Fluid Handling Structure, Lithographic Apparatus
and Device Manufacturing Method

Field

[0001] The present invention relates to a fluid handlimgcture, a lithographic apparatus

and a method for manufacturing a device.

Background
[0002] A lithographic apparatus is a machine that apg@lidssired pattern onto a substrate,

usually onto a target portion of the substrateiti#ofraphic apparatus can be used, for
example, in the manufacture of integrated circi@s). In that instance, a patterning device,
which is alternatively referred to as a mask cetecle, may be used to generate a circuit
pattern to be formed on an individual layer of iBeThis pattern can be transferred onto a
target portion (e.g. comprising part of, one, aresal dies) on a substrate (e.g. a silicon
wafer). Transfer of the pattern is typically viaaging onto a layer of radiation-sensitive
material (resist) provided on the substrate. Iregalna single substrate will contain a
network of adjacent target portions that are swgieely patterned. Known lithographic
apparatus include so-called steppers, in which &aglet portion is irradiated by exposing an
entire pattern onto the target portion at one tiamel so-called scanners, in which each target
portion is irradiated by scanning the pattern tgioa radiation beam in a given direction (the
“scanning’-direction) while synchronously scannthg substrate parallel or anti-parallel to
this direction. It is also possible to transfer pfagtern from the patterning device to the
substrate by imprinting the pattern onto the saibsir

[0003] It has been proposed to immerse the substrateilitilographic projection apparatus
in a liquid having a relatively high refractive & e.g. water, so as to fill a space between
the final element of the projection system andstiestrate. In an embodiment the liquid is
distilled water, although another liquid can bedugen embodiment of the present invention
will be described with reference to liquid. Howevanother fluid may be suitable,
particularly a wetting fluid, an incompressibleifliand/or a fluid with higher refractive index
than air, desirably a higher refractive index tiaater. Fluids excluding gases are particularly
desirable. The point of this is to enable imagihgroaller features since the exposure
radiation will have a shorter wavelength in theuidy (The effect of the liquid may also be

regarded as increasing the effective numericaltape(NA) of the system and also



increasing the depth of focus.) Other immersionitig have been proposed, including water
with solid particles (e.g. quartz) suspended timemi a liquid with a nano-particle
suspension (e.g. particles with a maximum dimenefarp to 10nm). The suspended
particles may or may not have a similar or the segfractive index as the liquid in which
they are suspended. Other liquids which may balsigitinclude a hydrocarbon, such as an
aromatic, a fluorohydrocarbon, and/or an aqueolugiso.

[0004] Submersing the substrate or substrate and subttbdg¢ein a bath of liquid (see, for
example, United States Patent No. US 4,509,852hetket there is a large body of liquid
that must be accelerated during a scanning exposhi®requires additional or more
powerful motors and turbulence in the liquid magdeo undesirable and unpredictable
effects.

[0005] One of the arrangements proposed is for a liquiplstsystem to provide liquid on
only a localized area of the substrate and in betvike final element of the projection
system and the substrate using a liquid confinersystem (the substrate generally has a
larger surface area than the final element of tbgption system). One way which has been
proposed to arrange for this is disclosed in PCiEmRapplication Publication No.

WO 99/49504. As illustrated in Figures 2 and 3yilibjis supplied by at least one inlet onto
the substrate, preferably along the direction of@meent of the substrate relative to the final
element, and is removed by at least one outlet bfteing passed under the projection
system. That is, as the substrate is scanned lbethea¢lement in a —X direction, liquid is
supplied at the +X side of the element and takeatupe —X side. Figure 2 shows the
arrangement schematically in which liquid is sugglvia inlet and is taken up on the other
side of the element by outlet which is connected lmw pressure source. In the illustration of
Figure 2 the liquid is supplied along the directadmovement of the substrate relative to the
final element, though this does not need to bedse. Various orientations and numbers of
in- and out-lets positioned around the final eletrega possible, one example is illustrated in
Figure 3 in which four sets of an inlet with anletibn either side are provided in a regular
pattern around the final element.

[0006] A further immersion lithography solution with a &ized liquid supply system is
shown in Figure 4. Liquid is supplied by two groomkets on either side of the projection
system PS and is removed by a plurality of discvetéets arranged radially outwardly of the
inlets. The inlets and outlets can be arrangedpilate with a hole in its center and through

which the projection beam is projected. Liquidupglied by one groove inlet on one side of



the projection system PS and removed by a plurality of discrete outlets on the other side of
the projection system PS, causing aflow of athin film of liquid between the projection
system PS and the substrate W. The choice of which combination of inlet and outlets to use
can depend on the direction of movement of the substrate W (the other combination of inlet
and outlets being inactive). Note that the direction of flow of the liquid is shown by arrows in
Figures2 and 3.

[0007] In European patent application publication No. EP 1420300 and United States patent
application publication no. US 2004-0136494, the idea of atwin or dual stage immersion
lithography apparatus is disclosed. Such an apparatus is provided with two tables for
supporting a substrate. Levelling measurements are carried out with atable at afirst position,
without immersion liquid, and exposure is carried out with atable at a second position, where
immersion liquid is present. Alternatively, the apparatus has only one table. ). Note that the
direction of flow of fluid and of the substrate W is shown by arrowsin Figure 4.

[0008] PCT patent application publication WO 2005/064405 discloses an all wet
arrangement in which the immersion liquid is unconfined. In such a system the whole top
surface of the substrate is covered in liquid. This may be advantageous because then the

whol e top surface of the substrate is exposed to the substantially same conditions. This has an
advantage for temperature control and processing of the substrate. In WO 2005/064405, a
liquid supply system provides liquid to the gap between the final element of the projection
system and the substrate. That liquid is allowed to leak over the remainder of the substrate. A
barrier at the edge of a substrate table prevents the liquid from escaping so that it can be
removed from the top surface of the substrate table in a controlled way. Although such a
system improves temperature control and processing of the substrate, evaporation of the
immersion liquid may still occur. One way of helping to aleviate that problem is described in
United States patent application publication No. US 2006/0119809. A member is provided
which coversthe substrate W in al positions and which is arranged to have immersion liquid
extending between it and the top surface of the substrate and/or substrate table which holds
the substrate.

Summary
[0009] A difficulty in immersion lithography, particularly in an all wet concept, isthe risk of

de-wetting of one or more parts of the substrate table. De-wetting is the spontaneous or
induced generation and subsequent growth of dry patchesin the fluid layer on the substrate
and/or substrate table. De-wetting can result in loss of thermal control, a disturbed bulk flow
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of liquid off the substrate table which can resul$plashing, extraction problems and/or the
introduction of unwanted dynamic forces and def@idtging stains and bubbles).

[001Q] It is desirable, for example, to provide a fluichdlng structure in which measures
are taken to address one or more of the above-omeatidifficulties or one or more other
difficulties not discussed herein.

[0011] According to an aspect of the invention, thererajuled a fluid handling structure
configured to provide fluid to (i) a space betwagprojection system and a substrate and/or
substrate table, and (ii) to a top surface of asabte and/or substrate table radially outward
of the space, the fluid handling structure compgsa first opening into the space to provide
a flow of fluid from the fluid handling structurato the space, a barrier to resist flow of fluid
out of the space between the fluid handling stmecéund the substrate, and a second opening,
radially outward of the barrier relative to an optiaxis of the projection system, to provide a
flow of fluid from the fluid handling structure amta top surface of the substrate and/or
substrate table radially outward of the space.

