining of the gap
may cause variations in the immersion fluid and may cause bubbles to form within
the immersion fluid. Bubbles and the unsteady fluid may interfere with the
projection of the image on the reticle onto the wafer, thereby reducing vields. The
25 overall process also involves many steps and is time consuming, which reduces
the overall throughput of the machine.
An apparatus and method for maintaining immersion fluid in the gap
adjacent the projection lens when the wafer stage moves away from the projection
.lens, for example during wafer exchange, is therefore needed.
30
SUMMARY

An apparatus and method for maintaining immersion fiuid in the gap
adjacent the projection lens in a lithography machine is disclosed. The apparatus



5 of the work piece is conplete, an exchange system renoves the work piece
and replaces it with a second work piece. An imersion fluid systemis
provided to maintain the imrersion fluid in the gap when the work piece
table noves away fromthe projection |lens. The gap therefore does not have
to be refilled with imrersion fluid when the first work piece is repl aced
with a second work piece. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is
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Figure 1 is a schematic ilTustration of a Ti1thography machi ne 10 havi ng
features of the present invention. The |ithography machine 10 includes a
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15 Figure 2 is a cross section of an immersion lithography machine according
to one embodiment of the present invention;
Figure 3A and 3B are a cross section and a top down view of an immersion
lithography machine according to another embodiment of the present invention;
Figure 4A and 4B a cross section and a top down view of an immersion
20 lithography machine according to another embodiment of the present invention;
Figure 5A and 5B are top down views of two different twin wafer stages
according to other embodiments of the present invention;
Figure BA is a fop down view of a twin stage lithography machine according
to another embodiment of the invention;
25 Figures 6B-6E are a series of diagrams illustrating a wafer exchange
according to the present invention.
Figure 7A is a flow chart that outlines a process for manufacturing a work
piece in accordance with the present invention; and
Figure 7B is a flow chart that outlines wark piece processing in more detail.
30 Like reference numbers refer to like elements in the drawings.



reticle stage assenbly 18, a work piece stage assenbly 20, a neasurenent
system 22, a control system 24, and a fluid environnental system 26. The
design of the conponents of the |lithography nmachine 10 can be varied to
suit the design requirenents of the |ithography machine 10. 10 In one
enbodi ment, the lithography machine 10 is used to transfer a pattern (not
shown) of an integrated circuit froma reticle 28 onto a sem conduct or

wafer 30. (illustrated in phantom. 'BEE !|E Pgraphy machi ne 10 nmounts to a

nounting base 32, e.g., the ground, fl oor or sone other
supporting structure. 15 In various enbodlnents of the invention, the
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from the reticle 28 onto the wafer 30 with the reticle 28 and the wafer 30 moving
synchronously. In a scanning type lithographic machine, the reticle 28 is moved
perpendicularly to an optical axis of the optical assembly 16 by the reticle stage

20 assembly 18 and the wafer 30 is moved perpendiculariy to the optical axis of the
oplical assembly 16 by the wafer stage assembly 20. Scanning of the reticle 28
and the wafer 30 occurs while the reticle 28 and the wafer 30 are moving
synchronously.

Aiternatively, the lithography machine 10 can be a step-and-repeat type

25  photolithography system that exposes the reticle 28 while the reticle 28 and the
wafer 30 are stationary. In the step and repeat process, the wafer 30 is in a
constant position relative to the reticle 28 and the optical assembly 16 during the
exposure of an individual field. Subsequently, between consecutive exposure
steps, the wafer 30 is consecutively moved with the wafer stage assembly 20

30 perpendicularly to the optical axis of the optical assembly 16 so that the next field
of the wafer 30 is brought into position relative to the optical assembly 16 and the
reticle 28 for exposure. Following this process, the images on the reficle 28 are
sequentially exposed onto the fields of the wafer 30, and then the next field of the



28. However, the use of the |lithography machine 10 provided herein is not
necessarily limted to a photolithography for sem conductor manufacturing.
The 5 lithography nmachi ne 10, for exanple, can be used as an LCD

phot ol i t hography systemthat exposes a liquid crystal display work piece
pattern onto a rectangular glass plate or a photolithography systen1for
manufacturing a thin filmmgnetic head. Accordingly the term"work
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image illum nated.
(irradiation) of light energy. The illumination optical assembly 36 guides the beam

of light energy from the iflumination source 34 to the optical assembly 16. The
beam illuminates selectively different portions of the reticle 28 and exposes the

20 wafer 30. In Figure 1, the illumination source 34 is illustrated as being supported
above the reficle stage assembly 18. Typically, however, the illumination source
34 is secured to one of the sides of the apparatus frame 12 and the energy beam
from the ilfumination source 34 is directed to above the reticle stage assembly 18
with the illumination optical assembly 36.

25 The illumination source 34 can be a g-line source (436 nm), an i-line source
(365 nm}, a KrFF excimer laser (248 nm), an ArfF excimer laser (193 nm) ora F,
laser (157 nm). Alternatively, the illumination source 34 can generate charged an
x-ray.

The optical assembly 16 projects and/or focuses the light passing through

30 the reficle 28 to the wafer 30. Depending upon the design of the lithography
machine 10, the optical assembly 16 can magnify or reduce the image illuminated
on the reticle 28. The optical assembly 16 need not be limited to a reduction
system. It could aiso be a 1x or greater magnification system.



on the reticle 28. The optical assenbly 16 need not be limted to a
reduction system It could also be a 1x or greater magnification system 5
Al so, with an exposure work piece that enploys vacuum ultra-viol et

radi ati on (VUV) of wavel ength 200 nmor |ower, use of the catadioptric type
optical system can be considered. Exanples of the catadioptric type of
optical system i ncI ude the disclosure Japan Patent Application Disclosure
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Applications are incorporated herein by reference.
The reticle stage assembly 18 holds and positions the reticle 28 relative to
20  the optical assembly 16 and the wafer 30. In one embodiment, the reticie stage
assembly 18 includes a reticle stage 38 that refains the reticle 28 and a reticle
stage mover assembly 40 that moves and positions the reticle stage 38 and reticle
28.
Each stage mover assembly 40, 44 can move the respective stage 38, 42
25 with three degrees of freedom, less than three degrees of freedom, or more than
three degrees of freedom. For example, in alternative embodiments, each stage
mover assembly 40, 44 can move the respeciive stage 38, 42 with one, two,
three, four, five or six degrees of freedom. The reticle stage mover assembly 40
and the work piece stage mover assembly 44 can each include one or more
30  movers, such as rotary motors, voice coil motors, linear motors utilizing a Lorentz
force to generate drive force, electromagnetic movers, planar motors, or some
other force movers.
In photolithography systems, when linear motors (see US Patent Numbers
5,623,863 or 5,528,118 and incarporated by reference herein) are used in the



three, four, five or six degrees of freedom The reticle stage nover
assenbly 40 and the work piece stage nover assenbly 44 can each include
one or nore 30 novers, such as rotary notors, voice coil notors, |inear
notors utilizing a Lorentz force to generate drive force, electronmagnetic
novers, planar notors, or sonme other force novers. |In photolithography
systenms, when linear notors (see US Patent Nunbers 5,623,853 or 5,528,118
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described in US Patent No. 5,874,820 and published Japanese Patent Application
Disclosure No. 8-330224. As far as is permitted, the disclosures in US Patent
20 Numbers 5,528,100 and 5,874,820 and Japanese Patent Application Disclosure
No. 8-330224 are incorporated herein by reference. _
The measurement system 22 monitors movement of the reticle 28 and the
wafer 30 relative to the optical assembly 16 or some other reference. With this
information, the control system 24 can control the reticle stage assembly 18 to
25 precisely position the reticle 28 and the work piece stage assembly 20 to precisely
position the wafer 30. The design of the measurement system 22 can vary. For
example, the measurement system 22 can utilize multipie laser interferometers,
encoders, mirrors, and/or other measuring devices.
The control system 24 receives information from the measurement system
30 22 and controls the stage mover assemblies 18, 20 to precisely position the reticle
28 and the wafer 30. Additionally, the confrol system 24 can control the operation
of the components of the environmental system 26, The control system 24 can

inctude one or more processors and circuits,



wafer 30 relative to the optical assenbly 16 or sone other reference. Wth
this information, the control system 24 can control the reticle stage
assenbly 18 to 25 precisely position the reticle 28 and the work piece
stage assenbly 20 to precisely position the wafer 30. The design of the
measur enent system 22 can vary. For exanple, the measurenent system 22 can
utilize multiple laser interferometers, encoders, mrrors, and/or other
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can be a fluid such as water. AIternLﬁ_ll vely, the des”%drrﬁn 8lled
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surface of the fer 30 d the last optical elenent of the optical
assenbly 16. Opicq ﬁsﬁ?{Bbteaﬁodi ment, the environnental system 26 fills the

i magi ng fi%el d andin drieeembsdimennt, thecsrgapnmettal systermisifigs e iaging fiefhenddesi gn
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system 26 can be vari feren odi ment’s he envi ronnent
system 26 delsiystems2tanti the donmjpeverds of the environmental system 26 can be varied. in

different embodiments, the environmental systemn 26 delivers and/or injects

: immersion fluid into the gap using spray nozzles, electro-kinetic sponges, porous

20 materials, etc. and removes the fluid from the gap using vacuum pumps, sponges,

and the like. The design of the environmental system 26 can vary. For example,

it can inject the immersion fluid at one or more locations at or near the gap.

