CONDUIT SYSTEM FOR A LITHOGRAPHIC APPARATUS,
LITHOGRAPHIC APPARATUS, PUMP, AND METHOD FOR
SUBSTANTIALLY REDUCING VIBRATIONS IN A CONDUIT SYSTEM
Field [0001] The present invention relates to a conduit system for a

lithographic apparatus, a lithographic apparatus, a pump, and a method
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the substrate. A lithographic apparatus can be used, for example, in the
_ mar_lufacture of integrated circuits (ICs). In such a case, a patterning
Field device, which is alternatively referred to as a mask or a reticle, may be
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will contain a network of adjacent target portions that are successively

Back a&;tl%rned.' Conventional lithographic apparatus include so-called
‘—gg%eppers, in which each target portion is irradiated by exposing an entire
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. diation will have a shorter vv_ave1ength in the liquid. (The effect of the
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this direction. It is also possible to transfer the pattern from the patterning device to the
substrate by imprintirig the pattern onto the substrate.

[0003] It has been proposed to provide an immersion system in a lithographic
projection apparatus to immerse the substrate in a liquid having a relatively high refractive
index, e.g. water, so as to fill a space between the final element of the projection system and the
substrate. The point of this is to enable imaging of smaller features since the exposure radiation
will have a shorter wavelength in the liquid. (The effect of the liquid may also be regarded as
increasing the effective NA of the system and also increasing the depth of focus.) Other
immersion liquids have been proposed, including water with solid particles (e.g. quartz)

suspended therein.




liquid (see, for example, United States patent no. 4,509,852, hereby
incorporated in its entirety by reference) means that there is a Iarge body

of liquid that must be accelerated during a scanning exposure. Th.IS may
require additional or more powerful motors and turbulence in the liquid
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soig%ﬂs%?é}i?é@écf‘i’é”féﬁ’fﬁfl&ﬂié sihshnisyswhstotorovidalisiteomblomyadath of

liquidQ%éi,zi%g &Jﬁﬁﬁ?&,thﬁﬁ&pﬁ%? ﬁzﬂ&%@%‘,’%@@%ﬁ? é%g %%en(t)r%%tagn its entirety

rojection system and the substrate using 'a1|qU| supply system _
by reéﬂ?ﬂﬁ?&f@ﬁéﬁ Q?&!I@ﬁ@s‘saalé@@ﬂr@ﬂ%&élamthmnuktdaﬁmbelamem:ioﬁ:@
jegh _ ' roposed to arran rthis .
T B S S i e n e
qudiﬁ’é%)%%ﬁ‘él‘édmﬁeﬁﬁghﬁmWt@@@h@@ﬂ@ﬁﬂustrated in FIGS. 2 and 3,

licyaish ' inket IN_onta the substrate, preferably .. .
g L R NI AT v
only aleeakized arer el it owstrdy andeadicdwecoutietiol tlafienthalihgmersddn system

ject is, as the substrate is, scanned beneath
IS R YR U R TR e e
than theeitnehelamenaré thaprai thidonksgiten Figuesvashbivh the l&rezlp)g@m&rdttt% arrange
. natically | ich liquid i lied via.inle | en up on the
R S D SO A SR S e
in its graecdyifey selareacen Alsélstateton BIGSgarmn@ thhdigdics @ppp‘aﬂlﬁgi aldagt one
: I i e substrate . relative to the final element )
e A B e PSP
to the finadistemettirandriel satoeed bitwleastwoandttbe(liEl aftenteniarepessibléer the

. is. illu in.Eigure 3 in which fqur sets of an inlet with an
i S I A S 2
liquid i sHpphiceO U] Ofvdestthpiismtn litddgkaphic apharatsileomprisioglaws the
i rsi ar i3 e, disclosed | {ted States patent
T B S AR S o0
side ofjthg sipmerely et sdrdtedhintitienoantrtety thy lefensrsaifoaniF dMinahean
illustrdm%ﬁ?@lﬁé' Ste lﬁﬂ@}gqa%p'ﬂea L'f&f%{ﬁ? Qx‘l%(?t? na(r)?’tu%’vléﬁl%rrlp %}[tgg substrate
made of one or more pumps to pump [/guid to or from the iImmersion
relative fo, the gl elsmanpribrusiothisydnesmaimbedso bsttatesuppontetooriantations and
numbe?yg_ﬁf@tﬁlw—-léssm{ﬁl?ég Mﬁit@xg %rl‘é?%glg%n : relrﬁcr)nsg'ﬁlg "\id ?eg(earrplp;?é is
. for instance, a membrane pump which may provide a substantially _
illustrageshigr Snews|divevlioh Buthess pliamidompitises aufieop ctibenbiele havingvaded in
a regul¥PPAREVRIhIaY S sURsegyently increased and decreased to provide

