LI THOGRAPHI C APPARATUS AND DEVI CE MANUFACTURI NG METHOD FI ELD [0001] The
present invention relates to a |ithographic apparatus and a nethod for
manuf acturi ng a devi ce. BACKGROUND [0002] A lithographic apparatus is a
machi ne that applies a desired pattern onto a substrate, usually onto a
target portion of the substrate. A lithographic apparatus can be used, for
exanple, in the manufacture of integrated circuits (1Cs). In that instance,
a patterning device, which is alternatively referred to as a mask or a
reticle, may be used to generate a circuit pattern to be formed on an

i ndi vi dual ﬁagr&ogw APPARAT S AND Dmaﬁpwmcaﬂwcmmm ar get
portion (e.g. conprising part of, one, or several dies) on a substrate
(e.g. a silicon wafer). Transfer of the pattern is typically via inmaging
onto a layer of radiation- sensitive nmggep al (resist) provided on the
substrate. In general, a single substrate will contain a network of

adj acent target portions that are successively patterned. Known

| it hogr apy appar i_ncl ude. so-.cal | ed.steppers, in which each_target
portion i 0|ﬁ%]r adi at@&l@?ﬁeﬁﬁ‘a&%@% r%%ﬁt%s h’nﬁ Pt?‘%gr i ARRATalYS Ad; avmethad f
portion atmgifctukii®a davids SO-cal |l ed scanners, in which each target portion
is irradiated by scanning the pattern through a radiation beamin a given
direction (the "scanning"-direction) while synchronously scanning the
substrate parallel or anti-parallgéékgqﬂ# is direction. It is also possible
to transfer the pattern fromthe - evice to the substrate by
inprinting the pattern onto the substrate. [0003] It has been proposed to

i merse the substrate in the |ithographic projection apparatus in a liquid
havi ng a [Pt i vel W hithggraplet npratuisiantsckineahay appliisardesis@l @stetroorfté b1 a
space bet$$§ ethe {inal el enment. of the Brojectlon system and t he

subgirate, isialty Qo ¢ fArget partiog of dieaybraterddithpgraphic apnaratps ¢amdewseds

substrat e’
i th adi. al4 i : h_in.the |iquid.
CThe ef f oo SR fn fikdh e blor o IBE: BraRCICE], MMELSAIE s 'elludrhfg ; 0t fve

NA of t hedeyst whichishl@hstivelyeefensd staligasti@ph betiRle, iR bs ukedFohRherhiger si on
| i quids have been proposed, incl udil’r;g water with solid particles (e.g

quartz) sUSHERIEID (s tormed on PODYIdwbipyeeef the i bitsaatigm ¢ae betessfersede or
substrat &,and ¢S4l pbtidh ?e.k.ac%lnﬁaﬂsﬂlg%apt%tﬁhon%f or several dies) on a substrate (e.g. a

silicon wafer). Transfer of the pattem is typically via imaging onto a layer of radiation-

sensitive material (resist) provided on the substrate. In general, a single substrate will contain

~ anetwork of adjacent target portions that are successively patterned. Known lithographic
apparatus include so-called steppers, in which each target portion is irradiated by exposing an
entire pattern onto the target portion at one time, and so-called scanners, in which each target
portion is irradiated by scanning the pattern through a radiation beam ina given direction (the
“scanning™-direction) while synchronously scanning the substrate parallel or anti-parallel to
this direction. It is also possible to transfer the pattern from the patterning device to the
substrate by imprinting the pattern onto the substrate.

[0003] It has been proposed to immerse the substrate in the lithographic projection
apparatus in a liquid having a relatively high refractive index, e.g. water, so as to fill a space

between the final element of the projection system and the substrate. The point of this is to

enable imaging of smaller features since the exposure radiation will have a shorter

- wavelength in the liquid. (The effect of the liquid may also be regarded as increasing the
effective NA of the system and also increasing the depth of focus.) Other immersion liquids

have been proposed, including water with solid particles (e.g. quartz) suspended therein.
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liquid (see, for exanple, United States patent US 4,509, 852, hereby
incorporated in its entirety by reference) neans that there is a large
body of liquid that nust be accelerated during a scanning exposure. This
requires additional or nore powerful nmotors and turbulence in the liquid
may | ead to undesirabl e and unpredictable effects. [00051 One of the

sol utions proposed is for a liquid supply systemto provide liquid on only
a localized area of the substrate and in between the final elenent of the

projection systemand the subs_trateugt he substrate generally has a | arger
surface al®®84k han tHeveiehspbmersigdhe substratter sybefjate andovubsiyale @}éie.m@béthwefy

whi ch has r r for I Sed di scl osed in.PCT.patent
applicati éﬁﬁ@gs%gfcigg%gplg,ﬁ%ﬁéegiﬁ %ﬁ%%ﬁ%nét}gttg%d%s’%s% b%rgbe“nlc?lgp V‘t“‘gﬁn ltrg')ef erence.
As i || ust reatiRetl bytefergidE)aBeans 8 there isladatbélbddsy TUHRRIAI tRSL rRYst BE adcRRSdtedONe i Nl et
IN onto the substrate, preferably along the direction of novenent of the

subst r at e dpange pepaning expasure; Rhis requiresradditiongher here pewetfsbimptpraand|tedhgleneme

outl et OUT @f thelrzidhaé/iln%i asaed ﬁpder theﬁgrﬁi e iton system That is, as

the subst FArE 8 s%ay_nﬁ GRS etaﬂgugﬁ’rg RPeiEeS x directi on, liquidis

suppl i ed ?DOS}he +X Greds tligsoqlh%nﬁbﬁiﬁlﬁlé'gd iofA alRKRISupPlydysttdl®o p?éviﬁi_ed%uidﬁingur e
e

2 shows t arrangenent schematically in which l1quid is supplied via
inlet | N ambfailscaliagdeareaipf the sulistrate anéh oy betwebn tbé findl elesicmtrefithe pyojentiph et  OUT

whi ch | | . In the, ill i f Fi
> the | 1 ot e el BhsRIFTRE dndatt e et veReAE: Bt s | ace
relative El@mte{iteofftﬁé}%jeeﬁcﬁ{@e&m')é @136;1955: &rﬂfgﬁ g&'s.%%n @g@ogﬁﬁﬁ.a}ﬁn%gfg} figs isase.

Various orientations ‘and nunbe I'n- out - S positio around the
final el edicloscdne POdpaicht ayplioatéoneWangs)/49504 sher¢tyisdorpdrad imité-ergiretg bg 1 n

S 5. U3 KLl B e ettt e 20
B L e R I I g

subst r at eglehérg, arglibsinicaeé b at least pa¢ buthét O Thaften daviyg phvsednueden theipisiedtioa
liquid. During renoval of that substrate and repl acenent. with another
subst r at eSystewk Thtasas the subgrats igsrannpdibensathdreslpment ip p ok dirpstienpdigridis al | ow

Lor e SHBSRAEH B DRRRE RSP ARITP 5 S APh RBTSRREI, " e
Wi th the driadigdribnt sddthaticRah lhic licid ﬁrsﬂgéﬂe\zl%iaymle@ Ma8EH thlkentupeonl thélui d and
vacuum flow to renove the liquid nay take tinme to settle, possibly |eading
to | oss iatharisidgwdfsiplement by outlet OUT which is connected to a Iow pressure source. In the

illustration of Figure 2 the liquid is supplied along the direction of movement of the substrate

relative to the final element, though this does not need to be the case. Various orientations

and numbers of in- and out-lets positioned around the final element are possible, one example

is illustrated in Figure 3 in which four sets of an inlet with an outlet on either side are

provided in a regular pattern around the final element.

[0006] In an immersion lithography technique, a space between the projection system

and the substrate is filled with a liquid (such as water), During exposure of the substrate, the

substrate forms part of a boundary which contains the liquid. During removal of that

substrate and replacement with another substrate, for example, the liquid may be drained

from the space to allow for the substrate change. A possible downside to this approach is that

drying spots may be formed on an element of the projection system in contact with the liquid.

Additionally or alternatively, changes in the liquid and vacuum flow to remove the liquid

may take time to settle, possibly leading to loss in throughput.




