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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. BACKGROUNG- 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 inage defined by the reticle
is projected by the optical assenbly onto the wafer. The projected i mage
is typically she size of one or nore die on the wafer. After an exposure,
the wafer stage assenbly noves the wafer and anot her exposure takes pace.
This process is 1 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 |lithography systens utilize a layer of inmmersion fluid that
conpletely fills a gap between the optical assenbly and the wafer during
the 5 exposure of el i~C } f } i fluid,
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RELATED APPLICATIONS

This application claims priority on Provisional Application Serial No.
20 60/452,499 filed an Aptil 11, 2003 and enfitled "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 typical
lithography system includes an optical assembly, a reticle stage for holding a
reticle defining a pattern, a wafer stage assembly that positions a semiconductor
30 wafer, and a measurement system that precisely monitors the position of the
reficle and the wafer. During operation, an image defined by the reticle is
projectad by the oplical assembly onto the wafer. The prejected image is typically
the size of one or more die oh 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 i mersion systens, the immersion fluid
woul d be renmpved fromthe gap and then replenished after the wafer is
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off, the fluid is removed from the gap (i.e., by vacuum), 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 fluid. 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
probiematic 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 fiuid. Bubbles and the unsteady fluid may interfere with the
projection of the image on the reticie 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 fluid in the gap
adjacent the projection lens in a lithography machine is disclosed. The apparatus



5 of the work piece is conplete, an exchange systemrenoves the wort: piece
and replaces it with a second work piece. An imersion fluid systemis
provided to maintain the inmersion fluid in the gap when the work piece
tabl e 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
an illustrati gy RfrRR ihdibdRHPHIKaMBREBHRS E'@r#bﬂr@df@%tréjéﬁsarpamég@eont@'éesent

invention; 15 Figure 2 is a cross section of an imersion |ithography
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Fi gure 7A i s imnfdrgon Dhantet tretfirguidrk pese & repRces with akecomfvatipigceng a wor k
piece in fAccor dance with the present invention; and Figure 7B is a flow

chart that outlines work piece processing in nore detail. 30 Like
reference nunbers refer tBRIGKEEBCRIFTHON OB THEEDBAWMGEs. 3 DESCRI PTI ON
Figure 1 is a schematic illustration of a |ithography machi ne 10 havi ng

features of the present invention. The |ithography nmachine 10 includes a
frane 5 12, an i FiBuigi higtdrolussagor ef a4 lifography andcbimedpyingafieatiyes efithept i cal

assenbl y 16, pfesent invention;
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 6A is a top 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 oullines a process for manufacturing a work
piece in accordance with the present invention; and
Figure 7B is a flow chart that outlines work 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 phanton). Hedabhesgaphy machine 10 nounts to a
nmounting base 32, e.g., the ground, Ta"base, or floor or some other
supporting structure. 15 In various enbodi nents of the invention, the
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per pendi cul arhguntiog tase @@t egal thergreursf at h@sa;)pirlfbar ocass@rbitierldipportinhat t he
next field q&,tde Wafer 30 is brought into position relative to the
optical assenbly 16 and the reticle 28 for osure. Following this
process, the i mag@svasiqus ﬁ@bPéWQE'F%OfZ@eaF“é‘B“U@@qE@ritthcwlfﬁirghyeﬁﬁﬁsfw1@@@@ t he
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synchronously. in a scanning type lithographic machine, the reticle 28 is moved
perpendiculanly to an optical axis of the optical assembly 16 by the reticle stage
20 assembly 18 and the wafer 30 is moved perpendicularly to the optical axis of the
optical 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
synchronousiy.
Alternatively, 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 oplical 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 perpendicuiarly 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 far exposure. Following this process, the images on the retficle 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
nanufacturing a thin filmmagnetic head. Accordingly, the term "work
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one of the sides o he apparatus frane 12 and the energy beam fromthe
illum nation sour a'éegapnagatm rfeseed 2t supiisolsethieheomparicnitse oftthgditaspaptyl y 18
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i mage i1l um '}ﬁ‘rta%%ﬂon) of light energy. The ilumination optical assembly 36 guides the beam
of light energy from the illumination 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 ilustrated as being supported
above the reticle 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 illumination source 34 is directed to above the reticle stage assembly 18
with the iltlumination optical assembly 36.

25 The illumination source 34 can be a g-line source (436 nm), an i-line source
(365 nm), a KrF excimer laser (248 nm), an ArF excimer laser (193 nm) or a 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 reticle 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 also 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 1 x or greater magnification system
5 Also, with an exposure work piece that enploys vacuum ultra-viol et

radi ati on (VU~ of wavel ength 200 nm or |ower, use of the catadioptric type
optical system can be considered. Exanples of the catadioptric type of
optical system include the disclosure Japan Patent Application D sclosure
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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 reticle stage
assembly 18 includes a reticle stage 38 that retains 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 respective 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 ufilizing 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
5,623,853 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 coif notors, |inear
nmotors utilizing a Lorentz force to generate drive force, electromagnetic
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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(substrat st age rmtl on can be mechanicar to the floor
(ground) by use oﬂ\ﬂcwemeah@ thealpaes 2 derssibed b\édva gergsitPatepntiorNpreesGhat

