LITHOGRAPHIC APPARATUS AND DEVICE MANUFACTURING METHOD FIELD 100011The
present invention relates to a lithographic apparatus and a method for manufacturing a device.
BACKGROUND [0002]A lithographic apparatus is a machine that applies a desired pattern onto a
substrate, usually onto a target portion of the substrate A lithographic apparatus can be used, for
example, in the manufacture of integrated circuits (ICs). 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 individual layer of the IC. This pattern can be transferred onto a target portion (e.g.
comprising parPBT,%ﬂé%%Xé’éU&M%é}‘&T&MP&@@!&%M%?&P&%&%&&%%@m
is typically via imaging onto a layer of radiation-sensitive material (resist) provided on the substrate.
In general, a single substrate will contain a network of adjacent target portions that are
successively patterned. Known lithographic appara%@l'r@clude 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 bd8A01d a giverT bfrpreRsht(ihecnsioaralatys tire bitlrgrephie anpepisradshmethomhing the
substrate pgfgliek 'g-@agg‘uﬁgto this direction. It is also possible to transfer the pattern from the
patterning device to theSubstrate 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 W between the final element of the
projection system and the substrate. The point of thiS' 1S 10 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 regarde Increasing the effective NA of the system and also increasing,the depth of focus.)
Other immﬁ?gﬁ liquids Buiboss lfrBB%éﬁl,siWc’i‘dﬁﬁ‘%‘Wa?é?’t\ﬁﬂﬂhfc?Ii’d‘%ﬁffgglggt@‘g%ﬁﬁaﬁtz)
suspended diitsyieife, (SRAKHIAMCVRECSHESTRSRIDOtHRS ShHGHAIR Hilf ghaptateappat ubshiate (bl in a
bath of liquid (see, for example, United States patent US 4,509,852, hereby incorporated in its

entirety by feFéreTRRl ik thestaapfrcies o Limtegrtsd G atiftlicsinkt fhednglance. apaiezaing, ring a

scanning eyeeie! o HiEHS Y SHUHRE AIIIPLRL Pd e R e rafRle! snap Bd i IBngentie liquid
may lead to undesirable and unpredictable effects. [0005]One of the solutions proposed is for a

liquid suppRiEsyiiaatiesseRedemaed s andndjvidierd daverrh the 167 thbisppkeraean e frpeieuedn the
final elemepfof e RrOJBHIGN @ygtesﬁlgﬁgiﬁ%?a% REUGiE ngewm?ég el RRgadatger

surface area than the final element of the projection system). One way which has been proposed to
arrange fosthioiswisalh Jaanste of thapaticapisliyaiailyvi 00agEDantocy dygiefsadmtzand in its
entirety by reference. ilustrated in Figures 2 an iguid is sunplied tl anginlet IN
onto the susberslfrlé'?& I%r%A § réahlg%séfjr%r ?Hléi%‘?r%%tlo%sgs %%‘g\t/eéqrﬁle%%ngf & gll%bs%frigal‘%}é%r&e%aleti‘\lecle(-ﬁt(%OﬁHE &%inal
element, aadeswarinofed; mentt tagst podionstlibhOrETsaftestiovin ggiessed] Kndemthithpgojphicon

system. That is, as the substrate is scanned.beneath the element jn a -X directian, liquid is
supplied af AR 33 JnElude o called SIEppots, IR Syhich sph ey gty furadiitsd oysgposing an
arrangemesntise petieaticaby ihevwiigkt gttidrisisonptiak viadnieicHilahstagiials intphich thelotheeside
of the element by,outlea_OUT which is connected tq a low pressure source. In the illystration of

Figure 2 tROTRRAAS FAPURSAYHNS HeRatrorqysh iR Bt 48 VS ATECHP e nal
element, theyaahitps gipasion) Weee E?déﬁzﬁ?f%ﬁﬂ?%cé{ﬁ&ﬂ%lﬁl@ HeniaiR SR I RRefie e nd

out-lets positioned around the final element are possible, one example is illustrated in Figure 3 in

which fourtligiditsciannibisaise Resihlete rankerhrpatiraniondbs natterag deysadrthsround the

final elemepfstrate 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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[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 thi80fHput. SUTRRIRURY Sobmersiag shaisbsias s sebeate vad sabesws thelearabatb ob
keep an elemganh efan P EXarIABG, (RPN SPRATRIYS P56 SN RYSIRhiDpsEesidining a

removal of a substrate by swapping a closing plate for the substrate without disturbing the liquid

which is preseiehebiexipreneluneanstthaibiasdsoplaess bmgﬁtimd@wbmac@w@.g., a
closing platey, faat fuilis.the é%ﬂ&é&%.@ﬁﬁé%ﬂ{ri’]% gé%ﬁ;ﬁ:%%g%}&@%&ﬁ%ﬂ%ﬂ%i&yEﬂxdft&%}iéﬁ%be

necessary to remove the liquid from betwee € projection system during

removal of thetheiiguidimésdend dppiydesizahlsamtimpredidtalio@8iztsording to an aspect of the
invention, t is provided a lithographic projection.apparatus, compyrising; [000 [ ble
configured UK subors 2 Egg LG o SR M e b BRI
of radiation auljoatheaidedtaate D06 kilstraieidnddnfirtmeenttistr fintlre perfigpfrthd progerifome a liquid
in a space between projectio stem and the sybstrate, the substrate, the substrate table, or
ot contig TR SUER BHe AT ARG E b & ETRGb Dottt b D ARe Eifigured to
form a part eltmén wides piof¢brosnasesin)p@aevaly which has been proposed to arrange for this is
disclosed in PCT patent application WO 99/49504, hereby incorporated in its entirety by

reference. As illustrated in Figures 2 and 3, liquid is supplied by at least one inlet IN onto the

substrate, preferably along the direction of movement of the substrate relative to the final
element, and is removed by at least one outlet OUT after having passed under the projection
system. That is, as the substrate is scanned beneath the element in a —X direction, liquid is
supplied at the +X side of the element and taken up at the —X side. Figure 2 shows the
arrangement schematically in which liquid is supplied via inlet IN and is taken up on the
other side of the element by outlet OUT which is connected to a low 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.



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 a
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 gart of the boundary of the space without
breaking the seal; and [00017]projecting a patte of radiation through the liquid onto the
substrate. [00018]According to another aspect of the invention, there is provided a lithographic

projection apparatus, comprising: [00019]a substrate table configured to hold a substrate;
[0007] Accordingly, it would be advantageous, for example, to keep an element of an

immersion lithography apparatus projection system immersed during a removal of a substrate
by swapping a closing plate for the substrate without disturbing the liquid which is present
between the substrate and the optical element. 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 remove the liquid from between the substrate and the projection system during

removal of the substrate (and supply of a new substrate).

