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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 Proma 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 optiical assenbly onto the wafer. The projected inmage
is typically sthe size of one die 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
completely fills a gap between the optical assenbly and the wafer during
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generati on sem conduct or tec ogles i ncl uding nanonet ers,
nanoneters, and beyond. Inner5|on | i t hography
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RELATED APPLICATIONS

This application claims priority on Provisional Application Serfal No.
20 50/462,499 filed on April 11, 2003 and entitled “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
reficle defining a pattern, a wafer stage assembly that positions a semiconducior
30  wafer, and a measurement system that precisely monitors the position of tha
reficle and the wafer. During operation, an image defined by the reticle is
projected by the optical assembly onto the wafer. The projected image is typically
the size of one or more die on the wafer. After an exposure, the wafer stage
assembly movas the wafer and another exposure takes place. This process is



10 therefore represents a significant technol ogical breakthrough that wll
i kely enable the continued use of optical |ithography for the foreseeable
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 replenished after the wafer is
exchanged. More 15 specifically, when a wafer is to be exchanged, the quid
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to 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
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 onfo the wafer, thereby reducing yields. The

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

An apparatus and method for maintaining immersion fiuid in the gap
adiacent 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



maintain the imersion Fluid in the gap when the work piece table noves
away fromthe projection |lens. The gap therefore does not have to be
refilled with imrersion fluid when the first work piece is replaced with a
second work piece. 10 BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is an
illustration of an lithography machi ne having features of the present
invention; 15 Figure 2 is a cross section of an imersion |ithography
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Figure 1 1s a schematic illustration of a |ithography machi ne 10 havi ng
features of the present i KIPBON ©RJT ApVWIBEGHII ne 10 i ncludes a
frame 5 12, an illum nation system 14 (irradiation apparatus), an optical

assenbly 16, a reticle stage assenbly 18, a work piece stage assenbly 20,
a measurenment sy§igem 25 anillegratipolof §9§Iﬁ@|@f@iﬁy reaedhire Hadvingdfeetwes ofthent al
system 26. Theedi®sigbntiopf the conponents of the |ithography machine 10 can

be varled to suit the design
Figure 2 is a Cross section of an immersion fithography 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 SA 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.



requi renents of the lithography machine 10. 10 In one enbodi nent, the

| it hography machine 10 is used to transfer a pattern (not shown) of an
integrated circuit froma reticle 28 onto a sem conductor wafer 30
(illustrated in phantonm). The lithography nmachine 10 nounts to a nounting
base 32, e.g., the ground; a base, or floor or sone other supporting
structure. 15 In various enbodinents of the invention, the |ithography

machine 10 can be used as a scanni pgdeTiRBRL O |thography systemt hat
exposes the pattern fromthe reticlre 28 onto the wafer 30 with the reticle
28 and the wafer 30 noving synchronously. In a scanning type |ithographic
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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 perpendicularly to the opfical 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 20 are moving
synchronously.

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

25  photolithography system that exposes the retficle 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 retative to the reticle 28 and the optical assembly 16 during the

exposure of an individual field. Subsequently, between consecutive exposure

steps, the wafer 30 is consecutively moved with the wafer stage assembly 20

30 perpendicularly to the opticai axis of the optical assembly 16 so that the next field

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

reticle 28 for exposure. Following this process, the imagas on the reficle 28 are

sequentially exposed onto the fields of the wafer 30, and then the next field of the



systemthat exposes a liquid crystal display work piece pattern onto a
rectangul ar glass plate or a photolithography system for manufacturing a
thin filmnmagnetic head. Accordingly, the term"work piece" is generically
used herein to refer to any device that may be patterned using

|'i t hography, such as but not limted to wafers 10 or LCD substrates. The
apparatus franme 12 supports the conponents of the |ithography nmachine 10.
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g-line source (436 nm, an i-line source (365 nm, a KrF exciner |aser
(248 nn), an ArF d%ei#rperdtasdianeld2 sunposts teFZompersers (of 3fe rithagraphy

Al ter nati vel ymadiii id.! b Bgbb@RsoA, %3@5%‘3{&%’?‘-‘?%&%6[ ﬁmoa@%ea% gl Y

The optical assenbly 16 prol ects and ocuses th assi ng ough
30 the reticl¥PRATEPHE Snlieayaf srosta%mﬁmmegzwwpml amr@w  anchibe

I|thography inogiatR s@@tenimambltmhoaﬁtw@s%ﬁ can magni fy or reduce the
i mage |Il+gn nat ed.., on the reticle ptical assenbly 16 need not be

linited t5 a redudf§ diEm ‘%@f@f‘eﬁ“ﬁ”ﬂ %Lﬂcaid&lss%‘ iirgnafipnosouipee dtepnd an
magni fi cat i oriliuyisatem officAl assently B6aN BXPASHIRHIEdoupdL B8 shdd epRAAYS

;’ﬁg“g; ;lj;[ (r)gt(l\rﬁlagiaﬁ&B S ﬁ%ltaeblgﬁ%g (TMUVI?umJnatlonvc?{:!tlgglg;sger%gg B%ngu?dresltr?g\géamuse of
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 ilfumination source 34 is directed to above the reficle stage assembly 18
with the illumination optical assembly 36.

25 The illumination source 34 can be a g-line source (436 nm), an i-line source
(365 nm), a KrF excimer laser (248 nm), an ArF excimer laser (193 nm) or a F»
faser (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 opfical 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.



system can be considered. Exanples of the catadioptric type of optical
system include the disclosure Japan Patent Application D sclosure

No. 8-171054 5 published in the Oficial Gazette for Laid-Cpen Patent
Applications and its counterpart U S. Patent No, 5,668,672, as well as
Japan Patent Application Disclosure No.10-20195 and its counterpart U. S.
Patent No. 5,835,275. In these cases, the reflecting optical work piece
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The reficle 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 reficle 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 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
9,623,853 or 5,528,118 and incorporated by reference herein) are used in the



5,67_3,853 or 5,528,118 and incorporated by reference herein) are used in
the 6 wafer stage assenbly or the reticle stage assenbly, the |linear
notors can be either an air levitation type enploying air bearings or a
magnetic levitation type using Lorentz force or reactance force.
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20 Numbers 5,528,100 and 5,874,820 and Japanese Patent Appiication Disclosure

No. 8-330224 are incorporated herein by reference.

The measurement system 22 monitors movement of the reticle 28 and fhe
wafer 30 relative to the optical assembly 16 or some other reference. With this
information, the control system 24 can control the reticle stage assembly 18 to

25  precisely position the reticle 28 and the work piece stage assembly 20 to precisely
position the wafer 30. The design of the measurement system 22 can vary. For
example, the measurement system 22 can utilize muitiple faser 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 contro! system 24 can
include one or more processors and circuits.



30 22 and controls the stage nover assenblies 18, 20 to precisely position
the reticle 28 and the wafer 30. Additionally, the control system 24 can
control the operation of the conponents of the environnmental system 26.
The control system 24 can include one or nore processors and circuits. 7
The environnmental system 26 controls the environnent in a gap (not shown)
bet ween the optical assenbly 16 and the wafer 30. The gap includes an

i magi ng field. Therdemagiin@nichel dying Qéee%rﬁﬂa% Wee@n@@hﬁq%ﬁmn taoﬁégmn&egl on
of the wafer 30 that is peing exposed and t area in beam of

light energy Shawapefwespdpgalra ﬁ%seﬁi‘ﬁ’}i @:%Iaﬂéé‘lee\“fﬁ‘ie§/396TQﬁ|($aP eliges én 30.

