APPARATUS HAVING AN IMMERSION FLUID SYSTEM CONFIGURED TO MAINTAIN IMMERSION
FLUID IN A GAP ADJACENT AN OPTICAL ASSEMBLY 15 RELATED APPLICATIONS This
application claims priority on Provisional Application Serial No. 20 60/462499 filed on April 11, 2003
and entitled "Landing Pad for Immersion Lithography", the contents of which are incorporated herein
by reference for all purposes. BACKGROUND 25 Lithography systems are commonly used to
transfer images from a reticle onto a semiconductor wafer during semiconductor processing. A typical
lithography system includes an optical assembly, a reticle stage for holding a 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 by the optical assembly onto the wafer. The projected image is typically the size of
one or more die on the wafer. After an exposure, the wafer stage assembly moves the wafer and
another exposure éakes place. This process is
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BACKGROUND

25
Lithography systems are commonly used fo transfer images from a reticle
onto a semiconductor wafer duting semiconductor processing. A typical
lithography systemn inciudes an optical assembly, a reficle stage for holding a
reticle defining a pattern, a wafer stage assembly that positions a semiconductor
30 wafer, and a measurement system thal precisely monitors the posifion of the
reticle and the wafer. During operation, an Image defined by the reticle is
projected by the optical assembly onto the wafer. The projected image is typically
the size of one or more die on the wafer. After an exposure, the wafer stage

assembly movas the wafer and another exposure takes piace. This process is



repeated until all the dice on the wafer are exposed. The wafer is then removed and a new wafer is
exchanged in its place. Immersion lithography systems utilize a layer of immersion fluid that
completely fills a gap between the optical assembly and the wafer during the 5 exposure of the wafer.
The optic properties of the immersion fluid, along with the optical assembly, allow the projection of
smaller feature sizes than is currently possible using standard optical lithography. For example,
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unsteady flujd may interfere with the projection of the image on t ticle onto the water, thereby
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projection lens, f%\r exam%e during wafer exchange, is therefore neede
s currently conte plated In immérsion systems, the immersion fluid would be

removed from the gap and then replenished after the wafer is exchanged. More

15 specifically, when a wafer is to be exchanged, the fluid supply to the gap is turned
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 assembly, and then the gap is
re-filled with fresh immersion fluid. Once all of the above steps are complete,
exposure of the new wafer can begin.

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

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

An apparatus and method for maintaining immersion fluid in the gap
adjacent the projection lens when the wafer stage moves away from the projection
.lens, for example during wafer exchange, is therefore needed.
30
SUMMARY

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



SUMMARY An apparatus and method for maintaining immersion fluid in the gap adjacent the
projection lens in a lithography machine is disclosed. The apparatus and method includes an optical
assembly configured to project an image onto a work piece and a stage assembly including a work
piece table configured to support the work piece adjacent the optical assembly. An environmental
system is provided to supply and remove an immersion fluid from the gap. After exposure 5 of the
work piece is complet e an e stem removes the work piece and replaces it with a second
work piece. An im @g% s F&%ﬁ%%ﬁ%ﬁ%ﬁ%ﬁ%%ﬁrm%ﬁ MiknReheYaPwhen the
work piece table m@vbs)mawfrd)m tHagerciestioblye ! idheggapitbdrefiere daple natiiguestd e refilled
with immersion ﬂtaq;]s_emﬁqﬁ@%r%v&ewa@egmstﬁ%p&%givxgge%ﬁﬁc oA WRRIRER L RRIGF

DESCRIPTION OF THE DRAWI Figure 1 is an illustration o ography machine having
features of the pré%é’ﬁf"ﬁ{‘?éjﬁﬂoaﬁ'p%ﬁ%F@W&?E%@%"@&%ﬂ% EAhRRpntROE¥apHY Machine
according to éne efrtbedirraniefthe @reskit, i rventuningiguretdh and8atecasrissisestina and a top

doun view o an FEES0R keI ealb AR SRECODRIAUINSL ETRIITRTL libe Plssent

invention; Figure 4A and 4B a cross section and a top down view of an imimersion
maintain the immersion fiuid in the gap when the work piece table moves away

from the 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
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is an illustration of an lithography machine having features of the
present invention;
15 Figure 2 is a cross section of an immersion fithography machine according

to one embodiment of the present invention;
Figure 3A and 3B are a cross section and a top down view of an immersion
lithography machine according to another embodiment of the present invention;
Figure 4A and 4B a cross section and a top down view of an immersion
20  fithography 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 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 ouflines 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.



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 lithography machine according to another
embodiment of the invention; 25Figures 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 gresent invention; and Figure 78 is a flow
chart that outlines work piece processing in mor reference numbers refer to like
elements in the drawings. DESCRIPTION Figure 1 is a schematic illustration of a lithography

machine 10 having featysgs,af ing pJ%%%%HQH@@ﬁi%E:aEBﬁ 'EP%GE@P%{@@&' RN AERAS e 5

12, an illumination system 14 (irradiation apparatus), an optical assemt , areticle agggassembly
18, a work piece JEgd¥ s hBysech inuainemEne JiBrstepy maehinel L) dielvea affanasiuid
environmentab sysinag 6l uhiiezdiesi ghstérthé4c dmppikenissphtihatlit) ographicalactiae bl ¢gnbe varied

to suit. the dgsign ,r&%r%qgﬁgt%ggetf%wtqggrnggn&%}ai esga%elggg one }g@&ogirpn%gts JI%% Igri;ltography
machine 10 is used to transfer a
system 22, a control system 24, and a fluid environmental system 26. The design
of the components of the lithography machine 10 can be varied to suit the design
requirements of the lithography machine 10.

10 In one embodiment, the lithography machine 10 is used to transfer a
pattern (not shown) of an integrated circuit from a reticle 28 onto a semiconductor
wafer 30 (llustrated in phantom). The lithography machine 10 mounts to a
mounting base 32, e.g., the ground; a base, or fioor or some other supporting
structure.

15 In various embodiments of the invention, the lithography machine 10 can
be used as a scanning type phiotolithography system that exposes the pattern
from the reticle 28 onto the wafer 30 with the reticle 28 and the wafer 30 moving
synchronously. In a scanning type lithographic machine, the reticle 28 is moved
perpendicularly to an optical axis of the optical assembly 16 by the reticle stage

20 assembly 18 and the wafer 30 is moved perpendicularly to the 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 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 assembiy 16 and the
reticle 28 far 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



pattern (not shown) of an integrated circuit from a reticle 28 onto a semiconductor wafer 30 (illustrated
in phantom). The lithography machine 10 mounts to a mounting base 32, e.g., the ground_, a base, or
floor or some other supporting structure. 15In various embodiments of the invention, the lithography
machine 10 can be used as a scanning type photolithography system that exposes the pattern from
the reticle 28 onto the wafer 30 with the reticle 28 and the wafer 30 moving synchronously. In a

scanning type lith iIc machine, .the reticle 28 is mqved pergendicularly to an optical axis of the
optical assembly %@%E@ﬁ(ﬁﬁ%@@éﬁg §%S§$Eerr%‘8 ?L%Oatrggp ﬂﬁ’g lﬁ?rs %’6’%’ rﬁ%\?@ffp B@rﬁ%tf%‘?cqlarly to
the optical axis of #% optical assembly 16 by the wafer stage assembly 20. Scanning of the reticle 28

and the wafer 30 ocr:urswbw&éhetﬁ@tig%%?& and E%%ﬁgﬁ{g%%ﬁﬁ%mog%%{%%‘rﬁ% ngggggggly,
the lith hy machine 10 can. step-and-repeat type 1otoli ]
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[ ' erpendicularly to the optical axis of the
optical assermbly SEEh R e HEXE LI SREMAIETo & ROTHHHE B h TSt iRe optical
assembly 16 and figgd. Accordingly, the term “work piece” is generically used herein to refer to any -

device that may be patterned using lithography, such as but not limited to wafers

10 or LCD substrates.

The apparatus frame 12 supports the components of the lithography
machine 10. The apparatus frame 12 iliustrated in Figure 1 supports the reticle
stage assembly 18, the wafer stage assembly 20, the optical assembly 16 and the
iilumination system 14 above the mounting base 32.