-2 SUMVARY [0007] Accordingly, it would be advantageous, for exanple, to
keep an el enment of an immersion |ithography apparatus projection system

i mersed during a renoval of a substrate by swapping a closing plate for
the substrate without disturbing the liquid which is present between the
substrate-and the optical elenent. By using another body (e.g., a closing
plate) that fulfills the function of providing a boundary that contains
the liquid, it may not be necessary to renove the liquid from between the
substrate and the projection systemdurin removal of the substrate (and
supply of a new substrate). [0008] ¥ to an aspect of the invention,
there is provided a |ithographic projection apparatus, conprising: [0009]
a substrate table configured to hold a substrate; [000101 a projection
system coffoogur ed t Rcdidihgig!it ¥oRRIHe AR JeER YR fexhiRifiedlo 1RB AL Imedt an
substrate; [000111 a liquid confinement structure configured to confine a
liquid i nmmspaeehthpgaphscappaiabisprgpaonispsters yamersed doringhe remdyst ofztsabsttate
substrate, the substrate table, or. hoth,  configured to for .part of a
boundary &F SYARPIESZE ?mﬁﬁi??f[ %’68??]“"%{”6? ‘6’3‘%&‘&' ‘ngl?jfrﬂ‘l‘b‘gwg]ﬂﬁﬁi’rﬁ?mn a
part of ap ol : , rate
Pabl e, or Bot B BB taing U BPY L G iE)
the |i qui that&nifillnthrdmtction pfiptowidéng boundiry thet 6604i84 thedizmid] itngaytmt Be f ur t her
aspect of the invention here. is provided a device manufacturing nethod,
conpri si n§SFEBOIRAF MY bapg o Pg‘a‘uean S‘ébsérﬁﬁcaé‘dtﬂ?ﬁ'ﬁﬁ@ﬁtl%ﬁ%‘ﬁmafg‘&%t er ned
beam pass or both, formng a part of a
boundary gﬁ?nqtvﬁleoéggéiel{sa%tg6@@@2???&??@%@?&ui d to the space, the seal
acting bg00@8in t he Axubslingatb @n agpestidifihe Alventionathles is proviididh, lithapsaphitot her
structure; 500016] repl aci ng the substrate, the substrate table, or both,
with a cl BOISHODHMMREIS CQRISIigr t of the boundary of the space without

breaki ng iy Seal | o3l 000TL. BE S EELiIA ABBLAE o0 beam of radiati on
e nto Strat e. ?

t hrough t iquido € su
100010] a projection system configured to project a patterned beam of radiation onto
the substrate;
[00011] a liquid confinement structure configured to confine a liquid in a space

between the projection system and the substrate, the substrate, the substrate table, or both,

- configured to form a part of a boundary of the space; and

[00012] a closing plate configured to form a part of a boundary of the space in place of
the substrate, the substrate table, or both, when moved without substantially disturbing the
liquid, the liquid confinement structure, or both.

[00013] According to a further aspect of the invention, there is provided a device
manufacturing method, comprising:

[00014) providing a liquid to a space through which a patterned beam passes, a
substrate, a substrate table, or both, forming a part of 2 boundary of the space;

[00015] sealing the liquid to the space, the seal acting between the substrate, a substrate

table, or both, and another structure;

[00016] replacing the substrate, the substrate table, or both, with a closing plate as the
part of the boundary of the space without breaking the seal; and

[00017] projecting a patterned beam of radiation through the liquid onto the substrate.
[00018] According to another aspect of the invention, there is provided a lithographic

projection apparatus, comprising:




[ 00018] According to another aspect of the invention, there is provided a
| ithographic projection apparatus, conprising: -3 [00019] a substrate
tabl e configured to hold a substrate; [00020] a projection system
configured to project a patterned beam of radiation onto the substrate;
[00021] a liquid confinenent structure configured to confinealiquidin a
space between the projection systemand the substrate, the substrate, the
substrate table, or both, configured to forma part of a boundary of the
space; [00022] a closing plate displaced in a horizontal plane fromthe
subst r at el0faHle andimbﬁﬁﬂ¢gbkémﬂﬁﬁH¢®KH¥%ﬂ@aﬂmﬁﬁk,a boundary of the space:
in place e substrate, the s , th 00023] an
wct bator WG s e B RHEPRE PRBRiRL BarhBe! i Binedosth pDREiAIOR PR,

BRI EF DESGRIshdtfatd: O}F THE DRAW NGS (00024] Enbodi nents of the |nvent|on\MII
now be described, by way of exanple only, wth reference to the
acconpanylPf@214 c he matliquidicantinagentishusthiecnfgimed tponiinng ligeiien espee synbol s

di cat d t 0025]. Fi 1 d t
|1 hogr aphTeeah AP BB SEbFiieRD DesuaR s S, e R BUlErroois
[ 00026] F ply systemfor use in a
Iithograp%(ig}grgﬁ%ﬁ?gdgﬁéoﬂ aﬁﬁ%oﬁﬂi&%{‘h@g@% Figure 4 depicts a further
i quid syfprz] syst armidsiig plate displaced intathogranihi pdanefira dmtsiubﬂraa@ahlbahdjs
[00028] Fi picts a close up yiew of another uid supply system
accor di ng® %giguﬁﬁ %ﬁ%@d’rﬂ%‘? fadroupgary gt s spaceiimplapt piothe Stﬁi@ﬁ@ts ¢ mitstiees 6a
and 6b shg Hoﬁ?%t'@t ep in the nethod according to an enbodi nent of the

present |nveht| on 0030] Figures 7a and 7b show a second step in the
method agemeaj ng t en agtuateiadicied to Mbvé the clusBgeiite irthe Abfifohtal plane.

BRIEF DESCRIPTION OF THE DRAWINGS

[00024] Embodiments of the invention will now be described, by way of example only,
with reference to the accompanying schematic drawings in which corresponding reference

symbols indicate corresponding parts, and in which:

[00025] Figure 1 depicts a lithographic apparatus according to an embodiment of the
invention;

[00026] Figures 2 and 3 depict a liquid supply system for use in a lithographic
projection apparatus;

[00027] Figure 4 depicts a further liquid supply system for use in a lithographic
projection apparatus;

[00028] Figure 5 depicts a close up view of another liquid supply system according to
an embodiment of the present invention; |

[00029] Figures 6a and 6b show a first step in the method according to an embodiment
of the present invention; A

[00030] Figures 7a and 7b show a second step in the method according to an
embodiment of the present invention;

[00031] Figures 8a and 8b show a third step in the method according to an embodiment
of the present invention; and

[00032] Figures 9a and 9b show a fourth step in the method according to an

e




[ 00031] Figures 8a and 8b show a third step in the nethod according to an
enbodi nent of the present invention; and [00032] Figures 9a and 9b show a
fourth step in the nethod according to an 4 pp enbodi nent of the present

i nvention. DETAILED DESCRI PTI ON [ 00033] Figure 1 schematically depicts a

| i t hographi c apparatus according to one enbodi nent of the invention. The
apparatus conprises: an illumnation system (illumnator) IL configured to
condition a radiation beamPB (eg. WV radiation or DUV radiation). a
support structure ge.g. a mask table) MI constructed to hold a patterning
devi ce (ecmgpodimentgithe prggeaiigvediarected to a first positioner PM configured
to accurately position the patterning device in accordance with certain
paranmeters; a substrate table (e.g. a wafer table) W' constructed to hold a
substrate (e.g. a resist-coatPETAERBY DERCRIRTIOMNNected to a second
positioner PWconfigured to accurately position the substrate in
accordance with certain paraneters; and a projection system(e.g. a

refracti oj ecti.on |ens syst PL configured to praoj . ttern
irrpartedY@(g%]he raié'igﬁﬁe’l %ﬁiﬁlgé am%&fﬁﬁﬁ&gﬁﬁphbc agg%a@g%k;%?%ﬁ g)cgl%t ar get
portion lefoﬁingantGPﬂPiE-'iﬁv%inﬂ&l.%ﬁaﬁﬁarﬁfEJ&)n‘iBrﬁééz of the substrate W [00034]
The illum nation system may include various types of optical conponents,

such as ¥ ef r agt illumnatiohIsgpetern idlmsgnmpil cnfighwed te corslifinn 4 rwdiaborbeamBBat i ¢ or
ot her types i cal onents, or any conbination thereof, for

directi n&;g'gﬁ;ﬁg%meFDég\ﬁ%upP g radiation. [00035] The support
structure hol dg; E&% sREdtHR (B LNBmEAGMLGIE) MT @n RSN to hoRL 2 SRRAAESIATe (6.88
orientation of tp e patterning device,” the design of the |ithographic

appar at usmask) M Atahé conreoteditd a firss positinxier BM domfigered ip heuvdtady hesitiarthaot t he

patterning device.is held in a vacuym environment. The support structure
can use W&?ﬁ‘i"ﬁ?cﬁW%Qﬂﬁﬁlﬁ“c‘éwghf’?r@?é’ﬁaﬁrﬁ@e@ﬁot her cl anpi ng techni ques to

hol d the_ pat ta%u@%t?ﬂe Y ?‘gﬁaayﬁ éﬁa;jﬂl&‘}%f céﬁsfn‘dﬁtteg{t@h&&ﬁ sBbsdtd (£3ME Or a

tabl e, for exanple, e xed or novabl e as required.” The support
St r uct uresisEgpated aifierd W lad cdoect@iblotaasecomdgpoditionereP W onfiguediesicowdtelyosi t i on,

~for exanple with respect to the )
position the substrate in accordance with certain parameters; and

- a projection system (e.g. a refractive projection lens system) PL configured to project a
- paitern imparted to the radiation beam PB by patterning device MA onto a target portion C
{e.g. comprising one or more dies) of the substrate W.
[00034] The illumination system may include various types of optical components,
such as refractive, reflective, magnetic, electromagnetic, electrostatic or other types of optical
components, or any combination thereof, for directing, shaping, or controlling radiation.
[00035] The support structure holds the patterning device in a manner that depends on
the orientation of the patterning device, the design of the lithographic apparatus, and other
conditions, such as for example whether or not the patterning device is held in a vacuum
environment, The support structure can use mechanical, vacuum, electrostatic or other
clamping techniques to hold the patterning device. The support structure may be a frame or a
table, for example, which may be fixed or movable as required. The support structure may
ensure that the patterning device is at a desired position, for example with respect to the
projection system. Any use of the terms “reticle” or “mask™ herein may be considered
synontymous with the more general term “patterning device.”
[00036] The term “paﬂ:erning device” used herein should be broadly interpreted as

referring to any device that can be used to impart a radiation beam with a pattern in ifs cross-
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projection system Any use of the ternms "reticle" or "mask" herein may be
considered synonynous with the nore general term "patterning device."