5,528, 100 an sheds t d‘ﬁ@ﬂ:’ scl
5136475, Ad Lo iﬁ@&?ﬁigﬁﬁnﬁ%ﬁé‘%& R e R O
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reticle 28 an rﬁéﬁ%@%an MRS I e ok ground%zby use of a frame member as

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 reficle 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 multiple 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 control system 24 can control the operation
of the components of the environmental system 26. The confro! system 24 can

inciude 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 interferoneters, encoders, mrrors, and/or other

measuring devi ces. Th-@”'@n‘ﬁmwe@ial w&%&%@%&m VRS ehfcRFiZRE 10D beembhe
nmeasur enent system 30 22 and contro S nover assenblles 18, 20 to
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envi r onnent can be anot ty ui d varl ous
enbodi nent s,. heih 6h’aé‘yfof:' acq Pbmeowaf@maooaqd)thﬁ ||aﬁ’f OM@ﬁbHﬁmﬁé’t gkt t op

surface of t tiwfa%erﬁ&yaBd the | ast optical elenent of the optical
assenbly 16. 15 In one enbodi nent, the environnental system 26 fills the
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different embodiments, the environmental system 26 delivers and/or mjects

) 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 fiuid at one or more locations at or near the gap.

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

immersion fiuid at cne or more locations at or near the work piece 30, the gap

25 and/or the edge of the optical assembly 16. For additional details on various

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

“‘immersion 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 entitied “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



imrersion 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
assi st in renoving and/or scavenging the immersion fluid at one or nore

| ocations at Ml @a@amggmevy%ear%oa sﬁer@% &%@m%ﬁ, Sf-ar ankiaee&Qgﬁaf&f the

or additional detail’s.on various environnent
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embodi ment of t he §resengq%[|r)wen ign.is shown, The I|tho raé § machi ne 200
8 includes a Bft7eape 584 FRIETENF GoiONRd IR [Rmpyey theawaleh 208 i9icinGdes a
waf er tabl e 28ir @bt m}-avmﬁemplamagwuta&esecamwfmwreWhBa@tygucamAadcan@maﬂeugur_ed |
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wor k pi ece exchan
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with a second wafer. This Is t%/pl ca acconplis usin
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Subsequent |y, tﬁéﬁﬁﬁﬁﬁaﬁt wafian obiél cRRMEbT the dpiasedsanbl 1%%nwgmferchuck

218, aligned usin nment_ t ool 220, and then positioned under the
opti cal asseﬁf’ﬁ g_% 'giﬁe ensiondiuid cagit %nrgegft 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 gap (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 optical
assembly 16 in place of the wafer table 204, maintaining the fluid in the gap or
maintaining the size of the fluid gap. After the new wafer has been aligned, the
wafer stage is moved back to its original position so that the pad 222 is removed
3¢ from the gap as the second wafer is positioned under the optical assembly 16. In
various embodiments, the pad 222 is disposed continuously adjacent the wafer
table 204 with no gap. Vertical position and/or {itt of the wafer table 204 can be
adjusted so that the wafer table surface is coplanar with the pad surface, before
the wafer table 204 is moved out from under the optical 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 nnent system 214

includes a pad 222 that is adjacent the wafer table 204. A support nenber

224, provided between th pad 222 and the wafer stage 206, is used to
suppor t thg(f%afalmﬁwme%ﬁ&r@m pPichbteapbiperppiical aspeieblydpds netinEed Suni ch
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direction of arrow 226 so that the pad 222 i's positioned under the optical

assenbl y 18eiupppt actcopf thisevalerftable28H! e 204, maintaining the fluid in the
gap or maintaining the size of the fluid gap. After the new wafer has been
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the pad 222 is renoved 30 fromthe gap as the second wafer is positioned
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t he presemntonfigured to removegthe F\)Na>t/"er 308 on the wafer table%04 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 320, 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

10



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

supply and {f&ROMR Y@’E%E%r@%sfdguﬂhg miokér B3P WhidAEis Q;%Qtr&?éd"\%e@aetd%ﬁtr@ﬁ:f}%fem 308
and the | ower nost optical elenent of the optical assentily 16. A work piece
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flat upper 30 surface which is cog@anar with a surface of 'the wafer 308.
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optical asSBfripiertoHaM ‘%ql?éal%F@rSY’@t&m &2 tws rpdatainggthe imgreagen 398 315 anay
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tabl e 304 noves a e opt | asse
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
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312. In the change operation,
waf er tabl e 30ieqfipet plewpedPiso® wideh the awplical asembbt ﬂ\ﬁxerﬁm W@V‘\Fmr@ﬁm‘ta!abl e
304 and the I I

S s B T S o e RSB

assenbly 16 npves and t
i mer si on fl uiimesiendiuthéih? figysthenganhetveas thaiwafei 428 aneé thentayyesi wast | ui d

312 fromg heo;%e: @l%bﬁ&%%ﬁé @ﬁuﬁ%ﬁ%@ﬂ% 14 NalDbR RIRAGLRRYe o bR, Yaser

table 304 (the wafer stage pad 326 are novabl e separately
Therefore, thBCiHaINg@ valBr Badeyoifs %‘dn%\/a'!ﬂr@“qr}té%qlﬂzﬂﬁﬁlcé“@%@q fenemaven 1 ui d