Wth this desinuingt ffd. Em&nm@@iﬁ@%@' 1n§M§ésefﬁe2§re§%ﬂ}a‘é@rﬁ‘tttb%e tréb%r?ﬁf’iﬁeonnem
in the imgi n@ |eI d, Thﬁjte desired environnment created and/or controlled in

the gap by t h&alghgPrtbanaheing e’@)‘?%?%ﬁ‘i@é"ecé'ﬁav’ﬁr“w%%r?ﬁ%l"&"grﬁ SNRYwaf er

30 and thesdesigi @&twbaetﬁee@ﬁnc@rfasts&%bi Cmrmnmt\ﬁaf@ff 3d. hWit'h' thidQEERRMKeMRChI NE

10, including the il {ngﬁe gg %Stem 14. 10, For nﬁ) , the desired

control | ed en%/?vr‘rB’H??ﬁ'ﬁt? v D I%”Ho'sﬁﬁ@kﬁr’éfgo’i}@?@r'”{ %I’?aegr‘%f“?'@elw,e t he

IdeS| red cont L;d)ﬂsir@ﬁi ee.mwmrrmmréh at€Bndver anwtdued ih yfﬁ@ g8h byl tHe nSsiiinerds! ﬁ gas.
n various emnbhg t e ga r in i ght

bet ween top sur gbngg GP0 VR %éf’@ régytoéﬁﬁ%f%%f #bg]qu %‘ﬁmqeéﬁp qum gt?‘et he

opti cal asserm:lrr}peihéntsjcﬁ thenlitbograpimbodcieat] o, td&mdemvthe mmn’anﬁtsah sgytstnem 26

fills the i th h rso f|UId

16 ”B!%rrlg{aﬁw ?e qhémagy c?ontr%ﬁ %ﬁ"ﬂ%) §1 {3%% bgoehp%iﬁ m agfw

The design of Thé e AT I onment
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gap using spray el ectro-kinétic~s

and renoves . t§gh |b@t\f@enrf@muﬁécegabtf@swfgr @Qc%nﬁﬁ"ﬁdﬂ?isopt@ﬁioﬁg@ént ofathd the

li ke. The desjpggalabsdrnifygpVvironnental system 26 can vary. For exanple, it
can inject the inmrersion fluid at one or nore |ocations at or near the gap.

Further, the i mels?ErPTPRrimehy Seanveimersal ystern2t Bifohe ipesinpgiion and
scavengi ng t hige rési@rtSé Gapfwith en ahmRRforP FluiAD! Bhé @@@ibh PPshé@ en@foriRalt he
T Phoce MO EAR G oRint PPe e S SR A SEBE T  18 o
appl i cat i ons dé@tett2erbd@iimetist Itesl environmental system 26 delivers and/or injects
) immersion fluid into the gap using spray nozzles, electro-kinetic sponges, porous
20  materials, etc. and removes the fluid from the gap using vacuum pumps, sponges,
and the like. The design of the environmental system 26 can vary. For example,
it can inject the immersion fluid at one or more locations at or near the gap.
Further, the immersion 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 andfor the edge of the optical assembly 16. For additional details on various
environmental systems, see Pravisional US applications 60/462,142 entitled
‘Immersion Lithography Fluid Control System” filed on April 9, 2003, 60/462,112
entitled “Vacuum Ring System and Wick Ring System for Immersion Lithography"
filed on April 10, 2003, 60/500,312 entitled “Noiseless Fluid Recovery With Porous
30 Material” filed on September 3, 2003, and 60/541,329 entitled “Nozzle Design for
Immersion Lithography” filed on February 2, 2004, all incorporated by reference
herein.
Referring fo Figure 2, a cross section of a lithography machine illustrating
one embodiment of the present invention is shown. The lithography machine 200



"I mrer si on Lithography Fluid Control Systemt filed on April 9, 2003,

60/ 462,112 entitled "Vacuum Ring System and Wck R ng System for | nmersion
Li t hography" filed on April 10, 2003, 60/500, 312 entitled "Noiseless Fluid
Recovery Wth Porous 30 Material" filed on Septenber 3, 2003, and

60/ 541, 329 entitled "Nozzle Design for |mersion Lithography" filed on
February 2, 2004, all incorporated by reference herein. Referring to
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the wafer 208 and the |last optical tircal” asse 16. A
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robot) and anm@l'ubiﬁ@@ﬁ%féﬂ@éde?@is({i e€.a rébot)”érﬁ:f Qﬁcaﬁ?l ﬁm@ﬂpto §angera), is
configured to renove thg waf er on the ‘wafer an repl ace it

with a second™fEIssPre PAf Lhid Wﬁi@al‘q VO%ﬂSHEﬁﬁ*qu éﬁﬁ‘&i’eﬂﬁ‘eu‘gﬁfﬁg 20 oniieer
Isogder 218 t Othﬁf tabRIIb4rRROYBatH R w@afaegec&%wéfee lrmﬁ@@s W@{cﬁﬁy %%Bm#lsﬁgghuck
en , the,_ s pl aced onto
zlfssegfj. gfﬁ ihge Vf?@éﬂ??@%{%& S 29@0*’%1% Vaeh 2B 4o BRewieHade t he
opti cal assezﬂa‘ll ﬁmﬁemntthahmé@fndtm&z?na%oww téblé&ﬁcﬁor&ﬁh@ﬁvéﬁ@?&huck?i hat
f t age i.hel i_mmer si contain system a
'S cont1 gur eqt o e e Pr TP RRENIPar frd RSN el e b P dent 1 ho
| ast optical asemblyticoh théwabptadalOassenbly 16 during wafer exchange The
i rsion fluid c J n d 2 j acent
the wafer tabl e o0l R TRodHRRE bt Kk 280 Talfihet 28 B Tud 22
and the wHf er cgmt@ug@emstans2%§wttsm®ﬁwed to trizintada th2P@merFive flwaf 242 80 t abl e
204 has a fl af a%'éﬁft%‘?a%?ﬁ&i CRnfAPbAABIopL seerﬁbﬁgfq%%%nﬂg, whilg waf er

208. The pad 222 al so_has a surface l'anar wth the
upper  sur f acBXPRNgheTRpraPesion) flei t%‘ﬂfﬁe'%tﬁés‘iﬁm%‘r“ @ewa%é pagRa2 fwd 222 is

arranged is adjacent the wafer table 204. A support member 224, provided between the
pad 222 and the wafer stage 208, 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 fiuid 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 fiuid 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

30  from the gap as the second wafer is positioned under the optical assembly 16. In
varijous embediments, the pad 222 is disposed continuously adjacent the wafer

table 204 with no gap. Vertical position and/or fift 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.



adj acent the wafer table 204 with a very small gap (e.g. 0.1-1.0m) so that
the imrersion fluid 212 is novabl e between the wafer table 204 and the pad
222 25 without |eaking. During a wafer exchange, the wafer stage 206 is
noved in the direction of arrow 226 so that the pad 222 is positioned
under the optical assenbly 16 in place of the wafer table 204, naintaining
the fluid in the g nalntalnhﬁg the size of the fluid gap

new waf er ﬁ%ﬂtﬁ@@}g fémg@aé’atwqeﬁéhe &42 e opEcHpEIRdR 1% 8% lﬂfglt%f fogi naI
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Vertical pqgsition and/or tilt of the wafer table 204 can be adjusted so
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Mai nt ai ni nthhe gap between the pad 222 and the optical assenbly 16 is not

linmted tothejupper wriae¢ ef theyoifenigele@pér ati on. The pad 222 can be large
enough to maintain the imrersion fluid 212 in the space between the pad