15 The illumination system 14 includes an illumination source 34 and an
illumination optical assembly 36. The illumination source 34 emits a beam
(irradiation) of light energy. The illumination optical assembly 36 guides the beam
of fight 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. ln 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 heam
from the illumination source 34 is directed to above the reticle stage assembly 18
with the illumination optical assembly 36,

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



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 wafer 30 is brought into position relative
to the optical assembly 16 and the reticle 28. However, the use of the lithography machine 10
provided herein is not necessarily limited to a photolithography for semiconductor manufacturing. The
5 lithography machine 10, for example, can be used as an LCD photolithography system that exposes
a liquid crystal display work piece pattern onto a rectangular %Iass plate or a photolithography system

for manufacturing a thin 1% Maln8flc FHEFUIRC Ul GIF Ceh MR nSMbtoNe piaciure gdiariéalry used
herein to refer to anjiatievi¢eliipbinaydenpéiteotathusmawihagraphinesehdispiit ot lispites to wafers
10 or LCD substr fr S ents of the lithography
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assembly 36. The, illuminatio : it (irradiatjon) of light rgy. .The illumination
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assembly 16. Th&FERFHIRMNA T8 Ko sl s araieRRp dhidnBaem &loe fld 58 Hhdleipeses the 20

wafer 30. In Figuresksthehdlusfiaction ssitaievadiislbisiratad bs being-sinnasiagahove dasteticle
stage assembly 18T &Igﬁ# Q% r,.the jlumination source 34 is secured (o one of.the sides of the
apparatus frame 1,20a%d theyenqng%ﬁg% %y)n%'}ﬁ;% ﬁ%%eatm’ﬁrggur(%pﬁ' i?ﬁ%‘?é‘gtg& Efgcggg(}e the

reticle stagd 3ssenislgstEahin: S fRRnindhiRheptinal e STy SezolT i ilalviRasonRadanée 34 can
be a g-line sourcA@diRB &My, andi-linecsont@art 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: 6-12-97) also use a reflecting-
refracting type of optical system incorporating a concave mirror, etc., but without a
15 beam splitter, and can also be employed with this invention. As far as is
permitted, the disclosures in the above-mentioned U.S. patents, as well as the
Japan patent applications published in the Official Gazette for L.aid-Open Patent
Applications are incorporated herein by reference.
The reticle stage assembly 18 holds and positions the reticle 28 relative to
20  the optical assembly 16 and the wafer 30. In one embodiment, the reticle stage
assembly 18 includes a reticle stage 38 that retains the reticle 28 and a 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 respeclive stage 38, 42 with one, two,
three, faur, 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 coll 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



(365 nm), a KrF excimer laser (248 nm), an ArF excimer laser (193 nm) or a F2 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 Ix or greater magnifigption ster Also, with an exposure work piece that
employs vacuum l‘ﬁ\fﬁ%{v%?gtera? A iony(\c/’m%orﬁ@%%ﬁ%%hafﬁ@ ‘oﬁ]%ﬁ@??ﬁé@%‘f%@%t%%ioptric
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Laid-Open Patent Applications and its counterpart U.S. Patent 8,672, as well as Japan Patent
Application DiscloRtPEN5 i GoHPIEE LHYIRED (YR HafeUet B3ReAPNIds 835 275. In these cases,
the reflecting @ptical workigieakveln diee atttadigec opildabsysten incerpeaingadeamaplitter and

concave mirrr. Janas Rtk ApBj calian AR Rissiasure, o S334A95 RyDlisnsdn e Al Cazete
for Laid-Open Pa&veuigg %%%{%‘atmﬂ\? and its counterpart U.S. Patent No. 5,689,377 as well as Japan
Patent Application’tSi Y 1673996 L RO ESuRtE paR B S2biEge sPASRIE AN IIWS73,605

(Application DatediBag¢as@rpiysarasgal reflisdtirfgael actifiiptype\Vifiopiical sy sitdnvreosporating a
concave mirror, elfindthiagERHR BEAR SR 200 AR also he SprlokaL i fisdayention. As

far as is permitteq, thg disclots_ures in the above-mentioned U.S. patents, as we e Japan patent
applications[%ubll SUNRr A SHRSANEL AN B AR URe BFER BiecriiA®BiRsiRtions are incorporated
herein by reference. Thidoetitiensieigbassgasbiy H8dwicsdanisbpe sitionatiereatitte 28 ¢etative to 20 the

opical assembly & apfbte WfGinithdl GFeRBRKIRALINR GG A0 aroeimbly 1 agludes a

reticle stage 38 that é?é?éﬁs the reticle 28 and a reticle stage mover assembly 40 that moves and

positioris the retid&SAGE R I Vel dSo8sEairh LpdoRAd0ar e e pReRa sl iR RTiRTESte
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of freedom. The feties SEate PGV asgg?n%%?%ef@?gﬂdj %g%\/{)‘?f{ EPsi SLeAR IR SRS 44 can

each include onevsichfstigally transferred to the fioor (ground) by use of a frame member as
described in US Patent No. 5,874,820 and published Japanese Patent Application
Disclosure No. 8-330224. As far as is permitted, the disclosures in US Patent
20 Numbers 5,528,100 and 5,874,820 and Japanese Patent Application Disclosure
No. 8-330224 are incorporated herein by reference.

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

25  precisely position the reticle 28 and the work piece stage assembly 20 to precisely
position the wafer 30. The design of the measurement system 22 can vary. For
example, the measurement system 22 can utilize muitiple 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 reficle
28 and the wafer 30. Additionally, the control system 24 can control the operation
of the components of the environmental system 26. The confrol system 24 can

include one or more processors and circuits.



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 wafer stage assembly or the reticle stage assembly,
the linear motors can be either an air levitation type employing air bearings or a magnetic levitation
type using Lorentz forcaréqr reactance fcg.ie. Additignally, the stage could move along a guide, or it

could be a guideless type §tag8 Rat e ﬁgsé%e?%&ﬁgﬁ?i ivaly, SR GHE s{RgR 98U e driven
by a planar motorshelioh iriviesnHbss tidiesh pseemiggtiénaagribtovalaeifebratgeb iychidesgnet unit
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i
arranged colls in facing positions. With this type of driving system, either the magnéet unit or the
armature coil unit{&ESmtkiab toAHESRpeTsathie FERR BdrehihR Rsihdioh #rRersving
plane side of the $tagds betwhiovthaenptictithesstabigsidsztdsitibediabdve Yaihetdteserdactitr forces

that can affect pedayRARGS:ef 2 ehPiaitandraRly YRl REARIAT SR AERErRIng e wafer

(substrate) stage motion can be mechanically transferred to the floor (ground) by use of a frame
member as descri5alisf SYFNBRPNGES 894 0erataisgbiis i 9 avdle PavsrnmpiRiation
Disclosure No. 8-436v 5 Achttiticna boamdetyhn tfotbe ssadnredataddoihehdestiiclef (imasigt st motion

can be mechanical KARSIRIGHE faoBRai-PrMIMPY SSAAlAHAME METHSLAS flaseribed in US

Patent No. 51,874 820 and published JapaneSe Patent ApplicationDisclosure No. 8-330224. As far as
is permitted, the GRCRGIRRSn s destert RIKRIED SR EXTRERH 624N AS B U B EhaSHese Patent
Application Discldsereative!s- 330 224irareomuoribat atedrhenetninarcierenciber typehe finehsusament

system 22 monites MexeMenAfJe selitis A8 RN b wRteL3 L slatis o ths apicaassembly 16 or
some other referggt%jé.t\glth this information, the contro %\éstem 24 can control the reticle stage
C

assembly 18 to-2 58S Bl TE R s e \RBFk Prelast sl Lemeiy 9bMSprecisely

position the wafepB@aTags ity 6f the measurement system 22 can vary. For example, the
measuremefy system 32 638 siilizRIMEHIPISI 2RI NAERIANIGIS: S5GRIBIS iMiHRER@RYRY other
measunng dewc%_?é rest of the gap with an immersion fluid. The design of the environmental
system 26 and the components of the environmental system 26 can be varied. In
different embodiments, the environmental system 26 delivers and/or injects
: fmmersion fluid into the gap using spray nozzles, electro-kinetic sponges, porous
20 materials, etc. and removes the fluid from the gap using vacuum pumps, sponges,
and the like. The design of the environmental system 26 can vary. For example,
it can inject the immersion fluid at one or more locations at or near the gap.
Further, the immersion fluid system can assist in removing and/or scavenging the
immersion fluid at one or more locations at or near the work piece 30, the gap
25 and/or the edge of the optical assembly 16. For additional details on various
environmental systems, see Praovisional US applications 60/462 142 entiled
“Immersion Lithography Fluid Control System” filed on April 8, 2003, 60/462,112
entitled “Vacuum Ring System and Wick Ring System for Immersion Lithography*
fited on April 10, 2003, 60/500,312 entitled “Noiseless Fluid Recovery With Porous
30 Material” filed on September 3, 2003, and 60/541,329 entitled “Nozzle Design for
Immersion Lithography” filed on February 2, 2004, all incorporated by reference

herein.