[0008] According to an aspect of the invention, there is provided a lithographic
projection apparatus, comprising:

[0009] a substrate table configured to hold a substrate;

[00010] 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 a 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:



[00020]a projection system configured to project a patterned beam of radiation onto the substrate;
[00021]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; [00022]a closing plate displaced in a horizontal plane from the
substrate table and configured to form a part of a boundary of the space in place of the substrate,
the substrate table, or both; and [00023]an actuator configured to move the closing plate in the
horizontal plane. BRIEF DESCRIPTION OF THE DRAWINGS [00024]Embodiments of the
invention wif¢lbe destsibwstratstably ondgarapie balg asihstEtsience to the accompanying

schematic igaags In WRIER R BAILI GRIBIRAFR PHOJRLIS falisaln Bt IR ABHR and I

which: [00025]Figure 1 depicts a lithographic apparatus according to an embodiment of the
invention; [0be28bSitAlers 2 and 3 depict a liquid supply system for use in a lithographic projection

apparatus; [00021] 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;
[00022] a closing plate displaced in a horizontal plane from the substrate table and

configured to form a part of a boundary of the space in place of the substrate, the substrate

table, or both; and
[00023] an actuator configured to move the closing plate in the horizontal 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;
[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
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[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
embod'iment of the present invention; [00029]Figures 6a and 6b show a first step in the method
acco_rdlng to an embodiment of the present invention; [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
[000321Figures 9a and 9b show a fourth step in the method according to an embodiment of the

present inventioHnISELToA the presers ERentopN

DETAILED DESCRIPTION

[00033] Figure 1 schematically depicts a lithographic apparatus according to one

embodiment of the invention. The apparatus comprises:

an illumination system (illuminator) IL configured to condition a radiation beam PB

(e.g- UV radiation or DUV radiation).
a support structure (e.g. a mask table) MT constructed to hold a patterning device (e.g.

amask) MA and connected to a first positioner PM configured to accurately position the

patterning device in accordance with certain parameters;
a substrate table (e.g. a wafer table) WT constructed to hold a substrate (eg.a

resist-coated wafer) W and connected to a second positioner PW configured to accurately

position the substrate in accordance with certain parameters; and

- a projection system (e.g. a refractive projection lens system) PL configured to project a
pattern 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
synonymous with the more general term “patterning device.”

[00036] The term “pafterning 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 its cross-

-5-



[00033]Figure 1 schematically depicts a lithographic apparatus according to one embodiment of the
invention. The apparatus comprises: an illumination system (illuminator) IL configured to
condition a radiation beam PB (e.g. UV radiation or DUV radiation). a support structure (e.g. a
mask table) MT constructed to hold a patterning device (e.g. a mask) MA and connected to a first
positioner PM configured to accurately position the patterning device in accordance with certain
parameters; a substrate table (e.g. a wafer table) WT constructed to hold a substrate (e.g. a
resist-coated wafer) W and connected to a second positioner PW configured to accurately position
the substratedticraatidantecvette cartdierpararaeget postinh of thepndjsietisnityaenid be Botsd&thctive
projection lens system) PL configured.to project a pat ' ted. it y
patteming 406 BB R B g B R e e e .
[00034]Thejillpnsinpayie of thagubsitatte farkaanpypdiof pstacalivohudssmbass-skifiRgas

refractive, reflective, magnetic, elecfromagnetic, electrostatic or.other t Te nts,
or any com GPREH BN A NG oGO Loy e, BOAR o Some ot
structure helsisdhpmattesping daxiqarictammbnperithatdepe bdingurtated e tatimga pirgaseshing
device, the design of the lithographic apparatus, and other conditions, such as for example whether
or not the p@t@?m‘@@&ﬂé@r@ﬁeld in a vacuum environment. The support structure can use
mechanicaﬂ@mﬂum, e'%?ﬁ@éﬂﬁiﬁgW%W&éﬁﬁhﬂ@wsﬁ&hﬁ%eﬂa@mw device. The
support structure may be a frame or a table, for example, which may be fixed or m @Ras
required. Thét@appér@@mu}‘émﬁﬁy’éﬂ%MQW@EM%@@WC@&%P?M&%% ion, for

example Wil SROGHQ e AIREIRN SYRIRGEAMY, Usa Rldhadeiias ptclaicaribiakl; herein may

be consideted synonymous with the more generalterm "patterning device." [00036]The term

"patterningalevieging ghasnehifh, ehdaiteheatschplngenshif asrarslhas dnaionibad) RB%hdttan be
used to impart a E%?&%?&%%eﬁ%xsﬁgu épﬁg%%l%g&t IRSS matfc UnrsbiGhcas 40 sshan@irai(tern in a

.exan%p . "
target portioh of'the su at'the pattern imparted to the radiation beam
may not exaefyofortisipondheitividsithiatemeitorefiocten rneminsridiationbgabiTor example

if the patterp includes phase-ghiftj atures or so.called ass; qthematarn
imparted td:pf#ér@a%ﬁegﬁl %%Sarir?l &vhq%gﬁrélsrggﬁg?gag Sa{)r%gﬂ?ér ?nggﬁmnﬁg)%?{i‘ r?}? %)geilgice being
created in fiethargirportigixsuch

[00038] The term “projection system” used herein should be broadly interpreted as
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 vacuum. 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.8. employing a
transmissive mask). Altematively,‘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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as an mte_grated _circuit. [00037]The patterning device may be transmissive or reflective. Examples
of patterning devices include masks, programmable mirror arrays, and programmable LCD panels
Masks are well known in lithography, and include mask types such as binary, alternating |
phase-shift, and z_attenuated phase-shift, as well as various hybrid mask types. An example of a
_pro_g_rammab_le mirror array employs a matrix arrangement of small mirrors, each of which can be
mc_:hwdu_ally tilted so as to reflect an incoming radiation beam in different directions. The tilted
'r'nlrr(_)rs _|mpart a pattern in a radiation beam which is reflected by the mirroy matrjx. 000318]The term
projectiontsythteifhimisetbhEretitls e sl bh@&ﬁﬁﬁé‘?ﬁféﬁ@%@&]ﬁ%ﬁ%@%g@i B orf
projection system including teliachp sheliebalagi R UhonagBetit @arleamsduae and
ele_ctrostat % &a sysltegns, or any comgblnation hereof, as appropriate for the exposure radiation
being usedngpfal mtheif thettitisogrghmstivaratis.dba el SBen 6 SPYFHE agae&f‘ﬁ)a%%m. Any

use of the term "gégg#o?n égg%gi‘uereig tg}%%,q;g %%(g%iwlgglgge%mg@ﬁmygyy@%m@m%q@ea;aral

term "proje@i‘iﬁ)ﬁo . sl.ﬁlere. pic the apparatus is of a transmissive type (e.g.
employing djansetiasidamasijadiitnaystely, the apparatus may be of a reflective type (e.g.

