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

APPLI CATIONS This application clains priority on Provisional Application
Serial No. 20 60/462,499 filed on April 11, 2003 and entitled "Landi ng Pad
for Imersion Lithography", the contents of which are incorporated herein
by reference for all purposes. BACKGROUND 25 Lithography systens are
commonly used to transfer inages froma reticle onto a sem conductor wafer
during sem conductor processing. A typical |ithography systemincludes an
optical assenbly, a reticle stage for holding a reticle defining a
pattern, a wafer stage assenbly that positions a sem conductor 30 wafer,
and a neasurenent systemthat precisely nonitors the position of the
reticle and the wafer'. During operation, an inage defined by the reticle
is projected by the optical assenbly onto the wafer. The projected i mage
is typically sthe size of one or nore die on the wafer. After an exposure,
the wafer stage assenbly noves the wafer and anot her exposure takes place.
This process is 1 repeated until all the dice on the wafer are exposed.
The wafer is then renoved and a new wafer is exchanged in its place.

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

This application claims priorifty on Provisicnal Application Serial No.
20 60/462,499 filed on Aprll 11, 2003 and entitied “Landing Pad for Immersion
Lithography®, the contents of which are incorporatad herein by reference for all

PUrposes,

BACKGROUND

25
Lithography systems are commonly used to transfer images from a reticle
onto a semiconductor wafer during semiconductor processing. A typical
lithography system inciudes an opfical assembly, a reticle stage for holding &
reticle defining a pattern, a wafer stage assembly that positions a semiconductor
30 wafer, and a measurement system that precisely monitors the position of the
reticle and the wafer. During operation, an image defined by the reticle is
projected hy the optical assembly onto the wafer. The prejecied image is typically
the size of one or more die on the wafer. After an exposure, the wafer stage
assembly movas the wafer and another exposure takes place. This process is



i ncludi ng 65 nanoneters, 45 nanoneters, and beyond. |Inmersion |ithography
10 therefore represents a significant technol ogi cal breakthrough that wll
i kely enable the continued use of optical |ithography for the foreseeabl e
future. After a wafer is exposed, it is renoved and exchanged with a new
wafer. As currently contenplated in imrersion systens, the imersion fluid
woul d be renoved fromthe gap and then repl enished after the wafer is
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off, the fluid is removed from the gap (i.e., by vacuum), the old wafer is removed,
a new wafer is aligned and placed under the optical assembily, and then the gap is
re-filled with fresh immersion fluid. Once all of the above steps are complete,
exposure of the new wafer can begin.

20 Wafer exchange with immersion lithography as described above is
problematic for a number of reasons. The repeated filling and draining of the gap
may cause variations in the immersion fluid and may cause bubbles to form within
the immersion fluid. Bubbles and the unsteady fluid may interfere with the
projection of the image on the reticle onto the wafer, thereby reducing yields. The

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

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

30

SUMMARY

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



5 of the work piece is conplete, a~n e>change systemrenoves the work piece
and replaces it with a second work piece. An inmmersion fluid systemis
provided to maintain the inmersion fluid in the gap when the wor{< piece
tabl e noves away fromthe projection |lens. The gap therefore does not have
to be refilled with immersion 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 illustratig bt Qa8 MRCA | f e resent
i nvention; 15 lg{?}@&zlh?s a crg@séasect_lh{g% g?*ilggl%ldn%@%%ﬁaﬂn% gornei%ﬁy
machi ne accor Werkgpieed apflea stfge crsaemblyoihclutisg pr egentpideaviahtel omfighiegutoe 3A
and 3B are a gros% He WohORe@ Sifodn® el OMRAVE S Bly. 3 ARSI i,fhography
machi ne accordi}%gto anotﬁgr er%ﬁcoetgi err%gjr]t o?%%e _%T 'es/gr}\te Yn\?ﬁne?]%c])r?!’étgrgi gure
4A and 4B a clBdsavidasloisgppinand eemayp andmmersieniigd fram thengeps irdar 2@osure
i t hogr aphy N8k RRrREEes i Qfhdide 2PERSE b t
invention; Figure 5A5_and 5B at:;rI et op domﬂﬁéyr?%qws[ﬁg?}nf}géos %ﬁgﬁﬂﬁgﬁﬁ?@te‘vﬁdn waf er
st ages accor @PIFGet 8 Ve Beemg oerTkRIRcS. ofn trmeefsioasibid sysivimrie ipervideRitgure 6A
is a top downm¥ingih He iinkdbkibn LIRS thd 55599& RhMe R}%ﬂbgi&%ﬁ&&@%d&g awld
anot her enbosrj ment of the inventjon; 25 Figures 6B-6E are a series of
di agrams il | JS¥P40F REPIFIRATIERS. eXbhARgethemédtrdnen et davhdo gree&iited itent i on.
Figure 7A is imnidrsivh aiiaiheh el fireluidrk BRSe & RPREES Hith @lscBBMvakigdeny a work
piece in fd:cordance with the present invention; and Figure 7Bis a flow