[ 00036] The term "patterning device" used herein should be broadly
interpreted as referring to any device that can be used to inpart a

radi ation beamwth a pattern in its cross- -5 section such as to create a
pattern in a target portion of the substrate. It should be noted that the
pattern inparted to the radi ati on beam may not exactly correspond to the
desired pattern in the target portion of the substrate, for exanple if the
pattern i seclionlewhphiseeshiafphitery in 4 tagal pesion of the subittatal ltabeild be hetgd thags .
Generally, the pattern inparted to the radi ati on beam w | carrespond to a
parti cul afepafl inaﬂ%rreﬁﬁa%raéfﬁﬂ%'af@m ey B e Brkogeaen fo {hﬁé‘e%f’ﬂd’é o
portion, gUabtargs P@t@ioh%?ﬁﬁfs%ﬁﬁte?er%Hérhple[iptHQth}erﬂ_ RIRRS pRisBismajfevi ce my
be transm ssive or reflective. Exanples of patterning devices include
masks, prfeguassoabd ealledrassist featuray Genenatly,ghopatenminiasted €hthe paingion bedykH ar e

wel I known in |ithography, .and include sk types such as binary,

al t er nat i FREFSSPRIEdO §ﬂ?ﬁ1ftt°}1%t5ﬁaws?rtaéfﬁuart 13&’%% ¢igg F¥eﬁteﬁé%tal\ﬁéﬁtrget£§¥tm Sisls
hybrid nmegk types..qA8.gxanple of a programmable mrror array enploys a
matri x arrangengnt of small mrrors, each of which can be individually

tilted sqo87} o refhepiitenting deaed Mgy bagiminigiveae agidctive. @ixbihplee of
directions. The tilted mrrors inpart a pattern in a radiation beam which
i s ref | ecatigmingdavices Hichie masks, Progrqropard g mirrereartayp.and prograemabla L&kt ent

used her el Shauld e b eadl Yl IRELBIC! 0 e neHCORRASS: gAY, type of

proj ecticPr%msys I'hcluding rerr €, reflective;y " Catadioptrrc,

magnet i C,al@hRbhs PREBERRI, EndaittbniteE RS bR 55 WEll AL @iriotyBjtRiiBmask Ity R8YAn
conbi nation thereof, as appropriate for the exposure radiation being used,
or for otexempleadgregramutblgsnirer amayeengfloyss mptiprarangamant g{sraplonir s use of

e of the t " pr.oj ect i " herei b i der ed
2o Sy momyAoL Ve i b S8 SR PP By TP on e 38001 e
here depigtigent diﬁ@ti(ﬁiAglpﬁﬁ@ﬁMeﬂ thitro?d infhatt’BIAHENSA ia\fﬁdihﬁdiﬁae(aﬁl- WhicleHtMecddg a

transm ssi ve nmask). ternatively, the apparatus may be of a reflective
type (e. dythompiroyimaria. programmable mirror array of a type as referred to

above. Ol O e heeLive Mok o (000401 The L HRAGIARILG 2ppar at us
encompassing any type of projection system, including refractive, reflective, catadioptric,
magnetic, electromagnetic and electrostatic optical systems, or any combination thereof, as
appropriate for the exposure radiation being used, or for other factors such as the use of an
immersion liquid or the use of a vacuurn. Any use of the term “projection lens” herein may
be considered as synonymous with the more general term “projection system”.
[00039] As here depicted, the apparatus is of a transmissive type (e.g. employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g. employing a
programmable mirror array of a type as referred to above, or employing a reflective mask).
[00040] The lithographic apparatus may be of a type having two (dual stage) or more
substrate tables (and/or two or more mask tables). In such “multiple stage” machines the
additional tables may be used in parallel, or preparatory steps may be carried out on one or
more tables while one or more other tables are being used for exposure.
[00041] Referring to Figure 1, the illuminator IL receives a radiation beam from a
radiation source SO. The source and the lithographic apparatus may be separate entities, for
example when the source is an excimer laser. In such cases, the source is not considered to

form part of the lithographic apparatus and the radiation beam is passed from the source SO
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substrate tables (and/or two or nore nmask tables). In such "nultiple stage"”
machi nes the additional tables may be used in parallel, or preparatory
steps may be carried out on one or nore tables while one or nore other

tabl es are being used for exposure. [00041] Referring to Figure 1, the
illumnator IL receives a radiation beamfroma radiation source SO The
source and the lithographic apparatus maybe separate entities, for exanple
when the source is an exciner laser. In such cases, the source is not
considered to formpart of the lithographic apparatus and the radiation
beam i s pasisativiimtrihitdle zid of@besn ﬂdntemeswstemm)mamnsmg, for MR ai d of

a beam del | very. system BD ¢ risin X suj t abl prectin
mrrors a?HH?tg‘F g‘ée‘%‘@ém”ér?rﬁé’ﬁw lb gjfl?‘?g C]g‘s 1rtcﬁsees e gre%nngﬁlqi)eagan °
integral ; g&l&{nmﬁeilﬂl})@ﬂgm@ aﬁatam&r@cfah@lewlwnmmas%ed@c@mur ce is

a mercury The source S the illumnator IL, together with the
beam del |”Ehersyum§/ § O B ﬂlhnmmrllhetdgethmﬂb@e bedre delixery eystesm BDrifrenuitadon
system [00042] The illummnator |L may conprise an adjuster AD for

adj ust i ng@H® aisget &2 3 AR #5518 st ri buti on of the radiation beam

ceneral | ioodd) | ©25thd e Tt(ﬁrﬂ,mg/cghlpgé\gﬁ{adﬁ’sgér% SPslfBting 6 TR

referred t aou ect vely) of t intensity

distri bUtmt@ﬂfBltlyrdhmlﬂtﬂi@mofﬂieélﬂ@a@dn hdam, Gehernily)at least danodser andjon steritadioh
addition, the illumnator IL may conprise various, ot her conponents, such
as an i nteatgndmmmonlyam&r@d&wg@r ﬂ%‘lmﬁé fe%PF‘FterﬂYSQf e IRESe used to

condi tion, radiatiao bea hay | Vi sity
i st i budiSibHRaE apunLease Pt St Gofa PR e dh b e Rhdthae
inci dent ,0 KbBB iR drRub biher éiﬁh‘;ﬁcﬁh@nt@ &ugh as APiategMr,IN adiaddondehséral @ Tire t he
support structure (e.g., mask table M), and is patterned by the
patt erni ni@nniamocmay blausadgo condidonstd radisiondsrmma hayea desiced ani form e P
passes t hrou ection system PL, which focuses the beamonto a

t ar get pb‘??rfsgﬁd@trﬁ%ut’? GHPTSER°%%  Wth the aid of the second positioner

PW and 04:#402;] gl;}r&;ﬁdlhﬂ%orﬂ?eaﬂr PIMY 1h&H&{tfoﬁrtﬁlva'ﬁ?attt@frﬁng dexdeqe.g., aseMA)encoder

or capacitiv the substrate tab can be noved accurately
e.g. So ahidhds hedichitiensuppdit eﬁnmmret(aggmaslptabbl\dﬁ)saﬁdlsrpaﬂh@e@éy theof t he

ensor  ( ReHeEHIE dovien Tisyine iy (g apask A e bows Feciree toaar B "

accurat e-l)%g R0k Ef/s?é?n bRewRE fodtEesth BednfSIRE Gltark ﬂoﬂﬁmp@bhthe substrate W.
With the aid of the second positioner PW and position sensor IF (e.g. an interferometric
device, linear encoder or capacitive sensor), the substrate table WT can be moved accurately,
e.g. so as to position different target portions C in the path of the radiation beam PB.
Similarly, the first positioner PM and another position sensor (which is not explicitly
depicted in Figure 1) can be used to accurately position the mask MA with respect to the path
| of the radiation beam PB, e.g. after mechanical retrieval from a mask library, or during a
-scan. In general, movement of the mask table MT may be realized with the aid of a long-
stroke module (coarse positioning) and a short-stroke module (fine positioning), which form
part of the first positioner PM. Similarly, movement of the substrate table WT may be
realized using a long-stroke module and a short-stroke module, which form part of the second
positioner PW. In the case of a stepper (as opposed to a scanner) the mask table MT may be
connected to a short-stroke actuator only, or may be fixed. Mask MA and substrate W may be
aligned using mask alignment marks M1, M2 and substrate alignment marks P1, P2.
Although the substrate alignment marks as illustrated occupy dedicated target portions, they

may be located in spaces between target portions (these are known as scribe-lane alignment