Referring to Figure 2, a cross section of a lithography machine illustrating
one embodiment of the present invention is shown. The lithography machine 200



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 include one or more processors and circuits. The environmental system 26
controls the environment in a gap (not shown) between the optical assembly 16 and the wafer 30. The
gap includes an im E?lng field. The imaging field includes the area adjacent to the region of the wafer

30 that is being exXpoEEEsHERHEALASSEA IR v @eﬂﬁﬂ%fqmﬂé%ﬂ?%ﬁi%@%@@ewfﬂfe optical
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from 0.1mm to 10 between” op surface e'water 39 ﬁtent of the
optical assembly T&!UgHg @n‘é’%ﬁﬁﬂéaﬁﬁe%Qh@%nﬂr&hﬂ%rﬂaﬁsﬁr@t@h@mmem RRBgirg.field and

the rest of the gapmicitsespimanarsiomfivigherhe desigmginhe @ndrapvacHal wirenvatoangshe
components of th tal syst be varied. In different mbo iments, t
environmental sysG{ &agﬁ e |ver%sh§r%ﬁ)arﬁ%1%ce}sﬂr?ﬁr%egr%rfgnw E%I mtosth% 55’5% [ ﬁcs)ﬁtgg%%%les

electro- kmet@spé’ﬁtﬁ’@sﬁhﬁd’i@fﬁ redeatettars, Eanshpmnovees waidnigsréembeguplesiablwacuum
pumps, sponges, @ad Heobkgudhiy dhsigadghihe gy ranEisvia) %fﬂaﬁé@@rﬁ@ﬂﬁéﬁ%f@ét@éﬂmp'e it

can inject the ImreEsionAUlf AN 0 MAIBRFRIATA! B SRUNR gAR. LVINGK, 1he gpmersion fluid

system can assist in renfoving an enging t the fmmersion | ToRe of more dhs at or
near the work pieBes8mPhd &2 D8 WAk bItE &Rfhe of the optical assembly 16. For additional details

on various environmentalitsy tenesnsediReayisien s a@gh&:&ﬂ@%@%@%%ﬂﬁﬁtﬁ%ﬂ “fimaersion
itnoaraphy.Fid Coliol SYELTE 1.0 n@ﬂg%gg 577 el ez R Sysem

and Wick Ring System for Immersjon Lithograp
"Noiseless Fluid F@%@\?&?%ﬁﬁ“b%&sé@% sm?ﬁéefdhesaﬁﬁ%se?esn%de @ﬁtﬂ‘%@lﬁfﬂ 329

entitled "Nozzle Demgmfgnf IMinearsioertithdid payitfiteccandyeterdaryLin20désall pagarpotaied by
eference herein. i, ol B 6 IAUERR 208 0SS cREIOD ALAULPOBIEA MRGYAR, USRI one

embodiment of the present invention is shown, The lithography mac
222 and the wafer stage 2086, is used to support the pad 222. The wafer

20 tabie 204 has a flat upper surface which is coplanar with a surface of the wafer
208. The pad 222 also has a flat upper surface which is coplanar with the upper
surface of the wafer table 204 and the wafer surface. The pad 222 is arranged
adjacent the wafer table 204 with a very small gap (e.g. 0.1-1.0mm} so that the
immersion fiuid 212 js 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 amow 226 so that the pad 222 is positioned under the optical
assembly 18 in place of the wafer table 204, maintaining the fluid in the gap or
maintaining the size of the fluid gap. After the new wafer has been aligned, the
wafer stage is moved back to its original position so that the pad 222 is removed

30 from the gap as the second wafer is positioned under the optical assembly 16. In
various embodiments, the pad 222 is disposed continuously adjacent the wafer
table 204 with no gap. Vertical position and/or fift of the wafer table 204 can be
adjusted so that the wafer table surface is coplanar with the pad surface, before
the wafer fable 204 is moved out from under the optical assembly 16.



includes a optical assembly 16 and a stage assembly 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 assembly 16. An environmental system 26, surrounding the optical assembly 16, is
used to supply 5 and remove immersion fluid 212 from the gap between the wafer 208 and the last
optical element of the optical assembly 16. A work piece exchange system 216, including a wafer

loader 218 (i.evsntabghpahd gap dignaenibophd 20X od ahenissassions sl CL20 casniiajids to
configured to remove t?e wafﬁr 208 on the wafer ta%lfcfm and rer[ilace it with. a second wafer. This is
t

typically accorlf‘ilﬁiiiéflhgg 0 T We%ﬁf%?%’a R a1t SHY ]PS & ﬁ{@\%‘réf? JHERIBH f%% wafer

table 204. Subseaisiotly fliie 2econdivatenteotsheem)is placadpriadthitevepitst isskn2ily, Bigned
using the aligr&ment tool. 220, and then.{))ositioned under the optical assembly 16 on the wafer table
204. With thisSHAbSAHALSTHEORFAR WL ﬁﬁéeﬁ’?eﬁ?gb?%ﬂj#ﬁﬂ%?sion fluid 15 containment system
214 that i5 confighwestl dpensiniain thetiohtiarsion bedipitad bythe gamadipecfitiie 1astaptieabalement
of the optical gjssembly 16‘%duri§ghwafelg excél)lag% . The immersion fluid containment system 214
includes a pa 55PRRGTYE %ﬁﬁé’ ¥ e HArSrtanie 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 whichR&&apnmisr figrra 30rank3d thérrurerdin axbaien doyn W anpiksipper

surface whichyjgcaplanaliib e RRefHEace alihe waferdahle 2Rbameithe waleresyiaea: The
pad 222 is arranged adjacent the wafer table 204 with a very small gap (e.g. 0.1-1.0mm) so that the

immersion fluld¥®1$98 imshape Besldbrarevanachipte’ 00 Ansheas@pantizabassiahlydn 184iing.

During a yvafefgxcharampiintovaiar siare0s sanevesldnhe ditestionraf am 8869 thatdhe pad
222 is positioned under the optical assembly 16 in place of the wafer table 204, maintaining the fluid in

the gap or mafsiniG ithecsbeusedra AumPeA 3. watsr 18 fetvrivarthaypeeh Bnghaiscteiiter stage
is moved baciiodiisi @iiaiahitsitien s ok hmeadi24disT emaveruBdifieMdkpaap asdhapisecond

wafer is positioned un%er the optical assembly 16. In various embodiments, the pad 222 is disposed

continuously Afjde&seeHe AR SHL it S Yeidi SAroBemdh s SR VAT table

204 can be adpsstadistéhrivae waterdaidel sudaea iveqRiangrivdthatRentisig Swfacesbafasribe wafer
table 204 is moved out from under the optical assembly 16. Maintaining the gap between the pad 222

and the BpticAFSRSALTYSIBsHS: 1RHEA RS At 3 Fal8PitcRAR O it ALY S3Y 279 chh be

large enoughdsnmairdain thedovegisiwaitzD: ba ihdheasnaetibaveanl thpaae i2 3dtandstbendptical
assembly 16 during_an alignment gperation or a measurement operation. 5In those, operations, a part
of the area ocEHSTor B A THTRILOR AR L06 H) Be s 3 € (o Temove i waler S08 Hom

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

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

The immersion lithography machine 300 also includes an immersion fluid

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

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

surface. The pad 326 is movable in
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the upper surface of the wafer table 204. Referring to Figure 3A and 3B, a cross section and a top
down view of another immersion lithography machine according to another embodiment of the present
invention is shown. The lithography machine 300 includes an optical assembly 16 and a 10 stage
assembly 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 assembly 16. An

environmentaf&ystetih¥, SuFrSoRdiHEMBSpIAPEISEMBIFR 65 RonGRH S Bu by cantFbmEse’
immersion fluigkd12rffemdhe g@@&gtg@ a0t ¥aferciog and dnelawenbest optical element of the

optical assembly 16. A work piece 15 exchange system 316, including a wafer loader 318 and an

alignment tooITélfO’qg é%ﬁﬁbﬂ?éﬂl%l?énﬁ%%rﬂl?é %fé@lﬁgeﬁwltﬁéw)f&“tgkﬂé‘@éﬁ tablerdPladthst with a
second waferwhifts isagecumplishesh using inaavaiebinadendla iy enopadiie walgeseiaipdhe

wafer table. Subsequently, the second wafer_ (not shown) is placed onto the wafer chuck 318, aligned

using the%l|gW%%&F@%%H&?H%%t%?@dﬁﬁ%f%é%ﬁﬂ@V 5% assembly 16. As best

illustrated in Fsgmmat&&o@ss?t HenBoiers] 342 ate 153editaciane Heslane assesvely203Jpaluding the
wafer table 304 and wafer sta 306 in two degkees of freedom (X and Y) durin operatlon ,EAS noted

above, the mdt5r SHEFACAFHRUN yJSRIRFHAINE &3k dehlRei B mblsr B3Fbeds Bfor,fgta{;&, oil

motors, etc. Tﬂmmm@ﬁsmﬁulBhngacnhytﬁwg&mm@&mﬁds@mmg@%lymmersuon fluid 25 containment
system 324 th uretgl%t‘5 Ealntam the immersion fluid 312 in thes%gace below th%] ptical

