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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,A99 filed on April 11, 2003 and entitled "Landi ng Pad
for Imersion Lithography", the contents of which are incorporated herein
by reference for all purposes. BACKGROUND 25 Lithography systens are
commonly used to transfer inages froma reticle onto a sem conductor wafer
during sem conductor processing. A typical |ithography systemincludes an
optical assenbly, a reticle stage for holding a reticle defining a
pattern, a wafer stage assenbly that positions a sem conductor 30 wafer,
and a neasurenent systemthat precisely nonitors the position of the
reticle and the wafer. During operation, an inmage defined by the reticle is
projected by the optical assenbly onto the wafer. The projected inmage is
typically theg size of one or nore die on the wafer. After an exposure, the
waf er stage assenbly noves the wafer and anot her exposure takes place.
This process is 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 priority on Provisional Application Serial No.
20 B0/462,499 filed on April 11, 2003 and entitled “Landing Pad for Inunersion
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 semicondustor wafer during semiconductor processing. A typical
lithography system includes an optical assembly, a reficle stage for holding a
reficle 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
projectéd by the aptical assembly onto the wafer. The prejected image is typically
the size of one or more die on the wafer. After an exposure, the wafer stage

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



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 alighed and placed under the optical assembly, and then the gap is
re-filled with fresh immersion fiuid. Once all of the above steps are complete,
exposure of the new wafer can begin.

20 Wafer exchange with immetsion 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 overall throughput of the machine.

An apparatus and method for maintaining immersion fluid in the gap
adjacent the projection lens when the wafer stage moves away from the projection
lens, for example during wafer exchange, is therefore needed.

30

SUMMARY

An apparatus and method for maintaining immersion fiuid in the gap

adjacent the projection lens in a lithography machine is disclosed. The apparatus



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 inmersion |ithography
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Figure 7Ais I t.hat tlin rocess f ring,a work
piece in accof?oc'lér%@eep\gaj%f H%nsprgg%ﬁtapet%@r@?o es:ﬂﬁﬁﬁ"gﬁ?i%@ 'HF'SA ﬁ’ﬂPl ow
chart that oumhianden kdd khph dedirptivarie siecads ieplared withetsetbnd wd@ pidcke
referencegunbers refer to like elements in the drawi ngs. 3 DESCRI PTION
Figure 1 1s a schematic illustrati on of a I|thography machi ne 10 havi ng
features of the present i Bw& [ 2 gRAVANGE ne 10 i ncl udes a
frame 5 12, an illum nation system 14 (i rradiation apparatus), an opti cal
assenbly 16, a reticle stage assernbly 18, a work piece stage assenbly 20,
a measurenent sy5@H bis anlugalippiof ap dihesrapby earhing having alsres efdheent al
system 26. Ttpeegéasmgéht,gﬁf t he conponents of the |ithography machi ne 10 can

be varledto suit_the des I gn
Figure 2 |s a ross section of an immersion lithography machine according

to one embodiment of the present invention;
Figure 3A and 3B are a cross section and a tap 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 BB are top down views of two different twin wafer stages
according to other embodiments of the present invention:
Figure 6A is a top down view of a twin stage lithography machine according
to another embodiment of the invention;
25 Figures 6B-6E are a series of diagrams illustrating a wafer exchange
according to the present invention.
Figure 7A is a flow chart that 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 pattem (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
machi ne 10 can be used as a scanni pgdofpeTrigt ol i t hogr aphy system t hat
exposes the pattern fromthe reticle 28 onto the wafer 30 with the reticle
28 and the wafer 30 noving synchronously. In a scanning type |ithographic
machi ne, the reti ¢ligu@8 isSanRuedatidd ALOOA”HCH élrnkﬁbgtréb rmgawab iy Of the
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synchronously. in a scanning type lithographic machine, the reficle 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 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 photaolithography 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 relative to the reticle 28 and the optical assembly 16 during the

exposure of an individuat field. Subsequently, between consecutive exposure

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

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

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

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

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



systemthat exposes a liquid crystal display wor!< 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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iIlum natien gutdralpseseendly 36. 25 The illum nation source 34 can be a
g-line source (436 nm, an i-fine source (365 nm, a KrF exciner |aser