[0012] According to an aspect of the invention, thererajaled a fluid handling structure
configured to provide fluid to a space between@gation system and a substrate and to a
top surface of a substrate and/or substrate talially outward of the space, the fluid
handling structure comprising: an opening to prewvidid from the fluid handling structure
onto the top surface; and a controller configureddntrol a flow of fluid out of the opening
to be at a greater rate in a direction towardsecef the substrate table than in a direction
away from the center of the substrate table.

[0013] According to an aspect of the invention, thererajuled a device manufacturing
method comprising projecting a beam of radiatioto@top surface of a substrate on a
substrate table through immersion liquid whichrnsvided to a space between a projection
system and the substrate through a first openiregfloid handling structure, wherein a
barrier of the fluid handling structure resistsaflof liquid out of the space between the fluid
handling structure and the substrate and a sequenirgy in the fluid handling structure
provides fluid onto a top surface of the substaai#/or substrate table radially outward of the
space.

[0014] According to an aspect of the invention, thererajoled a device manufacturing
method comprising projecting a beam of radiatioto@top surface of a substrate on a
substrate table through immersion liquid whichrsvided to a space between a projection

system and the substrate by a fluid handling sirectand providing a fluid onto a top surface



of the substrate and/or substrate table radialiyard of the space such that a flow of fluid in
a direction towards a center of the substrate taldeeater than in a direction away from the
center.

[0015] According to an aspect of the invention, thererajuled a fluid handling structure

for an immersion lithographic apparatus, the flu@hdling structure in use defining a space
between a projection system and a substrate ath/@ubstrate table, the fluid handling
structure comprising: a surface that defines arraurface of the fluid handing structure; an
opening defined in the outer surface, the openamdigured to supply fluid to a top surface

of a surface of a substrate table and/or a substadially outward of the space; and a barrier
positioned between the outer surface and the sgaebarrier configured to resist the fluid

from flowing into the space.

Brief Description of the Drawings

[0016] Embodiments of the invention will now be describeglway of example only, with
reference to the accompanying schematic drawingdioh corresponding reference symbols
indicate corresponding parts, and in which:

[0017] - Figure 1 depicts a lithographic apparatus acogrthh an embodiment of the
invention;

[0018] - Figures 2 and 3 depict a liquid supply systenmufee in a lithographic projection
apparatus;

[0019] - Figure 4 depicts a further liquid supply systemudse in a lithographic projection
apparatus;

[0020] - Figure 5 depicts a further liquid supply systemudse in a lithographic projection
apparatus;

[0021] - Figure 6 depicts, in cross-section, a fluid harglstructure according to an
embodiment of the present invention;

[0022] - Figure 7 depicts, in cross-section, a detaihefftuid handling structure of Figure 6;
[0023] - Figures 8a-c illustrate, in cross-section, tifeatfof flow rate out of second
openings on liquid behavior;

[0024] - Figures 9a and 9b illustrate, in plan, a fluichdiang structure and substrate table;
[0025] - Figure 10 illustrates, in plan, an embodimenthef fluid handling structure;

[0026] - Figure 11 illustrates, in plan, a further emboelmof the fluid handling structure;

and



[0027] - Figure 12 illustrates, in plan, a yet further ediment of the fluid handling

structure.

Detailed Description

[0028] Figure 1 schematically depicts a lithographic apper according to one embodiment
of the invention. The apparatus comprises:

- an illumination system (illuminator) IL configud¢o condition a radiation beam B
(e.g. UV radiation or DUV radiation);

- a support structure (e.g. a mask table) MT caogtd to support a patterning device
(e.g. a mask) MA and connected to a first positid?d configured to accurately position the
patterning device in accordance with certain patarsg

- a substrate table (e.g. a wafer table) WT contduto hold a substrate (e.g. a
resist-coated wafer) W and connected to a secositigger PW configured to accurately
position the substrate in accordance with certanampeters; and

- a projection system (e.g. a refractive projectars system) PS configured to project
a pattern imparted to the radiation beam B by patig device MA onto a target portion C
(e.g. comprising one or more dies) of the subsifate

[0029] The illumination system may include various typésmtical components, such as
refractive, reflective, magnetic, electromagnegiectrostatic or other types of optical
components, or any combination thereof, for dirggstshaping, or controlling radiation.
[0030] The support structure MT holds the patterning devidhe support structure MT holds
the patterning device in a manner that depende®orientation of the patterning device, the
design of the lithographic apparatus, and otheditimms, such as for example whether or not
the patterning device is held in a vacuum envirammmEhe support structure MT can use
mechanical, vacuum, electrostatic or other clampagfniques to hold the patterning device.
The support structure MT may be a frame or a tdbtegxample, which may be fixed or
movable as required. The support structure MT nmayiee that the patterning device is at a
desired position, for example with respect to thagqetion system. Any use of the terms
“reticle” or “mask” herein may be considered synmoys with the more general term
“patterning device.”

[0031] The term “patterning device” used herein shouldtwadly interpreted as referring to
any device that can be used to impart a radia@ambwith a pattern in its cross-section such

as to create a pattern in a target portion of thestsate. It should be noted that the pattern



imparted to the radiation beam may not exactlyespond to the desired pattern in the target
portion of the substrate, for example if the patiaecludes phase-shifting features or so
called assist features. Generally, the pattern itagdo the radiation beam will correspond to
a particular functional layer in a device beingategl in the target portion, such as an
integrated circuit.

[0032] The patterning device may be transmissive or reflecExamples of patterning
devices include masks, programmable mirror arrayd,programmable LCD panels. Masks
are well known in lithography, and include masketyguch as binary, alternating phase-shift,
and attenuated phase-shift, as well as variousdhyiask types. An example of a
programmable mirror array employs a matrix arrangrenoef small mirrors, each of which
can be individually tilted so as to reflect an iméng radiation beam in different directions.
The tilted mirrors impart a pattern in a radiatimam which is reflected by the mirror matrix.
[0033] The term “projection system” used herein shouldhtmadly interpreted as
encompassing any type of projection system, inolyidefractive, reflective, catadioptric,
magnetic, electromagnetic and electrostatic optigalems, or any combination thereof, as
appropriate for the exposure radiation being useéyr other factors such as the use of an
immersion liquid or the use of a vacuum. Any uséhefterm “projection lens” herein may be
considered as synonymous with the more general“f@myection system”.

[0034] As here depicted, the apparatus is of a transneisgpe (e.g. employing a
transmissive mask). Alternatively, the apparatug beaof a reflective type (e.g. employing a
programmable mirror array of a type as referrealiove, or employing a reflective mask).
[0035] The lithographic apparatus may be of a type hawmy(dual stage) or more substrate
tables (and/or two or more patterning device tgblassuch “multiple stage” machines the
additional tables may be used in parallel, or pr&jeay steps may be carried out on one or
more tables while one or more other tables aregbesed for exposure.