assembly 16 % Afef a5 #58 aAerfryirahe A BsHE A dssiinbig “rHer iR rdon fluid

containment Sy&?@l@‘sﬁ%dﬂﬁiﬁd@&ﬁ\eﬂﬁﬁlaﬁ@mﬁemM?H 828\ 1and @zﬁ@ﬂtfﬂé,smtemts&&yﬂmm 326 can

be positioned ace tthe o assembly 16 and the wafey table 204. The wafer table 304 has a flat
o 30 st IO ChanAr IS LOFTRES 0BT 565, PPRESPAGEIS REeReron Upor

surface Whlchzmmpiaﬂ&mdtb the lrpﬂ&f surftace didhgewptetfiabletzd doand theswaies Buniaces The
pad 326 is m vable irecti sing the mqtor 328 which.is co oII ontrol
system 330. ?&I %)g @[?1 qﬁ%@ﬁ@%% ?ssg?aléﬁpaéﬁ%eﬁ%%‘? FRiE %ygg]%%
positioned undxer plad Gpticalhdseinbimiferdhan ﬂu%dl\/,aferiiahh/ 304 6becwlamsaiage 366misvawvay from

under th optical assemb ri wafer ex ge, 5 the wafer table 304 moves away from the
optical azss em lb%ngn%m: wyag'er tgl)llle 983 anc? ﬁe pagiﬁg.

The immersion fluid containment system 324 thus maintains the immersion fluid 312
from the gap during wafer exchange. In this embodiment, the wafer table 304 (the
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, 1 which the wafer table 304 is away from the optical assembly 16, 1s not
necessarily limited to a wafer exchange operation. For example, an alignment
operation, a measurement operation or other operation may be executed while
maintaining the immersion fluid 312 in the space between the pad 326 and the optical

30 assembly 16.

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

a stage assembly 402 that includes a wafer table 404 and a
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Simultaneously, the control system 330 directs the motor 328 to move pad 326 under the optical
assembly 16, replacing the wafer table 308. The pad 326 thus retains the immersion fluid 312 within
the gap under the optical assembly 16. After the new wafer has been aligned using the alignment tool
320, the wafer table 304 10 is repositioned under the optical assembly 16. At the same time, the
control system 330 directs the motor 328 to retract the pad 326 from the gap, preventing the escape of
the immersion fluid 312. In the wafer exchange operation, the control system 330 moves the wafer
table 304 and the afar3taaithta JiraNvaies tebioéehiseoiisfeiethi e aumpdRoaie B 306amile the

immersion fluid 3Lzhbelgwdhe aRlikabrRsss ML G QR ASReINABR the. WN@fé@hlﬁrﬁs%é;?]d tf;ﬁ pad
rom the

326. The immersion fluid containment system 324 thus maintains the 'mmersiqn flui

o curing et SIUREGR. TR A B2 SR el SOA B L AL S5 Bt
pad 326 are movdibleaseioarditaty 4 TAdrefortnet gy afdwen! cliBD Aviafen didbndrdbly imliie thesimmersion
fluid 312 is mgintainedinitif-sPa¢tBeREN L HEPaE 326,/ the-orticabassalibmLE44n various
embodiments of the mvenhon,ﬁéhe] cogtrol 1?/stem 33?_ r%%/ be a %ff%sarate c&Ftrolﬁjystem or it can be
integrated into the €HIHRS &YXRSHh 198486 EoABL Ath & I915R! 399 for bRty BT 0V RIPYEage 306
and wafer table 3t wafetickl$ositienveafdidetit dDatdedseplaesft tvéhwaberctsiolavat4. afidishe pad 326

may be adjusted gecHiabiibiewalsndahlemsdoes de CoPARAEWINd SRS ad8 FareirRa[Rfethe wafer
table is moved o tg)rom %n(rj%the optical assembﬁ/ 16. Thgrbgf)eratlon,_ in which the wafer table 304 is
denth Ay A

away from the opficAT a9 RFTRUR Mot N csse SAWRF KR IR DS AR For
example, arfl 8ligraftietit dpbratigmedh unieashre esligntrepé fatb A 4}, gthe tope atidiv nedyUnd endieuted while

maintaining the irgpaessiRdlish31848 thewrnagehebvegn-thgpad 326 and the optical 30assembly 16.
Referring to Figure 4A and 4B, two crass sectjons of an immersion. lithography machine are shown.
The lithography machind 05 80 A7 BHELI HESaRE | Hodrel G<L45e ARJEER 902 ikt includes

a wafer table 404can@iameraRisitayd40batisconsiguredle aintscohkgoregsiosuiiyidré Eviafer 408

(or any other typenef spark pisieq) madsitie aplicabasseWhlk ke A2 LRVUIRMEN 3! SYSIENRD.

surrounding@e thicaltﬁsser?gl%{ 16, is ee éo SHP I}I/_nand remcl?\:e immersion fluid 412 from the gap
) t

between the wafer %‘é and the ov;\alseérerlﬁwoﬁ optical'e EMment?d ue'doﬁﬁg '%@EQF”%\@ 7% 4ork piece

exchange systeningtigemalfarhg® waftst et 428 amyidadagriftenptionl apenblyotiigored to
remove the wafeg<£aB@rIthepwederdaia0draid repfacebwitna seonad walenmdhisds ageomplished

lsJZi:nognfjh\?v;\;::e(rnlogiqs eig, ﬁ%ﬁé&ﬁﬁ%@ﬁ%%@é‘%%%ﬁ? oGl Ye A %o 4 SR AU, the
408), the pad 426 is held by the second clamp 430 in place on the wafer table

20 404. When the wafer table 404 is away from the optical assembly 16, for example
during a wafer exchange operation, the pad 426 is detached from the wafer table
404 and held by the first clamp 428 to maintain the immersion fluid 412 between
the optical assembly 16 and the pad 426. The wafer table 404 has a flat upper
surface which is coplanar with a surface of the wafer 408. The pad 426 held on

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

30 As best illustrated in Figure 4A, the pad 426 is positioned on the wafer table
404 during expostre 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
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10 chuck 418, aligned using the alignment tool 420, and then positioned under the optical assembly
16 as illustrated in the Figure 4A. The immersion lithography machine 400 also includes an
immersion fluid containment system 424 that is configured to maintain the immersion fluid 412 in the
space below the optical assembly 16 while the wafer table 404 is away from 15 under the optical
assembly 16. The immersion fluid containment system 424 includes a pad 426, a first clamp 428

provided on the o%ncal er@bgrlq%gé\ngﬁ lsngcghab%n 35% (ﬁ1 '8391 DARR @ I %’%04 When

the immersion flu fff etween the o |ca assem e Wa er table 40 he wafer 408),

the pad 426 is heﬁ%?ﬂtﬁ‘@yﬁf@h@@%ﬁﬂﬂ@@#\aﬁﬁt@fﬁw ﬁfét\ﬁ’éfﬁp ticlanaihaad#hdvafer table
404 is away from ﬂ’é@dﬁﬂ&ﬁ?&s%%‘iﬁmbm 16@‘9&@@@%@nmmmiwafemezqnmmneﬁatmﬂhe pad

426 is detached f om t e%vggert rHE‘)'f qfeﬁ“anﬁa{ g %%%eiggﬁ%egrgp ﬁ%gr mtwgféhg\ immersion

fluid 412 betweenr%ﬁé’ afér table 404 has a f at upper
surface whiclis é@@anhwﬂﬁdhfaeswm&bf@tﬁémmpﬂ%!mﬁé pierioB HREIESHR PO & Ivater table 404

also has a flat uppes siufase w&x@hﬁ)@gﬁmwabﬂm wppessisdacsigf theonafansahirid®4 and the

wafer surface. Th%ﬁét ?‘f the i erS| % d W%Ler 4 8ng:a #&e move arlrjwnd the 8ptlcal
assembly W|thout %%Wsﬁ)o i %ug ﬁ% ditfents HHe clam § A4 430 can

be vacuum clamﬁgﬁwt@@@ew@f@lméﬁétlb’l MW@Mmantswﬁsn@&ttmgtﬁ%@ ?ﬁeﬁlgure 4A, the pad