Further, the immersion fiuid system can assist in removing and/or scavenging the

immersion fluid at one or more locations at or near the work piece 30, the gap

25 andlor the edge of the opflical assembly 18. For additional details on various

environmental systems, see Provisional US applications 60/462,142 entitled

“lmmersion Lithography Fluid Control System” filed on April 9, 2003, 60/462,112

entitied “Vacuum Ring System and Wick Ring System for Immersion Lithography*®

filed on April 10, 2003, 60/500,312 entitled “Noiseless Fluid Recovery With Porous

30 Material” filed on September 3, 2003, and 60/541,329 entitted "Nozzle Design for

Immersion Lithography” filed on February 2, 2004, all incorporated by reference
herein.

Referring to Figure 2, a cross section of a lithography machine illustrating

one embodiment of the present invention is shown. The lithography machine 200



imersion fluid into the gap using spray nozzles, electro-kinetic sponges,
porous 20 materials, etc, and renoves the fluid fromthe gap using vacuum
punps, sponges, and the like. The design of the environnmental system 26
can vary. For exanple, it can inject the imrersion fluid at one or nore

| ocations at or near the gap. Further, the imersion fluid system can
assist in renoving and/or scavenging the imersion fluid at one or nore
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t he wafer pti cal cal asse 16. A
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robot) and arbsgémggqg%tﬁ@%fez%ie(m@ a m croscope and CCD canera), is
configured to renpve the wafer 208 waf er table 204 and replace it

with a second waf ¥fith ﬂi’ﬁl empadimepf; é'éﬁ I"‘Sﬁf%fc%té%laogﬁﬁﬂu@w a8 mgersien Weider
| oader 216 t 0ccbﬂtélhmam0k;y@@ﬁwe4 2@ isvein@aurdd 8o hifpftaintBe Wathefsidnalice21264 .
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optical assestdhgnd® Oime lrﬂn'eemheﬂwd @pitgin@6dt system 214 inciudes a pad 222 that
is adjacent the wafer table 204. A support member 224, provided between the
pad 222 and the wafer stage 206, is used to support the pad 222. The wafer
20  table 204 has a flat upper surface which is coplanar with a surface of the wafer
208. The pad 222 also has a flat upper surface which is coplanar with the upper
surface of the wafer table 204 and the wafer surface. The pad 222 is arranged
adjacent the wafer table 204 with a very small Qap (e.g. 0.1-1.0mm) so that the
immersion fluid 212 is movable between the wafer table 204 and the pad 222
25  without leaking. During a wafer exchange, the wafer stage 206 is moved in the
direction of arrow 226 so that the pad 222 is positioned under the opfical
assembly 16 in place of the wafer table 204, maintaining the fluid in the gap or
maintaining the size of the fiuid gap. After the new wafer has been aligned, the
wafer stage is moved back fo its original position so that the pad 222 is removed
30 from the gap as the second wafer is positioned under the optical assembly 16. In
various embodiments, the pad 222 is disposed continucusly adjacent the wafer
table 204 with no gap. Vertical position and/or {ilt of the wafer table 204 can be
adjusted so that the wafer tabie surface is coplanar with the pad surface, before
the wafer table 204 is moved out from under the oplical assembly 16.



Wth this enbodi nent, the wafer stage 206 includes an imersion fluid 15
contai nnment system 214 that is configured to maintain the inmrersion fluid
212 in the gap adjacent the |ast optical elenment of the optical assenbly
16 during wafer exchange. The i mersion fluid contai nnment system 214
includes a pad 222 that is adjacent the wafer table 204. A support nenber
224, provided between the pad 222 and the wafer stage 206, is used to
support t h&apdgainz@ahe Fap batxfeen tIROpada? arRDhetpgsica dsbemblygpds neukimied tavhi ch
is coplanar with surface of t.he wafer 8. The pad 222.al so_has flat
upper " sur 1 b Wt EhSFeBE RO i Db 2P Delreaes i Praetiia s bl e
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table 204 with a very small gap (e.g. 0.1-1.0nm) so that the inmmersion
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operation. 5 In those operations, a part the area occupi ed by the
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the presenonfigured to remove the wafer 308 on the wafer table 304 and replace it with a second
wafer. This is accomplished using the wafer loader 318 to remove the wafer 308 from
the wafer table. Subsequently, the second wafer (not shown) is placed onto the wafer
chuck 318, aligned using the alignment tool 320, and then positioned under the optical
20  assembly 16. As best illustrated in Figure 3B, a set of motors 322 are used to move the
stage assembly 302 including the wafer table 304 and wafer stage 306 in two degrees of
freedom (X and Y) during operation. As noted above, the motors 322 can be any type

of motors, such as linear motors, rotary motors, voice coil motors, etc.

The immersion lithography machine 300 also includes an immersion fluid

25  containment system 324 that is configured to maintain the immersion fluid 312 in the
space below the optical assembly 16 while the wafer table 304 is away from under the
optical assembly. The immersion fluid containment system 324 includes a pad 326, a
motor 328, and a control system 330. The pad 326 can be positioned adjacent the
optical assembly 16 and the wafer table 204. The wafer table 304 has a flat upper

30  surface which is coplanar with a surface of the wafer 308. The pad 326 has a flat upper
surface which is coplanar with the upper surface of the wafer table 304 and the wafer

surface. The pad 326 is movable in
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invention is shown. The |ithography machi ne 300 i ncludes an optical
assenbly 16 and a 10 stage assenbly 302 that includes a wafer table 304 and
a wafer stage 306. The wafer table 304 is configured to support a wafer
308 (or any other type of work piece) under the optical assenbly 16. An
environmental system 26, surrounding the optical assenbly 16, is used to

ana the | olisre g BRE B baeblntler {1 Fhish R PRI e R JCce

15 exchangg3®&yshiemvidi 628 icatbelaiyngpa onafotirs hoadRas Bldmatees 302. al i gnnent  t ool
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flat upper surface copl-anar “w a surrace of

The pad 32he haseraatle 304wppehe padis2@othvihiedl] gsp bepleandiic whieh tdbie30ppey
surface of the wafer table 304 and the wafer surface. The pad 326 is

movabl e i rthe Pagndlox vaHle thegimpersiomnluids? Yy belosy Hist gpticgd gisggmily liogmoves
cont r olsl e%e‘%Weénﬁﬁe%@ér&%le%ﬁ%@@he Q-3p8he notor 328 can be any type of

notors as well as the notors e pad 326 is positioned under the
opti cal asHeniphyeri®nvilhed coh@inmadrersystatnl 324304s (bdistainsatheimsteagen 808) 31 away
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wafer stage 306) and the pad 326 are movable separately. Therefore, the wafer table
304 is movable freely while the immersion fluid 312 is maintained in the space between
20  the pad 326 and the optical assembly 16. In various embodiments of the invention, the
control system 330 may be a separate control system or it can be integrated into the
control system used to control the motors 322 for positioning the wafer stage 306 and
wafer table 304. Vertical position and/or tilt of at least one of the wafer table 304 and
the pad 326 may be adjusted so that the wafer table surface is coplanar with the pad
25  surface, before the wafer table is moved out from under the optical assembly 16. The
operation, in which the wafer table 304 is away from the optical assembly 16, is not
necessarily limited to a wafer exchange operation. For example, an alignment
operation, a measurement operation or other operation may be executed while
maintaining the immersion fluid 312 in the space between the pad 326 and the optical

30 assembly 16.

