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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 inage defined by the reticle
is projected by the optical assenbly onto the wafer. The projected i mage
is typically sthe size of one or nore die on the wafer. After an exposure,
the wafer stage assenbly noves the wafer and anot her exposure takes place.
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
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RELATED APPLICATIONS

This application claims priorifty on Provisicnal Application Serial No.
20 60/462,499 filed on Aprll 11, 2003 and entitied “Landing Pad for Immersion
Lithography®, the contents of which are incorporatad 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 inciudes an opfical assembly, a reticle stage for holding &
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
reticle and the wafer. During operation, an image defined by the reticle is
projected hy the optical assembly onto the wafer. The prejecied image is typically
the size of one or more die on the wafer. After an exposure, the wafer stage
assembly movas 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 vacuum), the old wafer is removed,
a new wafer is aligned and placed under the optical assembily, 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
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 yields. The

25 overall process also involves many steps and is time consuming, which reduces
the overali throughput of the machine.

An apparatus and method for maintaining immersion fiuid 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, a~n e>change systemrenoves the work piece
and replaces it with a second work piece. An imersion fluid systemis
provided to maintain the inrersion fluid in the gap when the wor{< piece
tabl e noves away fromthe projection |l ens. 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 illust ratl Q Lok f resent
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Figure 7A is imnidreioh afiafheh e firstiidrk BRSe & RPREES Gith @lscbBifakidddeng a work
piece in fd:cordance with the present invention; and Figure 7Bis a flow
a

chart th outlines work piece processing in nore detail. 30 Like
reference nunbers refer t@RIEKDESCRNETION OR THEEDEAMMNGSS. 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 machine 10 i ncludes a
frame 5 12, an i Figurd hét aoilustiedive wf 24 lifHograpdily abaaineaippdigtcates anthept i cal

assenmbly 16, fosent invention:
15 Figure 2 is a cross section of an immersion lithography machine according
o 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 ihvention;
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 fop down views of two different twin wafer stages
according to other embodiments of the present invention;
Figure BA 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 outlines 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 phantom. FeddphRsiaphy nachine 10 nounts to a
nmounting base 32, e.g., the ground, @ base, or floor or some other
supporting structure. 15 In various enbodi nents of the invention, the
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next field aof the wafer 30 is brought into position relative to the

optical assenbly 16 and the reticle 28 for exposure. Followi ng this
process, the i naglsvasigus ﬁ*@btoélmaﬂtse0f2®eaﬁ‘e9ﬂt!§eqth1éritthlmrﬂirghye%pdsleej1@@60 t he

L' elds of t h%eV\@Je@ras?’Q,sc%thn@ hai bﬁtﬁolﬁﬁd&{raﬁﬁﬁsﬁt&ﬁ tﬁg'teex;fbs)é‘@y?éﬁ
rought into r%%stlhtelrgtrl]cleg 38 %Hovt%etwoafer 30 w1th the ret[ggsZ% andy the wafer 30 m%vxrng t ‘cle

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 perpendicuiarly 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

synchronously.

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 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  perpendicuiarly to the optical axis of the optical assembly 16 so that the next field

of the wafer 30 is brought into position refative to the optical assembly 16 and the

reticle 28 for exposure. Following this process, the images on the reticle 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 wor!< piece
pattern onto a rectangular glass plate or a photolithography systemfor
nanufacturing a thin filmmagnetic head. Accordingly, the term "work
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one of the sides of e dpparatus franme 12 and the energy beam fromthe
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i mage il1um rEmraglatlon) of light energy. The illumination 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 illustrated 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 iflumination source 34 is directed to above the reficle stage assembly 18
with the ilumination optical assembly 36.

25 The fllumination 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 reficle 28 to the wafer 30. Depending upon the design of the lithography
machine 10, the opfical assembly 16 can magnify or reduce the image illuminated
on the reficle 28. The optical assembly 16 need not be limited o 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 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 include the disclosure Japan Patent Application D sclosure
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Applications are mcorporated 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 reticle stage
assembly 18 includes a reticle stage 38 that retains the reticle 28 and a refticle
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, iwo,
three, four, five or six degrees of freedom. The reficle 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 moters 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
5,623,853 or 5,628,118 and incorparated 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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along a guide, or it could be ui del ess type stage that uses no guide. 5
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herein by refer e nt system 22 nonitors novenment of the
reticle )2/8 a cg’ﬁxgtcally trans.r}erred"I m?a %Ioony ?ground% by 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 Disclostre
No. 8-330224 are incorporated herein by reference.

The measurement system 22 monitors movement of the reticle 28 and fhe
wafer 30 refative to the optical assembly 16 or some other reference. With this
information, the control system 24 can confrol 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 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 contral system 24 can control the operation
of the components of the environmental system 26. The control system 24 can

include 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 devices. ThBhemﬁwwea{al %y&%@:”b@%d'n%%' URS chiHoRERL iR bagprrh@the
measur enent system 30 22 and contro S nover _assenblies 18, 20 to
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i Il um nati on Afesaadinelydthe@siret cm‘(raﬁqid mwmhmmb@rﬂmamﬂﬁwﬁmd @fdiu'eimuchonrrent
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envi ronnent can e anot gas. O varl ous
enbodi nent s,. height depraraytopaigace pbﬁheowqf@m?@oamcbm iﬁﬁ orfiielgtiempett elclda t op

surface of thgivatesemyand the Iast optical element of the optical
assenbly 16. 15 In one enbodi nent, the environnental system 26 fills the
i magi ng f1%I1 d and!n @MfeemRaqimeRt, theerylpnuEital sysiamiae ils B imegingifieldRaddesi gn

of the envi r anarest adf 1h§)(ﬁabamr2§n aehekdieh ﬁg:mpomﬁ@td%s@ﬁ di Re @AVitdraret al
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different embodiments, the environmental system 28 delivers and/or injects