222 and the opt Regli@s % ﬂz@an&jg@ RGr4is s@étfoﬁrh%r&ttoﬁﬂ%%tﬁéw oPan&her
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tool 3gD, éx%ha,ﬁgeniyswﬁ{ 36} Pl RITRY & w0 MBIRE 1980 af @ﬁg{ﬂ%ﬁr biﬂ%b@ 204 and
replace it wmth a“secon his is accorrpl evvaer
| oader 318candigneduy eerhine: thafverfei3@B dr thewafdraalaBést andibepéace%wsbqwemﬂdy, t he
second waf ezrifeg tis s a%om)nphsilealuas?negdthg %a ertlggdevr\%flgrto remove the wafer 308 from

the wafer table. Subsequently, the second wafer (not shown) is placed onto the wafer

chuck 318, aligned using the alignment tool 320, and then positioned under the optical

20  assembly 16. As best illustrated in Figure 3B, a set of motors 322 are used to move the
stage assembly 302 including the wafer table 304 and wafer stage 306 in two degrees of
freedom (X and Y) during operation. As noted above, the motors 322 can be any type

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

The immersion lithography machine 300 also includes an immersion fluid

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

30  surface which is coplanar with a surface of the water 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



chuck 318, aligned using the alignnent tool 320, and then positioned under
the optical 20 assenbly 16. As best illustrated in Figure 3B, a set of
notors 322 are used to nove the stage assenbly 302 including the wafer
table 304 and wafer stage 306 in two degrees of freedom (X and Y) during
operation. As noted above, the notors 322 can be any type of notors, such

as linear ReQrshd ¥ AdEtlonIRisRipSthe YRGS B0 Ivhidi0k QBﬁr?IFeE?o&f ﬂig%ohtrﬂ@ﬁﬁéeﬁﬁ
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be positioned adjacent the optical assenbly 16 and the wafer table 204.
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306) is away from under t ass During a wafer exchange,
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326 thus rghmbRfont MAd 310M8H $hOWafdr eikehadke opblalibf thBRoRPR HBERT 330R00at i cal
assenbly 16. After the new wafer has been aligned using the alignnment tool
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At the sa t he_.control syste 3 irect.s the tor ,328 to retract
the hog® Somertaibaad, W fO M hoBdRlo Ml 2o BeteSl bl S0l il Sl |
312. 115 t hiectwadrethe dghranige 30pandticand 3pbe control system 330 noves the

wafer table 304 and the pad 326 with a small gap between the wafer table
304 and t hee pagersig fIyig) qoatainiaent fysiedy id thupinepinfams sBe wmersoroBuidcH2

E R I g e
312 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
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fromthe gap during wafer exchange. In this enbodi nent, the wafer table 304
(the wafer stage 306) and the pad 326 are novabl e separately. Therefore,
the wafer table 304 is novable freely while the imrersion fluid 312 is

mai ntai ned in the space between 20 the pad 326 and the optical assenbly 16.
In various enbodi nents of the invention, the control system 330 may be a
separate control systemor it can be integrated into the control system

d
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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 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 hest 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



t he space bel ow the optical assenbly 16 while the wafer table 404 is away
from 15 under the optical assenbly 16. The immersion fluid contai nnment
system 424 includes a pad 426, a first clanp 428 provided on the optical
assenbly 16 and a second clanp 430 provided on the wafer table 404. Wen
the immersion fluid 412 is between the optical assenbly 16 and the wafer
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30 As best illustrate ositioned on the wafer
table 404 durlmm@iee\wm@s‘fh‘?éafd)#% h@lm@rbmsfrﬁﬁ@r@e@@nd clanp 430 is used

to hold the pad §28.00s BHAGE Htstt}re& ff%:n@\%ﬁ&ﬂih@%ah*@ﬁ"&@&@h gARYsUr e.

During a wafer exchange as | l'ustrated i n Figure 4B, the wafer tab e 404
is noved in tthe fistrdePPoted. d¢ "ef rigufed3lp gre)vtMraf%@xqs\aaga@@er%wﬁosﬁfn oned

under the Optdh@ﬁhe:ﬁsﬁﬂmlo)ﬁ LGmLeasLﬂ:ane;hta@,@erQa‘ort hﬁ? aﬁ@f&heﬂa&raﬁmﬁaaﬁ Bks

occurs, the second cla 30 hol di the wafer table 404 is
rel eased whi I%‘W‘?W%WW?E%’W%’SWJR%%%?%@? B?H‘tﬂﬁ%d i%thetWQC%ﬂeMeﬁn t(gl‘i%'serrbl y
16. As a res lﬂptacaltalﬁﬁemiﬂn}fﬂlﬁsarﬂr‘thé|plaud42$lcﬂamsedmy fcafinge dampdeas. Albe topt i cal

assenbl y fer 408 is ex a fter the new vvafer been
o Toned. The daabad Zaf dediig SEVARRAR 12 ok el creRThRERLEr 188 45)
so that the oenp %2 ean bfspmsieti|oorthaejwafmiestagehf§)60p1thequi HSsemiieyheldPpnor to

this nofion, 'hg‘?abéd&'éﬁ@é ‘?ngtﬁgr?tf{essté %’I%ﬁ'%ifoﬁg)zhl |l e the second cl anp 430

agai n cl anps % wafer In this enbodi ment, the
waf er table 404 |Engﬂtree@4 gnd A ashlop dmmnlxeewshef padiifzentiteinstagiietnérgiop he

first clamp 48Rqraphy 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 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 assembly 16 is compiete,

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
ilustrated 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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10 I'n various enbodinents, the operation, in which the pad 426 is clanped
by the first clamp 428, is not limted to only a wafer exchange operati on.
An alignment operation, a neasurenent operation, or any other operation
can be executed while the imersion fluid 312 is maintained in the space
between the optical assenbly 16 and the pad 426 cl anped by the first clanp
428. Al so, the 15 clanp 428 can be provided on the frame 12 or ot her

i th st age 406.
The pad 426, calBeoRur §Y%h BB e R SR A b e Cuiga e Serbl y
402. Figure S5ApahZRS8wha euipopt rd@men/azavmmﬁ régm:{ i thé @ﬁ@?ffruen{r?}[fgﬂfolfxb?%gs
bresent i nvent  SHOCRY SCNERE B warhol Syafem 3na SO A Pt oA aceichew n
stage | it hogr aptiigalsysserebip,16s Gee Pad Baé mmomcl; 5@{%6@«;3@ %rrﬁgé Sté@gl%ﬁw g NO.
6,341, 007. As &ap éérldﬁ%hﬁgﬁq@g&rﬁjﬁ%tz&%gﬁm SRS e R0 0906

d US'P are FoPdectvarerdithe pg

?efzgrzezgg aInn '@mwgtéﬁhoﬂﬁﬁfemsqphaalmembfy mtemasltageise m\d’ﬁérsﬁaﬁdkﬁbﬁ%'iarg VD
show. Wbt or S 165, 56 ol OIS 01100 YIS iR g1 p05S . 20

in the horizontal directions eas noto
posi tion the SlegsbabigsnoERRANET barusere Daring thel tings wéem blape STHe anotaws 502