employing a ble mi : . _ _
ing s earamatle finor sy oL e S ot pCAAMBSRialecive

mask). [0d aving two (dual stage) or m
substrate tplplas; (ARIIALENGHOS TR Laiidin'bbias) Gimaatly, 'shldiitsoger méél?iﬁ)é@tﬁé?é%ditional

tables may be used in parallel, or preparatory steps may be carried put an one [
: re tables while
one or mo&X@tﬁé@qmﬁr@i?&?gtﬂﬁdfﬁ}‘@i68@&%%562%@&%%8%8 Eilélﬁérjlésﬁahe illuminator

IL rece“’esdf“sﬁﬁfﬁgﬁ N | r@%@&?ﬂi@@ﬂ&ﬁﬂm&&meTmsmrqa additibe, litrecjraypinigor IL

I
apparatus may be separate entities, for example when the source is an xcime(i[1 laser 61% ch
€

cases, therayicoeigisevanogicxhst Q@%ﬁﬂéﬁéﬁr’tsﬁf’}ﬁﬁ@ misdearsiee D gt fou g W draton
beam is pascd 1o the SOUIcE 3005 BRIl 8ave otashemibiniaagstem B0

.. 1mnator € IS
comprlsmd F gﬁa_m%]fe}: sui a}%_e directing mirrors and/or a beam expander. In other cases the
source mayegsity disaipalipainofsttriittsegiaphic apparatus, for example when the source is a

required }?(%Bét.?ﬁhe soupee SO and the lluminator. b iageinsraithihe faee doliyansriain BD if
which is held on the support structure (e.g., mask table MT), and is patterned by the
patterning device. Having traversed the mask MA, the radiation beam PB passes through the
projection system PL, which focuses the beam onto a target portion C of the 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
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may be referred to as a radiation system. [00042]The illuminator IL may comprise an adjuster AD
for adjusting the angular intensity distribution of the radiation beam. Generally, at least the outer
and/or inner radial extent (commonly referred to as s-outer and s-inner, respectively) of the
intensity distribution in a pupil plane of the illuminator can be adjusted. In addition, the illuminator IL
may comprise various other components, such as an integrator IN and a condenser CO. The
illuminator may be used to condition the radiation beam, to have a desired uniformity and intensity
distribution in its cross-section. 1000431The radiation beam PB is incident on the patterning device

(€.9., maskdaAk).\ShiGikity el dinntibassupphitistontihen(ery. diniskratifsd on (rmasiddeied by
the patterning device. Having traversed the mask MA, the radiation beam PB passes through the
projection Wﬂ‘ﬁ@?ﬂﬁi&ﬁ%&%@ﬁﬁ@%@ﬁ%&?ﬁ éa’reéheetsbortion C of the substrate W. With the
aid of the 3pgeuy PositignRrdMtRAGHREHIEs GRIE sdeig.anieistereraftietriolipving pintsar
encoder or capacitive sensor), the substrate table WT e mqved accura , (o]
position dif@M4itkarget portior® €i9A {ﬁ%dﬁa%eﬁ?ﬁ]étﬂéﬁfﬁ%%}% ﬁyEs.tgri{% 5%%3 %t\ﬁl;z%gs%a){
positioner RM AN BRIRSHRYSHRT SNSRI phitiismhpieiiciiy sapidetieafigapeoldctmiobe used

to accurate?y position the mask MA with respect to the path of the radiation bea% %}3{19. o rallfter
mechanicaktetgehpartion Coahnasktimeciye- drSingin siais GXROTAEL ABE S URTTAAIARE S thE M3tk table

MT may b.esﬁ?@é&%?tﬁ\@‘% 108/819/08;200r S Alke MAdeIenGeAas BARHAD EG) Bk posbarinsirgke
module (fine positioning), which form part of the first positioner PM. Similarly, moyement of the
substrate tade,Hemayiemesiizad thmgressryfishkblimitsdhemzs of R HEREREO Mo dHfE Nhich
form part of the.sefeoqgig%§iti(§)sner PW. In the case of a stepper (as opposed to a scanner) the
mask tablelﬂlﬁ‘s%ﬂ%y B& Connected to a short-stroke actuator only, or may be fixed. Mask MA and
substrate Yoe4g] be alighed uBingmasbde)igramersktabikd/llandtherrusirda 2Bl AiEnt marks

P1, P2. Although the substrate alignment marks as illustrate [ gtions,
they may BS1BREISMFPLNAUS B@%\}S&P 'flg{%neltlggﬁgfi%tﬁés%%%ggﬁ%gvﬁr?ﬂ?ﬁ%%@%Iignment

marks). SipigehpdRishEticns nglicdymanie dxposore. dikeisghooiticantichirtetionaithe subgteatgrask
alignment marks may be located betwe dies..[0Q044]The, depjcted a } e used
in at least &HRcOVRaABHIRHBES :tfg&)&%‘jﬂﬂ’%{%geﬁ% @eﬁ?éyr%léesig?ggégﬁﬁgﬁ?#h%gubstrate
table WT a6 eRtrssaninlicRiatanasy (i prjotontiystpal BIn impan ectiz,Hes radidtiomisiam is

projected onto a target portion C at one time (i.e, a single static gxposure),. The substrate table WT
is then shifeééhmernosug fieldlimitsdhasrdd (Huths W&%‘%&%‘%&Sﬁ St RP0sed. hi

