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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 inmage defined by the reticle is
projected by the optical assenbly onto the wafer. The projected inmage is
typically the 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 | repeated until all the dice on the wafer are exposed.
The wafer is then renoved and a new wafer is exchanged in its place.

| mrersion |lithography systens utilize a layer of inmmersion fluid that
conpletely fills a gap between the optical assenbly and the wafer during
the 5 exposure of aal ; i fi } i fluid,
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sizes than is cur GEANFIGYBSERHI@ MA!NT AN AEIE RIGNAF LU PHOGAGAP For
exanple, imrersion lit h°9rWPYJF}(EE.WW@@FWAWLnQ\S@EMgEWd for next
no u

generation sem conductor tec ogies inc I'ng 65 nanoneters, 45
nanonet ers, and beyond. Imersion |ithography 10 therefore represents a
significant technol ogi cal breakthrough that will |ikely enable
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RELATED APPLICATIONS

This application claims priofdly on Provisional Application Serial No.
20 60/462,499 filed on Aprit 11, 2003 and entited “Landing Pad for lmmersion
Lithography”, the contents of which are incorporated herein by reference for all

PUIDOSES.

BACKGRGOUND

25
Lithography systems are commonly used fo transfer images from a reticle
onto a semiconductor wafer during semiconductor processing. A typical
fithography system includes an opfical assembly, a reticle stage for helding 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
projectad by the optical assembly onto the wafer. The projected image is typically
the size of one or more die on the wafer. After an exposure, the wafer stage

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



the continued use of optical lithography for the foreseeable future. After
a wafer is exposed, it is renoved and exchanged with a new wafer. As
currently contenplated in inmersion systens, the imrersion fluid would be
renmoved fromthe gap and then replenished after the wafer is exchanged.
More 15 specifically, when a wafer is to be exchanged, the quid supply to
the gap is turned off, the fluid is renoved fromthe gap (i.e., by
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projection lens. The gap therefore does not have to be refilied wt
a new wafer is aligned and placed under the optical assembly, and then the gap 13

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 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
fhe immersion fiuid. 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 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 fiuid in the gap
adjacent the projection lens in a lithography machine is disclosed. The apparaius



imrersion fluid when the first work piece is replaced with a second work

pi ece. 10 BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is an illustration of
an |ithography nmachi ne having features of the present invention; 15 Figure
2 is a cross section of an imersion |ithography nmachi ne according to one
enbodi ment of the present invention; Figure 3A and 36 are a cross section
and a top down view of an imersion |ithography nmachine according to
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enbodi ments of the present invention; ure 6Ais a top down view of a

twin stage | |'Fwaﬁfﬂde?ﬁmSH%[%WW%@&%@GMH@WW Hifid traarthe gBp df\ferRxpesure he

i nvent i on;5 25%fRhgWoaspi6& BRompBIA FeSHicBEnGY s@t@@&@ﬂ&és%éwdrl@?lees afgwaf er
exchange accordl ng.to the present invention. Figure 7Ais a flow chart

that outl i nesreﬁaﬁ?%t‘ié@g F B?COH%[WI&Eteﬁﬁ Ay BoREen flyidewsten inpryidgdiee with

the present imxiaid te; .mwahadﬁi guuaeh 2 bSp whbh o GBAL biekd &bi® WidveOaGzpor K
pi ece proces ref erenc fer to like
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i |l ustration immegsibn ﬂmd)grhazphrbe finet Ghoirkn gied® ishaplaog witah seesndobork lpeecpr esent
~inventiong, The |ithography machine 10 includes a frane 5 12, an
illumnation system 14 (irradiation apparatus), an optical assenbly 16, a
reticle stage assenbly 18BREERWERCEIRUONSDRFHEIIRAVMNGS20, a measur ement
system 22, a control system 24, and a fluid environnental system 26. The
desi gn of t he conponents of the |ithography nachine 10 can be varied to
suit the design Fieywi T sramilestiotion héan ithegtphp machimetiavinglieatuted d¢frihene
enbodi ment, thRachi hivghaphy machine 10 is used to transfer a pattern (not

shown) of an int egrat ed circuit froma reticle 28 onto a sem conduct or
15 igure 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
iithography machine according to another embodiment of the present invention;
Figure 4A and 4B a cross section and a top down view of an immersion
20  lithography machine according to another embodiment of the present invention;
Figure 5A and 5B are top down views of two different twin wafer stages
according to other embodiments of the present invention;
Figure 6A is a top down view of a twin stage iithography machine according
to another embodiment of the invention;
25 Figures 6B-6E are a series of diagrams iHustrating 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.



