Fluid Handling Structure, Lithographic Apparatus and Device Manufacturing
Met hod Field 100011 The present invention relates to a fluid handling
structure, a lithographic apparatus and a nethod for nmanufacturing a

devi ce. Background [00021 A |ithographic apparatus is a machi ne that
applies a desired pattern onto a substrate, wusually onto a target portion
of the substrate. A lithographi c apparatus can be used, for exanple, in

t he manufacture of devices such as integrated circuits (1Cs). In that

i nstance, a patterni . device ich is.alternatjvely referred to as a
mask or a reticle, n;@“ﬁigﬁﬁ’é‘glﬂigt%@'éc&“ﬁ g‘ftgo%m&ﬂ}cc%?lfa%b“gttern to be forned
on an individual |ayer of hﬂ@ﬂeﬁcemrﬁtfmﬁﬁﬁgm&m be transferred onto a
target portion (e.g. conprising part of, one, or several dies) on a
substrate (e.g. a silicon wafer). Transfer of the pattern is typically via
i mgi ng.onto a layer of radiation-sensitive material (resist) provided on
the su ate. In general, a single substrate will contain a network of
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| i t hographi c apparatus include so-called steppers, in which each target
por t i onmethod for menutaelyripy 2 dXHeki ng an entire pattern onto the target
portion at one tinme, and so-called scanners, in which each target portion
is irradiated by scanning the pattern through a radiation beamin a given
di rect i Batkgioned " scanni ng"-direction) while synchronously scanning the
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portions that are successively patterned. Known lithographic apparatus include so-called
steppers, in which each target portion is irradiated by exposing an entire pattern onto the target
portion at one time, and so-called scanners, in which each target portion is irradiated by scanning
the pattern through a radiation beam in a given direction (the “scanning”-direction) while
synchronously scanning the substrate parailel or anti-parallel to this direction. It is also possible
to transfer the pattern from the patterning device to the substrate by imprinting the pattern onto
the substrate.
[0003] It has been proposed to immerse the substrate in the lithographic projection apparatus in a
liquid having a relatively high refractive index, e.g. water, so as to fill a space between the final
element of the projection system and the substrate. In an embodiment, the liquid is distilled
water, although another liquid can be used. An embodiment of the invention will be described
with reference to liquid. However, another fluid may be suitable, particularly a wetting fluid, an

incompressible fluid and/or a fluid with higher refractive index than air, desirably a higher

refractive index than water. Fluids excluding gases are particularly desirable. The point of this is



inthe liquid. (The effect of the liquid may al so be regarded as increasing
the effective nunerical aperture (NA) of the system and al so increasing
the depth of focus.) Other inmersion |liquids have been proposed, including
water with solid particles (e.g. quartz) suspended therein, or a |liquid

Wi th a nano-particle suspension (e.g. particles with a maxi num di nensi on of
up to 10 nm. The suspended particles may or nay not have a simlar or the
sanme refractive index as the liquid in which they are suspended. O her
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the flow and/or the position of the immersion fluid). The flow of gas may form a seal to confine
the immersion fluid so the fluid handling structure may be referred to as a seal member, such a
seal member may be a fluid confinement structure. Immersion liquid may be used as the
immersion fluid. In that case, the fluid handling system may be a liquid handling system. In
reference to the aforementioned description, reference in this paragraph to a feature defined with
respect to fluid may be understood to include a feature defined with respect to liquid.
10006] One of the arrangements proposed is for a liquid supply system to provide liquid on only
a localized area of the substrate and in between the final element of the projection system and the
substrate using a liquid confinement system (the substrate generally has a larger surface area than

the final element of the projection system). One way which has been proposed to arrange for this

is disclosed in PCT patent application publication no. WO 99/49504.



unconfined as disclosed in PCT patent application publication no. WO
2005/ 064405. In such a systemthe whole top surface of the substrate is
covered in liquid. This may be advant ageous because then the whole top
surface of the substrate is exposed to the substantially sanme conditions.
This may have an advantage for tenperature control and processing of the
substrate. I n WO 2005/064405, a liquid supply systemprovides liquid to
the gap between the final element of the projection systen1and the

substr uid is a
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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.

Summary
[0009] It is desirable to be able to move the substrate as fast as possible below the projection

system. For this, the fluid handling system, especially for a localized area fluid handling system,
should be designed to allow high relative speed of movement without significant liquid loss or
formation of bubbles. It is desirable that stepping and scanning motions can be performed at a
close or similar speed, if not substantially the same speed.

[0010] [t is desirable, for example, to provide a fluid handling system which maintains liquid in a

space between the final element of the projection system and the substrate.



apparatus, the fluid handling structure having a plurality of openings, the
fluid handling structure configured such that the openings are directed,
in use, towards a substrate and/or a substrate table configured to support
the substrate, the fluid handling structure further conprising a gas knife
devi ce having an elongate aperture or a plurality of apertures arranged in
aline, the aperture or the plurality of apertures being arranged at a

di stance fromthe openings selected fromthe range of 1 mMmmto 5 nm [0012]
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wherein the fluid handling structure is configured such that the openings are directed, in use,
towards the substrate and/or the substrate table, so that the openings are configured to remove
liquid from between the fluid handling structure and the substrate, the substrate table, or both and
so that most of the gas flow from the gas knife device flows though the openings.
[0014] According to an aspect, there is provided a fluid handling structure for a lithographic
apparatus, the fluid handling structure having a plurality of meniscus pinning openings, the fluid
handling structure configured such that the openings are directed, in use, towards a substrate
and/or a substrate table configured to support the substrate, the fluid handling structure further
comprising a gas knife device having an elongate aperture or a plurality of apertures arranged in a
line, and a damper arranged between the aperture or the plurality of apertures and the openings.
[0015] According to an aspect, there is provided a device manufacturing method comprising:

providing a fluid between a final element of a projection system and a substrate;



retrieving liquid frombetween the final elenent and the projection system
by attaching an wunder pressure to a plurality of openings in a fluid

handl ing structure; and forcing liquid towards the plurality of openings by
supplying gas through a plurality of apertures, the distance between the
apertures and the openings being selected fromthe range of 1 mmto 5 mm

[ 0016] According to an aspect, there is provided a |ithographic apparatus
conprising a fluid handling structure, the fluid handling structure having
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substant to the optical axis of the projection system a
meni scusmak.nni ng system according to an enbodi nent of the invention;
Figure 8 illustrates, in plan, a practical enbodinent of a fluid handling
structure 5 according to an enbodi nent of the invention; and

Brief Description of the Drawings

{0017] 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:

- Figure 1 depicts a lithographic apparatus according to an embodiment of the invention;
- Figures 2 and 3 depict a liquid supply system for use in a lithographic projection
apparatus;

- Figure 4 depicts a further liquid supply system for use in a lithographic projection
apparatus;

- Figure 5 depicts a further liquid supply system for use in a lithographic projection
apparatus;

- Figure 6 is a schematic illustration, in plan, of a meniscus pinning system according to an
embodiment of the invention;

- Figure 7 depicts, in cross-section at line VII-VII in Figure 6 in a plane substantially
parallel to the optical axis of the projection system, a meniscus pinning system according to an
embodiment of the invention;

- Figure 8 illustrates, in plan, a practical embodiment of a fluid handling structure



Figures 9 to 15 illustrate various variations on the enbodi mrent of Figure

8. Figure 16 illustrates, in plan, as a schematic representation a gas

kni fe according to an enbodi nent of the invention; Figure 17 illustrates,
in plan, as a schematic representation a gas knife opening according to an
enbodi ment of the invention; Figure 18 illustrates, in plan, certain
features of an enbodi nment of a fluid handling structure according an
enbodi ment of the invention; Figure 19 illustrates, in plan, certain
features of. an enboﬂi nt, of a fluid handling structure according to an
enbodi ASATIEE 1 ARCH FRtOh ICRYFIRPTy S @ 20 illustrates, in plan, certain
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enbodi ment of "the invention. Detail ed Description 100181 Figure 1

schemat- cal IRigwte bé dtustrates, in plagraa paehemaip spsesariali@cheatikige pEoBHS BifBodi ment
of the i.nventioq The apparatus conprises: an illum nation system

(il ummogﬂenltﬂp@gﬁt}vieﬁtﬁér)rgd to condition a radiation beamB (e.g. WV

radi ati.on orpildy/17 dis@ite) M) plag a8 8 REIRAiatis tapustntation©gay knife opskng abbrdingMT
constructed to support a patterning device (e.g. a nmask) MA and connected
to a fitpgnepbedimenirrfitheinrewioni gured to accurately position the patterning

device in a%%g?@ﬁﬁlgﬂtégﬁ' hf:d}ﬂ%%% 12 ig LANEL &' enodidRet 684 Suil@Ri@inge. 0. A
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6 [0020] The support structure MI holds the patterning device. The support
st r uct Jpetaiked|Rbscription

10018] 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 B (e.g.
UV radiation or DUV radiation);

- a support structure (e.g. a mask table) MT constructed to support 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 substrate in accordance with certain parameters; and

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

[0019] 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.



patterning device in a manner that depends on the orientation of the
patterning device, the design of the |ithographic apparatus, and ot her
conditions, such as for exanple whether or not the patterning device is
held in a vacuum envi ronnent. The support structure can use nechani cal,
vacuum electrostatic or other clanping techniques to hold the patterning
devi ce. The support structure nmay be a frame or a table, for exanple,

whi ch may be fixed or novable as required. The support structure nmay
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beam which is reflected by the mnor matrix, 023] The term j'Fr og' ection
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conbi nahjepih i Ben&MBeingaSeARL AR aileepdrton, sidteasempaisginedcadiiat i on bei ng used,
or for other factors such as the use of an immersion Jiquid or the use of

a vacudff22khepsticramgdReice manbe FreystYeoN reldslve. Fgamplss phpatisEipeAiEer ed as
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t r ansmikg®iwién lithography, and include mask types such as binary, alternating phase-shift, and

attenuated phase-shift, as well as various hybrid mask types. An example of a programmable

mirror array employs a matrix arrangement of small mirrors, each of which can be individually

tilted so as to reflect an incoming radiation beam in different directions. The tilted mirrors impart

a pattern in a radiation beam which is reflected by the mirror matrix.

[0023] 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”.



mask). Alternatively, the apparatus may be of a reflective type (e.qg.

enpl oying a programmable mrror array of a type as referred to above, or
enploying a reflective nask). [0025] The |ithographic apparatus nmay be of a
type having two (dual stage) or nore substrate tables (and/or two or nore
patterning device tables). In such "multiple stage" nmachi nes the

additional tables may be used in parallel, or preparatory steps nay be
carried out on one or nore tables while one or nore other tabl es are being
used for exposure. [.00 Referring.to Figure 1, .the illum nator
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support structure and is patterned by the patterning device. Having
t r aver sipparttue, fpacxaem}n wherdbe farcdina mdrenry i iThe sousesH Bupis sduminpopligh t he
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posi ti ohstnmtfome:rféhqratham@,ebeapb Genasaldy, @ feast thrcousaender inppreadighi @it on beam B.
oot bbb LiehSd (AR {h@NGH oMo A 20N 0ELr ROBIGLANiSFRER S PpI 1 o
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.

[0028] The radiation beam B is incident on the patterning device (e.g., mask) MA, which is held
on the support structure (e.g., support structure MT), and is patterned by the patterning device.
Having traversed the patterning device MA, the radiation beam B passes through the projection
system PS, 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 B. Similarly, the first positioner PM

and another position sensor (which is not explicitly depicted in Figure 1) can be used to



accurately position the patterning device MA with respect to the path of.
the radiation beamB, e.g. after nmechanical retrieval froma nmask library,
or during a scan. In general, novenent of the support structure MI may be
realized with the aid of a |ong-stroke nodul e (coarse positioning) and a
short-stroke nodul e (fine positioning), which formpart of the first
positioner PM Simlarly, novenent of the substrate table WI may be
realized using a | ong-stroke nodule and a short-stroke nodul e, which form

part of the second positioner, PW the cas f a,st er. (-as, opposed to
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maximum size of the exposure field limits the size of the target portion C imaged in a single

static exposure.

2. In scan mode, the support structure MT and the substrate table WT are 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 support structure MT may be determined by the (de-)magnification and image reversal
characteristics of the projection system PS. 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.

3. In another mode, the support structure MT is kept essentially stationary holding a

programmable patterning device, and the substrate table WT is moved or scanned while a pattern



9 inparted to the radiation beamis projected onto a target portion C. In
this node, generally a pulsed radiation source is enployed and the
programuabl e patterning device is updated as required after each novenent
of the substrate table WI or in between successive radiation pulses during
a scan. This node of operation can be readily applied to maskl ess

| ithography that utilizes progranmble patterning device, such as a
programmable mrror array of a type as referred to above. [0030]
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along the direction of novenent of the substrate relative to the final
el enentto tagrpiojestion syptomdl® Whilethe pehsirate Jh anyge pederioath B#%352- havi ng passed

under t []aﬁ3ﬂ rlgjt}%catlli wd a?ryxﬁée%t tﬂé %tclufdsis uwitonfined. The whole top surface of the substrate

and all or part of the substrate table is covered in immersion liquid. The depth of the liquid
covering at least the substrate is small. The liquid may be a film, such as a thin film, of liquid on
the substrate. Immersion liquid may be supplied to or in the region of a projection system and a
facing surface facing the projection system (such a facing surface may be the surface of a
substrate and/or a substrate table). Any of the liquid supply devices of Figures 2-5 can also be
used in such a system. However, sealing features are not present, are not activated, are not as
efficient as normal or are otherwise ineffective to seal liquid to only the localized area.