312 is mai nt ajhpahféiudsien fﬁ@@@e@ertt%ié\ﬂ@@ afl réﬂiléoé)ﬁ%t%?sﬁse%ﬂﬂd Lheroptdical
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waf er table saptltacaesersblgdﬁlaammstraﬁedimthlaé‘lgtnml«MS surface before the wafer
table is noved ou I nder i The eratiqn, in
whi ch the wafer tZB%é’R@S%@q‘sﬁt%‘éﬁ%@%ﬁw e%pta}!scoa%dgg% ﬁ%r'vmf%’”i Eu’ﬁot
necessarily |dontaireet oystemet2drthaixie ham@elr@b@rmamtam tHedmnexsiop fleid 42 in
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executed while Intal ning the |nner I'n the spac
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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 fable 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 table 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 iliustrated in Figure 4A, the pad 426 is positioned on the wafer table
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 illustrated in Figure 4B, the wafer table 404 is moved in the direction
of arrow 432 so that the pad 426 is positioned under the optical assembly 16 in

12



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 nmost 5 optical elenent of iha 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 w placaotite amibrddd.eWheihlthis otairs, alw:emmlnii shoth 439 mdiog theveeide r
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illustrated in Figure I's positioned on the wafer table 404
during exposure o 'QﬂlfﬁesﬁéﬂéﬁBmtOPﬂ?@ms\é‘é%GfMWFQW%SEQ%%W‘W@SWBI d the

lithography systems according o 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 {o
move or position the stages WS1 and WS2 in the vertical direction. The motors
502 and 504 are used fo alternatively position one stage under the opfical
assembly 16 while a wafer exchange and alignment is performed on the other
stage. When the exposure of the wafer under the optical assembly 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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ad 426 in place on the table 404 during the wafer exposure. During a wafer
gxchange aspillustrated 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

i i under he opti ssenbly
while the vt oriogtie Sl nd 880 & ARET BB S KK Pen b o BBe BB inc R oo
t he waf er tabl 2adidZ2 and asuprbri memher 2ii4: etith megan@pnmetjeentﬁfdgﬁm(g;ﬁﬁf?f@h?ts hat
mofione the £ FEBR SRS, il e NRE Saldhrlta A cesbhagai n
<r:n|D a'ngg t he padopiﬂPQ'GiﬂS@mbhéiﬁwdﬂemaﬂ@QBes w0dablé lae;behatelye‘rdmﬁ)merméga SWﬁng?f er
clanp 428, 50 | novar B IR Wk ede SR Shziate o BT RehRtn MR 426
i s clanped by Stheveljtpdindel Higpontied, assembixt 16 |tcwmemiamdhe)mhmeee|omaﬂ@d Fzchange

A n a ur rany ot her
oPeration caﬂgﬁ”%ﬁ%'c%u%'zﬂpﬁ.@'ﬁzﬂ 10,2 TRARLLARSIL PRSI SoudlY. 84T

t he space bet heRls singli padirambe bagd. y Dugnaifie rhe whed st %UVarqchWQ t he
first clanp 428e to%§9uaﬁd%@ tlw'é gakiape 16@&&@%99?&15”&%'!195@5?& ﬁL[?cﬁmftEg e 12 or

cla can be pro st age
ZggerT?\gppad zf’fesﬂb Siﬁ‘?fg'rhgr%’f%ﬁﬁ‘ %V@opﬁ‘eﬁﬁrﬁﬁ‘érd%me@kﬁohm@, titee patidige
assembly 402. oléngmﬁeorﬁé\tmﬂ,aﬁast@m@ ohOtRe dRukEY é!t'a@t}[!\@h%izls tb\rémggébﬁggf;%% St}tu%\’} nt e
||t a st,ens _ac in 0
o csent 1 mventigeh YSRGS B oSt deal i Ben e et PG on: WA i n
stage |ithogr :fﬁihmagg@y.@messr&ned lUSdoR@tt‘@”ﬁecbbd s@ga@an 4R6 bandelas Bat ent

6, 341, 007. As far per t.h sc osure US Patent No,
6,262, 796 and US P’g?fghﬁlgl\g’ E@hgﬁ%’“o ?Oé)r °Wr"n8'8}°’p8“sét A% fthggraphy

ref erence.’SI n Wﬁ@hlﬁeémtﬁaﬂmtesemlmdpaemt bfprawitiay ﬂsé agssnt iMEhtiam e banar e
shown. Dt or S IB@R ditotias], 8 ithYR itRaFhiN L ety R 23 Sf2p8s, BT, and

W52 in the horizontal directions e ea ors ‘
position the 80%hgesongstagn$OGsdng wa slegeentd mabed i tietX end YTdiectiptoby

motors 602. [n this embodiment, the stages 504 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 assambly 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 positioned 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 opfical 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 llquid 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 ifustrating a work piece
exchange according to one embodiment of the present invention is iflustrated.
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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 i n\Fenire 6B shows Beiafiérain ttah@ 604HRef §iﬁé@u1%|iél&&n%@teﬂh$@ﬁ@6@@ﬂ&ﬂsthe
optical assenbly 16 as described and illustrated above with regard to