426 is positioned;ggvg@ewm% {ﬁ@&@aé}%@jwmwgyr@,@ﬂgecw@{@ag@S The second clamp 430 is
used to hold H1e pad 4%6 in I]olace on tge tahle 404 durer]{%the wa

uring a Vi fer
exchange ag lllustrated’in ﬁlgoul"rsé%{gb? &wa e#?&b‘i’é’% i ﬁ'?ou\\/fe rec?[()) Prow 432 so that

the pad 426 is po$kiditet] eaener #78-ofsticatt duaiadblp 181K @Iéf@éeéf @Pféh%@ér ma‘mﬁen fHis occurs,

the second clamrawg’iﬁwaa{dmmapaa %sgrmﬁewatﬁm@@w% %w@age@%ﬂmﬁ%a&mp 428
clamps the pad 426 to.th al ass mbl s.a tesult, th r 4 alned
under the optical asggﬁggeﬁptlle fhe Wal er%EO% @ egic 'asnmg egrpt (‘:thneS L\‘L/nga e%r%\k% %be%n aligned,

the wafer table 4@9&@&1&@?@@%&% @W@&"@Wéﬂﬁb”sﬁté’aﬁﬁﬁﬂmf% firslt Rt TafdlEts Bisitioned
under the opcal assenally.cBAddpibisimbtanhthe-dis alarop ¢Rerisuptessedwbie trelsasond clamp

430 again clampg, Q?ﬁgpz?%s G Fc’e nﬁ%ﬁ’%f :%qursﬁ%ﬁeﬂ t%é SOR0OFIIENG 1B8 walgSaRlg 494 Is freely

movable while the pa Is cla
a movable member other han the stage assembly 402,

Figure 5A and 5B are top down views of two different twin stage immersion

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. 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 WS1 and WS2 in the vertical direction. The motors

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

30 then the two stages are swapped and the above process is repeated. With either
configuration, the various embodiments of the present invention for maintaining
immersion fluid in the gap under the optical assembly 16 as described and
illustrated above with regard to Figures 2 through 4, can be used with either twin
stage arrangement. With regard the embodiment of Figure 2 for example, each
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10In various embodiments, the operation, in which the pad 426 is clamped by the first clamp 42_8, IS
not limited to only a wafer exchange operation. An alignment operat_ion, a mgasur.ement operation, or
any other operation can be executed while the immersion fluid 312 is maintained in the space between
the optical assembly 16 and the pad 426 clamped by the first clamp 428. Also, the 15 (_:Iamp 428 can
be provided on the frame 12 or other support member, and the clamp 430 can be provided on the
wafer stage 406. The pad 426 can be held on a movable member other _than_ the stagg assembly 402.
Figure 5A and 5B a¥éfesstagaaiibwacod badititrenEiguire Sage fidmardiemittidigdsiphyicystems

. - invantian:.F ' ation of
PRt Gt e e T g

for a6 o pemmitect SR TR R R AT B0 213 S oD SIS 86 HHeare

far as is permitted, the

incorporated hereifRBicrbasasiidey [FEbdtheerati Gditrients)valpaisapiaveddty ftagen WSdea WRE are
shown. Motorss5025ave. Us@th o BavRQuRIslignetae e 2PsHiposs WL %Qpﬁﬁ?\}ﬂg}% : gontal

irecti ed to move or position the stages WS1 ! in the vertical
directions Whereassmr%(\)!resd 8%%&%1‘” the aptical asserr?bly 16 to maintgin the immersion fluid 312

direction. The motors
below the optical assembly 16. Finaily with the embodiment of Figure 4, a
detachable single pad can be used. During the fime when sfage SW1 and SW2
are to be swapped, the pad 426 is used to maintain the immersion fluid in the gap
10 as fllustrated in Figure 4B. On the other hand during exposure, the pad is
clamped onto the wafer table on the wafer stage that is being exposed. In this
manner, only a single pad is needed for the two stages WS1 and WS2.
Alternatively, as described below, the second stage can also be used as the pad.
Referring to Figure BA, a top down view of a twin stage lithography
15 machine illustrating one embodiment of practicing the present invention is shown.
in this embodiment, the immersion lithography system 600 includes first stage 604
and second stage 606. The two stages are moved in the X and Y directions by
motors 602. In this embodiment, the stages 604 and 606 themselves are used fo
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 806 with a second work piece adjacent the first stage 604, With the two
stages positioned side-by-side, they substantially form a continuous surface. The
motors 602 are then used to move the two stages in unisen 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 806 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 hiquid 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 iflustrating a work piece

exchange according to one embodiment of the present invention is illustrated.

14



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 th%‘%a under the optical assembly 16 as described and illustrated above with

regard to Figuf 4 AHABtst e RIS BHASES]E coraigerhe R ARG SHaS the

embodiment ahEigitiad Saexdmnplecaawh (YaithstaarSWilane SR leaithesdigureDingi58 can
be modified to include a pad 222 and a support member 224. With regard to the embodiment of Figure

3, a single pad§3BIRORIEPBIAH IR SPSIBAVE S0 @BHEN Rk Tselt fid@ntihsccond stage

606 1s positioned under the optical assembly 16,

5  Finally, in Figure 6E, the first stage 604 is moved away from the optical assembly 16.
As best illustrated in Figures 6C and 6D, the two stages 604 and 606 provide a
continuous surface under the optical assembly 16 during a transfer, thus maintaining the
immersion fluid in the gap. In the embodiment shown, the second stage 606 is a pad

stage. This stage, however, could also be a work piece stage as noted above.

10 In the various embodiments described above, the pad can be made of a number
of different materials, such as ceramic, metal plastic. These materials may also be
coated with Teflon according to other embodiments. The size of the pad also should be
sufficient to cover the area occupied by the immersion fluid. In the various
embodiments described above, the surface of the last optical element of the optical

15 assembly 16 is constantly under immersion fluid environment, preventing the formation

of a fluid mark (e.g. "a water mark™),

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 picce 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 water 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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optical assembly 16. The pad 326 is movable separately from the stage SVV1 and 5 SVV2. During the
time when stage SW1 and SVV2 are to be swapped, the pad 326 is moved to under the optical
assembly 16 to maintain the immersion fluid 312 below the optical assembly 16. Finally with the
embodiment of Figure 4, a detachable single pad can be used. During the time when stage SW1 and
SW2 are to be swapped, the pad 426 is used to maintain the immersion fluid in the gap 10as
illustrated in Figure 48. On the other hand during exposure, the pad is clamped onto the wafer table on
the wafer stage thaf s bEIASERbES BRI RRE HIGNHEP Soffly WalRiy IBUHEE A RcPOgIBSifise AE stages

WS1 and WS2. Alsessettieiy nasidasetbiesiielavoitingesprsbetang pajuintseehgs used as the pad.
R S T
preprocessing steps have beeh completed, the following post-pracessing steps
5 are implemented. During post-processing, first, in step 715 (photoresis{ formation
step), photoresist is applied to a wafer. Nexi, in step 716 (exposure step), the
above-mentioned exposure wark piece is used fo transfer the circuit pattern of a
mask (reticle) to a wafer. Then in step 717 (developing step), the exposed wafer
is developed, and in step 718 (etching step), parts other than residual photoresist
10 (exposed material surface) are removed by etching. In step 719 (photoresist
removal step), unnecessary photoresist remaining after etching is removed.
Muitiple circuit patterns are formed by repetition of these preprocessing and
post-processing steps. .
While the particular lithography machines as shown and disclosed herein is
15 fully capable of obtaining the objects and providing the advantages herein before
stated, it is to be understood that it is merely illustrative of the presently preferred
embodiments of the invention and that no limitations are intended to the details of
construction or design herein shown other than as described in the appended

claims.
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In this embodiment, the immersion lithography system 600 includes first stage 604 and second stage
606. The two stages are moved in the X and Y directions by 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 G0&I av8 used to position the second stage 606 with a
second work piece adjacent the first stage 604, With the two stages positioned side-by-side, they
substantially form a continuous surface. The motors 602 are then used to move the two stages in
unison so that the seaonti2pustdge iGdde s positionextss tine optipplassendly il6 avhiherfirshstage is
no longer under the optical assembly 16. Thus when the first Worly)iece is moved away from the
e b e

optical asee I{/al ,etheI tnmeriaT fillia iﬁ?he %Qp i€ fHiRAined fﬁ{g secohd stg&g 8'Which forms

the substaotrplity somtgiuous surface with the first stage. In various alternative embodiments, the

second stage 606 could alsg, be a 30 "pad" e that contains a,pad that is used tp maintain the
immersion liqui ih tﬁ@%hﬁ%hﬂe”%’s‘?é%%hd v%vt(?r p%%é%g [)gl{n% p aeclea%ntgﬁﬁe% IS sttaae Z(ﬁ?
Similarly gtkpaaotoe alvaageme@ shb@n apeitlesr FigorettX oreBl cauld bemwsedi on Refguing to

Figures 68-6E, ri f diagr illystrati ie X ing.to one embodiment
of the prgién%irgéﬁtiggfﬁs I gﬁtrg?i%. Lﬂ%ﬁgeggBars%ﬁgrv%\fgqa v%@ er?oﬁ%;%%(g%%qigaﬁtgé’r exposure is
completed. Figute 60sRbwNBBRRICONMNtalle 605 inPQsthttqoaPh@edidBRsadj@ceht) witthhe first
stage 604 under the aptica) gs%qmbly 16. Figure 6D shows a transfer taking place, i.e., the second
stage 606 Is positioned under the optical assembly 16. 5Finally, in Figure 6E, the first stage 604 is
moved away froin theptitat &sdrablyels ofs bt fldstiafed i FRRre86€ ahg 6Mehe twanstages

604 and GAG provide ACPRHNWOYSFUTAGRURdST thiz opfital dspembibts duting adiansierathus
maintaining the immersion fluid in the gap. In the embodiment shown, the second stage 606 is a pad
stage. THigBlRjeaRBwEDEr, COURT 286 Heed WoRk PRcEtald H8hbtdPHIStIE .

wherein when the substrate table is noved away from under
the optical nenber, the cover nenber is positioned opposite to
the optical nmenber in place of the substrate table and the
imrersion liquid is nmaintained in a gap between the optical
menber and the cover nenber.