a

chart th outlines work piece processing in nore detail. 30 Like
reference nunbers refer t@RIEKBESCRIETION OR THEDHAMINGSS. 3 DESCRI PTI ON
Figure 1 is a schematic illustration of a Iithography machine 10 having

features of the present invention. The |ithography machine 10 includes a
frame 5 12, an i Figurd hég awmilustiadioe wf 4 lifiogracdily abaainealppaicafeatyes athept i cal

assenmbly 16, Resent invention;
15 Figure 2 is a cross section of an immersion lithography machine according
to one embodiment of the present invention;
Figure 3A and 3B are a cross section and a top down view of an immersion
lithography machine according to another embodiment of the present invention;
Figure 4A and 4B a cross section and a top down view of an immersion
20 lithography machine according io another embodiment of the present invention;
Figure BA and 5B are top down views of two different twin wafer stages
according to other embodiments of the present invention;
Figure BA is a top down view of a twin stage lithography machine according
to another embodiment of the invention,;
25 Figures 6B-6E are a series of diagrams illustrating a wafer exchange
according to the present invention.
Figure 7A is a flow chart that outlines a process for manufacturing a work
piece in accordance with the present invention; and
Figure 7B is a flow chart that outlines work piece processing in more detail.
30 Like reference numbers refer to like elements in the drawings.



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

wafer 30 -(illustrated in phantom. FeddphRsiaphy nachine 10 nounts to a
nmounting base 32, e.g., the ground, @ base, or floor or some other
supporting structure. 15 In various enbodi nents of the invention, the
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optical assenbly 16 and the reticle 28 for exposure. Followi ng this
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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 perpendicuiarly to the optical axis of the

optical assembly 16 by the wafer stage assembly 20. Scanning of the reticle 28

and the wafer 30 occurs while the reticle 28 and the wafer 30 are moving

synchronously.

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

25  photolithography system that exposes the reticle 28 while the reticle 28 and the

wafer 30 are stationary. In the step and repeat process, the wafer 30 is in a

constant position relative to the reticle 28 and the optical assembly 16 during the

exposure of an individual field. Subsequently, between consecutive exposure

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

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

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

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

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



28. However, the use of the lithography machine 10 provided herein is not
necessarily linmited to a photolithography for seniconductor manuf act uri ng.
The 5 lithography machine 10, for exanple, can be used as an LCD

phot ol i t hogr aphy system that exposes a liquid crystal display wor!< piece
pattern onto a rectangular glass plate or a phot ol i t hogr aphy system for
manuf acturing a thin fil mmagnetic head. Accordingly, the term "work
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one of thi@siﬁé‘?dc:)‘%lb% aeteappar atus franme 12 and the energy beam fromthe
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i mage illum Q%%gigﬁon) of light energy. The illumination optical assembly 36 guides the beam
of light energy from the illumination source 34 to the optical assembly 16. The
beam illuminates selectively different portions of the reticle 28 and exposes the

20  wafer 30. In Figure 1, the llumination 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 lilumination 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 (157 nm). Alternatively, the illumination source 34 can generate charged an
X-ray.

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

30 the reficle 28 to the wafer 30. Depending upon the design of the lithography
machine 10, the optical assembly 16 can magnify or reduce the image illuminated
on the reticle 28. The optical assembly 16 need not be limited o a reduction

system. It could also be a 1x or greater magnification systen.



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

radi ati on (VUV) of wavel ength 200 nm or | ower, use of the catadioptric type
optical system can be considered. Exanples of the catadioptric type of
optical system include the disclosure Japan Patent Application D sclosure

No. 8-171054 5 blyish t n
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Applications are mcorporated herein by reference.
The reticle stage assembly 18 holds and positions the reticle 28 relative to
20 the optical assembly 16 and the wafer 30. in cne embodiment, the reticle stage
assembly 18 includes a retlicle 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 sfage 38, 42 with one, two,
three, four, five or six degrees of freedom. The reticle stage mover assembiy 40
and the work piece stage mover assembly 44 can each include one or more
30  movers, such as rotary motors, voice coil motors, linear motors utilizing a Lorentz
force to generate drive force, electromagnetic movers, planar motors, or some
other force movers.
In photolithography systems, when linear motors (see US Patent Numbers
5,623,853 or 5,528,118 and incorporated by reference herein) are used in the