wafer 30 (illustrated in phantom). The |ithography machine 10 nounts to a
nmounti ng base 32, e.g., the ground, a base, or floor or sone other
supporting structure. 15 In various enbodi nents of the invention, the

| it hography machine 10 can be used as a scanning type photolithography
systemthat exposes the pattern fromthe reticle 28 onto the wafer 30 with
the reticle 28 and the wafer 30 nobving synchronously. In a scanning type
l'i thographic machine, the reticle 2§dsr @R perpendicularly to an
optical axis of the optical assenbly“Iﬁ”by“l reticle stage 20 assenbly 18
and the wafer 30 is noved perpendicularly to the optical axis of the
optical assenbly e ; eticle
28 and the vvafer]iﬁ%)@%c1£:lllrj§;J g%higﬁ]g&i ﬂ{g%ﬁﬁc?@l&]%gﬁ%ﬁﬁ? ﬁ@g\&/\gﬁﬁ% %dé
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The 5 |ithography machine 10, for exanple, can be used as an LCD
phot ol i t hyr aphy $y'&reHs ermbedimesis ektha inyepiien. theylisharartiysipreljnavdPleapi ece
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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  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 reficle 28 and the optical assembly 16 during the
exposure of an individual field. Subsequently, between consecutive exposure
steps, the wafer 30 is consecutively moved with the wafer stage assembly 20

30  perpendicularly to the 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 onio the fields of the wafer 30, and then the next field of the



10 or LCD substrates. The apparatus frame 12 supports the conponents of the
| ithography nmachine 10. The apparatus franme 12 illustrated in Figure |
supports the reticle stage assenbly 18, the wafer stage assenbly 20, the
optical assenbly 16 and the illum nation system 14 above the nounting base
32. 15 The illum nation system 14 includes an illum nation source 34 and an
illum nation optical assenbly 36. The illum nation source 34 emts a beam
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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 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 illumination source 34 is directed to above the reticie 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 reticle 28 to the wafer 30. Depending upon the design of the lithography
machine 10, the optical assembly 16 can magnify or reduce the image illuminated
on the reticle 28. The optical assembly 16 need not be limited to a reduction

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



cases, the reflecting optical work piece can be a catadioptric opti cal
system incorporating a beamsplitter and concave mrror. Japan Patent
Application 10 Di scl osure No. 8-334695 published in the Oficial Gazette for
Lai d- Open Patent Applications and its counterpart U.S. Patent No.
5,689,377 as well as Japan Patent Application Disclosure No.10-3039 and
its counterpart U S. Patent Application No. 873,605 (Application Date:
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The reticle stage assembly 18 holds and positions the reticle 28 relative to
20  the optical assembly 16 and the wafer 30. In one embodiment, the reticle stage
assembly 18 includes a reticle stage 38 that retains the reticle 28 and a reticle
stage mover assembly 40 that moves and positions the reticle stage 38 and reficle
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 motars 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 incarporated by reference herein) are used in the



5 Alternatively, one of the stages could be driven by a planar notor, which
drives the stage by an el ectromagnetic force generated by a magnet unit
havi ng two-dinmensionally arranged nagnets and an armature coil unit having
two- dinensionally arranged coils in facing positions. Wth this type of
driving system either the magnet unit or the armature coil unit is
connected to the stage base and 10 the other unit is nounted on the noving
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20 Numbers 5,528,100 and 5,874,820 and Japanese Patent Application Disclosure
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The measurement system 22 monitors movement of the reticle 28 and ihe
wafer 30 relative to the optical assembly 16 or some other reference. With this
information, the control system 24 can control the reficle stage assembly 18 to
25  precisely position the reticle 28 and the work piece stage assembly 20 to precisely
position the wafer 30. The design of the measurement system 22 can vary. For
example, the measurement system 22 can utilize multiple laser interferometers,
encoders, mirrors, and/or other measuring devices.
The control system 24 receives information from the measurement system
30 22 and controls the stage mover assemblies 18, 20 to precisely position the reticle
28 and the wafer 30. Additionally, the control system 24 can control the operation
of the components of the environmental system 26. The control system 24 can
inctude one or more processors and circuits.



imaging field. The imaging field includes the area adjacent to the region
of the wafer 30 that is being exposed and the area in which the beam of

| ight energy 5 travels between the optical assenbly 16 and t he wafer 30.
Wth this design, the environnental system 26 can control the environnent
in the imaging field. The desired environnment created and/or controlled in
the gap by the environnental system 26 can vary accordingly to the wafer