2. The liquid imrersion exposure apparatus according to
claim 1, wherein during a transition from a first state in
which the substrate table is positioned under the optical
menber to a second state in which the cover nenber is
positioned under the optical nenber in place of the substrate
table, the immersion liquid is present under the optical

menber .

3. The liquid inmersion exposure apparatus according to
claim 2, further conprising a stage system configured to nove
the substrate table, wherein the cover menber is positioned

under the optical nenber by using the stage system
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10In the various embodiments described above, the pad can be made of a number of different
materials, such as ceramic, metal plastic. These materials may also be coated with Teflon according to
other embodiments. The size of the pad also should be sufficient to cover the area occupied by the
immersion fluid. In the various embodiments described above, the surface of the last optical element of

the optical 15assemiplyel 6]is ganstanthhwidardmmexsior fivisl eaypsanarens pervestiog tee fognation of
a fluid mark (e.g. "a water mark"). Semiconductor, wafers can be fabricated using the above
Gescribed b7uEing by tHE FRbed BRoviPYSherdh iigus rRNIn G5 S0Pt Wik SLBE function
and perfayystnem characteristics are designed. Next, in step 702, a mask (reticle) having a 20pattern 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 pbotolithegraphy systenmuessiiboed lexposiboge spguanoadarce adtthothei prgsend
invention, Jn st 05 the semiconductor work piece is assembled (including the dici rocess,
bonding Brl"o%le@sp§5anv(§hpejc?<la8inguprrbﬁgss?,t}ﬁ?aﬁg, ?ﬁés 'vv%rl?Biecé(fi]sethgr?\l%srpegt%rgﬁ%'gte% 6.
Figure 7B liissatesta dérilédhbbwclareexample, of e hbovdimeativesd sepids ialde tdee of

fabricatingmépag%ﬁ:t% ngr%figcga.- Il%@glgrﬁf%s,eigcsﬁe%z %r(qxidation step), the wafer surface is

oxidized. In ste step), an insulation film is formed on the wafer surface. In step 713
(electrode formation step), electrodes 30are formed on the wafer by vapor deposition. In step 714 (ion

implantation steg), igfg.are implantedipihe watere ki alewe mppienad SRt cor ding to
claim 5, wherein the cover nenber is l|located adjacent to the
substrate table with a gap.

7. The liquid imersion exposure apparatus according to
claim 5, wherein during the transition, the cover nenber and
the substrate table form a substantially continuous surface,
and wherein the imersion liquid is retained in a gap between
the optical nmenmber and the continuous surface.

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

for the transition.

9. The liquid inmersion exposure apparatus according to
claim 8, wherein tilt of the substrate table is adjusted to

formthe conti nuous surface.

10. The liquid imrersion exposure apparatus according to
claim 8, wherein the adjustnment is perforned before the

substrate table is noved away from under the optical nenber.

11. The liquid imrersion exposure apparatus according to

claim5, wherein positional relation between a surface of the
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711 - 714 form the preprocessing steps for wafers during wafer processing, and selection is made at
each step according to processing requirements. At each stage of wafer processing, when the
above-mentioned preprocessing steps have been completed, the following post-processing steps 5
are implemented. During post-processing, first, in step 715 (photoresist formation step), photoresist is

applied tg avuafeatextablstemio texpastigceiep) thenabayevieeniimastexposuredyvark Rigce is
used to transfer the circuit pattern of a mask (reticle) to a wafer. Then in step 717 (developing step),
the expogé)(f V\}alf@’ i H@Oélf)blef],nand in step 718 (etching step), parts other than residual photoresist
10 (exposed material surface) are removed by etching. In step 719 (photoresist removal step),
unnecessary photoresist re aining]after etching is removed Multiple circuit Eatteé'ns are formed by

repetition of thes& pre Sces'sf:%J d &rsl?-rp% s%pﬁgﬂé.ewﬁli?@ﬁ{e atticf5Cith br%l%hy fhachines
as showrt had nhistigsedhereimistlis fullp tapalee suilobtaiaing thalwbgedts aadjpusvidiag the
advantages herein before stated, it is to be understood that it is merely illustrative of the presently
preferred embodiments of the invention and that no limitations are intended to the details of
construction or di8sigi herein ghibwin dtheetisaroas dxswibedan dppapeéndedatainrsdi QIGAIMS 1.

A liquid InmErsion §Xposyia ARPRratug in WA‘&%@PHEN{E‘“% ge 8??8#%?8 exXpasEF bepyy, the
apparatus comprising: an optical member, the substrate being exposed to the exposure beam via
the optic&lURginbat antl 2l imrhersionvigfli@wes dgapdietwederthé bpticatmeabemend éie substrate;

14. The liquid inmersion exposure apparatus according to
claimb5, further conprising an alignnment system di sposed away
from the optical nenber in a direction, wherein the cover
menber and the substrate table are adjacent to each other in
the direction.

15. The liquid inmersion exposure apparatus according to
claim 14, wherein the cover nenber is positioned substantially
at an opposite side of the alignment system with respect to
the substrate table during the exposure.

16. The liquid imrersion exposure apparatus according to
claim 5, wherein the imrersion liquid is prevented from
|l eaking into a gap between the substrate table and the cover

menber .

17. The liquid imrersion exposure apparatus according to
claim 2, further conprising a stage system configured to nove
the substrate table, and a noving system configured to nove

t he cover menber.

18. The liquid imrersion exposure apparatus according to

claim 2, wherein the cover nenber is positioned away from the
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a cover member which is positionable opposite to the optical member; and a substrate table on
which the substrate is held and which is movable relative to the optical member, the substrate table
and the cover member being relatively movable, wherein when the substrate table is moved away
from under the optical member, the cover member is positioned opposite to the optical member in
place of thetsistate tabéhpad thimmersien Hgdidrie majntainetkin 3 gpptieiveen gie optiral
member angd the cover m ‘nber. 2. The liquid immersion exposure apparatus according to claim 1,
wherein & 5%‘55&%& ffom a first state in which the substrate table is positioned under the optical
member to a second state in which the cover member is positioned under the optical member in place
of the substrate table, the immersign liquid is present under the optical rpember. 83 The liquid
immersion expo]s%re aﬁﬁaréfug%c(gor'di {o°dI8Mh f,xfﬁﬂﬁglr &o rﬁ’s%&a%%ag%cgfsrt ljnnc%nh&ured to
move thec$wstnaté Table, wHeBein thieecaien mdonbiengs posisoned amslet tlenoptitddeneotdee by using

the stage RYSIaN- 40 4, e IGUELmmersiop gypasuts apparais acigrding to,dlaim &, yigerein the
cover member is provided atthe stage system. . The'liquid Immersion exposure apparatus
accordingresrblaim @) evHeheinsduvisigrtat erdnalition, dreecadiranembet ane dvd sobdtedate table are
moved, while the cover member and the substrate table are adjacent to each other. 6. The liquid
immersion exposure apparatus according to claim 5, wherein the cover member is located adjacent to

the substrate taB® wi‘ﬂhg.ghbqui d7.i TAeelicuia imerpsistl @me@ra@baﬁat@s:amadmg td @laim 5,
wherein dyripgthedrangiign. the cqyer fperperang the syptile @hle rpye supsigntally; o

continuous surface, and wherein the immersion liquid is retained in a gap between the optical member
and the dBAYiRdoSy BGHAGNOUS| §.The liquid immersion exposure apparatus according to claim 7,
wherein positional relation between a surface of the substrate table and a surface of the cover member

is adjusted for the transition. 9. The liquid immersion exposure apparatus according to claim 8,
wherein tilt of thélsub$t8telthBldii ajiBRISIIBreHROSSHthudBPaLARLS. according to

claim 19, wherein during the transition, the cover nenber and
the substrate table form a substantially continuous surface,
and wherein the imersion liquid is retained in a gap between
the optical nmenmber and the continuous surface.