Fi gures 2 tifssaend gl ipsongedonimmedipteherdizapnt) with thg dirstistagn gBhinder Wt h
dth i i gu f 3. WL and
Svo of e LSRRl 16! 30 o IonEIRIRE: ERE bt e feGhEgBeE G 2"

support nedbeis RRA4ionW uhderelgaslicabagshablermisodi ment of Figure 3, a single

pad 3265 ng}g}%h 32%6 and_control system 330 coul d be used adjacent the
opt i cal ® asEERHYyNTBEUSRE, Psdlrarged Ufdy asred supairamdhy opticaatsa@bst Hye sw
and 5 SW2. alyeiing it Swapped, the
pad 326 1 L evaguhRdTRIRERCaNAER, ML B e HRPHE OB MByREArT

i mer si on féniingoBdRuirfadge hnderttheompial sabmblysiénhiryngb@rankfenahbymaintdinitp ¢he

e when tpage BV S il I B et sfel o s e o0 N o

mai nt ai n t fegd. "TEE §ta) Hohlel &, 't:@ulafa%o%% Wi 3edelsldge tat abRM absydi gure 4B. On

t he other hand during exposure, the pad is "clanpéed onto the wafer table on
ner, only g%sin | e pad

the wafer stage, that i.s being.exposed. In this m
i s neeLOed for t HePPWBrQysHROdps 3 esciiisd ab%@t@mgica%bwaégo genPeed

bel ow, t heos@eRd: SlaRgialsC Athak$eraic Ysas ﬁ%t&hqhgééjtna@ﬁﬁgrnﬁﬂ)ﬂ??&& Fi gure

6A, a top down view of a tw n stage |ithography 15 nachine”illustrating

one enbodi ¢raid with geden aedonding heotheegebudimentent hosize of diegad alsolshouldibs

enbodi nent i rsi.on |ithography,.system.60Q i,ncludes first stage 604
and secondsug{igﬁgrét g Yerfﬁ%aﬁe%c%‘ﬁ)é@g@yQFng@l ﬁHldt ﬁa YUY directions by
not or s 602embatiinbhts destriddil Abse, tHeRrfitadtse 6Rfond] HeRchherBebyes] are used

to contain the imersion fluid in the gap. For exanple as shown in the
Fi gur e15 t hissanblyilods canstanilysmder isnmpersionitwidenviroaarent, pecvspting Hie fasnaionl v 16.

When it isoftgﬂqﬁdgﬁlé@gég\é%tgn%&ef to be exchanged, the notors 602 are

used to position

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 1n 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 avvay fromthe optical assenbly 16, the inmersion
fluid in the gap. 'mwm opégsmp%teqjgefof%fég%@ﬁmg%fé@’gir&éés&ﬂg”&né he
substantial l y conti nuous s ace w irst vari
al ternative eﬁﬁi@@nq&éﬁmde?h@@émwt@mtommmmdewrgmew a 30 "pad"
stage that containg g, ﬁdg at ok S wapgd t hg\l idin
the gap while a secong 5 pi ece feg t?q—&r?ggén ai\g@erj(i)nt&]o [%%D?h%sﬁt Bu’g age
604. Similarl 9reprq0ﬁé'3ﬂﬂﬂnstﬁpsmamrbg@m¢mp&f therfo@wrhmpoﬁ'r@me@sm HBepH6
coul d be ugedg.Rgf %rn{én% t%rﬁg%&@&o@&sﬁ% f”%t siPrrs.{ gsfigf 144 %@m[%rm fion

odi ment o e

i[lustrating a work piece  exchange accord ne ~enb
present i nvent®Edh Phetorgsisdy paplied. o alwaiargm! 6’B %%\'A’és ERaPUE BeP)sthrge 604

after exposur ﬁbdv@rﬁ@ﬁ’ﬁh@d @ﬁbosﬁff&wérﬁ ieaSRANS th rﬂ%n%P%dc@hl@ggtt@rpﬁof'éq
contact (or imedia acen with the first stag@)ﬁh%éun er

optical assenBR§« ?f%t'ct?qilt@ﬁ‘r 8D sien f Hniexelopigg s époqedéwafert he
secgnd st age ls@ﬁﬁel?ﬁe(paﬁd firi @t@sdwr(@temmg B@p@mar&aith@csﬁﬁ%lswuéﬁpholﬁoéygﬁl I Iy
in |gure the first sta i's nove omthe i cal asse
pi2 (ekhet aiterE] fHRegl i, st R B e Tt LB TSR 606
pI’OVI de a comrtrionslctep) surteesagnihetoresis replairda) am&ejmbigys ﬂsﬁncﬁlﬂwl ng a
transfer, thus nai b i sion, flui
enbodi ment shown, Nﬂﬁgﬂés]ée"c%g'rtlha ST A g%gn?%bxéreﬁggtmrgfégeese rgc%s[s%;eand
however, coulrbskbrogedsingstows-k pi ece stage as noted above. 10 In the various

embodi ment s descrmg rtli@ﬂ?é’rﬁculérhﬁo@?:ﬂsh@%a&%ﬁ?ﬂesh% %nﬁ ?Jsed% [eqﬁ [if erent

materials, such as ¢ tic eserra
coat ed wi th THliv eapablecsobtaining wedtbmts and odividitg e améﬂ‘@ga&eh@felft tbﬁe‘or]@ad al so

shoul d be sufiteqiieBto be uﬁ@é’r@foo&i rﬂ?at@tr 1§%&8§vqlﬂls§rgh\@’ of'the Pfe@gﬁtr fbr%?érrfeldu' d.In