and 504 ar e usgsltd ;e @bé@@ﬁ%b%@hﬁz@%bé&ftﬂ rf?é?ﬁtaltﬁttﬁ&ﬁnrHQu‘g%E fﬁ@f’gﬁﬁ% h%ﬁ""ot her

assenbl Whl| a waf er _exchange and I gnnmen or e
st age. y t & ! %@%ﬁ&'r@' Eiguf%éBwapé‘r thenaier tirad csil&llr!n@ailxr)a%se.nﬁieypacﬁ i$ s

conpl et e 30 ichetpetiNmtd W GhRELDIALR HYIRREsaN tﬁatt"% ggﬁ%gxgés%ﬁeﬂfﬁﬂlss

repeated. Wth either configuration, the varl ous

present i nvent TR ¥l FINGhiIPAY IS ﬁ‘ﬁ%qeéil & # heuf‘@ istroeR eVFdp 206 d&S2t he

optical asseniliymatels adessaribededWdthel ddcbisd EREEHarBROY B Wsddlad 884 tO

Fi gures 2 through sed th . either twin stage arran errent Wth
regard t he enbodi n’éﬁ?&ﬁg [E F@Wg 9 r toé’x&ﬁﬁl‘e"’e‘%a?,fha t%“ ﬁ@ﬂ@ri’tg?giaéh}sv\l and

SW of ei fiher MEchine diustratiog CE%B ezramdbeenmﬂlpfaoﬁdng thd preberd enantidrag s%@@rnanld a
support nembep, tg%%nb\gdﬁﬁbrﬁqﬁérnqnér%lohh?hoﬁ% élgs&gnt fggﬂdgggg%cﬂra% 5 ésclﬁlgg €

ad 326, notor 328 contr ol stem
gpt i cal assen®td speondr plegp 886306 ’N@ sfogabbe mepat atthe X drdowndiketigisage SW

and 5 SV2. Duibfifls 60 inithR eMRBInSER%Re SWheB 204 3NE 685 SrdndeiBs SN pRed,, the
had 326 contain the immersion fluid in the gap. For example as shown in the Figure, the

20  first stage 604 is positioned under the optical assembly 16. When it is time for the
work piece to be exchanged, the motors 602 are used to position the second
stage 606 with a second work piece adjacent the first stage 604, With the two
stages 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 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 fiquid 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 illustrating a work piece
exchange according to one embodiment of the present invention is iltustrated.
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is noved to under the optical assenbly 16 to maintain the imersion fluid
312 below the optical assenbly 16. Finally with the enbodi nent of Figure
4, a detachable single pad can be used. During the tine when stage SW and
SW are to be swapped, the pad 426 is used to nmaintain the imersion fluid
in the gap 10 as illustrated in Figure 4B. On the other hand during

exposure, tFgrpa8 shéws & WarRes ple®olheeMelREukablangbiel iR 6C sgéwege that

i's being exposed. In this manner, only a single pad is needed for the two
st ages W51 tanwgomsbstageAiOodn sartactdbyimmedidiekcadidedt) e thathe firdistage 66hundarage

can el oo DRy B R R 0, Rt @

practi ci ng6bbes fsRBRBE uhdiy e dpital &s&hoMns. I n this embodi ment, the
i mmersion |ithogr a‘ﬁhy S£stem 600 includes first stage 604 and second stage

606. The t hHallyaigddzie eEnhedust sagerfddxs mededraviny Bemi tbaeptngl awembhsl®02. In
thi s enbodi i t; 08, .t ; contain the
i mrer si on fﬁ@&%% 1}1%&1?4%%1 18%%5” r%ﬁt?b gg‘gﬁ%r glee{g/ gﬁa‘g\%%§¢4nﬁ{aﬁ6ed6 I g‘lﬁlﬁg? t he 20
first stageo@bdioissipfase indeneld: eptibal asstrablyplttl diaingassaeier thidmaMbening thd s

time for the work piece to b xchanged, the nbtors 602 ar sed to
posi tion ¢ HEmESR i 2 B eapof (eemhetarin i w)rtfae scerd stage SeRe rde first

stage 604. s, hrﬁisl@tagmow%vaﬁ@&n@gﬁsbtﬂeqw&kzﬁ&%g%@%’g H6red hH&Y. Subst anti al Iy
forma conti nuous surface. The notors 602 are then used to nove the two

stages in uniso o that the second 25_stage 604 is positiqgn under the
opt i cal® assenbl {1 16 variens arebadipents desggbed abays, themge can bnaere phenepbecal

assenbly 1§¢4;f hg, i | i.S _ e opti cal
A R T R s ol S R A
st age 606 whitahwitibTalon heoslibg teartheradrhodimants nTbesize uf hegpedwispishotid bei r st

stage. In vakious alternative enbodi nents, the second stage 606 could al so
e 5 30+ pHATCISE g SOV TADS Fih ORISR P TS Niad 43 VisoHE ai n ¢ he

i mer si on ¢hestighehtd defiibedabo W ieSuAaS8EEONE 134P5idl SeRchSofliR Bakidal aced onto
the first stage 604. Simlarly, the notor arrangenent shown in either

Fi gur e!55A @seBEydéus gonstanis eadeRaimesiondlu b elirpnmest, PR WSHEing thedpimeafionf

di agrans i nat . _piece exchange according to one enbodi nent of
the pr esen(%fla}uﬁi'\s}g%lﬁrgge'gswgﬁﬁs+$%t)ed. 14 Figure 6B shows a wafer on stage

604 after exposure is conpleted. Figure 6C shows
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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the second stage 606 in contact (or imrediately adjacent) with the first
stage 604 under the optical assenbly 16. Figure 6D shows a transfer taking

pl ace, i.e., the second stage 606 is positioned under the optical assenbly
16. 5 Finally, in Figure 6E, the first stage 604 is noved away fromthe
optical assenbly 16. As best illustrated in Figures 6C and 6D, the two

stages 604 and 606 provide a continuous surface under the optical assenbly
16 during a trgpsf r p. In
the enbodi ment’ Ao Tt e ac s et e B Wb ol hCABEE
however, coul@eﬁb@UHQGEQEwb%%mﬁ%ﬁﬁﬁmgK&ghkﬂmvﬁﬁﬁmdr@bm@menmo I'n the various
embodi ment s_descr i hed. aRoyeqct he | VRt BRoRR B CuRln A8 Lo nRlnidhdd er ot
materials, such as ceram c, netal as terial® nay Al

coated with T@fﬂmﬁea@ﬁ@ﬁtﬁpﬁdmm b@fﬁhéaomlﬂf@fdilW@@@Wlﬂmm@rp&ce@ﬁﬂmﬁemd al so
shoul d be gsu i id. In
t he varloug gﬁ%@gﬁﬂ%ﬁﬁgj ?lbe rgggggﬁﬁﬁﬁg:§§$P§§§Qg?hthekfg§@agé cal

el enent of t héteghtAhekresis Iage@wﬁﬂy a| gaies d‘dm@tlamtqaw?ﬁmﬁ@wowﬁeatgmoma| ui d
envi ronment, assc%efaémmge& @?pcfsgfen@(t)&%ceo:fs BeblibindngrRr {ﬁe(o% it pafle

mar k") . Senlcondu tor wafers can bri cated using ove escrlbed
systenms, by BP%@SIQ aWMRf i H@ﬁé? éFelpyﬁ?n(@N@'GP'@g W@P) |the sxrgserotatehe wor k

|0It ece782f unct IsQ:ﬁev@Ilaﬂed ramﬁf:oétapm@ &aaﬁgeie@)I@éds(&h@rtﬁarda%%idga%ot&%élﬁu in
step