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

20 materials, ete. 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 fluid 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 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 Aprit 9, 2003, 60/462, 112

entitled “Vacuum Ring System and Wick Ring System for Immersion Lithography*

filted on April 10, 2003, 60/500,312 entitied “Noiseless Fluid Recovery With Porous

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

immersion Lithography” filed on February 2, 2004, ail 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 imersion fluid at one or nore
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enbodi rrent of the present invention is shown hogr ap
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robot) and amsaémgpriémh thookf? 2l 20e., a m croscope: and CCD canera), is
configured to re 0 nd.repl.ace it
with a second vva;@ytﬁ;I t%]{% er\‘}’f?&ﬂﬁqeﬁtl S% Q’arregcc%#%% h'i:ng?Af% % "’H%‘egﬁ‘%ﬁﬂgf er

| oader 218 t ocontinmanicsystenpd s tmélwmémur%@ fratain tree wathersioh ifleid 242 1204.
Subsequent | ¥, wlefipSRRRBH 818K b e%ngwng s ol ’tﬂag%gsé?ﬂtgl 15 NPl Efor chuck

218, aligned using t gnnent t ool ositione er the
optical assef¥igNas bif Weﬂﬁl@ﬂéwldt%taéq@@ﬁ SySfem 214 mC!UdeS 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
26 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 fiuid in the gap or
maintaining the size of the fiuid gap. After the new wafer has bean aligned, the
wafer stage is moved back to its ariginal position so that the pad 222 is removed
30  from the gap as the second wafer is positioned under the optical assembly 18. In
various embodiments, the pad 222 is disposed continuously adjacent the wafer
table 204 with no gap. Vertical position and/or fitt 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 the pad 222 and the wafer stage 206, is used to
suppor t t helpaiginmpiherag E\%\’F@ﬂ thopad i andheppsicy aﬁﬁeé%blﬁﬂéé? ngilimiedtanhi ch
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direction of arrow 226 so that the pad i's positioned under the optical
assenbl y 18weiupppl seccodf theevalerfteble 28l e 204, mmintaining the fluid in the
gap or maintaining the size of the fluid gap. After the new wafer has been
al i gned, the wRCRiifl A0Pighf TRURH3BAEIO sbdiidnUnlid teggo%%&w@ aR@nihat
the pad 222 is renpved 30 fromthe gap as the second osi tioned
under the opneswan fdeedphy t8chihe acvadireuse embthai rmuhoshmeﬁteof)ahb 22&ents

di sposed conti nuous adj.acent the wafer | £ .204 with no Vertical
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another imrersio I t hogt ap chine according to ano enbodi nent of
t he presentonfigured 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 assemnbly 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
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assenbly 15 repositeonet eniaftbe optadal ess3i8ly 5. atiatfe kamativiegd e doheol sypterc0
assenbly. The i rsion. fluid containopent system 324 includes a pad 326, a
mot or 328, Lt Becusior o 3/ eram B8pad The f‘ﬁ’%twpea’f?vs@l%‘gﬁe?%ﬁ%&?é]}ﬁ acent
the opticghmasRampiy 316, apdnd %f&@&&(an@@%k@raggﬁ- thd REnth&H §Eteh®P P304 has a
flat upper 30 surface which 1s coplanar™with a surface of "the wafer 308.
The pad 32éeheaferatableat(4iamdehe psdid2@eathvehinedll gap batpleam dre wifehtabhe3(fppelr

surface of ,the r t.abl,e 304 and t.h r. surface..The d. 326 is
o enr e Pre TG i AR, BN T Beion” Hist B9 Tuab gAY, 182800
cont r o{d edbddyedl e GRIFET @bl 3Y8 heMhe3dd.326he notor 328 can be any type of
notors as well as the notors 322. he pad 326 is positioned under the

optical asEehbhgenspnfied continmpe systam E24300s maertaingdhe imeesien 806)312 away
B Ut Ol BORFEE o s Y08 8 1R e
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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Therefore, thecliudingr walbt wadg0U 8i andnayy alidrendnt dedl yi2@hislcontidieed keansdven f1 ui d
312 1 i Nt ahpedid el BPILSRRHLEER £O LHEORYBA0RM Wi OPHICR!

assenbly 16. |n various ¢ Irments of the invention, control system
330 may be a arspaptgheddsingrtos waipstasarod 1§ to leaevbdhe weteg a8 &amithe avafigre

control syst aghgsed. t%b@@@lerngyh tw@emmlvﬁe%%t E%wrnaq%;)rab@@bﬂﬁ thbsanaf er

stage 306 and wafer table 3 Vertical position and/or tilt of at |east

one of thE welpk (4% 2ligged using the Aisnmant 9% 478y ape thay Resitioned snderihet he
waf er tabl e siptit@icesédbigaplaanaktrakd h hBFiqpad 425 surface, before the waf er
TR W R N NN e S
necessarily |dontdireskrit aystemaddrthapis BanfiRireper atintdin tHeoimnearsionlfigid 412 in
exeouted whi 0 Stk oitke Tamepli bheriary w3t HdRY Batd fveen
the pad 3@6 amdet ve opticat absen8fy a8sefid ymibersidRe fleidr camtpitroerfti gysteen 4i84and 4B,
oo som FKARE A WRCRL AR, L1001 081, o HGEatu A T
assenbl y 402 sepeitd ¢laaputhdspravided en theagerdobleatdl. aWienibe dénmetagefl406. The
vaf er table 4Q4 it Seffithi @E'RHcd QsSHRRYT 16 AndRAES WwahR8abiB 403N Yr the wafer
408), the pad 426 is held by the second clamp 430 in place oh the wafer table
20  404. When the wafer table 404 is away from the optical assembiy 186, for example
during a wafer exchange operation, the pad 426 is detached from the wafer table
404 and held by the first ciamp 428 fo maintain the immersion fluid 412 between
the optical assembiy 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 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 illustrated 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 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 remove the wafer 408 on fhe wafer table 404 and