Referring to Figure 4A and 4B, two cross sections of an immersion lithography
machine are shown. The lithography machine 400 includes an optical assembly 16 and

a stage assembly 402 that includes a wafer table 404 and a

11



Si mul t aneously, the control system 330 directs the notor 328 to nove pad
326 under the optical assenbly 16, replacing the wafer table 308. The pad
326 thus retains the inmersion fluid 312 within the gap under the optical
assenbly 16. After the new wafer has been aligned using the alignnment tool
320, the wafer table 304 10 is repositioned under the optical assenbly 16.
At the sane tine, the control system 330 directs the notor 328 to retract

t he pad 326fromthe reventing the escape .of the i rsion fluid
312.In the werstededinguieoRIaeBROHEPTHGHERSP SURRT A6 BRI, he
wafer table QQHera(gﬁe tdnev@Rhigodd UNGEN tie BpRddl sBapmbgt 1eemd kavivernedntilabl e
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one of tHE& wahesk 4thladgr3Blusing thet dignpedt 8@64%,yarbvéﬂ’@dj mﬁledettand%thm he
wafer table %Hﬁga@g%énﬁjr%p@@égn%tha\%émtg,@giggfaéMgS surface, before the vvaf_er

tabl e is nmoved out tical” assenbly 16. The operation, in
whi ch the wafer tH® @W&!onéltfamaphmrammm?e%@)taiwnciaé%%m|irvrn@6%lori fuif ot

necessarily kbithigfnt 9ys@eri~i‘@f2@rth£>¥§9&%§ré&%r:ﬁéfh%ﬂ1 thEAfnnfX @M G A2 in
al i gnment operation, a measurement operation or other operation nmay be

execut ed whi P& SRR&E elovnihgprtipal qsﬁ?@%’ i 'Gnwhile,ihg veafer fakle 43¢ s 0@y HEPween
the pad 386 apdkrtthe opEthiCalsemB &S Serdd wnrhbrsidiefiqa rdonthidmerlti nyeeh 4é\4 and 4B,
o WO CRE T RS T W
assenbly 402sédvat dlavah dde pravideal et tticalvater 48de attd. awwhin wad enmsitsagefidd6 The
wafer table 204:d §oGR0H 1 LBRA SRR s Sd' HeShaft?RaliQ 403 Wr the water
408), the pad 426 is held by the second clamp 430 in place on the wafer table
20 404, When the wafer table 404 is away from the optical assembly 16, for example
during a wafer exchange operation, the pad 426 is detached from the wafer table
404 and held by the first clamp 428 to maintain the immersion fluid 412 between
the optical assembly 16 and the pad 426. The wafer table 404 has a flat upper
surface which is coplanar with a surface of the wafer 408. The pad 426 held on
25  the wafer table 404 also has a flat upper surface which is coplanar with the upper
surface of the wafer fable 404 and the wafer surface. Therefore, the immersion
pad 426 and wafer 408 can be moved under the optical assembly without the
immersion fluid leaking. In various embodiments, the clamps 428 and 430 can be
vacuum clamps, magnetic, electro-static, or mechanical.
30 As best flusirated in Figure 4A, the pad 426 is positioned on the wafer tabie
404 during exposure of the wafer 408. The second clamp 430 is used to hold the
pad 426 in place on the table 404 during the wafer exposure. During a wafer
exchange as illusfrated in Figure 4B, the wafer table 404 is moved in the direction
of arrow 432 so that the pad 426 is positioned under the oplical assembly 16 in
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ot her type of work piece) under the optical assenbly 16. An environnental
system 26, surrounding the optical assenbly 16, is used to supply and
renove inmmersion fluid 412 fromthe gap between the wafer 408 and the

| ower nost 5 optical elenent of the optical assenbly 16. A work piece
exchange system 416, including a wafer |oader 418 and an alignnment t ool
420, is configured to renove the wafer 408 on the wafer table 404 and

replace it wit FCUIBhd 8BRS 48D ATk ddeVRber
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the wafer ta wa sur ore, i mrersion pad
426 and W& erciaﬂlﬁB‘lZ&natto@ermvéfdﬁdmﬁléhe frameot Pt aihensyepast (PefbehRid Pie
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be vacuum cI a , hagnet | ectro-static, or nechanical. 30 As best
i |lustrated |annqn;a@{§a(@empjz\erqth@rtb%mthgg@gesaﬁé}@g}bfyltﬂ?ed on the wafer table 404

during exposure ofigliaesABAESR 4RBtop HdRnSESRNEF thloamPerd@Cwirsstgetinhersionl d t he
lithography systems according to other embodiments of the present invention. For
20 the basic structure and operation of the twin stage lithography systems, see US
Patent No. 6,262,796 and US Patent No. 6,341,007. As far as is permitted, the
disclosures in US Patent No. 6,262,796 and US Patent No. 6,341,007 are
incorporated herein by reference. In both embodiments, a pair of wafer stages
WS1 and WS2 are shown. Motors 502 are used to move or position the two
25  stages WS1 and WS2 in the horizontal directions whereas motors 504 are used to
move or position the stages WS1 and WS2 in the vertical direction. The motors
502 and 504 are used to alternatively position one stage under the oplical
assembly 16 while a wafer exchange and alignment is performed on the other
stage. When the exposure of the wafer under the optical asserbly 16 is complete,
30 then the two stages are swapped and the above process is repeated. With either
configuration, the various embodiments of the present invention for maintaining
immersion fluid in the gap under the optical assembly 16 as described and
illustrated above with regard to Figures 2 through 4, can be used with either twin
stage arrangement. With regard the embodiment of Figure 2 for example, each
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pad 426 in place on the table 404 during the wafer exposure. During a wafer
exchange as illustrated in Figure 4B, the wafer table 404 is noved in the
direction of arrow 432 so that the pad 426 is positioned under the optical
assenbly 16 in 12 place of the wafer 408. Wen this occurs, the second
clanp 430 holding the pad 426 to the wafer table 404 is rel eased while
first clanp 428 clanps the pad 426 to the optical assenbly 16. As a
result, the inrersion fluid 412 is naintai ned under the optical assenbly
whil e the waf ewai40gage SeLciehté@.of AftharFigire St Skhta bhadBet) épinchidegned,
the wafer table AD4 [ r O&lL t r . t hat
t he new waf er [l?as pOSéI@I Gn@%‘bgﬁh%uo%&m:{:a a?(&s?{s?)eﬁ;] le&b%ﬁ{n?égﬂrt%f (%[g?'ﬁel %
motion, the f&§ s@glecnladrﬁ@64m8tqré%zaea@amwmyat@ntsﬁé o@etdd:mdu&ﬁldaaqjacnaaﬁﬂ@gai n
cl anps the pa e fer
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the space bet V@%&ﬁh&tﬁ]@sm@@;b&%a@%%@ YDhfing e ﬁrh@ @hﬁ Wy the
first clanp 428. Al so, the 15 428 can be prov e on t rane 12 or

ot her support & Swa&}ﬁ’ﬁdttﬁ@ Paﬁ'l“& UsRsl @dﬂa'B@*rb‘ihé\*mﬂ‘@GP'@hﬂlﬂl%é‘ Refasp st age