[0036] Referring to Figure 1, the illuminator IL receiv@sadiation beam from a radiation
source SO. The source and the lithographic apganafty be separate entities, for example
when the source is an excimer laser. In such csespurce is not considered to form part
of the lithographic apparatus and the radiatiombesapassed from the source SO to the
illuminator IL with the aid of a beam delivery sgst BD comprising, for example, suitable
directing mirrors and/or a beam expander. In otlases the source may be an integral part of

the lithographic apparatus, for example when thewis a mercury lamp. The source SO



and the illuminator IL, together with the beam dety system BD if required, may be
referred to as a radiation system.

[0037] The illuminator IL may comprise an adjuster AD dgofed to adjust the angular
intensity distribution of the radiation beam. Gextlgr at least the outer and/or inner radial
extent (commonly referred to asouter ando-inner, respectively) of the intensity
distribution in a pupil plane of the illuminatorrcae adjusted. In addition, the illuminator IL
may comprise various other components, such astagrator IN and a condenser CO. The
illuminator may be used to condition the radiatoi@mam, to have a desired uniformity and
intensity distribution in its cross-section.

[0038] The radiation beam B is incident on the pattermiegice (e.g., mask) MA which is
held on the support structure (e.g., mask table)avd is patterned by the patterning device.
Having traversed the patterning device MA, theaidn beam B passes through the
projection system PS, which focuses the beam otdcgat portion C of the substrate W.
With the aid of the second positioner PW and pasiiensor IF (e.g. an interferometric
device, linear encoder or capacitive sensor), tihstsate table WT can be moved accurately,
e.g. so as to position different target portions e path of the radiation beam B. Similarly,
the first positioner PM and another position serfadiich is not explicitly depicted in Figure
1) can be used to accurately position the pattgrde@vice MA with respect to the path of the
radiation beam B, e.g. after mechanical retriex@hfa mask library, or during a scan. In
general, movement of the support structure MT neagelalized with the aid of a long-stroke
module (coarse positioning) and a short-stroke rieo(fine positioning), which form part of
the first positioner PM. Similarly, movement of thabstrate table WT may be realized using
a long-stroke module and a short-stroke moduleckvform part of the second positioner
PW. In the case of a stepper (as opposed to aagahe support structure MT may be
connected to a short-stroke actuator only, or neafjded. Patterning device MA and
substrate W may be aligned using patterning dealigament marks M1, M2 and substrate
alignment marks P1, P2. Although the substratealgnt marks as illustrated occupy
dedicated target portions, they may be locateppaeas between target portions (these are
known as scribe-lane alignment marks). Similarysituations in which more than one die is
provided on the patterning device MA, the pattegrdevice alignment marks may be located
between the dies.

[0039] The depicted apparatus could be used in at leaspioine following modes:



[0040] 1. In step mode, the support structure MT and tivstsate table WT are kept
essentially stationary, while an entire patternanbgd to the radiation beam is projected onto
a target portion C at one time (i.e. a single statiposure). The substrate table WT is then
shifted in the X and/or Y direction so that a diffiet target portion C can be exposed. In step
mode, the maximum size of the exposure field linhitssize of the target portion C imaged
in a single static exposure.

[0041] 2. In scan mode, the support structure MT and Wbstsate table WT are
scanned synchronously while a pattern impartetdegaadiation beam is projected onto a
target portion C (i.e. a single dynamic exposurég velocity and direction of the substrate
table WT relative to the support structure MT maydetermined by the (de-)magnification
and image reversal characteristics of the projedistem PS. In scan mode, the maximum
size of the exposure field limits the width (in then-scanning direction) of the target portion
in a single dynamic exposure, whereas the lengtheocanning motion determines the
height (in the scanning direction) of the targetipo.

[0042] 3. In another mode, the support structure MT id kspentially stationary

holding a programmable patterning device, and tistsate table WT is moved or scanned
while a pattern imparted to the radiation beanriggeted onto a target portion C. In this
mode, generally a pulsed radiation source is enggl@nd the programmable patterning
device is updated as required after each movenii¢hé substrate table WT or in between
successive radiation pulses during a scan. Thisembdperation can be readily applied to
maskless lithography that utilizes programmablégpaing device, such as a programmable
mirror array of a type as referred to above.

[0043] Combinations and/or variations on the above desdmbodes of use or entirely
different modes of use may also be employed.

[0044] Arrangements for providing liquid between a finkneent of the projection system
PS and the substrate W can be classed into twoajeraegories. These are the bath type
arrangement in which the whole of the substratend/aptionally part of the substrate table
WT is submersed in a bath of liquid and the sceddibcalized immersion system which uses
a liquid supply system in which liquid is only pided to a localized area of the substrate W.
In the latter category, the space 11 filled byiligis smaller in plan than the top surface of the
substrate W and the area filled with liquid remanbstantially stationary relative to the
projection system PS while the substrate W moveewuneath that area. A further

arrangement, to which an embodiment of the prasgention is directed, is the all wet



arrangement in which the liquid is unconfined.Histarrangement substantially the whole
top surface of the substrate W and all or parhefdubstrate table WT is covered in
immersion liquid. The depth of the liquid coveriaigleast the substrate W is small. The
liquid may be a film, such as a thin film, of liguon the substrate W. Any of the liquid
supply devices of Figures 2-5 may be used in swgyst@m; however, sealing features are not
present, are not activated, are not as efficienbasal or are otherwise ineffective to seal
liquid to only the localized area. Four differeyppes of localized liquid supply systems are
illustrated in Figures 2-5. The liquid supply systedisclosed in Figures 2-4 were described
above.

[0045] Another arrangement which has been proposed iotode the liquid supply system
with a liquid confinement member 12 which extenldsg at least a part of a boundary of the
space 11 between the final element of the projecystem PS and the substrate table WT.
Such an arrangement is illustrated in Figure 5 tvsithematically depicts a localized liquid
supply system or liquid handling structure withaarker member or liquid confinement
member 12, IH. The liquid confinement member 1&uisstantially stationary relative to the
projection system PS in the XY plane though theag be some relative movement in the Z
direction (in the direction of the optical axig).dn embodiment, a seal is formed between the
liquid confinement member 12, IH and the surfacthefsubstrate W and may be a
contactless seal such as a fluid seal, desirapphsaseal. (Please note that reference in the
following text to surface of the substrate W alsters in addition or in the alternative to a
surface of the substrate table WT, unless expresaigd otherwise.)

[0046] The liquid confinement member 12 at least partiytams liquid in the space 11
between a final element of the projection systenaf®bthe substrate W. A contactless seal,
such as a gas seal 16, to the substrate W mayrbedaaround the image field of the
projection system PS so that liquid is confinechimithe space 11 between the substrate W
surface and the final element of the projectionesysPS. The space 11 is at least partly
formed by the liquid confinement member 12 posgielow and surrounding the final
element of the projection system PS. Liquid is ghaunto the space 11 below the projection
system PS and within the liquid confinement menitiby liquid inlet 13. The liquid may be
removed by liquid outlet 13. The liquid confinememmber 12 may extend a little above the
final element of the projection system PS. Theitidavel rises above the final element so
that a buffer of liquid is provided. In an embodmehe liquid confinement member 12 has

an inner periphery that at the upper end closatlyarms to the shape of the projection
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system PS or the final element thereof and may, leeground. At the bottom, the inner
periphery closely conforms to the shape of the erfagjd, e.g., rectangular, though this need
not be the case.