@ %etl Lngng a 20\f§ttern IS e5|9 accor ing to the
previ ous d8si ﬁpﬂ S ”aaﬁ d by, eighingp 3 Iy stepg %ﬁ (RrotergdEt from a
sih | i coP ma]'E er:eaiavarrdn@)nmiec@watqutdﬂegsmaﬁ]mmg @‘teﬁl@tc_ﬁ% H$ aemc%laoseg ont ob g
the wafer from st 3..nh. st 704 otol.l.t rap syst em cribe
her ei nabove in acc tgng glrcu\knpfz\ﬁé)r%gre fb%g%‘?wg h{’ﬁr\ %ﬁheslerpy %&%ﬁe%@%
seniconductorpm@pkxpsamgﬁmssassenbled (|nclud|ng the dicing process,

bondi ng process 2 i is then
i nspected in st ep%’ggq ‘E% r[}%m% Eﬁﬁ@ héiésa oget alnlagg d‘ﬁ%oo%g gr%fe?%ﬁanpl e
of the abbve-Hidhearshiedoisbigi mQ?tm qt’&ﬁﬁﬁﬁéﬂ@@wmﬁg themdvaatagermghereini kefoduct or
work pieces. difxehi |9!ért8 bg%»ndér@to%ﬁ ffat {thid mér@l’&'tfﬂ.@trﬁ% ?fftﬁ%l)fessreﬁ@r Brr% dé#edsur face

is oxidized In step 7 CVD step), an insulation on the

waf er surfaceethW‘@%’éﬁoﬁt 9“(‘@!‘@2&?%@3? B Hettplipsare pfender de theodrisisof ar e

formed on theconsfr@ttioRYor (RBRH HRAEShbIANsthbNtaheR dd4ribb@mh 'tﬁ@%?ﬂér%tédon
step), ions ?re inplanted in the wafer. The above nentioned steps 15
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711 - 714 formthe preprocessing steps for wafers during wafer processing,
and selection is nmade at each step according to processing requirenents.
At each stage of wafer processing, when the above-nentioned preprocessing
steps have been conpleted, the follow ng post-processing steps 5 are

i npl emented. During post-processing, first, in step 715 (photoresi st
formation step), photoresist is applied to a wafer. Next, in step 716
(exposure step), the above-nentioned exposure work piece is used to
transfer the circuit pattern of a mask (reticle) to a wafer. Then in step
717 (devel oping step), the exposed wafer is developed, and in step 718

(etching sfiep arts other than residual photoresist 10 (exposed nateri al
surface) are ﬂ&hﬁzﬁﬂhﬁgﬁgﬂghing. In step 719 (photoresist renoval step),
unnecessary photoresist remaining after etching is renoved. Miltiple
circuit patterns are fgrned by r?petition of these preprocessing and

post - processi ng stiepéd. VAT THETFAPPI BXPATUNS PRBYFAPHY ‘Rakhifes? as shown
and di scl oseduheteinei 5s pokull Yo capadim sof-c 0B i Nithg g{aga@ébcilg,cts and

provi di ng thecﬁgvanta es herein before stated, it is to be understood that

it is nerelyﬁ ustrative of the presently preferred enbodinents of the

invention and that anooptiiniatlateobsr arhd nuesded:é odihe debaids «f the

construction ' er.el n.shown. ot her _t han described in, the appended
e 16 WiaperBELHaACRES LR8N B enb R pf e e o ey Sk o 1
whi ch a subst gapebé¢svamtpddedopbianl ecagpbeur endeary stibetappar at us
conprising; an opti ] bstr.at.e _bej ng_exposed t he, exposure
beam via the optic%ﬁghgﬁgggséﬁg£gﬁhﬁgi ?iﬁ%&ﬁn ?%%?HP?%”“%tﬁggeﬁﬁﬁﬁéaﬁ t he
optical menb@fMhAY; t4ns substrate; a cover nmenber which is positionable

opposite to the opdisabe FRIMeh) A s SHE 8L8.4ARLE; o1 £, LS.,
substrate is held and which 1is novable relative to the optical Hefibér, the
substrate tabFenevable relative to the optical member, the substrate table

and the cover member being relatively movable,

wherein when the substrate table is moved away from under

the optical member, the cover member is positioned opposite to

the optical member in place of the substrate table and the

immersion liquid is maintained in 2 gap between the optical member

and the cover member.

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
gecond state in which the cover member is positioned under the
optical member in place of the substrate table, the immersicn

liquid is present under the optical member.

3. The liguid immersion exposure apparatus according to
claim 2, further comprising a stage system configured to move the
substrate table, wherein the cover member is positioned under the

optical member by using the stage system.
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and the cover nmenber being relatively novable, wherein when the substrate
table is noved away rom under the optical nenber, the cover nenber is
positioned opposite to the optical nenber in place of the substrate table
and the imrersion liquid is nmaintained in a gap between the optical nenber
and the cover nmenber. 2. The liquid inmrersion exposure apparatus according
to claiml1, wherein during a transition froma first state in which the
substrate table is positioned under the optical nmenber to a second state
in which the cover nenber is positioned under the optical nenber in place

of the substrate tabl®e LhquidMiisd@ionl bgpbshics RHESEALs WRdRLqthg opti cal
menber . 3'-”E Aﬂggid i_Mer sion _exposure apparatus according to claim?2

further conprisifg awgfﬁaéﬂ%&%efd?ﬁ“}b&&r PEBVHIRARAE e Hasst F vt -abl e,
wherein the cover nenber is positioned under the optical nmenber. by using

the stage system 17 .9. The |liquid _inmersion exposure apparatus, according
to claim 3, wheré%nqgﬁeI% Qé?qﬁ%%ﬁQQOPse{ﬁ%ﬁﬂr e&pg?r?ﬁg£§F§65d%9§t%%1 5.
The |iquid i niexigi 3n winegesurdudpgatiad tsaastoidsh Nght covelatdithr BHE r@ien

during the trapsition, ver nepbez .and . the substrate table are noved,
whil e the cover %ﬁggrtgag]n%t%g I:ngﬁ%%’t r'a lgeté: Fe®are QF&EENE Y o-"Fach ot her.
6. The |i qui ccubmeeseoralepeser edipparattus eacboetheyy to claim5, wherein
the cover nenber is |ocated adjacent to the substrate table with a gap. 7.
The liquid i nmersion exposure apparatus according to claims$S, wherein
during the transiti.ofhet heqwol drmesrben ewmpbsvive appbsiinat ectablieng orom a

substanti al | ¥160Rt b p%@reata{]ftﬂgeco@&d me\a@.%ew i%%@%ﬁ%g&é L quig i s
retained in a gap between the optical nenber an € contihuous surface.
substrate table with a gap.

7. The liguid immersion exposure apparatus according to
claim S5, wherein during the transition, the cover member and the
substrate table form a substantially continuous surface, and
wherein the immersion liquid is retained in a gap between the

optical member and the continuous surface,

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

the transition.

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

10. The liquid immersion exposure apparatus according to
claim 8, wherein the adjustment is performed before the substrate

table is moved away from under the optical member.