replace it wi ﬁiac@oﬁﬁ@waférm eWhe}ﬂm okdurs, 36€ sequint slveth 460 nddind thevmider
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assenbly 16, for exa urin er exc g%e operati on d 426 is
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pad 426. The wafer table has a fla sur

which is | anar
P A L bt pmBaon s Skt Dot or Tt hebresr P o 404

alhso h;is a fLo{%hca\im@%mgIWTfGM Wbipzle 426 @@:ﬁbimay thid Filgt ttamplmwssumfeacedof
the wafer, table an her ef or e rsion pa
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i mrer si on fl wiznp e%tkbarrgbe bmvmmoaube enataamdstermmw THeepad mmt%hmdnmo can
be vacuum cl arrE Tiergtﬂertb%" hff teaéésembﬂf dEEChanl cal. 30 As best

illustrated " 9% p05|t|oned on the wafer table 404
duri ng exposure oF:gU#meSN\am@BBmtOP'ﬁWnse@wdf wioadiffera@Qwirsstagreithoersitol 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, 6341007 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 fo
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 optical
assembly 16 while a wafer exchange and alignment is performed on the other
stage. When the exposure of the wafer under the optical assetnbly 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
Hlustrated 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

' ' ' i s nmpintained under the gptical assenbly

W 1 he vt obEED aBle Sl nd 88 & R gk B BA 0 M e SehEedBee Bonciife gnod.

the waf er tableadiB arsl arewgmbri merhber ZH4r emith ﬁigaﬁpmﬁﬁ}e&;b@g{n@m éftg%gtg%i Ss t hat

motion The 14 SoBRXHeY LR BT %R il ol AT BT Qull e air o agai n

cl arrps’ t he padoptig@@ssemivind 6wdhepati 306 ¢ HOviablé ma;iaifﬁatéilyeﬂﬁhmghiebmyehsw?gna?f er

[ . i d [ anpe e firs

chamn 428, 50 THE B BhE Ml Sede SR R e o B AR e et 328 426
i s rcr}o anped by s fved ite sindel trpopliad, assemhlyt 16 taritkedain the irhiyte@ioneded 3ethEange

ti . An ' : ' a { operation. or any other
e at on can foim SRTERhcPREKERbIG, P FTRARETTIY pPRRhRAS b o H P afned i

the space bet WoEshaive singlst pachtarales sedyl. yDudnaithg tinhe whend s%26 SIWampedwy t he

: 4 r.Ovi he. frame 12 or
ot her ELS% f‘%}fﬁ"ﬁ?ﬁ"%ﬁﬁ%@t 1he PRl AT a0 Ak LIRS RE, AR OEPER "2 age

406. The pRd 256! SHAtagemEigdreadB. a OfotiehPlerdwbe rdusingesxposus, tHeepsd dge

nbly 402. chinpat @ dome Mh fis b ' e W N
2tszge [ ?/mer Si gﬁhgjléi ?}k?ﬁ;ﬁ?lphaég;ﬁiﬁgqg%cor diérl:c %%t‘%e%‘ﬂ%%%ﬁ%m gﬁ%\ﬁ‘ “the
present i nven{OH>" I'—ciﬂ(f 92(?"‘@?9 PAdsiScneadegcfair Beate sirgest VW& end tWe2t wi n

stage |ithogr afiiyatetyt essesaided bSoRateechid sfig2b2n 436 paldo s Fatgat No.
i, rmtte th I sclosures in US Patent No.

6, 341, 007. As far ] e

6, 262, 796 and US Pa At '83'%94%]?06‘7 % §OVRLWBY ot &t D 15Eaasi ihegraphy

r ef er ence.151 nraohine dabloatingermessmisodiradnt o@b_ra}méieg tthr?]é pgg\int zimgti@ngsswg%?a; ﬁd

h . Motors : . . Or..nosj t.i on e

;S/\Sgwpn t he holrnﬁg%rﬁbﬁ)d ire’(:t[’"ig(!)'ﬁ@g'\%'?g‘r“(ta%@% Hivovste ﬁéoa'P%'“g‘ise%%?sgager% or

posi tion the 3thgesonsitagn@0Qshhe twa stageweats maledlinrtee td amd Y Tvecimisass

motors 602. In this embodiment, the stages 604 and 606 themselves are used to
contain the immersion fhiid 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 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 optical assembly 16. Thus when the first work piece is moved away
from the optical assembly 18, 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 ilustrating 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 i nygnlkt 88 hoks Wa%r%!n@td&g gOg@ﬁF{ ﬁg)‘sﬁs@ur@: liyggnal%)lgte&h?i@ﬂ@6@ RE&Es t he

optical assenbly 16 as descri be n trate ove W regard to
Fi gures 2 therssagid stagedddd ibeontaetdoninimedintelyeadjdosit) with thgdirdstagngéfrender Wt h