three, four, five or six degrees of freedom The reticle stage nover
assenbly 40 and the work piece stage nmover assenbly 44 can each include
one or nore 30 novers, such as rotary notors, voice coil notors, linear
motors utilizing a Lorentz force to generate drive force, electronagnetic
movers, planar notors, or sone other force novers. In photolithography
systenms, when |l i near nmotors (see US Patent Numbers 5,623,853 or 5,528,118
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Pg{ I(3|C|r1eb32/8r:f erg_ﬁcica”y fraﬂsr}rerredu rﬁ-:é {‘Iomy?ground% by use of a frame member as

described in US Patent No. 5,874,820 and published Japanese Patent Application
Disclosure No. 8-330224. As far as is permitied, the disclosures in US Patent
20 Numbers 5,528,100 and 5,874,820 and Japanese Patent Application Disclosure
No. 8-330224 are incorporated herein by referance. _
The measurement system 22 maonitors movement of the reticle 28 and the
wafer 30 relative to the optical assembly 16 or some other reference. With this
information, the confrol 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 multiple laser interferometers,
encoders, mirrors, and/or other measuring devices.
The controf 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 confrol the operation
of the components of the environmental system 26. The control system 24 can

include one or more processors and circuits.



wafer 30 relative to the optical assenbly 16 or sone other reference. Wth
this information, the control system 24 can control the reticle stage
assenbly 18 to 25 precisely position the reticle 28 and the work piece
stage assenbly 20 to precisely position the wafer 30. The design of the
measur enent system 22 can vary. For exanple, the measurenent system 22 can
utilize multiple laser interferoneters, encoders, mrrors, and/or other

measuring devices. ThBhemﬁwwea{al %y&%@:”b@%d'n%%' URS chiHoRERL iR bagprrh@the
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envi ronnent can e anot gas. O varl ous
enbodi nent s,. height depraraytopaigace pbﬁheowqf@m?@oamcbm iﬁﬁ orfiielgtiempett elclda t op

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

of the envi r anarest adf 1h§)(ﬁabamr2§n aehekdieh ﬁg:mpomﬁ@td%s@ﬁ di Re @AVitdraret al

t 26 b di ff th t al
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different embodiments, the environmental system 28 delivers and/or injects

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

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

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

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

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

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

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

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

“Immersion Lithography Fluid Control System” filed on Aprit 9, 2003, 60/462, 112

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

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

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

immersion Lithography” filed on February 2, 2004, ail incorporated by reference
herein.

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

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



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

| ocations at or near the gap. Further, the imersion fluid system can
assi st in renoving and/or scavenging the imersion fluid at one or nore
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enbodi rrent of the present invention is shown hogr ap
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robot) and amsaémgpriémh thookf? 2l 20e., a m croscope: and CCD canera), is
configured to re 0 nd.repl.ace it
with a second vva;@ytﬁ;I t%]{% er\‘}’f?&ﬂﬁqeﬁtl S% Q’arregcc%#%% h'i:ng?Af% % "’H%‘egﬁ‘%ﬁﬂgf er

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

218, aligned using t gnnent t ool ositione er the
optical assef¥igNas bif Weﬂﬁl@ﬂéwldt%taéq@@ﬁ SySfem 214 mC!UdeS a pad 222 that

is adjacent the wafer table 204. A support member 224, provided between the
pad 222 and the wafer stage 206, is used to support the pad 222. The wafer
20  table 204 has a flat upper surface which is coplanar with a surface of the wafer
208. The pad 222 also has a flat upper surface which is coplanar with the upper
surface of the wafer table 204 and the wafer surface. The pad 222 is arranged
adjacent the wafer table 204 with a very small Qap (e.g. 0.1-1.0mm) so that the
immersion fluid 212 is movable between the wafer table 204 and the pad 222
26 without leaking. During a wafer exchange, the wafer stage 206 is moved in the
direction of arrow 226 so that the pad 222 is positioned under the optical
assembly 16 in place of the wafer table 204, maintaining the fiuid in the gap or
maintaining the size of the fiuid gap. After the new wafer has bean aligned, the
wafer stage is moved back to its ariginal position so that the pad 222 is removed
30  from the gap as the second wafer is positioned under the optical assembly 18. In
various embodiments, the pad 222 is disposed continuously adjacent the wafer
table 204 with no gap. Vertical position and/or fitt of the wafer table 204 can be
adjusted so that the wafer table surface is coplanar with the pad surface, before

the wafer table 204 is moved out from under the optical assembly 16.