adoump flow. 2 1 Summary ) ) . .
[0006] Other examples of a lithographic apparatus comprising an immersion system

are, for instance, disclosed in United States patent application publication nos. 2004/0165159
Al and 2005/0134815 A1, both hereby incorporated in their entirety by reference.

[0007] When an immersion system is provided in a lithographic apparatus, use may be
made of one or more pumps to pump liquid to or from the immersion space between a
projection system and a substrate supported on a substrate table. A suitable pump to be used for
an immersion system is, for instance, a membrane pump which may provide a substantially
constant volume flow. Such a pump comprises a pump chamber having a volume which may

be subsequently increased and decreased to provide a pump flow.




[0008] When a membrane pump is used to pump liquid away from the

immersion space, the pump should be suitable to pump a liquid flow but -

also a liquid-gas mixture since at a certain moment a considerable

amount of liquid will be removed from the immersion space and, as a

consequence, both liquid and gas will be sucked into the conduit which
Summahects the pump with the immersion space. [00091 A drawback of such’
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case in a cooling circuit or an immersion system. [ [t is desirable to
systery h\Adethch GARIHE SHHS et Sithe el mapParaiep: rdneiasce teeteptary

moveSRIMIIEERIQRHE Hauisein Haghpumphamberalithe PHEORAIRSY PSRN of
reduced. j [0013[ Fu%hergﬂlitgdesirablg%)o provideaconduitlz%stem for "o

liquid paayhauihis parituiiso stheh tinraisroneysdierhishliaeld iseamprsssed may have
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According to an embodiment of the invention, there is provided a conduit
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geometry, as for instance may be the case in a cooling circuit or an immersion system.

[0012] It 1s desirable to provide a pump for an immersion system in which vibrations
due to compression of liquid in the pump chamber of the pump are substantially reduced.

[0013] Further, it is desirable to provide a conduit system for liquid flow, in particular
of an immersion system in which vibrations caused by liquid flow or by liquid compression are
reduced.

[0014] According to an embodiment of the invention, there is provided a conduit
system for a lithographic apparatus.. The conduit'system includes at least one conduit for
guiding a liquid or liquid;gas mixture, and a gas injection nozzle configured to introduce a gas
in the liquid or liquid-gas mixture to at least partially absorb pressure peaks or waves in said

liquid or liquid-gas mixture.




[0015] According to an embodiment of the invention, there is provided a
lithographic apparatus that includes an illumination system configured to
condition a radiation beam, and a support constructed to hold a
patterning device. The patterning device is capable of imparting the
radiation beam. with a pattern.in its cross-section to form a patterned. )
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accompanyi%%schematic drawir;gs in which corresponding reference
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pparatus; [0022] Figure 4 depicts a cross section of a pump according to
absorb I e eI Bh R I G 8 FAS invention; [00231 Figure 5 depicts ’
another cross section of the pump of Figure 4; 4 [0024] Figure 6 depicts a

. as jng'.ectio nozzle according to an embodiment of the
Brief Description of the Drawings . , -

[0018] Embodiments of the invention will now be described, by way of example only, -+ -

with reference to the éccompanying schematic drawings in which corresponding reference
symbols indicate corresponding parts, and in which:

[0019] Figure 1 depicts a lithographic apparatus according to an embodiment of the
invention;

[0020] Figure 2 depicts an exemplary embodiment of an immersion system of a
lithographic apparatus;

[0021] Figure 3 depicts an exemplary embodiment of an immersion system of a -

-lithographic apparatus;

[0022] Figure 4 depicts a cross section of a pump according to an embodiment

according to the invention;

[0023] Figure 5 dépicts another cross section of the pump of Figure 4;
4




invention; [0025] Figure 7 depicts a gas injection nozzle according to an
embodiment of the invention. [0026] Figure 8 depicts a cross-section of a
pump according to an embodiment of the invention; and [0027] Figure 9
depicts a part of a conduit system according to an embodiment of the
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), W and connected to a se
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mventaecordance with certain parameters. The apparatus further includes 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

DetailM@@ﬁﬁﬂraitﬁrget portion C (e.g. including one or more dies) of the
nation sy tem may include various types of
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the radiation beam B by patterning device MA onto a target portion C (e.g. including one or

more dies) of the substrate W.