(248 nn), an ArF aReisrperatasdranteld2 spods teFeomparsets EL5e ritfography
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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 ilfustrated as being supported
above the reticle stage assembly 18. Typically, however, the illumination source
34 is secured to one of the sides of the apparatus frame 12 and the energy beam
from the illumination source 34 is directed to above the reticle stage assembly 18
with the 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,
laser (1567 nm). Alternatively, the iffumination 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 opficai 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 ref I_ecti ng optical work piece
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The reticle stage assembly 18 holds and positions the reticle 28 relative to
20  the optical assembly 16 and the wafer 30. in one embodiment, the reticle stage
assembly 18 includes a reticle stage 38 that retains the reficle 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 motorts, or some
other force movers.
In photolithography systems, when linear motors (see US Patent Numbers
5,623,853 or 5,528,118 and incorporated by reference herein) are used in the



5,623,853 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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The measurement system 22 monitors movement of the reticie 28 and the
wafer 30 relaiive to the optical assembly 16 or some other reference. With this
information, the control system 24 can control the reticle stage assembly 18 fo

25  precisely position the reficle 28 and the work piece stage assembly 20 to precisely
position the wafer 30. The design of the measurement system 22 can vary. For
example, the measurement system 22 can utilize multiple laser interferometers,
encoders, mirrors, and/or other measuring devices.

The control system 24 receives information from the measurement system

30 22 and controls the stage mover assemblies 18, 20 to precisely position the reticle
28 and the wafer 30. Additionally, the 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.



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
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appl i cations W%Zerﬂm@dlmamst ltexl environmental system 26 delivers and/or injects
immersion fluid into the gap using spray nozzles, electro-kinetic sponges, porous
20 materials, efc. 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 entitted
“Immersion Lithography Fluid Control System” filed on Aprit 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 to 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 far | 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. Referri ng to
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arr anged 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 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 fiuid in the gap or
maintaining the size of the fluid gap. After the new wafer has been aligned, the
wafer stage is moved back to its original position so that the pad 222 is removed
30 from the gap as the second wafer is positioned under the optical assembly 16. In
various embodiments, the pad 222 is disposed continuously adjacent the wafer
table 204 with no gap. Vertical position and/or tilt 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, maintaining
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the wafer table. Subsequently, the second wafer (not shown) is placed onto the wafer
chuck 318, aligned using the alignment tool 320, and then positioned under the optical
20  assembly 16. As best illustrated in Figure 3B, a set of motors 322 are used to move the
stage assembly 302 including the wafer table 304 and wafer stage 306 in two degrees of
freedom (X and Y) during operation. As noted above, the motors 322 can be any type

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

The immersion lithography machine 300 also includes an immersion fluid

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

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

surface. The pad 326 is movable in
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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
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imersion fluid containment system™324 thus maintains the imersion fluid
312 wafer stage 306) and the pad 326 are movable separately. Therefore, the wafer table
304 1s 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 fhe 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
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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 he
vacuum clamps, magnetic, electro-static, or mechanical.

30 As best jilustrated 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 fo 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
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30 As best illustrate ure 6 1's positioned on the wafer
tabl e 404 dUﬁ@\ﬁ?@’%\ﬁ(}Pj@sfb?éa% 24 lselantiegby408 firstBempetdnd cl anp 430 is used

to hold tfe pad #2dols eh@s&n%ﬂtsttm%ap@palt%n49.4mqwnaqaam@ewga% gyRYSur e.
During a wafer exchange as illustrated in Figure 4B, the wafer tab 404

is noved in tAe mtr@@wcﬁ?fs d¢ "%t digited 39 %’BVt%é{faf‘frhéx%’éﬂg‘ilﬁe@'obosﬁf‘| oned
under the optdligahe@ssaiition, LGmbﬁlsulé%n@’qtad‘;fér@ﬁont h»e af@fcﬂneﬂ&ﬁara%vmeased Bes

