5 10APPARATUS 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 60/462,499 filed on April 11,
2003 and entitled "Landing Pad for Immersion Lithography", the contents of which are incorporated
herein by reference for all purposes. BACKGROUND 25 Lithography systems are commonly used
to transfer images from a reticle onto a semiconductor wafer during semiconductor processing. A
typical lithography system includes an optical assembly, a reticle stage for holding a 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 exposurestakes place. 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
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RELATED APPLICATIONS

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

purposes.

BACKGROUND

Lithography systems are commonly used fo transfer images from a reticle
onto a semiconductor wafer during semiconductor processing. A typical
fithography 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 pasition of ti'.IG
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 takes place. This process is



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, immersion lithography is currently being considered for next generation
semiconductor technologies including 65 nanometers, 45 nanometers, and beyond. Immersion

lithography 10 th(;,:éefe%rte ﬁ{e nEﬁ%‘ﬁ'}}Ffé a %i%]gifi%ﬁmt technoIoL%ical breakthrough that will likely enable the
continued use of OPUCAT Tithography for the oreEUEhAGRIPESeY: Afiervilparier rerxppaedt is

removed and excHahgedwiraler ifetxshafwred\in darpéatly contemplated in immersion systems, the

immersion fluid would Qg semaedidie g t plenished af e wafer is exchanged.
More 15 specificall lep ?Ivvafe; is tﬁgartﬂ%,exc %%cﬁﬂé%lﬁdqgégplgétg%h%ésé%nigﬁ ngnglaa(gff the
fluid is removed ﬁ8¥r¢xpv{vﬁ SYAPTi 2 9B DEMRRR) BReCOFalfss S imBUE ths esfenstsing signed and

placed undePthespticalcasbivnblyicand tieerpthepgaeiiae dilee withdresh momesriag fstidycance all of
the above steps apgdgprgggg;@@@,xgmrgqgfE;r@égg%v%@fg@%ﬂgr%g{%gg}%lg% gﬁ(g@_??r:uge with

immersion Iithogr%gg% as d‘escr%be aﬁove Is problematic for a number of reasons. r?é‘[géated filling
and draining of tﬁe SIS SRR aRbeR! TP Rt ERINRRiRIRRg siatskngsniby to form
within the immerisicpHflarlyBlsibte senvidte difsteneht fysdensipintasfek Mitithe BEviggtigof the

mage on the reiR@ng thekalRfeibRrchy ARSI, The o5, 0vstall progess alse [volves

many stepqoﬁ\ndt'hs time consumir‘h%, which reduces the overall throughput o Re i Y An

apparatus and method for mantanmy IHE S ATRrAicHe R hepsebribaieviriiiebtiondeies when the
wafer stage movEs eawiprorishefmdjeatidhdgrantipfenthmjoie shirimeviaties exchange, is therefore

needed. 30 SUMMAR Xiter ﬁmmr@gﬁg@é@ m%trpggg%ang]i‘rat%&rgﬂgg upers hog fluid in the gap
. The

adjacent the pro‘j&cggrrflele sin g Iith?%a hy machine is disclosed. T pparatus "ahd'fHethod
includes an optiCal assembly LoRmgUTed t6 proRTED ifYsdonithe onersiencdisuwostdgesassembly
including a work gletedabitenciriiganethdotisemp peptahiehedrfse teadiaeernt éreraptical ageeably. An

environmenéal syséemcisiprauisied tnafiinphs aackiemaye A neisiopdyid fom the dap. After
exposure 5 of tho%v\{ﬁékfpl ceis comgl&te, aEﬁexcha_ng\g%systemmﬁérségeégjﬁgl v?o?_ﬁppllgégg'ép%?‘fii replaces
it with a second Work picce AR TANeridH HfPEPLe RY prasiysy. thenaiwatanis remmseton fluid in

the gap when tiengdrvgfierce eibhedrweslacesindar the projettioscens;, Bha gam thergigra does not

have to be refilsi il e arsian e woR iR TEshydi RIPERSERRIE YIRS S55SjagLwork piece.
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 onio 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

2



BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is an illustration of an lithography machine
having features of the present invention; 15Figure 2 is a cross section of an immersion lithography
machine according to one embodiment of the present invention; Figure 3A and 38 are a cross
section and a top down view of an immersion lithography machine according to another embodiment
of the present invention; Fi ure 4A and 4B a cross section and a top down view of an immersion 20
lithography macfin @8&%‘%&‘ §HS S o th PRI TR SRR dntresiRR imagrignie 8A and 5B
are top down vies@ofiaesdifidrensiadn watenblngesladiogrdingdk giteretabledivemis efithe present
invention; F@y&ﬁ&@ @dgp@g@gjggg&f@é%&ﬁ@gﬁ&hﬁg@p@g Q%Jam% gﬁgp\%?i%rgg to another
e

embodiment of the inve %?n; 25Fi§;ures 6B-6E are a series of diagrams illustrating a wa tnéxchange
|

according to the pFRESEERILIHRRAY and E[gars A ERSIStoRYH fom finvan Afrsceessore ‘
manufacturihg aodfvirk pieepiacadsomtapletewith dxetpnese sy itsentioneantthe work HigdEeafd is a flow
chart that outlinespieds HegPCSERHISBHTIREE Sletall ARHLGSRTRLRN S RUmReTs fefer 1q like
elements in the drawings, DESCRIPTION ,m ' G LI St S broVided to

maintaifi the immersion fluid 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 fiuid 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 lithography machine according
to one embodiment of the present invention;
Figure 3A and 3B are a cross section and a top down view of an immersion
lithography machine according to another embodiment of the present irivention;
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 BA is a top down view of a twin stage lithography machine according
fo another embodiment of the invention;
25 Figures 6B-6E are a sefies of diagrams illustrating a wafer exchange
according to the present invention.
Figure 7A is a flow chart that outlines a process for manufacturing a work
piece in accordance with the present invention; and
Figure 78 is a flow chart that outlines work piece processing in more detail,
30 Like reference numbers refer to like elements in the drawings.



Figure 1 is a schematic illustration of a lithography machine 10 having features of the present
invention. The lithography machine 10 includes a frame 5 12, an illumination system 14 (irradiation
apparatus), an optical assembly 16, a reticle stage assembly 18,a work piece stage assembly 20, a
measurement 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. 10In one embodiment?ﬁ%géﬁ%y machine 10 is used to transfer a
pattern (not shown) of an integrated circuit from a reticle 28 onto a semiconductor wafer 30 (illustrated

in phantom). The lithog; chi ouynting.base 32, e.g., the ground, a base, or
$RRRY MACAINS A MU I AR O RSy Sdknne

floor or some other supporting structure. 15In various em odimen OthaYitebgraphy

machine 10 can 'FaYEELALS SEFFThEYSBECHnolhRHEBRaRS Y erRshineal @ ipdsdssthefpatiern from
the reticle 28 ont@th viiafeira@onitiy st etictera8iamshtlag Vurseis30AHQNGFSRIARGUSL - A a
scanning type li | | hegretic| IS MoV, erpendicularly to an optical axis of the
optical assemblﬁg%%ﬁ%épe%ﬁ:%@ggga 2032\@5?‘;%78 18 sﬂggé?athes\s/’\'?a egrt%aé(?/s AVEPHERERbicularly to

the optical axis S¥¥e opficAICRRERhSHRICTB 4, ane Rkl sayecaswntabisyeS2aning déshm reticle 28
and the wafer 30fdbeLagnplite ttwedfetiel éi@ehenthihaavhias 30 aem HOVAGAMRCIRRUYS Alfernatively,

the lithography mgnmﬁe%%@%gq;mﬁ%w}g’gggﬁgt%pe 25 photolithography system that exposes
r

the reticle %ﬁlwhile the reticle 28 and the wafe are stationary. In the step and repeat process, the
S

wafer 30 is I a constaPt PEsifiBIPPHIRR tendthoserpby amptireoplicisl asedntblyrabsdering the

exposure of an pfietd fabfishdvwdlbsequstatiatbeeen foRsacetivR @Xasds stens.igwgfer 30 is
consecutively mpyed withitenyalgristags asssmbly,20,30,perpendicularly to the optical axis of the
optical assembly 16 o tr?at the next figi% of thg‘wl;?ér Sld)ﬁ?s rracﬁjhdhmﬁfcﬁﬁp%sﬁ%m‘é‘l‘&fﬁ/é‘io%he optical
assembly 16 and WA PSiERP & foresn deara e loRilny s Preesrisermartbsrosutiperistizle 28 are
sequentially exptisetdirento the fields of the wafer 30, and then the next field of the wafer 30 is brought

into positigug relative tg,th iC, icle, 28 However, the use of the
lithography machine {h $B%e?ﬁ%ﬁgﬁgk}éoﬁﬁn@%i}gﬁfg ifn?'t’édﬁ*&%ﬁ?ﬁ%ﬁﬂ?&&%%ﬁ? o

semiconductor TraHtiactirg ARy RS IRa8rARBYL 6y sisrehatprepeasshthe gedteman LCD
photolithograpHyosy $terretivit 8Rposeste liafter Gy sitthdisplaime tepieaaRatera R irgangular
glass plate or asph@irlithagan I I thin.film magnetic head. Accardingly, the
term "work piecg' is eneriﬁll%ﬁggﬁ@n%@%g@é?%é fr?';% g}é‘\%%%a%ﬂqr%agé}ﬁbr&[@r%ﬁ%ing
lithography, su@ﬁrgg'%ﬁ‘f‘%%rtfﬁt@@ t8rakpds of the optical assembly 16 by the reficle stage

20

assembly 18 and the wafer 30 is moved perpendicularly to the opfical axis of the
optical assembly 16 by the wafer stage assembly 20. Scanning of the reticle 28
and the wafer 30 occurs while the reticle 28 and the wafer 30 are moving
synchronously.
Alternatively, the lithography machine 10 can be a step-and-repeat type
25  photolithography systemn 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 refative to the optical assembly 16 and the
reficle 28 for exposure. Following this process, the images on the reficle 28 are
sequentially exposed onto the fields of the wafer 30, and then the next field of the