Steb modeyiliae F@gﬁ]}g@[&a&ﬁ hWhGRos Rdeld diniissiaartinerabtion tueaniesite Kighaged in

a single stati 046]2.In scan mode, the mask table MT and the substrate table WT
are (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 type as referred to 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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scanned synchronously while a pattern imparted to the radiation beam is projected onto a target
portion C (i.e. a single dynamic exposure). The velocity and direction of the substrate table WT relative
to the mask table MT may be determined by the (de-)magnification and image reversal characteristics
of the projection system PL. In scan mode, the maximum size of the exposure field limits the width (in
the non-scanning direction) of the target portion in a single dynamic exposure, whereas the length of
the scanning motion determines the height (in the scanning direction) of the target portion. [00047]3.In
another mode, the mask table MT is kept essentially stationary holding a progranunable patterning

device, and the substrate table WT is moved.or scann lle, AndMpaplied 69 Hie paciation
beam is pro}‘é@t‘éﬂ%ﬂt@’é"ﬂ%@l"ﬁb W@J?#&%?s%&%%ég%ﬁggﬁaﬁyﬂgfﬁIsed radiati(lsg source i

el
employed agddhaiRerRumA eppiskvnondysiem Blupuibten vsddu Aralatisy %%%ﬁq’f?&/%‘fﬁsﬁt of the

substrate table WT or in between successive radiation pulse g RSseMminigimedeigqiigperation
can be read@ﬂbﬁﬂé@t@hﬁagfl?e%gtmgﬁﬂﬁﬁ%#ﬁ%gfg’scg%%gﬁgnable patterning de\?cize, such as a

pfogramma%%ﬁ%@ﬂ@ﬁ&%?ﬂ%@&é@ME WODHS GO aviieh epriRdiRfons on
cri

the above described modeés of use or entirely different modes of us alysek W0049]A
further imm@mmm@wm%ﬂiﬁﬁmﬁimqm%ﬂé% ﬁ%ﬁ%%&gg@i?@%ﬁ%%ﬁ%ﬁ in Figure 4. Liquid

is supplied 3%@\6%;%%}%@9%Ij)\kgﬁegimeﬁg%@tgk@[prqj&@@dnmb@m PL and is removed by a

plurality of aiscrete outlets OUT arranged radially outwardly of the inlets.IN. The.] d,OUT can
be arrange@0&qjlate WM@MI@WQ@I%H@P%%&?@}&WWW& 3 ilgfedc %H@é%%igsg%ected.

Liquid is supplied by one grogye i ideiok b s eapply systemvAtharijmdnoved by a
plurality of fig B?Q%Mggl%%g%ﬁﬁg%ﬁgﬁ?ﬁﬁhe pro(jigctionﬁg)ztg PL, usin%e fl%efathin
film of |iqUidcbﬁﬁﬂeﬁmrthﬁrpcojm:ﬁmchﬂmndpEIMW%UBE%@W%?EW&EESFR/%C Combination

of inlet IN and outlets OUT ta use can depe isentianef nvesiehtajolintiquidstrate W (the
other combiﬂ%‘ft@i‘?l)?lﬂﬂfpﬁﬁ(%a{ﬁ%porl?{f:ectswg 8eﬁr{]gﬁinﬁillaéﬁge). EOOOSO]Another immersiog lithography

solution withy g, lGaizacHisuie SOt YigykieonSokitiont wiiehueds Bbsrpials LRI IRRINE the liquid

supply system with a liquid confinement structure whi 4 elpngelisashivbaticat i iumdary of
the space bﬁtﬁ/@@meﬂﬁ’é”ﬁﬁéﬂt%mgﬁ? %&rﬁi{aﬁlr%jegﬁ n&s%rs%‘t)éﬁr%g)and the substrate table, Such a solution

Is illustrated4p eiggl §§tth&r5&wﬁ soineprient atisiciresat isfbaredthatyeeatibadigiidiative to the

projection system in the XY plane though there may be some, relatj cmenidadhgss direction (in
the directiowmﬂﬁél‘@?m@&l“ﬁ%@.aﬁds@glﬁgrféfﬁggt]’&%m%grﬁ%e i%]rﬁ% cc%iréem’ent structure and the

surface of the substrate. i, an digantsthn aegbiemavontegiiessiisalisclosedsmlgaited dBuch a
system with a gas seal is disclosed in United States patent application no. QJ@I%JC%S hereby
f’ré]% o e&/ ) r

incorporategateittapplication poctiS Y00t rrehg AMRYROE e reservoir 10 forms a

contactless the s ggljglg imapsdieki-qithansciccttrtdysiceaaldo thashbgiiatds
confined tolﬁﬁgigace be %%ée%%géq? strafe surface and the fina| elemeé%‘%f th@lperlogection system.

The reservaifdarfanineibgedibtlif turpraestion sysiense IR REPBERSS Ot st PR Rding the final
element of the projection,system PL. Liquidi Liiodhe sprRfecasipykenpmiectissmaystem and
within the Iiéfﬁf&’ﬁ ﬁ}?eﬁlhngfﬁiﬁr%ug{é‘ﬁg %a%éeqlﬁqg&%gconﬁnemerﬁﬂgructure 12 e>,(tengf:§h little above

the final eIemﬁﬁga)bmmﬁﬁiﬁcﬁmﬁmyﬁmmmmllmlmrir@&“éb%éuﬁﬁe"ﬁ\ﬁlﬂ%F Mso that a

buffer of liquid is provided. The liquid confinement. str 2B NNEsJAeRIRNE Prdjrtian the upper
end prefera@l?%&@ﬂﬁmﬁﬁéog)stﬁée% ér%]fqtlﬁg lﬁgtgfé{é%é%nﬁg%mgﬁor the final eIeBrfnent thereof and

may, e.g., bgygfgmgnd\mﬁmw@ui@edﬁﬁﬁemenmarmwﬁbodimiﬂmsﬁné@ﬁaﬁérmﬁs’i?nage

field, e.g., rectangular o o .
) extengs 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
e.g., be round. At the

shape of the projection system or the final element thereof and may,

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, Nz or an inert gas, provided under pressure
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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, N2 or an inert gas, provided under pressure
via inlet 15 to the gap between liquid confinement structure 12 and substrate and extracted via first
outlet 14. The overpressure on the gas inlet 15, vacuum level on the first outlet 14 and geometry of the
gap are arranged so that there is a high-velocity gas flow inwards that confines the liquid. It will be
understood by the person skilled in the art that other types of seal could be used to contain the liquid.
[00053]According to an embodiment of the invention, an act ? ' I8 praytded which
moves horiz¥t qﬁﬁ)tﬁgﬁtﬁﬁﬁrﬁwgf éqB %J%og{tfg%eigyggﬁ% a%ﬁ%%%ﬂ%&&%%% t@:fble, which
moves away, RS RRSIIPNTHE ek e ssupiaatide gystaiatHorivarailevpeomfie it s ithe actuated

closing plate 20 is positioned at a substantially equal height to.the, table suehdhadat
continuous, arbEReRMEY R{chE 53R %fﬁcﬁﬁ@ﬂgﬂiéﬂ sk 4 gl &?b}’é%ilbg oved away from its position