Wth this enbodi nent, the wafer stage 206 includes an imersion fluid 15
contai nnment system 214 that is configured to maintain the inmrersion fluid
212 in the gap adjacent the |ast optical elenment of the optical assenbly
16 during wafer exchange. The i mersion fluid contai nnent system 214

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

224, provided between the pad 222 and the wafer stage 206, is used to
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assenbl y 18weiupppl seccodf theevalerfteble 28l e 204, mmintaining the fluid in the
gap or maintaining the size of the fluid gap. After the new wafer has been
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the pad 222 is renpved 30 fromthe gap as the second osi tioned
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another imrersio I t hogt ap chine according to ano enbodi nent of
t he presentonfigured to remove the wafer 308 on the wafer table 304 and replace it with a second

wafer. This is accomplished using the wafer loader 318 to remove the wafer 308 from
the wafer table. Subsequently, the second wafer (not shown) is placed onto the wafer
chuck 318, aligned using the alignment tool 320, and then positioned under the optical
20  assembly 16. As best illustrated in Figure 3B, a set of motors 322 are used to move the
stage assembly 302 including the wafer table 304 and wafer stage 306 in two degrees of
freedom (X and Y) during operation. As noted above, the motors 322 can be any type

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

The immersion lithography machine 300 also includes an immersion fluid

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

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

surface. The pad 326 is movable in

10



invention is shown. The |ithography machi ne 300 i ncludes an optical
assenbly 16 and a 10 stage assenbly 302 that includes a wafer table 304 and
a wafer stage 306. The wafer table 304 is configured to support a wafer
308 (or any other type of work piece) under the optical assenbly 16. An
environmental system 26, surrounding the optical assenbly 16, is used to
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i ncl udes an 4 r.si Wi : j: t 1 1. { qur ed
o mai nt ay B hee aopaich g bec 3G90 SRR BRI R B wifey RO A
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assenbly. The i rsion. fluid containopent system 324 includes a pad 326, a
mot or 328, Lt Becusior o 3/ eram B8pad The f‘ﬁ’%twpea’f?vs@l%‘gﬁe?%ﬁ%&?é]}ﬁ acent
the opticghmasRampiy 316, apdnd %f&@&&(an@@%k@raggﬁ- thd REnth&H §Eteh®P P304 has a
flat upper 30 surface which 1s coplanar™with a surface of "the wafer 308.
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surface of ,the r t.abl,e 304 and t.h r. surface..The d. 326 is
o enr e Pre TG i AR, BN T Beion” Hist B9 Tuab gAY, 182800
cont r o{d edbddyedl e GRIFET @bl 3Y8 heMhe3dd.326he notor 328 can be any type of
notors as well as the notors 322. he pad 326 is positioned under the

optical asEehbhgenspnfied continmpe systam E24300s maertaingdhe imeesien 806)312 away
B Ut Ol BORFEE o s Y08 8 1R e
wafer stage 306) and the pad 326 are movable separately. Therefore, the wafer table
304 is movable freely while the immersion fluid 312 is maintained in the space between
20  the pad 326 and the optical assembly 16. In various embodiments of the invention, the
control system 330 may be a separate control system or it can be integrated into the
control system used to control the motors 322 for positioning the wafer stage 306 and
wafer table 304. Vertical position and/or tilt of at least one of the wafer table 304 and
the pad 326 may be adjusted so that the wafer table surface is coplanar with the pad
25  surface, before the wafer table is moved out from under the optical assembly 16. The
operation, in which the wafer table 304 is away from the optical assembly 16, is not
necessarily limited to a wafer exchange operation. For example, an alignment
operation, a measurement operation or other operation may be executed while
maintaining the immersion fluid 312 in the space between the pad 326 and the optical

30  assembly 16.

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

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

11



Si mul t aneously, the control system 330 directs the notor 328 to nove pad
326 under the optical assenbly 16, replacing the wafer table 308. The pad
326 thus retains the inmersion fluid 312 within the gap under the optical
assenbly 16. After the new wafer has been aligned using the alignnment tool
320, the wafer table 304 10 is repositioned under the optical assenbly 16.
At the sane tine, the control system 330 directs the notor 328 to retract
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assenbly 16. |n various ¢ Irments of the invention, control system
330 may be a arspaptgheddsingrtos waipstasarod 1§ to leaevbdhe weteg a8 &amithe avafigre