10 or LCD substrates. The apparatus frame 12 supports the components of the lithography
machine 10. The apparatus frame 12 illustrated in Figure 1 supports the reticle stage assembly 18, the
wafer stage assembly 20, the optical assembly 16 and the illumination system 14 above the mounting
base 32. 15The illumination system 14 includes an illumination source 34 and an illumination optical
assembly 36. Th“egiélgum'nat'on source 34 emits a beam (irradiation) of light energy. The illumination
optical assembly' 3674 |d5’sbfﬁ895‘éém? SORYIR AP iR ikAhRs s8I Yol fand dhe retisieptical
assembly 16. Th&8beam illuminates selectively different portions of the reticle 28 and exposes the 20

wafer 30. In Figure 1, } ingation.so iS.| t ing supparted above the reticle
stage assembly 18. Tg%ﬁ:%%ﬁ/é?h%ﬂvge\%é Fggﬁlﬁi?ﬁﬁg%%“goﬁ%gﬁﬁf ig 8s c{é)}lé%ef% He B th8%ides of the

apparatus frame"tPShd tHETBIRAJ) BeBRethreraniivifin seH SO EB Msifedising abuve the
reticle stagebasdihoghpdld witichiresiliinfoatanmpiticalassenobhy 36 35Titt§d”Hﬁﬂ%ﬁ§%;%ﬁ5%§Pe 34 can
be a g-line sourggLA430unk ' ) xcimer Jaser (248 nm), an ArF excimer
laser (193 nm) or'? aF2 Iaserklg%a%qr%%%gﬁ%%%?eﬁ%kj i]k?u(grl]:%{i(r%u)(!a(?[%anpsaolﬁ_}rrcr:'eoggzﬁfcaaﬁa BREHRE charged
an x-ray. The offtiesi 8RUEAbR RRIRERAEECRAY/SYTIRDSEE hemtiripERe sgtedihnsaytieiceticle 28 to
the wafer 30. Déeeddingeaptinithetisietign b dhieitweyiaeyenoaiinesd Haginrycalassemply 16 can
magnify or redugeiBe imeasIHB e ! The aptical assemply 16 need not be limited
to a reductign system. It coulcffiJ ggo be a ﬁ&oégg]rgg?ﬁ%n%%hrﬁﬁgg |§na SS)k)S gﬂ?mm}{teilg%ﬂﬁfﬁﬁsan
exposure\i/ rk Bfelc%q}‘?élpéﬁ%?ﬁys vacuum ultra-violet radiation (VUV) of wavelength 200 nm or lower,
use of the catadioptriciypeppticaisystene can kagansideiededmponRias Aiihg ec%ﬁﬁggigg' type of

optical system iggleiigdhe di licatign Disclosure No.8-171054 published in
the Official Gazette for Laid-&%ﬁwﬁ%fe%et%égﬁgﬁg'g@%%@ﬁgr}:%lﬁsr'ﬁg%ait%@.()B%lttéﬁt 'RB'8 668,672,

as well as Japah P8Rt AR HtidhetaiRs Sire e 3emn 88. 4wl atissLinseppalyU Gamatent No.
5,835,275. In thitgsivabos stEmefldcing etiicalovathgiBgecam be a catadioptric optical system
incorporatiag a beam-gplitigkaRd iryQr. Pate ication 10 Disclosure _
No0.8-334695 pL”JIishe in the, Offti%i?gg g%e@e{%rlfﬁgﬁ%péé Iﬂg}%ﬁ? 'BBIigg%cr?s %%dang &@lnterpart
U.S. Patent No'" 5'B88 077 AL'GR asS TPl PatedNBpliHEanaHoniS98Et s eI 0210t 08 Damni its
counterpart U.SirRdiainnpplightioneiyy. 872605 (AsticatpadDateciilig-93 Lalsesuse Beam

reflecting-refracfing iyRaaboRis! ACIRTAEARVATRG £IBGRY IRILG" glc, Bl yithgut a 15 beam

splitter, and can alsoé?e employed with this invention. As far as IS permitted, ostPEs in the
above-mention8GA 4 YTApaS sriasiirels e Roiarh oA disicatisls SuBNShep aseharefficial
Gazette f@0Laiabyreid Péneripdpplicatoiisnairenincosparatesihienain bytealarcheng Tag slisle stage
assembly 18 haugls,angdoesitianshe et latjye . tica| assembly 16 and the wafer 30.
In one embodirggnt, the reticle st%tag% agsé%ﬁnbf)sﬁ/{% ﬁr:%ﬁ)ﬁ%é??aﬁ?&fgc% %?A‘Se'%fﬁgﬁ?@tﬁ%%e reticle 28

SHgULPddeann g Atetrisdemal e anp paditolianise 1R a6k hgecagy ndmeticle 28.

from the illumination source 34 is directed to above the reficle stage assembly 18
with the ilflumination optical assembly 36.

and a reticle st

25 The iliumination source 34 can be a g-line source (436 nm), an iline source
(365 nm), a KrF excimer laser (248 nm), an Arf excimer laser (193 nm) or a F,
laser (157 nm). Alternatively, the ilflumination source 34 can generate charged an
x-ray.

The optical assembly 16 projects and/or focuses the fight 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.



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 mov%s%ss\ev%bl 44 can each include one or. more 30 movers, such as rotary motors,

voice coil motors, linear totors ufilizing a Lorent fort&8 JORBIETPIRYSe YarMIne dttinvialghetic
movers, planar rifgialiendlsdthel vtaisrdoate 206verser lower phrstolftiregrataldiopystams, aphes linear

motors (see US Katent &\éum@q;@é@@;@@S@%,ﬁFﬁg@,&1@,@%@99&9@}{%@ by I ft?&%ngfsperein) are
t

used in the Waf%rcﬁtggetﬁsse b!g or th% reticlerﬁtaﬁége assembly, the linéar motors can Be elther an air
levitation type employing air SE&TIGS or @ Milgrie? rl’évitﬂa?iﬂmg% U2ipj ab¥EntNrofct7dPidactance
force. Additnaibtiseestaige beuldfficileGientiea taridezidripeaulcbant grisiRiess/pa-atage that uses

no guide. SAltereativehs=ane ef tbgtgmgﬁg‘cg}ggapg@[iv&n Qf};élﬁ plan .énopétewﬁuli%%qrév?g the stage
y

by an electromagnetic for n d by @ magnet unit having two-dimensiona ?r'ar?g'ea magnets
and an armaturaég ggﬁ?ﬁﬁ?%%\%@gfﬁé%dﬁﬂéﬁ |(§r?%ﬂ¥'}eé?ﬁiﬁb'e%‘ é%ﬂ?'?ﬁ Hecin@peationdn\esahis type of
driving system, €agfs: tie rieflpeénampticahavarinaiace ouihubi is catmdioteddtafiratagetase and 10
the other unit isjfeetpyes N gwgéggvigkgiﬁgngngdgoggm Sia86r  Ja Qvemento thfcs? es as
described ‘ﬂPOVE' e'nerateﬁ e !4? forces that can affect performance of the 6tk 'hggr phy
system. Reactior{gf%?gggegeﬂe%%geé%iH@i‘/@gf’é{ {%Lfﬂﬁtrgfgl‘}@{aﬁézﬁfﬁié?f det{beraachalsiilly
transferred to tHPAtRMiIRID W) iy asentiradratdemBatber do d6EBHBTink SYRRtENt NEad 5
5,528,100 and publisherhdrparseRaii-APRIcHiapRscsule No: fidatdr S, Addilionally, reaction
forces generate&l byctq]e re?\Fle n%gg%? stage {not;on can be mechanically transferred to %ﬁ% floor
(ground) by usé of 4 frate mentbHar 2 d@gjc‘? 15849R J8eaBntAY)s #9855 and plieséed Japanese
Patent Applicatiaoiid dgereiwtigaspsten insdmosatimypenmittad: thierdiselesusasviiidS Ratent 20
Numbers $52828 ag‘;;ﬁtfgs‘wﬁ,%ZQaa,ng;ggp@@e@@,ﬁ@ggHt ﬁmplig@éiqﬂvlg,iﬁfag_sur%\l%r8é330224 are

. . | .
incorporated h rrgjé%ﬁé 1;e{i%erenc osur s:l’pne / ge:???urement sélstem 22 monitors movement &t the reticle

28 and the waf g BXPTBBISBRE SihePRARIENEE. WHitiFthiBenformation,

relative tost?]e optical a
the control systéRaupaint srpélaliensepichiishaddratve Qllyid Sterabopfecisaly-ppsitientha reticle 28

and the work piggsicsgesaseanbly 3at: praet pasitigpdhe wafer 30. The design of the
measurement systemrcﬁg l%%@]gas%gg%%]ggﬁﬁwl? the measurement system 22 can utilize multiple laser

interferometers, encoders, MIrrors; an ol PSR ANY Badites HiecrefidlnAidirlativeda receives
informatict? frofidHPtisabatrement i§yshshihe 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 respective stage 38, 42 with one, two,
three, four, five or six degrees of freedom. The reticle stage mover assembly 40
and the work piece stage mover assembly 44 can each include one or more
30 movers, such as rotary motors, voice coil motors, linear motors utilizing a Lorentz
force to generate drive force, electromagnetic movers, planar motors, or some
other force movers.
In photolithography systems, when linear motors (see US Patent Numbers
5,623,853 or 5,528,118 and incorporated by reference herein) are used in the



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 an 3 inclu N ing.fi I% The imaging field includes the area
adjacent to the rctiavg?c%ly\?ft 2 v%%s;%ﬁ% tha?i% l:%%lgg e%t%?ge% gél%] Wé @r%%%v@ﬁf&?&ﬁecﬁé’aﬁ?of light
energy 5 travels GEEReER He'BpRiaNYeemmBIy 2 nhaitheeRanes 30. iAo« isigatichdype

environmental systim 26ardn foortl e tenvir dmaenhidthenanaainodisld cHigidesieg ghyionment

created and/or coptrlled inthe gan, %q: en [ ental system 26 can vary accordinglyto the wafer
30 and the dé(ilsig% of the r'est%f the c%nnlwpo%erys%}%geﬁ?%gé%gﬁy%%ﬂﬁe 10, including the ‘

illumination ystem 14 46P8F&karmpfectiBusaaes contrblieddaneirdnnsepizoan betearfluidishich as

water. Alternativeljydhéndestigd spatialieciemammenseanseaaarie] yRRhlighauct Az a gas. In
various embodimgg;&mggﬁsgﬂ%ﬁpagr; fr,%@ Qé}grgntg IOmm in height between top surtace of the
wafer 30 and the Jast optical element of the opfica assembal?/ fémfgﬂ?oﬁ@'e%togﬁﬁgﬁt, tre-
environmental syERSRSRAY HararshRalsiBIfRaing prsHiensf WEts it af drviversigidinjd. The
design of the envitbemtientahgystent 26 Medihe CATRINGNISLEIARRRARIMENA SYslam, 26 can be

varied. In djﬁere{p,tee(mg@q;mqmﬁDg%cfeg%\({iﬂ%gr{rl}g%%%:%@t&ms% df%ers and/or injects immersion fluid

into the gap using spray nozzles, electro-kine ges, pé?&? ﬁ%@&ials, etc. and removes the
fluid from the gap usini V46 YPuhtelagps Rseiesaidedelivve Thoatetsigneattion envisotimaental
system 26 can vay. Bfiecxpenfilenireen vfjeskthprowoneisiadhid fLeng or MOLEHocatansat or near

the gap. Further, | ' ' sist in removing and/or scavenging the immersion
fluid at one or m%éf%glrggggt{}gfs@gt %@%ﬁﬁ%&%?@&%ﬁ?ﬁeﬁﬁg ezgqgﬁ?&%%@ Hageferese optical

assembly 16. F&P RiHRAILRAMS B Yspi6hi2 dramermrinkersys deastibed iprovisietantUuso.
application®60/4623.420eatitquiblistrae rsiparidrogeaphy Appit sntnkSysipnElesl pisAptil 9, 2003,