under the projeetian susigid Whilaibe srris@BtRINRBetberdiikiiledte fpad dentrotbenémeswlicture is
maintained. Part of one or meredong-stroke actuators which are used to move the substrate table may
also be used@d@dbﬁ%ﬂéﬁ@%ﬁ%ﬂtﬁ@%ing plate. As described in more detail below, active
Compensatriﬁjgggjﬂe Chaggggfm@r{g:gﬁI%gmﬁ@ﬁtm@;@emhgmhemmmmsﬂma&ﬁ with the

liquid confinrement structure 12 is moved from the substrate table to Ihe.closin‘%rﬁlate m 80 be

employed. Threvidedatwkichlowives prriscptellyiptRasiira sy epolr<tieh v, SRR DSk any

interferometer, bea ring .me heae QR iRsiectiomeystent harimgedlpf
supplying aﬁ‘g’ci%%{%%%f%gﬁé%%ge%nggﬁ %c%édﬁg?? e o

aster substrate exch%ré{%fﬁ@lfinter%?ﬂce qftgas,
liquid and vauespfknfadnfitheaduatddictosing alatadhisnesitionehah sy Y AEH SR St level
(thus possibly reducing settling times and de j keliher s panidwinatite)suedtation of
mechanical S ?%%etﬁ%;}b%?ggﬁgﬁ%ufg{gr@ g#ﬁé??%@g&%str%te table, improved utilization of
space on the,subistrasedakieaeono isepasitienciodighsl atejpetian SESErBy RteTH e, (RRENE able)
and elimination of drying spots on t rojection system. Adgifi greeiedheseiering plate
according tdlligH Bi%\‘éhﬂ%'fﬂﬁ@%%ﬂéf&tnswgy%%ﬁﬁ llg%llégg?o%gn%%e (and _theawr%place) the
liquid or moyegiiheSkhRikaiR ussticaliove!taé pasitiate sabthaiay elssibriusrtdonbyrisenat in its place.

Changes in liquid, gas and vacuum flows may take time to settle and vertical HeaUse
disturbancesatwating Bl ehosing elatf é‘?diﬁ?‘ﬂggiﬁbg}?gieg ?%a%lﬁeeb.e @&hﬁ%ﬁ% ({:5}3{\55 r%égsggg{)g%ﬁx Figures

6a, 7a, 8a apd 93.SHQUREMYIAWE Rid8epsHbRaind bl e fnrdectsomietbd loith ghelHEwigo in relation

C

to the projection’system PL. Figures 6b, 7b, 8b and 9b show side views, of.the S WT and
actuated clasinfisarenpgcraieddiswevedFarthssehdraln t?ﬁ’_g @Otggg]‘ E%%&%% gﬁge %fgol;!ﬁeow the

relative positionf of éhﬁ}seu%?&?éa m%é[\ga@g@otnep@gg@ﬁg@ Slafinshapeid 0ldtiring, dossaadmple,
rate W.

exposure of AR Bt he closing plate is out of the way of the projection system PL and the
substrate Wbisdinenytipterféirdmeter 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. Changes 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 62, 7a, 8a and 9a show plan views of the substrate
table WT and actuated closing plate 20 in relation to the proj ection system PL. Figures 6b,
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projection system PL. [00056]Figures 7a and 7b show the relative positions of the substrate table WT
and the actuated closing plate 20 when, for example, exposure of the substrate W is complete or
nequy complgte. The actuated closing plate 20 is moved into a position such that it is aligned
horizontally with the substrate table WT and vertically with the projection system PL. [00057]Figures
8a and 8b show the actuated closing plate 20 replacing the substrate table WT once, for example, the
exposure (_)f the substrate W is complete. Both the actuated closing plate 20 and the ’substrate tat;le
WT move in the same direction, at the same horizontal level. [00058]Figures 9a and 9b show the

actuated closing plate 20 in position under the projectio PL with the chosin
_ sition a g plate 20
acting as ondsileasiAb shansidevisriahihy %ﬁ&fﬂ&%%vﬁsﬁ[enagﬁik%{?é}g%%aln c?\% for example, be

swapped withyapotherfubsisale oy 9Sdhepsubstrate table WT and the liquid 11 h i
_ ) ! t been disturbed.
[000591An adlvantage of ?hls system is that the liquid confinement stru ) e Drgiet
14 cture 12, t Clj stem
g S LY

PL, r’:he subfBEESIV and/Bigimessenantebabryn hpralats ROsUoa Rl BE S ut a substrate
exchange proge %éeclgs%r%ﬁ%&%'dﬂhﬁ% %%ib?n%@e}’@iﬂ@ﬁhﬂ@@Fﬂmeﬁﬁsﬁdﬂ&%ﬂﬂﬁrdmin@maWT
plate 20 so

and/or the atfusted closi at the risk of ing i ' iqui

; gas being introduced into

system is reduned[0ROGD R treeprajsasiomaysians Fhtand Bie ’iﬁﬁg‘ﬁ%?yw finih u&’:\b"g Ii% é%s##:)ﬂxsator
25 conflgt_Jred to compent%ate%&l)r a change in force when a force exerted by the liquid confinement
structure is FSRSRPFERTE This compensator may comprise a vertical motion sensor_and/qr

pressure sq08056]" the sBhsirat@4ahtTarstianctotrolativspasidonfigh tie TBPSEALY fpplspL AL tfﬁlﬁ signal

to, for example, a substrate table positioner PW, the it] i
[ _ Yelobiiifolgsy g edtom
the substratécf%'i%d\ﬂ}?siwgé’iﬁt(?%g“f%efhggglﬁ)ﬁaéwpgeéogg r?e%%ﬁ%esthe c%angelgﬁﬁggti%f_ditionalI;/) \(/)er