[0047] The liquid is contained in the space 11 by thesgad 16 which, during use, is formed
between the bottom of the liquid confinement menii#and the surface of the substrate W.
The gas seal 16 is formed by gas, e.g. air or syicthir but, in an embodiment,br another
inert gas. The gas in the gas seal 16 is providee@mnpressure via inlet 15 to the gap between
liquid confinement member 12 and substrate W. Tdsig extracted via outlet 14. The
overpressure on the gas inlet 15, vacuum levehemutlet 14 and geometry of the gap are
arranged so that there is a high-velocity gas flomardly that confines the liquid. The force
of the gas on the liquid between the liquid confieat member 12 and the substrate W
contains the liquid in a space 11. The inlets/d¢sitheay be annular grooves which surround
the space 11. The annular grooves may be contimagdiscontinuous. The flow of gas is
effective to contain the liquid in the space 11clsa system is disclosed in United States
patent application publication No. US 2004-0207824.

[0048] A fluid handling structure 100 according to an entibzent of the present invention is
illustrated in cross-section in Figure 6. The flb@hdling structure 100 is designed for an all
wet (or unconstrained) arrangement. In the allavetngement the fluid handling structure
100 provides liquid to a space 11 between the gtehent of a projection system PS and the
substrate W and/or substrate table WT, depending wat is under the projection system
PS. The fluid handling structure 100 also provikitpsd to a top surface of the substrate W
and/or substrate table WT which is not under tloggotion system PS. Put another way, the
fluid handling structure 100 also provides liquidat top surface of the substrate W and/or
substrate table WT radially outward of the spacelhkrefore substantially the whole of the
top surface of the substrate W and substrate ¥Blés covered in immersion liquid all the
time during exposure.

[0049] Variations in height (or thickness of layer) ofdid on the top surface of the substrate
W and/or substrate table WT not under the projactigstem PS can contribute to the growth
of liquid finger instabilities. Such instabilitiesan lead liquid to splash and/or shoot off the
edge of the substrate table WT and/or dry patatesde-wetting). The liquid handling
structure 100 addresses one or more of these issues

[0050] First, the fluid handling structure 100 is desigsadh that the flow of immersion

liquid in the space 11 between the projection s§d8S and the substrate W and/or substrate
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table WT (the so called local supply) and the flaiWiquid onto the top surfaces of the
substrate W and/or substrate table WT not undeprbjection system PS (the so called bulk
supply) are substantially separate or decoupleis. fids an advantage that the two liquids do
not mix. As a result, contamination picked up ia Hulk flow is prevented from transfer to
the space 11, contamination which may create defébis de-coupling is partly achieved by
providing at least one first opening 110 to proMideid into the space 11 and at least one
second opening 120 to provide liquid onto the tafese of the substrate W and/or substrate
table WT not under the projection system PS. Tine thandling structure 100 is provided
with a barrier 130 to resist the flow of liquid aaftthe space 11 between the fluid handling
structure 100 and the substrate W (i.e. under @inedp 130). The first and second openings
110, 120 are on opposite sides of the barrier TBat is, the second opening 120 is radially
outward of the barrier 130 relative to an opticakaf the projection system.

[0051] Because the local flow and the bulk flow are sutisally de-coupled, the first

opening 110 provides liquid exclusively to the spat. Similarly, the second opening 120
provides liquid substantially exclusively to the teurface of the substrate W and/or substrate
table WT not under the projection system PS.

[0052] The de-coupling is partly achieved, for examplegbmtrolling the flow of liquid
through the first opening 110 and through the sé@pening 120. The flows are controlled
such that a pressure of liquid in the space 1libstantially equal to a pressure of liquid
outside of the space 11 and in an area adjaceéné tituid handling structure 100 (i.e. on the
top surface of the substrate W and/or substrate &8 not under the projection system PS).
If there is no pressure gradient, there will bednwing force for mixing of the two liquids.
[0053] Second, the fluid handling structure 100 is cofgbln such a way so as to reduce the
chance of height or thickness differences in tHk& bupply. This is achieved by controlling
the flow of liquid out of the second opening 12@hgsa controller 140 as will be described
below. If the Froude number of the horizontal flofdiquid in the bulk supply is kept
between zero and two, desirably between zero aedaostep change in height in the bulk
flow (i.e. a hydraulic jump) can be substantialp@ed.

[0054] A third way in which the fluid handling structur@@ is adapted to avoid height
differences is by helping to ensure that a floviigpdid in the bulk flow towards a center P
(see Figures 9a and b) of the substrate table Vilester than the flow in a direction away
from the center P of the substrate table WT. Thibeiscribed below in detail with reference

to Figures 9a to 12.
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[0055] Features of each of these three ways can be udiettmally or in combination. They
will be described below in detail along with furthrefinements of the fluid handling structure
100.

[0056] The fluid handling structure 100 as illustratedrigure 6 comprises a main body 105.
The main body 105 presents an inner surface 106hwbrms a surface of the space 11. That
is, the space 11 is bounded at the top by the @lemhent of the projection system PS, at the
bottom by the substrate W (or substrate table W& situtter member) and at the sides by the
surface 106 of the main body 105. Therefore, thiminady 105 can be viewed as a barrier
member or liquid confinement member 12, IH. Themizdy 105 also has the barrier 130
which is the part of the fluid handling structu@Iwhich is closest to the substrate W. The
barrier 130 could be a barrier to (i.e. have aigin to prevent) the flow of fluid (i.e.
immersion liquid) from the inner, first opening 1@{6to the immersion space 11 between the
projection system PS, the substrate table WT amdnthin body 105 of the liquid

confinement member 12), radially outwardly (relatte the optical axis which passes
through the liquid confinement member 12). Desyatble barrier 130 is configured
substantially to prevent liquid supplied from tleeend opening 120 from flowing into the
space 11. Desirably, the barrier 130 is configiwoegbstrict/resist immersion fluid supplied to
the space 11 from flowing radially outwardly outtbé space 11 between the barrier 130 and
the substrate W and/or substrate table WT. A gapidPresent between the bottom of the
barrier 130 and the substrate W. A high flow resise is created by the barrier 130. This is
by making the gap 107 height between 50-2&0 This gap 107 is desirably 0.1-0.2 mm
high. This compares with a distance of about 3 nataveen the final element of the
projection system PS and the substrate W. The @&pslkept small to restrict flow of liquid
out of the space 11. That is, the main body 108$oa barrier 130 which resists the flow of
liquid out of the space 11 between the fluid hargiBtructure 100 and the substrate W.
[0057] Liquid is provided to the space 11 via first opgniri0. The first opening 110 is in an
inner surface 106 of the fluid handling structu@®.1The first opening 110 may comprise a
plurality openings. The plurality of openings maythose disclosed, for example, in United
States Patent Application No. 61/071,161, filedApsil 2008.

[0058] A flow of liquid across the space 11 is desirableerefore, opposite the first opening
110 on the opposite side of the space 11 relatitiee optical axis of the projection system
PS in the fluid handling structure 100, there isiponed at least one further opening 112 to

extract liquid out of the space 11. Control of finevision of liquid out of the first opening
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110 into the space 11 and extraction of liquidafuhe space 11 through the further opening
112 is by controller 140. The control provided loyptoller 140 is such that flow through the
first opening 110 is of low velocity whereas extraig through the further opening 112 is
based on a fixed volume flow. Example parametersadlow rate out of first opening 110 of
between 0.5 and 1.5 Ipm (velocity of less than®/S8econd) and a fixed volume extraction
out of further opening 112 of 2 to 4 Ipm.