60/462,112 entifdggiti¥, SRk i ing, System for ersion Lithography" filed on
April 10, 2003, 60/5’c;o',fi‘:§11|%Ej g%ltitliad %@%&é‘;%ﬁ%%ﬁ%ﬁﬁﬁ%mﬁk é%‘%% TR SRR on

September 3, 2055 AAGAY/SRDSoweshinidhe Niges éarringh for Lpmefsiofraiteonvaphgt fied on
February 2, 200isatitieddrpdeaieddoy Mefes gracshorsittl pubRAKRY 1881 5l R ﬁp‘i;{]ﬂ%ﬁi&‘?c“on of a
' n. The

lithography maghine.i rating bagi of the present invention is shown. ithography
L o E G I Peien Bl s eator tabie

machine 200 includes a optical assembl
204 and aWafel SRS 2B E0R sft ?aéféé@@ R¢bAfpareaad starnchoplination 20&:(ostaay other

type of work pidée) 8:Age2zhaepticatmsatan by dif . birampmental system 26, surrounding the

optical assembly 16, ipHisg 19 supRl A ﬂgnr ove immersion flui from the gap between the
wafer 208 and the last optical elemerle{t %ﬁ e o%%t?&?glstgresmrﬁ?f T@.eﬁ? (o) I&ﬁ%@é@e&gﬁ&qg@%ystem 216,

including a warefEadar sEtiedo throprtivaleasraiynticdt sooi2pthérasiareticeosedtretaisd CCD
camera), is corififpmeatitm¢heoventhe waten203 eardhempderiakia;2e4anm 'ealark iy V’L'@hté‘ second
i t

wafer. Thigsis typicallyaccomplishe ing the wafer loader 218 to lift and remove the wafer 208
from the Wafer%gble 2&9. Subs%é%#%%%ig‘ﬁdwﬁé%e? ﬁStSi?%mﬁsﬁ'*Mc%% Brieetirelafer chuck

218, aligned udiR§tRB KifyMizenthoTbesleaian thibthp osrRssemeretenpicarasagmisyil6 on the

wafer table 204&xample, 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
include one or more processors and circuits.



With this embodiment, the wafer stage 206 includes an immersion fluid 15 containment system 214
that is configured to maintain the immersion fluid 212 in the gap adjacent the last optical element of
the optical assembly 16 during wafer exchange. The immersion fluid containment system 214 includes
a pad 222 that is adjacent the wafer table 204. A support member 224, provided between the pad 222
and the wafer stage 208, is US& rt the pg% 222, The wafer 20 table 204 has a flat upper
surface which is copla%%?e w?ﬁﬁ%émgmﬁpgﬁyﬁ%%% B et%ag VI hAS & 1R P8t surface
which is coplanatt R thetwsgBriiadatebasseiictatid e velertde witfelgsoriaded®hapad 222 is

arranged adjacendfiegualet. @ HR4HIRGR: A SaR(ELSGidsd ORIR)Soulah B fmersion
fluid 212 is mov%bl%rb Bwt%e ithg wafer table 204 2%d the#aad 2%2 25 without leaking. During a wafer
0

exchange, the WATSF stage 208 i3 maved i the ait R Bt Ayl SoEe PhrAY thklighl 29y positioned
under the ogticalra¥gierhblyasiinplagticel dseanitiyr Ao 0k wafimtaining/thetiluiddsighetgap or

maintaining the sizgrefrisfigyaam Alesiedme walesRashaenaliangdnigyais/stage,is moved

back to its originc?l i%%itionnvfsgnmgt }he %d 222 is removed 30 from the gap as the second wafer is
positioned undef The optical AedeMoti e P46 O BRASHtReti, 3re Badheoenvigamsstal
continuously adf¥éE&ntRe orireeniisececinglitHnthgapavelfcahpdbitidesimd it afsherwader table

204 can be adjussagsheitatdhe ks ey syEanRds eoRRRING IR RUAAFATAGRRTqrp the wafer
e pa

table 204 i?an\ﬁ%g ggtg;{oin L‘.!Hde the[gptic?l Es emb,lé/ 16. Maintaining the gap between

and the optical assembly 18 ia notiimied 18 jOST A WIS UREHETER Bpctdlith SPRR Badv®ercan be
large enough toAteiinetirehdhmeesisio rohiid Btz thmssatedebecrnttiee hpd 32Runddbe optical
assembly 16 dusing gasalignmeni RRaFBRemNRAR MSAIHSMENt ARG LHOR: &mo%efm fions, a part
of the area OCCLII%iie tt}yeg}ve imrt%erséio quide%‘Z ma}/ b (?n the u%per surface of the warer fable 204
Referring to Figureg Aand ?g, arcrose B dlonand's 'io%b o%nv%tv W%f%'&ﬂhﬁkﬁﬁﬁfgr%ﬁ'ﬁthography
machine accordiRtic) asrsmdhetibodiment of the present invention is shown. The lithography machine
300 includes an opticah ansesniiydAandire LAKGIRATSEHRNA0S hRtinclHdes 3 waley table 304

and a wafer st 306. wafer table 304 is configyred to_support a wafer 303 (or any other type of
work piece) un%g'é%? thgeg o%- iggf a%asper‘ﬁ@l]yﬁ%.’%ﬁ%ﬁﬁ%ﬁﬁ%@nt%g@?ﬁ@@fstﬂﬁcﬁﬂ\’ﬂﬁ’@""tﬁ@t@ptical
assembly 16, isSH&EaESapprhasareeesiefitie siowiinatal susteth@@aprbesweendhanvafer 308
g.system

and the lower nagairepticahslrimesitef the opticrlmssamblYLeA Werkaiess %ﬁcﬁé?hﬁﬁ&
316, including w@gé% e&:;:r]ﬂ8 nd an ali%nment tool 320, is con%?éjred to remove the wafer 308 on
> B

the wafer table 304 and replace it with asécond water °ff Sis ARHEIATNE S SRS ROt e r loader
318 to renfBve MRiGTaler Josamarrethevamiee flideTSatke gaenthinthesesondmpéesgoaysbown) is

placed onto thesw@fae GRUCKTBLGIIGINBEHSIDARM AIGRANE)LIAR! BP0 204t %P%%igg%d under the

optical 20 assembl 16.ésﬂt‘)est illustrated in,Figure 3B, a set Ef motors 322 are use move the

stage assembl)'/t inCuding the Wafaf ta i 5 4ORK AW LPY &t FEUBS iAtoRo RRASre 8pRreedom (X
and Y) during dpétagiothampessicibbie, systematense82 3 carr re@iingtypa/of soatersisyeheas linear
motors, rotary meHRFSioPIaral BRIYSHRe HeaisHRSHERCHaRIHMALhNg3RalR0 includes an
immersiorl,éluidanz Ogotp‘tainaﬁent F)(stem 324 that is&onf'igured to maintain the immersio Huid 312 in
the space Delot the' optical dssembfy Te'GiRe v R fd Prani@ 28994 h el Ghde iRbsoptical
assembly. ThegiHasiontfiuigystrtsinsent Bysteimr@R4UAclappiativas 32662 MoeAgfand a

control system @3MeFErPEth3ZRERP PRIRCSHRES pdremidhoAntisa @ssmbl,iand she wafer
table 204. The wafer table 304 Eas anIat upper o ' '
enfiled "Vacuum Ring System and Wick Ring System for Immersion Lithography*

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

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

Immersion Lithography” filed on February 2, 2004, all incorporated by reference
herein.

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

one embodiment of the present invention is shown. The lithography machine 200
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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 the X and Y directions using the motor 328 which is controlled by the control system 330.
The motor 328 can be any type of motors as well as the motors 322. The pad 326 is positioned under
the optical assemtglefu%gswhen th z\;vafer ttglbl 304 (the wafer stag(;a 3%(‘5)% is away from under the optical
assembly 16. During a watet exehange. sthe Wi A a8 30555180l A 4 st drelisptivarerssembly
16. Simultaneoust§?/thdddorror yefienstage ecEnthwaiottai3220d meve Al @GE,%,{hg optical

assembly 16, rep&a@g}lggtjzp@(aée,gta@@}g?% Eh@l&‘ﬁdp%%@)ﬂ?}r‘;%é?tﬁi@%é?ggj mgg;rj n f%id‘312 within
the gap under the O‘Ptlca| a%sFmeL% 16, After the new wafer has been aligned usin Xh ahﬁﬁ’ment tool
320, the wafer taBl& 354G FE T i Sn S (RGN S ptrdital assRiBRivL 86 At teed dmeuplg, the

control systefn 330diirseesahimmmotieBREE fetfart tive pad B26/Eemtitbevaan. WE¥aRting the escape of
the immersion fluigiB42 cléhtbe: WalRE @XaRaNgs. ien, rol system 330 moves the wafer
table 304 and theg maecljl?ﬁga betwg‘grﬂ%ﬁ?ﬁmhg?gg tlgcgog g%]?f’%eesggge@%?%hile the

326 with a )
immersion fluid jﬁ%é?gﬁﬂ'é’%ﬁj{fﬁfjg% BlP1eniohel fed et aanmentdns tadle(84 and the pad
326. The immersishotaipecntdifiGentaysten B24dhfigundintairsnhe inmeeraiap Svid 312.ftom the
gap during wafergxshan ' [ , e 304 (the wafer stage 306) and the
pad 326 ar 6novab|e e ?%%I%%@E%%mﬂé év%%gg‘ ?EE)‘%‘&E%%A ig}%ésvggfgaér&aﬁc\%ﬂﬁi#ﬁ%dimmersion
fluid 312 isinainfﬁfﬁg(fq%)m LARAP e thltoane asmarre SBeanalaie2Bpicamabeontty klén various

embodiments of 24. ifidistarettiy, doasetsydteniad3tanshohepispprmie sl BYRIE @t can be
integrated into the goMtERLaYSIRY HrediithrNrelshe Ho for positigning the wafer stage 306
and wafer table 304. V%ﬁiﬂcal?lg%%ion art%/or tilt of at least c()?\te?%%t (éSﬁ\}lvg?éerg thﬁeeﬁgféWcﬁ'?ﬂle pad 326
may be adjusteqa g%emgyt @ Qs YR BHReR4s coplanar with the pad" 25 surface, before the wafer

table is moved out frofWitindeis tkebpdioat raisseenblyfdi6 stHye oueraticlndé: WhiGh e safeidble 304 is
away ffom fee opisuARRRTANR IR ASEESSAYININIES IRANSIEn exchangs operaon. For
y

example, an aligrthrgent %Pderatlo% a Teasurement operation or other operation Huted while
maintaining the immersiGH 1ard i) At U RlansRicdiiR e plicrhaes ambhh eboptiing 8eéssembly 16.
Refetring to Figubéhangad 4B¢ imorersiss deitionstahaminsyeraion 1dhngiariky-rmaghing gig shown.