30 and the design bﬁ\@rohﬁ@htaofsygtaﬁa 26 EEBRN R @cﬂvnﬁohﬁleht urhtaggamuotnﬁchl ne
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- addi ti onal é"mesahlt @egwematpp&wgac%ﬁwﬁow nt3a|ar§:y§{eéﬁ§t opfied! @fementsﬁsfothm us
applications fpRé463sckidygptitled "I mrersion Lit hography Fluid Control

Systent fjled on April 9 2003, 60/462,112 entitled "Vacuum Ri ng System
and Wck H ng syshetnergprbadimentstherenviretmgitaistystem 26 fillshe fmagirg field @nd 2003,
;30{ 580 312 enhé tésemf"m@ugggl@ﬁﬁgﬁlzm@ﬁﬁﬁgggw yTH¥ fd@giﬁﬁrdwﬁ? %Q\Sel\&cwarrﬂtzfﬂl "

iled on Septe r an entitle zl e sl n for

| mrer si on Li Y H%b a?gﬁi'?/‘dzt?'falcgﬁ‘p%e 2 Bt g B visonmeya! Sya'iefnl\g)%ﬁﬂ’r B%V%ﬁ d By
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nachi ne i || ustpatddide, 81 BEGH UGRY sSlhy 1B5BE SEHo LB LHAES Boslgn.  The

I|thography nac
materials, etc. and removes the fluid from the gap using vacuum pumps, sponges,

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

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

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

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

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

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

“Immersion Lithography Fluid Controi System” filed on April 8, 2003, 60/462,112

entitled "Vacuum Ring System and Wick Ring System for immersion Lithography*

fiied on April 10, 2003, 60/500,312 entitled “Noiseless Fluid Recovery With Porous

30 Material” filed on September 3, 2003, and 60/541,329 entiled "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



8 includes a optical assenbly 16 and a stage assenbly 202 that includes a
wafer table 204 and a wafer stage 206. The wafer table 204 is configured
to support a wafer 208 (or any other type of work piece) under the optical
assenbly 16. An environnmental system 26, surrounding the optical assenbly
16, is used to supply 5 and renove imersion fluid 212 fromthe gap between
the wafer 208 and the last optical elenent of the optical assenbly 16. A

k
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and the ort e abl e
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opper s L RSCAHRE AL e AR Uty 08, SRS 5 egRe
0.1-1.0nm s@seemkly ihen thewafestabte 204uid 212 is rmvabl e between the wafer

Labl e 204 and thenaRdngZmSuibhi Qs waRakig: AT HRTRRRRKRIRDAC, Che

waf er stage 206 i s noved the direction of arrow 6 so t ad 222
is positi nedcmm’e'ﬂtw&*@m ?E’aﬁhat EsoBfigirgd tompintain thedmptersine fudi2de in abI e
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gap. After the n aligned, the wafer stage is noved back
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embodi ment s, ;BaQFzé’za anu2 g’\e \Itvgfegls%%g%% ?sounstédnt%osuusplpé{rt%q % hﬁwe wa er
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

25  without leaking. During a wafer exchange, the wafer stage 206 is moved in the
direction of arrow 226 so that the pad 222 is positioned under the optical
assembly 16 in place of the wafer table 204, maintaining the fluid in the gap or
maintaining the size of the fiuid gap. After the new wafer has been aligned, the

wafer stage is moved back to its original position so that the pad 222 is removed

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

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



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 noved out from under the opti cal
assenbly 16. 9 Maintaining the gap between the pad 222 and the opti cal
assenbly 16 is not Iim'ted to just a waf er exchange operation. The pad 222
can be larg ain I ton fluid 212 in the space
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ted . ab 3
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system 324 that i s confi gured to mai ntai n the | mer<ion &1 ¥ he
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under the .9 I The i r fl u
i ncl udes a Pe%i g@% lég&%%l%?e%%ng el(: ?r Istpgeapve s walee 3g8dtospe can
be positi otTlEdWﬁdI abBNSubleyuently, the second wafer (not shown) is placed onto the wafer