406. The piad %Gi[lm:iatel@lemhﬁigdr@ﬂla admﬁ%bbmeﬁﬂfﬁhﬂrd&hﬁeéxﬁog% the paliage
assenbly 402. different twn

ur A, ,and
stage i mrersi 5%"%1 et %F%Wﬁgéﬁl%ﬁﬂ tg‘éd%?wgr '69? 6“%’?1@?‘”8%&?%%5‘“'& t he
present i nventieaner, Fanly 2Girtghe padsisC neédad ot maamdo osz@gefst VoS Gindt es2 Wi n
o age |1 Ro0T BB R) SFg U Fe i e e R
6,262, 796 and US Faefeming No. Figue4 SAQGT ta eiovwnnmawpof at edn htags titHography

referenceqsln npd%lhe e em@ocﬂﬁéﬁt oqf r:%@ tﬁé %Ee%%ntzl}é\%lr}t‘gﬂg %ar €

shown. Mbtors are used to nove or and
W52 in the hoM tf@rﬁt’%ﬁwt!‘i‘?fécfh?dﬁ@ewm|é@@rﬂﬁnb$3§f$mﬂ0@mludgedr8tt etaga@é¢ or

position the ghRdReoNbita§obolE7nd fvd BRg¥SaH FiRlvedid #lk ARd YTHReTBROLS
motors 602. In this embodiment, the stages 604 and 606 themselves are used to
contain the immersion fluid in the gap. For example as shown in the Figure, the
20 first stage 604 is positioned under the optical assembly 16. When it is time for the
work piece to be exchanged, the motors 602 are used to position the second
stage 606 with a second work piece adjacent the first stage 604. With the two
stages posifioned side-by-side, they substantially form a continuous surface. The
motors 602 are then used to move the two stages in unison so that the second
25  stage 604 is position under the optical assembly 16 and the first stage is no longer
under the optical assembly 16. Thus when the first work piece is moved away
from the optical assembly 16, the immersion fluid in the gap is maintained by the
second stage 606 which forms the substantially continuous surface with the first
stage. In various alternative embodiments, the second stage 606 could also be a
30 “pad’ stage that contains a pad that is used to maintain the immersion liquid in the
gap while a second work piece is being placed onto the first stage 604. Similarly,

the motor arrangement shown in either Figure 5A or 5B could be used.
Referring to Figures 6B-6E, a series of diagrams iflustrating a work piece

exchange according to one embodiment of the present invention is illustrated.
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502 and 504 are used to alternatively position one stage under the optical
assenbly 16 while a wafer exchange and alignnent is performed on the other
stage. Wien the exposure of the wafer under the optical assenbly 16 is
conplete, 30 then the two stages are swapped and t he above process is
repeated. Wth either configuration, the various enbodi nents of the
present inyenti for maiptaining i rsion fluid i he. gap_under the
ot cal asbiin §F shsvind Wals o Bl SRATTF] PROTF SIS IR RIEER. PRGN 1o
Figures 2 tRLoueh sthoe®8B i 8os@ doMiirehieRaldjdoht) widltBg Bra k20 66MAder WTh
regard the enbodi ment of Figure 2 for exanple, each 13 wafer stage SW and
SW of eittheopitagjasenily 6. BBucadDishowndimnsfdr taking pddcadies. athe pergnd3zgand a

support ne r 224. Wth, regard t.o the .enbodi nrent of Figure 3, a single
pad 326, or pgﬁlg?n%%wdgﬁﬁ%ro&%cgﬁfeé%@gg' coul d be used adj acent the

opti cals ass@amy,in Fﬁ%;rér bE, thadirs gk S0MDYVALBL &1 W%ﬂr&h&hé’o;ﬁtﬁ@ﬁhishﬁbgt Bge SW
and 5 SW2. Duringut e tine when stage SW. and SW2 are to be swapped, the

pad 326 i4s hewdibstrated i Eisurescd@pnd 6B thgdwesisiegs A% and 4% nieida 2t he

i mersion f|ui e ' 2 | j ]
enbodi rrentéocr)lﬁ hg?xr;éisr% éfagsﬁgﬂr%?gﬁékﬁgén%@f{}%@ ;I)%lgjaggir? E%g’qh{sl%lgm%?llh ghet he
time when igimgeiob\WhiditthS\a8p. B Belethbbdinssm phedy, thhisecpadistd2660Gisusmd t o
maintain the immersion fluid in_the gap 10 as iIIustrateg L‘n Figure 4B. On
the ot her Fi8%d Tdus stage BQpyskslr eould H]éogﬁé wark pages #3€a 2o ALIGI fRRVvaf er tabl e on
the wafer stage that is being exposed. In this nmanner, only a single pad

i's neeged for tihehévaiaisagemdiidntadekcibed abalel Biepall iceby mads ofie aambbed
bel ow, the second stage can_ al so be used as the pad. Referri nzﬁ to Figure

6A, a top Yshierenienaisnals, Jushigs seragrc.ImetraYrdishyl heasmawaRtsHeay #15U8% r at i ng
one emhod! Il Pin PERGH ddthRfind DFoRECS M iHBMENTHOU AL Br ARV alsolMobld iR

enbodi nent e 1 mrersion ogr aphy system 6 Irnclu irst stage 604
and secondusfidage t606ver Thearenocatpagksy the émmeyeah flnidt He the embuy di recti ons by
not ors 602.

I n.this enbodinent, the sta 04 and. 606 t hemsel ves. are used
to contai "ﬁnttoﬁémfl?ﬁé?sﬂ ﬁé APCe theruf fﬁ%e gﬁ%e ﬁ%@%@é#ﬁ{“&“g@ﬁ 8R! n t he
Fi gurggs t hgs2dhifi1638 ciisBAqy Pded i%lrﬁ%ioh'fﬁﬁ'@gnﬁﬂﬁ%[enﬁﬁﬁew%ﬁhgﬂ{e REAKM y 16.
Wien it is time for the work piece to be exchanged, the notors 602 are
used to padiatfivad mane(sgdenvdter mark").
Semiconductor wafers can be fabricated using the above described systems, by
the process shown generally in Figure 7A. In step 701 the work piece's function and
performance characteristics are designed. Next, in step 702, a mask (reticle) having a
20  pattern is designed according to the previous designing step, and in a parallel step 703 a
wafer is made from a silicon material. The mask pattern designed in step 702 is
exposed onto the wafer from step 703 in step 704 by a photolithography system
described hereinabove in accordance with the present invention. In step 705 the

semiconductor work piece is assembled (including the dicing process, bonding process

25  and packaging process), finally, the work piece is then inspected in step 706.

Figure 7B illustrates a detailed flowchart example of the above-mentioned step
704 in the case of fabricating semiconductor work pieces. In Figure 7B, in step 711
(oxidation step), the wafer surface is oxidized. In step 712 (CVD step), an insulation
film is formed on the wafer surface. In step 713 (electrode formation step), electrodes
30  are formed on the wafer by vapor deposition. In step 714 (ion implantation step), ions

are implanted in the wafer. The above mentioned steps
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stage 606 with a second work piece adjacent the first stage 604. Wth the
two stages positioned side-by-side, they substantially forma conti nuous
surface. The notors 602 are then used to nove the two stages in unison so
that the second 25 stage 604 is position under the optical assenbly 16 and
the first stage is no longer under the optical assenbly 16. Thus when the
first work piece is noved away fromthe optical assenbly 16, the imersion
fluid in the-gap is maintained by the second stage 606 which forms the
subst ant i al | y7dont 14fonshe arepercessing istaprdos wakers dainggwafer prapgpsipgsand
alternative enhodhMRse ft%%cﬁ@@g%usegﬁﬂg%ga <SaH) feclrsfefts a 30 “padt

stage that contains a pa intaln elmTerS|onI|qU|d|n
the gap while a déceach wage pplecwealies BEICRESIG. acféhfnorﬁ‘% fPRave-mestionadhge

604 Simlarlge %géﬁsn@o&&gs ﬁé@‘ﬂ@&ﬂ%&hp@f&"ﬂhé ToiRUATaEpodi eBsid: RépsoB

coul d be use ures 6B-6E, a series of diagrans
i |lustratisng @ewomlkmsméde Dugne ﬁ@ﬂg’éo%ﬁ@éﬁﬂdffﬁb in gfepdds é?ﬁ?é‘if?ﬁ'ﬁhflo”ﬁ?t'ctrhe

present | nvenklgnohsolebbiLiiEs o alfafBl0WcR. 68 shos fopaiiat pstrage 604

after exposure'I's conple Igure 6C shows the second sta 6.in

contact (or |abﬁé@rrr@mmﬁda@tjpaé@ﬁtwormwet'ﬁé*Sfiii ﬁ%tfagﬁfabf‘@ew&ulh%a%ﬁm ¥ e

optical asserpRhik ﬂe’fﬁc!e'):'tcg!a' Q\%f@D TSFIBQ\M; s@pﬁﬁﬂ‘d@@éioél%b%) Rﬁ@éﬁaoﬂed&vafert he
second stage . 606 posi tioned der tical a

in Figure 6E]S tﬂw'qneﬁsﬁn%maij%o 6&@@*%9@5}) ézﬁé%? OFffeéﬁ’?%"@S%‘H? %faq%fs&‘é@nbl y