The lithography nearlyieetARdpslen AR 2B4CahASIRIB LR A0S B51a98, Asspmbly 402 that includes
a wafer table 40‘;135%1 9?2 and the wafer stage 206, is used to support the pad 222, The wafer
20  t{able 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 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 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 18, In
various embodiments, the pad 222 is disposed continuously adjacent the wafer
table 204 with no gap. Vertical position and/or tilt of the wafer table 204 can be
adjusted so that the wafer table surface is coplanar with the pad surface, before
the wafer table 204 is moved out from under the optical assembly 16.
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wafer stage 406. The wafer table 404 is configured to support a wafer 408 (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 and remove immersion fluid 412 from the gap between the wafer 408 and the
lower most 5 optical element of the optical assembly 16. A work piece exchange system 416, including
a wafer loade¥aagadgnaaihalignrhenttoniidepadsconfigiited dpremave:thsl waiers408 pmihe wafer
table 404 an plage #.wi cond wafer. Jhis is mplished using the wafer loader 418 to -
remove the v(\j{g%r‘ag_%%ﬁvr%tbr%ﬁ\%gfg fa %8%40:5{.??88 Bcs’ae%c%eﬁ%ﬁ}, E’ﬁg ?@o%&”%fe@(ﬁ&?@%%ﬁ?% placed
onto the waféoceriaeki® 2dRgfrethasipgahbaligrment toal 420, ant theopnsitianesundasthe

optical asser@gynkﬁag%ﬂ}wg{{a%é&mg[ﬁ)g%rlen é%a%?ﬁeirp%%r%ion lithography machine 400 also

includes an immersion fluid containment system at'is con?l%l&‘red to maintain the immersion fluid
412 in the spHbE BRI ariéiopticapadseitibhyat@ whilepiké yafbe tallecdOdndlawiay fram baigder the

optical asserﬂl;g}{i% cr@lﬁg%@@igg,&lf&d&&gtgment system 424 includes a pad 426, a first clamp
428 provided on the optical assembly 16 and a second clamp 430 provided on the wafer table 404.

When the immersio%%;ii%ﬂﬁ%i%betw%en th gﬁtical assembly 16 and the wafer table 404 (or the
wafer 408), the pad 426 18 \FEhe s‘écad}gd ath A0S PEcRng R iow Warer e 20anothewhen the

wafer table 40aniswaivay litbogtiyehgpticahassemblydls fes axample dukpgiavriereyghange goeration,

the pad 426 s detached from the wafer table 404 and held by the first clamp 428 to maintain the
immersion fluid %%?%éstvsvfé%\mhh[e%gﬁfgg%@%ﬁ%@%@]@tﬂ@]ﬂ%sﬁwmﬁéﬂv@éﬁmﬂdmélemdlﬁas a flat

upper S@rfacgaghiekstantdpladarivitheladdaaeithesvRiandOhdTheRRs ¢R8h8lsk omgo Jhe.wafer
er 1§elﬁrface which is cqplanar with the upper surface of the watfer table 404

table 404 a'%%f@?@hf@t upp I

and the wafer Surface. Thersfore. e HRRET SSTRHAP 42 6 Ui AtRF40Be ah Werknbirse) uimdlsr the
optical asserthislyichbersthetimmersioriiliddeaking shuwatiosssermbadimgnte JpeGiermes 428 and
430 can be vacyum é:éat@gsg gnlfyagggtic, electro-static, or, mechanical. 30As best illustrated in Figure 4A,

the pad 426 is positioned O warer table ABACHIAR J eihdsart Brihe wardreangeTHie seefond clamp

430 is used Eholudtbepasvezainglapean Heniahiedt kel SHNGINEMEABIPIROSNIG, LRG3 Wafer

rated in Figyre 48, the.wafer tahle 404 is moved in the direction of arrow 432 so that
BN ab ind SH

h il
'?ri(: ng%fzeé%é%{gé lored un CRE 2 SEABH IR Plscanst de dligremans tawhaRtnis occurs,

the second danfiz48d holding thehpack 426303 the thakes fabienf090is gleaseswhilgifirst slagy 428
Iic b%/gll . @/s%f%r sult, the immersion fluid 412 is maintained
i

| th 426,t0 th tical.
iy the oneSl aKLSb A TSR AR SPGB A RS G HaH k98 isom aligned,

the wafer tatiie 40feistabduetlibsthadirgctiha anpadite AHoMA3hsaihal hekawaialdsesitioned

under the o asse ly. Prior to this motion, the first clamp 428 is released while the second clamp
430 again C[’%aillr%%i(s he gag%%ed using ttpe alignment 1005 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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426 to the wafer table 404. In this embodiment, the wafer table 404 is freely movable while the pad
426 is clamped by the first clamp 428. 10In various embodiments, the operation, in which the pad 426
is clamped by the first clamp 428, is not limited to only a wafer exchange operation. An alignment

operation, a measure 0 ration,‘.or} other ration can be executed while the immersion fluid
312is maintz;Il}rjleeol§ iﬁqg‘ggég‘g@ﬁg%ﬁégﬁﬂg 8&?853 SHSR e andobid dantho sersivipd tsyrthe first

clamp 428. AKY). thdd sictaniR & 2dhdanahe pravidedaerths fiameskBomether support member, and the
clamp 430 ¢ e jded on the wafer stage 406. The pad 426 can be held on a movable member
other than thiﬁg%a%%g%\sﬂsge%g?f lilgﬁfxlgugihdr%r%% gﬁ’&% AT OY MaviReov ks thirkerRt vhe stage
ignmersion Iith@g"cagigygts%@m?a{?ofwmguthmmfrm mﬂ@ﬁﬁﬁ%ﬂf‘élﬁﬁﬁe Dﬁg@;{a }wtﬁ?\lt&%lgG 6%709 éhe ;
asic stryctu | e twin stage lithography systems, see atent No. 6,262, an
US Patent Ngsegfgm%%g‘gggﬁ?%‘éefsa&a@t 841K %tilsjggiéas%%’% H U Patent No. 6,262,796 and US
Patent No. 6 3a1arcars!incbmorated hestein By refasencednnoeth 8psbedimrrtpaa Bay of yuafer

et R IS IO N e RS e s
WS1 and WSRtiethion énidal Wredtion tiheamandes B02Datidabadsareblisegl to alternatively position one
stage under g ORECALASIRTPLE S WAt ignvé/(?fuesri:?é( %Hea Qggn?r?gnta %iogoqr?g&t ti}?ep\ffgff%;ngﬁ)cljeo3n05he other
10 isrepositioned 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 pad 326 with a small gap between the wafer table 304 and
the pad 326, while the immersion fluid 312 below the optical assembly 16 moves
15 between the wafer table 304 and the pad 326.
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 1s movable freely while the immersion fluid 312 is maintained in the space between
20 the pad 326 and the optical assembly 16. In various embodiments of the invention, the
control system 330 may be a separate control system or it can be integrated into the
control system used to control the motors 322 for positioning the wafer stage 306 and
water table 304. Vertical position and/or tilt of at least one of the wafer table 304 and
the pad 326 may be adjusted so that the wafer table surface is coplanar with the pad
25  surface, before the wafer table is moved out from under the optical assembly 16. The
operation, in which the wafer table 304 is away from the optical assembly 16, is not
necessarily limited to a wafer exchange operation. For example, an alignment
operation, a measurement operation or other operation may be executed while
maintaining the immersion fluid 312 in the space between the pad 326 and the optical

30  assembly 16,

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

a stage assembly 402 that includes a wafer table 404 and a
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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 illustrated above with regard to Figures 2 through 4, can be used with

either twin stage arran&g}ement. Wi%rgs%ard the embodiment of Figure 2 for example, each wafer
stage SW1 and Sf/8" GfIeharSid iR REL a5 Al BeGayHERF S iHenRge a palep408ied ansupport

member 224. Widtheeghyre: tofthecempiedinentief Bigured;= sisglenplad @26, Motat338yangcontrol
system 330 coul %Msgg’ adiacens ical gglalx 6 6_is movable separately from
the stage SW1 a%y(? 5 SVV2. Durin I{[‘Eg]ﬁ%g%?v%geﬁ? %tage %v('/ﬂ%da %%5) oa?g;{é}%g "G 84 the pad
326 is moved to IHB&FEIR ByfcAl Adiminy L5k hARTREINnthS Wil A8 rendideL ibwelomakt optical

assembly 16 Finaligalittethenenttibeioptintioidsigutey4 & detachaplesinglenBAgCanheiseg. During
the time when stage ¥y L 3ter Wader 418 and an alignment tool 420, is configured fo remove
the wafer 408 on the wafer table 404 and replace it with a second wafer. This is
accomplished using the wafer loader 418 to remove the wafer 408 from the wafer
table 404. Subsequently, the second wafer (not shown) is placed onto the wafer

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 opticai assembly 16. The immersion fluid containment system 424
includes a pad 426, a first clamp 428 provided on the optical assembly 16 and a
second clamp 430 provided on the wafer table 404. When the immersion fluid
412 is between the opfical assembly 16 and the wafer table 404 {or the wafer
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. Therefare, the immersion
pad 426 and wafer 408 can be moved under the optical assembly without the
immersion fluid leaking. In various embodiments, the clamps 428 and 430 can be
vacuum clamps, magnetic, electro-static, or mechanical.

30 As best illustrated in Figure 4A, the pad 426 is positioned on the wafer table
404 during exposure of the wafer 408. The second clamp 430 is used to hold the
pad 426 in place on the table 404 during the wafer exposure. During a wafer
exchange as ifiustrated in Figure 4B, the wafer table 404 is moved in the direction
of arrow 432 so thaf the pad 426 is positioned under the optical assembly 16 in
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are to be swapped, the pad 426 is used to maintain the immersion fluid in the gap 10 as illustrated 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 6A, a top n.vi A S li raph ine.iljustradi ne embodiment of
practicing the prﬁs%%ﬁﬁ@gﬁé?ﬂ%ov@rﬁgl% !(?)s% ﬁb’%ﬁﬁe@%@%ﬁéﬁ%ﬁ? bgrgﬁp%@aé;stem 600

includes first stafiébg04hsivr&id3hls 43 s seisasaseviiils Siabslem 4R Glampst e ath28 tirections by

motors 602. In tiie epikatizmentbibe Glages RR4IANLEGAGHROATIBAEIYIFRINGIGe @adhe
immersion fluid i ) m s shown. in.the Figuré, the 20 first stage 6Q4 is positioned
under the optica‘ﬂaé;bié%%ﬁegfénwﬁ%g !%31 t?n‘pea %rréliébe %vgﬁ(‘%%é? g!i]b égeééﬁgﬁg%e‘gﬁ Re'dtors 602 are

used to posfion R sEisBIsg S aientahin 404 éeomy ook Brodisestipc enpeREiPSTONVARR 604. With the

two stages positistaresiderhyesitr, pbeysidastaatinlyonnaicarinumys sisfasanthiongiors 602 are
then used tom e t t in_unison S . that the second 25 e 604 js position under the
optical assemb%/ﬁléﬂ%avlv Et%nj} %%?istga%?g%doﬁﬁp%g}eu%%c& ??éq %rpr)] |c§%ag§3§3mk§!?‘§8.s géWhen the first