[0034] Four different types of localized liquid supply systems are illustrated in Figures 2-5. 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 1s
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
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the substrate is scanned beneath the elenent in a -X direction, liquidis
supplied at the +X side of 10 the el enent and taken up at the -X side.

Figure 2 shows the arrangenent schenmatically in which liquid is supplied
via inlet INand is taken up on the other side of the elenent by outlet OUT
which is connected to a | ow pressure source. In the illustration of Figure

2 the liquid is supplied along the direction of novenent of the substrate
relative to the final elenment, though this does not need to be the case.
Various_ orjentations and nunbper f ins,and.out-| et ifi . d the
{nar ahememencans g 375 Be Bk, Rlamist e PC et b foriaf e e RORT AR SREC O
four sefhidfs sapplicdvRtinleiN fhdiB tkdh L bn i oBidr Bide of hdelcaicnt by omlededTi n a
regul ar pattern around the final elenment. [0035] A further imrersion
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liquidi1s's rows in Figure 4. [0036] Another arrangenent which has

been priokesed outets candreawiadgedtine plateywith adalspn yts sgnireennd thypugh which g d

confi nenment . menmber. whi c tends al ong, at | east . of of the
Conce TRt pernds Proteg ot Bt sBp RS e 38l fcPal bneiae b ARAGRE o

under | Yd&iom 34 RGeS ediiQ Jﬁﬁiﬁﬁlgrcdiﬂ%creteﬁdﬂﬂ%ﬁs loatilee dthk sdeat tikoirbjectiach an
arrangement is illustrated in Figure 5. The ipnmersiaon system has
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t abl e, wifl £Hguiéxpifesaleyt mérabadviotheteids elopg Thieadaprit of a boundary of the space
between the final element of the projection system and the underlying surface of the substrate,
substrate table or both. Such an arrangement is illustrated in Figure 5. The immersion system has
a localized liquid supply system with a liquid confinement structure, which supplies liquid to a |
limited area of, for example, a substrate.
[0037] Figure 5 schematically depicts a localized liquid supply system or fluid handling structure
with a barrier member 12, which extends along at least a part of a boundary of the space between
the final element of the projection system and the substrate table WT or substrate W. (Please note
that reference in the following text to surface of the substrate W also refers in addition or in the
alternative to a surface of the substrate table, unless expressly stated otherwise.) The barrier

member 12 is substantially stationary relative to the projection system in the XY plane though

there may be some relative movement in the Z direction (in the direction of the optical axis). In
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menber 12 is substantially stationary relative to the projection systemin
the XY plane though there may be sone relative novenent in the Z direction
(in the direction of the optical axis). In 11 an enbodi nent, a seal is
formed between the barrier nmenber and the surface of the substrate W and
may be a contactl ess seal such as a gas seal or fluid seal. [00381 The
barrier nmenber 12 at |l east partly contains liquid in the space 11 between a
final elenent of the projection system PL and t he substrate VV A

contactl ess seal 16 to the bstrate W r e
field ot TARPIYPE RN %ﬁ@ﬁtv%n h‘r‘?at’?ntelr H{?Fg’et a§1% tge?urr? %IO u Strarrﬁg space
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system PL space is at |least partly forned by the barrier nenber 12
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are ar riamged t@onnﬂ@ﬁnpﬁmreoseéy cpniftrgls Lo Bicsbaneyof gesimage Bald1oe+ HREREHY: t hat
confi neﬁ té’gﬁt ht}e force of the gas on the liquid between the barrier
menber ¥ B g‘ifﬁ’gtt A& Wcontains the liquid in a space 11. The

i nl et s/ @psdjetiz mya Reont@nBd nAhe §200Y BBy WahokalSIE whithdiuting uspacfermdl  The
annul ar grooves nay be continuous or discontinuous. The flow of ge%ﬁsm i's
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the gas seal is prov1ded under pressure via inlet 15 to the gap between barrier member 12 and

substrate W. The gas is extracted via outlet 14. The overpressure on the gas inlet 15, vacuum
level on the outlet 14 and geometry of the gap are arranged so that there is a high-velocity gas
flow 16 inwardly that confines the liquid. The force of the gas on the liquid between the barrier
member 12 and the substrate W contains the liquid in a space 11. The inlets/outlets may be
annular grooves which surround the space 11. The annular grooves may be continuous or
discontinuous. The flow of gas 16 is effective to contain the liquid in the space 11. Such a system
is disclosed in United States patent application publication no. US 2004-0207824, which is
hereby incorporated by reference in its entirety.

[0040] An embodiment of the invention relates to a particular type of extractor for use in a fluid
handling structure which substantially prevents the meniscus from advancing beyond a certain

point. That is, an embodiment of the invention relates to a meniscus pinning device which pins
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[ 00401 An enbodi nent of the invention relates to a particular type of
extractor for use in a fluid handling structure which substantially
prevents the meniscus from advanci ng beyond a certain point. That is, an
enbodi nent of the invention relates to a neniscus pinning device which pins
12 the edge of liquid in a space between the final elenment of the
projection systemand the substrate and/or substrate table substantially
in place. The neni scus pinning arrangenent relies on the so- called gas

drag extractor_ _prjnciple i ch has. been descr,i bed, for exa . in . US
ot ot g e AR 3 GBTCE GO I Jna DTG 21 ST esHiR TS AR Pl Peuste
I ncor p%@&@u&}frafe@%lﬁé SisEntidlylih §1Cellc@. r’:[tlﬂe dn¥scud PinkifgbrrSESmen ke oRxhd @ct i on

hol es may be placed in a cornered shape. The cornérs are aligned with the
st eppi nuplled dasstragenitragtod primaiple whish bk beentiebgsibed. deirramplveinf Ydepalegi t he

e

per pendingiphtAnn it yRentlihe @€frdctibn RbleSMman be plaveMarn copiredshagi TRntortdrs hise
invention may be applied to a fluid handling systemwhich in plan has any

shape, ahignphwith thestippngant secpnaing direqtioas iy bedes redics Pasniorrg 9ndhs BAYEISi n any
shape, ,such_as > l.ose ] i 2 dod L I i st
| e DS 2SS ARy O o LR ERA B AA GREI AL AE
r ect angw@, outle arealipgethe@pendicufpatoatht diragioawf s@ngHowever, orbsilinent of thor ner ed
shape with nore than four corners (such as a fqQur or nopre pointed star).

[ 00411 ipvengion ayeirppiicgrio ¢ fai i i ptetsbigh By 12 B9 48Y SHaBCvi"ah an .
embodi r%mpoﬁém?s{?&, ashthY St @Sk @ghggfgrm%nrgb@ilgﬁg}@ﬁ&g{eys@ﬁ ad @ao%rgagﬁeeguahme in

whi ch the“openings are arrang sharp corners (selected fromthe
range aflosatshtpebfa hon-Gfitimgd st mapingludeen eHipge(soth #5 dixsled(r meldineamshape
desirably the ran of 75 to 85) tp be present for .the corners ali.gned both
in t he E¥RPSFAEIAEE: £ige? ﬁ%?ﬁ%ﬂ?}%}%ﬁ’oﬁ%{a SR 4 SPTSTH isﬁ reewalg]ed speed
| the okt B O@aRliall 08B PbinedTp | s because the creation of
liquid droplets due to an unstable neniscus in the scanning direction is

r educed$04)dn e veoativerc ther systeni of RS2 0AB0R 1 BsGh tot whick emembatiment@f dice ppi ng

directi.ons,. increased speed be achi eved, i . d] i ) irably
the. spdBtERPn FOVEOIE PROCRE: PE KA Sp e oGt bR a6

subst anhhpldovhepfidabeted ROA2He fh@LoRbEUt dOP Us90°At &srablg e dcod 759 190t abd pl an
the nmeni scus pinning features of a fluid handling structure or system of

an enbaouesrderirably thyvanghefstt to$3°) Thiee presentifos shegorneryalignadbath ipthg sedigndevi ce

0 © T Tty AL O e LGS IR PO PR

6 CONPrimes bacdkethalcidasondf IdjusCdreplets due to an unstable meniscus in the scanning
direction is reduced. Where corners are aligned with both the scanning and stepping directions,
increased speed may be achieved in those directions. Desirably the speéd of movement in the
scanning and stepping directions may be substantially equal.
[0042] Figure 6 illustrates schematically and in plan the meniscus pinning features of a fluid
handling structure or system of an embodiment of the invention. The features of a meniscus
pinning device are illustrated which may, for example, replace the meniscus pinning arrangement
14, 15, 16 of Figure 5. The meniscus pinning device of Figure 6 comprises a plurality of discrete
openings 50. Each of these openings 50 are illustrated as being circular though this is not
necessarily the case. Indeed one or more of the openings 50 may be one or more selected from a
circle, square, rectangular, oblong, triangular, an elongate slit, etc. Each opening has, in plan, a

length dimension (i.e. in the direction from one opening to the adjacent opening) of greater than

13



openi ngs 50. Each of these openings 50 are illustrated as being circular
though this is not necessarily the case. |Indeed one or nore of the

openi ngs 50 naybe one or nore selected froma circle, square, rectangul ar,
obl ong, triangular, an elongate slit, etc. Each opening has, in plan, a

| ength dinension (i.e. in the direction fromone opening to the adjacent
opening) of greater than 13 0.2 nm desirably greater than 0.5 mMmmor 1 nm
in an enbodi nent selected fromthe range of 0.1 mmto 10 mm in an

nmbod d f f
te heo| nghﬁmf Og{e%tgr & (Eé{n% 1Fe } g'ml tnhgn Flgﬁ]%cémg%t sginﬁted %’omtnthe %r}]gé) gf rgnt

desi ra%ﬁﬁ tBh@mrﬁaiHQﬁeﬁlfbo@n%nf@H&féeroﬁlM\r 8 0026 AN e 7RI Int:nlile w dth of
each opening is selected fromthe range o# 0.1 M to 2 nm

embodi nemitoginaéns thei length dimeasion ls(ﬁp@nied@onsthgmepé@ﬂﬂmaﬁ@Qﬁéﬂmf%ﬁ%@@imheo 2 mm
to 1 mm e_openi n ce of

Fi gure %ﬁg%%%mgﬁﬁnecWed%%mlggpgggépage%%ﬁég?agﬁ% sur m%%%gk@ﬁogﬁﬂé

Al t er nathaeadry. 0@ d thindiednl smboditdht,ahe @idth of @ich byendig is hdeoabfiomglee 50 may
be connected to a common chanber or manifold (which maybe annul ar) which is
itselfr@mﬂQiQﬂImmiodﬂﬂ@r pressure. In this way a uniform under pressure at
each or gl &N, QinfBY: d26icBPFRYRY mA6: QRRRIAGS 50
can be[ggtﬂ ak@% génggﬁwﬁ?sour§g§g§ or”fﬁgwgg?ﬁgﬁp g?@“%hrroundlng t he
fluid fws&g;htﬂagmaéﬁpmg‘smreeome.sy&mﬁvﬂg or hrkﬁtlicbmﬂy,rmdbera pdurahtyq:tf th orzoipgs y

systen) may be increased in pressure to generat th des ressu

di f f er edBay l{WEﬂﬂCt‘fﬂotaW@mé?P&dﬁF‘H’E?ﬁor B?an%f’@d?”g C%‘ Wﬁé@p drE ltfseflﬁl d

ext r acty AEHaG G FPessdBah élilé wh 8 Yinf6ieh uildel g&%&@eﬁ ewﬁ‘orraqﬁﬁag@ oFthegas and/ or
o e

liquidin urd handling structure. is, the inlets may be
consi despeningsSbuby bt schigvedn ”EH@e)pstpagseSOl@n bEkpenosietlto paacyamceise dnd/ar ter e

detail belo [ 0045],.Th re for Nl surfac fluid
handl i rgReIAREESSHTEY 1$ﬁ§$%gﬁpﬁ égsyﬂ%neﬂbs ‘gfg:aﬁgfgklgubstrate
tabl e, sluﬂpl}y%ﬁ‘sterﬂmn%nﬁe REReGH TR HessuRSlo RANAIB U @sBed Prediufd differesddl f ace of the

~fluid handling structure. I n another enbodinent, a ridge_may be present on
the bdpo4khis thefeadwdivhent hEFiguisst thappeningsises fluid AXtEasion epasiREs B isthey are

det i nedtl sBapegess s §&oryliq A BCRRR Eilne BFRAP TR YL

adj acende BeaGre®Sas sHENtsTRN MHerpatetiogEhibefll bé’b@cﬁl@@ﬁheﬁoréré@talbbelbwi ned
together to forma single body. The S|ngle bod na rn1the corner shape.

[ 00461 [08454 dihetopeniogs 50 are farmicd iy &surlace pka Bipd §1g§ @1t2hE BIWTHE a tube
or elo %ea%g . DRSPRIGNA < sél?%tra eotﬁtflﬁ)ﬁﬁﬁpé %1 orSh B Rh ¥t HMopRRAR 9% KBS

posi ti ace
surface of the fluid handling structure. In another embodiment, a ridge may be present on the

bottom surface of the substrate member. In that embodiment the openings may be in the ridge. In
an embodiment, the openings 50 may be defined by needles or tubes. The bodics of some of the
needles, e.g., adjacent needles, may be joined together. The needles may be joined together to
form a single body. The single body may form the corner shape.