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

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

one of thE welpk (4% 2ligged using the Aisnmant 9% 478y ape thay Resitioned snderihet he
waf er tabl e siptit@icesédbigaplaanaktrakd h hBFiqpad 425 surface, before the waf er
TR W R N NN e S
necessarily |dontdireskrit aystemaddrthapis BanfiRireper atintdin tHeoimnearsionlfigid 412 in
exeouted whi 0 Stk oitke Tamepli bheriary w3t HdRY Batd fveen
the pad 3@6 amdet ve opticat absen8fy a8sefid ymibersidRe fleidr camtpitroerfti gysteen 4i84and 4B,
oo som FKARE A WRCRL AR, L1001 081, o HGEatu A T
assenbl y 402 sepeitd ¢laaputhdspravided en theagerdobleatdl. aWienibe dénmetagefl406. The
vaf er table 4Q4 it Seffithi @E'RHcd QsSHRRYT 16 AndRAES WwahR8abiB 403N Yr the wafer
408), the pad 426 is held by the second clamp 430 in place oh the wafer table
20  404. When the wafer table 404 is away from the optical assembiy 186, for example
during a wafer exchange operation, the pad 426 is detached from the wafer table
404 and held by the first ciamp 428 fo maintain the immersion fluid 412 between
the optical assembiy 16 and the pad 426. The wafer table 404 has a flat upper
surface which is coplanar with a surface of the wafer 408. The pad 426 held on
25  the wafer table 404 also has a flat upper surface which is coplanar with the upper
surface of the wafer table 404 and the wafer surface. Therefore, the immersion
pad 426 and wafer 408 can be moved under the optical assembly without the
immersion fluid leaking. In various embodiments, the clamps 428 and 430 can be
vacuum clamps, magnetic, electro-static, or mechanical.
30 As best illustrated in Figure 4A, the pad 426 is positioned on the wafer table
404 during exposure of the wafer 408. The second clamp 430 is used to hold the
pad 426 in place on the table 404 during the wafer exposure. During a wafer
exchange as illustrated in Figure 4B, the wafer table 404 is moved in the direction
of arrow 432 so that the pad 426 is positioned under the optical assembly 16 in

12



ot her type of work piece) under the optical assenbly 16. An environnental
system 26, surrounding the optical assenbly 16, is used to supply and
renove inmmersion fluid 412 fromthe gap between the wafer 408 and the

| ower nost 5 optical elenent of the optical assenbly 16. A work piece
exchange system 416, including a wafer |oader 418 and an alignnment t ool
420, is configured to remove the wafer 408 on fhe wafer table 404 and
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illustrated " 9% p05|t|oned on the wafer table 404
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lithography systems according to other embodiments of the present invention. For
20 the basic structure and operation of the twin stage lithography systems, see US
Patent No. 6,262,796 and US Patent No. 6,341,007. As far as is permitted, the
disclosures in US Patent No. 6,262,796 and US Patent No, 6341007 are
incorporated herein by reference. In both embodiments, a pair of wafer stages
WS1 and WS2 are shown. Motors 502 are used to move or position the two
25 stages WS1 and WS2 in the horizontal directions whereas motors 504 are used fo
move or position the stages WS1 and WS2 in the vertical direction. The motors
502 and 504 are used to alternatively position one stage under the optical
assembly 16 while a wafer exchange and alignment is performed on the other
stage. When the exposure of the wafer under the optical assetnbly 16 is complete,
30 then the two stages are swapped and the above process is repeated. With either
configuration, the various embodiments of the present invention for maintaining
immersion fluid in the gap under the optical assembly 16 as described and
Hlustrated above with regard to Figures 2 through 4, can be used with either twin
stage arrangement. With regard the embodiment of Figure 2 for example, each
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pad 426 in place on the table 404 during the wafer exposure. During a waf er
exchange as illustrated in Figure 4B, the waf er table 404 is nmoved in the
direction of arrow 432 so that the pad 426 is positioned under the opti cal
assenbly 16 in 12 place of the wafer 408. Wen this occurs, the second
clanp 430 holding the pad 426 to the wafer table 404 1s rel eased while
first clanp 428 clanps the pad 426 to the optical assenbly 16. As a

i i i is mpintain under the optical assenbly
oL S T8l S 1t TR RS s B G
t he waf er tablpaddiRP sl arpwgobrt membahztiztr. e,?_tﬂh ﬁas.gaﬂpmﬁ%{e@qb@ginlmgﬁ 6\?%595% % t hat

f | S: i.tipned un t 0 cal_asgerbly. t _
the. new waf er 1 SRRt OB7 B0t o2h uibefoliftien Eub coul e atsoanihagai n
cl anps the padoptid@@ssanbipecwdhepati 36 & hoviable ne;;anénszlyemhmglebmhsw? _%Ptsa?f er

i . i S anpe e fi
tabl e 404 i 1688 KurlHORhE WS SR I Raefol ST Tametnne hed pad azs
is clanped by s fved it smder Gepopdigd, assemhiyt 16 taniviedain Qhe):lhmeraidwa"it.@df B@Zfﬂgpge

tion. An b B RE j a %mptoeraln, r any o ‘

ggg gt: 82 can bﬁ?w . ex@cﬁ?%gaﬂ”?m heﬁﬁaﬁ&g@‘m on FFE’PH’ S S9EPrtafned in
the space bet ietasheie singjst pacharabe esdsl. yDunaathe: tinhe whenl stgé SWampadwy t he

- A4 rQVi he. frame 12 or
Cther Suppr ?%?}%‘ﬁ'ﬁﬁ’ee?@”afﬁ%@fﬁ% ol 208 AP YRR AR 8RR 1 age
id #5dilstatadenn EloyrenAB. a Ofothebperdwmbé rdusingesxposian, theepad dge