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

26 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

10



optical assenbly 16 and the wafer table 204. The wafer table 304 has a fl at
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 novable in 10
the X and Y directions using the notor 328 which is controlled by the

control syshem ar?tf’? dJé%ﬁoﬁ@ﬁé?ﬁ %Bm&%? g fsyc%?n rBer@%ﬂ{e c %?roy\%glte s the
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326 are nouARRISEPEK |y 0 | of
freely while the PRAI 1, Vi ROSHE MChuldloBlih, LR ls%teg?:% 5RE ) 20
t he pad 32theamafer Wblfx)}ﬁ4 oul thagee3Bb wittba sihall \gap betsses ﬁr}h)a)dflaf‘& dtge 864 tine

i nvention, .t he stem 330 par ate control systemor it
can be int glgr%%degg 8“??1 ¢ UDBTYY @i}%sz?n%}? the opBenl rasperplly” Moisives 322
for posstibgivaen ﬂﬁqyafpglf@mesjoa%d%@cﬁpa@ng6 wafer table 304. Vertical position
and/or tilt of at |east one of the wafer table 304 and the pad 326 may be

adj ust ed s&h¢ Hamersien ﬁalrdecponmmmentsmstfeacém shusapiatars th timntdnsopddid 512
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operati on. (Elolrs n?o)%% e freely Whlle thenlg'ITeI‘SIOH 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

26 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 fimited 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

1



operation, a neasurenent operation or other operation nmay be executed while
mai ntaining the imersion fluid 312 in the space between the pad 326 and
the optical 30 assenbly 16. Referring to Figure 4A and 4B, two cross
sections of an immersion |ithography nmachine are shown. The |ithography
machi ne 400 includes an optical assenbly 16 and a stage assenbly 402 t hat

i ncludes a wafer table 404 and a 11 wafer stage 406. The wafer table 404 is

confi gured t%@?@@@& 4@6w@ﬁ@waépéb@404a9xonﬁgda@dtot§ag BorPh vl 408 A&Cffh under
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as illustrated in the Fi ure 4A.
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With the upPehe) ihe pad 426 is held by the second clamp 430 in place on the wafer table
20 404. When the wafer table 404 is away from the optical assembly 16, for example

during a wafer exchange operation, the pad 426 is detached from the wafer table

404 and held by the first clamp 428 to maintain the immersion fluid 412 between

the optical assembly 16 and the pad 426. The wafer table 404 has a flat upper

surface which is coplanar with a surface of the wafer 408. The pad 426 held on

25  the wafer table 404 also has a flat upper surface which is coplanar with the upper
surface of the wafer table 404 and the wafer surface. Therefore, the immersion
pad 426 and wafer 408 can be moved under the optical assembly without the
immersion fluid leaking. In various embodiments, the clamps 428 and 430 can be
vacuum clamps, magnetic, electro-static, or mechanicai.

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 fable 404 during the wafer exposure. During a wafer
exchange as iliustrated 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



surface of the wafer table 404 and the wafer surface. Therefore, the

i mersion pad 426 and wafer 408 can be noved under the optical assenbly

wi thout the imersion fluid |leaking. In various enbodi nents, the clanps
428 and 430 can be vacuum cl anps, magnetic, electro-static, or nechanical.
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 clanp 430 is used
to hold the pack di2he wafgpldas.e\hen e otais, dhelSdcadd clang 43ehavdiniethegeagosur e.
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16. As a r@subden dipeed, theewafeotableldids dbled B thaiditeciionegpesigarmrow4d2 sgpt i cal
assenbly whil f 08_d: , 5 been
i aned the oy s nPRHerds ol orEB CHANARC opich Steckilh, N ISR mORT, 432
so that the theWshakep 428 ipeiiastonbie tedeconhelanpt4deagaingbanis ie pPfi or to
this notion, 42&8@%&@@2 %\'btéorﬁbdfl%gtﬁisgerﬁ%cﬁ@l%ggﬂ%%}héfi@rn ttatBP;e.zﬁ)QQQﬂQeNf' anp 430

agai n clanps the pa the wafer ta 4 i s enbodi nent, the

waf er tabl e 40avabie whilsdhg pagrdoéisicanipad by PR &@MB28 s ¢l anped by the
first claqp 428. anlri&u%ﬁib@éﬁﬁweﬁfé?@@%@?‘ét&n, INEhieP Bledddibs it Biapeg byt he pad
426 is clanped b the first clanp 428, is not limted to only a er
exchange opertﬁ?i%ﬁ.dﬂﬁp ’é@q'dﬁrﬂ?ﬁmtﬁ@rt&tP’E‘J‘M,ad”’q{%ra%&@ﬁ%%t‘)p@ P&t 6A, or
any ?t her dopfﬁli??]h@m Qﬁﬁaﬁlﬁi aemeﬁmaﬁeNWb[_beﬁ“ailidTﬁ dr@g{ah%oﬁéruiimhhw b35426
mai ntai ned in e ,bet ween. the. ical —.asse an e