?;tgggztm‘z'ﬁiﬁtﬁm@%%?&%w@é&e ABsingy hle26dsposeddntactivesisionm peshsheribis alighedr 1o
horizontally with the substrate table WT and vertically with the projection system PL.
[00057] Figures 8a and 8b show the actuated closing plate 20 replacing the substrate
table WT once, for example, the exposure of the substrate W is complete. Both the actuated
closing plate 20 and the substrate table WT move in the same direction, at the same
horizontal level. '
[00058] Figures 92 and 9b show the actuated closing plate 20 in position under the
proj e(;tion 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
projection 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 compensaté for a changé 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
a compensation signal to, for example, 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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liquid confinement structure caused, for example, when the liquid confinement structure is removed
from it. This compensator may comprise a vertical motion sensor and/or a pressure sensor on the
actuated closing plate 20 and a control system configured to send a compensation signal to, for
example, a liquid confinement system positioner 29, the liquid confinement system positioner 29
configured to move the liquid confinement structure 12 in response to the signal to compensate for the
change in force. [00061]The substrate table WT and the actuated closing plate 20 are releasably
coupleable. This means that they may be attached together when the actuated closing plate 20 is

replacing the substrate table WT and vice versa; but they can be detached from theL qnce the
replacementliguid epi&remem ﬁ&&@f@&%é@n&’f)ﬁm@aﬁ@% Grite table Wi %%Cé%g?milarly be

controlled by, e, s, 5y e 28 R ld agRaafHisy Stosmticlbnanihd FoBopandiorlopir ik
e

actuators 22a and 22b as shown in the Figures may be used; but therl?e a?ée a%("l'%tors may be

controlled bysthsnsamth@sctuared slagieilatecithins s ForimL yEign ¢ .l%%@ IFR"an embodiment,

forces on the actuategi crlloszig?%ép{?tﬁ)g&wéjg W@@ﬁn@ﬁaﬁmﬁ] pysitienecfytibd bipsthg plate
ed-fd :

active compéﬂlsngteonrsﬁ n rward to'a control system (e.g., active compensator %5260{2%

substrate tabienfiiErmerihatthe fositensc i e Bee s G S EREmThE S Hperisated for

and thereby not affect the substrate tabl V\gfép&l;g%m  her@etuated closing plate 20 may work as a
force measu’?%sﬂﬁwgﬁ eiﬁl%lra[r%%oﬁﬁlg%e table WT. [g0063]While one or more emhqdiments may

have been qimeéiged in relasioubtoraertuiey B subtieaactyated eiesinglaisd0 M eeeicing another

substrate on the substrate table, one oy more embod eI RaYReMSeR At RHIRS prRIcations.
For examplecamleale s ma%é%%%ﬁ“ ﬁng gl?é?gtr%%n(ta Lilglegu?qgiﬁe closing plate is uged imply to

close the Iiqqg’%},@ﬁﬁiﬂg@h@@hﬁ&%ﬁ%]&ﬂﬂhmdwidéevem;duumbw esnbsdl aysacR Baeh

discussed in terms of the substrate acti the boundary of th 818 hesndha, R oecty system
and the subﬂﬂ&@é}lﬁi@@éﬁﬁﬂﬁ%lﬁdm@?ié???ﬁ%%%%#gnt%&é}ng&%%@gn W?th the substrate form a part

of the boundﬁ%ﬂl@ﬁ%lﬁ@?&ﬁmﬁe@y@m@‘r%cﬁtﬁ)&mwm(m@.?éﬁ@iéﬁment mark)

may be positioned under the liquid confinement structure and form.a part of W the space.
Accordingly Stpuitssiprgsaek s TRt e e DRSS OBR IZ ﬁégail:l@ﬁ'frrte %ﬂ??%a%%ﬁ?‘af the space,
or vice versa [000641n, EIQRERe RBIRIIBPBYARE QBN D3LET 07 iffettnt inmtroff YHeMSGS

C

27.
[00062] In an embodiment, forces on the actuated closing plate 20 may be measured,

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 placiﬁg 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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stage immersion lithography apparatus is disclosed. Such an apparatus is provided with two tables for
supporting a substrate. Leveling measurements are carried out with a table at a first position, without
immersion liquid, and exposure is carried out with a table at a second position, where immersion liquid
is present. Alternatively, the apparatus has only one table [00065]Although specific reference may be
made in this text to the use of lithographic apparatus in the manufacture of ICs, it should be
understood that the lithographic apparatus described herein may have other applications, such as the
manufacture of integrated optical systems, guidance and detection patterns for magnetic domain
memories, flat-panel displays, liquid-crystal displays (LCDs), thin-film magnetic heads, etc. The skilled
artisan will aoposdiate thatn iBulopeorPasdnt pdteativerNa 03 210T2atiohs  1des Al wmoe s "wafer"
or "die" herein may be considered as synonymous,wi e y  fbotarget
portion”, res éﬂﬁ‘?\)@?ﬁ??efﬂgr‘sh@%?%ﬁ%gg raerg% ﬁedrlgfg%r%% ég fé?‘?&%@%ﬁ%&%ﬁ? ggtgxr%xposure, in
for example aublaskorasippbttiag by pitatintapbtediagayersofamsiss areceuiedrons witl yiablgaba fhet

exposed resist), a metrology. tool and/qr an.inspection tool. Wher i ﬁtlgl Hhedisclgsige herein
may be appli%‘lf‘tféf’gu%ﬂ%ﬂ’rﬁ %?%M’pﬁ@f%g?ﬁar?o%Igéllt—lﬁ(r?ﬁqeﬂr%e SL?%strate may be processed

more than onge;for sYRFRIRIRATRANTQueadaisadmultiiayetie]s chhappheter es obbueie takled herein

may also refer to a substrate that already contains multiple processed layers, [00
"radiation” ai980¢-am" ushitheaeksnssHirplssengt We%edflg‘igéﬂ Qﬁﬁgﬁfﬁé 12 |§?1H|;§§ﬁ%%ﬁ%§

utravioret (Uap) i lAHe fadiitiee Sravsieraiéuel bé ahaus3ca 1RAGhE Ut dpbickpParen)s
[00067]The t “lens”, where the context allows, may refer to any onte or co?bi{seati n of %riﬁus
meEheie

types of optidasatredbersingnimdhauietherannlice Bens b/ DO BRI ATHIS S AT ile
specific embodiments,of e INERLAR YA RRER Meseubid cboniridhbr@piepiaierisathe

invention mas)ysoe pratticed otherwise than as described. For example, the invention mie( take the form

of a computdigpidgrgstmbdispiying.6hs ) thinfimenumebisherdniridbs skilod gt iions describing

a method as disclosed,abave, or a dat ' g gtﬁmgggﬁ WSEOs R AR tYs Madaets or
optical disk) Wﬁﬁ?&?&é‘ﬁ?a‘%%lﬁ%68@?’6?8%%%@%% ge’f‘gpn.c y