th d | 30 hol tfo.th b 404 i
e amesd whi er e e e Porna on R 1 BB oo shatR e B ol v
16. As a reswptfcaitdseemhmﬂlﬁsammhéIpaddlzalz?amgsedm!f meafisedampders. Albe thpti cal
assenbl y uhi |6 Lhe ualer 408 s, £xehanged. AL gkl DG, DA WRler Nas,s been

al i gned, ved in-the n opp 05| w 432

so that the deew 42 ean bs ppoiie oo iedwaled stagerd6o pithieqad 48dseamidieyheldRonor to

this nofion, | e the second cl anp 430
s hABI o) B Pl apaty

again clanps t E In this enbodi nent, the
waf er tabl e 404 ikighiec®} gnd pippEbioe dawnviewshe! adlifErentitgingiagaiaumaigion he

first clanp 4@Bgraphy 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 Pafent No. 6,341,007 are
incorporated herein by reference. In both embodiments, a pair of wafer stages

W81 and WS2 are shown. Motors 502 are used to move or position the two

25 stages WS1 and WS2 in the horizontal directions whereas motors 504 are used to
move or position the stages WS1 and WS2 in the vertical direction. The motors

502 and 504 are used to alternatively position one stage under the optical
assembly 16 while a wafer exchange and alignment is performed on the other
stage. When the exposure of the wafer under the optical assembiy 16 is complete,

30 then the two stages are swapped and the above process is repeated. With either
configuration, the various embodiments of the present invention for maintaining
immersion fluid in the gap under the optical assembly 16 as described and
illustrated above with regard to Figures 2 through 4, can be used with either twin
stage arrangement. With regard the embodiment of Figure 2 for example, each
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10 In various enbodi nents, the operation, in which the pad 426 is clanped
by the first clamp 428, is not limfied to only a wafer exchange

operation. An alignnment operation, a neasurement operation, or any other
operation can be executed while the inmrersion fluid 312 is naintained in
the space between the optical assenmbly 16 and the pad 426 cl anped by the
first clanp 428. Also, the 15 clanp 428 can be provided on the franme 12 or

I 4 b ovi ded fer st age
206, The' pad 48k seog SUf1 pPS QUG T8 B G5 Peled ot ge
assenbly 402. FRGRZasia amposfsnaneertm davitim regaeive mfhmd%énfé?mﬂg%;et%\# nt .
ot her, e
oresent T nvent: sheraAdZBERe Yo ST 5L AN 30 Bt R HREHE i n
stage |ithogr afigalsgsenaiphy 165 dée psd P26 enmowible So26aelyIhnaihe stiyePEuve rihgNo.

S Pat
0. 262,796 and VA Fo o R s el SR BT Sl ibgrd gt 020

reference. |n DHNEE I sarpRieoptisa mesembl Wtcemaitaigess iMBarsandldb21ar e
shown. Mbtors iy @{eeopm s8Ry ©107 FRR, Lh@D tﬁ@%ﬂ"b‘é@lﬂ?@%t otqu@?re 1 and

2 t he horj ctl ons whereas fmotors 5 e used t
\é\gm Itln on the #ﬁ?ﬁgéﬁ%\é %ﬁck/@z' beugate Duing thel tnes wben istage SWé andtawz 502

and 504 are usae&:ltdme aﬂfdp@bﬂaﬂwb\pﬂhﬁzﬁ%suééd% n%?r%aﬁttﬁgﬁm\r\@g%n m%%
assenbl y 1@ er .exchange and al i gnnent 1s orrre ot her
stage. \Wen tﬁg 'Eusgggﬁr’@ 8'@“{%25\,\@9& thgn@Ber thaad dib'l”i”@aﬁxlﬁa%@@nmwpa@ i$ s

conpl ete, 30 tchewet hetd tie mf@gwiaba tﬁé\@mb&%tééﬁjtﬁa@ﬁsb g&ﬁ%gé Jéé%gfe%tﬂé