-7-




of the radiation beam PB, e.g. after nechanical retrieval froma nmask
library, or during a scan. In general, novenent of the mask table MI may
be realized with the aid of a |long- stroke nodul e (coarse positioning) and
a short-stroke nodule (fine positioning), which form part of the first
positioner PM Simlarly, novenent of the substrate table WI' maybe
realized using a | ong-stroke nodul e and a short-stroke nodule, which form
part of the second positioner PW In the case of a stepper (as opposed to
a scanner) the mask table MI may be connected to a short-stroke actuator
only, or m®¥s)bSinfiladedin sitasionyh whith sadvs thaabee ikimyrobiled ahitlgrreaskddAnge mask
alignnment marks M, M and substrate alignment marks P1, P2. Al though the
subst r at engskiafjerment naki@anke located betwearthgdisSpy dedi cated target porti ons,

they m | ocat h . t t t t own as
ST 8 e BT e g e
one di e [gpopsovi ded on Infiephsde, M8 mdsk eablemaETkanalthgsubeinite rabidd Trary képe

| ocated between the dies. [00044] The depicted apparatus coul d be used in
at | east essestigly statonfuy, while ayentive sattern jramoted fo the radiationdivarpg g BroIeHd oM k

table MI and the.sulsirate table W a kept ' | , While
an entir & PEELRYHON %L?qeetgn? @‘et fEmEGE Faglf ieglgos%ez;ﬁl:%s% h%sﬁ%a}té’etgﬁ%ﬁ’%g{'@wa
target pPhifeah fiedt A& ¥ tiBction 6 that a i MILE thEipbfiop P odbekposielnstpst r at e
table WI is then shifted in the X and/or Y direction so that a different

target ponddepthe Gagamurb sizexip theadpodure Belé mitytliesiza efdhertaxgernertion £eimsged he
exposure field limts the size of the target portion Cimged in a single
static eMhpsuele sialigg¥R®I% | n scan node, the mask table MM and the

substr at pohghl ¢ Wh ar e 1o SCANAGH, BRNEAL LBV aiitht tBuRlisRs Wi amart ed to
the radiation beamis projected onto a target portion C (i.e. a single

dynani ¢ exmasdsy@rhrontweslywvehidei pattcaminphirtee 6t fhe madddtiontheamubptojested ontebl e WI
relative to the mask table MI may be determ ned.by e (de- njfication
e RS Sy of By R M S R S R R R e i

non. scaniiio L aer T argre ek MO ooy S e e e

exposur e imuhataasal thaadteigichobihe blsgection systeng Phrokni som nhete rthe mexintuiresitiei ght
(in the scanning direction) of the target portign. [Q0047] 3. In_ .another

mode, t hef thaskpasuts ficldimits theswidthedn tiemoatsrinnangdiresHephe! toprgchipraon m a
EL gg rng(rjn"r%tr)llg% a@ﬁérﬁl% re%@s%req @ ielge%S th%qgigttlpgf {Be' pcsa}lﬁﬁé ?nottl%g ld%te%nie§ thg[?l\éfgﬂt or
(in the scanning direction) of the target portion. '
[00047] 3. In another mode, the mask table MT is kept essentially stationary
holding a programmable patterning device, and the substrate table WT is moved or scanned
while a pattern imparted to the radiation beam is projected onto a target portion C. In this
mode, generally a pulsed radiation source is employed and the programmable patterning
device is updated as required after each movement of the substrate table WT or in between
~ successive radiation pulses during a scan. This mode of operation can be readily applied to
maskless lithography that utilizes programmable patterning device, such as a programmable
mirror array of a fype as referred fo above.
[00048] Combinations and/or variations on the above described modes of use or
entirely different modes of use may also be employed.
[00049] A further immersion lithography solution with a localized liquid supply system
is shown in Figure 4. Liquid is supplied by two groove inlets IN on either side of the
projection system PL and is removed by a plurality of discrete outlets OUT arranged radially

outwardly of the inlets IN. The inlets IN and OUT can be arranged in a plate with a hole in its
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while a pattern inparted to the radiation beamis projected onto a target
portion C. In this node, generally a pul sed radiation source is enployed
and the progranmabl e patterning device is updated as required after each
novenent of the substrate table WI or in between successive radiation

pul ses during a scan. This node of operation can be readily applied to
maskl ess |ithography that utilizes programabl e patterning device, such as
a programmable mrror array of a type as referred to above. [00048]

Conbi nations and/or variations on the above described nodes of use or
entirel yeditdriaad enbugiodesh the pusectivabeah soprogcedpligyidds syppiodiby one grae¥ener

I mrersion |ithography solution wth a_locglizedliquid | S
shown i ninftdoa one sidp giithg nryjectippsyiten PW\KB“%YE&W HIWF‘@@E&I%CI(S)%;% Ser

si de of ' L LPLS Vo 6F aRthiarfahd éfliqufd di screte
outlets %ﬁﬁ“ﬁﬁ%ﬁﬁ%@%hggﬁﬁ%ﬁPgﬁ&ﬁh?aggﬁ?gLﬁgﬂgﬁggﬁﬁ|ets IN. The fﬁlets I N

and QUT B@ﬂe&ﬁh@?f@aﬂefi sysfera Pplagd eheviubstrate WolTbe chpibe of wigcl eamaldnatign®ft hr ough
whi ch the projection beamis projected. Li %ui d i $ SUQIEII e }tgey gagat ove
inl et | Nindet INmad entdrss QT thaspeas) dependorn b dfestiopiol 1oy 8%)3& B S Mral ity
of discreie outlets ..OUT.on t | 4,h&;vay oj ection system PL,
causi ng éﬁ‘? ?tg% o/ gﬁ‘ﬂ?ﬁf*ql?tﬁgpgﬁpgé&? ?tﬂgoee?&\lge%%&?ﬁé proj ection system PL

and the {ﬁﬁﬂ&%! r at e AMbthERn@BRIchitiafzradhy eblutiowtvith atlocaizaf liquid bupply systard
outlets 'OQUT to use can depend on the direction of novenent o{ t.he substrate
W (the atlitem wiicbhasdieenproppsadis trprovida the luid spplyeymeB iy HHEdt i ve) .

00050] Anaqt her imersion lithograph Ql.ut | | | ' hbkh d
[suppl y] sSRnBFmeR SHHERESVRIAR E’He?fgsa?(g'@éﬁ?eﬁ?tédﬂgg e%é\aﬁlbtg&%%%%% ('Si%ﬁ% ? ﬁgﬁﬁﬁ%ui d
supply system éfiéxhé}ﬁ%flugqﬁ&jea%&l? §tb QA fie sabdttitd tble. Sutheisotntioansls al ong at

of a

| east a part oundary o e space between the final elenent of the
proj ect i hstsatad ifigure 5t Fes bquhé cordinementstrmctugyis Fubstangphly stefpmasy Tealivg & ot ed

in Fi 5. The |iquid i t structure | a0k ] i
o at | velnegrojesin sryta ek CPEREHoreh [ %o SnB LGSR PR B T o
el ati vesiRysRRtnd dirdisy ér idbbRG! AR, W Rallib Rorflicl eakvcamdefliqute opti cal

axis). A'sea or me etween the Iiquid confinenent structure and the
surface @nfihbRegihsétiatad thasuwaiceofthdsutsiate. Infie eabatliment,dhe seghisdct | ess seal

AT T TR T
entiret ypal%é/nt 5851%5%}&%. US 10/705,783, hereby incorporated in its entirety by reference.

- [00051] Referring to Figure 5, the reservoir 10 forms a contactless seal to the substrate
around the image field of the projection system so that liquid is confined to fill a space
between the substrate surface and the final element of the projection system. The reservoir is
formed by a liquid confinement structure 12 positioned below and surrounding the final
clement of the projection system PL. Liquid is brought into the space below the projection

- system and within the liquid confinement structure 12. The liquid confinement structure 12
extends a little above the final element of the projection system and the liquid level rises
above the final element so that a buffer of liquid is provided. The liquid confinement
structure 12 has an inner periphery that at the upper end preferably closely conforms to the
shape of the projection system or the final element thereof and may, ¢.g., be round. At the
bottom, the inner periphery closely conforms to the shape of the image field, e.g., rectangular
though this need not be the case.

[00052] The liquid is confined in the reservoir by a seal 16 such as a gas seal between
the bottom of the liquid confinement structure 12 and the surface of the substrate W. The gas

seal may be formed by gas, e.g. air, synthetic air, N or an inert gas, provided under pressure
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[ 00051] Referring to Figure 5, the reservoir 10 forns a contactless seal to
the substrate around the imge field of the projection system so that
liquid is confined to fill a space between the substrate surface and the
final elenment of the projection system The reservoir is forned by a

| i quid confinenent structure 12 positioned bel ow and surrounding the final
el ement of the projection systemPL. Liquid is brought into the space bel ow
the projection systemand within the liquid confinenent structure 12. The
liquid confinenent structure 12 extends a little above the final elenent

of the pwhjirkt it thy ghrebataech liduid ¢dndinbmebtetratture 18end subsiwts and exiracied

el enent so that a buffer of liquid_ is provided. The |jqujd nf | nt
st r uct ur &ayigrstgleplft. iThe gverprssiuyn et @etgﬁgtn?eétl t‘f?&u%%‘é’f’i ‘g‘hﬂ‘epﬁcrfsef"‘eﬂrl‘?}gﬁ?
closely rng%t ar ARG HELALRRRY fw foRerdsithal

el enent %ﬁ%&%o r?gﬂ]rif{x%? e.g., gﬁ:&soﬁt@ﬁtﬂtﬁ%@ﬁ tlge eboﬂl%ﬁ t he i nner

per i pher yogires eleyliquab fitoitithetvndérsteod ba fie pefson eilledringtbe it éhad other gypes of
rectangul ar though this need not be the case. [00052] The liquid is
conf i neds¢ahcewé be Basdito epiptaipyheliciedl 16 such as a gas seal between the

bott om liquid confi Str . aepRife 4016

subst raﬂbo‘wj‘?The dgcgogdg%gdﬁo%na%;ﬁ{%%gﬁ%?%#%ﬁ é%@,r’]g%%gﬁatg?lélpﬁsgﬁt heet ic air,
N2 or ansiRefch viifeh mpve\Hoeleshtalidatio oskiba uinder tBe profection sistebs repacitpthgap

bet ween Pi qui d confinement structure 12 and substrate and extract edII Vi a
first ousubstratedableivdichmpynsawsy fomoits mqséloga\l@d?rﬁh@mlﬁ&?o'@/aﬁé?{ﬁﬁ‘ﬂ;‘?fé"’\?&ﬁa %n the
first out)et 14 . an eonetry . .of the R - ar : oS a
i gh- vel S5 1 el SRR Cone! e it AP ARiA Raub HRleh b

under st ogd Jystlheape s thatkdohfifub undieBed mbtial is alloveed thigethe sibstrsieal coul d
be used to contain the liquid. [00053] According to an_enbodi nent, of the

i nvent i onblednnavtdavedirohdtsiposjtiph ander 26 prejectinnystamd WitiHe B¢ sayvaataming

hori zontal Ly into, posi.tion under the projecgt.io ' e
cobstr at et PPN o Tioeneiay P Eebh A nel PRSIk of FRIAGIRGAER,
system hﬁ’%ﬁag@@%mié}%are udcd8o e Y fup&eatfablcRayado it 18ed Cramiipentll ate 20 is

posi tione a substantially equal height to the substrate table such
t hat conjdtitieusf therdddsirg plite dA srddstibed ia naire deteid belbhwnaative cemperspiéereof theybl e i s

et MR I R S )