“die” herein may be considered as synonymous with the more general terms “substrate” or
“target portion", respectively. The substrate referred to herein may be processed, before or
after exposure, in for example a track (a tool that typically applies a layer of resist to a
substrate and develops the 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 create 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 365, 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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[00069]One or more embodiments of the present invention may be applied to any immersion
lithography apparatus, in particular, but not exclusively, to those types mentioned above. A liquid
supply system as contemplated herein should be broadly construed. In certain embodiments, it may be
a mechanism or combination of structures that provides a liquid to a space between the projection
system and the substrate and/or substrate table. It may comprise a combination of one or more
structures, one or more liquid inlets, one or more gas inlets, one or more gas outlets, and/or one or
more liquid outlets that provide liquid to the space. In an embodiment, a surface of the space may be a
portion of the substrate and/or substrate table, or a surface of the space may completely cover a
surface of tig086strate Lrd/or mmgwmbofﬁm@@p@f@%é@%ﬁ‘féﬁ%ﬂﬂ% QB%]S?&% AHd/or

substrate table. The liquid supp| may . ontonal . fuithek MEHAs ORAIIsB iR Cieentotsdo
control the p‘ggﬂ%snlf) a&gﬁ?@?%gﬁgﬁé%%a%e, ﬁow rate’or any other features of the liquid, [00070]The

descriptionsaabovetaliquitanpiply tysenlhstrativaptitadiherir s be Rrnadly Sopsirirt SRR Rilled in
the art that modifications ma made.to the inventi ' i) aeingitfeidtthe scope
of the claim§@g?i§ﬂ?%]é?0%.méi_b% f@lgle%ﬁrgfq i %gﬁ%ﬁgﬁg%\%ﬁlﬁhic ptpgjiﬁtion ag{)aratus,
comprising: ghssdsitwiahispeoieligoneysieralaiaie tubistat; angfofeshistialy &Ble EoRMY SPERPEF Project
a patterned beam of radiatjon onto the substrate; a liquid confi t iguraeido confine a
liquid in a sﬁé&é"@@?@&%hoﬁ@ﬁﬁfjg&f&‘?tw%?gﬁ? ANd the su élt %‘f@%ﬁéﬁ%ﬁ%@sﬁ substrate table,

or both, configueeiRd s cunas, eha/hosoannordiiquipanticantiia ptovide laid tohrgarse 18 form a

part of a boundary of the space in place of the substrate, the supstrat O whap moved
without sub&merRRgimenirBisy fce ﬁ’éﬁﬁﬁ,%ﬁfia’tﬁ}ﬁ&%ﬁﬁﬂ’e‘}ﬂ%rﬁ’ sﬁ?reu%eld%%é’%ag'gt%?%b

table, or a surface of the space may completely cover a surface of the substrate and/or
substrate table, or the space may envelop the substrate and/or substrate table. The liquid
supply system may optionally further include one or more elements to control the position,

quaﬁtity, quality, shape, flow rate or any other features of the liquid.

[00070] The descriptions above are intended to be illustrative, not limiting. Thus, it will
be apparent to one skilled in the art that modifications may be made to the invention as

described without departing from the scope of the claims set out below.
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wherein (i) the substrate table comprises an active compensator 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, or (ii) the closing plate comprises an active compensator
configured to compensate for a change in load on the liquid confinement structure in a direction
perpendicular to a direction of movement of the substrate table due to replacement of the closing plate
with the substraiy the substrate table, or both, as a part of the boundary of the space, or (iii) both (i)
and (ii). 2. The apparatus according to claim 1, comprising an actuator configured to move the closing
plate alongV@Hatiiz@atebpdane to form the part of the boundary of the space in place of the substrate,
the substrate table, or both. 3. The apparatus according to claim 1, comprising an actuator configured
to move thd-AJ&iAg At IR Sa P BRife WEBHENSUbStrate, the substrate table, or both, and to follow
the substrate, the substrate table, or both, across the liquid confinement structure. 4. The apparatus
according to clainf T"WHRaFeAR e WeNSH 118 Y5 8 RRPife closing plate are releasably coupleable. 5.
The apparatus act8reifs§erbSETEIfcenfigyrapitshirjeat Arattiectadksraorifiliaiar aytaibesubraiRising plate
and a separéiteid ecdindrastuaiatcondigigued to codvie thigudibsirieéakleeccn tHeheopepearajseaceadrding
to claim 1, whersindbendasingRlar siiasane, veritakisvshas dhrsHbsiratedablaandpgither the
closing plage rcl:g,l’é[rl;lﬁ" substrate table is moved out of the vertical level to replace the substrate, the
substrate ta%ﬁe,’or oth, with the closing plate as a part of the boundary of the space, to replace the
closing plate with%R8XARFafe iau e iBLerata Ran R adioHBIRrLel i SRees Trless aHBaAYRstaie YSace, or
both. 7. The appathsitadcadedinbotb. sfEnbyedheteint twbsieniinl\sdipplyimy teelnud, donffigided to
constantly circuladentienlighsidriaiadl@vbgattern and the flow pattern is not disturbed by the replacement

of the closjpg.laiB %NétQuﬂ%@ﬁygﬁg%%ﬁgs@%%%&%@rﬁ}&SQ{OPQéHﬁS‘tEﬁ?d E%%ME&Q&BQWQ%S@ the

space, replalcepentkoft etsubsg&}a,te, the substrate table, or both with the c osmg IIEx)late as a part of the
boundary Of The Space "BFBEtHS MAFLGHRTRERGAIISIRIG HUAHY YPREFEAL S8 SHRNGS liquid to a
space thrd@Rjf WRitcrhe [pateeprent BEhp Fimlates the susdristiable itbsihardthdisislosing el fr s a part
of a bounadtyedioineapatibs geading (hetiguidnppihie spapeecthm aedlcactipgrisetvearighesubstrate, a

substrate i3kierRER @8N 3Rsh@RTBES SITHE YR EBRASING TBR.SURSH alGrdhiBbIRsirRIELIARIS, OF both,

with & closipg. als s le.pare! s aundan ofhe sbace wifiputpreakind e seal sqmpensating
for a charl}ge in load (1) on the substrate table in a diraction perpend_g_cula? ‘f_o a‘gl_r_ectlon of mGvement of
the substrifeStESIRERPS hRefRFRR 8RN tST RN RN Sf ReSREfS-QIELPSIR EhBd Br both, with the

closing plate as a part of the boundary of the space, or (ii) on a liquid confinement structure, used to at
least partB ¢befinrathiediepsidding hechpat esampisingatiectyasrpentijoda o evelihectimmoblatewement of

the substeaterizdialduad @ repiare paard BletbeurlaniRg R th shecsihsiwiruthe telsbatadable, or
both, as ng%r,toqug?ﬁ; boundary of the space, or (iii) both (i) and (ii); and projecting a patterned beam of

3. The apparatus according to claim 1, comprising an actuator configured to move 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, across the liquid confinement structure.

4. The apparatus according to claim 1, wherein the substrate table and the closing plate are releasably

coupleable.