o beant i nventby Cinty 20 Hgl bAR! 8ol YR IRLip AdeRO Ry 20 B2t he
gpt i cal assenbitgmairels aalésmnbbedelawdthelslebusd stayedarnbigy 8e \Wsédag @gﬁdeaﬁt t OWt ]
o d t e onbodi neieing BEEHAE0EN iR HRGh il r, 3 G4 Bk Mesagehews and
rS\e/\ga:)f ei te Ther meriioe dlusirativg %IB %Tm@db@enmﬂpfacedng the pmsérﬂde:eate%rp;ad;haara alnd a
support nmenbep tB@‘émb%Frﬁbr& qg@rﬂné@mhnﬁw%g%%gogﬁg% 0 lﬁcl rsgfrgt’ sé?ﬁa %(#]42 gle

pad 326, notor 328, and control system e use

optical assentld SEEONAT$RISSHE 3t fu stageshite meyrsr iatthe X émd)mmd&etlcstsag;e SW
and 5 SW2. Dumbtogs 602 hithie eMRBinfinddRe AbedBBs SHE 685 ShdnDsdiRs R PRES;, t he

pad 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 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 onfo 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 illustrated.
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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 |ine 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, tHigurpaB shows & haf@es @ae®othgeraiRiuleabt@nglbtel Neigiad 8C shbwge t hat
i s being exposed In this manner, onlg a single pad is needed for the two
1d

stages WG1 lntpoomsbstagentiodn saniagidoyimme @bcadm@at)weﬂbahﬁ firistage 6Bhundarage
can al so b féalaa%s%ntfﬁygigd ma%ﬁg Gf)réhﬁﬁ/uta?raﬁ f%u{aﬁl %@'lac%blt %i thg(g%\& }4'3&1‘@’6 of a

twn stage ograp I ne i stra
practi ci ngéﬂﬁ«s prsesand under el opival ssehbwi6. | n th| s enbodi nent, the

i mrersi on Lithography system 600 |ncludes first stage 604 _and second stage
606, Tho M{iw&gp@g{? é%nﬁ\?«?asfl Siae04s moucdaury Ber BagPisal asssBhslGo2. 1 n
this enbOd'A@%Ist inhfestiagesu6046c %H@é@oﬁlett% %ké’ &34 (ﬁG(%ﬁ;ﬁgvﬁan contain the
immersion fluid in the gap. For exanpfe as s int igure, the 20

first stageoBwmonssystse uindamdie optbet astsbmbkypltéi chaingastmﬂﬁlrwhﬂ:ﬁmaifﬁmmngtha s
tinme for thrgmerSI to b ors 2 ar sed t,0

position the secomﬁdélf egagognﬁix %%ﬁ %rt ﬁcgﬁgstﬁﬁf; g%géﬁtaﬂaﬂe first

st age 604. stfid. hl“l’hEI@tagMow%{/ég%l@@&b%%ﬂﬁ&k%&%‘smge%b d6tedtab&e. subst anti al Iy
forma continuous surface. T e nmptors 602 are then used to nove the two

stages,{n uniso 0 _t hat t econ 5,S 4 ositi nder .t he
opti cal d assenbl 3’%8 Vﬁﬂ%‘lst% g‘ftng%’&Qe‘iﬁ (ﬁ’(‘?’ ?18 aﬁgns 36 Pﬁ%“ﬁ‘ﬁp?cal
assenbly 16f differest Mﬁ%ﬁatshﬁlcfrﬂas%&a‘r‘iﬁé Kvn&hle;ﬂﬁ‘stics T’E'éy@r?lat%i‘i@ﬁé mdy 480 e opti cal
assenbly 16, the imrersion fluid in the gap is maintai ned by the second

stage 606 witeshwitodafion hecosdibg taetherdrniodemants nlibesize of fregedwisolshowd b r st

e a 20 ~ pa @R B bR P BRI ER Bt W RGEEAN % fwEai n e

i mer si on ¢mbpdithents dedtgibed abow) tHeBuaraSe60RE 18P iRl SeMehSoftBé Btidal aced ont o
t he flrst stage 604. Simlarly,  the notor arrangenent shown in either