[0046] As can be seen from Figure 7, the openings 50 are the end of a tube or elongate
passageway 55, for example. Desirably the openings are positioned such that they face the
substrate W in use. The rims (i.e. outlets out of a surface) of the openings 50 are substantially
parallel to a top surface of the substrate W. The openings are directed, in use, towards the
substrate and/or substrate table configured to support the substrate. Another way of thinking of

this is that an elongate axis of the passageway 55 to which the opening 50 is connected is
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substrate Wn use. The rins (i.e. outlets out of a surface) of the openings
50 are substantially parallel to a top surface of the substrate W The
openings are directed, in use, towards the substrate and/or substrate
tabl e configured to support the substrate. Another way of thinking of this
is that an elongate axis of the passageway 55 to which the opening 50 is
connected is 14 substantially perpendicularly (within +/- 45, desirably
within 35, 25 or even 15 from perpendicular) to the top surface of the

substrate W _[0047 ach opepin , 1.S . desi gped. 1.0 tract i xture of

i qui d ey YP?W%“CF‘E‘%W i %‘rﬁgcgﬁséraﬁfyrvﬁ@ﬂ %%’%%((’:réwﬂl\%h@néas the gas
i's extract adihAm HecpkiPRPbeme s@uhiaayot her side of the openings 50 to
the lidquid. This creates a gas flow as illustrated by arrows 100 and this

gas fl o043 Each bpaoting/¥) iscegigreditp extrashi sxixiyredd liguidad gat e bpeidinhgdrasied

substantially in place as illustrated.in . Flaur T £ el ps
nai nt ai tf‘u‘mﬁ‘ mfyslp?%fu]lﬂd”alle@;?‘ﬁsi%%ee%?s 6@/6%%5% fram By %t%k |Sﬁ]be?e %Iilﬁlg 08%2 sig % g?/v\{hgi nduced
pressu rc_fl‘peﬁirngéib@mthén i@rThy crditeda EHITRAY Js illfisttabedl tgasrois 100 amd thivepak iflqwiisl.

[ 0048] The openings 50 surround the space to which the fluid, handljng

st r uct affecivgiplpirethe megisces 90 befween Be oponings 58 subsiatisly ngacs es diuskatedhil ed i n
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bet meeﬁn&iﬂed?&@ﬁur@@aﬂieﬁg&dﬁﬁ byeyag\(stte)) .of He gan flewlsadherbatid. |iquid is
extracted all the way_ around the closed shape, cornered and is

. q. h .
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shape L&, the o &?#@V%M§ﬁbggghmd&%ﬁrf%%o%& 104 ARALAL biniddge. Way

ar ound e spac the “cornere ape) . is way the liquid may be
conf i nethetapeiings mpabesubitntiallyeontmicssly spavay atvengtherspereliglthongh theepiongs 50,
during operation. [00491 can he seen fromFigure 6, th nings 50 are
posi 1 dibtPeaadEen: P SO g SBueHET | CHpe crrees ARERARES i O
COomer s é)rrd th&cib shAREe.Bf corhGel Safe, ahdl & dxfradttd §ubtaBiaR it He paint SOWRLE W th

curved edges or sides 54. The edges 54 have a negative radius. The edges 54
curve it ompingts ottt cerrret shepe. {Thés is echievicd deeyspide cperangsd as@ymed dhibehe

corners 52. 100501 Th uare h LG ' | t he
o) or . cvpaEeirEhEe res i Copferetabd I Yy i gt ey BECorb AR WD ) 27
Thi s hejp§neRsHis&stRatbeldicamyithabpeatan so,peadg bperitkat er than if the

openings 50 were arranged in a circular shape. This is because the force on

the melfP4% s dantbrsesn framo Figven.tgsorsoings 59 aguposiionsd 19 a 19 Kol RIgs 20, Here
0Ois th f.the.line. i . i , e to th
ook R P b SEPIRGH) 18 gled gRERIAUS Ml e o the

u
square with curved edges or sides 54. The edges 54 have a negative radius. The edges 54 curve

towards the center of the cornered shape in areas away from the corners 52.

[0050] The square has principal axes 110, 120 aligned with the major directions of travel of the
substrate W under the projection system. This helps ensure that the maximum scan speed is faster
than if the openings 50 were arranged in a circular shape. This is because the force on the
meniscus between two openings 50 is reduced with a factor cos 6. Here 8 is the angle of the line
connecting the two openings 50 relative to the direction in which the substrate W is moving.
[0051] The use of a square shape allows movement in the step and scanning directions to be at a
substantially equal maximum speed. This may be achieved by having each of the corners 52 of
the shape aligned with the scanning and stepping directions 110, 120. If movement in one of the
directions, for example the scan direction is preferred to be faster than movement in the step

direction then a rhombus shape could be used. In such an arrangement the primary axis of the
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[ 00511 The use of a square shape allows novenent in the step and scanning
directions to be at a substantially equal naxi mum speed. This may be

achi eved by having each of the corners 52 of the shape aligned with the
scanni ng and stepping directions 110, 120. If novenent in one of the
directions, for exanple the scan direction is preferred to be faster than
novenment in the step direction then a rhonbus shape could be used. In such
an arrangenent the primary axis of the 15 rhonbus may be aligned with the

scan direction. For. a rhonhi c shape, although.each of. the. cqr s maybe
acute,I?WB?%HB?%h%%$E%£Wﬁ€aES&ﬁrigﬁﬁ?mé?ﬂﬁﬁgﬁﬁnﬁ%@p%ﬁgﬁﬁﬁgfaqﬁgﬁé?anple in
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d 105). 2 h hput. 1] ' h ' [ f
e e N R e L S i
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aligned with the other major direction of travel of the substrate (usually
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edges with a negative radius is that the corners be e sharper. An
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corners the step rection. If it were not for this
f eat ur ehd Major dinectivokesf tfavel i het \aahers 52 aligned in both directions to have
the sane angl e, those corners mnald have t o .hav ess than,90 were

.90, 1 f.|
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greater than 90. [0054] As will be described in relation to Figures 13 and
15, it fowhstldthseopmessizbilignedowitlathe starediregpeminsdghe Forners 2 algnsdapth tha sighi ch

[ .of . /i di d.ed he ed i :
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cont i nyousi v. 6hangi,na idL G5 RDor Bk iRl Shape embodi ment, the cor ner

al ong t
[0054] As will be described in relation to Figures 13 and 15, it would be possible to have the

openings in a star shape in which instcad of providing curved edges the edges are straight but
meet at a point which lies radial inwardly of a straight line between two corners. However, this
arrangement may not be as successful as the case where the line joining the openings is smooth,
i.e. where a line defined by the openings 50 and defining the cornered shape is continuous and
has a continuously changing direction. In the star shape embodiment, the corner along the side of
the shape will pin the meniscus. For a sharp corner the forces pinning the meniscus are focused
on the comner, i.e. a short length of the edge of the shape. A more smoothly curved corner, for
example, one with a large radius of curvature, distributes the pinning forces along a longer length
of the curve of a corner i.e. around the comer. Thus, for a certain relative velocity between the
substrate and the fluid handling structure, the effective meniscus pinning force applied to both

comers is the same. However, for a defined length of the edge, the effective pinning force for the
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the shape will pin the nmeniscus. For a sharp coner the forces pinning the
meni scus are focused on the coner, i.e. a short length of the edge of the
shape. A nore snoothly curved corner, for exanple, one with a |arge radius
of curvature, distributes the pinning forces along a |onger |length of the
curve of a corner i.e. around the coner. Thus, for a certain relative

vel ocity between the substrate and the fluid handling structure, the

ef fective neniscus pinning force applied to both corners is the sane.
However, for a defined length of 1the edge, the.effective pinnin r.ce for
the 16 SSRRSIMELFTRPrC derrtge Frﬁ%thtyo‘ﬁmfeﬂgo% gﬁf‘ﬁ kg, &h\? en&f’ngsglr%sew eI‘iﬁgsa makes
the ”E%élﬁtb%nf& Resh1&%t adowSBlRvE RIBdItyREFRB e @bstiatd Maahe flelddahdingvel oci ty
bet ween the substrate and the fluid handliq? structure than a neniscus
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mm | n @R, deirbislgtigreate tzh©.d mmgird minyrensi anrbodsnew kedettatirém dm tahge ofdnige of
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0.1 mm T GIRAGLIR it 138 A hB rifge 8860 nBREND B Inh Sdest@IgCt ed
fron1tﬁ%ﬁ¥§hge g#qgﬁglnnlto 1 nnf [ 00561 nggfe 7 illpstratesf?hat?the
openi ngeketed $ropr the rabge of 12 am t 9.3 mus ulnfancebodimsht, theewidthueidachepraing g

structure. is Is howe no ecessari | .he case.and.t i ngs 50 may
Do i A-Iepebeas ISR by FE bt (o a prbedtispn (RS AR o AT <R A B

St ruct UeReicAoRi¥hd BRip8 BAWS i@ f kv of gas from outside of the fluid
handling structure into the passageway 55 associated with the oge,ni ng 50

and t hq0@F6] diguts 0 ililustraiss that tbs op¢ning 3 isagevidad injadgitemsudaserifeof dinto the

ing 50. Th 55_and ' ' L gned
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t he passageway 55 and I]isigui d _substanti_allg flows along the walls of the
passageaafropsutsiqiefghe Buidihpadling syreBrNI PRI VRLY sendrtst Mok e
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The passageway 55 and opening 50 are desirably designed so that two phase extraction (i.c. gas
and liquid) desirably occurs in an annular flow mode in which gas substantially flows through the
center of the passageway 55 and liquid substantially flows along the walls of the passageway 55.
This results in smooth flow with low generation of pulsations.

[0057] There may be no meniscus pinning features radially inwardly of the openings 50. The
meniscus is pinned between the openings 50 with drag forces induced by gas flow into the
openings 50. A gas drag velocity of greater than about 15 m/s, desirably 20 m/s is sufficient. The
amount of evaporation of liquid from the substrate may be reduced thereby reducing both
splashing of liquid as well as thermal expansion/contraction effects.

[0058] At least, for example, thirty-six (36) discrete needles each with a diameter of 1 mm and

separated by 3.9 mm may be effective to pin a meniscus. In an embodiment, 112 openings 50 are

present. The openings 50 may be square, with a length of a side of 0.5 mm, 0.3 mm, 0.2 mm or
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meni scus i s pinned between the openings 50 with drag forces induced by gas
flowinto the openings 50. A gas drag velocity of greater than about 15
ms, desirably 20 mls is sufficient. The anount of evaporation of liquid
fromthe substrate nmaybe reduced thereby reducing both splashing of liquid
as well as thermal expansion/contraction effects. [00581 At |east, for
exanple, thirty-six (36) discrete needles each with a dianeter of 1 nm and
separated by 3.9 nmmay be effective to pin a neniscus I'n an enbodinent,

112 openi ngs 50 ar resent . The open 0 are ength
of o ok gr. st 808 cng SoamIs P g g of R Tieth ot s
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(“scan speed”) is greater than a critical speed. With respect to a meniscus pinned by the openings
50, the critical speed is the relative velocity between the fluid handling structure 12 and the
facing surface of a substrate and/or substrate table above which the meniscus may be no longer
stable. The critical speed depends on one or more properties of the facing surface. The higher the
contact angle of the surface the higher the critical speed in general. Once a film has begun to
form, it may continue to grow even if the substrate has now moved so that the meniscus is over
an area with a higher contact angle such that the critical speed is higher for the area than the scan
speed at that time. The film may, in some cases after a short delay, break up into large droplets
which are undesirable. In some cases, subsequent movements of the substrate table may cause the
droplets to collide with the meniscus, which may generate bubbles in the immersion liquid.
Regions having a relatively low lyophobicity may include the edge of the substrate, a removable

feature (e.g. a sticker) on the substrate table, a positioning feature (e.g. an encoder grid) and a
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contact angle of the surface the higher the critical speed in general. Once
a filmhas begun to form it may continue to grow even if the substrate
has now noved so that the neniscus is over an area with a higher contact
angl e such that the critical speed is higher for the area than the scan
speed at that tinme. The filmmay, in sone cases after a short del ay, break
up into large droplets which are undesirable. In sone cases, subsequent
novenents of the substrate table nay cause the droplets to collide with

t he neni scus, whjich may generate bubbles in thgbi mmgsi.on Ii%u.i d. . Regions
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| ow Iyo.Ehobi city may be fornmed by degradation of a coating or surface
treat et PRECE coating or surface treatment may be provided to increase
the Iy ggh@ﬂ ITHetods Rhifd dVeinSH eh@68inRAt ¥MMhEhvertionl findtiofy iodedlice AR Enckhef gas

kni fe in an enbodi rent of the invention functions to reduce the

t hi cknemy lighid felmyleft on tieckubstiata orsplbstigie tale se thebi dagsaiob preal g dapltstapl e so

that it doe ot..break into.droplet.s tor | I L
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oper at es) dperansli® hilp presht thi®rietdredfiadlimoTo acKitenthisio isadehiralethttths, it is
desirabl e that the distance between the center |lines. of the gas. knife and
t he merdisfenss beiwest iy coplentingg of By @%kn@eﬁ“éélﬂee‘ﬂemﬁ%ﬁsnpfwgr%ﬁ@‘@g%goslf. 5 mto 4
nm desj | : 1. j 149 8 GnWied;

apert ursggag%%() g{tﬂg}%ﬁggfggg{g%%ﬁ%e ’g%@ibg’%g}lge ég(;ef%enrlglltlgg f ol Ilgé\;\!énet he

| i ne ofalédpewhicipgpitngs 65 Qorshorigh@taptrhae 1 )sit amaet) genvealy abdpwctniinonbtheof t he

apertures 61 (or elopgate aperture . 61) and .gpeni ngs is,Wwthin fhe
af or eneveERy ?"atﬁﬁ‘ég‘? %A‘tan%? bebesn agiRcqH /ngs; %&P%%Pegg@ﬁ?ﬁ&g clongate apfriEt i on
of the dl? ﬁlzd &%ngﬁg’gb W EBhiR el RbreRbANRRE PingRe Ak UpBin® & theIinR JF %én;iﬂ%s,ttﬁct he

t
l'i ne of peri ngs 50. Wien the line of opening is a straigh I ne, the
| i ne ofdiepton ofghe Bl ofapeitecp@l @ Elehgate apertues 6 1j) pepasdllchpethe lineef tha (or

el ongat e aper 61) .. Wiere the.line. .openi,ngs .50 i.s r t l'i ne
of “aperapghBE 11 Wi b bftshopeupeind maisat bl B8 S Pk S e e
openi ngs gaNthelotapdriud& Af (or @batdpRAWR L | {. OVhat aRdAkf ap@idgdrse iSdyrvaithef or m
the outline of simlar shapes of dissimlar size. It is desirable to

mai nt ailimeaf epamaresfil (cegongatd apartwetthbmay helpurehThe fiae obtpepings askibe lipesel 61
| t 61 ' 505 LN +a0.: i . hiS
(o PBgh CoERFH B Gk B BRSO AB R B A P RRALE bbb 2 1

enbodi MeRdsidhbIe teRamtANL coepat sphafoimbitwben idjadehicones of tha apertures 61 (or
elongatc aperture 61) and openings 50. In an embodiment this is desirable along the length of

each center line of the gas knife. In an embodiment the constant separation may be in the region
of one of more corners of the fluid handling device.