11. The liquid immersion exposure apparatus according to

18



8. The liquid imrersion exposure apparatus according to claim?7, wherein
positional zelation between a surface of the substrate table and a surface
of the Dover nenber is adjusted for the transition. 9. The liquid

i mrer si on exposure apparatus according to claimB, wherein tilt of the
substrate table is adjusted to form the continuous surface 10. The liquid
i mrer si on exposure apparatus according to claim8, wherein the adjustnent
is perforned befoze the substrate table is noved away from undez the
optical nenbez. 11. The liquid inrersion exposure apparatus according to

18 claim S whersl b, posLidanglo (el ah) N BelRen 8. SHL 808 0F Lo, quist rate

table and a surface’o ver fansition.

12. The i qw&iitismﬁ-r’iglf@*?l@x%ar@nﬁ@mr@f &semmrdnﬂ@mmls clddivgr2d foxher ei n
tilt of the sg@;k&ggglggg{e is adjusted. 13. The liquid inmersion exposure
apparatus according to clainm |, wherein the adjustnentisperfornmed before
the substrate table is noved away from under the optical nenber. 14. The

liquid inmersion expostye 1%%9%%&&%&%%ﬁr9kﬁlﬂsuﬁeoaﬁ%ﬂé‘&§b aEHBI‘@ .
conprising an allgnnent systen1d|sposed awa romthe optical ne in a

direction, wiefdilthe"beedier tikhbet Hifd Sﬁlﬁé%/%‘b%tfraé{l@ tlébP@J%?@dadj acent
to each other in the direction. 15. The |iquid inmersion exposure

appar at us accordlqg claiml14, wherein the cover nenber is positioned
substantially at *an &p %o@u%ds&a@eﬁ?l?!h@wrsaﬁﬁeiﬂpss%tpénﬁmlfw@sﬁect to

the substratgatallic whydeng mnkeea@the lQ&rfMehlwﬂo&elﬁm&ma%posur e

appar at us ac%oEQing to claimb5, wherej e substrate table has no
able I's moved away from un er t e optical me

14. The liquid immersion exposure apparatus according
to claim 5, 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 in the directicn.

15, The liquid immersion exposure apparatus according to
claim 14, wherein the cover member is positioned substantially
at an opposite side of the alignment system with respect to the

substrate table during the exposure,.

16. The liquid immergion exposure apparatus according
to claim 5, wherein the substrate table has no
interferometer mirror at a side thereof, and the cover
member is disposed adjacent to the side of the substrate
table,

17. The liquid immersion exposure apparatus according
to claim 5, wherein the substrate table has an
interferometer mirror at a side thereof and the cover member
is disposed adjacent to_ the side of the substrate table,

and wherein an interferometer beam is allowed to reach the
interferometer mirror.
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interferoneter mrror at a side thereof, and the cover nenber is disposed
adj acent to the side of the substrate table. 17. The liquid inmersion
exposure apparatus according to claimb5, wherein the substrate table has
an interferonmeter mrror at a side thereof and the cover nenber 1is

di sposed adj acent to,_ the side of the substrate table, and wherein an
interferonmeter beamis allowed to reach the interferonmeter mrror. 19 18.
The liquid i nmersion exposure apparatus according tc claimb5, wherein the
imrersion liquid is prevented fromleaking into a gap between the

substrate tabl e and.t hensoMef iR rs kP oF; §s+1.leqlé ga}: £ %'c%@r&fx?&%‘ér €

appar at us accordlng to claim15, wherein't he 1 mrersion
liquidis preévéified ‘BPredinghQdsmsresanrdquag, mrmemeq%@ firgmel i komy

exposure appalrabus g§egobehwid @heCkaht 2t d %bh‘@ra&c?rﬂ?{é $dranaiiage system
configured to nove the substrate table, and a noving systemconfigured to

nove the cover nenber. 21. The liquid i mrersion exposure apparatus

according to claiim.2, Tvhanguidt ignsovenh aRihalyd §p99§é$dé3@%€o§&ﬁy fieom
the substrate tabl during e oiure of the substrate on substrate
Labl e, 22, TINESERdu dHFATErsToh BRpYETIPE t&ﬁpﬁ%etr&%oacle&uafiﬂgs PYRYEEIE&AmM 20
or 21, whereiby daim@ggadupﬁemansetlon t he cover nenber and the substrate
table are noved, while the cover nenber and the substrate table are

adj acent to each other. 23. The liquid i mersion exposure appar at us
according to clai2fm 2Phe vihiengidnither sdverexperhee afch dh@ssubssratey tabl e

are nmoved synehEonous| Yepe comprising a stage system configured to move the

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

21. The ligquid immersion exposure apparatus according
to claim 2, wherein the cover member is positioned away from
the substrate table during exposure cof the substrate on the
substrate table.

22. The liquid immersion exposure apparatus according
to claim 20 or 21, wherein during the transition, the cover
member and the substrate table are moved, while the cover
member and the substrate table are adjacent to each cther.

23. The liguid immersion exposure apparatus according
to claim 22, wherein the cover member and the substrate table
are moved synchronousgly.

24. The liguid immersion exposure apparatus according
to claim 22, wherein during the transition, the cover member
and the substrate table form a substantially continucus
surface, and wherein the immersion liguid is retained in a
gap between the optical member and the continuous surface.

20



24. The liquid inmersion exposure apparatus according to claim 22, wherein
during the transition, the cover nenber and the substrate table forma
substantially continuous surface, and wherein the imrersion liquid is
retained in a gap between the optical nenber and the continuous surface.
20 25. The liquid imrersion exposure apparatus according to claim 24,
wherein positional relation between a surface of the substrate table and a
surface of the cover nenber is adjusted for the transition. 26. The |liquid
i mrer si on exposure apparatus according . to claim?25, wherein th i of
the substrate table?$s§h%d'h§?ﬁg t8"% %ﬂﬂrﬁ?ﬁﬁﬁ%ﬁ@nﬁgﬁ?régP?a@gso%éiﬁ%h

|i quid i mer stoncdposdr evhppaiatnes iaéeordi rrlattionchariees 2 Wetara the

adj ust ment i syper karseshhef o514 henasubsturatect alfl ecliss c@wad aavetyef riom
under the optiéaégﬁy er. %Q-tégkéﬂdi%Hid i mrer si on exposure appar at us
accordi ng t 0”8 AT m 22, whef ef 1 positional relation between a surface of
the substrate table and a surface of the cover nenber is adjusted for the
transition. 29. Thexd. thd diigued Siafe£XPos W -eappar apsracosr dicrgrdizg cl ai m

28, wherein the thlt,of,fhe,substrate table s adi ustiethra3Q. Jhad igid
I mmer si on exposureée apparatus according to claim?28, wherein the adjustnent
i s performed BEIvHES e LeHBstRASHABIEYTF SHIWVEG "away from under the

optical nenber. 31. The liquid inrersion exposure apparatus according to
claim 22, further conprisi Ngy@:@l i GBS YStBdies RasRd atavanckboa dde

optical nenber in_a direction, wherein.the caover ne r_and.t u rate
Cobl 6 are ad EeRtotb GachGiHEr TR PRAVAFPER | oh borformee nbe8yS|bRl

substrate table is moved away from under the optical member.

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

adjusted for the transition.

29. The liguid immersion exposure apparatus according
to claim 28, wherein the tilt of the substrate table is

adjusted.

30. The liguid immersion exposure apparatus according
to claim 28, wherein the adjustment is performed before the
substrate table is moved away from under the optical member.

31. The liguid immersion exposure apparatus according
to claim 22, further comprising a alignment system disposed
away from the optical member in a direction, wherein the
cover member and the substrate table are adjacent to each

other in the direction.