Fi gur e'%5A FeByydEus aotwém}gé@deqqé'f@@rﬁwﬁélw%ewmrr@@t B \GEing thedpireaions
di agr ans Iéﬂmla%drg%’?‘s%#‘u%m‘}) exchange according to one enbodi nent of

the present i1nventio rat 14 Figure 6B shows a wafer on stage

604 after exposure is conpleted. Fi (Tqur e 6C shows
Sem1conductor 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 js 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 at st8H S B BLRL icays=s In

t he enbodi rren?aﬁs]hom O&Tﬂﬂh secornd siaggr%e%%%rlws a dggﬁdng%evg%d?ﬁ?’égs

however, coul gelaftion f%@adeab@a@hﬁt@c@cgmdmetoammwa r@cwe@ent@o In the varl ous

enbodi nent's descr | AedAR0\Rget e %fgac%&g de, Ly, athgurggg(,e nfdh ‘gﬁefc{)erent

materlals such as ceram C, net al stic se materi al's my
coated with TBrEPEsCadDFEPAGEV® béem\éaorr@iﬁimium@rfpf@wrnmeo@rpz@ce@smméemd al so

shoul d be gsubfdifipRitentdd. GARE pb raé@s%w@cw'.ﬁgt pyrfs%faa?dtm@.EffoﬂﬂafdnU' d. I'n

the various enbodi nents descri bed above, surtace ast opti cal

el enent of t h&ephtrhelgreset isa3rpligg|ty a1gates d‘&m@uaﬁm%ﬁﬁ%«p%wﬁm)ﬂhem ui d

envi ronnent, FR¥ENBBed B dsOfeBbrk WieceOh 1Ref b @ndF fre(&rcit pafeal &l
mar k") . Semi congk gt or wafers can be fabricated using the above descri bed

systens, by PR dQ adtritin Hendp éte]py717n(dFVﬂBFP*69 P1e0). e gxRased oefehe wor k
pi ece782f unctae@n@vaapled ra{acn grogtepmw (&Hgg@@fe% lp%ﬁ'tlsfbﬁhegrt@ardl%&dgﬁﬂ%otdg@éﬁét in o
step retic a ttern is desi according to the
previ ous desi ﬁ'?or‘? ds'?@lﬁr'aqaﬁﬁ%ic?? ' ﬁ”%ﬂ | D% elghingg 3! rhsgﬁla?@r %9%‘:9 8% from a
si | i con mat erfiealovalEitep) mkcmatyq:mtcﬂlamtgaeﬂmmg a‘tee@tcﬁﬁ)@ i$ Eemadpgosed onto
the wafer from st hotol.ith stem descri bed
her ei nabove in acﬁ@r‘t' %}n%'lé;nv\ﬁ %%Q?sh%re fP%‘%ee%ﬁ fer‘?\‘?h%% 032 r?¥ es’?fé?)es%‘g e

seni conduct orpogbplecgssingesters. assenbl ed (i ncI udi ng the dicing process,

bondi ng process 2 &ﬁﬁﬁﬁ! i s then
i nspected in st ep%@g%eo ure ;hgmg Efb(hg h‘erfsésa%déhtxg’ﬁagg dﬁ% Oiéeﬁ hg'tce nei%anpl e
of the abbve-HEntarahled! shiginingrthe qbneot%nttagenotufg fhatadivartegerghereim twderguct or
wor k pi eces. difie&iiGYREbd ﬁndératoﬁa %t?ﬁ% me(r@a?'nﬂé&h% éfttﬁcf’bres&.‘i\ﬁ/ m@fe%dsurface

is oxidized. In step 712 D step an i nsul

waf er surfac @mqoﬁ”%?’%?po‘cﬁ!% ‘QV@F%C& ?’6‘1‘@“ e H‘ﬁttﬁt&‘ﬂss?{f @ fifendep é‘éfheo‘éféélfsiﬁf are

formed on theonetfuetiohyr dagigh HeP®ShbivAbthéMtaheR ddstribb®ih kP hpdRichon
step), ions Fres 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. Ne~,~t, 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 opi ngnhat RR)aintelqs:exposed wafer is devel oped, and in step 718
(etching step), parts other than residual photoresist 10 (exposed materi al
surface) are rennvgd by etqhing.‘ln step 719 (photoresist renoval step),
unnecessary phot or si st * er@APNY AT I EC e EERP AT LRPeraad. in Miidhpke
circuit pattesulsstaneet 08 nethdyed epebhtéafhRfret RESR, PIRPLREesstAY and