the various enbodi ments describ above surface of the pti cal

el ement of t HERYSITLUF ohtge é@@@fﬂﬂﬂ W af go igiationstarg infense te ﬁﬁ?b‘#%t?’éﬁﬁff | ui d

enV|k r ;)nrrent doheendh RE debignfratdmishenn @hedthahUid d8®rked 8 She appdRicar
mar k") . .
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 conduct or Wﬁﬁ%uphgﬁﬁmig assenbl ed (including the dicing process,
bondi ng proces gi ng process), finally, the work piece is then
inspected in step 706. Figure 7B illustrates a detailed flowhart exanple

of the above-nentionedasiep:idQ4nklside CavR0RE LaNIGRLI 99 M cqnduct or

work pieces. In Figure 7B, in step 711 (oxidation step), the wafer surface
is oxidized. I‘?F’%Sttgﬁt?lis(wsﬁdeﬁ 2B XRIANTEL PBAN, filemeppatetwed on the
waf er surface.cdrprit€pg713 (el ectrode formati on step), electrodes 30 are
formed on the wafer by vapor. deposition. In steg 714 (ion inplantation

7/

step), ions are inplPafted"3nh AHEhat BRe s t4B eb‘?ﬁém iegRegedt epsthes 711 -
71|4 formthe par@plsumegmaﬁgvshetﬂse fo@ltm;\ai Qb &Y anaf ffe RGeS Sy 1and
selection is at _gac ¢ to processi requi renents. At
each stage of %%@ B%’r?%%%%s g/h eg“bﬁfo@@ dreht i %’g’é&ra‘ﬁ?epr ocessi ng
st eps have been conpIc@tfedmemherfmlllchvmsr@omlonﬁbm@%@@b@gtétsr@ze a8l
i npl enent ed. b g POsSt - processing, first, in step 715 (photoresist

pho

formati on step), toresist is applied to a wafer. iVext, in step 716
(exposure step), the sublsévetaeratilenen me»iphstmesmbmkrep:iaeﬁ;e Hel dUsed whach

transfer the gigyr sk (reticle er. Then ste
717 (devel opi (r%lg lg%égl%arrtﬁg%gig%s%d t\/\%/gf eﬁ?éma}] T”f)’pe%‘ EHBSPFF%‘% éﬁﬂ:’g?ﬁ P

(et ching stepﬁﬂdpél'rl@ scoteremenhan b@m@u&llaph@eby emvsabléo (exposed materi al
surface) are removegh by et ¢hkng,nd actteeg:ag_lL% ﬁghoto Shoval step),
c

unnecessary photoresi st renaining a ter et v% % i pl e
circuit patt ePﬁ@d%@m@t@ﬁe@%ya?mmmwmhaf cwmseleplbeprnsqmﬂtgmaﬂd

post - pr 0cessi BEp&s ARS coMihbCob bbbk abnk ! LIPIRABDY; SRCIV AR 38 Shown
and di scl osed herein is
maintained in a gap between the optical member and the cover

nember.

2. The liquid 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
second 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 systam configured to move the

substrate table, 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 enbodinents 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 i mersion exposure apparatus in which a a
substrate is exposed to an exposure beam the apparatus conprising: an
optical nenber, the substrate being exposed to the exposure beamvia the

optical menbes; ARds aRnkPEEL $HOR kAGYlthnaR | . t ptigcal menber
and the substrate; a cover menbgr V\meg‘ﬁe?sl%Sg?fll%?a%fgﬂgp%gasg%tgey%%hfhe
optical menber; and a substrate table on which the substrate is held and

which. s movabl estohal iMeute ke Aldal BERRe e dis, SUDSLLALA able  and

the cover nenher, being relatively novable, wherein'the substrate table is
noved to per fORHS®: pRedet & AWABE Olek BRI BH: iffent it eoreveremhmrbend jtye
positioned ofeesirkeetoadiRe 2Rt héRda TBIHICE and LN PRBRLSLON i Gi d TS
mai nt ai ned I%@ gag bet ween the optical nenber and the cover nenber. 2.
The liquid i FTBh SPUSUPES apPtGiiitis tRcEBF I Mia%  claim 1, wherein
during a transition froma first state in which the substrate table is

posi tioned under tgegﬁﬁyical_nenbez to a second state in which the cover
menber is positiondd Uirdeérthd TUESEAP FERDBITG FOPPAREYS ACGEigabser at e
table, the imietsi®nwheiein dukSnpresettandidaiont herORbEAlIndBRRE na 8he The

liquid imrersiQn_exposure apparatus . accordi to
q 2hR0 FXPS aﬁie Qgrm a subs antgafgy 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
claim 6, wherein positional relation between & surface of the
substrate table and a surface of the cover member is adjusted for

the transition.

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

the continucous surface.