[0059] The second opening 120 is provided for the prowisibliquid onto a top surface of
the substrate W and/or substrate table WT not uthdeprojection system PS. That is, the
second opening 120 provides liquid to a top surtddbe substrate W and/or substrate table
WT radially outward of the space 11. The secondimgel20 is provided in a surface of the
fluid handling structure 100 which defines an osterface 108 of the fluid handling structure
100. The flow of liquid out of the second openir&pis controlled by the controller 140. The
second opening 120 provides fluid to a locationaldoutward of the barrier 130 relative to
the optical axis of the projection system PS. Intexst, the first opening 110 provides fluid
to a location radially inward of the barrier 130ata/e to the optical axis of the projection
system PS. In an embodiment, the second openingnd®e located radially outward of the
barrier 130 and/or first opening 110 may be locasetally inward of the barrier 130.

[0060] As can be seen, the second opening 120 is in &n sutface 108 of the fluid

handling structure 100 which substantially facesdhbstrate W. That outer surface 108 is
not a lower most surface of the fluid handling stowe 100. That is, the outer surface 108 is
further from the substrate W than the bottom serfaicthe barrier 130 which forms the gap
107. The barrier 130 is between the outer surf@8eof the fluid handling structure 100 and
the space 11.

[0061] In an embodiment, the second opening 120 is dégigatistance away from the top
surface of the substrate W of at least five tinmesdistance between the barrier 130 and the
substrate W and/or substrate table WT (i.e. fineet the size of gap 107). Desirably the
distance of the second opening 120 from the subsivaand/or substrate table WT is at least
7, 10 or 15 times the size of gap 107. Another efayewing this is that there is a change in
distance of the bottom of the fluid handling struet100 to the substrate W and/or substrate
table WT. In an embodiment, the second openingid #0a portion substantially parallel to
the substrate W and/or substrate table WT whictrtser from the substrate W and/or
substrate table WT than another portion parall¢héosubstrate W and/or substrate table WT.
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[0062] The second opening 120 may comprise a pluraliseabnd openings 120. The
second opening 120 may have any shape. For exathete,may be only a single slit which
extends around the entire periphery (e.g. circueniez) of the fluid handling structure 100.
Alternatively or additionally, two or more secongemings 120 could be positioned regularly
or irregularly around the periphery of the fluidhldéing structure 100. The second opening
120 may be in the form of a circular hole, a squnmmie, a slot or any other shape. A plurality
of openings 120 may be spaced in any one or twermkional pattern around the periphery of
the fluid handling structure 100.

[0063] The barrier 130 (or restriction) prevents the nmgxaf liquids of the bulk supply and
the local supply in the immersion space 11. Theidiegpf the local supply (i.e., the liquid in
the space 11) has stricter thermal conditioning@mamination control. In practice there is
some mixing of the two liquids. Desirably the ingdidlow is substantially prevented by
biasing the pressure differential between the Bulkply and the local supply so that if there
is any flow, it is radially outwardly, from the spal1 to the bulk supply. Prevention of
inward flow is desirable. Outward flow is simplystacted. Therefore, the barrier 130 is
configured to restrict fluid out of the space 1dd a@esirably substantially to prevent fluid
flowing into the space 11.

[0064] In an embodiment, the fluid may also be substdntmevented from flowing out of
the space 11.

[0065] The bulk supply (which is a thermal conditioninguid) is desirably separate from the
local supply. Mixing allows the transfer of contawaiion, and would permit poorer thermal
stability of the liquid in the space 11.

[0066] The liquid of the bulk supply supplied from theiflihandling system 100 should be
controlled to help ensure the thickness of the filim of liquid on the substrate W and
substrate table WT is uniform. Movement of the suabs table WT relative to the fluid
handling system 100 can cause disturbances irnidilm. The disturbances cause waves
which may splash and cause de-wetting; the thecoraditioning of the substrate W would
be disrupted. Variations in thickness of the fiwen without de-wetting and splashing,
could provide poorer thermal conditioning thanla fof uniform thickness; evaporation from
a part of the film with thinner depth will applygaeater heat loss locally, i.e. to the substrate
W, than where the depth is thicker.

[0067] As is illustrated in Figure 6, at least one thipgkning 122 may be provided. The third

opening 122 can be provided to extract liquid fridwa top surface of the substrate W and/or
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substrate table WT which is not under the projectigstem PS. Extracting liquid through the
third opening 122 can help in controlling the véipof the bulk flow. Extraction through the
third opening 122 can be controlled by controllé0.1

[0068] A gas opening 125 may be provided in the fluid hiagdstructure 100. The gas
opening 125 is in a surface of the fluid handlirgcure 100 which is above the surface in
which the second opening 120 is formed. Gas wlsdlumidified can be provided through
the gas opening 125 onto an area on top of thallighich is on the top surface of the
substrate W and/or substrate table WT not undepribiection system PS. The gas may have
a relative humidity to the liquid of at least 408&sirably at least 70%, desirably at least 90%
and most desirably more than 95%, and desirabdythen 99%, more desirably less than
97%. Providing the atmosphere above the liquid Withmidified gas reduces evaporation
(and therefore a cooling load) of the liquid. Iétimmersion liquid is degradable, for
example, like some liquids used in a high NA appesahe gas provided through the gas
opening 125 can be a non-oxidizing gas, for exangjmurified inert gas may be used.
Indeed, it may be desirable to use an inert gastwiias been humidified with vapor of the
immersion liquid. A plate may be provided aboveltgeid in order to contain the

humidified gas.

[0069] Figure 7 shows a detail of the fluid handling stuwe 100. As can be seen, a surface
135 in which the second opening 120 is formed neagrigled with respect to the top surface
of the substrate W and/or substrate table WT. larmahodiment where the fluid handling
structure 100 is circular, the surface in whichgkeond opening 120 is formed would be in
the form of a truncated cone. The ar@laf the surface 135 is desirably between 0 and 15°,
desirably between 0 and 10° to the plane of thetsatie W and/or substrate table WT. A
radially inner most part of that surface 135 isseloto the substrate W than a radially outer
most part of that surface 135. That is, the pathefsurface 135 closest to the optical axis of
the projection system PS is closer to the substkasand/or substrate table WT than the part
of the surface 135 further from the optical axishef projection system PS.

[0070] Instead of angling the surface 135 in which the@sdwopening 120 is formed, the
second opening 120 itself may be angled (i.e. byiiog a passage through the surface 135
which is substantially parallel to the top surfat¢he substrate W and/or substrate table WT
at an angle). The opening 120 (or more precis@yatigle of a passage behind the opening)

can also be at the andgle
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[0071] Varying the angl® has an effect on the pressure which is producacattain flow

rate in the bulk supply. Therefore, the choicergflad can be used to balance the pressure in
between the liquid in the space 11 and the liquidide of the space 11. As described above,
by matching those pressures, mixing between thdigua flows can be reduced or
minimized.