post - processi ng st.eps. Wiile the particular |ithography machi nes as shown
and di scl osed”figrern"fs 15 fully capabl e of obtaining the objects and
provi di ng t he advaahagesider eicmkbef oflge: §ﬂﬁ&@dtei$eiﬁ§t%%?@gegng§m§kpod t hat
it is nerely iJl rative. of the presently preferred, enbodi nents of the

i nvention ancfé}h?gt%ﬁggﬂmmvggtﬁhoené)ggf"éa rﬂ%}l?&éda’i‘% St qrs Laguid in

const ruct i on gagebegredreradien ophbwal otdherert han alse deseri-bed; i n t he appended
clainms. 16 Wat is.clal is: 1. A liquid i.nmersion, exposure apparatus in
which a substrateai%g%%§g§g%efoh%%l% g%§ﬁ¥gaﬁﬁaﬁfufﬁbl§p58Féf able
conprising: &prepiredic tpabartidaiensuibst.r ahe Hethgeexposedcboet hmbexposur e
beam via the i nByb . | MELSI liquid in a gap between the
opti cal nenbggaggggé%e sugéﬁgggégpaigggbf %ﬁﬁber havi ng a surface, which is
positionabl e oppodigwstsatadabe calvhdehbdrs sthet sand dschaifd bhe wbavar
menber repehgimgvggggiﬂ@ﬂgﬁ§bgnt$iéﬁg(yptq@giamégggarate tabl e on which the

substrate is held and whic
wherein after completing the exposure of the substrate,

the cover member is positioned under the optical member in place
ofthesubstratesuchthatthesurfaceofthesubstrab&isopposite

to the optical memher.

2. The apparatus according to claim 1, wherein during
a transition from a first state in which the substrate is
under the optical member to a second state in which the
cover member is under the optical member in place of the
substrate, the immersion liquid is maintained in a space

under the coptical member.

3. The apparatus according to claim 2, wherein in the
transition, the cover member and the substrate table are
moved together in a state in which the cover member and the

substrate table are adjacent %o each other.
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is novable relative to the optical nenber, wherein after conpleting the
exposure of the substrate, the cover nenber is positioned under the
optical nenber in place of the substrate such that the surface of the
substrate is opposite to the optical nenber 2. The apparatus according to
claim1l, wherein during a transition froma first state in which the
substrate is under the optical nenber to a second state in which the
cover nmenber is under the optical nenber in place of the substrate, the

imrersion liquid ig madqdaingd.in,a spacg-qundercd he.opti cal, megher. 3. The
apparatus according to claim2, wherein in the transition, the cover
menber and theCEUbstPat et abt el deetvatovddet cgethes ¢h Bhstarey meilieeh the

cover menber and the,r-shbsttat enlablgarg-adjasent ;50 LAch-O4hery Lhe4. The
apparatus according to claim3, wherein positional relation between the

surface of the’ r"°frenber and a surface of the substrate table is
adjusted for the transition. 5. The apparatus according to claim 3,

further conprising an_al i gnnment system di sposed away. fromthe optica
member in a direct?on, Tither@HFHUPhe 2EFARSHHY ons° the ‘@bvet: ne¥éfeand t he

substrate tabtammrieiad] agentatynRaeh etbesxi MithHesdir eskien. rom Thae
apparatus according to ¢claim5, wherein the cover nenber Is positioned
subst anti al | yo%ttlcé‘gr IBPEETt e 151 eI BF St Hfe al TifTremt Sy stisn Wik Yespect to
t he substrat ecieaabteveunéimige # hen@xpasursebet rihe subsérate. ad;adlet appar at us
according to clgjgkgérmherq{n t.he substrate table has no interferoneter

mrror at a s?akf in the direction.

6. The apparatus according to c¢laim 5, wherein the
cover member is positioned substantlally at an opposite side
of the alignment system with respect to the substrate table

during the exposure of the substrate.

7. The apparatus according to c¢laim 3, wherein the
substrate table has no interferometer mirror at a side
thereof, and the cover member is disposed adiacent to the

side of the substrate table in the transition.