work piece is m@¢8dhayashidhie dBfcdndisanbivdinemetinmafeidabieitdihisfesghp is maintained

by the second stageabiebuviichd paas) e sulbsipati Ay tre THsuOus sudace with the first stage. In
various altggnative e ' t econd,.stage 606 could alsp he a 30 "pad"” stage that contains a
pad that iS?l?;ed to mh;?rllcég%ﬂ&t e%mtgrﬁgiq%%%rqﬁ%glﬁ%aeu%%dr@/v‘ﬁﬁlg%%g&%%ﬁgéﬁ g%'ﬁé’?§ B&ing placed
onto the first stafje &st. dammf?dins mistoliraitrthdensaiht shovieh etthanBiywreBAiar. 5BAcould be

used.  Refertghindnigupessbnbia, aseaiirsnadcliagiamsollu st aigdanvpdoRIaEs£¥aRaRge

according to ong,empPosiMGI Rl REESSRAIVERHNLS IS 1 the space between the
optical assembly 16 and the pad 426 clamped by the first clamp 428. Also, the
16 clamp 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 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
W51 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 siages WS1 and WS2 in the vertical direction. The motors
502 and 504 are used fo 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
lustrated 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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Figure 6B shows a wafer on stage 604 after exposure is completed. Figure 6C shows the second
stage 606 in contact (or immediately adjacent) with the first stage 604 under the optical assembly 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 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 4£48ntge 8 iy SWanefeithensignesrbainingRraimmarsitieduidiimtaasgap. In the

embodiment shovpadtbezseepacsatage 6R6ise podl SieEe dlinsign Q:%W@&fﬁ[er?%%a'ﬁo e a work
p cah e made of

piece stage as no 0 the, various embodiments described above, the pa

a number of diﬁerﬁﬂ”@}géﬁ%ﬁ%@&ﬁg&%;% S BYRle T sauidderisechasjear Beecoated

with Teflon accor@fi§abasaas it dihenes! 2@ isizeoué bhesepdratsty shouldetsyifisignt 4gpover the

area occupied byStiezirmmergipie tivid. dRdhamguaiy emhodinents g@ﬁgr&@agygg%vﬁgtg%fﬁ%e of the
16N

last optical elemegt,of th ical 15assembly 16 is constantly under immer uid’ envi ent,
preventing the formatzl)onﬁo?da)lﬁfﬁ?}g fi@?k“{“é‘.%?'\{%sﬁ/ YnArktg. maintgisihe, kpmieisiandidie 84a be

fabricated using b3l QeYerbasssyRhisms by finelrocibstsomnbgenesatlyom Figiee 7 A, In step
701 the work pieceladtatiostians! perfesasesehmtisipise a1 dgiansd, Negy, n steg, (92 a mask
(reticle) having a20RaYEOIS cf}%%g@]%d %8‘?&%”%0 thte E‘Er[%wous designing’step, an V[ggrallel step
703 a wafer is made from a Sﬁ, conl material “The HSSKp AN G i msieadvnghsgeped onto
the wafer fr8ﬂ1. st&H 'ﬁﬁﬁt‘iﬁt%@(.aﬁ‘ 70859 #Bholitberafiiey sysiniddsgribedhiveeinabqugiing
accordance with daempsesentonueniay insten { BuhpRanRRchiGoR Wl pisos s aspembled
(including the di cess, honding process 25and packaging process), finally, the work'Siece is
_ GHEMRPOBRY RGP IReeSe Foanapasad |
then inspected in step 706. Figuré 78 illGStrates"s HEtsildef AfEchYP siagmpId\s thansboMSmentioned
step 704 in the ALY AVt AgesEhne St dhavestopie sexyd marigiise FBudastanivd b{gxidation
step), the wafer surfacRésenigized FAiguFten A1 % (CpDRIGR) i NSHIZLRR, f ”Q@aigsefolf{ﬁggraoﬂwghe water
surface. In §ep f e FHLRAS OSBRSS e S S %S cing th invention i
pracucing 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 to
contain the immersion fiuid 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 fo 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 substantiafly form a continuous surface. The
mators 602 are then used to move the two stages in unison so that the second
25  stage 604 is position under the optical assembly 16 and the first stage is no longer
under the optical assembly 16. Thus when the first work piece is moved away
from the optical assembly 16, the immersion fluid in the gap is maintained by the
second stage 606 which forms the substantially continuous surface with the first
stage. In various alternative embodiments, the second stage 606 couid also be a
30 “pad” stage that contains a pad that is used to maintain the immersion tiquid 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 58 could be used.
Referring to Figures 6B-6F, a series of diagrams illustrating a work piece
exchange according to one embodiment of the present invention is illustrated.
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30are formed on the wafer by vapor deposition. In step 714 (ion implantation step), ions are implanted
in the wafer. The above mentioned steps 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¥sAGHIREN G Brsesain ety 5 iee Grisarfeisted Disting poswsroCatsing, first, in
step 715 (pholosesizldionpaton HeRhROYOr Gail ABR) B 0A VAR KIS 66%%&%?03“@

step), the above-mentioned exposure work piece is used to transfer the circuit pattern of a ma_lsk
(reticle) to a WWafstisghenspdtbplol 7t G iehitanEaipbseingtel &.dbverspad s8¢ in step

718 (etchingsgﬁempgﬁﬁgm%m%wiﬁi Qgga;%@;;i%_lo (exposed material su_rface) are rer_nov_ed by
etching. In step 719 (photoresist removal step), unnecessary photoresist remaining after etching is

removed. T IAUHipTeTRRIR S athe il Hreiaan Akt symeptisomofarashonapret s ankd.

post-processing siepfshie heiparticylrlithenyanbywagiingsas showrsandwisclosed herein is 15
fully capable of obtaining the objects and providing the advantages herein before stated, it is to be

understood FPRFR OV SHERRINIST e siheabresanbly gie firrae & iBetindhes srainsaimiestisn and

that no limitationersita iNtenseehtoghe detmilscaficansiEHEEROAL, @géi@a&ﬁgmmnﬁ@@than as
described in the apﬁqended claims. CLAIMS 1. An apparatus comprising: an optical assembly that

projects an iH&EGe A SHARRRPTEXEr-FRNIGIR M RR BRIk isshs&te @ PrighiRerassembly during the
rojection;
P 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 piece is then inspected in step 706.

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

are implanted in the wafer. The above mentioned steps
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a stage assembly including a work piece table that supports the work piece; and a cover member
that is different from the work piece table and is positioned opposite to the optical assembly in place of
the work piece table to substantially maintain an immersion liquid in a space adjacent to the optical
assembly when the work piece table is moved away from under the optical assembly, the cover
member and the work piece table being relatively movable. 2. The apparatus of claim 1, further
comprising a mofdi colpte@o the Bisrspenesingestans deticrafre cbvgmeafer sessilmnaskiopposite

to the optical assefebivn & hhgapRamuepLelRimildbpBuiaenEmprsing Aok piece exchange

system that removes tm‘? wor piege on 5?/5 waork piece table and replaces it with a second work piece.
he

4. The apparatus of claim 52{hef&A%he Wotk'SlecB 8%2RHAGe Rt tEmAhove-gwstiones. The
apparatus of clakregreessstogtiséensohaydshegareiigiieht itoofticatign testyodepierey fefhe

apparatus ok claire }nfiembHIBET BAMHY SR8 ADRRVIFN RSN Skales halsLRRlgSARd [emoves

immersion quuidséntg ar})dégom, tpe space. Z The apparatus of claim_1 or 2, further comprising a reticle
stage that holds A retitlex erﬁﬁlﬁg'%%ﬂ%ﬂw,oaﬁd"(ﬁ reifik Bpfiten Ad8emEpitsictapihdsattern
defined by the rétieiednesitineagorkopiece wBrkTbiepisanatus tof ickaisied the Zinshiefeindhe gpparatus is

a lithography maginRgrefsiNe ARPAIRLUT RS FlAigich %%(WQ%EMQEé@&EkuPée&%ifsgas%@%P”d“Ctor
wafer. 10. The aspaggrg]tousegf clajm 8 furéher comﬁgsm% an illumination source including an ArF
excimer laser, aRd WiTe B 1R HThTEsR, SRR R1FRS WAk o thanreridpm aheiispisted

through théimniéxsierequiaterid . stinece) prratiesoietiby Setwiiageinithetepver mgmberdagiudes a
pad. removal step), unnecessary photoresist remaining after etching is removed.
Multiple 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 o 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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12. The apparatus of claim 8, further comprising a moving system by which the cover member is
positioned opposite to the optical assembly when the work piece table is moved away from under the
optical assembly. 13. The apparatus of claim 12, wherein the moving system moves the cover
member separately from the work piece table. 14. The apparatus of claim 8, wherein the work-piece
table is movable separately from the cover menghexyyykjle the immersion liquid is maintained in a gap
between the cover member and the optical assembly. 15. The apparatus of claim 8, wherein the cover
member is madenof parafUdeolafAaing materials: plastlc metal and ceramic. 16. The apparatus

according to claigh BpiEHpraiseAioh, UiRBE RfelQ B AISEHR 18 WAIRTbIBEWMPE\ARE HIaRiHEng
posﬁmn%ngg@ng%g@meg RrigaRe i which the cover member is posmoned
opposite to the op %§§§HHB/mﬁ?ﬁo‘?ﬁ@{%&%ﬁ?ﬁ?@é&ﬁ&Qﬁ%&bp%&%ﬂw@%‘rl@b‘?e@@‘éﬁé while the
cover member agd W@%%@ﬁ%&%ﬁ%éﬁ*@%ﬁut&ﬁhe mﬁ&so%egr ing to
claim 16 8“!?@8&\ &aeaswﬁwme'anﬂéwﬁ HRAKIOR DEHRHANFRRIRAR g Egpsure of
the Workl ﬁge%l W Hée Sscet bl NFHRARAEANG: ?&r 't'églé% HR}éoﬁaXY rein in

the tran bl{%ggﬁ
apparatill h%?rﬁg to a|m e)} rein in the transmon EH?O% er an Mg woajk pi€ce table

form a su stantlally continuous surface, and wherein a gap between the optlcal assembly and the
contlnuoas surf ﬁ égg[v%l gmtinersmn liquid. 20. The apparatus according to claim 19,
wherein posmo J:t s yeen a5 ?§ t?ﬁfj)l%d% (j:‘lé \%rel%%gﬁ)%re %ﬁ%ce o&tlr]n > SRver
member is adélttste or ' %& ai Efgaara us according to elaim Wherain positional
relation bet\)/veen S SUrace o the wcﬂ( piece table and a surface of the cover member is adjusted for
the transjjion. 22. The a‘ﬁﬁarat HS acc rd| a|m 21 wherein tilt of the wor |ecet ble is adjusted
to form the cont@B gt‘cfe ‘éf agﬁé%rr {3 far%)i%:e EF
allgnmerrﬁB8Yﬁ A0 9v8‘§?f?8 ‘ﬁq‘g% ?Pla aetd %%Pé] Wlo{ eD %ﬁsmon the
cover member the substra e table ar acent to each other in the direction. 24. The aratus
ctording o N BRI AR de B B 8 SR W R USSP e of he
alignment tool with respect to the work piece table dun the expasure of the work piece. 25. The
apparatu2 accordiffyRPREHS 26 C\HBER thd @g”tﬁﬂﬂa ETIRR RPb RN RN aKa side
thereof, &ft*the cover member is disposed adjacent to the side of the work piece table in the
transition.