22. The liquid imersion exposure apparatus according to
claim 21, wherein positional relation between a surface of the
substrate table and a surface of the cover nenber is adjusted

for the transition.

23. The liquid imersion exposure apparatus according to
claim 22, wherein the tilt of the substrate table is adjusted

to formthe continuous surface.
24. The liquid inmersion exposure apparatus according to
claim 22, wherein the adjustnent is perfornmed before the

substrate table is noved away from under the optical nenber.

25. The liquid imersion exposure apparatus according to

claim 19, wherein positional relation between a surface of the
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10. The liquid immersion exposure apparatus according to claim 8, wherein the adjustment is
performed before the substrate table is moved away from under the optical member. 11. The
liquid immersion exposure apparatus according to claim 5, wherein positional relation between a
surface of the substrate table and a surface of the cover member is adjusted for the transition. 12.

The liquid imeersice expdswe appamtuagentdingfio claém ddveheraimblof the sadjstrstecigble is
adjusted. 13. The liquid immersion exposure apparatus according to claim 11, wherein the
adjustmefn?fs ;5 orhl 5ot the substrate table is moved away from under the optical member.
14. The liquid immersion exposure apparatus according to claim 5, further comprising an alignment
system disposegpaw from the optical member in a direction, wherein the cover member a?d the
substrate table are ad Q@enlt %oqgét% SHEF Pth@hirsthoR Y € APRAEA qlﬂng‘d i%%gws%rpgxpo%ure
apparatuslaaicordfg torblameild, whereinlthe cbvermesliesis poEtioadd sulhsaaihllysdtech opposite
side of the alignment system with respect to the substrate table during the exposure. 16. The
liquid immersion exposure apparatus according to claim 5, wherein the immersion liquid is prevented
from leaking int@ & gapheetiveguiitite subsetase tablecxmd the eovepparmabers acadr Thadgquid

immersiogy ¢ARSLER APPRFAllS ARCOANG (%GR Axdyiiner compoing ARiACei5YpIE copfigured to
move the substrate table, and a moving system configured to move the cover member. . The
liquid imraeRsd 8kgodLablapparati®wedoriiytd ¢laim anaeerdihehe pbverahembeb &y positioned
away from the substrate table during exposure of the substrate on the substrate table. 19. The
liquid immersion exposure apparatus according to claim 17 or 18, wherein during the transition, the

cover member &% th&RRibbtrakai telble e hsd\&d, RKNE S EoveP PR mbasarRC®er HibkerateGable are
adjacent {9 gpgh @91€rf yrt her conprising a alignment system di sposed away

from the optical nenber in a direction, wherein the cover
menber and the substrate table are adjacent to each other in
the direction.

29. The liquid imersion exposure apparatus according to
claim 28, wherein the cover nenber is positioned substantially
at an opposite side of the alignment system with respect to
the substrate table during the exposure.

30. The liquid imersion exposure apparatus according to
claim 19, wherein the imrersion liquid is prevented from
|l eaking into a gap between the substrate table and the cover

menber .

31. The liquid imersion exposure apparatus according to
claim 2, wherein the cover nenber is mde of one of the

following materials: plastic, netal and ceramc.
32. The liquid inmersion exposure apparatus according to

claim 2, wherein the substrate includes a wafer which is

exposed to the exposure beam
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20. The liquid immersion exposure apparatus according to claim 19, wherein the cover member and
the substrate table are moved synchronously. 21. The liquid immersion exposure apparatus
according to claim 19, wherein during the transition, the cover member and the substrate table form a
substantially continuous surface, and wherein the immersion liquid is retained in a gap between the

optical member3gd thig gontinyeug sUfAee.si on2ZXfeslifuid iapparséeuexpasso: appayatus
according to claim 21, wherein Positional relation betwten a.Sélrface of the subsirate table and a
i

I
surface o0 'tl?é Erbvgrm rHBélhig adjﬁ&garfblsfh%gcraﬁ‘sit hau! Zfﬁ%q@uﬁﬂﬂ eP1bh xptogure

apparatus wepbsdindito claive 22 veréinaheltilt of the substrate table is adjusted to form the
continuous surface. 24. The liquid immersion exposure apparatus according to claim 22, wherein
the adjustment is performed before the substrate table is moved away from under the optical member.
25. The liquid iBrhersidreexposuirel apparatusi ancorkpy fauclainappavbersn pasitocil mglatian
between 3 saulrfac§$f thﬁ(%}subesltrﬁ\tettﬁlgleland a aurface of theI cover n?ember I3 aféysted f8r the

transition. D6°The liquid immersion e>'<pcbus|ure 356&%[{]3 accgr%lpnd D claim wheréin the tilt of

the substréte tabiees sidustéd.qui d27. The liquid immersion exposure apparatus according to claim
25, wherein the adjustment is performed before the substrate table is moved away from under the
optical member. 28. The liquid immersion exposure apparatus according to claim 19, further
comprising a alighmenfisysteaudigpodath@iay dom erenssicaEmefitictddla directiowivetherem the

cover mempali3ng the spbstratg &,@@@re flq;'aqeam to %g((abgt@péin tB@gjﬁectio[rhe ggt 8§ liquid

immersion exposure apparatus according to claim 28, wherein the cover member is positioned
substantia@NTBt bk lop@osite side of the alignment system with respect to the substrate table during the

exposure. 3 AEHiHd RRDCERIYE BXRR e ARPEIAIYS acetrdingda Cimal % yhsrein the
immersion liquid is prevented from leaking into a gap between the substrate table and the cover
member.t abl e, opposite to an optical nmenber to expose the substrate
to an exposure beam via the optical nenber and an immersion
liquid in a gap between the optical nenber and the substrate;
moving the substrate table away from under the optical
menber ;
pl aci ng an cover nenber opposite to the optical nenber in
place of the substrate table, the cover nenber and the
substrate table being relatively novable, and
wherein the imrersion liquid is retained between the
optical nenber and the cover nenber, when the substrate is

noved away from under the optical nenber.

36. The liquid imrersion exposure nethod according to
claim 35, wherein during a transition from a first state in
which the substrate table is positioned under the optical
menber to a second state in which the cover nenber is
positioned under the optical nenber in place of the substrate
table, the immersion liquid is present under the optical

menber .

37. The liquid imrersion exposure nethod according to

claim 36, further conprising, during the transition, noving
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31. The liquid immersion exposure apparatus according to claim 2, wherein the cover member is made
of one of the following materials: plastic, metal and ceramic. 32. The liquid immersion exposure
apparatus according to claim 2, wherein the substrate includes a wafer which is exposed to the
exposure beam. 33. The liquid immersion exposure apparatus according to claim 2, further

comprisingha ligeideystesnbenfigare tormipplygbeimmersianlliguidn a 3. athe ligwicdviingersion
exposure ?‘p aratus accorﬂi}n to claim 33, wherein the quuri%gystem IS cc()gfi ured to recover the
immersio ﬁ‘?ufd?"ef 3 Fguioa L 2or® SSURL fet 7 Ve 84uBSR I ib %xﬁm to an
exposureolpéam, the method comprising: providing the substrate, which is retained on a substrate
table, opposite to an optical member to expose the substrate to an exposure beam via the optical

member and an immersion liquid in a gap between the optical member and the substrate; moving
the substrate taBi& awalydroini upded the roptical memiserpos uplacingeamodvenowonlok mgppdsite to the

optical member injlace af the substrate table, the cover. member.and the substrate table being
relativelycnr:g\llarlgle%hd \ﬂ}év(/ﬁérlﬁe]:in]%tﬁg imsrrllje%rsstl[orn (\theuidtiérjl E(Ietginég ber%v?séérqbth%yopt%calsr%g%%er and
the covesmehesar, whdn tine salostedte e mMusedi avaypfrech index th®vpticalsyeesr. 36. The
liquid immersion exposure method according to claim 35, wherein during a transition from a first state
in which the substrate table is positioned under the optical member to a second state in which the

cover member i8Positidreed Uhdeili the opticAl ﬁi@ﬁbeEWQIgUé of tﬁ@@sbbﬁtra&cm@le&iitlﬁ@ iminersion
liquid is present, uisler (e pREGR! MEMbeyor  FEntiBE "ﬂg'dﬂm?ﬁs&%@(%ﬁagﬁ medind eeording

to claim 36, further comprising, during the transition, moving the cover member and the substrate table
in a stateSHRGRIERtFe cOP Remibél BRE the$DPSHAR taBle arenfljasaHish kAR otifdr. t he

substrate table.

40. The liquid i mersion exposure nmethod according to any
one of clains 37 to 39, wherein the cover nenber and the
substrate table are noved synchronously.

41. The liquid i mersion exposure nmethod according to any
one of claims 37 to 39, wherein during the transition, the
cover nenber and the substrate table form a substantially
continuous surface and the imersion liquid is retained in a

gap between the optical nenber and the continuous surface.