8. The apparatus according to claim 3, wherein the
substrate table has an interferometer mirrer at a side
thereof and the cover member is disposed adjacent to the
side of the substrate table; and

an 1nterferometer beam is allowed to reach the
interferometer mirror when *the cover member 1s positioned

adjacent to the side of the substrate table.
9. The apparatus according e claim 2, further

comprising a moving system which moves the cover member

separately from the substrate table.
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t hereof, and the cover nmenber is disposed adjacent to the side of the
substrate table in the transition. 8. The apparatus according to claim 3,
wherein the substrate table has an interferometer mrror at a side

t hereof and the cover nenber is disposed adjacent to the side of the
substrate table; and an interferometer beamis allowed to reach the
interferometer mrror when the cover nenber is positioned adjacent to the
side of the substrate table. 9. The apparatus according to claim?2, further

conprising a novi nggsysiemuhl ch OVES- N8 OoveS PEIRer o separate! ypkrom
the substrate table. 18 10. The apparatus according to claim9, wherein the
substrate tabfelilsratsvabiielandy fromiurrdervehe fophi catdemenber Wtfdathe

cover nenber j&uR0SiyHeanede URGRL - g Rt iiga{;osmm% BYqb e povig ;syst em
11. The apparatus according to claim11, further conprising a stage
assenbl y whi cReTHA ddes e e SiisSVat8M- t abl e, wherein the cover member is
noved by the stage assenbly. 12. The apparatus according to claim11,

wherein the cover_nenber is provided on the stage assenbly. 13. The
appar at us accor di ng' t o''t9 aiFRPRI3 UPt hEFCORBHRST i sthg: S8 r sty hol'dith§syst em

whi ch det achagdnphelidg thesesyer asaenbeys; «andna i$eeands halndi ng syesthem whi ch
hol ds the cover, nmenber which is released fromthe first holding system

wherein the Siface"dfr$te &BFerCHEitbel Hetd By thevscdbid et dishg9esyst em
i S positionedassrdenyt he optical nenber.

12. The apparatus according to claim 11, wherein the

cover member is provided on the stage assembly.

13. The apparatus according to c¢laim 1, further
comprising:

a first holding system which detachably holds the cover
member; and

a second holding system which holds the cover member
which is released from the first holding system, wherein the
surface of the cover member hsld by the second holding

system is positioned under the optical member.

14. The apparatus according to «c¢laim 13, further
comprising a stage assembly which includes the substrate
table, wherein the first holding system holds the cover
member, released from the second holding system, on the

stage assembly.

15. The apparatus according to claim 1, wherein the

surface of the cover member is coated with Teflon.

16. The apparatus according to c¢laim 1, further

comprising a stage assembly which includes the substrate
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19. The apparatus according to claim 13, further conprising a stage
assenbly which includes the substrate table, wherein the first hol ding
system hol ds the cover nenber, rel eased fromthe second hol ding system on
the stage assenbly. 15. The apparatus according to claim1l, wherein the
surface of the cover nenber is coated with Teflon. 16. The apparatus
according to claiml1, further conprising a stage assenbly which includes
the substrate 19 table, wherein the stage assenbly includes another

substrate t apsme,lgmefz\ehhqyﬁlg 4y %s%@nﬁﬁpow}r]ﬁcré%t hodci o, Whireh 8¢e

substrate i s exposed to an exposure beamthrough an imrersion liquid, the
met hod conpri §#e: providing the substrate, held on a substrate table,
opposite to an optical nenber; noving the substrate on the substrate table
away from wunder the optical nmenber after conpleting the exposure of the
substrate; and posttichi Agdaidovieransiber ifsurehe™dptital inefbe i A

place of the sgbsidake suchekbaded s fage QkpbBer&OoVELam Meihesghs @RpPoOSite
to the optical nenber, wherein the surface of the cover nenber repels the

i mer sion |i gETSEET Fhetifbt HOG BEEDPHi FRFPESSéNai m 17, wherein during a
transition froma fidwlaishatied Nsubi ehdehe substémat @ isupsunder theleptical
menber to a second state in which the cover nenber is under the optica
nmenber in pl a8F G HhEC FULEETFarS, "R mersion liquid is maintained in a
space under the ofdtical deMRIbstrate on the substrate table away from

under the optical member after completing the exposure of
the substrate; and

positioning a cover member under the optical member in
place of the substrate such that a surface c¢f the cover
member is opposite to the optical member,

wherein the surface of the cover member repels the

immersion liquid.