The apparatus of clam 1 or 2, further comprising an environmental system that
supplies and removes immersion liquid into and from the space.

7. The apparatus of claim 1 or 2, further comprising
areticle stage that holds areticle defining a pattern, and wherein
the optical assembly projects the pattern defined by the reticle onto the work piece.

8. The apparatus of claim 1 or 2, wherein the apparatus is a lithography machine.
9. The apparatus of claim 1 or 2, wherein the work piece is a semiconductor wafer.
10. The apparatus of claim 8, further comprising an illumination source including an ArF

excimer laser, and wherein the immersion liquid includes water, and the work piece is
exposed through the immersion liquid.

11. The apparatus of claim 8, wherein the cover member includes a pad.

12. The apparatus of claim 8, further comprising a moving system by which the cover
member is positioned opposite to the optical assembly when the work piece table is moved
away from under the optical assembly.

13. The apparatus of claim 12, wherein the moving system moves the cover member

separately from the work piece table.
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26. The apparatus according to claim 16, wherein the work piece table has an interferometer mirror at
a side thereof and the cover member is disposed adjacent to the side of the work piece table in the
transition, and wherein an interferometer beam is allowed to reach the interferometer mirror when the
cover member is positioned adjacent to the side of the work piece table. 27. The apparatus according
to claim 16, wherein the immersion liquid is prevented from leaking into a gap between the work piece
table and the cover member, when the cover member and the work piece table are adjacent to each
other. 284The apparpRA adecidahg o &laumerm Witeveirktpehediahtrei o fiow dbhensepaomidiy didns
preventeth®ycogngngasbprevdite . tiEginmeisiondigitd rsamafaicingid methanl bewiesisiing: cover
projectingendlesyiesdodhitempticalagpsamidyugh an optical assembly onto a work piece retained on a work
piece table; moving the work piece table away from under the optical assembly; and positioning a
cover melhber oppesippaatimecd ptmat &ssdaialy ithe verantmbanik paeesofatrie oittba thikowong piece
table is muatedatsyplastimnmeta eantheepgatical assembly to keep an immersion liquid in a space adjacent
to the optical assembly, the cover member being different from the work piece table, and the cover
member 2&id theTWwekppieatisabtiiigg aelaiivedy wievalblén Baridieom &itvachdirspathrei toadisn 29,
wherein the govkpiecstabld$spositdseparaielyrswmptits wesknplgae tabieondlstdied meticd thecording
to claim 36vavimaeaibahie psdikidried ®ipbitésonbeaipiicat pekaitlly fthandhecmehivaeabenamidii the

immersiqhidigiiighie sainsieedini fedae dvelesshibe epdenheworke aedabie apisdl-asserieth 32. The
method aggrarding to any one of claims 29 to 31, further comprising, in a transition from a first state in

which the work piece table is positioned under the optical assembly to a second state in which the

cover meypber ?%@%ﬁ@&%ﬂj@l@@é&%ﬂ@t@@l aipticd, mhlm@t@w@gﬁmgevﬁj poSGiRiceadne work
piece taqﬁ%n‘d\’fﬂjéﬁ\/ﬁbﬁ( : tﬁtﬁ@ﬂ?ﬁf@&ﬁ@&%ﬁh@%r@b‘@@ﬁa@ﬂh@ﬁ?ﬂt&%ﬂ BFB&’taﬁl%. The
method according to claim 32, wherein in the transition, the cover member and the work piece table
are moveg synchinqusdan BbcEheimeth efbarcI diia ¢ 1N RSRaMRIRIIHE dhec AfsHiRR oifte cover
member gRA IR Piers RiseetabipfersAdiBstaaially continuous surface, and wherein a gap between
the opt_ical assembly and the_contir!u_ous surfa_ce is filled with the immersion quuid._ 35. The method
accordingdo clakithd 2nMAS{RIBIBRARG ) ERANCTEPEINERSR @ BHERaRsATdRaMetkvRIStRiRdeARD a
surface Qhig GRYS RIS F IR A SSERARGIEAMNIRE surface, and wherein a gap between the

optical assembly and the continuous surface isfilled with the immersion liquid.

20. The apparatus according to claim 19, wherein positional relation between a surface of
the work piece table and a surface of the cover member is adjusted for the transition.

21. The apparatus according to claim 16, wherein positional relation between a surface of
the work piece table and a surface of the cover member is adjusted for the transition.

22. The apparatus according to clam 21, wherein tilt of the work piece table is adjusted
to form the continuous surface.

23. The apparatus according to claim 16, further comprising an alignment tool disposed
away from the optical assembly in adirection, wherein in the transition, the cover member and
the substrate table are adjacent to each other in the direction.

24, The apparatus according to claim 23, wherein the cover member is positioned
substantially at the opposite side of the alignment tool with respect to the work piece table
during the exposure of the work piece.

25. The apparatus according to clam 16, wherein the work piece table has no
interferometer mirror at a side thereof, and the cover member is disposed adjacent to the side
of the work piece table in the transition.

26. The apparatus according to clam 16, wherein the work piece table has an
interferometer mirror at a side thereof and the cover member is disposed adjacent to the side
of the work piece table in the transition, and wherein an interferometer beam is allowed to
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36. The method according to claim 32, wherein the cover member is positioned away from the work
piece table during exposure of the work piece retained on the work piece table. 37. A liquid
immersion exposure apparatus in which a substrate is exposed to an exposure beam, the apparatus
comprising: an optical member through which the substrate is exposed to the exposure beam; a cover
member which is positionable opposite to the optical member; and a substrate table which is movable
relative to the optical member while holding the substrate, the substrate table and the cover member
being releadpblyheoviedierometeuaingin dinenghe teavieitivanilonnia fiesttzned iadiabioh iondebite ofubstrate
table andhwodypiensdaliber is under the optical member to a second state in which the other of the
substrate table and the cover member is under the optical member in place of the one of the substrate
table an®he coVéemapalatus toeagingaiamobarh di6js/\Keoein thentastendtbnd rourdme siereticgdittor38. The
liquid imheaksnoniatasgap Hppvecatuthaccorkipete dhtie 87 finehesven mensioeg avimsvithg $pstarm that
moves theerolverane thbevork $i acdite ataranesion eaglosther apparatus according to claim 38,
wherein the cover member is positionable adjacent to the substrate table. 40. The liquid immersion
exposureapparaths aosapetisgtoortiing BOclahe ayinvimdheridheditakagthef cheemmersioar| anddie
substrateptelxdatadynmyag gadediee;over member and the substrate table are adjacent to each other.
41. The liquid immersion exposure apparatus according to any one of claims 37 to 40, wherein the
substrateble igmovabtRd s iaiactodag ietagdicahipésnier, while the cover member is opposite
to the optical mespjecti it aThs liguishitemenséon exP0GH erappacalusasablidioatoaionngietslaims
37 to 40, ribiekeidineiekasi seefabrs and the substrate table are moved synchronously. 43. The liquid
immersion expogkei Al B Ak FFESER N RS delaiReopl 9 4eMbEredAdn the transition, the
cover member apgkfierivETasdaieipEn GpuasaRtially GRrtiueYsMaReIans Wheeitogap
betweenﬁl&@m@mamhswﬂ ﬂ'&@@éﬁ'@@#ﬁ%f&ﬁﬁﬁr H@GNM&PtH@QkSﬂG&PWl@- kédp The
liquid ImRIeTEHHAREAXBIRIHIA ARRH AT AGEPAEIAD 18 HaiahildaissRipIPOfERRIIeAEPRA b AgN 2

surface Qfifig e IRHAI ISR IRSHIRRS LAl e COVEF MEBMRST ARPHUSIRIKGS o8 EBNSIGRg 45- The
liquid IMMESHRYGXBOSHES apparatus according to claim 44, wherein the adjustment is performed

before the transition.

30. The method according to claim 29, wherein the cover member is moved separately
from the work piece table.

31. The method according to claim 30, wherein the work-piece table is movable
separately from the cover member, while the immersion liquid is maintained in a gap between
the cover member and the optical assembly.

32. The method according to any one of clams 29 to 31, further comprising, in a
transition from a first state in which the work piece table is positioned under the optical
assembly to a second state in which the cover member is positioned opposite to the optical
assembly, moving the cover member and the work piece table, while the cover member and
the work piece table are adjacent to each other.

33. The method according to claim 32, wherein in the transition, the cover member and
the work piece table are moved synchronously.

34. The method according to claim 32, wherein in the transition, the cover member and
the work piece table form a substantially continuous surface, and wherein a gap between the
optical assembly and the continuous surface isfilled with the immersion liquid.

35. The method according to clam 32, wherein positional relation between a surface of
the work piece table and a surface of the cover member is adjusted for the transition.

36. The method according to claim 32, wherein the cover member is positioned away
from the work piece table during exposure of the work piece retained on the work piece table.
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46. The liquid immersion exposure apparatus according to any one of claims 37 to 40, wherein the
substrate table is movable away from under the optical member, while the cover member is opposite
to the optical member. 47. The liquid immersion exposure apparatus according to any one of claims
37 to 40, wherein the cover member is made of one of the following materials: plastic, metal and
ceramic. 48. The liquid immersion exposure apparatus according to any one of claims 37 to 40,
wherein the substrate includes a wafer which is exposed to the exposure beam through the optical
member 3hd theAmingeidio MieRiRiofill e poirgapopetaioe rinhwhiele pasdbstrete piscak pasachb &9, afo. The
liquid imexpeiuredepns tine apEERRIBSABROENIOY to any one of claims 37 to 40, further comprising a
liquid system thansupjsiaksritreben tieosignvibirial the Suldtestity siexipoped tsi tinceyposure iaparatus
according to claiacd@nmhender thii dio Llsghey timmabidsuppesdecoshbeptncalensmbéq@cd 51. The liquid
immersion exposLsebaipaartdiole aduohdis gy aly odativedaithe Gtitcaldthewiver esrnibe $itiainad) tdkation
between salssirébe e hef shiests eletbidlie dad theara er snefaloer bEithg retatirrehyencleblis adjusted for the
transition. 52. Tividigincduminme estcamsiipo Suoenaafi esiadt seniccauidicty dnectdi thed§bsinake taliizeantbving
system niigyesveemavibermsrohddr avayitna therabbstmte seduaddstetegi pxphishrehef dtrersobsti@te on
the substiaisttatel eabladntnkdigoidi maetsois eikpestiie appedaitiehasegardpigetoctiaiem che sihtaeein the
substratestibiiets rablakisdatiay doosr undebéne tiptioptitae mirgnberhile tptcovecanenmbeitis apposite
to the optinaamisniiefuich4. The liquid immersion exposure apparatus according to any one of claims
37 to 39, wherein in the transition, the cover member and the substrate table are moved, while the
cover meggber amgghguuhaiméesion e poard gseniie eachrd@itefo &ainT B, ldkiskiroonepEigAExPOSUre
apparatushaaeRy sya@riPtRERIMoYEs tHeRWIE therfibBstrate table is movable away from under the optical
member, while the cover member is opposite to the optical member. 56. The liquid immersion
exposuresgpparatys REGRI GHERSAIBX BdsUN BFBEIING BEMRTIRG TPERABEG\BIRSHakR ieherare
moved SyR&RFRNRUSHY ti Briadl B 8djakif D MRS IR xRS apparatus according to claim 54, wherein
during the transition, the cover member and the substrate table form a substantially continuous
surface, afd whesin &GP REHMRESH TeR IR HSaRes ARChIImGOIRtiBHRS SRRE-SHilRdMdth the
immersiopighigh, $8 CRRIIAHABRMAEIAG SIRASH-BRPFRIHS/RECHRRGR ERIE RfnKRCLRN
p05|t|onaﬂh@@3gg&@wggréﬂm@fé&ﬁ]myate table and a surface of the cover member is

adjusted for the transition.