406. The p : : :
assenbly 402. chivgktionfAtRNEaRE tA51€ ohARe IE} é&b&é"’%wa‘?fi%wiﬂ %&g{af%fd?m ghigt 1
stage i mersion Iith)graph systems according to other enbodi nments of the
present i nvenf{T®ORS" I’—?f? 2 §Mofe PR sie cnegdedc fair Beahip Gfraeat V6T end t W2t wi n

i ; i t t No.
stage |ithogr Apibmatiyesl, essesaiped bSloRateniecbid stig?62n 486 b%gg%&;iﬁt% ;ﬁg:

. i tt th i sclosures in. :
O S T e 12 2B B PlghisBn 5 on, Boiiniat o at win iace: Wnesyarhy
r ef er ence 151 nmiaohine éubtodingemesmisodpadnt of brastitiag ted peesnt iIMBhiaNE s‘ﬁ%rf?ir ﬁd
shown. Ot or o148 BBt e iR iR Dbt ettt Pone o
i
posi tion the 3hgesonssitageGOQEPha twa $tegeeats maledlinriaetd ami Yidkectorisans

motors 602. In this embodiment, the stages 604 and 606 themselves are used to

contain the immersion fluid in the gap. For example as shown in the Figure, the
20 first stage 604 is positioned under the optical assembly 16. When it is time for the
work piece to be exchanged, the motors 602 are used to position the second
stage 606 with a second work piece adjacent the first stage 604, With the two
stages positioned side-by-side, they substantially form a continuous surface. The
motors 602 are then used {o 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 couid aiso be a
30 ‘“pad” stage that contains a pad that is used to maintain the immersion liquid in the
gap while a second work piece is being placed onto the first stage 604, Similarly,

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

exchange according o one embodiment of the present invention is illustrated.
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502 and 504 are used to alternatively position one stage under the optical
assenbly 16 while a wafer exchange and alignnent is performed on the other
stage. Wien the exposure of the wafer under the optical assenbly 16 is
conplete, 30 then the two stages are swapped and t he above process is
repeated. Wth either configuration, the various enbodi nents of the

present i nygnlkt 88 hoks Wa%r%!n@td&g gOg@ﬁF{ ﬁg)‘sﬁs@ur@: liyggnal%)lgte&h?i@ﬂ@6@ RE&Es t he

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

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

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

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

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

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

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

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

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

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

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

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

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

Fi gur €15 t hass@oblyi 11i6ss catstegdly 80d e isnmparsionifomé dovuraerent, peevepting e fasssivnl y 16.
When it is ti for,the , work piege to be exchanged, the notors 602 are
used to podhd B s (B arer ek
Semiconductor wafers can be fabricated using the above described systems, by
the process shown generally in Figure 7A. In step 701 the work piece's function and
performance characteristics are designed. Next, in step 702, a mask (reticle) having a
20 pattern is designed according to the previous designing step, and in a parallel step 703 a

wafer is made from a silicon material. The mask pattern designed in step 702 is

exposed onto the wafer from step 703 in step 704 by a photolithography system

described hereinabove in accordance with the present invention. In step 705 the

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

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

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

are implanted in the wafer. The above mentioned steps
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stage 606 with a second work piece adjacent the first stage 604. Wth the
two stages positioned side-by-side, they substantially forma conti nuous
surface. The notors 602 are then used to nove the two stages in unison so
that the second 25 stage 604 is position under the optical assenbly 16 and
the first stage is no longer under the optical assenbly 16. Thus when the
first work piece is noved away fromthe optical assenbly 16, the imersion

fluid in the ¢ i j i e 6. whi ch forns the
Substant al 1y abat D IL R Prledad e Rel? Mt 48 Bhrd BrgRsrhaand
alternative elsrbiechcrmemrﬁdeEthmc:be:t&prmbcentda'moaﬁﬁcecssmgdecw:rsmebe a 30 "pad"
stage that contain t kS d intain the imersion..li |d in
the gap while a ngtcge E%%plozc\ggf;eg e?cﬁggiﬂgacﬁ%enonﬁg taﬁ)gvef F}eé‘{'f’%?