Clamped by t RREPTPEDTGE 417 riogso s 3Fhe e BRERD e Pafe peMERo W ed on
the frame 12 upticatdseemblypioartd thve padrd26ariampbd by chafst 4BOPC4RS. bélspribei ded on

th f t 4 . h
than'the & aqri ags iy e 0uilal of 3 REuethe P Bine? SIBIAPBEBE A RETVS
di fferent twiaanep 4A3kcambe pgivisied ohithé vgfeistagesda eihe pescértotangbe keldoner

enmbodi nent s %{rHB\'f!a%leorrn@&%@Foth?l?’tﬁﬂﬁ)i:h%rét%{eoésse %Jy@ basic structure and

oper ation of e twn stage graphy systens, see US Patent No..
6,262,796 and US Batien®A Riod 58 agntppolywn vigive at twediifeyenfdyin tegaimmegiaion
di scl osures ijthodaRatptbmbaccddidé o dRbr @nbodincRatd?t e MaserR intAdid0 Fqr e

20 the basic structure and operation of the twin stage lithography systems, see US
Patent No. 6,262,796 and US Patent No. 6,341,007. As far as is permitted, the
disclosures in US Patent No. 6,262,796 and US Patent No. 6,341,007 are
incorporated herein by reference. In both embodiments, a pair of wafer stages
WS1 and WS2 are shown. Motors 502 are used to move or position the two

25 stages WS1 and WS2 in the horizontal directions whereas motors 504 are used to
move or position the stages W81 and WS2 in the verical direction. The motors
502 and 504 are used to alternatively position one stage under the optical
assembly 16 while a wafer exchange and alignment is performed on the other
stage. When the exposure of the wafer under the optical assembly 16 is 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
llustrated 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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incorporated herein by reference. In both embodinents, a pair of wafer
stages WSl and W52 are shown. Mbtors 502 are used to nove or position the
two 25 stages W51 and W52 in the horizontal directions whereas notors 504
are used to nove or position the stages W51 and W82 in the verti cal
direction. The mptors 502 and 504 are used to alternatively position one
stage under the optical assenbly 16 while a wafer exchange and al i gnnent

[ d osure of th fer under the

opt | ool assenblgiot6ps WohaTh S8 of SHEHEHOURE er o Saren MAEP S b and. ¢ he

above process pad 22paat edupphirt heebedesd. o frégg a;t!h@remltimésh;{igfnp Iéﬁ?:f -

the gap.under ? RLCIHAEER. gl o8, S el Bide Rl Srg o7 et tiaseatitebove

with regard toodtcgiasesmBlytiier dingipad 326 ammbeatus edpamttalyffﬁjn’i fh@rstég&emg ?gﬁgem

or exa ,

vaf or Dt age W 2nadp e i AR v o SR b b Hiath e bat g

include a pads Zxedrd l@dgutﬁ}@mmwﬂmﬂsembﬁfziﬁ tdé\malmtfnagllaé dnmerstdmgfétgfﬂr‘fzgg: gEBte
f Fi 3, ont r,

Ssedl gg]r gcent tt%g\cgb mgép?inc%ﬁ %ggg%gqﬁo (ﬁﬁwe‘%n 35550 S”?%\, Qgr%g‘é‘rgp rltely

fromthe stagé®@fbabisinglesyed canbe H@ecf h@utinméﬁwmmmaagmgsmaermzar eto

be swapped,  t fife R &%iapédsm 48026 Lalel nﬁaﬁfta me%@%malé tEoHs |

intain t rsi fluld 12 bel |ca asse
vn\}altﬂ tlhe e nﬁﬁ d (1 Glgve 48. aoméﬁa@ﬁ@blf@nélwﬂne @@dswanthﬁepaded

During the t| rznRenorsd agewaldh @ orWRe \TEr é@g@%wa‘i‘ﬂ@@@iﬁg E)?sgetdggﬁ #€6 1S

used to nalnt%nthelnnerm fludin the as | in Figure

4B. On the ot h&Rany ™Y | W?%%Ssﬁr Beeqagh f?faéi’ei dvo dtageseWIneodt WsAwaf er
tabl e on the Witeeatislnge deﬁatbeﬁwbtaﬂ 1@ R%BAS Bige bin El@b%efﬁ?@ngﬁh\% y a

a
10 e P 5 ool HUFQEGAL 3% UobneOE, I LG £ .
Fi gure 6A15a tr@phld@\rfwsvatew wie anuommemmgmdtmhbmgar pﬂ@bynt 1%:1@&#&! Qﬂgwghom
illustrating I?ﬂﬁiseémmq&ﬂtthg mrﬂéi@s !ﬁlﬁ%ﬂaéi}y ss@& @#H B8y }sfﬁ%gée $04 ot