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

substrate table,

10. The liquid immersion exposure apparatus according to
claim 5, wherein positional relation between & 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
claim3, wherein during the transition, the cover nenber and the substrate

table are noved, whiie tI‘h@ L&l ﬂﬁ%ﬁ@%.o% gx Nre ggé%’?%t"gﬁ’péggéfewg to

adj acent to ea h other. 6. The liquid ImTEI‘S on ex

according to TiEd®, Wé?épnﬂéﬁjrﬁilﬁg ohethe anbistratg tabvdecbyerdimerber and
the substrate table forma substantially continuous surface, and wherein
the i mersion |iqui |s retalned in a gap between the optical nenber and
the continuous surfecen?. 1iMelq itgures i merstonrexqusure uapparatidisg to

according to cabamrmcﬁ, WHBEE Bh N HROS HE L oRAl £ glsa 1599 rfage of the
substrate tabl e nd 2 surface of thg cover} ?Q‘%%\ﬁgg?g% 5r < fie

transition. 8NFRE" 159 @Dﬁltﬁﬁ%‘?%lWeéxﬁB@u?@t%ﬁmﬂammerac@aﬂchqwgotfoth@I ai m
7, wherein t| lstzbmfratﬁ"ee'asbmstrate table is adjusted to form the continuous
surface. 9. The liquid inmersion exposure apparatus according to claim?7,
wherein the adjustment is perforned before the cover nenber is positioned

under the optical n@nbeneincpliacenddrdhe capbstratprhablgs a]&o;r-&hﬁg cﬁu' d
na

i ner si on exp pparatus gccording to claimb5, wherein positi
rel ation bet mgg% ng Sgu?’gglé%l%f a}fehémv?ﬁb@‘??%ei% Etnébltéeaﬁ%lbfatrsﬁh@f seble atwe

cover nenber #gjamfnistededa ottte WianshtdHn.

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

substrate table, and a moving system configured to move the cover
member.

15. The liquid immersion exposure apparatus according
te claim 2, wherein the cover member is positiconed 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 adijacent to each other.

17. The liquid 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 eaoh other with a gap. 19. The liquid imersion
exposure apparatus according to claim?2, further conprising a stage system
configured to nove the substrate table, and a noving system configured to
move the cover nerBerTha51iqred | LHueES I 9RTEPSHOTH Iex prsiAte tagpacaryding

according totel aimm,1 WEHRIR1HNELEONET BTG, sk $1 PRSI {i Oned awayfEom
the substrate table during exposure of the substrate on the substrate

table. 16. Thé&fi qditd PHRBFSIIGh ERPdSure@ppar atils @ecording cangieparm 19

or 15, wherei Budifddlg Qe hansint i10R the cOuer 1:gRIPEEr sapdeihesuhstsate
tabl e are noved, while the cover nenber and the sSubstrate table are

adj acent to ed®h RRAWEED 17 e 1GlqUrPE P MBS itoR EXPbEUI® SaSPafatts
according to claim 16, wherein the cover nmenber and the substrate table

are noved synchronﬁgslyﬁ 19,18, The liquid i mrersion exposure apparatus
according to claint16 et & daFPHGE 1 e TFRATNTE APPAIREVE oVEFORBHIET
and the substtatelrdiablie, f oraraisubstanbhal | yecanbiinyedsees W fageacanss
wherein the IgygrghggkggégugggﬁergﬁglQe%ug@age of the cover member is

adiusted for the transition.

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

to form the continuous surface,

21. The liquid immersion exposure apparatus according
to claim 12, wherein the adjustment is performed before the
cover member is positioned under the optical member in place

of the substrate table.

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

adjusted for the transition.

23. The liquid immersion exposure apparatus according

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

24. The liquid immersion exposure apparatus according
to claim 22, wherein the adjustment is performed before the
cover member is positioned under the optical 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
appar at us accordi ng°- tBrec| bi @tilh, ingrarsdion pogicdsiugpalanrelration abepugiery a

surface of the subsfrate,tabls, apgk a,susdacs gkat RBCOVEL, MBIDAIRLSS 5

adjusted for the transition. 23. The.quU|d I mrer si on exposure appar at us
accordi ng toS¥IHTGRE22e X (ke PPErEELOR- t he substrate table is adjusted.
29. The liquid inmersion exposure apparatus according to claim22, wherein
the adjustnent is gerforned_before the cover nenber is positioned under
the optical nenber?%n Bleack TG tHEEEHSRr £KBOE DT elne Dl 5acqpid inigguiid

| MEr si on exposuie Bappanhatusnagepr i g timGlabm 2romher @k pst hecate in
predeterm ned operation includes a substrate exchange operation. 26. The

li qui d i mrer ST lexPis uF BRIt atsd HEEST df hgPP et @nsidm P5ietnerei APEFdng a

transition fremearfitst statechd swhieh theysubst raie tabée menpesi tisoned

under the optical . negber to second state in which the cover nenber is
positionec 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
to 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 tc each other.

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

are adjacent to each other with a gap.

29. The liquid immersion exposure apparatus according
te clalm 27, wherein the cover member and the substrate table

are moved synchreonously.

30. The liquid immersion exposure apparatus according
to claim 27, wherein during the transition, the cover member
and the substrate table form a substantially continucus
surface, and wherein the immersion liquid is retained in a

gap between the optical member and the continucus surface.

31. The liquid immersion exposure apparatus according

to claim 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 coyer ppgbel-and,ghe shbstrafe fapl Or Ak npe/@éﬂr synghonous! y.