16. As best (bidodsd rrﬁét@ﬁlall@rﬁb@%r@&eﬁ%v@ﬂ%ﬁ@tchtdge trwetestmsspiﬁﬁdteaau 606

provide a contin s.surface un & | ca 16 du%lng a

Pranstor - t hdgMA RieR iR eRaY Mbines i aRe e FEE SRR s o ne

embodi nent shown, MultiplesreoinpaitdragereGofinéshyargpadtitionstfdigese préprocadsigegnd

however, coul d ?rg%e g%g Sé%lﬁ%rk pi ece stage as noted above. 10 In the various
e b

enbodi rrents G the pad can be made of a nunber of different
material s, such a\é\/hdercfmnwaﬂlcuimﬂlmog[ﬁmtma;chl%@eshweﬁﬂdeﬂ@lqm? hereinpishe

coated w %h -Flﬂy a@[g%‘? gfaﬂ%i fﬂe%k&rts QH@@FBJ%& the ﬁ@nébé@hé’ﬁelﬁ h&oRad al so

shoul d be en to cove area o & he immersion fluid. In
t he vari ous Séﬂi%dﬁiﬁéﬂhbg Uﬂ@@éﬁop%&jﬂfa‘bé\%@rew 5§6P‘f9d%féh61pr@t3ﬁ€“¥ psfersst i cal

el ement of the,RB&GR of]tﬁ%ﬂrﬁf%ﬁm ahdl®at ﬁomrtgeqa@tdrawawd tbmﬂi@ﬂétlaﬂmof“ ui d

envi ronment, preventi ng formation of a fluid S 9 & ef
mark") . construction of design herein shown other than as descnbe in the appen e
claims.
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Sem conductor wafers can be fabricated using the above described systens,
by the process shown generally in Figure 7A. In step 701 the work piece's
function and performance characteristics are designed. Next, in step 702,
a mask (reticle) having a 20 pattern is designed according to the previous
designing step, and in a parallel step 703 a wafer is made froma silicon
material. The mask pattern designed in step 702 is exposed onto the wafer
fromstep 703 in step 704 by a photolithography system described

her ei nabove in accordance with the present invention. In step 705 the

sem conductor work piece is assenbled (including the dicing process,

bondi ng pr oces¥hatis glpimeddsiagi ng process), finally, the work piece is then
inspected in step 706. Figure 7B illustrates a detailed flowhart exanple

of the above-nenti neg ;teg. 704 in the case of fabricating sem conductor
work pi eces. In Figur & TRI0IH WHEFTAPE S(ORT U (PGROSPED] LT HERS Br surf ace
is oxidized. bubstere/iz ekVb:ssd ep) arapxpbsutatbedt, thkmpsadfarumed on the
waf er surface, In step 713 (electrode formation step), electrodes 30 are
fornmed on t he“ W& et 'Y *vapor deposition. In step 714 (ion inplantation
step), ions are inpl aptédal nmértdeemaftdre. sthet sdioy delngt egpedSttepshas 711 -
714 form the preprocessing, o ens S0r Mal grg, g, valer B gcessing ; and
selection is e at each step ac oréing to pr 6cesst ng " réquft ement's. * At
each stage ofavgdrehegreessshagypiviter] meababoaed nevet sohetratepr ocessi ng

st eps have been coqpé@ﬁé?%e$$E%Lﬂléﬁﬁ%E%s&?igﬁggﬁigﬁﬁ%gﬁ;S §Qﬁeégfgégl

i npl emented. During post-processing, first, 1ns phot or
formati on st epimehoesdesi st is applied to a wafer. Next, in step 716

(exposure step), tf?a%u@?@ﬁ’a?c‘é“é?&iéé’%ﬁggﬁﬁm%‘&%&%ﬁa@ge&e ieid“érrﬁmgwh%h

transfer the circuit pattern o (reticle) to a wafer. nin step
717 (devel opi¥y Torap)e Fhertdisosedtiafarticed genksopsée sbyaRLSt &pbYa g

(etching stepind RAkt 809k Rekerdillan He88hdual - PPALY e3lab1d0 (exposed materi al
surface) are renoved by etching. In ste hot or esi st renoval step),

. 719 (p
unnecessary photor@@?§?l?e%kﬁrﬁqﬂfﬁiﬁﬁérgé?%%Fﬁb“F?eﬂeﬁﬁvﬂﬁﬁfoﬁmnatipIe
circuit patteinsicdbentfsaeshdati@Relhkh0fhOf cd8S RRHEPT OF §331RY oABY
post - processi ng steps, Wiile the particular |ithography machines as shown
and di scl osed ditf Fe the optical member and the immerdion liquid is
maintained in a gap between the optical member and the cover

nmember.

2, The liguid immersion exposure apparatus according to
claim 1, wherein during a transition from a first state in which
the substrate table is positioned under the optical member to a
sBecend state in which the cover member is positioned under the
optical member in place of the substrate table, the immersion

liquid is present under the optical member.

3. The liquid immersion exposure apparatus according to
claim 1, further comprising a stage system configured to move the
substrate takle, wherein the cover member is positioned under the

optical member by using the stage system.

4. The liquid immersion exposure apparatus according to
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15 fully capabl e of obtaining the objects and providi ng the advant ages
herein before stated, it is to be understood that it is nerely
illustrative of the presently preferred enbodinments of the invention and
that no limtations are intended to the details of construction or design
herein shown other than as described in the appended clains. 16 What is
claimed is: 1. Aliquid immersion exposure apparatus in which a substrate
is exposed to an exposure beam the apparatus conprising: an optical
menber, the substrate being exposed to the exposure beamvia the optical
menber and an inmmersion liquid in a gap between the optical nmenber and the
substrate; a cover nenber which is positionable opposite to the opti cal
menber; and a su e i substrate i el d and which is
novabl e rel ati vegéSL %{’?Eéwgg?%%aﬁ%n}éﬁ%ﬁﬁé t %er %s%%rs(fvrladte d at%a%]aeStaéqﬁdﬁ 3%Aﬁ,fnlgmcover
menber being relatively novabl e, wherein the substrate table is noved to

performa predetern sedrepeiati ®naes; dhexcoyele BBFPE S 1005 digned
mer si on | d mai ntained in a

opposite to the optical wrgenberdand the i iquidis
gap between the Gptical “NEAbEt “ARtP% hR® £5GRF HigBnifde, corermhrmigrgidithe
i mrer si on exposuPeHpphe diakd cagcomdivag, tihilel ahencbyewhemeien audivig a

transition fromayfdeh-gte State L0 WAL trate table is positioned
under the opti cal ﬁéﬁbe? to a secoh%ggpégg ?%BaﬁFgﬁrthe cover nmenber is

posi tioned under the optical nenber in place. of the substrate table, the
imersion liquid is @reasentiqndeswhdssiQnt bedsuPRMOG araBus ThE:drliqml o

I nmer si on expos . ar.at us_accardi 0
p lﬁf%lgp@ LhBEELH ué%ng {ﬁ% Eransition, the cover member and the
substrate table form a substantially continuous surface, and
wherein the immersion liquid is retained in a gap between the

optical member and the continucus surface.

7. The liquid immersion exposure apparatus according to
c¢laim 6, wherein positional relation between a surface of the
substrate table and a surface of the cover member is adjusted for

the transition.

8. The liguid immersion exposure apparatus according to
claim 7, wherein tilt of the substrate table is adjusted to forn

the continuous surface.

9. The liquid immersion exposure apparatus according to
claim 7, wherein the adjustment is performed before the cover
member is positioned under the optical member in place of the

substrate table.