P SRR Ao BB NCD s Snes g ot
employed. The actuated closing plate 20 is positioned and/or shaped such that it does not
block any interferometer beams during measurement by these beams.
[00054] One or more advantages of supplying an actuated closing plate may include a
faster substrate exchange, maintenance of gas, liquid and vacuum flows in and around the
liquid confinement structure at a substantially constant level (thus possibly reducing settling
times and decreasing the likelihood of contamination), reduction of mechanical disturbances
of the projection system and/or the substrate table, improved utilization of space on the
substrate table (as no separate closing plate need be provided on the substrate table) and
elimination of drying spots on the projection system. Additionally or alternatively, the closing
plate according to an embodiment of the invention may avoid the need to remove (and then
replace) the liquid or moved the substrate vertically out of position so that a closing plate
‘may be put in its place. Chaﬁges in liquid, gas and vacuum flows may take time to settle and
vertical movement may cause disturbances on the projection system and on the substrate
table. Turning to Figures 6 to 9, Figures 6a, 7a, 8a and 9a show plan views of the substrate
table WT and actuated closing plate 20 in relation to the projection system PL. Figures 6b,
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actuation of the closing plate. As described in nore detail below active
conpensation of the change in vertical |oad on the substrate table, when
the force associated with the liquid confinenent structure 12 is noved
fromthe substrate table to the closing plate, may al so be enployed. The
actuated closing plate 20 is positioned and/or shaped such that it does not
bl ock any interferoneter beans during neasurenent by these beans. [00054]
One or nore advantages of supplying an actuated closing plate nay include a
faster substrate exchange, mai ntenance of gas, liquid and vacuumflows in

and aroung ghgnd 8 SHonOsiGONEWHENBB butihid€itlé W RindPachisbatchosingallhty 20 omst ant
| evel (thus possibly reducing settling tines and decreasing the |ikelihood

of cont anelatien wrthe progattion systenoPLnechani cal di st urbances of the projection

system apd/ the substrate, tahl e,  inmproved utilizatign, of e
substratagpgﬁle (aIgﬁﬁséﬁﬁﬁ1§fgmgﬂaggﬂﬁ“ﬁmgﬁOwggég%gl6?%%?%%%ﬁﬁﬁﬂ@ﬁ%?
substrat %culh%h%)os 12160 Bl ERexRhpRY Bipdsurs BPILS sAhstlaReWDTRS g6éih@platey st em
Additionally or alternatively, the CPOSI ng plate according to an

enmbodi mend owtfof tivewiynefdht profectierysyateoi BL tinbthaerbbtate Wdatived ymwidh theen

replace) the |iquid ?; noved the substrate vertically out of position so
that a cPBYsHYNSYHE® Plnay be put in its place. Changes in liquid, gas and

vacuum f oy may kel riend &%ﬁh&e’m{i«g pbSiibALCGH thIRILGHRE tablPW TCAUIRe

di sturbances 'on the“projection systemand on the substrate table. Turning
t o Fi gur @sufited 0loSingplag¢2@ehég forkxamle, aqds@a of Hewupsteate W iswsmpletetdre

substrate table WI and actuated closing plate 20 in_rel ati@n to the
proj ect | aearkieommete) Themcated slasing plaie 26 f5 meypdinte apsitiogineh hat lmsé"@%&“@r the

substrate tabl e, W. t L-psi . ' L el atl t he

proj ecti §ﬂn7§§1§§gmw @E@f@%&’égt?ﬂ? g‘(ﬁgé%éﬁ %@B%ﬁhgwj%cﬁgﬁggﬁg? ?gé positions
of the syghgd7at e tEphes YWadigh dhb& thesduatedoghgplar@nplaeing thedubdtng; f or
exanpl e, exposure of the substrate W The closing plate is out of the way

of the ptabjeeWtT enseships exambe, thaexposie ofiths substietaWViis complets- Bpfhihe #ety
jection . L., [ 00056], Fi 7 7 : | At i it
bt %t he. sopstE R pamhaRherE W mTs B M bl i Bnecs Pog, O

exanpl e, L& xRReHI&epf the substrate Wis conplete or nearly conplete. The

actuated closing plate 20 is noved into a position such that it is aligned

hor i zont{a0038] wi t h Riferesemidrdtshowahd actwafedelosingplaie@d) in positiemundsathsr oj ect i on

system Plﬁfojection system PL with the actuated closing plate 20 acting as one side of the boundary
containing the liquid 11. The substrate W can now, for example, be swapped with another
substrate W on the substrate table WT and the liquid 11 has not been disturbed.

[00059]  An advantage of this system: is that the liquid confinement structure 12, the
proj ection system PL, the substrate W and/or the actuated closing plate 20 is not disturbed
throughout a substrate exchange procedure. Furthermore, there may be no vertical movement
of the substrate table WT and/or the actuated closing plate 20 so that the risk of gas being
introduced into the liquid supply system is reduced.

[00060] Furthermore, the substrate table WT may comprise an active compensator 25
configured to compensate for a change in force when a force exerted by the liquid
confinement structure is removed from it. This compensator may comprise a vertical motion
sensor and/or a pressure sensor on the substrate table and a control system configured to send

~ * acompensation signal to, for cxample, a substrate table positioner PW, the substrate table
positioner PW configured to move the substrate table WT in response to the signal to

compensate for the change in force, Additionally or alternatively, the actuated closing plate

20 may also comprise an active compensator 27 in order to reduce the disturbance on the
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[ 00057] Figures 8a and 8b show the actuated closing plate 20 repl acing the
substrate table WI once, for exanple, the exposure of the substrate Wis
conplete. Both the actuated closing plate 20 and the substrate table W
nove in the sanme direction, at the sane horizontal |evel. [00058] Figures
9a and 9b show the actuated closing plate 20 in position under the
projection systemPL with the actuated closing plate 20 acting as one side
of the boundary containing the liquid 11. The substrate Wcan now, for
exanpl e, be swapped with another substrate Won the substrate table W' and

the |i quighullcoRfiserR: sheGredinsed I toeekanipd) 0Rh tArliquitventiagaenfsttittis isyst em
is that the Iiquid confinement structure 12, the Eroj ection, systemPL, the
subst r at eenddadditan itt Flis gempersaidr BRY SPHABPFi§S| AacEicabmPy o BRNSeY; f’é‘B{ﬁ’F Bogrssure

t hroughout a suhstrate exchan ocedure, ne may be no
verti cal Sﬁ‘%ﬁ?éﬂ%ﬁ? acypted g Sglﬁl?gaﬁ? g(ﬁ %mf%t qngrob\%%%%g?c??gpﬁg t%g‘%lggdt ed cl osi ng
plate 20 - ' R, PREME cohfienaugetni Risttionbe2, itgulighid uppl y
system i gsﬁg%%{elﬁa%%%%g?ﬁéﬁ?hern%re,cot he subg}?_r atﬂéﬁtabl e WI nay conprise
an acti veonfimepens aystm A&itianen? epmfigured do monp dedignid qonfingment sEyure] 218y ce

when a force exerted by the Ii%geie(d coBfinen?nt structure is renmoved from
it. Thi s respApee iesienshlp OBMERIHNeIOL G EPEEe AN 9Bt i on  sensor and/or a

pr essur epGRROT OnriEpSHRCLERWTLARNR RIAIA SRk Sysiaticanly gur o0 (o

send a nsation signal to, for exanple, a substrate table positioner
PW the sulifédhad Chisahéams tpotiey ayde afswhed tigether wlien e aeivated plosiwgpite 2} e
table WI in response to the signal to conpensate for the.change,i orce.
Addi t i ona teplaping she sspsieate agle,W (T]“taﬁé V%;F@tvﬁ%rs%‘t < bc ﬂ?%‘irj’&d %‘2’6‘ %‘% "%e;s 0
conprise an actlye 0 g ihPplhRDAGAd kndiehible Banaayon the
“11 i quf’Hcec@ﬁﬁp\r(aeCﬁ%l%{mgf ?u 1? {ue'r ggec%%%ag%@?%é@%lxgnpl e “When the Ii qui 4

conf i nengmileh @b &llddDby thesmeagstbmndh dr27 of bl semmtpestatsdls ardy’conpri se a
vertical notion sensor and/or a pressure sena*(%(rf.on t he act uﬁl;glﬁlq cl osi ng

pl at e 20 Sepatata longrainoke agfyaies e aff FZASSHOVS 18 BN 1S eSIRBER I ‘gnal to,
for example, .a liquid cqnfi t 4+ , aey
conf i f]e g‘?ﬂmsf‘f/ %‘ft{éagrgtlﬁ &a]y%eé: hg&&%@ bﬂ% %aglggr %g&{[ig' (ﬁora%ertglﬁg % ‘?‘35’ ?%tag%) %? ia?]de ment