[0063] The gas knife is desirably close enough to the openings 50 to create a pressure gradient
across the space between them. There is desirably 1o stagnant zone in which a layer of liquid, or
liquid droplets can accumulate. In an embodiment, the continuous lower surface of barrier
member 12 forms a damper 67 which assists in creating the pressure gradient. The lower surface
is desirable substantially parallel to the opposing surface of the substrate or substrate table. In an
embodiment, the presence of the damper allows the openings 50 to be arranged in a different or
dissimilar shape from that of the gas knife apertures 61 (or elongate aperture 61). For example,
the shape formed by the openings 50 may be a star and the apertures 61 (or elongate aperture 61)
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of one of nore corners of the fluid handling device. [00631 The gas knife
is desirably close enough to the openings 50 to create a pressure gradient
across the space between them There is desirably no stagnant zone in which
a layer of liquid, or |liquid droplets can accunulate. In an enbodi nent,

t he continuous |ower surface of barrier nenber 12 forns a danper 67 which
assists in creating the pressure gradient. The |lower surface 1is desirable
substantially parallel to the opposing surface of the substrate or

substrate table. . In an enbodi nent, .the presence _.of the er.all.ows the
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to be sfidpstadthiralghyas hefesEn®hagast ey gistrorh ttevgas &nhide 6Gmay b copmdeddnitifeegag 0.

The gas flowrate fromth as knife 60 . nma e c led,.to th as flo

throgghﬂ‘?%élﬂ%‘ﬁéﬁpﬁ’@%en%? Sgn'gé‘ﬁ eg‘%ﬁé}ﬂ}eﬂbﬁt}? g%/srfgo"bé?gg %Whrﬂget%as oligh t?h\tlav gas
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rate thfoilgim ¢rhieodirasntiti gas flogv ratssrouglotie gaekiferis aboah 10%ereabir dhan the 9falr at e

t hrough_t he openi ngs 50.. Thij ans tha ubst.ant i;akh | ; W ng
out of HerRYGEIo Hi%eeoﬂﬁf"é\%% %érﬁ’gs ’Pﬁaéjsglbaé ﬁ‘?f’ﬁg"@%@gﬁﬂ %%%SZ@%EHQ :Bg%é?glfé;%aggas

kni fe geRErRkesn® Rihthdrt 56| WiereSYMTRIIAEE o RIKaHS YbRrReoksubdabtialigas flows in
both directions away fromthat peak, because the ?as flows are bal anced in

an embogimmestitic presrarapesk kit gasgbpwsris bethdliegians ayay freadhptacys derausg the &tsween
t he gas,knif

(e SRS 4R, PPN AR AP RS AS TREES i
cont r ol theEaiaifers0lafd irRRisOWES I PEiRS Spkntngs S0r Tieerd B8 litle oraopasfipwandiadlyt he
under pressure source (e.g. a punp, possibly the s pu as provides the
over pr esightveaydsip g é)\ﬁé%ﬂ@rﬁséégfg pedlheicgirelier é%‘?tr‘?fg%S SXgBWS%‘ﬁé)W Pfent,
the cong Ig@rrlqlo)eagldl%pﬂlteru?xha'p%gédré/ ?&u‘rc%rte%f a fnﬂﬁp,%&iﬁ‘l? ifsafR pRRiptRplovideskine active

overpressure) to achieve the desired flow rates.

[0065] In an embodiment, the controlter controls activation of the gas knife 60 so that it is active

when it is, or may be, required. In other words, the gas knife 60 is switched off when the scan

speed is safely below the critical speed and is switched on when the scan speed goes above, or is

likely to go above, the critical speed for the surface currently under the meniscus or approaching

the meniscus.

[0066] A conventional gas knife outside the meniscus pinning device of a fluid handling system

can act as a “bulldozer”, collecting liquid remaining on the substrate and substrate table until it

forms large droplets that can break through the gas knife or collide with the meniscus. Such large

droplets may generate bubbles when colliding with the meniscus. The gas knife arrangement in

an embodiment of the invention does not act in this way. Instead it prevents any film left behind

on the substrate at the trailing edge of the liquid handling device growing thick enough to break
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when it is, or may be, required. In other words, the gas knife 60 is
switched off when the scan speed is safely below the critical speed and is
swi tched on when the scan speed goes above, or is Ilikely to go above, the
critical speed for the surface currently under the meniscus or approaching
t he meni scus. [00661 A conventional gas knife outside the meniscus pinning
device of a fluid handling system can act as a "bulldozer", collecting
liquid remaining on the substrate and substrate table until it fornms |arge

droplets that c break .t hrough the . gas knife or. colli it ] ni scus.
Such | dpge'r Oﬂ?tégﬂ@te%c‘??ﬁyqﬂg F‘Fe‘ﬁldvteg Bﬂ%ﬁ%@s e UoH %dd iA% gh“’me%fﬁngi %%e g ni scus.
The gas, k) {i@ hatdiap IemeRitE ahliqad AEAPSdiromes 1 or te siiRueRbr Aubstaesablot act
inthis way. Instead it prevents ané filmleft behind on the substrate at
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nmeni scus.. T \ I scanning speed nay be maintained. It is
beIievéﬁm9ﬂ§§ﬁfﬁghﬁﬁ%$%€§gﬂ%ffect ari ses because a continuous pressure
gr adi enbodRRREbLIY,hEerg ae nonipbeinginid thdendopateiof e Beriar sneprteat 2 betvathibe t han a

k ite th if of th kni fe. [0067] ,Desj.rabl th
P e o R HAAITne Msratr Sheibotim HEC AT B ReREBPor SRR aR o e |
openi NG5 50 Ahub G, ARER I Gefihes IDEnDBL LAUAALES aCE Of the barrier member

is desirably snooth and/or continuous between the openings 50 and the
aper t ur[e0dR].v4rdasaiferat ircugerderts ef thnmeaisewyeng apaings archdeserired deloy withi ng

opent ndeicBCsa IGIELS bl Papgaines 10 gear oot aaussodt BOR hab £8: e Hihe 1 o
or cir (i'le&%n&ll@o%%fé. £AS8h LRE 1A kRifé 8-velR\00Rs Sibshatalsdrskantyithd saneor

exactly t sane shape as the arrangenment of openings 50, so that the
separ atshape dsehaveemgerhent opeprinings 50, seribatdhessepuatignebageqnahgpraing Y0pmd gas

af orenent i gned ranges .and is desira : t 69] Figure 8
il us?ﬁ‘é‘f%ga o Wlt@fl v 3regli¢3té?qe§5‘hfng8§%%adﬂg(rar%?f{aglgfm?%%qi nllent igon. In Figure 8,
the 0ORBHGI] F520 8 ANBRAEQ PlRE, d pradical dhbaiimenvhtkeaveatiopdn Figutd®tthof Figure

6. However, in Figure 8, a slightly differentfggonet;%%is pr.esent . That
i s, thepomagi Hysedovided i pisular apraersd shapgd thatofifigure pifeverer I F1QUFB B gur e

8 e nbocjsiig@tpy} diHRRLE ge%&%tr% fs pqgs%ﬂf RS iDGhe GGfes 56 aAUAIP AR B Rafi&ian
diameter. In the Figure 8 embodiment there are 27 openings per edge. In an embodiment the
length of each edge is selected from the range of 50 mm to 90 mm. Each of the openings 50 is
approximately square in shape, with each side having a length of 0.5 mm.

[0070] As with the embodiment of Figure 6, there is an opening present at the apex of each
corner in the embodiment of Figure 8. This helps ensure that the top opening 50 of a corner 52
has an adjacent opening on each side which is in a direction which is not perpendicular to the
direction of scan or step. If two openings 50 were equally spaced on each side of the apex of the
corner, the line between those two openings 50 would be perpendicular to the scan or step
direction resulting in full force on the meniscus of liquid between those two openings 50. In an
embodiment, each corner has a radius selected from the range of 0.05 mm to 4.0 mm. In an
.embodiment, the radius is selected from the range of 0.5 mm to 4.0 mm. In an embodiment, the

radius is selected from the range of 1 mm to 3 mm, or selected from the range of 1.5 mm to 2.5
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| ength of each edge is selected fromthe range of 50 nrmto 90 nm Each of
the openings 50 is approximtely square in shape, with each side having a
|l ength of 0.5 mMm [0070] As with the enbodi nent of Figure 6, there is an
openi ng present at the apex of each corner in the enbodi nent of Figure 8.
This hel ps ensure that the top opening 50 of a corner 52 has an adj acent
openi ng on each side which is in a direction which is not perpendicular to
the direction of scan or step. If two openings 50 were equally spaced on

each side t he, apex of the corner he l.ine between th eni ngs
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openi ngg a?ﬁrekﬁteﬁﬁﬁ’é@‘iﬂoo sthAll & rd3QsRS uRASthaEthE Baberd Bem@vaiiageniiys 80 closer
angle in e desired range can be achieved. It wll be appreciated that if

t 00 smeb thegorned notalised with thetdirgetiane trayplgeibibeséasqide Reprpdisyenerils 50 cl ose
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edge. Hamed@ipenidis fof thidadrawiack. sharp coner nore than conpensates for this
drawback. [0072] In an enbodi nent, the cornered shape of the oggsrg%ﬁrggs has

four cdP¥EH dn amembediment, thesomerdehans Qfdherenings Bastagrromsss anddp
curvat un g, GHONENSS a ndohtiVMARE o PAR AR Bb&eld?, iPAUSF bOhSMREpriate to have other

cornered shapes. For example, an cight sided shape may have an advantage, for example to
improve scan speed with limited layout space. The embodiments of Figures 13 and 15 can be
regarded as being eight sided. |

[0073] In Figure 8 a central opening 200 is illustrated. This central opening 200 defines the space
in which the immersion fluid 11 is confined. In the Figure 8 embodiment, the central opening is
circular, in plan. However, other shapes may be used, for example a shape which is the same as
the closed shape formed by the openings 50. In an embodiment the shape of the central opening
may have the same shape in plan as further openings 190 through which liquid is supplied
beneath the fluid handling structure. Other shapes may also be suitable. This applies to all
embodiments. '

[0074] The further openings 190 may have a similar linear arrangement as the closed shape

formed by the openings 50, the gas knife aperture(s) 61, or both. The further openings 190 may
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cornered shapes. For exanple, an eight sided shape may have an advant age,
for exanple to inprove scan speed with [imted |ayout space. The

enbodi ments of Figures 13 and 15 can be regarded as bei ng eight sided.
[0073] In Figure 8 a central opening 200 is illustrated. This central
openi ng 200 defines the space in which the immersion fluid 11 is confined.
In the Figure 8 enbodi nent, the central opening is circular, in plan.
However, other shapes nay be used, for exanple a shape which is the sane as

t he cl gsed shape f d by th i ol di t h f
Lhe ceraaragioBiinghe e HEvG BHas Sarees iyl 4 4B T Rk 5o R D o
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Qt her shapes may al so be suitable. This applies to al enbodi ments. [0074]
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| ines of the gas knife aperture(s) 61 and the adjacent further openings 190
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t he comee’s] Higurayp eni2dilinged sevéral diffxenpingbadimentpol andoromed shepd fonéeof gas
knife aperture(s) 61, the Iine of the gas knife apertuyre(s), 61 is .

subst armpeaings St &peh sanerpdshang has; ah keagira pariion ?)tlp?é rﬁaﬁtg%le fg%f ‘("?16‘6%13 HERY%es 9
to 12 Ir!;ul.hgg&r C%R‘\galtl.ﬁ'g.v[@&@évefjégc QS U1 AR (QQJomt@itlpi p&siGRIAGLESr abaRaef or the
openi ngs . Each cornered shapé has at |east a portion of at |east one
edge whitehiptrast the pagjiahs with a padiivsradius cair xatean es bategwenredrs saibht thelghaped B has

a portion with a positive radius of. curvature. The. apex of, the portions
with a %%?’@F@%r ‘foé’%ﬁr?fg‘ghéﬁ‘??' S?@Eﬁ‘g ’&seafjléi)étée el?f’r?ssr av. r@pﬁ 4 altﬂ?guos ‘apes ar e
ei ght sl dedsehioE0 LRSI, ShaReRral fhtitn bESHhérS9ia of totherafghapesshavi ng a

central portion or corner 59 along each edge. The central portion or
cor ner jsingeybeomkers@rthamothergrartaphithe eflgen §he gentiabportipm o eopnes 6P mayPes52 t han

e B W 0P LSBT RSBt PR L B 0
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line which is placed to connect two adjacent corners 52.

adjacent corners 52.