1C. The liquid immersion exposure apparatus according to
claim 5, wherein positicnal relation between a surface of the
substrate table and a surface of the cover member is adjusted for

the transition.
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claim1l1, further conprising a stage systemconfigured to nove the
substrate table, wherein the cover nenber is positioned under the optical
menber by using the stage system 4. The liquid i mrersion exposure
apparatus according to 17 claim 3, wherein the cover nenber is provided at
the stage system 5. The liquid inmersion exposure apparatus according to
claim wherein during the transition, the cover nenber and the substrate

tabl e are noved, \/\/qlhj] e rI.he cover, nenber. and the substrate table are
adj acent to each other. & “HAEM e Sithet S SHIEx poREFE HppaFarding to

according to cthanndg Merelm e kngttde theaBsbht Phe ttﬁ%lgoygramg@%_ and
the substrate table forma substantially continuous surface, and erein
the immersion liquid is retained in a gap between the optical nenber and

the continuous surfldceThd.1iFhed LauessidMekpbeire xR udPPEA; Mg to
according to F%g{?@ wher el n osi,tional relation between a surface of the
e and a

substrate tab R PRSI hSnBRTLeanesipasPEe ther cover
transition. 8remwr llisquibdithonerdiuneeX PHS Usk: BRIamails r ags G IdiR0 ok Opngl ai m
7, wherein ti#b%‘rattgetggpgtrate table is adjusted to form the continuous
surface. 9. The liquid inmmersi on exposure apparatus according to claim?7,
“wherein the adjustnent is perfornmed before the cover nenber is positioned
under the opti cal mbgy, i .ac f the substrate table. 10. The liquid
i mer si on exposur eH'Tgfopareatlggeggc%rﬁglOfloexﬁ?%lil‘?ﬁ FPRIHEFBF MO R niad

rel ati on bet vfﬁéﬁtﬂh?guwlﬁ%m%imfﬂteh@ovsubm:Mne drablceeands @t sivef agp16fatde
cover nmenber JfRAh¥SEEALLA RS Lians] téa%r!.

14. The liquid immersion exposure apparatus according to
claim 2, further comprising a stage system configured to move the

substrate table, and a moving system confiqured to move the cover
menber.

15. The liquid immersion exposure apparatus according
to claim 2, wherein the cover member is positioned away from
the substrate table during exposure of the substrate on the

substrate table,

16, The liquid immersion exposure apparatus according
to claim 14 or 15, wherein during the transition, the cover
member and the substrate table are moved, while the cover

member and the substrate table are adjacent to each other,
17. The liguid immersion exposure apparatus according

to claim 16, wherein the cover member and the substrate table

are moved synchronously.
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18 11. The liquid i mersion exposure apparatus according to claim 10,
wherein the tilt of the substrate table is adjusted. 12. The liquid

i mrer si on exposure apparatus according to claim 10, wherein the adjustnent
is perforned before the cover nenber is positioned under the optical

menber in place of the substrate table. 13. The liquid inmersion exposure
apparatus according to claimb5, wherein the cover nenber and the substrate
table are adjacent to each other with a gap. 14. The liquid imersion
exposure apparatus according to claim?2, further conprising a stage system
configured to nove the substrate table, and a noving systemconfigured to
nove the cover nemerThd51:idhed | igue s idATeeSHasuEX POShH & tappad afotsling
accordi ng to, cl al m 2, n.the cover_.nenber .positioned a Fﬂ%rom
e substr at o°F abt UG g ERBaLURREEHS  HEE Suterii BRont bReT et

table. 16. Thendii qiied bnbersiien expmsurﬁbnapparaﬁmmsﬁﬂnnjmdupg cdraiaaim 14

or 15, wherei ng th tranS|t| n, the cover nd t he ubstrate
table are nnvg 3 i I¥ﬁe cover' 1%%nﬁgwmr5509h lgubst%at Fab?é§a re

adj acent to ea@m hﬁﬂu@en tHe dieddlqoedbemerdior exposun@iapparates
according to claim 16, wherein the cover nmenber and the substrate table
are noved synchronously. 19 18. The liquid i mrersion exposure apparatus
according to claih¥l6Thavhéreiid dimmens idre ¢xpormidd orppadded ucoearcorerher

and the substyateg tigbl % f%é@:@lé;& H%”Ehgi'XePaQJ‘itJn”%%'d%eeﬁua(fsaacr%ac@r‘gf
wherein the i nmersion urd i1s retained 1n a
the substrate table and a surface of the cover member 1is

adjusted for the transition.

20. The liquid immersion exposure apparatus according
te claim 19, wherein tilt of the substrate table is adjusted

to form the continucus surface,

21. The liquid immersion exposure apparatus according
to claim 19, wherein the adjustment is performed before the
cover member 1s positioned under the optical member in place

0f the substrate table.

22. The ligquid immersion exposure apparatus according
to claim 16, wherein positional relaticon between a surface of
the substrate table and a surface of the cover member 1is

adjusted for the transition.

23. The liquid immersion exposure apparatus according

to claim 22, wherein tilt of the substrate table is adjusted.

24. The ligquid immersicn exposure apparatus according
to claim 22, wherein the adjustment is performed before the
cover member is positioned under the coptical member in place

of the substrate table.
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gap between the optical nenber and the continuous surface. 19. The liquid

i mrer si on exposure apparatus according to claim 18, wherein positional

rel ati on between a surface of the substrate table and a surface of the
cover nenber is adjusted for the transition. 20. The liquid inmersion
exposure apparatus according to claim19, wherein tilt of the substrate
table is adjusted to formthe continuous surface. 21. The liquid i mersion
exposure apparatus according to claim19, wherein the adjustnent is
performed before the cover nenber is positioned under the optical nenber
in place of the substrate table. 22. The |iquid i nmersion exposure

apparat us accordi ngs, tgheCl 8 quilh, ishergion posiddgralagl-atihen deetwaeny a
surface of the substrate table and a surface of the cover nmenber is
adj usted for theStdihstti BRCrST e PFef P I ISAsioBF "akpoR ur B BT at us

according tos A2 2exvheifl Rpkirhtieh. the substrate table is adjusted.
24. The liquid inmersion exposure apparatus according to claim22, wherein

the adjustnent is performed before the cover nenber is positioned under
the optical nenberzdén peace: quafd tihenesubshr alx@okabkeme2Ro@5acdbedingutd

I mrer si on exposur e apparatus accordin to claim?2, wherein the .
predeterninedﬂﬁﬁgYéFPoWWGﬁSFHdQBI%Pgs%b%f?%ﬁ%?%&hﬁ%ﬁ@eaoﬁéfﬁ%iSHét%G?nThe
i quid i mersifirrexfesusebieided aaoer di igpbeit Cbdddn Abdemhenei ppdicing a

transition froma first state i whi ch the substrate table i s positioned
under the optTCHT mERbet fSC%ngeéﬁﬁaesthevﬁﬂjﬁhi% etﬁgvgﬁvé%mﬁﬁﬁbe%sis

positioned under the optical member in place of the substrate
table, the immersion liquid is present under the optical

member.

27. The ligquid immersion exposure apparatus according
tc claim 26, wherein during the transition, the cover member
and the substrate table are moved, while the cover member and

the substrate table are adjacent to each other.

28. The liguid immersion exposure apparatus according
to claim 27, wherein the cover member and the substrate table

are adiacent to each other with a gap.

29. The liguid immersion exposure apparatus according
to c¢laim 27, wherein the cover member and the substrate table

are moved synchronously.

30. The liguid immersion exposure apparatus according
to ¢laim 27, wherein during the transition, the cover member
and the substrate table form a substantially continuous
surface, and wherein the immersion ligquid is retained in &

gap between the optical member and the continuous surface.

31. The liguid immersion exposure apparatus according

to ¢laim 30, wherein positional relation between a surface of
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positi oned under the optical nenber in place of the substrate table, the
imrersion liquid is present under the optical nenber. 27. The liquid

i mrer si on exposure apparatus according to claim26, wherein during the
transition, the cover nenber and the substrate table are noved, while the
cover nenber and the substrate table are adjacent to each other. 28. The
| iquid i mmersion exposure apparatus according to claim27, wherein the
cover nmenber and the substrate table are adjacent to each other with a
gap. 29. The liquid inrersion exposure apparatus according to claim27,

wherein the cover nenber and the substrate table_ are noved zﬁn hronously
30. The |iquitds nisiGcexiptdr e Hppar 265288 cOFdiTYy T erﬂ%? -5

wherein duri ngystiechr apsi dioOnrahBereover nenber and the substrate tabl e
forma substantlally continuous surface, and wherein the imersion |iquid
is retained in a gap between the optical nenber and the conti nuous

surface. 31. The lifuihe NMBLSION @XNASYRE Eﬁ@ﬂ)&l&&bu&ap@QQEds ngccbodtha@i m
30, wherein positional relatlon bet ween a_ surface of Qﬁb he su str€
H? AST i On.

tabl e and a Sut faéd™ofly hBhebvEt Werbé&r it8e SHPEETRY 1 hé 5t 7

32. The |iquitd is¥FRr sheNcaxPosw:e appadadi.us according to claim 31, wherein

tilt of the substrate table is adjusted to formthe continuous surface.