41. The liquid immersion exposure apparatus according to any one of clams 37 to 40,
wherein the substrate table is movable away from under the optical member, while the cover
member is opposite to the optical member.

42. The liquid immersion exposure apparatus according to any one of clams 37 to 40,
wherein the cover member and the substrate table are moved synchronously.

43. The liquid immersion exposure apparatus according to any one of clams 37 to 40,
wherein in the transition, the cover member and the substrate table form a substantially
continuous surface, and wherein a gap between the optical member and the continuous surface
isfilled with the immersion liquid.

44, The liquid immersion exposure apparatus according to claim 43, wherein positional
relation between a surface of the substrate table and a surface of the cover member is adjusted
for the transition.

45, The liquid immersion exposure apparatus according to clam 44, wherein the
adjustment is performed before the transition.

46. The liquid immersion exposure apparatus according to any one of clams 37 to 40,

wherein the substrate table is movable away from under the optical member, while the cover
member is opposite to the optical member.
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59. The liquid immersion exposure apparatus according to claim 54, wherein the cover member is
positioned away from the substrate table during exposure of the substrate on the substrate table. 60.
The liquid immersion exposure apparatus according to claim 54, further comprising an alignment
system disposed away from the optical member in a direction, wherein in the transition, the cover
member and the substrate table are adjacent to each other in the direction. 61. The liquid immersion
exposure apparatus according to claim 54, wherein the cover member is positioned at the opposite
side of th alignrhe@ isystermmeats ars peposor ehappalatus aeaalsliang toiagytene gl ol e Bihto sifbstrate.
62. The hgfodeimitiner soreexpesbee & prwdeuy awafirihad dlaivi gl metesidin thleticbsnetak aiole has
no interf@esanai®r mirror at a side thereof, and the cover member is disposed adjacent to the side of
the substrate table in the transition. 63. The liquid immersion exposure apparatus according to claim
54, wheréd the Siediiqui tahiadng srapxposuier appataerus) ecoorali rag dio @nlevee hrotbt e &Gver Aember is
disposednduaie theostivst satkei nflines absbiaevidindh is txposedsitidhe argostver eeaantimtedbrtmeter
beam is afitieachiennbachrithehe tienfespsiuetd rouidr it ledhém shgap dyatwesantie nisf oaitibtiedaptiiestent to
the side aidimbsubstrate table. 64. The liquid immersion exposure apparatus according to claim 54,
wherein the immersion liquid is prevented from leaking into a gap between the substrate table and the
cover meqgper, Whenithedchmeiensimkspeaidhpsabsisaiectrbingre atjaoenbickiels ghes. 465. The
liquid imignsée BEHPOSHEEE RPACRIS R SRsOEIP 0! eHE Brnstdiengiaulite leakage of the immersion
liquid is prevented by using gas pressure. 66. A liquid immersion exposure method in which a
substratesgs expased iquad ieNPesItA BRIsBuIEepPaHINE &VBHRINTING' clai Ay Ngharslb il tale, on
which theyspiRtepde rectRi@Ied i pMRY @i gnder an optical member; and placing a cover member
opposite to the optical member, in place of the substrate table; wherein the cover member and the
substratesjable argd ‘Piéﬂ‘é?lmm@r\%ﬂreeﬂi&r HIPRERIR ALEBIE ﬁgtrt%nér'ﬂpﬂnfé%ﬂ Adires stakg ingvhich
the Subsm@éﬁbbw.Hﬁaerreraﬁoﬂpé&wéaemmeemﬁr@fs o iER Hhe FavELMAEERIES
opposite iths-PRIsHlL e MBedirRRtieal member is kept in contact with an immersion liquid. 67.
The liquid immersion exposure method accordlng to claim 66, wherein in the transition, the cover
member gnd theghstatei table G467 BRI RECRYBr MRMORIARUESPRRSH AR bl -

adjacentdaLach el - 138 cHG I AHB MG SO GRP RIS 536G Qﬂ&%’in‘ RGIBUN OB
wherein the sHPSBARIRDISISORYRd away from under the optical member en the cover member is

opposite to the optical member

53. The liquid immersion exposure apparatus according to clam 37, wherein the
substrate table is movable away from under the optical member, while the cover member is
opposite to the optical member.

54, The liquid immersion exposure apparatus according to any one of clams 37 to 39,
wherein in the transition, the cover member and the substrate table are moved, while the cover
member and the substrate table are adjacent to each other.

55. The liquid immersion exposure apparatus according to clam 54, wherein the
substrate table is movable away from under the optical member, while the cover member is
opposite to the optical member.

56. The liquid immersion exposure apparatus according to clam 54, wherein the cover
member and the substrate table are moved synchronously.

57. The liquid immersion exposure apparatus according to claim 54, wherein during the
transition, the cover member and the substrate table form a substantially continuous surface,
and wherein a gap between the optical member and the continuous surface is filled with the
immersion liquid.

58. The liquid immersion exposure apparatus according to claim 54, wherein positional

relation between a surface of the substrate table and a surface of the cover member is adjusted
for the transition.
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69. The liquid immersion exposure method according to claim 66 or 67, wherein the cover member
and the substrate table are moved synchronously. 70. The liquid immersion exposure method
according to claim 66 or 67, wherein in the transition, the cover member and the substrate table form a
substantially continuous surface, and wherein a gap between the optical member and the continuous
surface is filled with the immersion liquid. 71. The liquid immersion exposure method according to
claim 70, further comprising adjusting a positional relation between a surface of the substrate table
and a sub@ce ofthe kauish imenetstoriopxiprestrarssinaiatuz acToreiiguio thameslowbgishsihe swerod
accordingentietins posivheediavvay tojustinesubiirpiertahhesdul afp ax pheutennkitiersuliS &ré onidfosd
immersiculestEde tall énethod according to claim 66 or 67, wherein the substrate table is moved away
from under the optical member, when the cover member is opposite to the optical member. 74. The
liquid im®@rsionTeglqui imetstbacaqrokag tappheius GaooRIngvtee okiimil el stilrshexteampudeg a wafer
which is ex@bispchtntt lspsterpati speded sanv a ivoghthe togzi oal emdvaipexrid th el reotensivhdigind riltkea gap
betweenttibasitiaietha dale optidadmardthesubé aldelligackindjpessico exghasthee im &b ok enticording to
claim 66 or 67, wherein positional relation between a surface of the substrate table and a surface of
the covesmembghis|agljidsiathiasibe ssqusilienapgé aftiscatioond mgmeetkion eX4pasiere meibedagcording
to claim Gfeaberisiositondt etcheeppisitietisopasitivinpehamaysiomiite repetiaie tiidabdtrerg
exposuraHi éhrisnl sksékaiheos thstigiartable. 77. The liquid immersion exposure method
according to claim 66 or 67, wherein in the transition, the cover member is moved by a moving system.
78. The lguid imnper9igni EX RO BIEtBAsbateosipar 4eus|aibaof ding heyedidmthestranaéian, the cover
member Qe SAbRITALR tAblense diapvads Wil tha: Go\sRIdMBBNBST, and thi taiel aiRxiakle rre
adjacentdpyeied aifeent’® the e de itk 5iBEsIge RXPORVIReTeHRbACcording to claim 77, wherein the
substrate table is moved away from under the optical member, when the cover member is opposite to
the opticgsmemhere Gt dRYISE RN Saralifag HSRAGCARBHFND o cARYIRG A gHBRRte@ble, on
which a syBstraiapietainghRWAY JREbURHEoAR ARIEAINBREINGH RRCLBIRFRBALL YS HIRIBRET
opposite g ipaPRIifR NRIBPRIIPIGFEOlHE iFHPRIAISIABIE and wherein an interferometer beam

is allowed to reach the interferometer mirror when the cover member is positioned adjacent to

the side of the substrate table.

64. The liquid immersion exposure apparatus according to clam 54, wherein the
immersion liquid is prevented from leaking into a gap between the substrate table and the
cover member, when the cover member and the substrate table are adjacent to each other.

65. The ligquid immersion exposure apparatus according to claim 64, wherein the leakage
of theimmersion liquid is prevented by using gas pressure.

66. A liquid immersion exposure method in which a substrate is exposed to an exposure
beam, the method comprising:

moving a substrate table, on which the substrate is retained, away from under an
optical member; and

placing a cover member opposite to the optical member, in place of the substrate
table;

wherein the cover member and the substrate table are relatively movable, and

wherein during a transition from afirst state in which the substrate table is under the
opticdl member to a second state in which the cover member is opposite to the optica
member, the optical member is kept in contact with an immersion liquid.

67. The liquid immersion exposure method according to claim 66, wherein in the
transition, the cover member and the substrate table are moved, while the cover member and
the substrate table are adjacent to each other.