dth nmbodi t qf Fi f | e, h, 13 t SW. and
SB of ot N CRACHIFE B0 4b. SHEaRDSBONSA PHl PE RS o §"999%nd o

suppor t rreab@qs;?o%éionwhﬁuérmpiicapas%aﬁblgmodi nment of Figure 3, a single
pad 326, notor 328, and control system 330 could be used adjacent the

opt i cal ® as§ewByyintegurTRE, hadirgaededOdvymioved sepaframahy optieahrsshablt Hge SWL

and 5 SW_. i ey e.SW and SW2, ar be .swapped, the
pad 326 TRl RS o0 B st hEs Tl TP P
i mrer si on tbntingdoGsldirfabe bader theomitial £atmBiSsiediring kGrankfenahlymaintdinihB€he

enbodi ment ,of Figure 4, a detachabl e single pad can be used. During the
time when EPBRGEIODARIM ipthesap. a%@etealb@élrgwgsb@a{u threecpadsaesoi&isgged t o

mai ntain t i i LA | il i igure 4B. On
t he ot her %g%%ﬁgiﬁ% ?d%g&eh%%g%f le:(l,;m% Egog’g%‘%@k%zﬁégﬁ%gggéﬁ%%gta (gw\):vaf er table on

the wafer stage that is being exposed. In this manner, only a si ngl e pad
i s neetfed for t Hethewarieussuekodimsents descoyibed aboyet dierpat icgbgmage ofie sempered

bel ow, ¢ heqsagand 2LA0%CANAL 088 136H ARk e10atha RRLETAI NG B, FI gure

6A, a top down View age raph I ne ustrating
one enbodi ceandd with fefict acording heotheregebddimemenThekize 81 fle@ad alsolshotllibs

enbodi nent fhe i mrersion |ithography syst em,608 I ncl ut;:l?es first stage 604
and second {HggY BEBVEr TR ARG the domsisien fHd: He the YsPUY directi ons by

mot ors 602.mbdlikRhR desleRdi ?lg&tea t%@%riﬁ&@&ﬁﬁe @%flol?tftql @Qﬁehmﬁ gatﬁ&l are used

to contain the i mrersion urd 1n the gap. For exanple as s In the

Fi gur €15 t hass@oblyi 11i6ss catstegdly 80d e isnmparsionifomé dovuraerent, peevepting e fasssivnl y 16.
When it is ti for,the , work piege to be exchanged, the notors 602 are
used to podhd B s (B arer ek
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 ¢ i j i e 6. whi ch forns the
Substant al 1y abat D IL R Prledad e Rel? Mt 48 Bhrd BrgRsrhaand
alternative elsrbiechcrmemrﬁdeEthmc:be:t&prmbcentda'moaﬁﬁcecssmgdecw:rsmebe a 30 "pad"
stage that contain t kS d intain the imersion..li |d in
the gap while a ngtcge E%%plozc\ggf;eg e?cﬁggiﬂgacﬁ%enonﬁg taﬁ)gvef F}eé‘{'f’%?

604. Simlarl ycepradeesmg)tsmps drervamgemesntmpiiednthie rfole:vmmmpoﬂpgmeesﬁg\ ﬂEpéB
could be uged fer t

illustrati %g greﬁgn %nﬁén@e% ﬂurﬁg%gn eogegsgo df‘%&ﬁﬁo{eg%gé gﬂfb"BPt'%e
present i nvensteph nhstomslsauss ppittied .to alvaler.guted,6B sdo s aemaétae sjep)sttlwge 604
after exposur

contact (or |§r?rde i at h@éj %&ﬁ:sg}n ! p% t Eg)@?drtéstﬂ%n%@'cﬁgg:ﬁ&?ggﬁgg

optical assenfagk fo@f'CkF)ltg @rVéaf@D Hieovir stert 7 Hhiskeseloping lsteg) Ftiheae@oaedeuafen he
second stage ls@@%lbﬁed)%%ﬁd &@E@?B"{Q@ﬁmé Q%p?%ér@%thé??@éﬂ :Félshﬂuélﬁphoﬁoéklgﬁl Ly,

in Figure 6E, the first stage IS nmov tical assenb

ly
16. As b&st ErpeRed,meteral wrﬁc@ua@sm@@‘f@ddbss@tchme tstept Atk dotederesind 606
provide a CQ@MdﬂHI@i@p)Slﬁﬂr]feaé@aW@EoréQﬁ reRbirfdy af?e‘s%ﬁaﬁt?ngs Afndlieli ng a

transfer, thus mainptaini i mmersion fluid the gap. In the
brhodi ment - ohoun: MEGRTH oG et Lo b apaionsf e Prefracdisingeand

however, coulmbsabm@emgﬁstwk pi ece stage as noted above. 10 In the various

mbodi ts d i t h d f diff t
materi als, such adtigAnpd tei oBRPaE e e dE R i tsag Pardh oo
coated w tth Tuly capabecrfroditargng theatbiemts end pdivithm te aﬁhentagéwh@’but efoead al so
shoul'd be SUJtJFT% 'dﬁ@tto be 8&%0@*&@%?%&8 Wlﬂlsﬁgts\@’of tﬁ@ teSgRhh fen‘fe'gf: gal In

t he vari ous ment s escrl he Stf face of
el enent of t IREnkasiments ofibe dveatinsl gndibat 8o boiisticmtary interdier ttD mrd@atmoﬁ | ui d
environment, RheweAbh B debgnHERShERN GheltHahUd 8B Ked th the afpdRicar