33. The liquid inmersion exposure apparatus according to claim31l, wherein

the adj ustnent is perfoemedt gfior anridie i caoweipdrrrberadms rposk t iaocnedd imader

the optical nEnQSﬂauJ]§¥ ac %erelntgges Qﬁﬁééﬁé%éégg performed before the
cover member is positioned under the optical member in place

of the substrate table.

34. The liquid immersion exposure apparatus according
to claim 27, wherein positional relation between a surface of
the substrate table and a surface of the cover member 1s

adjusted for the transition.

35. The liquid immersion exposure apparatus according

to claim 34, wherein tilt of the substrate table is adjusted.

36. The liguid immersion exposure apparatus according
to claim 34, wherein the adjustment is performed before the
cover member is positioned under the optical member in place

of the substrate table.

37. The liquid immersion exposure apparatus according
to claim 27, further comprising an alignment system disposed
away from the optical member in a direction, wherein the
cover member and the substrate table are adjacent to each

cther.

38. The liguid immersion exposure apparatus according

to c¢laim 37, wherein the cover member 1s positioned
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34. The liquid inmrersion exposure apparatus according to claim27, wherein
positional relation between a surface of the substrate table and a surface
of the cover nenber is adjusted for the transition. 35. The liquid

i mrer si on exposure apparatus according to claim 34, wherein tilt of the
substrate table is adjusted. 36. The liquid inmersion exposure apparatus
according to claim 34, wherein the adjustnent is perforned before the

cover nmenber is positioned under the optical nenber in place of the
substrate table. 37. The liquid i mersion exposure apparatus according to

claim 27, further conprising an alignnent system di sposed away fromthe
optical menbeéMbERaatERHEEt FBbn 2PWEHEEH tehe {90 hembér P aMEthe® %tUbst rat e

table are adjae@ntetPe€ach tOhelihsB8atelheolieqihghiddmeles eapoexposur e
apparatus according to claim37, wherein the cover nenber is positioned

22 substantially at an opposite side of the alignnent system wth respect
to the substrate tmhl enduriingitbhei expesuhe.expBsufae apbgubtus mrecsiding
exposure apparatus,_according to claimZ27, wherein the gugftra %StaQLg has
no interferdfetef M Prof at &G G herdof , SHRTIHE coVeP frenbel '8
| ocat ed adj agenkrierthe-si darebrt be subsida athertabl eandlOcheThevei quéeber

i nmer si on exposEre aggg%gius accordﬁnqﬁé&poglgkn1%ﬂie@g re%nbige substrate
tabl e has an *Si nP&fF &P FPorMat siPde “tReteot-"and the Cover nenber
i s disposed adjacent to the side of the substrate table, and wherein an
I nterferometer be%ﬁl'%h%'H%%ﬁgdt%m%%%%qo%h%xﬁogﬁ%éf%%%g§g€£sn%%&8£ding
to claim 27, wherein the substrate table has an
interferometer mirror at a side thereof and the cover member
is disposed adjacent to the side of the substrate table, and
wherein an interferometer beam is allowed to reach the

interferometer mirror.

41. The liquid immersion exposure apparatus according
to claim 27, wherein the immersion liquid is prevented from
leaking into a gap between the substrate table and the cover

member.

42. The liquid immersion exposure apparatus according
to claim 41, wherein the leakage of the immersion ligquid is

prevented by using gas pressure.

43. The liquid immersion exposure apparatus according
to claim 25, wherein the substrate includes a wafer which is

exposed to the exposure beam.
44. The liguid immersion exposure apparatus according

to claim 25, further comprising a liquid system configured to

supply the immersicn liqui
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41. The liquid i mersion exposure apparatus according to claim27, wherein
the inmmersion liquid is prevented from |eaking into a gap between the
substrate table and the cover nenber. 42. The |iquid i mmersion exposure
apparatus according to claim4l, wherein the | eakage of the inmersion
liquid is prevented by using gas pressure. 43. The liquid i mrersion
exposure apparatus according to claim?25, wherein the substrate includes a
waf er which is exposed to the exposure beam 44. The liquid i mrersion
exposure apparatus according to claim?25, further conprising a liquid
system configured to supply the imersion liquid. 23 45. The liquid

i nrer si on exposurQ“gp@%rapyﬁﬁﬁgcqﬁgkﬂglohoeg&@%gké3@ppgggghg hb@ofdiﬂgd
systemis configured to recover the imersion |iquid. 46. The |

i mer si on exposufkadppdpat uieacésr dity LEgUET aitHPLST Wﬁbr%ﬁ%ﬁ¥Wéego¢éf

menber is naq%cg@egnghgfIﬁﬂﬁﬁlgglhg g materials: plastic, netal and
ceramc. 47. l'iquid i mersion exposure nethod in which a substrate is

exposed to an exposure beam the nmethod conprising: providing the

substrate, which ig hehd on@igsubstdratient abl@sueppegbheatos aﬁc@@idiﬁag‘
nmenber; exposing the substrate to an exposure beam via the t|c$ menber

and an i mer Si%FYEURE | HhargHh Bt vestEt Rerosht iéal2AgnBEr © hg'e
substrate; pl@ahogidqCovel-inBrber) oppos etl:o hhe optdrcal. menber to keep

the imersion liquid between the opti cal
47. A liguid immersion exposure method 1ia which a

substrate is exposed to an exposure beam, the method
comprising:

providing the substrate, which is held on a
substrate table, opposite to an optical member;

exposing the substrate to an exposure beam via the
opﬁical member and an immersion liguid in a gap between the
optical member and the substrate;

placing a cover member opposite to the optical
member to keep the immersion liguid between the optical
member and the cover member, and

moving the substrate table to perform a
predetermined operation when the cover member is positioned

opposite to the optical member.

48. The liguid immersion exposure method according to
claim 47, wherein the predetermined operation includes a

substrate exchange operation.

£49. The 1liquid immersion exposure method according to
claim 48, wherein during a transition from a first state in
which the substrate table is positicned under the optical
member to a second state in which the cover member 1is
positioned under the optical member in place of the substrate
table, the immersion ligquid is present under the optical

member.
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menber and the cover nenber, and noving the substrate table to performa
predeterm ned operation when the cover nenber is positioned opposite to
the optical nmenber. 48. The liquid i nmersion exposure nethod according to
claim47, wherein the predeterm ned operation includes a substrate
exchange operation. 49. The liquid inmersion exposure nethod according to
claim48, wherein during a transition froma first state in which the
substrate table is positioned under the optical nenber to a second state
in which the cover nenber is positioned under the optical nenber in place
of the substrate table, the immersion liquid is present under the optical
menber. 24 50. The liquid i nmersion exposure nethod according to claimA49,
further conprisin during the transition, noving the cover r and the
substrate table |?r50a Sgt e i ifhiiEMeTEREN c GFEP S HERDBRCRRY RECK C{ngggt riat e

table are adjagent 499 @aGhneot Bekpr ddingihesd diguy otnennﬁra&ls@mexpoawmgmt hod
according to cIa|n149 wherein the substrate table is noved ¥
’HeW]i”r%gl d

system and tHé€ CEVEF ReRber 3% e dUBY CA% HOVEHY Syt émS i85

i mrer si on expesukeviet hothaceekdiRg tobs€taidNt48) e Waes eddy ddea tCovesactenber

is positioned away from the substrate table during exposure of the

substrate on A"W&T substrate table. 53. The |iquid i nmersion exposure nethod

according to any one of clains 50 to 52, wherein the cover nenber and the

substrate table aﬁf.”%%%djiﬁﬂigr?28%§2¥on exposure method according to
claim 49, wherein the substrate table is moved by a stage

system, and the cover member is moved by a moving system.

52. The liquid immersion exposure method according to
claim 49, wherein the cover member is positioned away from
the substrate table during exposure of the substrate on the

substrate table.

53, The liquid immersion exposure method according to
any one of claims 50 to 52, wherein the cover member and the

substrate table are moved synchronously.

54. The liquid immersion exposure method according to
any one of claims 50 to 52, wherein during the transition,
the cover member and the substrate table form a substantially
continuous surface and the immersion liquid is retained in a

gap between the optical member and the continuous surface.