In this enbodi nent, i Mrersi on
stage 604 anad é(?@ﬁ'@ﬂ §’taagé50606‘=e Wv:estlams steagsesechmetham/emh IYrtfnTeb&or% mnd Y

di t b s 604 and
tlh(rarerge: 82: a?rgoaﬂsﬂigﬁfomﬁrgn%%oﬁhﬁ GEetﬁgrr%n%rgjéE faltn %tt Traregape uI'i‘?tf??exarrpl e

as shown in tft qilp &ﬁ @nmgrﬁ@n 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 802 are then used to move the two stages in unisan so that the second
25  stage 604 is position under the optical assembly 16 and the first stage is no longer
under the optical assembly 16. Thus when the first work piece is moved away
from the optical assembly 16, the immersion fluid in the gap is maintained by the
second stage 606 which forms the substantially continuous surface with the first
stage. In various alternative embodiments, the second stage 606 could also be a
30 “pad" stage that contains a pad that is used to maintain the immersion 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 piece

exchange according fo one embodiment of the present invention is illustrated.
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20 first stage 604 is positioned under the optical assenbly 16. Wien it is
time for the work piece to be exchanged, the notors 602 are used to
position the second stage 606 with a second work piece adjacent the first
stage 604. Wth the two stages positioned side-by-side, they substantially
forma continuous surface. The notors 602 are then used to nove the two

stages in Uﬁigﬁ%ﬁﬂlomgtwéijeﬁ?éﬁgg@&%é%%up 04 ﬁé@lp%?%fh?ggﬁ}e%ﬁdﬁl%v}she

optical assenbly 16 and the first stage is no 10 the optical
assenbl y 16heTengsd shgetdhin dontast (onomknediate @ aijacamyveith shwalist Stignéhadept i cal

assenbly 16, the imersjon fluid in the gap i.s maintained hy the second
st age 606 \A%f’(?ﬂt“faltl)???gmghe&st}%g?r& shaws %%%Ff‘?i Rlgrs: abe the serondigags r st
stage. In v@sio §siﬁ$ﬁe€rdﬂa&ﬂtﬁé!oﬁﬁ%¢9§s@x§i§ 6.t he second stage 606 could al so
be a 30 "pad" stage that contains a pa tLat is used to maintain the

i mrer si &n 1Higalixd in Rigptek, gapfinhithge 604%is conedwenrk fpnethe dptickleissegnipy a6ed ont o
the fi t 4, Simt.arl t { A ith
Floure 5a o B8 Mo B 1B srand Sil T b VAdin e ved e0eRovidedir | oo of

di agrams i |dothuicalkisiigack wREKhD LB a%ﬁi&?ﬂgqﬁdﬁ%@é ghilder! huQ Rt faRAN HEN Of
the present invention is illustrated. 14 Figure 6B shows a wafer on stage

604 after dWprsstiPrilpg ipdhpsap: da thagmbedimen shenstheshendstiga$06tingpad06 in
contact (Or i Vi j i t:h the . fi.rst stage 4.under the
opti ool ascutal WA REEOM ML § MEHHER vl RGo B e e | T

second stage 606 is positioned under the optical assenbly 16. 5 Finally,
in Figdfe 6E, t Heths vasipusembedigntsidsserihed dbavi yhef padnan fve nopleiofalnuagsenbl y

16. As b ' in.Fi . 6C 6D, .he t 604 and 606
orovi de o SRRk e bl Bic Al ThiSe b SHeaaRr g
transfer, tbasd mithMefoniab@riing to bIAREESbOMn{chtsl A HeRiART 103Pad 418 §HGId be

enbodi ment shown, the second stage 606 is a pad stage. is stage,
however, c8WiEcRt Eroner the gisirlocpimed by thegmmersiop il abbdbe vat@isi n t he vari ous

enbodi nent o -Of nu of. different
materi al s, érsngg lﬁgg g?%rsg[?nﬁ}:ﬁ%b%%ét]g?é)%qgig?|B(f:&%ﬁggtl%&te%ﬁ?@?{%)?p&@o be

coat ed1i t hssteiblsolt mconstaithourtder bhinersicenibgdiereindBnethacsdziagafie forgapad al so
shoul d be tsubm?ci e% t o, cover ta% area occupied by the imrersion fluid. In
the vari ouf! * BRI e Res et MBEd Fabove, the surface of the last optical

el ement of the optical 15 assenbly 16 is constantly under imersion fluid

environnent, prSuaitbhdgtétieaftaroamibedibritedisiipthel abBddeseriltd syseMB! By
mark”) . 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