[0076] In Figure 9, the central portion 59 protrudes so that it actually lies on the straight line 58

between two corners 52.

[0077] In Figure 10, the central portion 59 extends beyond the straight line 58 between two

corners 52 so that it is radially further from the central axis than the straight line 58. In Figure 11,

all of the edge is radially further away from the central axis than the straight line 58. The Figure

11 embodiment is a shape of minimal magnitude of negative radius, i.e. substantially zero. This

embodiment is useful if the space for the shape is limited. In Figure 12, this is similar to the

embodiment of Figure 9 except that the central portion 59 does not quite protrude far enough so

that it is closer to the central axis than the imaginary straight line 58 between two corners 52.

This demonstrates a large magnitude of negative radius.

[0078] Figure 13 illustrates an embodiment which is similar to that of Figure 8. Each of the

corners 52 have edges which protrude radially inwardly from the straight line between two

adjacent corners 52. However, in Figure 13 the edges each have two straight portions (and no
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[00761 In Figure 9, the central portion 59 protrudes so that it actually
lies on the straight |line 58 between two coners 52. [00771 In Figure 10,
the central portion 59 extends beyond the straight |ine 58 between two
corners 52 so that it is radially further fromthe central axis than the
straight line 58. In Figure 11, all of the edge is radially further away
fromthe central axis than the straight line 58. The Figure 11 enbodi nent
is a shape of m ninmal magni tude of negative radius, i.e. substantially
zero. This enbodinent is useful if the space for the haeg |, S knited. I n
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is 60 aF79ppoed to 75 of Figures 8 and 13. This illustrates that it is

possi ble for an enbodi ment of the inventjaon to have differen% aﬂg%es at

t he corl8080]ptherbpve mertioned desseption: Hsmaeknts o BanHe ) aBermre Al ¥2EGder with
an angl g_sel. fgﬂa- _ SertuRe i Jids 4 ange
of 75 fﬁ&ﬁﬁ?ﬁﬁﬁgggfgc e &Qﬁa#ggggpggﬁggoﬁgﬁﬁgﬁsgg.%g% [OOBOH&ﬁﬂTthe above
ment i onedigdessii ivithiaemall ifveinfrasl duniahiee. 60 thetytohavemandaipe chapge insdirophécl i s

aper { arbseom Ty 4 G Ghighe BRIHAR Q56 AR FoLoe g A e B vat ur e
S0 t haty;t 0 AECOMIDERANE s SNANGSd Al B LhORnifechallk B EROLIGAE LYot b ok SNt
in the gas Knife so that It has at |east two openi ngs, each aligned in a
di f f er efdt Hdiveext dsehoweint Figuredibdezan knife inag baviceaniiione apdraraggi g CRifiEf-e changes
direct i”&re]:i’efc?ré %&he?eta fgis iglrfer:] 86 changes direction, a single aperture 61 may be used with a linear

aperture which curves, having an aperture corner 44. The continuous aperture may have any

shape with pointed, sharp and/or rounded corners 44. In an embodiment, the gas knife aperture

61 may form a closed shape, such as a square or a four pointed star as shown in Figure 17. The

continuous gas knife aperture may be present in any of the embodiments described with reference

to Figures 6 to 15.

[0081] In an embodiment of a fluid handling structure 12, the gas knife 60 has a similar, but

larger shape in plan as the shape formed in plan by the openings 50 as shown in Figure 18. As

described herein the shapes formed by the openings 50 and of the gas knife 61 may have one or

more weak sections 64. A weak section 64 has a lower critical scan speed relative to the other

parts of the periphery of the shape. The periphery may correspond to the cornered shape defined

by the gas knife aperture(s) 61 and/or the openings 50. See, e.g., U.S. Patent Application No.

12/506,565 filed on 21 July 2009, which is hereby incorporated by reference in its entirety. At
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44. However, as shown in Figure 16 a gas knife may have conti nuous aperture
at a corner. Therefore where a gas knife 60 changes direction, a single
aperture 61 naybe used with a linear aperture which curves, having an
aperture corner 44. The continuous aperture nmay have any shape with

poi nted, sharp and/or rounded corners 44. In an enbodi nent, the gas knife
aperture 61 may forma cl osed shape, such as a square or a four pointed
star as shown in Figure 17. The continuous gas kni fe aperture nmay be
present in y of the enbodjnents described. wit nce, .t o .Fi 6 to
D Lot o e Aol aT MorouepPuroe Handl fonh b iR Ee R Ra RSP 0 £ o

60 has gegidis héfabui?y&nd dr8519EbssS RaRsplkMoft i @S nieﬂ%cﬁshﬁﬁ)}ehafv@ o6y ibrepifan by
t he openings 50 as shown in Figure 18. As described herein the shapes

forned1hgeﬁhmuﬁpbﬁnmg@h®©mand of the gas knife 61 nmay have one or nore

weak s i Qn ak,section 64 ha

rel ati 5@@3 ‘% H)éatéqrhcgmeweﬁgrsf’c 8P e aﬁ%?‘i"% re‘frat\;/vet{)fg(%l hﬁl‘fecﬁd Ors %ngﬁhgher y
nay Corghgshifded By thB@pehgaesed \ﬁéhﬁ@)@rtdﬁfmrfsdnedbw d et (false lb'dmpheryaﬁﬂtet ure(s)
61 and/or the openings 50. See, e. U. S. Patent Aﬁg@lcat %@

12/ 506, sbas: formedibyothe Qnelumasﬁom pamf élw ReEphray abipe s dheges kaifer ence
inits ent|r i [ |ng
ori 1 ol Bl hyerk iRl Ble ofrlR $2 35 WIBORERY bOPAAUTLE SRR, 1O

and dr qlties pds@afic 66 od papbein édyst54fof drashiye definediouthe npgnigs\s®. Shepat ofithr e of
the effects as described herein. [ Q0821 A | qcation of a meak6% i{lon may be
at a cdﬂﬁ@?*@ﬂf@%*&”@§§e%ﬁﬁpéﬁ@9“6 negbirapdEol firaphre oL¢pInd G2 by t he

openi n% %ﬁ’ n@t u&%ra}l R 8 eﬁgé 5‘@@1%@5}1@@%% rdiud HELPRIIE ;ylseaiathe

shape f e open ngs 50, "or 'be part of the periphery of the shape
f or med I‘biﬁpbﬂfleofghﬁ edgmsﬂe?l a:pmeemm( adjadny cobmrmfé 52t henreahodiondny heportivar s 44,

52. Such a_ |l ocation may art of an the as_kni or
part ofWihthsageatsg rﬂ“ﬁ%é“’%’ﬁ@‘b@%@ﬁ“ﬁ@&”ﬁg’ﬁfc & Sbool éﬁgéo Snfﬂ&ﬁgart of the
edge 5 872§ be AnRRE foh bib. Iﬂ%g@iwa@ Fedetents Hofcictartuat ur e
or corﬁggiéég%ytﬂﬁ%%nﬁ}6ior?egﬁond tgﬂgﬁm%btuse angleeln t he e§1 54, 71.

The negatriev66 mdumuctﬁfref@tmvcam emidppitof the partiogiof #isi negatrc ragias agye 71,
bet ween hyo gp? conmers 44, 52. In an enbodi nent the portion wth the
negat i VB4R drvature has a curvature which is so |arge, and/or so

snoot hl geg l’laﬂﬂa'cﬂagse thb @tanb&i6r GOpIE lo§bat BBtak BordilonBs thd speetioaglickitibA scann such
a case reference herein to the corner 66 may include reference tgFthe

ni dpoi repessk fot the ppdionimay hefingrasedddut morbs %fchi%d BY nsfagige g dEnengiog b et he

edge 54d am{)]ér 67, e.g. a damper width 68. The damper width 68 may defined with respect to the

direction of movement at which the critical scan speed is lowest. Increasing the damper width
means that, at a specific scan speed, the duration the liquid takes to pass under the damper
increases. As the gas flow from the gas knife 60 to the openings 50 passes under the damper, the
gas flow has an increased amount of time (as compared to a shorter damper) in which to stop the
droplet. Otherwise the droplet may travel in the direction of movement (e.g. scan direction)
beyond the damper and the gas knife aperture(s) 61. A broader damper increases the exposure
time of a droplet to the gas knife flow.

[0084] Figure 19 shows an embodiment of fluid handing system 12 in which the damper width
68 is increased in the region of the corner 66 situated on an edge of the cornered shape. The gas
knife aperture(s) 61 has a square shape and the cornered shape of the openings 50 is rhomboidal,
e.g. square. Such an arrangement may increase the critical scan speed in a direction which is not

aligned with the major directions of travel of, for example, scanning and stepping. The scan
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[ 00831 To decrease the chance of droplet |oss at a weak portion 64 the
operational critical scan speed for the portion may be increased. This may
be achi eved by increasing a dinmension of the danper 67, e.g. a danper

wi dth 68. The danper width 68 nmay defined with respect to the direction of
novenent at which the critical scan speed is |lowest. Increasing the danper
width neans that, at a specific scan speed, the duration the liquid takes
to pass under the danper increases. As the gas flow fromthe gas knife 60

to the opepings 50 passes under the. danper, the as, flow h an increased
anount Bfe4 li“ﬁ’éﬁ'_(e&%‘“&f’ﬁ%g FEHIC]0 SCANREE %?ppb‘gn‘ﬁ &ogh rﬁ??’ %lflﬁrﬁasteg‘sgqeo p the
dr opl et (L BRI SR sirdbee GhQPTR thaWoakiseaialed! ﬂﬂnia?%rd%de&psﬁérﬁﬁceﬁif indRMeIENt
(e.g. scan"direction) beyond the danper and the gas knife aperture(s) 61.

A br oadeiticalanpespeedelrtbavbelethvid kandbegistacturs b of a droplet to the gas knife

f1 ow. 1 Fi 9 sh .enbodj ment _ of ' ' : 12 i
whi ch (0S5 B PP R RS aLA Tt coler b e cIROP U BhETMAL 1 1
si t uat fe ARjRTiresAs Of rdvBE e@OsRRKIRE a6 AgRing] Ry Ba%: a danifee waR 69 wheths) 61

has a square shape and the cornered shape of the openings 50 is rhg]gboi dal ,
e.g. sqoarlemitdohatmuarscanpspbrhichaguld hepduswdirth &yiahls gniscsdhe SR8l i n a
directio iech. 1S t i i J: i i f, for
excarmpl S oLl ab” 43y o8 PREE, bl Lo SRHEE Tt FEIROTE, T2 pla R P

rel ati viticsl ssapgpeidi@, fos bepmilaghomajetiteatipys hitrdval fteasde. definable @raddmgenent

is desirable since, for the weak sectjon 64, i rovide _a significant
i ncr eadbisjupdesaable fngtiongligyfog E@éﬁs"&at_ ‘ﬁe%ﬁ’{if%’“‘%sl) g? én ﬁ}frﬁf]‘? gﬂ‘ée %(P‘P%ﬁfl%r e 12.
[ 0085] dﬁ}i&tﬂ:o \{\%?ﬁo tﬁP&Ber%%a@eT&ﬂeH%&%m@niﬁgs {dne corner 66, the corners

44, 52 al'igne e maj or directiohs of travel, e.g. scanning and
st eppi M@osardighae ilustaaper cbodihert 9f thisiictentiomin Which thetdhmperexidthfl iscan

speed whi ch coul d be achi.eyed w a st abl iscus (i.e.. W thout

subst an#igarslgivgdy &E\‘_F g}?lwé‘tm;ﬁkgﬂ%l\ﬁ‘ %il?ﬁtw ¢ ,Secgogﬁﬁa]f’ftgaﬁﬂ’%‘gﬁﬁg\ﬁ’@te oEEdly o _
corner _tﬂé‘opeﬁ oHBY at thBhdidddRg cofidel &6 Ps?skroﬁ%e’i“ﬁe&ﬁ%elﬂe Edmerk@EhH¥ MPHOmMbLYE M or
directions of travel. It nmay be desirable to address this undesirable

f unct i emalsquaye, fiowhiché¢hemsor 6 isthaladir bp sttstaotiglly) 1 804learges. Fherglose Kas 18 coner s
44 and the corpers 54 .of the nered. shape L. i.ngs 50.
Q086 Tergus R IaL ek SR SRS Rt By Db e PRANES ST,
danper Wit nfiscss inki@biGe is 8d Mnk¥preent. hat shown in Figure 19. The weak
section 64 of the cornered shape forned by the openings 50 at .the m dpoint

cor ner [8687] STheteeokigfr60bepnis @ fewrwoiseheiretrel Reipe 2nale & Pripsrpligned withg