30. The liquid i mersion exposure apparatus according to claim27, wherein
during the traasitiosh forheheovemsisaber and the substrate table forma
substantially continuous surface, and wherein the imersion liquidis
retained in a gap_between the optical member and the continuous surface.
31. The liquid inm@fsiBif exposift e BT @ USS RAEOEE PP tef aitft30d i Rther ei n

positional retationdeveencassuriace Hf 2l tRersubstrahe tabhejanda
surface of the cover menber |s adjusted for the transition. 32. The liquid

i mer si on expbSut ¥ Tappar aPHS WS PRt o clai m 31, wherein tilt of the
substrate table is adjusted to formthe continuous surface. 33. The liquid

i mrer si on exposure apparatus according to claim3l, wherein the a g£$stnent
i s perforned bef or & tHQ“*cb%%ﬁ“%eh%ﬁﬁr%%?WxﬁﬁﬁqaﬁﬁédEﬁﬁﬁé?tPﬁeaSﬁ?F
menber in plaee cofid e subsireahe thabk8justment is performed before the

cover member lg 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 is

adjusted for the transition.

35. The liquid immersion exposure apparatus according

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

36, The liguid immersion exposure apparatus according
to claim 34, wherein the adjustment 1s performed before the
cover member is positioned under the optical member in place

of the substrate table,.

37. The liguid 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

other.

38. The liguid immersion exposure apparatus according

¢ c¢laim 37, wherein the cover member 1s positioned
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39. The liquid inmersion 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 claim39, 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, campnhsi ng afy abLgoursnd sysd egrdigposed nauey tromif he
optical nenber in a direcCtion, wherein the cover nenber and the substrate

tabl e are adj AtEhtrt®e6ache drherbsggatahealeqdiugingmersicsoexpdsur 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 tabt eTRfur i hgthel Bxposiite. =8P 5UTRe AHPGEREF mAEFST ORI

exposure appaiatug1aemording §igedial m 2{e Wiekreibathe subsiératest able has
no interferometer mrror at a side thereof, and the cover nenber s

| ocat ed adj acEntetiETCREET de- 0101t ke §ubstt dtheueapl eandotheri@VEr qUifrgPe T

i MYer si on exposur®--aRRARAY 4SeraCGor 8hBgsidd & ah® 2dnswWheleitant be substrate
table has an interferoneter mrror at a side thereof and the cover nenber

i s disposed adjacent to the side of the substrate table, and wherein an
interferoneter beamj srrd | oipdi d 0i freaGh dnhexxgoite el enpaetets MakEdFding

to claim 27, wherein the substrate table has an
interfercmeter mirror at a side thereof and the cover member
is disposed adjacent to the side of the substrate table, and
wherein an interferometer beam 1s allowed to reach the

interferometer mirror.

41. The liquid immersion exposure apparatus according
to claim 27, wherein the immersion liguid 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 liguid immersion exposure apparatus according
to claim 25, wherein the substrate includes a wafer which is

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

to claim 25, further comprising a liquid system configured to

supply the immersion liguid.
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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 99. The liquid i mrersion
exposure apparatus according to claim?25, further conprising a liquid
system configured to supply the immersion liquid. 23 45. The liquid

i mer si on exposureéappﬁmathSmabtotmmenpidm)@ﬂpﬂanr935ﬂmheaehﬂ eheokigud d

system s confjowednl 0,3 regover, { heyd mergl on Jj.guld. . 96 . Thedd.qui g

i mrer si on exposure apparatus accordlng e cover
menber i s nadee@fveagndhef inhers ifogl Lowing. naterlals. pl astic, netal and
ceramc. 47. Aliquid inmersion exposure nethod in which a substrate is
exposed to an exposure beam the method conprising: providing the
substrate, which i$%helft ohi@idubstearnion abirosugpposivesatBs apceptad

menber; exposifg.ihg, %sbswh@&@lﬁot@@ @é@@é%&m@%amsvmadéhaf 9]9&'&@! tm@nber
and an immersion liquid in a gap between the optical nmenber and

substrat e; pI%&ﬁ%ﬂyl@gc@QE?r#ﬁ%@bepiéﬁbb%dt@?QQa BHE optitial- nenber to keep
the imersion liquid between the opti cal

47. A liquid immersion exposurse methed in which a
substrate 1s 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
optical 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 liquid 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 liquid immersion exposure methed according to
claim 47, wherein the predetermined operation includes a

substrate exchange operation.

49, The liquid immersion exposure method acccrding 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 liguid is present under the optical

memoer.
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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. 98. 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
claim98, 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 i.s 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 compt!singsodufiidio theid I aNslldion, JBLde. LenSover armey and the

substrate table in a state in the cover nenber and t e rate
table are adjactht 1 ehehheot mompréginThediing dtlismeragiséf ierposay engret hod

according to +gd aédUe%g’me\ﬁ@@Eebﬂdtlﬂ?e Sé&%tt rake EQ&M@ i Smuved by, a,siage

system and the cover nenber is noved by a nmovin systen1 52. The liquid

i mrer si on expbSUreivEt RSB aE cHtithg 005 BT i m4d, emﬁé?eﬁ@ﬂ%Qﬁ@tcéve?a nber
IS positionedsay@y from the substrate table during exposure of the
substrate on the substrate table. 53. The liquid i mrersion exposure nethod
according to any one of clains 50 to 52, wherein the cover nenber and the

substrate table arg nomed sYAGRr oNAES!sYon exposure method according to
claim 4%, wherein the substrate table is moved by a stage

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

92. The 1liquid 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 c¢laims 50 to 52, wherein the cover member and the

substrate table are moved synchronously.