structure;12 in response to the signal to conpensate for the change in

force. [00061] The substrate table WI and the actuated_ cl osj ngl El ate 20 are
r el easabjiogo62] In an embodiment, forces on the actuated closing plate 20 may be me. sured,

for example, by the actuated closing plate active compensator 27.and fed-forward to a control
system (e.g., active compensator 25) of the substrate table WT so that the forces acting on the
actuated closing plate 20 will be compensated for and thereby not affect the substrate table
WT. In this way, the actuated closing plate 20 may work as a force measurement system for
the substrate table WT.
[00063) While one or more embodiments may have been discussed in relation to
removing a substrate from the substrate table and placing another substrate on the substrate
table, one or more embodiments herein may be used in other applications. For example, the
substrate may be kept on the substrate table but the closing plate is used simply to close the
liquid confinement structure. Further, while one or more embodiments may have been
discussed in terms of the substrate acting as the boundary of the space between the projection
system and the substrate, the substrate table may independently or conjunction with the
substrate form a part of the boundary of the space. For example, a portion of the substrate
table (e.g., an alignment mark) may be positioned under the liquid confinement structure and
form a part of the boundary of the space. Accordingly, the closing plate may replace the

substrate table as a part of the boundary of the space, or vice versa.
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coupl eable. This neans that they may be attached together when the actuated
closing plate 20 is replacing the substrate table WI and vice versa; but

t hey can be detached from each other once the replacenent is conplete. The
actuated closing plate 20 and substrate table WI nmay simlarly be
controlled by the same system 25 or 27 or by separate systens 25 and 27.
Separate | ong stroke actuators 22a and 22b as shown in the Figures nay be
used; but the separate actuators may be controlled by the sanme 25 or 27 or
different control systems 25 and 27. [000621 In an enbodi ment, forces on

t he actu | osi ; u , r ]
act uat edatg@g% f ng p F}ggvgﬂogéaﬁ I?PS“?%#BQ‘%&%F g&' ggﬂs 7%%9?%%?%%? \%’\ng %65H28C ontr ol
syst em ( estgge imAedrdivielithoFRERG @ic?@rau&‘ik didtlokdde Sedhbsitapphratuis adbprevidid sdththat t he

forces acting on the actuated closing plate 20 wll be canpensated_for and
t her eby nigbleafor supporting ssubstraiatleveliy measypements apgagrighout wie? gpleght et

cl osing pl at.e 20. work.as, a. e r ubstrate
tabl e WI. pc[SBl?BBmtﬁ%&%il%%egsﬁ% l(1) léfo%g%éﬁg%ﬁ%gﬁg& %‘%&ﬁﬂla%/qgf) eaéﬁts%?’g@ussed in
rel ation gqitiohewWhst Mmarstiisdui @ls@réseAlBRatedds tiedppataalslias anlg opt ableng

anot her substrate on the substrate table, one or nore enbodi nents herein
may be u$@M6Ffh ot hdlthoyghl specifit eaferenceamaycheampdedn thip text gibe vseeidithegyaphic kept

th bstr at bl th | 0S| | ate i Loply f. th
"quta comprbaniR St ofich TR e tiEridd BRI B ieh S fieliEs [y
have beenyesdinagUsRELmhPhive dMer ApplidaBoiyArh 8 iR M&huferd of Ifgrhevssiray of

the space between the projection systemand the substrate, the substrate
t abl e naysystedeERittiect dnd detectompattects fonmagndtic dhmaingndgoness Satfaneh displayst  of

t he boundary, of the spac For, .exanpl e, a portion_of the substrate table
(e.g., a qu}q—%ﬁ@,ﬂmpi&sléc@% -ty dpagnglishpads Gl Tﬁ?\@“ﬂ?%ﬂ%ﬁm&ﬂﬂfi nenent
struct ur jatcl 18 REHIGA hphfatioR€ 28D ACEof HAE EPREIREY ort he
cl osi ng %Pg%glatematg&{qgﬁggge&?ﬁfgﬁsugstrate %pgblae as aaypar? of the boun(?eliry of
t he spacediebhencircaybe sasidefed a 6RMGHMolswiEh ilapear gBadralrtbrnfy siibstate’ on No.

03257072. 3, the idea of a twin or dual _stage inmersion |ithograph
appar at us target gpienodepecisisbh Tha S%Haﬁea?fageff @F%%W@&echﬁssfjag’&gﬁé‘f es for

cupoor | feeBHAT Y ek P RRISGOE RIS i 1 2 101
with a tabbsrartand ds@deRthe exposed resist), a metrology tool and/or an inspection tool. Where
applicable, the disclosure herein may be applied to such and other substrate processing tools.
Further, the substrate may be processed more than once, for example in order to creaie a
multi-layer IC, so that the term substrate used herein may also refer to a substrate that already
contains multiple processed layers.
- [00066] The terms “radiation” and “beam” used herein encompass all types of
electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a wavelength of
or about 3635, 248, 193, 157 or 126 nm).
[00067] The term “lens”, where the context allows, may refer to any one or
combination of various types of optical components, including refractive and reflective
optical components.
[00068] While specific embodiments of the invention have been described above, it
will be appreciated that the invention may be practiced otherwise than as described. For
example, the invention may take the form of a computer program containing one or more
sequences of machine-readable instructions describing a method as disclosed above, or a data
. storage medium (e.g. semiconductor memory, magnetic or optical disk) having such a

computer program stored therein.
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position, where imersion liquid is present. Alternatively, the apparatus
has only one table [00065] Although specific reference may be nade in this
text to the use of lithographic apparatus in the nmanufacture of I1Cs, it
shoul d be understood that the |ithographic apparatus described herein may
have ot her. applications, such as the manufacture of integrated optical
systens, guidance and detection patterns for magnetic domain nenories,

fl at - panel displays, liquid-crystal displays (LCDs), thin-film magnetic
heads, etc. The skilled artisan will appreciate that, in the context of
such al L@w@ﬁ]' ve apm drGRble @RDodiditYitslbTthYredchinbafivh mayetedpplied to angli €”
herein y bé considered as synonynous with the nore general terns

" subst r afmtnersion lithegrepity apparaussin partiespedul vesleyclusivelystaiibese Anss meponedd t o

her ei n be processed, before ar fter exposure,, in.for ex -track
(a tool #HC ﬁaiﬂu@?@?g’ﬁf}?‘iﬂé’é C%ntf’%@fed reﬁ%@]oélrc{l?dobrgadl¥ g%%sfr}la e gerll‘%m
devel ops iRERASR thay B3 iaShdchadisi®l EQhBENi A surBftlfethad BrdvivkP adiquiidio bool .
Wher e aS‘t&BlS%lg‘ﬁPfegj &t ﬁg%giascl osu?e herei n rlray Se appl i ed@t 0 suchhand ot her
subst r at epgee beteasn (g frojottion syfantand the ubsraedsiioratibstratg/table. I may eempdsonor e

t han once, for exanple in order to create a_,. nmuJtj-layer IC so.that the
term su b§1091§i3@aﬂ%gp%% MPTeEMCHITES OP%P@POEG(JIQH“L’HE& Péff gt Tﬂ‘?tgaﬁ}rﬁ%%dy

contai ns bt} pl.6,DLARES Shllo! 5‘1?6 r$nork %Qﬁ)i?%ﬂ%cg Bhat gfo@ﬁie e BfthOdpacd el

beant used herei*n encorpass all types o el ectromagnetic radiation,

i ncl udi ngn ebsdimient, & surfadd)of rrdpade 4y teea portibmud thg sebsiateshdiogsibséte or about
365, 248, 193, 157 or 126 nm. [00067] The term"ﬁ_ s", Wneredghe cont ext
al | ows, Hble, prg arrface ofihy spase ey cORpIRiFlY 50V A Surtacs iﬂaﬂx%lbﬁ%%én 1 opti cal
conponent s, . includi ng r |V I i OTRORARL S-
[00068]  TRSrACTARG of the SBhdsT i BB hAFAL o NASLOROTROAEM >
above, i fuppW dykteREm@PHHt iagy fethbhiaklubié end avBse ictsmadiisyto lentpoldld pasaibn,

ot herw se tphan as described. For exanple, the invention may take the form
of a conpuantity, prayy.shanse fAowiraieny athether fepfires of Biedigeifces of machi ne-readabl e

i nst t d o] .met hod .di scl . . t:

roci um (L0 Sem dbRATRrGEoRAPRYS Ao dRmr ool o e o Pl R 00800,
conput er , PLOGFAMSIRIsRMlel RtiRIaR-that modlfcaliBROAEY b&RRIOI thehveridindi nent s of
t he present 'invention may be applied to any

described without departing from the scope of the claims set out below.
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i mmersion |ithography apparatus, in particular, but not exclusively, to
those types nentioned above. A liquid supply system as contenpl ated herein
shoul d be broadly construed. In certain enbodinents, it may be a nmechani sm
or conbi nation of structures that provides a liquid to a space between the
projection systemand the substrate and/or substrate table. It may conprise
a conbi nation of one or nore structures, one or nore liquid inlets, one or
nore gas inlets, one or nore gas outlets, and/or one or nore |iquid
outlets that provide liquid to the space. In an enbodi nent, a surface of
the space nay be a portion of the subSLAdME and/or substrate table, or a
surface of the space may conpletely cover a surface of the substrate and/or
substrate table, or the space may envel op the substrate and/ or substrate

table. The |i qpiifihogpahMit! proR¥8EPPIBYusOBth d.y further include one or nore
el enments to control the position, quantity, quality, shape, flowrate or

any ot her featausubstrgt tabbecdnifigwied to hald@A0bstile descri ptions above are
intended to be illustratjve, t limting. Thus, it will . be apparent to
one skil | ed i n PRISCPR SYSIFR Comgodda prisid = pagerpid MBS LTadERE SHBAI T on as
descri bedgt-hiput departing fromthe scope of the clains set out below -14