-sl-ﬂg?;fe 6’?%&] &p‘?;cﬁgrhé CaveL ERS 2B dnﬁle%%oﬁgsﬁoﬁd&% SHhE 8 Hh @kl S’iniliﬁjgy(ﬁ’?egr ees.
corners 52 of the cornered shape formed by the openings 50 are each weak sections 64. The
damper is widest at the damper width 69 which corresponds to the acute angles 44 and the
corners 52. In having this arrangement, the critical scan speed may be increased in all directions
relative to an arrangement which has substantially constant damper width. In an optimization of
this arrangement the width of the damper 67 around the periphery of the cornered shape is
selécted so that the critical scan speed is the same in any direction of movement relative to a
surface facing the undersurface of the fluid handing structure 12 such as a surface of a substrate
W and/or a substrate table WT.
[0088] The arrangement shown in Figure 20 may be desirable because the size of the wet
footprint of the fluid handling structure 12, i.e. the localized surface of the facing surface wetted
at an instant in time, is defined by the shape formed by the openiﬁgs 50. For a fluid handling

structure 12 of the same size, the cornered shape formed by the openings 50 is smallest in the
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necessary to have | arge danper wi dth 68 associated with the m dpoint corner
66 because an inherent neniscus instability is no | onger present. [0087]
The gas knife 60 shape is a four pointed star, each acute angle 44 being
aligned with a mjor direction of travel. Each acute angle 44 corresponds
to a weak section 64. Simlarly the corners 52 of the cornered shape
formed by the openings 50 are each weak sections 64. The danper is w dest
at the danmper width 69 which corresponds to the acute angles 44 and the

corners 52. In having this arra nt he itical scan eegd_.na e
er cnserbidim i BT tsnemien drbguet b AR B bnERmsRtehaTEr ST 28
subst ang gk lh){“é?é)ﬁﬁatlﬁp hred B8R e Wirdhdbe of PighPesQBlah il 8 APHiOMaPhssuinb st

arrangenent the wdth of the danper 67 around the Eeripher of the cornered

shape i distaswes bettveen sash ohthe fourgag kiife eomicrs ¢hin espleaabodimentds Bg5a0¢n any

directign_of novenent. rel atjve t . surface,fagin of the
flud nfafh o SHpER P bRt 6inet T s BiHRRE HERAhottpe RACHEAASE ©)
subst r afgfat ke n¥Wemb QB8 tldBuid haaHe FB G tueNQWIhdrefofd glebridOofmfuibe
desirabl e because the size of the wet footprint of the fluid handljng

st r uct ureedling stiucaire arpdics aehardciasigtie thermal doagio ayubstrate; wiaclsis depradeniopithyy” at
an instant J i i fl : t-hes:: } 0. For
261 crtrode g e WG oudsl o URREHOBIAER sl REARENY BB Lo
by the @peaRifgdoalnhpbsdmdlleesimpancd theh2antenineitsreituid hartfdligy steu@@e adthe

conpared to Figures 18 and 19 because squar.e shape of Fi re Zg uld

have a slsizees shasn HABTPHE ddP- Siaplegporrigumal eﬂ%“‘%ﬂn%?r Rl §“i\?'ﬁ§}

assure ﬁga;edu&txgﬁﬁ%ﬁﬁﬁnpﬁ%%%%i&ﬂ@@i@fnt&ﬁ@ce_ﬁ%’fhe%?d Kdhidfiy GRRRES 1B4nd N each
e sane. 9] At h

enbodi ment TS monent in tine, a thermal load is
appl i edsobydicimpthel mayapon ticimg 1fadovhitthepuddibsanpdied Sisagrthawet fadtpant ispvenent

der the fluid handli I .12 Theref . int of a fluid

handl i g ey eHEnal B PY add GO rSibiehonett i Rty Pokdhy BlosRats By o

whi ch i g, ﬁg&ﬁlﬂg@&u&ﬁke% beRt@RONIiO@Al Q0kBAiidHed 2B8CasREatoRDIWR T 0Ot pri nt
I e

of the enbo t shown in Figure 20 is snmall the thermal |oad may be
snal | erarcoppeent dhayenhdnee twisoticateeanpeobrmange ds waldl i ng structure of the

[ h .in Fi . 8 dy. 1 I f ' j
T Rk S e R S R S R
| nt r odupRt i@ nbdiink bbb ARG pIETiSE cﬁﬂbg_tehihgs. TRe ADH haalingegiuciungedntigu@xi num
thermal | oad which could be applied. Since the wet footprint is _relatively

smal | tdweh thal Gheapeningtiare dinestedpBaisEspEalds A s raterRd/ of s relstalghle- et o t he
substr at gst%%{?gg is Lot R0LLL00 R L MG G0 Panbfi AR dMfprks B gaslS

ment i one' peration
knife device having an elongate aperture or a plurality of apertures arranged in a line. The

aperture or the plurality of apertures are arranged at a distance from the openings selected from

the range of 1 mm to 5 mm.

[0091] In an embodiment, the distance is selected from the range of 1.5 mm to 4 mm, desirably
selected from the range of 2 mm to 3 mm.

'[0092] In an embodiment, the openings are arranged, in plan, in a closed shape, such as a
comnered shape, or an elliptical shape.

[0093] In an embodiment, the elongate aperture or the plurality of apertures substantially
surround the openings.

[0094] In an embodiment, the cornered shape has four corners and four sides, cach side having a
negative radius of curvature.

[0095] In an embodiment, the cornered shape has a smoothly curved corner.
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arrangenment may enhance the critical scan performance as well. [0090] An
enbodi nent of the invention is a fluid handling structure for a

| it hographi c apparatus. The fluid handling structure has a plurality of
openings. The fluid handling structure configured such that the openings
are directed, in use, towards a substrate and/or a substrate table. The
substrate table is configured to support the substrate. The fluid handling
structure conprises a gas knife device having an el ongate aperture or a

plurali f._apertures arranged.in a line. . The .aperture.or th | ity
of aper ﬁﬂé?@s}ngg gmh?‘ilg’r‘?ﬁte ge Pg’g% %Lfr‘éer‘ijlccé’ T 6% $ 1RES S%IE‘?{%‘S%’O%% ee%f'ged‘%{;or%o m

t he rangg 9% clmMMdseably ¥Bectb@B8h]thd Angho At Fafin, of Rec@d Stoadte rirge of
selected fromthe range of 1.5 mmto 4 nm desirably selected fromthe

range OESEHmﬁiléngmnnl [0092] In an enbodi ment, the openings are arranged,
in pl aﬁpg%gé?aﬁL:I%%gﬂmﬁégtggﬁeas%ggs}% RBE apGRE DG B RIARRe B@atnﬁgoﬁpkmg gal

shape. nan e inen el"ongat e aperture uralitty of

aper t urgssteathflly pavaileltd ¥ 1ing juiniog oehtérhef hpepénings. [ 0094] I n an enbodi nent,
the cornered shape has four corners and four, sides, each Eide having a
negat i Vi8@098dn as ewbodipheviathgmart of thegspriyrs onthe ding shihswhirality pancairs (i Sshape
has a s PEL i I §%§%§H . sf@oet hly
curved %@ﬁ%ﬁﬁﬁgﬁgéﬁ§g%?ﬁgﬂggrggﬁéghgggﬁﬁFﬁﬁﬁﬁg%ge S%EQQ%ﬁ%$?5§4.O nm
desi r alikiygtls of @ch eide bf thicbineredahape adfacdnt gmhtcon®rnm or sel ected fromthe

range of 1.5 mmto. 2.5 0097] In a nbodi nent., at .| east. .a rt of the
Foe0s rlbows T i cbeimast. fRepHiRRAs g Sidveteeer sas ndlgp Gai i e,

paral | ed .5 ihé&ﬁnhﬂ%ﬁing centers of the openings. [0098] In an
enbodi nent, the part of the aperture or the Iine of the plurality of

apert ur[esélahat i dn aserbbedimentathe ppeangsland ithet apertins o pprturesiand qopneded teras  of

th [ [ t | t 10%0f th th of h si f. th
Cor nor GBI ABE RRHRINE OBRCEOFAU IS 5uey el | B oa FERES P sfloni ngs

are inlgt ﬁurﬁ;gﬁo HBONP SRR 1 theAEh ANMRAinks Mt GheifRidhdnbBng dthudhuele Raneitdrng
structure. [00100] In an enbodi ment, the openings and the aperture or
aper t urtban arequal d heae Hlow gatg ouinfithe apEHerea pRerEresstodeyn B8 &pT k8. a control | er

con neCt[ﬁﬁll Otl? the D5 Bnbot 1m‘§:‘r§t,r e gl%gd }%a(r)ld 119gnstt1tu%1me has a surface in which the
openings and the aperture or apertures are formed, there being no other opening or aperture in the
surface between the openings and the aperture or apertures.
[00102] In an embodiment, the fluid handling structure has a surface in which the
openings and the aperture or apertures arc formed, the surface being continuous between the
openings and the aperture or apertures.
[00103] An embodiment of the invention is a lithographic apparatus comprising a fluid
handling structure for a lithographic apparatus. The fluid handling structure has a plurality of
openings. The fluid handling structure is configured such that the openings are directed, in use,
towards a substrate and/or a substrate table. The substrate table is configured to support the
substrate. The fluid handling structure comprises a gas knife device having an elongate aperture
or a plurality of apertures arranged in a line. The aperture or the plurality of apertures are
arranged at a distance from the openings selected from the range of 1 mm to 5 mm.
[00104] An embodiment of the invention is a lithographic apparatus comprising a
substrate table configured to support a substrate and a fluid handling structure. The fluid
handling structure has a plurality of openings configured for the passage of a two phase fluid
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the punp so that the gas flow rate through the openings into the fluid
handling structure is greater than or equal to the gas flow rate out of
the aperture or apertures to formthe gas knife. [00101] In an enbodi nent,
the fluid handling structure has a surface in which the openings and the
aperture or apertures are fornmed, there being no other opening or aperture
in the surface between the openings and the aperture or apertures. [00102]
In an enbodi ment, the fluid handling structure has a surface in which the
openi ngs and the aperture or apertures. are forne

rface bein
cont i nuars apé eoBRISIEEEAS SPERARGES AMPTERE B PRTTHT C@F aﬁe?atﬂﬁ‘? puay %%3] An
enbodi e | AREdt&d, Muse, fluid
handl i n eﬁl{' g%c'{‘ﬁl}rq]edl Mﬁl%h? “Lﬁ‘“?éf’ dg&?%ﬁ%ﬁ{&%&%ﬂ&%}pﬁﬁ% Su?g handl i ng
struct Ltbﬁaﬂdaﬂle&ubdmateadnditoytlmfsubsllpwmbigsio tﬁ'a’tehefdmnm%anébmﬁf@lr@ttpm@tl@ree is

f d h that t di
cubst F e i oeha s e tialEdHpratrn s LG sl et W T ol et
suppor tgtihe mo%HJ?rSthé BlsFrow! Hém fthd A khﬁ'@déuurmc&tsrtuatghrtﬁe sfigsses a gas knl fe

devi ce havi ng an elongate aperture or a plurality of apertures arranged in

a | i ne.[0U105] aper tuareernbodihentpthg op¢rings apf thﬂﬁﬁ koifedevigeare %ﬂﬂrf gAGd g0 Hat

di stance fromthe o nlnssel ed fr th 1 mMmto 5 mm [00104]
B st i T PRRPRE e 06 B AR sk R AnC

An enbd raphic apparat us conprising a
subst r gf1depb! © QR érgw(ﬁlqeﬁtOthgﬁﬂﬂ@fgﬂghﬁ appdIsiug Afrthebduinmistd alsairdeanfdl i ng
structure. The fluid handling structure has a plurality of openin
conf i gurverpréssure chmepiad feige apriuge PRAPEPIAS a0 4 SAIEFCR8 UYL CS SR ORBeRY ?qg‘gl ng a
gas knife device,co isin A the
openi ngtEe RPN iy 8‘%553“6%‘1@85 e?‘%c @r%’g?éggglg%g%&ﬁ?% su%ﬁtﬂgﬂ?{tgpﬁem ngs
are di rigfiuehlthelaPertdfr€ or apeft@E thsselcbrd Stohsthe adnge afidil%orto 12185 shithetiotaltretetodibl e, so
that the openings are configured to renove |iquid frombetween the fluid
handl| i ritpvset ghetirpeghbdheopaméngsubstrate, the substrate table, or both and so
t hat t he o Nomahndshe
openi 219)@61@&)0105}9 %ﬁ“{éﬂr’r en%%d@]errtg%?i %E%ﬁ&%@%}%%dgiﬁpfub%‘gﬁgéas kni fe device
are conjoh@yaeghed avithhatirectidreofgaktif¢ matiothbawein tht8uidgendlingsstaiaare 4nd thgas kni fe
aperture i s bal anced [[(001061 I n an enbodi nent, the |ithographic apparatus
furthersubﬁt?fﬁr‘ia s a source of overpressure connect ed to the aperture or
apert u (ﬁzd a ql?ﬁl{ GEbRfmERIRE RIESRM & ra2NResdtRA i§ @ scahhite AREBE fgspind he
over pr ssu and t he underpréessure being such that the total rate of flow
of gas ditebti@ugh t he aperture or apertures is selected fromthe range of 80%
to 120% of thet(%n r at
[0010 anernbo

de ment the shape has at least four corners.