26  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. Instep 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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Sem conductor wafers can be fabricated using the above described systens,

by the process shown generally in Figure 7A. In step 701 the work piece's
function and performance characteristics are designed. Next, in step 702,
a mask (reticle) having a 20 pattern is designed according to the previous
designing step, and in a parallel step 703 a wafer is made froma silicon
material. The mask pattern designed in step 702 is exposed onto the wafer

fromstep 703. 0, tem de Il

her ei nabove | Ecifgggg \%‘ ?Fﬁ %%gl%é S(lg%pg @F 9‘%\/%% W?Wrg 883%'36% E?’Hje

sem conduct or sgectionps made Beeaa:s;smpiﬂcedd(ngrtolpu@bersgng imqudementg process,

bondi ng process 25,.and pa i f.ipal | t hen
i nspected in step A;O6eac€| é{éﬁg gg it f%? ?f%essm *i(éé’i |t58 VfaV;B ﬁ}frnf anpl e
of L he above- pepticessiuy stepp hav@deém completed eheffolfoating pestrpm@:eserrrg cmthct ]pr
wor k pi ece 0 surface
is oxidi ze% % rﬁr' %H{ (%{/Bgé g%rgg%sﬁ"}(ghﬁﬁjiﬁ F‘%ﬁ ﬁ%?‘P')nqt?rtseg or me cgln t he
waf er surf aceStePh PQD@peSVS1$ teilied tie @dwafcor riebd, dn séapep)f (epestrecdes, 86 are
{or e on | hesklkShe i BRI HSRARI LD M08 38 FERLTRLAIN T on, |
714 formthe pae‘pﬁe@@ép Bgvadere phendn stgaf &t7s(dgvelbwigg W@Dbrﬁh@ﬁmdlwﬁer and
selection is ra%réeera;seoeeﬁ@ irP$tep 7@@(&&%#}9@28 AR GRS it Fe@ﬂHérr&ﬂi%rE&st At

each stage of wafer processing ove-ment i oned {)re processi ng
st eps hav¥? be@XPESHpNaEEY, SLtrf@ée)f Bl RITYGI P Elhinge e s Bleg Bt frhotgesgiste
i npl enent ed. r@ifdvﬂ@ttﬂgSﬁm@&é&%ﬁ@%ﬂh@ﬂ)resflétrréharrird@ a?‘fe?l%tcﬁﬂﬂé id Rwdvegesi st

formati on step), t oresi S a fer. Next, in step 716
(exposure step), P %ﬂ@yépﬁ%ﬁ‘? g’%ef B\é{ﬂpef%rqufp‘rse@éemecwm et

transfer the mist-pucessraidtegsn of a mask (reticle): to a wafer. Then in step
717 (d I th f d . 718
(et ching step). purt e REpe R Soudiaerhs s Ber ey (e BRBR SRt st or i
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circuit patterns are et ese rep 0Cés A5
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enbodi nents of the invention and that no |imtations are intended to the
details of construction or design herein shown other than as described in
the appended <clains. 16 Wiat is clained is: 1. An apparatus, conprising:
an optical assenbly configured to project an inmage onto a work piece; 5 a
stage assenbly including a work piece table configured to support the work
pi ece adjacent. the optical assenbly; and an imersion fluid system
confi gur ed ™! SGHTEHS al |y maintain an inmersion fluid in a gap adjacent
the optical assenbly when the work piece table is noved away fromthe
optical assenbly, 10 wherein the immersion fluid system conprises: a pad
posi ti oned adjlacentAn lgpawnk cpimpdeinga st age assenbly nover configured to

move L SLa0e eSSBS RS e Bed Lo ROskt L ohed o acenlofle
clanp gonfigured tg é’ié’éedasts@ﬁbgﬁglgﬁﬂirr%cﬁ%rﬁ B?ec@ﬁ&ﬂl@%b?ﬁé&@?% ¥t fRBI Nt ain