5. 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 subsirate table.

6. 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
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radiation through the liquid onto the substrate. 9. The method according to claim 8, 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. 10. The method according to claim 8, 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. 11. The method according to claim 8, comprising releasably coupling the
substrate table and the closing plate. 12. The method according to claim 8, comprising separately

moving the glasing RIIRARE JBs MU AIR iAblShsrkd, TR MEINOLACCHRIRGLO 6iainy fowherein the
closing platgg§n9£r9me vertica{)(l)%\'/el 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 cIo;in (Plate as a part of the boundary of the space, to replace the closing plate with the

substrate, the%uﬁgﬁaé?é“fa?ﬁ%’f BB 2 PsFEB AR AN MHARIKP s PRl es B GRRSIEAYThe method
according t6"EHHA Be liaviskisia fhw trileid s0tbadmmbtteinds rtetistrizedl owtpatisencaedt tiehficlspattern is
not disturbexkipywiitetre plasemnecnt siibiaelesiadphate withh e substal@ihe ruhsitatepallenait both as
a part of th%mlgz@ameftm%@@s@,tgap,l@pmemmamén%ﬁg@ss 182 URRY BIGRI S BleRplivith the

closing platg)r gs,a part of the boundary of the space, or both. 15. 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 £ pABEEERVESHRIIPSIRALiSAMEYERM and the substrate, the substrate, the substrate table,

or both, configuredrc;t\(l)ldggrrylalh)da{g 01; aa(pot rr(1)<tii@_f)6v0.frt]he space, a closin%eplate diSJoIaced Ln a horizontal
plane from the subStrate table and corfigurad to Tonh i SAPEAP R BTNt SYHEEpa e Hface of the

substrate, the sub@& PfomingRtpart of a boundary of the space;

sealing the liquid to the space, the seal acting between the substrate, a substrate table, or both,

and another structure;

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;
compensating for a change in load (i) 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, or (i) on a liquid confinement structure, used to
at least partly confine the liquid in the space, in a direction perpendicular to a direction of movement of
the substrate table due to replacement of the closing plate with the substrate, the substrate table, or both,
as a part of the boundary of the space, or (iii) both (i) and (ii); and projecting a patterned beam of

radiation through the liquid onto the substrate.

9. The method according to claim 8, 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.

10. The method according to claim 8, 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.

11. The method according to claim 8, comprising releasably coupling the substrate table and the closing

plate.

12. The method according to claim 8, comprising separately moving the closing plate and the substrate

table.

13. The method according to claim 8, 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
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an actuator configured to move the closing plate in the horizontal plane at least part of the time
separately from the substrate table, and wherein the substrate table and the closing plate are
releasably coupleable. 16. The apparatus according to claim 15, wherein the actuator is configured to
move 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, across the liquid confinement structure. 17. The apparatus
according to claim 15, wherein the substrate table comprises an active compensator configured to

compensais el ar e AN S ARG SRR e A sslien pEmERRIG R o plrestion o

movement of tge §ub trate tla le uE to the replacement of the substrate, the substrate table, or both,
with the cloSIRg BIRte-38Y B&F oftﬂtteekJsSuﬁcféerQthst‘I’%t?ﬁ%@é’[e PP éﬁﬁﬁroéfﬂg %@88?&16’&?8 claim

15, whereirPPREEcHERYY plate comprises an active compensator configured to compensate for a
change in load on the liquid confinement structure in a direction perpendicular to a direction of
movement t4-tHee sitsidaedaliie dukito &oplecenteritofi theaigstg qhlaleteith fewsuHistreded the

substrate tabiepffeROEhoRgiAuRRd BY tRadniadany AiHbe PRt kih %@%@@pﬁéawsasa%ing to claim
15, comprigipg %ﬁ&%@£§f§péﬁtyﬁkgrb89mggy§?&ié% 1ve. the SUbSHALE aPIG. @ B ARRAY

according to claim 19, comprising a controller configured to se arately control tﬁe closing p ate "and the
substrate t3BI&"31 ¢ ﬁ@sﬁﬁp‘ﬁ?ﬁtﬁ‘%aa%%?&f%bﬂﬂ"ﬂﬁ%?fﬁe #h3eFefh B8 actuator is configured to move
both the closing plate and the substrate table. 22. The apparatus according to claim 15, wherein the
closing plaf®-ié reosahirerideaicn seoeklus. wrglitiarate 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 péatebsisate palé chrifvarbowtdary aftfiaspace, to replace the closing plate with the
substrate, the Suéaﬁif@éet&l%@?stlé%ﬁ boifyas PRtk H&P&HM%P&%@&%%&&EQQS&U@ ghe
apparatus ggcording to claim wh erein the actuator.camprises a Jong stroke actuator and comprises
along stroieég?ctuart%nreggrtﬂlﬂﬁur%g i) cg’\l/‘re ht(écsoﬂttls?ra glt' bﬁ)a SCTRE aen tEur Ei 318808 \A% ?oé:Ialm

15, Wherelwetﬁébﬁaﬁ'i?j @ﬁﬁﬂﬂf@gtgﬁt JoERin eI O ronfati e indarna ?ﬁ6 HARaurrE I8 Battern
and the flow3asattern is not disturbed by the replacement of the closing plate with the substrate, the

substrate table, ar dihgasat BRpldRENE DesiRskaspRin RRPREQUBSPIRCABIESHIHIRPsIDRIFER dhe
substrate table, QRQH WIRIAG & BRIIELPLAHG A AARERLIREL AU GRL AL HGeSBAGSH " Poth.
an actuator configured to move the closing plate in the horizontal plane at least part of the time
separately from the substrate table, and
wherein the substrate table and the closing plate are releasably coupleable.

16. The apparatus according to claim 15, wherein the actuator is configured to move 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, across the liquid confinement structure.

17. The apparatus according to claim 15, wherein the substrate table comprises an active compensator
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.

18. The apparatus according to claim 15, wherein the closing plate comprises an active compensator
configured to compensate for a change in load on the liquid confinement structure in a direction
perpendicular to a direction of movement of the substrate table due to replacement of the closing plate

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

19. The apparatus according to claim 15, comprising a separate actuator configured to move the
substrate table.
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20. The apparatus according to claim 19, comprising a controfler configured to separately control the

closing plate and the substrate table.

21. The apparatus according to claim 15, wherein the actuator is configured to move both the closing

plate and the substrate table.

22. The apparatus 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 apparatus according to claim 15, wherein the actuator comprises a long stroke actuator and

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

24. The apparatus according to claim 15, 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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