68. The liquid immersion exposure method according to clam 66 or 67, wherein the
substrate table is moved away from under the optical member, when the cover member is
opposite to the optical member.
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wherein the cover member and the substrate table are relatively movable, and wherein during a
transition from a first state in which the substrate table is under the optical member to a second state
in which the cover member is opposite to the optical member, the optical member is kept in contact
with an immersion liquid. 81. The device manufacturing method according to claim 80, wherein in the
transition, the cover member and the substrate table are moved, while the cover member and the
substrate table are adjacent to each other. 82. The device manufacturing method according to claim
81, wherein in the transition, the cover member and the substrate table form a substantially continuous
surface, 88d whéiesn iajigdp mstarsan tepopticameidoteceondi tigetooti i des subdcevizefdladidth the
immersiaoviguidendgy Tihe the videsnabmiaizl etandnyavettsydchooaodshy to claim 80 or 81, wherein the
substrate includes a wafer which is exposed to the exposure beam through the optical member and
the immeéf8ion lidund fitsid gaméstore expibsene anethaadativerdpies &b olaimbés. 0B4A7T hetewida the
manufactransgiore ttheccaceondenthéo athal i@ BubstBatewtdizecior th e substizatial ts e nuave suisasgy from
under therapliderare e, betvesethihe opticah enebdersanprbeitant nheusictdomestiitad WEhThe device
manufactming siveihigdidccording to claim 80 or 81, wherein the cover member and the substrate table
are moved synchronously. 86. The liquid immersion exposure method according to claim 80 or 81,
wherein positiongheelajiod beimesion exstaoreahtirosubsiotinigiie cathars, fackepf dbemaosiag member
is adjustegjtefitedrpasitons &atidretstavian manHaswinganetwndiacedrdiagita slafar8@iorHsl,
wherein g gavemme Thehésrasitioned away from the substrate table during exposure of the
substrate on the substrate table. 88. The device manufacturing method according to claim 87, wherein
the substrate tabfeds piedi mvRySEHM expaelirderpatieal RLBTERTg WMoetidimCcuer Wrner iseopposite
to the opgglshRMNSHed8rnMaeHiRviEtheRatEREIHIINg method according to claim 80 or 81, wherein in
the transition, the cover member is moved by a moving system. 90. The device manufacturing method
according4o claimh89iuRETRimES0R EARSIIAD R RLBIGMY e aNd e st Atg bignaggamoved,

while thesGayesE'RRRESARBVES SVEP FRIM [aRfRAIRcashREaNhienaseh WHA thdeolBe HeMiBEr is
manufac &g@%ﬁﬁg@ﬁ%mblm 89, wherein the substrate table is moved away from under

the optical member, when the cover member is opposite to the optical member.

74. The ligquid immersion exposure method according to claim 66 or 67, wherein the
substrate includes a wafer which is exposed to the exposure beam through optical member and
theimmersion liquid fills a gap between the wafer and the optical member.

75. The liquid immersion exposure method according to clam 66 or 67, wherein
positional relation between a surface of the substrate table and a surface of the cover member
is adjusted for the transition.

76. The liquid immersion exposure method according to claim 66 or 67, wherein the
cover member is positioned away from the substrate table during exposure of the substrate on
the substrate table.

77. The liquid immersion exposure method according to claim 66 or 67, wherein in the
transition, the cover member is moved by a moving system.

78. The liquid immersion exposure method according to claim 77, wherein in the
transition, the cover member and the substrate table are moved, while the cover member and
the substrate tabl e are adjacent to each other.

79. The liquid immersion exposure method according to claim 77, wherein the substrate
table is moved away from under the optical member, when the cover member is opposite to
the optical member.

80. A device manufacturing method comprising:

moving a substrate table, on which a substrate is retained, away from under an optical
member; and

placing a cover member opposite to the optical member in place of the substrate table;
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92. A method for making a liquid immersion exposure apparatus in which a substrate is exposed to an
exposure beam, the method comprising: providing an optical member through which the substrate is
exposed to the exposure beam; providing a cover member which is positionable opposite to the
optical member; and providing a substrate table which is movable relative to the optical member while
holding the substrate; wherein the substrate table and the cover member are relatively movable, and
wherein during a transition from a first state in which one of the substrate table and the cover member
is under the optivdiaieenibecover swrobet snatthmsulbsithteiaabease ofl dhivalyivsavall eabie and the cover
member is undenthesedbpticuingertrons fropltiomat thet steteontdisiiibesdgiole tabietireuodeethaember,
the opticaptreamb@Enibdtelst ia sestacttshdtd Em whimbriiendiyeid maabath esnoptiosdeate didingptcalaim 92,
further conepiisin gheropficizl gremimyirgkspstawotiiattmoteantrercerseomhigiber. 94. The method
according to claim 93, wherein in the transition, the cover member and the substrate table are moved,
while the8dover mMmbenter ean chinefsotusinaterethéel acradiageiot tharn@0pthiesy ei9binTtne tnatbitid@ccording
to any onbeotolams&aber dhdviieresnbitrthe tebhsition nibeetihwshiteethbesoasd thenshdpstratethable form
a substastiiadtyatotaine angsossdectetoadaoyaw. between the optical member and the continuous surface
is filled with the immersion liquid. 96. A liquid immersion exposure method comprising: projecting
a patterngpage e debi e rapticicassegnipbi it aecurdikgrie agdiaiadie dvhera wior khpieessalda; moving
the worktpiees, teiexaia)afi® the wibetrthe tapliédal asa enbalviigsl t confaabising e ererineraiper
opposite dqytherenticat assemidy imelaper airidiene adnnirkRisRIE A 68 thieavaikhpireeiresisimoved

away fromuierler the optical assembly to keep an immersion liquid in a space adjacent to the optical
assembly, the cover member being different from the work piece table, and the cover member and the

work piegg tablethrirgvieiafviyf BRyARiemeod AL RAAPHBODEBE! GRS WiresghFare cover
member iSEKeH ARPS AR TR RBNAE RSt RPIR LB tAR RpthRdpeeardiarincined,
wherein {ReRSkPIRESA A dpiahia. eRaiHRb e GesanEasaber, while the immersion liuid

is maintained in a gap between the cover member and the optical assembly.

84. The device manufacturing method according to claim 80 or 81, wherein the substrate
table is moved away from under the optical member, when the cover member is opposite to
the optical member.

85. The device manufacturing method according to claim 80 or 81, wherein the cover
member and the substrate table are moved synchronously.

86. The liquid immersion exposure method according to clam 80 or 81, wherein
positional relation between a surface of the substrate table and a surface of the cover member
is adjusted for the transition.

87. The device manufacturing method according to claim 80 or 81, wherein the cover
member is positioned away from the substrate table during exposure of the substrate on the
substrate table.

88. The device manufacturing method according to claim 87, wherein the substrate table
IS moved away from under the optical member, when the cover member is opposite to the
optical member.

89. The device manufacturing method according to claim 80 or 81, wherein in the
transition, the cover member is moved by a moving system.

90. The device manufacturing method according to claim 89, wherein in the transition,
the cover member and the substrate table are moved, while the cover member and the
substrate table are adjacent to each other.

91. The device manufacturing method according to claim 89, wherein the substrate table
Is moved away from under the optical member, when the cover member is opposite to the
optical member.
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99. The method according to any one of claims 96 to 98, further comprising, in a transition from a first
state in which the work piece table is positioned under the optical assembly to a second state in which
the cover member is positioned opposite to the optical assembly, moving the cover member and the
work piece table, while the cover member and the work piece table are adjacent to each other. 100.
The method according to claim 99, wherein in the transition, the cover member and the work piece
table are moved synchronously. 101. The method according to claim 99, wherein in the transition, the
cover member and the work piece table form a substantially continuous surface, and wherein a gap
between%8e optisanatixehibiynaaidnig @ bopith unmesinfaespesiilie doparatiie mwikekiarsliogiidte 192. The
method axposgihty tanctaposiiGelhesaine tbenmpeabitboainglation between a surface of the work piece table
and a surface offifeyichgiemeptibalr iseatjastbbtglfionh thalmsaibaietsiswetpossd 103h& keposetteod
accordinpdganglaim 99, wherein positional relation between a surface of the work piece table and a
surface of the cqueritienbeoieadierstes Vi the < Eossitomabl & 0gpddiee teativomptcaardmipén afmim 103,
wherein the adjystoveihgfateelmnsietshl calation isalolebladjeistive titt tidluptical knpeatmetabléle 105.
The methottaerthesupdoatdaim 99, wherein the cover member is positioned away from the work piece
table during expasigrei nfthiesuisnictel et atal ietcondhecntié piece tailviey 16y ablmetitbd for making a
liquid immersionvgggeisutRimpparatis tomiiaing fipsowdie gnantohicrleosisev bthatetappeishan image
onto a Wl pifee ntletnin®rispiager hréneptiRRAlkerioethe eptisairasserally duitigttedanesestiem:
providingsgbstage rabRresnkl yHe ebiginenaniverk $gtetaléeoiedb wnaaps thepiekipieseoaadf the
providingsgoe@ury rasiabeidthakicoliderainiiem the wotlchiegrridiie RN{dst Positomee ORRASHA to the
optical asgpRakioi Rjgiee of the work piece table to substantially maintain an immersion liquid in a
space adjacent to the optical assembly when the work piece table is moved away from under the
optical aggemblyyhbe¢aMen ALBRIRR dReNvolk RifFRIRBIAMERING [SleWiRhY MBSy system

that moves the cover member.

94. The method according to claim 93, wherein in the transition, the cover member and
the substrate table are moved, while the cover member and the substrate table are adjacent to
each other.

95, The method according to any one of claims 92 to 94, wherein in the transition, the
cover member and the substrate table form a substantially continuous surface, and a gap
between the optical member and the continuous surface is filled with the immersion liquid.

96. A liquid immersion exposure method comprising:

projecting a pattern image through an optical assembly onto a work piece retained on
awork piece table;

moving the work piece table away from under the optical assembly; and

positioning a cover member opposite to the optical assembly in place of the work
piece table when the work piece table is moved away from under the optical assembly to keep
an immersion liquid in a space adjacent to the optical assembly, the cover member being
different from the work piece table, and the cover member and the work piece table being
relatively movable.

97. The method according to claim 96, wherein the cover member is moved separately
from the work piece table.

98. The method according to claim 97, wherein the work-piece table is movable
separately from the cover member, while the immersion liquid is maintained in a gap between
the cover member and the optical assembly.

99. The method according to any one of clams 96 to 98, further comprising, in a

transition from a first state in which the work piece table is positioned under the optical
assembly to a second state in which the cover member is positioned opposite to the optical
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assembly, moving the cover member and the work piece table, while the cover member and
the work piece table are adjacent to each other.

100.  The method according to claim 99, wherein in the transition, the cover member and
the work piece table are moved synchronously.

101. The method according to claim 99, wherein in the transition, the cover member and
the work piece table form a substantially continuous surface, and wherein a gap between the
optical assembly and the continuous surface isfilled with the immersion liquid.

102.  The method according to claim 101, wherein positional relation between a surface of
the work piece table and a surface of the cover member is adjusted to form the continuous
surface.

103.  The method according to claim 99, wherein positional relation between a surface of
the work piece table and a surface of the cover member is adjusted for the transition.

104. The method according to claim 103, wherein the adjustment of the positiona relation
includes adjusting tilt of the work piece table.

105. The method according to clam 99, wherein the cover member is positioned away
from the work piece table during exposure of the work piece retained on the work piece table.

106. A method for making aliquid immersion exposure apparatus comprising:

providing an optical assembly that projects an image onto a work piece, the work
piece being opposite to the optical assembly during the projection;

providing a stage assembly including a work piece table that supports the work piece;
and

providing a cover member that is different from the work piece table and is positioned
opposite to the optical assembly in place of the work piece table to substantially maintain an
immersion liquid in a space adjacent to the optical assembly when the work piece table is
moved away from under the optical assembly, the cover member and the work piece table
being relatively movable.
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