[0072] Desirably the second opening 120 is designed taceedr minimize hydrodynamic
forces which are transmitted to the substrate Waarslibstrate table WT by flow of liquid
through the second opening 120. One way of doirsgigho provide the second opening 120
with a width (e.g., diameter) which is less thaa $ize of the gap 107 divided by 6, desirably
less than the size of the gap 107 divided by 260Ai is desirable to provide the velocity of
flow of liquid out of the second opening 120 toless than three times the square root of the
gravitational constant g multiplied by the sizelw gap 107, desirably less than the square
root of the gravitational constant multiplied b thize of the gap 107.

[0073] Figures 8a-c are cross-sections in the Z diredtienthe optical axis) illustrating
schematically how the height of liquid radially eairdly of the outer surface 108 of the fluid
handling structure 100 can vary as a function@ffzelocity v radially outwardly under the
fluid handling structure 100 parallel to the topface of the substrate W. A Froude number
(which is equal to the velocity of liquid v dividdxy the square root of the gravitational
constant g times the distance between the topcudbthe substrate W and/or substrate table
WT and the second opening (h)) less than 1 (itevd®en zero and 1) is desirable. At that
magnitude a stable height of liquid on the topatefof the substrate W and/or substrate table
WT radially outwardly of the fluid handling struc&100 can be expected. This is illustrated
in Figure 8a. If the velocity v of liquid is incread with the distancedi the second opening
120 from the substrate W remaining constant, aatian in the height of the liquid radially
outwardly from the fluid handling structure 100 danexpected. The change in height of
liquid starting at the outer surface 108 and movawjally outwardly is first a reduction in
height before an increase in height before a furduction in height. If the Froude number
is kept below 2 (i.e. between zero and 2) a seddllydraulic jump can be avoided. See
Figure 8b. If the velocity is such that the Fromdenber is well above 2, then a hydraulic
jump is created. A hydraulic jump is illustratedrigure 8c. This results from the velocity of
liquid exiting the second opening being too hightfe distance h being too low). The

presence of a hydraulic jump can lead to bubblepntient and break up of the liquid layer
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(de-wetting). This can lead to dry spots which leisudefects (drying stains, marks, sticking
bubbles, etc.).

[0074] Another way of looking at this is that when a hydi@jump is present, the speed of
flow is higher than the surface gravity waves. Tieathe horizontal speed of the liquid is
lower than the speed of the waves.

[0075] The height h is desirably between 1 and 4 mm, delsibetween 1.5 and 3 mm,
desirably 2 mm.

[0076] It is possible to increase the horizontal speddjafd v such that the hydraulic jump
only occurs outside of the substrate table WT @iaes not occur on top of the substrate table
WT), that is, the hydraulic jJump illustrated in Brg 8c is moved radially away from the fluid
handling structure 100 so that it no longer occHmwyever, at this speed collection of fluid at
the edge of the substrate table WT may becomedliffi

[0077] Figures 9a and 9b illustrate schematically a piaa\of the substrate table WT and
show another principle of an embodiment of the mtia. As is illustrated, irrespective of
the position of the fluid handling structure 100tba top surface of the substrate table WT,
the bulk flow of liquid radially outwardly from thiéuid handling structure 100 is always
greater in a direction towards a center P of thssate table WT than in other directions.
There may be flow in the other directions or thay not be.

[0078] Flow through the third opening 122 into the flu@hklling structure 100 can be used
to adjust the pressure in the bulk liquid and/cadqust the flow rate in the bulk liquid and/or
to regulate the bulk liquid level and/or reduce amplitude and/or reduce wave forces on
the fluid handling structure 100 for other reasdfisw through the third opening 122 can be
used to adjust the flow rate in a given directior example, only those third openings 122
(or only that portions of third opening 122) alanfraction of the periphery of the fluid
handling structure 100 could have liquid extractedugh them (or it) in order to reduce the
flow rate of liquid out of that fraction of the peinery.

[0079] As is illustrated in Figure 9a, if the relative gms of the fluid handling structure
100 and substrate table WT are such that the flariling structure 100 is in the bottom
right hand quarter of the substrate table WT (ewgd from above), the flow of fluid
towards the center P of the substrate table WT {lam@fore towards the top left hand corner
of the substrate table WT as viewed from abové)dseased over the flow in other
directions. Similarly, if the fluid handling struce 100 is positioned in the center left of the

substrate table WT as viewed from above (as ittt in Figure 9b), the flow of liquid out
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of the fluid handling structure 100 in a directimvards the right as viewed from above will
be greater than in other directions.

[0080] Figures 10-12 illustrate three further ways in vhilce flow rate of flow of liquid out

of the substrate table WT can be varied accordirngetipheral position around the fluid
handling structure 100. In Figure 10, the secorehom 120 is split into two segments 150,
152. Each segment may comprise one second openaglorality of second openings 120.
The second openings 120 associated with the &gghent 150 can be controlled together.
Similarly, the second openings 120 associated thiglsecond segment 152 can be controlled
together. Control is via controller 140.

[0081] Therefore, if the fluid handling structure 100nghe left hand side of the substrate
table WT, liquid flow through the second openin@ b the second segment 152 will be
greater than liquid flow of fluid through the sedospening 120 in the first segment 150.
Conversely, if the liquid handling structure 100nghe right hand side of the substrate table
WT, liquid flow out of the second opening 120 i first segment 150 will be greater than
liquid flow out of the second opening 120 in thes® segment 152.

[0082] Figure 11 shows the case where the periphery dfdltehandling structure 100 is
split into four different segments 154, 156, 158).1The segments are of equal size and the
second opening 120 corresponding to each segmmahtifa third opening 122 corresponding
to each segment) can be controlled independentlyeotecond opening 120 of the other
segments. In this instance, if the fluid handlitr@ature 100 is in the top right hand corner of
a substrate table WT, liquid flow out of segmertid and 156 on the left and bottom of the
fluid handling structure 100 would be greater ttt@nflow of fluid out of the other two
segments 158 and 160.

[0083] As will be appreciated, the periphery of the flaahdling structure 100 can be split
into any number of segments and those segmentextayd along any fraction of the
periphery. The controller 140 can then controb&lihe second openings 120 and further
openings 122 according to in which segment theyoaaed.

[0084] A further embodiment is illustrated in Figure 12 this embodiment the fluid

handling structure 100 or part of the fluid hanglstructure 100 which contains the second
opening 120 is rotatable. In this way the secorehom 120 only needs to be provided along
a portion 162 of the periphery of the fluid handlstructure 100 (or the density of openings
120 can be increased along a portion 162 of thiplpeny). The fluid handling structure 100
or the part of the fluid handling structure 100 taen be rotated such that the greater flow of
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liquid out of the second opening 120 can be itsimarn in the direction towards the center
P of the substrate table WT.