42. The |liquid inmrersion exposure nethod according to
claim 41, further conprising adjusting a positional relation
between a surface of the substrate table and a surface of the

cover nmenber for the transition.
43. The |liquid inmrersion exposure nethod according to

claim 42, wherein the tilt of the substrate table is adjusted

to formthe conti nuous surface.

23



38. The liquid immersion exposure method according to claim 36, wherein the substrate table is

moved by a stage system, and the cover member is moved by a moving system. 39. The liquid
immersion exposure method according to claim 36, wherein the cover member is positioned away
from the substrate table during exposure of the substrate on the substrate table. 40. The liquid

immersion exposgire Meidod acperding terastyseemof elqyos B7do 3Rtwioereiadeaveignemper and
the substrate. table are moved synchronously.,. 41. The liquid immersion exposure method
according (A dheof ARIES o S8CwHEHLH B the randRidH, e ertRbRILer drtfine
substratestalbés fasitnea subgfaniiallyneordgiiuaua puffacenanddee immersipniligaid irwetagred in a gap
between the optical member and the continuous surface. 42. The liquid immersion exposure
method according to claim 41, further comprising adjusting a positional relation between a surface of
the substrate tabke anthe suifgoe df theneover omenebgroeuthes matditoah. ac c o43liTing liquidhinymersion

exposure,ethad agegrdiug ip,claiin 42 whgreining U ofihe sybsrale (able i aguelcdlg fom the
continuous Surface. 4 The liquid immersion exﬁ)osure method according to claim 42, wherein
the adjustmehaicgeddrmebdefoud fig sulsstra@dtageds thoaedsawdyafrem ahder bige apical member.

45. The Iigéj%gpmpgsi%@%%?%efr@?thpﬂ éaq:pgmgj; {q gpy one of claims 37 to 39, wherein positional
eo

relation between a surta the substrate table and a surtace of the cover member is adjusted for the
transition. 46. The liquid immersion exposure method according to claim 45, wherein the tilt of the

substrgte table'§§6qdjuﬂ?éi. li qéllj?.dTh? H%ipgmersé%gégq%wermgﬁé% acerdingi tajgclam 45,.
wherein the adjustment is performed before the substrate table is moved away from under the optical
member.Cl ai 28 4fhe NABA @hmer§igntéxpbs@ie mBehcL&SIor@ing td Akl ®rieSofadhikes $dto 39,

further comprising preventing the immersion liquid from leaking into a gap between the substrate table

and the cover member. o _ _ _
47. The liquid imersion exposure nethod according to

claim 45, wherein the adjustnent is perfornmed before the
substrate table is noved away from under the optical nenber.

48. The liquid i mersion exposure nmethod according to any
one of clainms 37 to 39, further conprising preventing the
imrersion liquid from|leaking into a gap between the substrate
tabl e and the cover nenber.

49. The |liquid inmrersion exposure nethod according to
claim 36, wherein the substrate includes a wafer which is
exposed to the exposure beam via optical nenber and the

i mrer si on |iquid.

50. A devi ce manufacturing nethod conpri sing:

providing the substrate, which is held on a substrate
tabl e, opposite to an optical nenber;

exposing the substrate to an exposure beam via the
optical nmenber and an imrersion liquid in a gap between the
optical nmenber and the substrate;

nmoving the substrate table away from under the optical

menber ;
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49. The liquid immersion exposure method according to claim 36, wherein the substrate includes a
wafer which is exposed to the exposure beam via optical member and the immersion liquid. 50. A
device manufacturing method comprising: providing the substrate, which is held on a substrate
table, opposite to an optical member; exposing the substrate to an exposure beam via the optical

member and arpmoersipralifuidinea gap Mstvedpdissoptical mentieer @i tbalsuhstiaier i nmoving

the substrate table wa)( rom under the optical member;t placing an CO\é%I’ member opposite to the

optical mehfHet in BTace She SHBSHAR blet, ﬁpé Eover rﬂgmb(ép\é th&'8 &?atqugle Jfﬁg

relativelygubgablet @1d abl whesimthe ishraeisien guidvatdtainedrietween the optical member and

the cover member, when the substrate is moved Ewa from.under the O;Bti%al rge ber. 51. The device
t m &ir

manufacturing eﬁ{o%l' dbco Bl‘?ﬁg t'o%FnSfS&r\Nh et rinbsa trgﬁéiﬁb f ¥&hte |tn hich the
substrateofaibiecisl positahed ureted thiehopticad nwee mbes tb ersecovtestatehie wkichshe abeer insember is
positioned under the optical memher in place of the substrate table, the immersion liquid is present
under the'q’gblt?(il ér‘n\’\;r%r%bgrr. 20 Lf‘ﬂgs ev%&gmgﬁﬁ#a% jring%rﬁéﬁ{dd according to claim 51, further
comprising, during the transition, moving the cover member and the substrate table in a state in which

the cover m.em%ef.a”jﬂ?ee Sd‘c?ﬂré%e t%ﬂg{%é‘ﬁlﬂcﬁﬂ 10 ﬁ@gﬂ&&heﬁ%?oﬁﬁr hGe ARVICE| ai m
manufacturing method according to claim 51, wherein the substrate table is moved by a stage system,
and the celer mBaTRIr s rdovediby & movamssyist@n. from a first state in which

the substrate table is positioned under the optical nenber to

a second state in which the cover nenber is positioned under

the optical menber in place of the substrate table, the

imrersion liquid is present under the optical nenber.

52. The device manufacturing nmethod according to claim
51, further conprising, during the transition, noving the
cover nenber and the substrate table in a state in which the
cover nenber and the substrate table are adjacent to each
ot her .

53. The device manufacturing nmethod according to claim
51, wherein the substrate table is noved by a stage system

and the cover nenber is noved by a noving system

54. The device manufacturing nmethod according to claim
51, wherein the cover nenber is positioned away from the
substrate table during exposure of +the substrate on the

substrate table.
55. The device nmanufacturing nmethod according to any one

of clains 52 to 54, wherein the cover nenber and the substrate

tabl e are noved synchronously.
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54. The device manufacturing method according to claim 51, wherein the cover member is positioned
away from the substrate table during exposure of the substrate on the substrate table. 55. The
device manufacturing method according to any one of claims 52 to 54, wherein the cover member and
the substrate table are moved synchronously. 56. The device manufacturing method according

to any one of clgigns 521@ e vihareinghwingdhe tiangitina: hedcoxecmedibgy and thmguhsiiate table
form a substantiall uous Lgace and the i |r§mer5|on |I\?rUId is retained ina g [ﬁibetween the
optical membgr &h é;nttlﬂugﬂ su%%@e' N EWrtidadice %aﬂﬂﬁ:{c'idr% mé&thdd %%&rding to

any one ofkcibiens 5@len¢re|rsmmmrwtl eclation betveran asgiides ahtheaubgirateniableuand a
surface of th cover memgﬁﬁls .adjusted for the transition. device manufac urln§ method

58. Th
accordin& g ﬂﬁ%ng%? cl ‘53! \?/Herlelr%b tidrial ¥ r&%ﬁbﬁ]%getvx'/é?—:‘naa StfhcRDr e Qubstrate
table and Asudpteé oathensovee membet iseadjusted foarothe teansitare. 59. The liquid immersion
exposure method according to claim 58, wherein the tilt of the substrate table is adjusted. 60. The
liquid immersion exposure method according to claim 58, wherein the adjustment is performed before
the substrate tablé is hievedewvayefraranunidec the opigcamrtenaskracco6di Tige Hevienmanofacturing

method oE:qnag fa ong\ﬁéplé\llrnsl?ggptm he'ré;ﬁgmrg;pgo%rte %ngithggm%r |061fllqwd
from Ieaklng Into a gap bétween the substrate table and the cover mem evice
manufactutig sielisdd assdrdiriPloeclagnd1,avhetsifh &ﬁtesubétrat&mcl@db/sﬁa wareragich issexposed

to the exagﬁqutb@@r@ ¥ia Qnlica) menaber;aigl the immersion liquid.

58. The device manufacturing nmethod according to any one
of clains 52 to 54, wherein positional relation between a
surface of the substrate table and a surface of the cover
menber is adjusted for the transition.

59. The liquid inmmersion exposure nethod according to
claim58, wherein the tilt of the substrate table is adjusted.

60. The liquid imrersion exposure nethod according to
claim 58, wherein the adjustnent is perfornmed before the

substrate table is noved away from under the optical nenber.

61. The device nmanufacturing nethod according to any one
of claine 52 to 54, further conprising preventing the
imrersion liquid fromleaking into a gap between the substrate

tabl e and the cover nenber.
62. The device manufacturing method according to claim

51, wherein the substrate includes a wafer which is exposed to

t he exposure beam via optical nenber and the imrersion |iquid.
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