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

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

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

optical assenfagk fo@f'CkF)ltg @rVéaf@D Hieovir stert 7 Hhiskeseloping lsteg) Ftiheae@oaedeuafen he
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in Figure 6E, the first stage IS nmov tical assenb

ly
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provide a CQ@MdﬂHI@i@p)Slﬁﬂr]feaé@aW@EoréQﬁ reRbirfdy af?e‘s%ﬁaﬁt?ngs Afndlieli ng a

transfer, thus mainptaini i mmersion fluid the gap. In the
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Claims

1. An immersion exposure apparatus for exposing a substrate with an
exposure beam via an optical assembly (10) and immersion liquid, comprising:

a liquid immersion member that is arranged to surround part of the optical
assembly to supply immersion liquid to below the optical assembly and to recover
immersion liquid from below the optical assembly;

first and second stages (WS1, WS2), each of which is configured to
support a substrate and each of which is positionable below the optical assembly;

a pad (326) that is independently movable relative to the first and second
stages and away from below the optical assembly;

a drive system arranged to drive the first stage, the second stage and the
pad; and

a control system (330) configured to control the drive system,

wherein the control system is configured to control the drive system to
arrange the pad under the optical assembly in a process in which one of the first
and second stages, which is arranged under the optical assembly, is replaced with
the other of the first and second stages to substantially maintain immersion liquid
below the optical assembly while the first and second substrate stages are away
from below the optical assembly,

in which process the control system controls the drive system such that the
pad is moved relative to the one stage located under the optical assembly so that
the pad is positioned adjacent to the one stage, and the adjacent one stage and
pad are moved relative to the optical assembly to locate the pad under the optical
assembly in place of the one stage so that immersion liquid is substantially

maintained below the optical assembly during the movement.

2. The immersion exposure apparatus according to claim 1, wherein the one
stage and the pad are movable for a transition from a first state to a second state,
the first state being a state in which immersion liquid is maintained in a space
between the optical assembly and the one stage, the second state being a state in
which immersion liquid is maintained in a space between the optical assembly and
the pad, such that immersion liquid is substantially maintained below the optical

assembly during the transition.
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3. The immersion exposure apparatus according to claim 2, wherein the one

stage and the pad are arranged to move in unison in the transition.

4. The immersion exposure apparatus according to claim 2 or 3, wherein the
apparatus is configured such that prior to the transition, the one stage and the pad
are positionable adjacent to each other such that a surface of the one stage and a

surface of the pad are substantially coplanar.

5. The immersion exposure apparatus according to any one of claims 2 to 4,
wherein the pad and the other stage are movable for a transition from the second
state to a third state, the third state being a state in which immersion liquid is
maintained in a space between the optical assembly and the other stage, so that
immersion liquid is substantially maintained below the optical assembly during the

transition.

6. The immersion exposure apparatus according to any one of claims 1 to 5,
wherein the apparatus is configured such that, in the replacement, the one stage or
the other stage and the pad are positionable adjacent to each other so as to form a

substantially continuous surface.

7. The immersion exposure apparatus according to any one of claims 1 to 6,
wherein the apparatus is configured such that the pad or the other stage is
arranged facing the optical assembly while a first operation is performed on a

substrate held by the one stage.

8. The immersion exposure apparatus according to claim 7, wherein the first
operation includes at least one of a substrate exchange operation, an alignment

operation, and a measurement operation.

9. The immersion exposure apparatus according to any one of claim 1 or 8,
wherein the apparatus is configured such that the one stage or the pad is arranged
facing the optical assembly while a second operation is performed on a substrate
supported by the other stage.
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10. The immersion exposure apparatus according to claim 9, wherein the
second operation includes at least one of a substrate exchange operation, an

alignment operation, and a measurement operation.

11. The immersion exposure apparatus according to any one of claims 1 to 10,
wherein the apparatus is configured such that after an exposure of a supported
held by the one stage, the one stage and the pad arranged adjacent to each other
are moved relative to the optical assembly to locate the pad opposed to the optical

assembly in place of the one stage.

12. The immersion exposure apparatus according to any one of claims 1 to 11,
wherein the apparatus is configured to move the one stage and the pad arranged
adjacent to each other relative to the optical assembly so that immersion liquid is
substantially maintained below the optical assembly by one of the one stage and

the member, or the both during the movement.

13. The immersion exposure apparatus according to any one of claims 1 to 12,
wherein the apparatus is configured such that one of the first and second stages is
arranged away from below the optical assembly while the other of the first and

second stages is positioned below the optical assembly.

14. The immersion exposure apparatus according to any one of claim 1 to 13,
wherein the apparatus is configured such that an operation on the substrate
supported by the one stage is performed in parallel to an operation on the
substrate held by the other stage.

15. The immersion exposure apparatus according to any one of claims 1 to 14,
wherein the apparatus is configured such that one of the first and second stages is
positionable away from below the optical assembly during an exposure of a

substrate supported by the other of the first and second stages.

16. The immersion exposure apparatus according to any one of claims 1 to 15,
wherein the control system is configured to control the drive system to move the
one stage and the pad arranged adjacent to each other relative to the optical

assembly to locate the pad opposed to the optical assembly in place of the one
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stage and to move the pad and the other stage arranged adjacent to each other
relative to the optical assembly to locate the other stage opposed to the optical
assembly in place of the pad for the replacement of the one stage with the other
stage so that immersion liquid is substantially maintained below the optical

assembly during the replacement.