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 rk pi.ece.is assenbled (including the dicing process,

bondi ng procég£§§§i%ﬂgmgé§kaging process), finally, the work piece is then
inspected in step 706. Figure 7B illustrates a detailed flowhart exanple

of the above-nentioned step 704 in the case of fabricating sem conductor

work pieces. In FigdrelqBd immegsdpn®kbospoxpneiomsiephich heupatertsurface
I's oxidized. jN5LEPed1g, (VR ELEM e ML NSHLALL O o hilsl ML S fOrfed on the

waf er surface. I'n"step 713 (el ectrode formation step), electrodes 30 are
formed on the wafePPbyc¥hpsibgeposi tihdrh The sueptyade (isofxpPaptdnatidn

step), ions arLsLIRIARed:l Ankbes VAT ek quThe a3hgve 1MRRt | pnegh shepsedr 711 -
714 formthe preprocessing steps for wafers during wafer processing, and

sel ection i s TREJRATTEAEIATSE Bh° aBboFH HENERT PROR CEBPRENT EHAITEREARES/ Al

each stage of waf efvBLOGERSd NGhaAgNat fie- @hQve- mentioned preprocessing
steps have been conpleted, the follow ng post-processing steps 5 are

i mpl ement ed. Durd i Hob® L Brise 8B HYCORT YEIEed P S8 A PES Y(HH6t D e sPEe”
formati on st ephpephoioiresist is applied to a wafer. Next, in step 716
(exposure step), the above-nentioned exposure work piece is USﬁg to

t%*n step

transfer the circdtCopatterH ¢ syS L HAsKOELEErel© t4 @ RaPEY . T
717 (devel opichgest @be:t haiexposed wafsen fism dgnelroped, hand g sgkepn,718

etching step), parts other than residual photoresis exposed nmateri al
gurface? arepZeﬁ§§éalBthﬁ(ﬁﬁr269el% st C?ggrﬁb e&ré?%&téyﬁgﬁbﬁg?og ep),

unnecessary pbationgss witeedai appgs afd elo ehehdmgi d=s mend¥ed. Ml tiple
circuit patterns are forned by repetition of these preprocessing and
post - processing steps. Wiile the particular |ithography machi nes as shown

and discl osed hereinis
2. Theliquid immersion exposure apparatus according toclaim

1, wherein the first holding system includes a vacuum holding

system.

3. The liquidimmersion exposure apparatus according to claim
2, wherein the second holding system includes a vacuum holding
system.

4. The liquid immexrsion exposure apparatus according to claim
1, further comprising a stage assembly which is movable relative
to the optical member, wherein the first holding syatem holds the
cover member on the stage assembly.

5. The liquidimmersion exposure apparatus according to claim
4, wherein the first holding system includes a vacuun holding
systen.
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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 inmrersion exposure apparatus in which a substrate
is exposed to an exposure beam the apparatus conprising: an optical nenber
via which the substrate is exposed to the exposure beam an inmmersion
liquid being filled in a gap between the substrate and the optical nenber
when exposing the substrate; a cover nmenber having a surface; a first

hol di ng syst em cBnf i('{GGrdd id FBEEERanRyrRdtte shpatdveT acammben;tcarld ia

second hol ding, sustem easfdiiteess dands! achablex Noldstng.. coxer MRmmER whi ch

is released fromthe first hqlding syStem wherein 't sur
cover member HE FUFEFAES skt difde hol di ng systemis opposite to the optical
menber. 2. The liquid imersion exposure apparatus according to claim 1,

wherein the firs; h %ding system inpcludes a vacuum holding system 3. The
li qui d i nmersion -exﬁ &dr uééfrﬁ‘F‘ﬁFﬁ%"%EEB‘P%H‘?ﬁgaft’kﬁr@lté}isrﬁccﬁ,rd\?\ﬁeltéiQiatiﬁe
second hol di g shyst@m theliides o MAWUSY AU OhHGds SHE LR rdnerdts b QHLd

i mrer si on exp par.at us according to claim 1, Further conprising a
st age assenbfgé%%?gﬁgi%m%%Vable relative to the optical nenber, wherein

the First holding systemholds the cover nenber p" the stage assenbly. 5.
The liquid imrersio appar atus according to claim
q &, ?hgfggﬁfﬁgmméggfonexposureappa atus according to claim
¢, wherein the first holding system holds the cover member when

the substrate table is under the optical member.

9. Theliquidimmersionexposureapparatusaccordingtoclaim
6, wherein the first holding system holds the cover member when
the substrate is exposed,

10. The liquid immersion exposure apparatus according to
claim 6, wherein the substrate table is movable relative to the

gecond holding system,

1l. The ligquid immersion exposure apparatus according to
¢laim 10, wherein the substrate table is moved away from under
the optical member when the cover member is held by the second
helding system.

12. The liquid immersion exposure apparatus according to
¢laim 11, wherein a substrate exchange operation of the substrate
on the substrate table is performed, while the second holding

system holds the cover member,

13. The liguid immersion exposure apparatus according to
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9, wherein the first holding systemincludes a vacuum holding system 17
6. The liquid i mersion exposure apparatus according to claim 4, wherein
the stage assenbly includes a substrate table on which the substrate is
hel d. 7. The liquid inmersion exposure apparatus according to claim 6,
wherein the first holding system holds the cover nenber on the substrate
table. 8. The liquid i mersion exposure apparatus according to claim 6,
wherein the first holding system holds the cover nenber when the substrate
table is under the optical nmenber. 9. The quuid i mrer si on exposure

apparat us according, hetleahm fy Bhereld hlestissh hobslng gy g Y elemdiakds the