CLAIMS 1. A lithographic projection apparatus, conprising: a substrate
t abl e confi guraliquid chrdldmenssibsturateifigaradrio pedineardigydinenspacnbdtgemetie t o

project a patferned be of .radiation onto th substrate; .a liquid
confine rre‘?ffpj] eg??lhﬁfgﬁ’%a@gh? ssre 41‘6 S‘@?ﬁﬁ?ﬁen@e é‘ﬁ?s r&@itﬁpl?’ﬁrgo@pﬁ sdigen the
projecti %nﬁ)é%mfg@guﬁ&?y§f,mégéﬁ e, the substrate, the substrate table, or

both, configured to forma part of a boundary of the space; an actuated
cl osi ng pl at e aacfuatpdrebsbittigplite configupad to fofm a phw ufiddoyndafy dftthe gpac & placepl ace

of the subsirate, the substrate table, or both, when noved w thout

subst ant i ‘gﬁf‘?s"(tﬁ’ﬁgi‘t&rtﬁ? ﬂ'i}lj’SttrﬂS tatﬂ?? Qb B‘é‘,ﬁ’ Wﬁ‘é‘l WPy Wity srbsmiay disturtivg e, or

bot h; wheigid did el Ak LRsd ate and the substrate table are

configure tlo’ move - hof | zon{%gﬁtﬁ%y r%{ag?%é to each other when the actuated

cl osi ng pl at e Wioareis thpeant acafatddrodoshousidiarayd tiefsubdigitspabieare configured to move
horizontally relative to each other when the actuated closing plate forms part of the boundary

of the space.

2. The apparatus of claim 1, where in the actuated closing plate is configured to moves
horizontally into position under the projection system, to replace the substrate table, which

moves away from its position under the projection system horizontally.

3. The apparatus of claim 2, wherein the actuated closing plate is configured to be

positioned alongside the substrate table when it replaces the substrate table.

4, The apparatus of claim 1, wherein there is no vertical movement of the substrate table
~ and/or the actuated closing plate when the closing plate forms part of the boundary of the

space.

5. The apparatus according to claim 1, comprising an actuator configured to move the
closing plate along a horizontal plane to form the part of the boundary of the space in place of

the substrate, the substrate table, or both.

6. The apparatus according to claim 1, comprising an actuator configured to move the
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2. The apparatus of claim1l, where in the actuated closing plate is
configured to noves horizontally into position under the projection
system to replace the substrate table, which nobves away fromits position
under the projection system horizontally. 3. The apparatus of claim 2,
wherein the actuated closing plate is configured to be positioned

al ongsi de the substrate table when it replaces the substrate table. 4. The
apparatus of claim1l1l, wherein there is no vertical novenent of the
substrate table and/or the actuated closing plate when the closing plate
forms par rlosmgminte amtemjansfas thesubsipie dhe SibstTie tabispar bathsandde &rlltisnget o

2 hor i zont B gl B BT R bply g bf ot Ry rkb®E pace i m i ace

of the substrate the substrate table, or both. 6. The apparatus accordi ng
to cIa|n11 nEr|S|ng an actuator configured to nove the -15 closing
plate in sam’aF papnaeetessofictmmsly pdieredn ef leafions uﬁ@nersahwateabble angtheppbising and

to foll bstrate the substrate tabl th d
conf i neneh PR e SBrdisgs GF bimbftia B 1 Sandes SR Serlaitone

of the SUHQﬁlﬁ%bﬁiﬁeﬁﬁh?stﬁ&%r& %eﬁ' it9§in'ﬁ9dud%h% Br LRREL B8 BOrRPEdENE
conpensator for conpensating for a change in force exerted by the Iliquid

conf i nemepubskete subsirate tahksrorictosing pilate.r oduced to or renoved fromthe
respective substrate, substrate table or closing plate. 8. The apparatus
according to claim1l1, wherein the active conpensator is configured to

conpensat g f or TRe £1aRER dcforiR@do ORirh hewﬁaieﬁttﬁéta&w%bs geﬁs@to% Isdéo'hﬁ%ﬁﬂe@'ﬂ)

perpendicular to a direction of novement of the su rate tabl e"due to the
r epl acenmeenmpshsateéorsuchangedn doadtdmehe sullsgate sdbée iIH:bfﬂiBE;C‘[lOIIE pdapbrkdlcul\nrtth at he
cl osi ng pLat as.a gart of. .t he. bound

he
accor di ngf 181’ 9f woye %é’f&}eﬁ“’f’ﬁ@% tdruﬁf(ét&’f’ %g}%ﬂt ?fﬁge %@gtﬁg&‘glt ;ts e are
rel eaSﬁb'%b@@M@ka%Pé%ﬁbotﬁothﬂ_ﬁm% FRAR! S5 BHER0 th@%oﬁ a?y@‘ftﬂhg;i:acwnere' n the

substrate table and the cl osing pla are configured to couple together
when the actuated closing plate is replacing the substrate table MW and/ or

the substrate table is re ing the_ actuated c|osing plate.
appar at us -acc o-h&ﬁ arPQarlaB‘S@F‘g] &“E &0 ke i SV herein dhesybeaiephleagd fhe W&m@e are

cl osing plefG&bly coupleable.

10.  The apparatus according to claim 9, wherein the substrate table and the closing plate
are configured to couple together when the actuated closing plate is replacing the substrate

table WT and/or the substrate table is replacing the actuated closing plate.

11.  The apparatus according to claim 10, wherein the substrate table and the closing place

are configured to detach from each other after replacement.

12, The apparatus according to claim 1, comprising a first actuator configured to move the

closing plate and a separate second actuator configured to move the substrate table.

13.  The apparatus according to claim 1, wherein the closing plate is at a same vertical
level as the substrate table and neither the closing plate nor the substrate table is moved out of
the vertical level to replace the substrate, the substrate table, or both, with the closing plate as
a part of the boundary of the space, to replace the closing plate with the substrate, the
substrate table, or both as a part of the boundary of the space, or both.
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are configured to detach fromeach other after replacenment. 12. The
apparatus according to claim1l, conprising a first actuator configured to
nove the closing plate and a separate second actuator configured to nove
the substrate table. 13. The apparatus according to claim1l, wherein the
closing plate is at a sane vertical I|evel as the substrate table and
neither the closing plate nor the substrate table is noved out of the
vertical level to replace the substrate, the substrate table, or both, with
the closing plate as a part of the boundary of the space, to replace the
cl osi ng pllg-t e Whe fppatpsussasberdingtte claithd, whirsiorthe Bquidisteply eystdmistoalgaeptr t  of

t he boundary, of, the ,space, or.both. -16 14 e apparat us..accor.di to
claim1, W%Fa&ﬁﬁ %‘}iaf_??‘heﬁfﬂaﬂiwpapﬁt’wm%ﬁw e digitr Welan%dw‘eﬁwétdbé{ﬁl?q y

ci rcul at erdphRembetWif thd dlostng pIaN AL the kibsand, B ushaw (PAL IR WA & ARk of the

di sturbed by the replacenent of the closing plate wth the substrate, the

subst r at ebeuidery, of dlire dpacd rerdacamenirdf tad subkteate,fbeindatrate ofble, loebsthadth the
repl acenent .of e substrate, the s E}s%ﬁratetab e, or both with the
cl osi ng p{;ﬁgﬁgggfgpeaasmqﬁh%ngwﬁg Page: P‘h@tgpace, or both. 15. A device

manuf acturi ng nmet hod, conprising: providing a liquid to a space through
whi ch a patterned beam passes, a substrate, a substrate table, or both,
form ng alpar t Aclevige beonfiatuying ncttvd, spepeingeal ing the liquid to the space,

the seal acting between the substrate .substrate table, or both, and
anot her struct%%’%“fg@;e)lﬁ&’é Wfﬁm&e@%@r@t@}@ﬁ@“ﬁ%@?‘%ﬂa@%ﬁ strafg, apot h,

W th an aghyakedoe] 6508 BhAke Fir fdBoRRLEy Bk Bcboundary of the space

Wi t hout breaking the seal; projecting a patterne eam of radi ation through
the |iquid ontsalifgths ligsidrtatte; spacd thersealianting betwaat thatelshtraleos butgtrplk aibée, and
the substrgte table horizontally relative to each other as the actuated
cl osi ng p‘?rj’(og‘=% ARSI he” boundary of the space. { 16. The met hod

according to GkalaBhd e seggfﬁdréé,gﬂé{gglbgcga\f% Eiglet Blebogﬂé,g@ihg@l ﬁ%@z&@d abﬁﬂgﬂ e as

hori zontal plane to formt boun e space pl ace of
t he substthapat of the bosudasy ofthe sjaabwéthoorbrididy thd $eal;The net hod according to
claim 15, conprising noving the closing plate in_a sane

projecting a patterned beam of radiation through the liquid onto the substrate; and

moving the actuated closing plate and the substrate table horizontally relative to each

other as the actuated closing plate forms part of the boundary of the space.