[00110] In an embodiment, the lithographic apparatus further comprises a projection
system configured to project a patterned beam of radiation onto a target portion of the sub.strate
and the fluid handling structure is configured to supply and confine immersion liquid to a space

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

[00111] In an embodiment, the openings are configured to define a meniscus of a liquid
body.
[00112] An embodiment of the invention is a fluid handling structure for a lithographic

apparatus. The fluid handling structure has a plurality of meniscus pinning openings. The fluid
handling structure is configured such that the openings are directed, in use, towards a substrate
and/or a substrate table. The substrate table is configured to support the substrate. The fluid

handling structure comprises a gas knife device having an elongate aperture or a plurality of
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fl ow of gas through the openings. [001071 In an enbodi nent, the fluid
handl i ng structure has in plan a shape which has a corner aligned with a
direction of relative notion between the fluid handling structure and the
substrate table. [00108][ In an enbodinent, the direction of relative notion
is a scanning and/or stepping direction. [001091 In an enbodi nent, the
shape has at |east four corners. 1001101 In an enbodi nent, the |ithographic
apparatus further conprises a projection systemconfigured to project a
patterned beam of radiation onto a tar orti.on of the. subsit.at and the
fluid heEreEpres graggetd e pad 2 ﬂ??eﬁﬁpéﬁ&ﬁﬁ?e&fﬁﬁ F}S? N A ur?l%fsi on
liquid rS RAE Bie oB&liMREN the projection systemand the substrate table,

t he subétrate, oreggtﬁm§[001lll I n an enbodi ment, the openings are

confi guoétiiijo deflrne cmbodimiest ths damper ¢anepuises a guEpuOYs GOTace PPAPSIRGbEeent  of
the invention is fluid h ling structure for a lithographic apparatus.
The fl uia SyRsHalS% Og?ﬁﬁgvﬁﬁﬁﬁhas a plurality of neniscus pinning openings.

The f1 ujpgyidjand! i Han Shbbdiiehe tHeTof@Ridug Hirede suabstiiatly phall€ipanisags tier e
directed, in use, towards a substrate and/or a substrate table. The

subst r atubstraib kad/prssubgirtd tgeleed to support the substrate. The fluid handling

structu rises a gas _knif.e devi Vi a : a

pl ur al i{(@l mé)Q a @Pteﬁggilmgfl{r Qlﬁgj’é’an 1{1%53%3?% llﬁlg)gan éﬁaﬁjél&gg?r%gf%gg{r%%g%&@gt ween
t he apegt el RhdEkestRktiEaTht YinOmhay &Rer 4 coresedstaps hehopetersidisof tho0dd3] I n an
enbodi ment, the danper conprises a continuous su%faggwggpqﬁ%%?, i%?Hse,

t he subeandiingstaistire rAtdeassenel gha shapes maydyya aleashioyhe dt ong ¢jdhe
conti nuQuS_sur i j r i e
ot o SR BOF ab PR PREAR Y MaRRTENE el R AR ond B hOSapeihay hiled

pl an, ag eghaerigdasdape ahglcakt lamst ensoftthe sfapesthay Hd anhdmibarddh fovg peintadetair e.

The line may forma cornered shape jn the. underside of the fluid handling
st r uct upreotiniThe gg@ered seapgs OgtH% ‘E‘E?fﬁ{e‘g‘e HBVUIF%\P@Y}F S}ﬂésg laﬂ%ﬂfmfj rners. At

lﬁ]@ﬁﬂﬁﬁaﬁﬁhlﬁ%ﬁsﬁﬂt iwaRitN SIeas ’ih\é%ld’n%% Uper@itfre or

| east opgfd the hi
1 T RARpEr [gyy _
curvatu@g. At | east one of the shapes nmay have a coner with an obtuse

angl e. #bnd ®asdine ohapedfires.he shapes may be a rhonboid, a four pointed star
[00117] The damper may have variable width. The width of the damper may widen
towards a corner of the elongate aperture or line of apertures.
[00118] An embodiment of the invention is a device manufacturing method comprising:
providing a fluid, retrieving a liquid, and forcing liquid. In providing a fluid, a fluid is provided
between a final element of a projection system and a substrate In retrieving liquid, liquid is
retrieved from between the final element and the projection system by attaching an under
pressure to a plurality of openings in a fluid handling structure. In forcing liquid, liquid is forced
towards the plurality of openings by supplying gas through a plurality of apertures. The distance
between the apertures and the openings is selected from the range of 1 mm to 5 mm.
[00119] In an embodiment, the distance is selected from the range of 2 mm to 3 mm.
[00120] In an embodiment, supplying gas comprises supplying gas at a rate selected from
the range of 100 I/min to 200 /min.
[00121] In an embodiment, the under pressure is such that the gas flow rate through the
openings into the fluid handling structure is greater than or equal to the gas flow rate out of the

apertures to form the gas knife.
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or both. The cornered shapes of the |ine and the openi ngs nmay be
substantially simlar. [001161 The danper may be substantially constant in
wi dth along the el ongate aperture or along the |ine of apertures. [001171
The danper may have variable width. The width of the danper may w den
towards a corner of the elongate aperture or line of apertures. 1001181 An
enbodi nent of the invention is a device manufacturing nmethod conpri sing:
providing a fluid, retrieving a liquid, and forcing liquid. In providing a

fluid, fluid i | ded t fi t of j.ectior t
IR OTEREN 7R e T Lt e

el
hﬁgﬁ 1 eve ween the

final ol QABMY stARArd NBe PORI AR S St Ry hailigohofginas. ThedRid hadidsgure to
a plurality of openings in a fluid handling structure. In forcing |iquid,

li qui d stsicfuoy is sonfigussdesuels thetibe ppeningsiars disseled panispdevags & SRSIE AR gbs

t hr ough L urality.of ertur i > and
the openPHEes FEleshiaBlef Rl i bafu Bl B8 B ER R B BREC RS
embodi @%hts knifb @ediStiaanget leastaelcRapsd aporture, tieclormageapefur having @ c@nem

[ 001201 Tn an enbodi nent, supplying gas conprises s pplying gas at a rate
sel ect d80¥23pm t Hderclongaic ape Ry HArR 4 osse ohapsi hie %@6‘1 shpp F‘Fflyiﬁ a
enbodiqgg%j(§§§ gnder pressure is such that the gas flow rate through the
openi ngs N0 the fluid handl ing structure is greater than or equal to the
gas fl qoorafe outAsofilitHeepprepieatet ingsf the abovardstrébegdeatknes ¢ap.be36ed 90122] | n an

enbodi ment there is _provided a lithographig., arat us .c rising, a fluid
and! | SN FE APl L ORI Uere RSP R L PR T B Pyt Bhis
openinglphégﬁ fluid handling structure is configured such that the
openi ngs-are girected, in use, towards a substrate and/or a substrate

t abl e doafasgur ed Althosgipsperific r¢feresednay bt madeTinghis Laxt t thenst! dfdighographiet ur e

further conprises a gas knife device havj at .] east,,an el an erture,
the ol GRBHFRS ¥pBF CHLIRETR 1g S Eb Ry Mt orsde BTy S aderd0dbR 885 o)
forma iSHpRfus BEBLORGEinINANRAVEBheD tioRk Racles thbapeufaliiRbI41l As
wi || béﬁg%%%g%?ated?many of thenabovevdesgrﬁﬁggafeatures can be used with

any otduEvickdartuse & armdniprising infegrated bytiqahsxstemso giflnge prerhdeteskion pafters,for

Sescr | Sea Shnsh SR T b P RSP hORB TR b speci1
magnetic heads, ctc,. The skilled artisan will appreciate that, in the context of such alternative
applications, any use of the terms “wafer” or “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 léyers.
[00126] 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). 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.
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apparatus in the manufacture of a device such as an IC device, it should be
understood that the |ithographic apparatus described herein nay have other
applications, such as the manufacture of a device for use in or conprising
integrated optical systemnms, guidance and detection patterns for magnetic
domai n menories, flat-panel displays, liquid-crystal displays (LCDs),
thin-film nagnetic heads, etc,. The skilled artisan will appreciate that,
in the context of such alternative applications, any use of the terns

"wafer" or "die" herein nmay be considered as synonynous wi th. th re
gener al 08 Ths " s HBiG pegic 8?180415?5‘@9?%’8?‘?‘{68}10’? ?Vgé%%rt‘%is?/‘i\%e? .ab%eeﬁsfﬁﬁst rate
referreg dpPrecifathd? tﬁ@i}ﬂv@ﬁoﬁ) LRGBS HeMic RN Rise Thaafak GEscAKAD BUF Gamiple, fiRr
exanple a“track (a tool that typically applies a |layer of resist to a

subst r atmbadimertesishoipsentive msypaedte fomi of @)compuivs PIogTaTYSPILAHINE ARIPIGROTEN

i nspection tool, ere | i.cabl e, the .disclosure herei lied to
such angt?q‘betnﬁ‘égr‘)f%%\E?F'Fﬁﬁgﬁﬁﬂrgﬁ'@%tﬁqnﬂae%cg g 2 E}lril? er ,Scﬁ%gd %’E%g'?) ‘r?zfiitac1 gBmay be

pr oces sgél. foh &ditiRqe g OREfsontitori@iBty Smadti© belgtichlodisk) datigg sucial doimphyer | C,
so that the term substrate used herein may also refer to a_ substrate that

al r eadyprogmmatared vhatcir. Gughey, the swelipe reagabisinstiration gpy-prempadigg I Woflat i on”
and "beani used herein co [eTas:Te oLy Lation,
i ncl udi AGEGPPPEGT %rloélfmn(ssgjle ragjﬁg?o?%)!ﬁor%%ﬁ%iﬂ%%lﬁgﬁg%\%\aveI e%ﬁlgdtnﬁ Oi(:)ffﬂ-}l(é%)érSl about
365, 248frertfBmebiiesQnd/b2BatnBhragd ediaer m "1 ens", where the context all ows,

may refer to any one or_conbination of varjous types .of optical
conpond@®E28li nci Jde sentradierssiossriped herginagy @E{‘ P/ coFpinatgn b%@%%ﬂ%ﬁ#%‘? thgy

[00127] Wi | | £ j j [ 496864 hibed
above, T ChrS A Ry B e
ot her wi [sgt biedongRmeraE thelzibgrarhic appanafis Thet doatrokerh vy ranhtos ipfonttaationvent i on
may take the form of fa conput er pr.géram cont ai(ﬁi%nﬁ. one_ar (gore sequences
of ~ mac Hiave 2meaablF SOMHRFIRIPIRECTHRE OGP A hatHEE S84 di s¢1 YU above, or
a data , StQrA06. WEH RIS cImnREFhEANHUAL A 148 BRS ¥f thoBEHNOIES. Kot cRihpleal

di sk) HaVi ng such a conputer program stored therein. Further, the machi ne

r eadabl each ostirollet maninnisle bee embad pegeisarstfaoexseutingdhecaammegrgrvdeans. The
two or nore conputer ogr.a e stor on r r % grent
O T R R AR S RSB0t RS
her ei N TBUJIEREDNs 1O agé MeSRFDIoN AbHRNsRR cORplBbrogiahs Naride hadRaran remive
conputer prograns are read bﬁ one or nore conputer processors | ocat ?d
Wi t hi n sath mediagt. Soths woplbaesh mayPPerpts arsarding thegRichingpadable dastrugiigns o
controllers may each or in_conbination
One or more computer programs.
[00129] One or more embodiments of the invention may be applied to any immersion
lithography apparatus, in particular, but not exclusively, those types mentioned above and
whether the immersion liquid is provided in the form of a bath, only on a localized surface area
of the substrate, or is unconfined. In an unconfined arrangement, the immersion liquid may flow
over the surface of the substrate and/or substrate table so that substantially the entire uncovered
surface of the substrate table and/or substrate is wetted. In such an unconfined immersion system,
the liquid supply system may not confine the immersion fluid or it may provide a proportion of
immersion liquid confinement, but not substantially complete confinement of the immersion
liquid.
[00130] 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
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have any suitabl e configuration for receiving, processing, and sending
signals. One or nore processors are configured to communicate wth the at

| east one of the controllers. For exanple, each controller may include one
or nore processors for executing the conputer prograns that include

machi ne-readabl e instructions for the nmethods descri bed above. The
controllers may include data storage nediumfor storing such conputer
prograns, and/or hardware to receive such nmedium So the controller(s) my
operat e accordi ng.the machi r e | . i .Of o .
comput ot AETaRTiRr STy TBET bR B EbAShi GhcrRlS ity Ol oflBe Bt
appl i edofeing®)Yont BIROE LB opdniddl @ bAPNMmEP PasrdligsSor fwo phasd flewl T, opbrihgsnot

excl usively, those types nentiqned above and whether the imrersion liquid
i s provirgeerch ke emElgtantmiisrimanessiom spag oy ap uilet figang {lvid hadling SrEctyred o ot ¢ he
substr [ : | 3 i ANGeBILY i mrer si on

i qui dtﬁj‘én”g]}?t ﬂtg\&/ﬁvﬁlegl\?lg%&%e S‘l:.ﬁ’ q‘og%%&é# E}?ﬁgiesﬂl}%g?a?ﬁlggand/ o%)' gt%gt rate table
so t hatenshokahanta sakfage dftibe gratée mey e putipe df ths sutistrete apfl/ot hibswatbsablcabea t abl e

and/ or substrate is wetted.. In such an unconfined i rSi s.e t he
T qui d ST §f TS Beenrag ORI GRF TS AR TN GHE PSP Ry i vi de
a pr Op%z)ﬁéeqﬁ Phnvelof MRS sibQfhtd i_trﬁﬂlﬂrqmﬁ‘s@r@fe'tﬁlﬁm%liqm&tsug%? sPddn hﬁw'fobﬁéﬂaﬂ?f
conpl ete confinement of the imersion |iquid. T001 A liquid supply
syst em fashgomtledepingtoe thoheelements teowvntoldbe pestizml, quandifss araldy shane. flewratapn
enbodi nents, Lt nmay ®$ a _mechani sm or conbi nation of structures that