17. A device manufacturing method including a lithography process, wherein in
the lithography process, a device pattern is transferred onto a substrate using the

immersion exposure apparatus according to any one of claims 1 to 16.

18. An immersion exposure method for exposing a substrate with an exposure
beam via an optical assembly (10) and via immersion liquid, comprising:

positioning a first stage (WS1) on which a substrate is supported below the
optical assembly so that immersion liquid is maintained in a space between the
optical assembly and the substrate;

replacing the first stage below the optical assembly with a second stage
(WS2) on which a substrate is mounted while maintaining immersion liquid below
the optical assembly,

wherein a pad (326), which is independently movable relative to the first
and second stages and away from below the optical assembly, is arranged to face
the optical assembly in the replacement by moving the pad relative to the one
stage located opposed to the optical assembly so that the pad is positioned
adjacent to the one stage, and then moving the adjacent one stage and pad
relative to the optical assembly to locate the pad opposed to the optical assembly
in place of the one stage so that immersion liquid is substantially maintained below
the optical assembly during the movement; and

S0 as to substantially maintain immersion liquid below the optical assembly

while the first and second stages are away from below the optical assembly.

19. The immersion exposure method according to claim 18, wherein the one
stage and the pad are moved in a transition from a first state to a second state, the
first state being a state in which immersion liquid is maintained in a space between
the optical assembly and the respective stage, the second state being a state in

which immersion liquid is maintained in a space between the optical assembly and
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the pad, such that immersion liquid is substantially maintained below the optical

assembly during the transition.

20. The immersion exposure method according to claim 19, wherein the one

stage and the pad move in unison in the transition.

21. The immersion exposure method according to claim 19 or 20, wherein prior
to the transition, the one stage and the pad are positionable adjacent to each other
such that a surface of the one stage and a surface of the pad are substantially

coplanar.

22. The immersion exposure method according to any one of claims 19 to 21,
wherein the pad and the other stage are moved for a transition from the second
state to a third state, the third state being a state in which immersion liquid is
maintained in a space between the optical assembly and the other stage, so that
immersion liquid is substantially maintained below the optical assembly during the

transition.

23. The immersion exposure method according to any one of claims 18 to 22,
wherein the one stage or the other stage and the pad are positioned adjacent to

each other to form a substantially continuous surface in the replacement.

24, The immersion exposure method according to any one of claims 18 to 22,
wherein the pad or the other stage is arranged facing the optical assembly while a

first operation is performed on a substrate supported by the one stage.

25. The immersion exposure method according to claim 24, wherein the first
operation includes at least one of a substrate exchange operation, an alignment

operation, and a measurement operation.
26. The immersion exposure method according to any one of claim 18 or 25,

wherein the one stage or the pad is arranged facing the optical assembly while a

second operation is performed on a substrate supported by the other stage.
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27. The immersion exposure method according to claim 26, wherein the
second operation includes at least one of a substrate exchange operation; an

alignment operation, and a measurement operation.

28. The immersion exposure method according to any one of claims 18 to 27,
wherein after an exposure of a substrate supported by the one stage, the one
stage and the pad arranged adjacent to each other are moved relative to the
optical assembly to locate the pad opposed to the optical assembly in place of the

one stage.

29. The immersion exposure method according to any one of claims 18 to 28,
wherein the one stage and the pad arranged adjacent to each other are moved
relative to the optical assembly so that immersion liquid is substantially maintained
below the optical assembly by one of the one stage and the pad , or the both

during the movement.

30. The immersion exposure method according to any one of claims 18 to 29,
wherein one of the first and second stages is arranged away from below the optical
assembly while the other of the first and second stages is positioned below the

optical assembly.

31. The immersion exposure method according to any one of claim 18 to 30,
wherein an operation on the substrate supported by the one stage is performed in

parallel to an operation on the substrate held by the other stage.

32. The immersion exposure method according to any one of claims 18 to 31,
wherein one of the first and second stages is positioned away from below the
optical assembly during an exposure of a substrate supported by the other of the

first and second stages.

33. The immersion exposure method according to any one of claims 18 to 32,
wherein the one stage and the pad arranged adjacent to each other are moved
relative to the optical assembly to locate the pad opposed to the optical assembly
in place of the one stage and the pad and the other stage arranged adjacent to

each other are moved relative to the optical assembly to locate the other stage
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opposed to the optical assembly in place of the pad for the replacement of the one
stage with the other stage so that immersion liquid is substantially maintained

below the optical assembly during the replacement.
34. A device manufacturing method including a lithography process, wherein in

the lithography process, a device pattern is transferred onto a substrate using the

immersion exposure method according to any one of claims 18 to 33.
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