cover menber when the substr I's exposed. I nrer si on
exposur e appd¥atgs btéormehgvhole dhai S(ﬁc@ndv%@@m st esubgsidatbetoekEs i s

movabl e rel atip@et-p &mwhé%%ckﬁaa%ﬂh&gsﬁfﬁ&@&m&%anm@ ddeQuhdgl fATRESI On
exposure apparatus according to claim10, whérein the substrate table is

nmoved away fréd#-under the optical nenber when the cover nenber is held by
the second holding system 12. The liquid imrersion exposure apparatus
according to claim1l, wherein a substrate exchan%e operation of _the

substrate on the §UB§%+%H%9f%%ﬁ%?ﬁQ9?ﬁQQ%ﬁﬁﬁﬁﬁpaﬁﬁ PéaFﬁérgé%%ﬁacﬂéPﬂlng
syst em hol ds 1Bhewvcomers aRPDeS .2 T12andheidd gubsl 4 MIRESI HFk X PASHEL-IARAAN at US

according to 18 cl ai n16 wh% ein a bet ween t he optical nenber and the
cover nenbefoy’ %b%’ RESSiebh “hiF URhY Ss.eﬁgérﬁﬂéﬁlag $HEBBver
to a second state in which the cover member 1s held by the other
of the first and second holding systems, the immersion ligquid is

present under the optical member.

15. The ligquid immersion exposure apparatus according to claim
4, wherein the stage assembly is movable relative to the second

heolding system.

16. The liquid immersion exposure apparatus according to claim
4, wherein a gap between the optical member and the cover member
is formed, while the second holding system holds the cover member,

and wherein the immersion liquid can be retained in the gap.

17. The liquid immersion exposure apparatus according to claim
16, wherein during a transition from a first state in which the
cover member is held by one of the first and second holding systems
to a second gtate in which the cover member is held by the other
of the first and second holding systems, the immersion liquid is

present under the optical member.
18. The 1iquid immersion exposure apparatug according to claim

1, wherein the second holding system includes a vacuum holding

systemn.
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menber, and wherein the imersion liquid can be retained in the gap. 14.
The liquid i mrersion exposure apparatus according to claim 13, wherein
during a transition froma first state in which the cover nenber is held
by one of the first and second holding systens to a second state in which
t he cover nenber is held by the other of the first and second hol di ng
systens, the imersion liquid is present under the optical nenber. 15. The
| i quid i nmersion exposure apparatus according to claim 4, wherein the
stage assenbly is novable relative to the second holding system 16. The
l'iquid inmrersion,ex par at to claim A erein,a.gap
between the opt1 4af ueer et BrdteBREPotRg abPaFe R Dpreur A FeBfu
second hol di n§, s4strerimhbhdssuhfeceovér tienveer nanskher ek niridised meetse on
liquid can beg t 17. The liquid i mrersion exposure

appar at us acco%%?ég;ﬁaidéﬁg %? %%P wherein during a transition froma first
state in which the cover nenber is held by one of the first and second
hol di ng syst ens 0 n i y the
other of the flggtTgﬁ q%@égnggﬁEﬁé ﬂ@bg@5%§§p§ﬁ6€q§§%§§$%ﬁuft9Shgl£
present underliWé969¥$@agaﬁéwﬁéﬁen18heT@éleQkatwmeM$¢®ﬁ @«pnsmﬁmber
apparatus accoy dbifled Oufil 8 e bedtiBnibia,SRCAND ! diddosysheLAC! udes
a vacuum hol din systen1 19. The liquid I"'mrersi on exposure appar at us
according to &t |Wﬁ*ﬁr$lnv\ﬁé$ etiragd oyt faickd ofant be EoVvainerkrivethesga®t ract ed
to the second holding system 20. The |iquid i mersion exposure appar atus

according to cIa|n1 1, wherein a gap between the optical nenber and the
cover nenber . The ligquid immersion exposure apparatus according to claim

20, wherein during a transition from a first state in which the
cover member is held by one of the first and second holding systems
to a second state in which the cover member is held by the other
of the first and second holding systems, the immersion licuid is

present under the optical member.

22. The liquid immersion exposure apparatus according to claim
1, wherein the second holding system includes a vacuum holding

system.

23. The liquid immersion expesure apparatus according to claim
1, wherein the surface of the cover member is attracted to the

second heolding system.

24. The liquid imrersion exposure apparatus according to claim
1, wherein the cover member is made of one of the following

materials: plastic, metal and ceramic.

25. The liguid immersion exposure apparatus according to claim
1, wherein the substrate includes a wafer which is exposed to the
exposure beam via optical member and the immersion liquid

in a gap between the wafer and the optical member.
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is formed, while the second hol ding system holds the cover nenber, and
wherein the imrersion liquid can be retained in the gap. 21. The liquid

i mrer si on exposure apparatus according to claim 20, wherein during a
transition froma first state in which the cover nenber is held by one of
the first and second holding systens to a second state in which the cover
menber is held by the other of the first and second hol di ng systens, the
imrersion liquid is present under the optical nenber. 22. The liquid

i mrer si on exposure apparatus according to claim 1, wherein the second
hol di ng system i ncludes a vacuum hol ding system 23. The liquid i mrersion
exposure apparatus according to claim 1, wherein the surface of the cover
menber is attracitedTioli@eid Sevenddrotdhamreyairemat28. achogdingaipdliedmer si on
exposure appara cl ai; rei QVer i.s made
of one of th§~f%P?8%%ﬁ%%g- 95&9%24%'§h5ét?c ﬁ%?gpkbﬁdgéiﬁanl Sthhe
liquid |nnergmmwrexgwshmaﬂabparatus according to claim 1, mherein t he
substrate includes a wafer which is exposed to the exposure beamvia
optical nenber and the imersion liquid in a gap between the wafer and the
optical menber. 2720T!Feliqed Limed e dMeARGINGE DRFGSGRE MeFaraRUSORdEOMdi ng