32, The liquid immersion exposure apparatus according to
claim 31, wherein the cover member is positioned substantially
at an opposite side of the alignment system with respect to the

substrate table during the exposure.
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32. The liquid inmrersion exposure apparatus according to claim31, wherein
the cover nenber is positioned substantially at an opposite side of the
al i gnnent systemwith respect to the substrate table during the exposure.
21 33. The liquid imrersion exposure apparatus according to claim?22,
wherein the substrate table has no interferoneter mrror at a side
thereof, and the cover nenber s disposed adjacent to the side of the
substrate table. 34. The |iquid i mmersion exposure apparatus according to
claim 22, wherein the,ﬁgpsirate table has an interferoneter mrro h%% a

er e side t he

side thereof and the" HERber “ e i T BT S5d adERt 6 T h

substrate tabte, addimwhét?ei n wredgiter f BRoneEebsbeals i s taPlowed?fo rEach
the interferopelefeddnttof. n3SrorThe bi guad dHERICS, OAnEX{I0S Woe cappatattls
according to.claimz22 erein the.li rsion Liquid. i e d from

| eaking into 5?@%%3Cﬁ?&eéﬁj?ﬁ%ﬂéﬁﬁéfbgtelﬁéﬁﬂétggdgt %égﬁ%éxgﬂ%ghber. 36.
The liquid i mrersion exposure apparatus according to claim 35, wherein the
| eakage of the i mmerssimie | igwpiid | smmgpreiventeddayrasiapgpagasupr essor@ini7.

The liquid inggrsgggigquggre appar.at us ﬁgpo%qgggragg ckggﬂEZ,h@Qerth t he
cover nenber | s nmade of one of the folfomnn rials: plastic tal and

( mat
ceramic. 38. THEIISFOFECPFMBHSTUN Ax FosiiFE 5355?% Eh ST GONGT PSR m 2,
wher ei n the sibsdigicseidnebidesnta waftére whidehoE sthexpdsedrate thelexpusre

beam 39. Theyhdquid LATESSIOTELXROBLF € RRRAT 8f Us1ackeudi fg  reacal ain 2,

ryah?gr conprisin é%ohé géqn§:§£§n1conflgured to supply the imersion

35. The liquid immersion exposure apparatus according
to claim 22, wherein the immersion liquid is prevented from
leaking into a gap between the substrate table and the cover

member.

36. The liquid immersion exposure apparatus according
to c¢laim 35, wherein the leakage of the immersion liquid is

prevented by using gas pressure.

37. The liguid immersion exposure apparatus according
to claim 2, wherein the cover member is made of one of the

following materials: plastic, metal and ceramic.

28, The liquid immersion exposure apparatus according
to claim 2, wherein the substrate includes a wafer which is

exposed to the exposure beam.

39. The liguid immersion exposure apparatus according
to claim 2, further comprising a liquid system configured to

supply the immersion ligquid.

40. The liquid immersion exposure apparatus according
to c¢laim 39, wherein the 1liquid system 1is configured to

recover the immersion liguid.
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40. The liquid i mersion exposure apparatus according to claim39, wherein
the liquid systemis configured to recover the imersion liquid. 22 41. A

| i quid i mersion exposure nethod in which a substrate is exposed to an
exposure beam the nethod conprising: providing the substrate, which is
retained on a substrate table, opposite to an optical nenber to expose the
substrate to an exposure beamvia the optical nenber and an i nmersion
liquid in a gap between the optical nenber and the substrate; noving the

substrate table away f1om, Léféﬁﬁr Emr%rﬂ%%l C@%(%%%[%rer mePh8§1 NG, apngoyer,

menber opposite to Hhe opt the substrate table, the
cover menber ERFLHATE s&lﬁst PEPRSYAbI béﬂng S¥BPATY el §EATovalble, &Rt Uher ei n
t he i mer si oncbmmtiisd nigs r et ai ned between the optical nmenber and the cover

menber, when the subsirata;hg %Veguﬁg\@ﬁ/atferomqi-m@'ﬁf tsherQ@éir?eai Hﬁﬁbaer
42. The | iquid inmersion exposure nethod accordin claimi4l

ein
during a trang???ﬁﬁ?tFr5ﬁPéefl?@Ro%ﬂ5%65 A" RRFER? HgygﬁﬁéFPaﬁép?%%léy
posi ti oned unsgrstiteseopol cal experbes berm wecoit: stdtieal nmahbeh 2ivre @bver

nmenber is powﬁém% undatat e HptdcalecirrhetntNopt 868 alenbhe substiat e
table, the |rmqCh I|qU|d is present under the optical nenber. 43. The
liquid imers expoSure nmet hod according to claim42, further

conpri sing, during thevingnstiks orfubgbvRRg il ecorEny mefisEr  ARESEhethe
substrate tabdgridnlamsthaee; i n which the cover nenber and the substrate

table are adjacent t%l%%?ﬂg an cover member opposite to the optical
member in place of the substrate table, the cover member and
the subgtrate table being relatively movable, and
wherein the immersion liguid is retained between the
optical member and the cover member, when the substrate is

moved away from under the optical member.

42, The liquid immersion exposure method according to
claim 41, 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.

43. The liquid immersion exposure wmethod according to
claim 42, further comprising, during the transition, moving
the cover member and the substrate table in a state in which
the cover wember and the substrate table are adjacent to each
other,

44. The liquid immersion exposure method according to

claim 42, wherein the substrate table is moved by a stage

system, and the cover member is moved by a moving system.
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other. 44. The liquid inmersion exposure nethod according to claim42,
wherein the substrate table is noved by a stage system and the cover
menber is noved by a noving system 23 45. The liquid inmersion exposure
met hod according to claim42, wherein the cover nenber is positioned away
from the substrate table during exposure of the substrate on the

substrate table. 46. The liquid i mrersion exposure nethod according to any
one of clains 43 to 45, wherein the cover menber and the substrate table

are noved synchronously. 47, The liquid i mrersion ex ure_net ho ccordi ng
to any one of cIaj%%-%%?t%ﬂqﬁﬁd\Mﬁﬁkﬁﬁ%oﬂuﬁﬁﬁﬁsPﬁ% Fggﬁgétﬁg%?pggﬁg %%ver

menber and t helsiibsiz at ehdwabire frer mavesubestdsti dlsl wosdoheneiotdd®suf¥fdte and

the inmmersiong}i gy S detabiedaPids Saphglanesn ke opkicate nemrbetre and

t he continuous surface. 48. The liquid i mersion exposure method according
to claim 47, StRFtHEHS E8RpFising adjusting a positional relation between a
surface of the substrate table and a surface of the cover nenber for the
transition. 49. Theyd | ek diifIRS Si @ik @XROS Wi okakbodeancdr dcngrding ctai m

48, wherein the tilt of the substrate tahleis agiusted (nker Mhbhene

conti nuous suftAcES 5. TRE™Ti qui d i mversi on exposure nethod according to
cl ai m 48, whepebstitdte &apustwentOIvepEVRreRFRItPYSdfore the substrate stage
is noved away from under the optical nmenber. 51. The liquid imersion

exposure method accpyding { 0., 80Y: MRS Ol ClAiBusd tRrASa WhesEAMg to
positional relation between a surface of thé sub trate %bk%a%gqtgogurface

of the cover®RenBe? PE S4fitelf for the VRERSTY i QH 29

the cover member and the substrate table form a substantially
continuous surface and the immersion liquid is retained in a

gap between the optical member and the continuous surface.

48. The liguid immersion exposure method according to
¢laim 47, further comprising adjusting a positional relation
between a surface of the substrate table and a surface of the

cover member for the transition.