54. The liguid 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
continucus surface and the immersion liquid is retained in a

gap between the optical member and the continucus 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.

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

form the continuous surface.
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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 cl ai m 55, mherein t he

adj ust rent 1 s perfof red, hef ofe e Gover TBIBEL. {5,081 T g0eduder e

optical nenber in place strate ta rsion
exposur e neth@&watcéﬁdlw@etelnamyeonﬁtnhtmbatn9f50p¢mR5@emMﬁaﬁgn¢ the

positi onal| 1 elayd.0merpELien.a, slidace beLhe,sUbsraLe kabe #dog.qurface

of the cover nenber or the transition.

i mrer si on expoSuthe sEbhbiRBEdewdieng to claim 58, wherein tilt of the
substrate table is adjusted. 60. The liquid immersion exposure mnethod
according to claim58, wherein the adjustnent is perforned before the
cover menber is po3§tiTrred imder e rspen cakraenber M AR agecorstincheto

substrate tabArsé, 6de Hie Liguld LOMRILSI 05, expesUle g%gbego@&lcowwel P any
one of claims 50 to 52, further conprising preventing t i rmersion |iquid

fronlleak|ng 9qﬁwge§ ﬁaﬁuﬁgTﬁkéﬁ7Fﬁ§ substrate table and a surface of the

cover member is adijusted for the transition.

59. The liguid immersion exposure method according to

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

60, The ligquid immersion exposure method according to
claim 58, wherein the adjustment is performed before the
cover member 1s positioned under the optical member in place

cf the substrate table.

61. The liquid immersion exposure method according to
any one of claims 5C to 52, further comprising preventing the
immersion liguid from leaking into a gap betweenrn the

substrate table and the cover member.

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

prevented by using gas pressure,

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

immersion ligquid.
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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 claim98, wherein the substrate includes a wafer which
is exposed to the exposure beamvia the optical nenber and the inmersion
liquid. 26 69. A device nmanufacturing 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; placingéd. covervimenbenufpposiing hethde cpiircaingmenber to keep
t he i mmersion quuid wﬁgpn%hetggtlcal ngpber Chthe coyerl, nenber and

noving the substrate t i'e t6 per orn?%b %re&%ternl ed opera?lon Wherf t he

cover menber $@b®mSﬁE|©ﬁEde,0ppmsute to dahergptktakemeer. 65. The device
manufacturing method ageerding he SLaLM. O, Mher el Lhe predst orum ned

operation includes a su stra exchange operatlon vi ce
wanufacturingO@ﬁﬂQﬁddnﬁ@®@rdang 80 cla¢nsidb,liwwecdeiin duciepgbatveamsiitd on

froma first gtatei %emgégrhnélygesgggm% table is positioned under the
optical nenber to a second state In ich’the cover menber is positioned

under the optical nerbécing ptacevef thrnsybsepRtsittecabke, thte oPwherlsi on
liquid is preggieunder které% optd C@_METEQ?&{ liquid 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.

65. The device manufacturing method according to claim
64, wherein the predetermined cperation 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 positicned 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

immersion liquid is present under the optical member.

67. The device manufacturing method according teo claim
€6, 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 adiacent to each

other.
68. The device manufacturing method according to claim

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

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 device manufacturing nethod
according to any 6fe Tie claiing GAn0a69r ermd thodhe ccovel ngrenbeciaind t he

substrate tab g a&geggﬂgdtggn%hronous%% devi ce manufact uri

.. _71. The de
met hod accord%n@ t'otany” one of 'Efaiims 67 t'¢ é@?”%ﬁ@?ggn%ﬂiViﬁéxﬁhég%
transition, thebstoover neEnirer dantng hexgubste ateef t alld e shosnracsulbst artie al |y

conti nuous su d imrersion liquid is retained in a gap between

t he opti cal n%%%%%ag%dt%ﬁgebontinuous surface. 72. The devi ce manufacturing
met hod according to any one of clainms 67 to 69, wherein positional
relation between a,,sugfac f.th .e tabl n rface of the
cover nenber is adfhstéh §%§“¥%eﬁ%$§ﬁﬁﬁﬁﬁ%§? 3%$%?%qug§?gékﬁaﬁﬁfd%fﬂring
met hod accor déiy 6 claims B2, teher%i nvhtddetinofthiehecaudystinatie it ablde fke

adj ust ed. 79.5Jgg%fg%giggbﬂ§QHkggkggang¥ﬁggg5 gugggording to claim 72,

wherein the adjustnent 1s perfornmed betore the ver menber is positioned
under the optical nenber in place of the

71, The device manufacturing method acceording to any
one of claims &7 to 69, wherein during the transition, the
cover member and the substirate table form a substantially
continuous surface and the immersion liquid 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 69, wherein positional relation between a
surface of the substrate table and & surface of the cover

member is adjusted for the transitiocn.

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 before the cover
member is positiconed under the optical member in place of the

substrate table.

75. The device manufacturing method accerding to any
one of claims 67 to 69, further comprising preventing the
immersion liguid from leaking inte a gap between 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
76, 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

liguid.
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