toclaim 1, 2f6ur§:H§£eﬁPrH?{e' 95 RA: A L{ O 3YELEM SOd W edcb @ SUpRl Y the
i mrersion |iquid. | i quid i nmersion exposure apparatus according to

claim 26, wﬁ@ﬂé?ﬁl?mmiqqq$ﬁ d systemis configured to recover the
imrersion liquid. 28. Aliquid i mrersion exposure nethod in which a

substrate 1is eéposed t.o an exposure beam the nmethod conpri sing:
8. A liguid immersion exposure method in which a substrate

ig exposed to an exposure beam, the method comprising:
providing the substrate opposite to an optical menber;
exposing the substrate to the exposure beam via the optical
member and an immersion liguid in a gap between the substrate and
the optical member;
releasing a cover member from a first holding system: and
holding the cover member, released from the first helding
aystem, by a second holding system so that the cover member is

opposite to the optical member.

29. The liquid immersion exposure method according to claim
28, wherein the first holding system includes a vacuum holding

system.

30. The liquid immersion exposure method according to claim
2%, wherein the second holding system includes a vacuum holding

system.
31. The ligquid immersion exposure method according to claim

28, wherein the second holding system includes a vacuum holding

system.
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provi ding the substrate opposite to an optical nenber; exposing the
substrate to the exposure beamvia the optical nenber and an i nmersion
liquid in a gap between the substrate and the optical nenber; releasing a
Caver nenber froma first holding system and holding the cover nenber,

rel eased fromthe First holding system by a second hol ding system so that
the cover nenber is opposite to the optical nenber. 29. The liquid

i mrer si on exposure nmethod according to claim 28, wherein the First

kt al di ng systemincludes a vacuum holding system 30. The liquid inmersion

exposure nethod a orﬂ%n to,cllaim 29, wherein the second hol ding system
i ncl udes a vacuumol thhg* F8YL R F 8197 PRBOFRERIPE P ATEFSPERL X pB<UPE ™ et hod

according to 2@, aivherdfs tMererst iR daegoRdshal diongsSysd effvieRChaiiRg anvacuum

hol di t 21 32. The |iquid ' . t had ding t
Clai m 25, wioT 1 ERGSTHLH hOl ciPrl Syerr HoL B Lhe" Byt arbehoen. o

stage assenbly which is novable relative to the optical nenber. 33. The

| iquid inmersion pasur e. net hod according to claim ,32, wherein the stage
hssenbly 1ol udes A oiietd ATE CRBPESER anrenSet RELEh) Serat L R tngy
The 1iquid i ®erdicariexpossrasareshatbactocidig ¢ subbarate 83blavhemdiinht he
first holdingusystemhal ds the,gover menber on the substrate table. 35.

The |iquid inmrersion exposure nmeihod according to claim 33, wherein the
first holding system holds the cover nenmber when the substrate table is

under the optical 3gBMBRI ;3 quid immersion exposure method according to claim
33, wherein the first holding system holds the cover member on
the substrate table.

35. The liquid immersion exposure method according to claim
33, wherein the first holding system holds the cover member when

the gubstrate table is under the optical member.

36. The liquid immersion exposure method according to claim
35, wherein the first holding system holds the cover member when

the substrate is exposed.

37. The liquid immersion exposure method according to claim
33, wherein the stage assembly is movable relative to the gsacond

holding system.

38. The liquid immersion exposure method according to claim
37, further comprising moving the substrate table away from the
optical member when the gecond holding system holds the cover

memper oppesite to the optical member.
39. The liguid immersion exposure method according to claim

38, further comprising performing a substrate exchange operation

of the substrate on the substrate table, while the second holding
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36. The liquid inrersion exposure nethod according to claim 35, wherein
the first holding system holds the cover nenber when the substrate is
exposed. 37. The liquid inmersion exposure nethod according to claim 33,
wherein the stage assenbly is novable relative tp the second holding
system 36. The liquid inmersion exposure method according to claim 37,
further conprising noving the substrate table away fromthe optical nenber
when the second hol ding system hol ds the cover nenber opposite to the
optical nenber. 39. The liquid inmersion exposure nethod according to claim
38, further cQEPELShOKPaHOLAAY @Mbﬁgm@éwr&% gperadll an@t, the
substrate on the substrate table, while the second holding 22 system holds
t he cover nenber opposite to the optical nenber. 90. The liquid inmersion
exposure method aagormicngi&@ichahdt33n @ﬁﬁsﬁm ReHay betyeemd s copthcal
menber and tgg cqver .menber is Fornmed, while the second hol ding system

hol ds the. coveér ef, & SARFFIHE T SPbRCH} §aMBCE &R0 S EPRFHEGTPAT t he
gap. 41. Theibifguinddi, MENS tHe SXPNSURE1IBIN9@s BHCRE HNghé @o6hk AnBLHAD,
wherein duringda transition féon1a first state in which the cover nenber
is held by tRBU PSS RBITEIRG sy EMIY ResBRuM st afe M 9% ch the cover
menber is held by the second hol ding system opposite to the optical

menber, the imersion, liguid s present under the optical, menber, 42. The
l'i quid i mrersion g;(bo%élﬁrglﬁ%‘t HHE%%S&?M?W%”&eclp%ﬁﬁdoﬁ%?ow&geﬁ%C%lah‘ﬁp

bet ween t he épt ivdaErerenterirend thencioviem feober fikstfaravedinwhiilcd the
second hol di I ver. . Wherein the imersion liquid
can be retai ﬁ‘g‘éé%/ﬁgﬁ%ljgasgﬁe%sy%ée ﬁ‘%ﬁ%%% gysoﬁeme%ﬁoasﬁ?%onne ‘;u%ge
accordi ng toiglwiiwh the cover member is held by the second holding system

opposite to the optical member, the immersion liquid is present

under the optical member.