49. The liquid immersion exposure method according to
claim 48, wherein the tilt of the substrate table is adjusted

to form the continuous surface.

50. The liguid immersion exposure method according to
claim 48, wherein the adjustment is performed before the

substrate stage is moved away from under the optical member.

51. The liquid immersion exposure method according to
any one of claims 43 to 45, wherein positional relation
petween a surface of the substrate table and a surface of the

cover member is adiusted for the transition.

52. The liquid immersion exposure method according to
claim 51, wherein the tilt of the substrate table ig adjusted.
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52. The liquid inmersion exposure nethod according to claimb51, wherein
the tilt of the substrate table is adjusted. 24 53. The liquid inmersion
exposure method according to claimb51, wherein the adjustnent is perfornmed
before the substrate table is noved away from under the optical nenber.

54. The liquid inmersion exposure nethod according to any one of clains 43
to 45, further conprising preventing the imersion liquid froml eaking
into a gap between the substrate table and the cover nenber. 55. The

i quid inmersion exposur e ?FHE%F according to clain1§4bdmhereig. he,

. - =] . IMmersion® exposiuré melh accor lI‘E
| eakage of the imersion |iquid is prevented by using gas pressuﬁ%. 6.

The |iquid i nBersEh oflexpbsyrén métifod HRETEREg 10 Per Himhedl, Peffsrcei HE¢ he
substrate inckudesraxarabele Wi Glovest a@%posesh tndebet e pasiirce1beanbat a
optical nenber and the immersion |iquid. 57.A device manufacturing nethod
conprising: providing the substrate, which is held on a _substrate table,
opposite to an optital TienbEtuiexPyELfd B &XOGE8E R af&t P8 aRCERPOSH e*DHeam
via the optiga) smihar caadmandi nersi, ofuktHei dednpra sgap betweedinghene

optical nenber_and. the substrate; noving the substrate table a
ohder the. oplTEA Fanbar o pidt R ARccqubt herr st et aBEehET ca

menber in pl ageolof aride thabsevent aemgblre, the cover nenber and the substrate
tabl e being relatively novable, and wherein the imersion liquid is

retained between the pptical, TPTOG.ANdA NS AQYSL MEORSE. LMOSPAEML co
substrate is nove aiwayefrlcaﬁ%lun er the (I:}ptl @a?urrenggr. , = , rhae )
claim 54, Wwherein the leakage of the immersion liguid 1is

prevented by using gas pressure.

56. The liquid immersion exposure method according to
claim 42, wherein the substrate includes a wafer which is
exposed o the exposure beam via optical member and the

immersion liquid.

57. 4 device manufacturing method comprising:

providing the substrate, which 1s 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;

moving the substrate table away from under the
optical member;

placing an cover member opposite to the optical
member in place of the substrate table, the cover member and
the substrate table being relatively movable, and

wherein the immersion ligquid is retained between the
optical menmber and the cover member, when the substrate is

moved away from under the optical member.

58. The device manufacturing method according to claim
57, 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
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58. The devi ce manufacturing method according to claim 57, wherein during
a transition froma first state in which the substrate table is positioned
under the optical nenber to a second state in which the cover nenber is
positioned under 25 the optical nmenber in place of the substrate table,
the imrersion liquid is present under the optical nmenber. 59. The device
manuf acturing nmethod according to claim 58, further conprising, during the
transition, noving the cover nenber and the substrate table in a state in

whi ch the cover nenber. and the substrate table are ,adjacent, to eac
other. 60. ThE UeVPe&“Manlficthr itfg %%Ef“heodogc tglredisrlﬁbs?égacfaaitrﬁb g, trv}ke

erein
t he substrat eltadtsdans lhaved by sareseageundan éie ocphdcaheedd¢dr nmenber i s
noved by a noving system 61. The devi ce manufacturing nethod according to

claim 58, wherein COVEr. . [ itian f h strate
tabl e during exposu%ggero © t%eéflg:%gfgrt%rnéltf%cgfgﬁtrﬁe%egcu O;%}A%éfé)&?g%g{; e.?o 6;%@1‘?'1?16
devi ce manuf a2® ur FREEREE hBaMREETH ngd¥ 6t iyt honBr 88 s ) igits B9 4§ 64le

wherein the coyesr nember and the siwsdthstrat eabbdl i & estnmeednsyhidin orieusl y.
63. The devi CSO\F@“%%%M'&Q& nptbhod, aecandi gyl any. Q8fUntCl@d NBad9 to

61, wherein during t transition, the cover nmenber and the substrate
table forma SuMSt-antially continuous surface and the imersion liquid is
retained in a gap between the optical nmenber and the continuous surface.

64. The devi ce manufaciy i g, et RRd,2ce0k i NP < 131Y aceBed0hy Ctai BFafis,

wherein positjional relat iﬁ%n be rface of th%é/subssttgggesg,sa@érg and a
I ’

surface of the®col&* = Refb&r Slll%\gg%]%%t%% or %t A8 EHa i 6N

and the cover member is moved by a moving systenm.

61. The device manufacturing method according to claim
58, wherein the cover member is positioned away f£from the
substrate table during exposure of the substrate on the
substrate table.

62. The device manufacturing method according to any
one of claims 5% to 61, wherein the cover member and the

substrate table are moved synchronously.

63. The device manufacturing method according to any
one of claims 59 to 61, wherein during the transition, the
cover member and the substrate table form a substantially
continuous surface and the immersion liguid is retained in a

gap between the optical member and the continucus surface.

64. The device manufacturing method according to any
one of claims 63, wherein positional relation Dbetween a
surface of the substrate table and a surface of the cover

member i1s adjusted for the transition.

65. The device manufacturing method according to any
cne of claims 59-61, wherein positional relaticn between a
surface of the substrate table and a surface of the cover

member is adjusted for the transition.
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65. The devi ce manufacturing nethod according to any one of clainms 59-61,
wherein positional relation between a surface of the substrate table and a
surface of the cover nenber is adjusted for the transition. 26 66. The
l'iquid inmersion exposure nethod according to claim65, wherein the tilt
of the substrate table is adjusted. 67. The liquid i mrersion exposure

nmet hod according to claim65, wherein the adjustnent is perforned before
the substrate table is noved away fron1under t he opti cal nenber 68. The
devi ce manufacturin q&%%od accordi ng to an one of Cléﬁ ), %m
further conprising PreVént tifche™Shersi SHPPFYET d Fr's I%% |n§'ﬁhto a gap
bet ween the eliigt 6&t evhabdin g thétcofetherevberras®. tafHe devipdgusted.

manuf acturing nethod according to claim 68 wherein the Ieakage of the

i mersion |iquid |s reve Y; u5|n ressur { i.C
manuf act uri ng net hot é@%c;ifq¥lq %5%% 5§X WRET @i %e%%e st s?é%i%g ﬁﬁéludes
a waf er mhlchcl%ﬂ%xééseﬁherélmhéh@xﬁ§§&ﬁémﬁéénﬂ@|aP%Rﬁqnﬂﬁﬁ s aftf t he
immersion |igwgbra?é table is moved away from under the optical member.

68. The device manufacturing method according to any
one of c¢laims 59 to 61, further comprising preventing the
immergsion liquid from leaking into a gap between the

substrate tabkle and the cover member.

69. The device manufacturing method according to claim
68, wherein the leakage of the immersion liguid is prevented

by ueing gas pressure.

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

liguid.
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