55. The liquid immersion exposure method according to
claim 54, further comprising adjusting a positional relation
between a surface of the substrate table and a surface of the

cover member for the transition.

6. The liquid immersion exposure method according to
claim 55, wherein tilt of the substrate table is adjusted to

form the continuous surface.

25



54. The liquid inrersion exposure nethod according to any one of clainms 50
to 52, wherein during the transition, the cover nenber and the substrate
table forma substantially continuous surface and the inmmersion liquidis
retained in a gap between the optical nenber and the continuous surface.
55. The liquid inmersion exposure nethod according to claimb54, further
conprising adjusting a positional relation between a surface of the
substrate table and a surface of the cover nenber for the transition. 56.
The liquid i mersion exposure nethod according to claimb55, wherein tilt
of the substrate table is adjusted to formthe continuous surface. 25 57.
The liquid i mrersion exposure nethod according to claimb55, wherein the
adjustnment is performed before the cover nmenber is positioned under the
optical nenber in pladde ofiqHe sapsrsaps capreursgnethed | pee?eFiNretsi on

exposure nEtnﬁ%i§P09§piQQeLQina@KeOQQU%EtﬁEﬁEnﬁjﬁopéﬁf5¥%e&ME%fﬂﬂé the
positional relation between a surface of the substrate table and a surface

of the covercavEFhEETPST adlp uRe Bk fomedt RECEF ahBF t PR CH9 MeFRET| FHuPHACce

i mrer si on expasure oBthedace@rding to claimb58, wherein tilt of the
substrate table is adjusted. 60. The liquid immersion exposure nethod

according to claim58, wherein the adjustnent is perforned before the
cover nenber is posdtired upder i@ r8pbhCakpBBIBer nkbhh agecondiddeto
substrate table. 61. The liquid imersion exposure nethod according.to any
one of clai M0 PBR52F feddier ednpi sthy ﬁ$86%h?iﬁ@sﬁﬁéon?%néFg?ghcqiquid

from | eaki ng yath@ed gapubeioeer the substrate table and a surface of the

cover member is adjusted for the transition.

59. The ligquid immersion exposure method according to

claim 58, wherein tilt of the substrate table is adjusted.

60. The 1iiquid immersion exposure method accord;ng Lo
claim 58, wherein the adjustment is performed before the
cover member is positioned under the optical member in place

of the substrate table,.

61. The liguid immersion exposure method according to
any one of c¢laims 50 to 52, further comprising preventing the
immersion ligquid from leaking into a gap between the

substrate table and the cover member.

62. The liquid immersion exposure method according to
claim 61, wherein the leakage of the immersion liquid is

prevented by using gas pressure.

63. The liguid immersion exposure method according to
claim 48, wherein the substrate includes a wafer which is
exposed to the exposure beam via the optical member and the

immersion liquid.
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substrate table and the cover nenber. 62. The liquid i mrersi on exposure

nmet hod according to claim6l, wherein the | eakage of the imersion |iquid
is prevented by using gas pressure. 63. The liquid inmersion exposure

met hod according to claim48, wherein the substrate includes a wafer which
is exposed to the exposure beamvia the optical nenber and the inmersion
liquid. 26 64. A device manufacturing nmethod conprising: providing the
substrate, which is held on a substrate table, opposite to an opti cal
menber; exposing the substrate to an exposure beamvia the optical nenber
and an imrersion liquid in a gap between the optical nenber and the

substrate; placi ngs@ GOVWRFiREMRSL, ORRSIHLE LhOcide QRbi¢alngmenber to keep
the imersion liquid between the optical “nenber and the cover nenber; and

novi ng the substrate tESIVédEsIperhdr nfebspraddet erhilfBd oper AE1On When®t he

cover nenber §500siti 0net, oppesite t9 idheppthtahempaer. 65. The device
manuf acturing nmethod according to claim 64, wherein the predeterniggg

operation includes a SUpSEiafethexeHahye Gheratd b *RE6 I ThECHB VY L2

manuf act uri ng,JBtRad rageer dbRg LR Chad iHD,1 Wiekeiin durgapgvatleansthé on
froma first state in which the substrate table is positioned under the
optical menbe&PtiFalameBedndiist &8 FRPFHIEIFt he cover nenber is positioned

under the optical nerfderihg pi acevet thewsibsbppbeidabke, tihe opbmessi on
liquid is present under the optical nmenper. . . .
member to keep he Immersion liguid between the optical
member and the cover member; and
moving the substrate table to perform a
predetermined cperation when the cover member is positioned

opposite to the optical member.

65. The device manufacturing method according to claim
64, wherein the predetermined operation includes a substrate

exchange operation.

66. The device manufacturing method according to claim
65, wherein during a transition from a first state in which
the substrate table is positioned under the optical member to
a second state in which the cover member is positioned under
the optical member in place of the substrate table, the

immersicn liquid is present under the optical member.

67. The device manufacturing method according to claim
66, further comprising, during the transition, moving the
cover member and the substrate table in a state in which the
cover member and the substrate table are adjacent to each

other.
68. The device manufacturing method according to claim

66, wherein the substrate table is moved by a stage system,

and the cover member is moved by a moving system.
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67. The devi ce manufacturing nethod according to claim 66, further
conprising, during the transition, noving the cover nenber and the
substrate table in a state in which the cover nenber and the substrate
table are adjacent to each other. 68. The device manufacturing nethod
according to claim 66, wherein the substrate table is noved by a stage
system and the cover nenber is noved by a noving system 27 69. The

devi ce manufacturing nethod according to claim 66, wherein the cover
menber is positioned away fromthe substrate table during exposure of the
substrate on the substrate table. 70. The devi ce manufacturing method

according to any @negf. ¢.3LPE QZnEPaggnnﬁﬁﬁ%%k%ohh%c@QY@fn@Eﬂ@eélﬁﬂﬂ the
substrate table are noved synchronousl The devi ce manuf acturi ng

met hod accor ditng ¥epkaiy Gre 6PVl alAEPEY ﬂé 695 Werefn ayawi g fhetle

transition, thes.cover vmherqand d he.subsid abe tapl eslesmacsubst amd al ly
continuous surface and the imersion li1quid is retained in a gap between

the optical rWsérabadtahie continuous surface. 72. The devi ce manufacturing
met hod according to any one of clainms 67 to 69, wherein positional
rel ati on between a surface of the substrate table and a sgrface of the

cover menber is ad]-usted 401 Che"ITHTSHFORY FEE e AN EL  Prartlf attlr i ng

met hod accordiRg ¢© elaidp 42, cwhenei nydddeti noft Hehecsudistiate it able tise
adjusted. 74. The device manufacturing nethod according to claim 72,
wherein the éﬂFﬁ§Fﬁ%ﬁtt@%“%é%FoPﬁ%ﬂdHEFE?EOPHBS&%ver menber i s positioned

under the optical nenber in place of the
71. The device manufacturing method according to any
one of claims 67 to 69, wherein during the transition, the
cover member and the substrate table form & substantially
continuous surface and the immersion liguid is retained in a

gap between the optical member and the continuous surface.

72. The device manufacturing method according to any
one of claims 67 to 6%, wherein positional relation between a
surface of the substrate table and a surface of the cover

member is adjusted for the transition.

73. The device manufacturing method according to claim

72, wherein tilt of the substrate table is adjusted.

74. The device manufacturing method according to claim
72, wherein the adjustment is performed Defore the cover
menber is positioned under the optical member in place of the

substrate table.

75. The device manufacturing method according to any
one of claims 67 toc 69, further comprising preventing the
immersion liquid from leaking into a gap Dbetween the

substrate table and the cover member.
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substrate table. 75. The device manufacturing nethod according to any one
of clains 67 to 69, further conprising preventing the imersion liquid
fromleaking into a gap between the substrate table and the cover nenber.
28 76. The devi ce manufacturing nmethod according to claim 75, wherein the
| eakage of the imersion liquid is prevented by using gas pressure. 77.
The devi ce manufacturing nmethod according to claim 65, wherein the
substrate includes a wafer which is exposed to the exposure beamvia
optical nenber and the imersion |liquid. 29
7¢. The device manufacturing method according to claim
75, wherein the leakage of the immersion liguid is prevented

by using gas pressure.

77. The device manufacturing method according to claim
65, wherein the substrate includes a wafer which is exposed
to the exposure beam via optical member and the immersion

liquid.
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