16.  The method according to claim 15, comprising moving the closing plate along a
horizontal plane to form the part of the boundary of the space in place of the substrate, the

substrate table, or both.

17.  The method according to claim 15, comprising moving the closing plate in a same
plane as the substrate, the substrate table, or both, and to follow the substrate, the substrate

table, or both.

18.  The method of claim 15 comprising actively compensating for a change in force on a
‘substrate table or closing plate when a force exerted on said substrate or closing plate is

removed from it.

19.  The method according to claim 18, wherein the compensating for a change in load on

the substrate table is in a direction perpendicular to a direction of movement of the substrate

table due to the replacement of the substrate, the substrate table, or both, with the closing plate
-17-




pl ane as the substrate, the substrate table, or both, and to follow the
substrate, the substrate table, or both. 18. The nethod of claim15
conprising actively conpensating for a change in force on a substrate
table or closing plate when a force exerted on said substrate or closing
plate is renmoved fromit. 19. The nethod according to claim 18, wherein
the conpensating for a change in load on the substrate table is in a
direction perpendicular to a direction of novenment of the substrate table
due to the replacenent of the substrate, the substrate table, or both, with
t he cl osi aga pirhokthe bqumslgryofphe spacé. t he boundary of the space. 20. The

nmet hod according to claim 18, conprising conpensating for a change in |oad

on a liquid confinenment structure, used to at least partly confine the
l'iquid inaphe $RAK@hol Acrdifl] 'Ec?&lgu'rrpf‘S Q@ﬁl@ﬁﬁﬁg %bﬁlﬁénsﬁtﬁl@fogh'&ﬁ'ﬁ{gle@fploﬁ& ona
novenent of the substrate ta due t'o repl acenent the cl osing plate

with the Bauéd DOIdiI@menhﬁrL@t]bstusai oat ﬁabtqgart@r cdnding ihedglua:'l methe¢ speketihe boundary

coupl i 1o TRETen BEPFRT G FHDR SR TiRO RSS! Sp PaBae S dHplortBR e
accor di Ngof e elod ks wARTRY .kl IRPROALAL KDY} ARG BHOT ISR B

the substrate tab 23. The nethod according to claim15, wereint

cl osi ng pthatspaces at -a sane vertical level as the substrate table and
neither the closing plate nor the substrate table is noved out of the
vertical level to replace the substrate, the substrate table, or both, with

the closing plAlEmafodacdflihe &f clélﬂle e Sugﬁ:ﬁﬁ glea%ﬁﬁm@&ﬁﬁﬁlgt eosuf)?tpit@ﬁﬁl t he

closing plate wth the substftate, str te oth asapart
of the boamidhe glosihg phae. space, or both. 23. The nmethod according to claim
15, wherein the liquid is constantly circulated in a flow pattern and the
flow pattern is not disturbed by the replacenent of the closing plate with

he space” r oplseanndy AEpFAME Alktys, BonBRte SQauiPiby e iy BoSRUBRRI R

"~ the closithgs@s&atetﬂ:ﬂe.a part of the boundary of the space, or both.

23.  The method according to claim 15, wherein the closing plate is at a same vertical level
as the substrate table and neither the closing plate nor the substrate table is moved out of the
vertical level to replace the substrate, the substrate table, or both, with the closing plate as a

~ part of the boundary of the space, to replace the closing plate with the substrate, the substrate
table, or both as a part of the boundary of the space, or both.

23.  The method according to claim 15, wherein the liquid is constantly circulated in a flow
pattern and the flow pattern is not disturbed by the replacement of the closing plate with the
substrate, the substrate table, or both as a part of the boundary of the space, replacement of the
substrate, the substrate table, or both with the closing plate as a part of the boundary of the

space, or both.

24, A lithographic projection apparatus, comprising:
a substrate table configured to hold a substrate;
a projection system configured to project a patterned beam of radiation onto the
substrate;
a liquid confinement structure configured to confine a liquid in a space between the
projection system and the substrate, the substrate, the substrate table, or both, configured to
-18-




24. A lithographic projection apparatus, conprising: a substrate table
configured to hold a substrate; a projection systemconfigured to project a
patterned beam of radiation onto the substrate; a |iquid confinenent
structure configured to confine a liquid in a space between the projection
system and the substrate, the substrate, the substrate table, or both,
configured to -18 forma part of a boundary of the space; a closing plate
di splaced in a horizontal plane fromthe substrate table and configured to
forma part of a boundary of the space in place of the substrate, the

subst r at e farabd part ofra fwomtary ofithesspaeeat or configured to nove the closing plate

nori zont al 1y r BF e AERE R BemgZ St aiHEh (R UEAG AP a S FUSTENGE at o
forms par o Rimthif rtbﬁlzlm)@ﬁﬁcyarff)f b @pa%@@r?ﬁlac@éf thd. glﬁ)sﬁﬁ)t@aﬂh@%&ﬁtrﬁt%qwlg'o? Eottho
clai m 24, wherein the actu is configured to move the closing platé in

a sanme pl ane asnmhmﬁ@ummﬁgmmép)HMEeﬁmbkmmgqéneaUhehonmnﬂdmmmﬁand to foll ow
able oth ross the liquid confinenment

the substrate, e rate ui
structure. 26. W*i‘ﬁ@‘“a%ﬁé‘n‘ frats tafy ewapﬁgtza fq,m%@hlwzaptahéa@%ﬂg closipg
substrat ey ra@éqlvﬁenqﬁeia&nﬁe&ae@hgglate%ﬁh@ fotolual A8 E?ﬁnd%ﬂr A%hd ¥pcgompensator for

conpensating for a change in rce exe ted by I 1 qui conflnenent
structure when it is introduced to or renoved fromthe respective

substrate, _subsirate table qr cl osi plate. 27. The apparat us accordlng to
ol ai m 26, Ziher b RREST Bm@dﬂﬁg 8 ¥ hSrein B EHoTd RSSO SHSRERE f or a
change in A n, I a

i root on”SPARPAL BASTHBRREAL e il Mg kR tﬁ?ﬁtﬂ?éﬂﬁéﬁé”%@ﬁtthﬁf the
subst r at esubstige, theibdistrate eatil@ ok bothpacrdmatthe liguid boﬁﬂmmehbﬁmaglml ate as a part

of the boundary of the space. 28. The apparatus according to claim 24,
wherein the substrate table and the closing plate are releasably

coupl eabl g5 29y, C ﬁ@ﬂa rate

act uat or conflgJﬁgﬁmﬁagqﬁgggﬁgﬁé%gugﬁ@gg%giﬁhbrﬁk%%Bﬂ Bk%h§9§33§%9

accor di ngplhie cotpiises29, acti R Eintgonfot earhpadlsitiiz oo thaage ﬁdfofr@ exenad it gky
liquid confinement structure when it is introduced to or removed from the respective

substrate, substrate table or closing plate.

27.  The apparatus according to claim 26, wherein the active compensator is configured to
compensate for a change in load on the substrate table in a direction perpendicular to a
direction of movement of the substrate table due to the replacement of the substrate, the

substrate table, or both, with the closing plate as a part of the boundary of the space.

28.  The apparatus according to claim 24, wherein the substrate table and the closing plate

are releasably coupleable.

29.  The apparatus according to claim 24, comprising a separate actuator configured to

move the substrate table.

30.  The apparatus according to claim 29, comprising a controller configured to separately

control the closing plate and the substrate table.

31.  The apparatus according to claim 24, wherein the actuator is configured to move both
the closing plate and the substrate table.
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control the closing plate and the substrate table. 31. The apparatus
according to claim?24, wherein the actuator is configured to nove both the
closing plate and the substrate table. -19 32 The apparatus according to
claim 24, wherein the closing plate is at a sane vertical level as the
substrate table and neither the closing plate nor the substrate table is
noved out of the vertical level to replace the substrate, the substrate
table, or both, with the closing plate as a part of the boundary of the
space, to replace the closing plate with the substrate, the substrate
table, or both as a part of the boundary of the space, or both. 33. The

appar at us,accoxgdi to claim?2 er,ein the actuator. ca i ses a | ong

st roke a(3: uat *(i)“ﬁé %&’?agtgnaﬁ??@ enghé Cilggfﬁgﬁ’s%%ﬁ)& t_ ec‘fIﬁ%{P%Plaﬁedgg{angveﬁ& ve
the subst featlerstiaddudstrald tabldhdaR ARG AkIS o ARE Plafl ¥ theOubbipdtdnaBib is WoesLbit drhe
l'iquid suggly systemis configured to constantly circulate the liquid in a

f1 ow pat t Beryerical levad to replecp sha subsirates theomubetiate tablsedr bogh.twigh the elosimgatatans of

t he cl osi | with t substrate, the substrate taple r. both as a
bart Cof -t ARrPREhE piddet Hing MRS 8 tehtack M GHRERE PRSrHE D Siafeesy B e
subst r at esibatpate tab®y, oPBtH al¥e phirt bhfhe beLRBINGF B 85Reas WuRart of the boundary
of the space, or both. -20

33.  The apparatus according to claim 24, wherein the actuator comprises a long stroke

actuator and comprises a long stroke actuator configured to move the substrate table.

34.  The apparatus according to claim 24, wherein the liquid supply system is configured to
constantly circulate the liquid in a flow pattern and the flow pattern is not disturbed by the
replacement of the closing plate with the substrate, the substrate table, or both as a part of the
boundary of the space, replacement of the substrate, the substrate table, or both with the

closing plate as a part of the boundary of the space, or both.
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