42. The liquid immersion exposure method according to claim
28, wherein a gap between the optical member and the cover member
is formed, while the second holding system holds the cover member,

wherein the immersion liquid can be retained in the gap.

43. The liquid immersion exposure method according to claim
42, wherein during & transition from a first state in which the
cover member is held by the first holding syatem to a second state
in which the cover member is held by the second holding system
opposite to the optical member, the immersion liquid is present

under the optical member.

44. The liquid immersion exposure method according to claim
28, wherein the substrate includes a wafer which is exposed to
the exposure beam via optical member.

45. A device manufacturing method comprising:

providing a substrate opposite to an optical member:
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42, wherein during a transition froma first state in which the cover
menber is held by the first holding systemto a second state in which the
cover nmenber is held by the second hol ding system opposite to the optical
menber, the inmrersion liquid is present wunder the optical nenber. 44. The
l'iquid imersion exposure nethod according to claim 28, wherein the
substrate includes a wafer which is exposed to the exposure beamvia
optical nenber. 95. P. device manufacturing method conprising: providing a
substrate opposite to an optical nenber; 23 exposing the substrate to an

exposure beamt hr opt.i cal nber and_an i rsion li.quid in a gap
bet ween t he subs%%gggkg dﬂF§§U§5FF§§$ HeiBeF PPt eadisng 4Pegy 1ﬁ‘é*rmer
froma first dpdlidehgnsyistiemndand idvoddiing (heutover ameabebetweireased from

the first holding,.sys nd hal di ng system so that the cover
menber is opposi%% toéf éj%%PﬁggﬁgﬁeﬁﬁggF’96. The devi ce manufacturing

met hod accordi ng Felepainy 45coveharapivert heof ia Strhplidilngngysyemn: and
i ncl udesavocuum h N t A e Vi t UL od
S g0 4L Bl i o 08 BN 35100, TN

according to claim96, wherein t e‘secoh &s “3"%acuum
hol di ng sys®B&Rtenn biThe sgeoné eadsinbagy sirdthgontbiod-rec covdi nuertb@rchai m 45,

wherein the %gggggtgqhgnﬁg}§ﬁ§§@gqi udes a vacuum hol ding system 49.
The devi ce manufacturing nmethod according to claima45, wherein the first

hol di ng system hol ds the cover nenber on a stage assenbly which is novable

relative to the opki 0fle MRODEL nafQradfiSr QY hEnIRAMEREL LK RY JBINPYS,

according to claim99, . .
wherein the first holding system includes a vacuum holding system.

47. The device manufacturing method according to claim 48,
wherein the second holding system includes a vacuum holding

system,

48. The device manufacturing method according to claim 45,
wherein the second holding system includes a vacuwn holding

sygtem.

45. The device manufacturing method according to claim 45,
wherein the first holding system holds the cover member on a stage

assembly which 1s movable relative to the optical member.

20. The device manufacturing method according to claim 49,
wherein the stage assembly includes a substrate table on which
the substrate is held, and the first holding systemholds the cover

member on the substrate table.

31. The device manufacturing method according to claim 50,
wherein the stage assembly iz movable relative to the second
holding system, and the substrate table is moved away from the

optical member when the second holding system holds the cover
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wherein the stage assenbly includes a substrate table on which the
substrate is held, and the first hol ding system holds the cover nenber on
the substrate table. 51. The devi ce manufacturing nethod according to claim
50, wherein the stage assenbly is novable relative to the second hol ding
system and the substrate table is noved away fromthe optical nmenber when
the second hol ding system hol ds the cover 24 nenber opposite to the

optical nenber. 52. The devi ce manufacturing nethod according to claim45,
wherein a gap between the optical menber and the cover nmenber is forned,

whil e the secanthdiolbdhagisysiemniobds:ddie epwer . menber. 53. The device
manuf acturing nmethod according to claim52, wherein during a transition

froma first state in which the cover nenber is held by the first hol ding

systemto a secondizs.t ahe d@lcwtmmﬂaﬁeu@@ﬂ@rmeme;taegcdo%dhal;dtcby:lhb@ ggcond
hol di ng system, a 05|te the imersion liquidis

to the o
present undef etrﬁé o?)tglaé’a]i’e‘ﬂ‘é‘?%b?:ge 5%’“?%@ ‘?Fé‘iﬂeé:ea%ﬁuhfaaﬁ?‘fﬁﬁ H‘SWW H&d
accordi ng to Braiem, 481 LeMiar e dodritehs Ldstd ateténadidest e Wik Adied.i s

exposed to the exposure beam through optical nenber. 25
33. The device manufacturing method according to claim 52,
wherein during a transition from a first state in which the cover
nember is held by the first holding system to a second state in
which the cover member is held by the second holding system
opposite to the optical member, the immersion liquid is present

under the optical member.

54. The device manufacturing method according to claim 45,
wherein the substrate includes a wafer which is exposed to the

exXposure beam through optical member.
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