the immersion fluid in the gap. 2. e apparatus of claim1, wherein the
first clanp isvarkokeniadiacen thoopicebassembly; trslisi ng attached to the optical
assenbly. 20 3. The_apparatus ©of .claim1l erein the cla i.s.confi gured
to clanp the pad %ﬂeﬁggﬁg“ﬁbrln%iﬁgfm?dﬁplngﬁbg?ﬁﬁgﬂﬁvgggh&%}n?Vb t he
optical assenfyherad b inel gaseljddst thadpibie RsdehdlyWahkn picoserktabdeaabls

adj acent the optical assenbly. 25 4. The apparatus of claim1l, wherein the

clamp conpri sésmeked s¥ay fiem theppiéssl AemPhes of clanps: vacuum rmagnetic,
el ectrg-static, Orvﬂﬁﬁgﬁﬂkﬁﬁhna§Mn¥ﬂﬁ%gﬁﬂﬁﬁg%#gﬁ&%:Cla'n]l’ further

conprising a work piece exchange system co ured to renove the work
pi ece on the work pipade@otiibhel atjscehbthe3rkepcace it wth a second work
pi ece. 17 6. The apparatus of claim5, wherein the work giecg excﬂag e
syst em a stage assembly mover configured fo move the stage assembly such tha
the pad is positioned adjacent the optical assembly to maintain the immersion
fluid in the gap; and
15 a clamp configured to hold the pad adjacent the optical assembly to

maintain the immersion fluid in the gap.

2. The apparatus of claim 1, wherein the first clamp is mechanically coupled
to a housing attached to the optical assembly.

20
3. The apparatus of claim 1, wherein the clamp is configured to clamp the
pad when the work piece table is being moved away from the optical assembly

and to release the pad when the work piece table is adjacent the optical assembly.

25 4, The apparatus of claim 1, wherein the clamp comprises one of the

following types of clamps: vacuum, magnetic, electro-static, or mechanical.
5. The apparatus of claim 1, further comprising a work piece exchange

system configured to remove the work piece on the work piece table and to

30 replace it with a second work piece.
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conprises a robot to renove the work piece and to replace it with the
second work piece. 5 7. The apparatus of claim1, further conprising an
alignnment tool to align the work piece. 8 The apparatus of claiml,
further conprising an environnental system configured to supply and renove
imersion fluid into and fromthe gap. 10 9. The apparatus of claim 1,
further conprising: a reticle stage configured to hold a reticle defining a
pattern; and & proj Bt rBRRIaYE tEntlabnf d.guPesin &g Mk cticeen EXEEER SHSIEB i ned
by the reticl i [ g opt i.cal . 10.
The appar at usecg C g.sl %nqﬁ?wmﬁgﬁoﬁgﬁ Hée%()g%g{g%c%ﬁ@ di@ %ﬁﬁc?ﬁggﬁgghg S%&gﬁi ne.
11. The appar averk ppdcecl ai m 1, wherein the work piece is one of the
following types of work pieces: a sem conductor wafer, or a LCD display
panel . 20 12. The apparatus of claim1l, wherein the pad is nade of but is
not limted toy 0nerkféfapbﬁx%tﬁs%ﬁc%nnlg_fMe’%bﬁbﬁéing'aﬁ%ii?&nerﬁ%ﬁ'to Aligit@le@m C.
13. The apparatus of claim 12, wherein the pad is coated with TefTon. 25
14. The appar averk pgdcecl ai m 10, further conprising an illumination source
including an ArF exciner |aser, and wherein the immersion fluid includes
water, and the work piece is exposed through the imrersion fluid. 30 15. A

m cro-devi ce manuf atieUipgpagati®bhethims], Narthbe canpasiat Us efvikhalefal Qysterh8

configured to supply and remove immersion fluid into and from the gap.

10
9. The apparatus of claim I, further comprising;
a reticle stage configured to hold a reticle defining a pattern; and
a projection system configured to project the pattern defined by the reticle
onto the work piece through the optical assembly.
15
10.  The apparatus of claim 1, wherein the apparatus is a lithography machine.
11. The apparatus of claim 1, wherein the work piece is one of the following
types of work pieces: a semiconductor wafer, or a LCD display panel.
20
12. The apparatus of claim 1, wherein the pad is made of but is not limited to
one of the following materials: plastic, metal or ceramic.
13.  The apparatus of claim 12, wherein the pad is coated with Teflon.
25
14, The apparatus of claim 10, further comprising an illumination source
including an ArF excimer laser, and wherein the immersion fluid includes water,
and the work piece is exposed through the immersion fluid.
30 15. A micro-device manufacturing method using the apparatus of claim 10.
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