[0085] In an embodiment, a fluid handling structure tovite fluid to (i) a space between a
final element of a projection system and a substrat/or substrate table, and (ii) to a top
surface of a substrate and/or substrate tabler®rithe projection system is provided. The
fluid handling structure comprises a first openimg the space to provide a flow of fluid
from the fluid handling structure into the spaceaarier to resist flow of fluid out of the
space between the fluid handling structure andtistrate, and a second opening radially
outward of the barrier relative to an optical axishe projection system to provide a flow of
fluid from the fluid handling structure onto a teprface of the substrate and/or substrate
table radially outwardly of the space. In an embwetit, the fluid handling structure further
comprises a controller configured to control theflof fluid out of the first opening and/or
the second opening. Desirably the controller idiganed to control the flow of fluid out of
the second opening such that fluid flowing radialliywardly of the fluid handling structure
has a Froude number of between 0 and 2, desirablgtaveen 0 and 1. Desirably the
controller can vary the flow rate of fluid out dfet second opening dependent upon a position
of the fluid handling structure relative to a suéts table. Desirably the controller can control
flow out of the second opening such that a flow threction towards a center of a substrate
table is greater than a flow in a direction awayfrthe center of the substrate table.
Desirably the controller can control the flow afifl outside of the fluid handling structure
via the second openings and/or via a third opewinigh is open to an area surrounding the
space. Desirably the controller can vary the rerhiata of fluid from around a portion of a
periphery of the fluid handling structure. Desisatiie controller can control the flow of fluid
through the first opening and through the secorehmg such that a pressure of fluid in the
space is substantially equal to a pressure of @iuidide the space and in an area adjacent the
fluid handling structure. Desirably the controléan control the pressures by varying of flow
rate, and/or flow direction, and/or flow angle. Dakly the second opening is in a surface
which is parallel to a top surface of a substratedined at an angle selected from 0-10°
relative to a plane of the substrate and/or sullestadle, the surface being closer to the
substrate near to an optical axis of the projectigstem and further from the optical axis
away from the projection system. Desirably thedfloandling structure is constructed and
arranged such that fluid which has exited the bpstning is substantially de-coupled from

fluid which has exited the second fluid openingainembodiment the fluid handling

20



structure further comprises a gas opening, thepasing being open to liquid on the top
surface of the substrate and/or substrate tablanmd#r the projection system. Desirably the
gas opening is connected to a humidified gas sdorpeovide humidified gas above the top
surface.

[0086] In an embodiment, an immersion lithography apparhas, in use, substantially a
whole of a top surface of a substrate table andatsate covered in fluid and comprises a
fluid handling structure according to the aboveagaaph. Desirably a distance between the
barrier and a top surface of a substrate and/statb table is between 50 and 260.
Desirably a distance between the second openinghanslibstrate and/or substrate table is at
least five times the distance between the barndrtlae substrate and/or substrate table.
Desirably a width of the second opening is at lgasater than a distance between the
opening and the substrate and/or substrate talattedi by six, desirably greater than the
distance divided by 20. Desirably a flow velocifyflaid out of the second opening is less
than 3 times the square root of g times the digtafithe opening to the substrate and/or
substrate table, wherein g is the gravitationaktamt. Desirably a flow rate of fluid out of

the second opening is in the range of 0.2-6.0 lpm.

[0087] In a further embodiment, a fluid handling structtog@rovide fluid to a top surface of
a substrate and/or substrate table not under agbiaj system is disclosed. The fluid
handling structure comprises an opening to proflideé from the fluid handling structure

onto the top surface and a controller to contimivfbf fluid out of the opening to be at a
greater rate in a direction towards a center oftlisstrate table than in a direction away from
the center of the substrate table. Desirably tleimg comprises a plurality of openings
around a periphery of the fluid handling structuvberein the controller controls the flow of
fluid out of one or more of the openings accordmghe opening’s position around the
periphery of the fluid handling structure and adaog to the position of the fluid handling
structure relative to the substrate table. Degyrtid periphery of the fluid handling structure
is split into a plurality of segments, at least of¢he segments having opening, flow out of
the opening of each segment being controlled bgdméroller according to the position of
the fluid handling structure relative to the suaisrtable. Desirably the opening is provided at
different densities around a periphery of the flo@hdling structure, and the opening is

rotatable around an optical axis of the projectgstem.
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[0088] In a further embodiment, an immersion lithograppgaratus that has, in use,
substantially a whole of a top surface of the salbsttable and a substrate covered in fluid,
comprises the fluid handling structure of the abpasagraph.

[0089] In an embodiment, a device manufacturing methodptis®s projecting a beam of
radiation onto the top surface of a substrate smbstrate table through immersion liquid
which is provided to a space between a final eléraka projection system and the substrate
through a first opening of a fluid handling struetuwherein a barrier of the fluid handling
structure resists the flow of liquid out of the spdetween the fluid handling structure and
the substrate and a second opening in the fluidimanstructure provides fluid onto a top
surface of the substrate and/or substrate tabland#r the projection system.

[0090] In an embodiment, a device manufacturing methodptim®s projecting a beam of
radiation onto a top surface of a substrate orbatsate table through immersion liquid which
is provided to a space between a final elementppbgection system and the substrate by a
fluid handling structure, and providing a fluid ord top surface of the substrate and/or
substrate table not under a projection system thatta flow of fluid in a direction towards a
center of the substrate table is greater thardinegtion away from the center.

[0091] In an embodiment, the fluid handling structure casgs a fluid handling structure

for an immersion lithographic apparatus, the flughdling structure in use defining a space
between a projection system and a substrate ati/@ubstrate table, the fluid handling
structure comprising a surface that defines anr@ut¢ace of the fluid handing structure, a
barrier positioned between the outer surface aagplace, an opening defined in the outer
surface, the opening configured to supply immersioid to a top surface of a surface of a
substrate table and/or a substrate, radially outwhthe space, wherein the barrier is
configured to resist immersion fluid from flowingto the space. Desirably the fluid handling
structure further comprises an inner opening ddfinean inner surface of the fluid handling
structure, the inner opening configured to suppignersion fluid into the space, the fluid
handling structure confining to the space the inmoerfluid supplied to the space. Desirably
the barrier is configured to restrict/resist imnmensfluid supplied to the space from flowing
radially outwardly out of the space between theibaand the substrate and/or substrate
table.

[0092] Although specific reference may be made in thi$ texhe use of lithographic
apparatus in the manufacture of ICs, it shouldrmetstood that the lithographic apparatus

described herein may have other applications, asdhe manufacture of integrated optical
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systems, guidance and detection patterns for magih@hain memories, flat-panel displays,
liquid-crystal displays (LCDs), thin-film magneti@ads, etc. The skilled artisan will
appreciate that, in the context of such alternaglications, any use of the terms “wafer” or
“die” herein may be considered as synonymous wighnhore general terms “substrate” or
“target portion”, respectively. The substrate nefdrto herein may be processed, before or
after exposure, in for example a track (a tool tiggically applies a layer of resist to a
substrate and develops the exposed resist), aloggtimol and/or an inspection tool. Where
applicable, the disclosure herein may be appliextitdh and other substrate processing tools.
Further, the substrate may be processed more ti@) for example in order to create a
multi-layer IC, so that the term substrate use@ihenay also refer to a substrate that already
contains multiple processed layers.

[0093] The terms “radiation” and “beam” used herein encasspall types of electromagnetic
radiation, including ultraviolet (UV) radiation ¢g.having a wavelength of or about 365, 248,
193, 157 or 126 nm). The term “lens”, where theterhallows, may refer to any one or
combination of various types of optical componemisluding refractive and reflective

optical components.