18. The method according to c¢laim 17, wherein during a
transition from a first state in which the substrate 1is
under the optical member to a second state in which the
cover member is under the optical member in place o¢f the
substrate, the immersion liquid 1is maintained in a space

under the optical member.

19, The method according to claim 18, further
comprising moving the cover member and the substrate table
together in a state in which the cover member and the

substrate table are adjacent to sach other in the transition.

20. The method according to c¢laim 19, wherein
positional relation between the surface of the cover member
and a surface of the substrate table is adjusted for the

transition.
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19. The nmethod according to claim 18, further conprising noving the cover
menber and the substrate table together in a state in which the cover
menber and the substrate table are adjacent to each other in the
transition. 20. The nethod according to claim 19, wherein positional

rel ati on between the surface of the cover nenber and a surface of the
substrate table is adjusted for the transition. 20 21. The net hod
according to claim 18, wherein in the transition, the substrate table is
noved by using a stage assenbly and the cover nenber is noved separately
fromthe substrate table by using a noving system 22. The met hod
according to clai i?18, Théhepeilrd readserdingansi tilean tlife siisseint ant &4bke is

moved by usi ngr&$iliagg, agsenbik.-apd thg)cover ABEheL i $52h§0 sMMed DY the
stage assenbly. 23. The nethod according to claim 17, further coggr|5|ng:

rel easi ng t he® WL Ynefllerther s1VELf Megbeholtdi RgVeystamratadd Holodi i§et he

cover nmenber seleased trem the fdihst 2 At g ,syshem by a second hol di ng
system so that the surface of the cover nenbér is opposite to the optica

menber. 24. The nmethod according to claim 17, wherein the surface of the

cover nenber is cogtedrnd thkthefd Qbco2aind deviagimanyf aghuring #et had,
conprising: holding,a substrate on a substrate table to be opposite to an
optical nenmbeffdiFiat8PacéGndePsthatoptieht imeRpspd by using a stage

assembly, and the cover member i1s also moved by the stage

assembly,

23. The method according Lo claim 17, further
comprising:

releasing the cover member frem a first holding system;
and

hoiding the cover member released from the first
holding system by a second heolding system so that the
surface of the cover member is opposite to the optical

member.

24. The method according to c¢laim 17, wherein the

surface of the cover member is coated with Teflon.

25. A device manufacturing method, comprising:

helding a substrate on a substrate table to be
opposite to an optical member in a space under the optical
nenber;

expesing the substrate through an immersion liguid;

moving the substrate on the substrate table away from
under the optical member after completing the exposure of
the substrate; and

positioning a cover member under the optical member in

place of the substrate such that a surface of the cover
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exposing the substrate through an imersion liquid; noving the substrate
on the substrate table away from under the optical nenber after conpleting
t he exposure of the substrate; and positioning a cover nenber under the
optical nenber in place of the substrate such that a surface of the cover
21 menber is opposite to the optical nenber, wherein the surface of the
cover nenber repels the imersion liquid. 26. The nethod according to
claim25, wherein during a transition froma first state in which the

substrate 1S nURGEr (LNocBRLI Gal. TRAReE,L 0.4 385800, State [n which the

cover nenber is p05|t|oned under the opti ef in place of the
substrate, the |nnewéﬁﬁﬁpﬂlé@ﬁdspsfﬁmﬁnpélméd iaevehe megpace ngndeér fthe
optical menbely,27%; hhe gethod according to claim26, wherein the
substrate includes a sem conductor wafer. 22

26, The method according to claim 25, wherein during a
transition froem a first state in which the substrate is
under the optical member to a second state in which the
cover memper 1s positioned under the optical member in place
of the substrate, the immersion liquid is maintained in the

space under the optical member.

27. The methed according to claim 26, wherein the

substrate includes a semiconducter wafer.
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