provi desY & ef%ﬁpﬁ%(F *FWkce between the projection system and the

subst r gpgrAPd/ or ThebsickiptiehstaBblare lriterdoY WM GitHEYS hoblid@mpl Tis, RRvidbeoNne
or nore structures, one or nore fluid openings including one or npre liquid
openi ngwparerido one soled igdle apdal medifiestiophmap pe mede togPe Hivegionasdescfi§edhase
flow The openi C Jnlet | the i nmersion space (or an
out | et W@H&Pgepﬁﬂﬁ%&*ﬂggﬁ‘és?%g Og'?ffeﬁc@?}ﬁlrgé O(I)Iwée%ﬁw' outl et out of the i mrersion
space (or an inlet into the fluid handling structure). In an enbodi nent, a
surface of the space may be a portion of the substrate and/or substrate
table, or a surface of the space may conpletely cover a surface of the
substrate and/ or substrate table, or the space may envel op the substrate
and/ or substrate table. The liquid supply system may optionally further

i nclude one or nore elenents to control the position, quantity, quality,
shape, flow rate or any other features of the liquid. 1001311 The
descriptions above are intended to be illustrative, not limting. Thus, it
will be
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apparent to one skilled in the art that nodifications mybe nade to the

i nvention as described wthout departing fromthe scope of the clains set
out below. 33 CLAIMS 1. A lithographic apparatus conprising a substrate
tabl e configured to support a substrate and a fluid handling structure,
the fluid handling structure having a plurality of openings configured for
t he passage of a two phase fluid flow, and conprising a gas knife device
conprising an aperture |ocated a distance away fromthe openings, wherein
the fluid handling structure is configured such that the openings are

di rect €dL.AMMS use, towards the substrate and/or the substrate table, so
that the openings are configured to renove liquid frombetween the fluid
handl i ng structure and the substrate, the substrate table, or both and so
that nost ofA titeggabic hpmmatud camprisive aabstkats fabledenfigiecd foougparhosigsirathe
openings. 2. .The |ithographjc_apparatus of claim]l, erel.n the openings
and t heangadiuichhandligg grucarg,t eﬂ@ﬂﬁx‘ap iﬁgéHu%tBrethr%'f“gtar%&glég Ok PRVERr ough t he
openi n RAs460! ﬁ-&ﬁ,g iafR2hANEREbristhg aldie khift Begéaaphi c

appar at%z)gﬁ eE(I:th‘itm 1 %?églﬁ%i m }?a@«% ﬁ?lltdﬁler ’corrf)(rﬁﬁ?si ngg aéhgour ce of

over pr essiprisingan npateclocaed hdistapes awayelron thepweringse svharvin the daig haadiing

under pressure connected t he openin e. qver. r t
under pri¥dsiyFes B%‘?nfn red Fph ﬁ’ﬁh{he £ ﬂgﬁ?%taé%%ﬁ%teg’ %fusg’lt@\%vg‘? HIS §1S11§‘s@1? era{;)llglé) h the
aper t urife QlbsRRe b, 65 thabths 8p&fARGrd tdafighiRe t¢ aRgee tiuid @it betb2@pthefluidhe

total rate of flow of gas through the o%eni ngs. 4. The lith %éaph'c
appar athasdiidg smytust andlthg swbstrate,dhasubgiae Eible, pmzoth prgl 39 thafipest Hgt EAUMYIr e
has in plan a shape,whi -gligned with a direction of relative
not i on fg%?\g\lbe Spﬂlgedefvllcﬁi “%gﬁlﬂ%hﬁggéﬁjﬁlg%ure and the substrate table. 5.
The |ithographic apparatus of claim4, wherein the direction of relative

notion is a _scanning and/or stepping direction., 6. T |'ithographic
appar atis ole@II’éﬁlQ&r?P%@rapéFr&i“ﬁ]og?la% &r whareip fhe opqaiges ?ﬂaftgt_g%gasl l@é@tdeﬁfiﬁ pre
coners. 34 fed I8t tﬁz EM&pﬁﬁ&gﬁgﬂﬁ?@éﬁg Qhd AR Y%aOknife BeiBrels blarRed.f Ur t her

conpri sing=a projec n system- co d to project a patterned beam of
radi ation onto a target portion of the substrate and the fluid handling

structure is_configured to supply. and confine jmersi.on i qui
bet weer?- The?ﬂhoggaphﬁ: apparatus%?cl%lm[ilor claim b, 1%rt'ner cOImprising a s u'ce(::I of 0 a space

overpressure connected to the aperture or apertures and a source of underpressure connected to
the openings, the overpressure and the underpressure being such that the total rate of flow of gas

through the aperture or apertures is selected from the range of 80% to 120% of the total rate of

flow of gas through the openings.

4. The lithographic apparatus of any of claims 1 to 3, wherein the fluid handling structure
has in plan a shape which has a corner aligned with a direction of relative motion between the

fluid handling structure and the substrate table.

5. The lithographic apparatus of claim 4, wherein the direction of relative motion 1s a

scanning and/or stepping direction.

6. The lithographic apparatus of claim 4 or claim 5, wherein the shape has at least four

COITESLsS.
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the projection systemand the substrate table, the substrate, or both. 8.
The |ithographic apparatus of any of clains 1 to 7, wherein the openings
are configured to define a nmeniscus of a liquid body. 9. A fluid handling
structure for a lithographic apparatus, the fluid handling structure having
a plurality of neniscus pinning openings, the fluid handling structure
configured such that the openings are directed, in use, towards a
substrate and/or a substrate table configured to support t he substrate,

the fluid handling structure 6$rthe ice aV|ng

a de
an el ohgat el BEfEPRIRRIGIPPAIARS 9f 41 ¢ EBT“ 5%?1%‘38? CgF’IPQﬁ‘B%B PFUCAM R  and a
danmper &{n?%g&ﬁ%]@%;ée@@&mhﬁs LARRbE HHRBA kB Rt R idNofThe ABSFAEAREhand t he

openi ngs | uid handling structure of claim9, wherein the danper
conpri stsidhandingistrudus is swfigarce toppoli ang confinaimmersipreliauit ta # sneee bweay

substrate table. T h | i,n of claim 10, wherein the
conti nu E?r‘gfﬁnfjﬁé%&‘?% %f%‘gﬁ%&?tg Zf%i ﬂ.begslll §?tfa Owla(ﬁhuse to the substrate
and/or substrate table. 12. The fluid handling structure of any of clainms 9
to 11, wherein the openings form in plan, _a cornered shape in an

under si8le of TheHithégraphis appa@IUs 9d ary @ﬁfé‘%lmsé ‘to 7gwhergig thq ‘tﬂeﬂmﬁ%ﬁﬂ ICP?ltgg“éﬁfdrfﬂct ure
of cl alﬁ[ina_l msrcgéo Jl?%cil’)o'h? forms a cornered shape in the underside of
the fl I8 A AT St UETUreY 14, The fluid handl i ng structure of claim 12
or claim 13, wherel n at |east one of the shapes has at |east four coners.
35 15. The fluid handling structure of any of cl .12 1o ei n at

| east ohe ofAdid hgmglipasstriupiiee @ﬁaégﬁérqml{cﬁpﬂ%@?ﬁut g‘?‘ﬁi‘f’?f@‘“@ﬁ“&ﬂf‘v}?ﬁ% 16.
The flu n nf\éﬁl%ﬁghgh @bt theast one
of the E!isﬁla gyj injhdf}ll%u&m r neE%%glﬁéa%e&%ﬁgﬁhgéﬁ&%{%& The fluid handling

struct Ltﬁ;ﬁ:nmfgs ane;dlreéted;llmusestoia&rdsca shibstranhardéirra sabstiateetsble oprfigufed thew es is
a rhonboi d, afo pojinted star

18.. The
ot ooy Sutsfipieaing SUR g et e CopPRned e i s RERaVRgAR 'St U e

subst a hﬁ?elo% hRall8f £RABRE 8farsRanea Bhe, ki@ ﬂﬂﬂ]ﬁéﬁﬁrﬁn el®etwlee fluid
handl i zélblgét eya ure of pana>l/ t%f %ﬂal s Mfég 183l m?rler e?n é darrgper i's

substariheapdrgmemdhsplamhtwaanﬁmrhsalddhgopfwen%l ongate aperture or along the
| i ne of apertures.

10.  The fluid handling structure of claim 9, wherein the damper comprises a continuous

surface opposing, in use, the substrate and/or substrate table.

11.  The fluid handling structure of claim 10, wherein the continuous surface is substantially

parallel, in use, to the substrate and/or substrate table.

12.  The fluid handling structure of any of claims 9 to 11, wherein the openings form, in plan,

a cornered shape in an underside of the fluid handling structure.

13.  The fluid handling structure of claim 12, wherein the line forms a comered shape in the

underside of the fluid handling structure.

14.  The fluid handling structure of claim 12 or claim 13, wherein at least one of the shapes

has at least four corners.
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20. The fluid handling structure of any of clainms 9 to 19, wherein the
danper has variable wdth. 21. The fluid handling structure of claim 20,
wherein the width of the danper w dens towards a comer of the elongate
aperture or |ine of apertures. 22. Afluid handling structure for a

|'i t hographic apparatus, the fluid handling structure having a plurality of
openings, the fluid handling structure configured such that the openings
are directed, in use, towards a substrate and/or a substrate table

configured to support_the substrate, . and _the fluid hapdlin ructure

£ ur't harl S onphed g lBE SRR RO By DB RBIAG (dn™ BrEHgLastapept b gy

p'Ura'ﬁggaﬁgmﬁﬂﬁﬁ{gggﬁwg%&ﬁpgggw@ﬁm@ line, the aperture or the plurality of
elrng arﬁhnge

apertures at a distance fromthe openings selected fromthe
range of 1 mmto 5 mm 23. A lithographic apparatus conprising a fluid

handl ing strycture fqr. a lithographi.c .apparatus, the.f]pyid ndl

struct uPe h er\’ﬁliihaﬁﬁ{l?%?tﬂ’tcw%‘?{%‘gé’ﬁﬁﬁl% %) ?chgst f“fshﬁfe(lf‘ ﬁé%aaf?nﬁgol%s ers&%ﬁe%r e 36
confi gu,ed cstehwithat obi& ApRNIi Ngs are directed, in use, towards a substrate
and/or a substrate table configured to support the substrate, and the

fluid handling structure further conprising a gas knife device having an

S por oG, APt ool 1o amP g PRER LY B3 626HARBGE1LR e oF B il

aperture: o ures being arranged a I stance from

t he opgyh Agmitsal aGb@dholdi@natirie bothange of 1 nmto 5 mm 24. A device
manuf act uri ng nmet hod conprising: providing a fluid between a final el enent

of a projection systemand a substrate; retrieving |iquid from between the

final el A8 Qheahd Hhns¥PLAMDY RUTALHLEE RcoBUPiapE BRRUr € L0

a plurality "of "openi ng Ing structure; and forcing |iquid

t owar dginkehesubktatitidliytsymitdr to e rbngs:dbliamui pheppegingas t hrough a plurality of
apertures, the distance between the apertures and the openings being
selected fromthe range of 1 mmto 5 mm 25. A lithographic apparatus

conpri signg aryklek PhRans étﬂﬂtu?éf éls%wlf Blairh®td 18 vfcRaNEL Hﬁlﬁ?eﬁé §ubethhiiglyhavi ng

a plurality of openings, the urd handling structure configured such that
the openitmgsn sidth diong dteadhngite apsraire poslangide ing gbagertitee and/ or a substrate
tabl e configured to support the substrate, and the fluid handling
structure further conprising a gas knife device having at |east an

el ongat® apefyk iR hdnBBnLitRRARE 6 ARSI Eldinds $18Vi9) e hareiDhB Bfimper has variable
width.

21.  The fluid handling structure of claim 20, wherein the width of the damper widens towards

a corner of the elongate aperture or line of apertures.

22. A fluid handling structure for a lithographic apparatus, the fluid handling structure having
a plurality of openings, the fluid handling structure configured such that the openings are
directed, in use, towards a substrate and/or a substrate table configured to support the substrate,
and the fluid handling structure further comprising a gas knife device having an elongate aperture
or a plurality of apertures arranged in a line, the aperture or the plurality of apertures being

arranged at a distance from the openings selected from the range of 1 mm to 5 mm.

23. A lithographic apparatus comprising a fluid handling structure for a lithographic
apparatus, the fluid handling structure having a plurality of openings, the fluid handling structure
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configured such that the openings are directed, in use, towards a substrate and/or a substrate table
configured to support the substrate, and the fluid handling structure further comprising a gas
knife device having an elongate aperture or a plurality of apertures arranged in a line, the aperture
or the plurality of apertures being arranged at a distance from the openings selected from the

range of 1 mm to 5 mm.

24. A device manufacturing method comprising:
providing a fluid between a final element of a projection syétem and a substrate;
retrieving liquid from between the final element and the projection system by attaching an
under pressure to a plurality of openings in a fluid handling structure; and
forcing liquid towards the plurality of openings by supplying gas through a plurality of

apertures, the distance between the apertures and the openings being selected from the range of 1

mm to 5 mm.

25. A lithographic apparatus comprising a fluid handling structure, the fluid handling
structure having a plurality of openings, the fluid handling structure configured such that the
openings are directed, in use, towards a substrate and/or a substrate table configured to support
the substrate, and the fluid handling structure further comprising a gas knife device having at

least an elongate aperture, the elongate aperture having a corner.
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