[0094] While specific embodiments of the invention haverbdescribed above, it will be
appreciated that the invention may be practicedratise than as described. For example, the
invention may take the form of one or more compptegrams containing one or more
sequences of machine-readable instructions desgribmethod as disclosed above, or one or
more data storage medium (e.g. semiconductor memmagnetic or optical disk) having

such one or more computer program stored theréi@.ohe or more different controllers
referred to herein may be operable when the omeooe computer programs are read by one
or more computer processors located within at leastcomponent of the lithographic
apparatus. One or more processors are configureshtonunicate with the at least one of the
controllers; thereby the controller(s) operate adioy the machine readable instructions of
one or more computer programs.

[0095] One or more embodiments of the invention may béieghpo any immersion
lithography apparatus, in particular, but not exiialy, those types mentioned above and
whether the immersion liquid is provided in thenfioof a bath, only on a localized surface
area of the substrate, or is unconfined. In an niwed arrangement, the immersion liquid
may flow over the surface of the substrate andibsgate table so that substantially the

entire uncovered surface of the substrate tabl®asdbstrate is wetted. In such an
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unconfined immersion system, the liquid supply&ysmay not confine the immersion fluid

or it may provide a proportion of immersion ligudnfinement, but not substantially
complete confinement of the immersion liquid.

[0096] A liquid supply system as contemplated herein sthbel broadly construed. In certain
embodiments, it may be a mechanism or combinati@tractures that provides a liquid to a
space between the projection system and the stéatrd/or substrate table. It may comprise
a combination of one or more structures, one otertiquid inlets, one or more gas inlets, one
or more gas outlets, and/or one or more liquidetsithat provide liquid to the space. In an
embodiment, a surface of the space may be a patitre substrate and/or substrate table, or
a surface of the space may completely cover asudathe substrate and/or substrate table,
or the space may envelop the substrate and/orratdsible. The liquid supply system may
optionally further include one or more elementsdatrol the position, quantity, quality,
shape, flow rate or any other features of the tiqui

[0097] The descriptions above are intended to be illusganot limiting. Thus, it will be
apparent to one skilled in the art that modificasionay be made to the invention as described

without departing from the scope of the claimsosgtbelow.
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CLAIMS

1. An immersion lithography apparatus comprising:
a fluid handling structure configured to provide fluid to (i} a space between a
projection system and a substrate and/or substrate table, and (ii) to a top surface of
a substrate and/or substrate table radially outward of the space, the fluid handling
structure comprising:
a first opening into the space to provide a flow of fluid from the fluid handling
structure into the space;
a barrier to resist flow of fluid out of the space between the fluid handling structure
and the substrate; and
a second opening, radially outward of the barrier relative to an optical axis of the
projection system, to provide a flow of fluid from the fluid handling structure onto a top
surface of the substrate and/or substrate table radially outward of the space; and
a controller configured to control flow of liguid out of the first opening and/or the
second opening,
characterized in that the controller is adapted to control flow such that, in use, substantially a

whole of a top surface of a substrate table and a substrate is covered in liquid.

2. The fluid handling structure of claim 1, further comprising a controller configured to

control flow of fluid out of the first opening and/or the second opening.

3. The fluid handling structure of claim 2, wherein the controller is configured to control
flow of fluid out of the second opening such that fluid flowing radially outwardly of the fluid

handling structure has a Froude number of between 0 and 2, desirably of between 0 and 1.

4. The fluid handling structure of claim 2 or claim 3, wherein the controller is
configured to vary a flow rate of fluid out of the second opening dependent upon a position of

the fluid handling structure relative to a substrate table.
5. The fluid handling structure of claim 4, wherein the controller is configured to control

flow out of the second opening such that a flow in a direction towards a center of a substrate

table is greater than a flow in a direction away from the center of the substrate table.
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6. The fluid handling structure of any one of claims 2-5, wherein the controller is
configured to control flow of fluid outside of the fluid handling structure via the second

opening and/or via a third opening which is open to an area surrounding the space.

7. The fluid handling structure of claim 6, wherein the controller is configured to vary

the removal rate of fluid from around a portion of a periphery of the fluid handling structure.

8. The fluid handling structure of any one of claims 2-7, wherein the controller is
configured to control flow of fluid through the first opening and through the second opening
such that a pressure of fluid in the space is substantially equal to a pressure of fluid outside

the space and in an area adjacent the fluid handling structure.

9. The fluid handling structure of claim 8, wherein the controller is configured to control

the pressures by varying of flow rate, and/or flow direction, and/or flow angle.

10.  The fluid handling structure of any one of the preceding claims, wherein the second
opening is in a surface which is parallel to a top surface of a substrate and/or substrate table
or inclined at an angle selected from 0-10° relative to a plane of the substrate and/or substrate
table, the surface being closer to the substrate and/or substrate table near to an optical axis of

the projection system and further from the optical axis away from the projection system.

11.  The fluid handling structure of any one of the preceding claims, wherein the fluid
handling structure is configured such that fluid which has exited the first opening is

substantially de-coupled from fluid which has exited the second fluid opening.

12.  The fluid handling structure of any one of the preceding claims, further comprising a
gas opening, the gas opening being open to liquid on the top surface of the substrate and/or

substrate table radially outward of the space.

13.  The fluid handling structure of claim 12, wherein the gas opening is connected to a

humidified gas source and configured to provide humidified gas above the top surface.

14.  An immersion lithography apparatus in which, in use, substantially a whole of a top

surface of a substrate table and a substrate is covered in fluid, the apparatus comprising a
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fluid handling structure of any one of the preceding claims.

15.  The immersion lithographic apparatus of claim 14, wherein a distance between the

barrier and a top surface of a substrate and/or substrate table is between 50 and 250 pm.

16.  The immersion lithographic apparatus of claim 14 or claim 15, wherein a distance
between the second opening and the substrate and/or substrate table is at least five times the

distance between the barrier and the substrate and/or substrate table.

17.  The immersion lithographic apparatus of any one of claims 14-16, wherein a width of
the second opening is at least greater than a distance between the opening and the substrate

and/or substrate table divided by six, desirably greater than the distance divided by 20.

18.  The immersion lithographic apparatus of any one of claims 14-17, wherein a flow
velocity of fluid out of the second opening is less than 3 times the square root of g times the

distance of the opening to the substrate and/or substrate table, wherein g is the gravitational

constant,

19.  The immersion lithographic apparatus of any one of claims 14-18, wherein a flow rate

of fluid out of the second opening is selected from the range of 0.2-6.0 lpm.

20. A device manufacturing method comprising projecting a beam of radiation onto a top
surface of a substrate on a substrate table through immersion liquid which is provided to a
space between a projection system and the substrate through a first opening of a fluid
handling structure, wherein a barrier of the fluid handling structure resists flow of liguid out
of the space between the fluid handling structure and the substrate and a second opening in
the fluid handling structure provides fluid onto a top surface of the substrate and/or substrate
table radially outward of the space,

characterized in that substantially a whole of a top surface of a substrate table and a

substrate is covered in liquid.

21. A fluid handling structure for an immersion lithographic apparatus, the fluid handling
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structure in use defining a space between a projection system and a substrate and/or the
substrate table, the fluid handling structure comprising:

a surface that defines an outer surface of the fluid handing structure;

an opening defined in the outer surface, the opening configured to supply fluid to a
top surface of a surface of a substrate table and/or a substrate, radially outward of the space;
characterized in that substantially a whole of a top surface of a substrate table and a substrate
is covered in liquid; and

a barrier positioned between the outer surface and the space, the barrier configured to

resist the fluid from flowing into the space.
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