[0029] 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.-

[0030] The support structure holds the patterning device in a manner that depends on
the orientation of the patterning device, the design of the lithographic apparatus, and other
conditions, such as for example whether or not the patterning device is held in a vacuum
environment. The support structure can use mechanical, vacuum, electrostatic or other
clamping techniques to hold the patterning device. The support structure may be a frame or a
table, for example, which may be fixed or movable as required. The support structure may

ensure that the patterning device is at a desired position, for example with respect to the




[0031) The term "patterning device" used herein should be broadly
interpreted as referring to any device that can be used to impart a
radiation beam with a pattern in its cross-section so as to create a pattern
in a target portion of the substrate. It should be noted that the pattern
. imparted to the radiatign beam, not exactly,correspond to the desired
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integravggrer-€aatrix. [0033] The term "projection system” used herein should be
broadly interpreted as, encompassing any type of projection system,
et
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appropriate for the exposure radiation being used, or for other factors ,
are well apla dfeespl. a%féjﬁ ‘ﬁ‘&a‘fcf)&’refgﬁé‘%%s&*%%@diﬁ’???%?%x%é&e‘smﬁ’
and at@hthetepRaseigctiarianss herein mayidenLRngidsrechas Sypymaous:
with the more general term "projection system”. [0034] As here depic ecﬂl,_
programabl MLTQS 15 BY SHRAYTALBRIEHETE G Bh I e tich can
be individak)lyltesnadivelyo tbReappaiatumingybRwfrabeiiedteiypa(digctions. The
employin

: a programmable mirror array of a t as referred to above, or
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more support str ctur.es?.. In such "multiple stage” machines the adcfjitional
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Consid%%)rtlon of the substratgels covered hy a liquid having a relagively high 6

SR THRECE & AR MRS T S S AR BB ERHE projection
Sy antldiadsplstththie apparatus is of a transmissive type (e.g. employing a
- transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g. employing a
. programmable mirror array of a type as referred to above, or employing a reflective mask).

[0035] The lithographic apparatus may be of a type having two (dual stage) or more

substrate tables (and/or two or more support structures). In such “multiple stage” machines the

additional tables and/or support structures or supports may be used in parallel, or preparatory. -

steps may be carried out on one or more tables and/or support structures while one or more
other tables and/or support structures are being used for exposure. -
[0036] The lithographic apparatus according to an embodiment of the invention is of a

type wherein at least a portion of the substrate is covered by a liquid having a relatively high
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However, the immersion liquid may also be applied to other spaces in the
lithographic apparatus, for example, between the mask and the projection
system. Immersion techniques are used to increase the numerical
aperture of projection systems. The term "immersion" as used herein
does not mean that a structure, such_as a substrate, must be submerged
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Figure 1. the illuminator IL receives a radiation beam from a radiation
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_ directing mirrors and/or a beam expander. In other cases the source may
du“ngo%‘H?FHﬁ’egral part of the lithographic apparatus, for example when the
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. distribution in its cross-section. [00391 The radiation beam B is incident
the illugpinatonHudparihcasuibdhebsamidienraysigmdils Herpispdimeay hspsferred to as
a radiaBibHGWR{L 0., mask table) MT, and is patterned by the patterning device.
Having traversed the patterning device MA, the radiation beam B passes

tH1838h the Urginaien bysennpladamadiviesaLirenbearddnms mshtypangular
intensiBOHHRAKaRf 4 slebaliRiv NG Mithcthe aid ofthe §e08d: BOSIHRR Nher radial

device PW and position sensor IF (e.g. an interferometric device, linear
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he radiation beam B. Similarly, the first positioning device PM and
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_ . the path of the radiation beam B, e.g. after mechanical retrieval from a
N 1ts CpRgskeibraYy, or during a scan. In 7 ' '
[0039] The radiation beam B is incident on the patterning device (e.g.,-mask) MA,

which is held on the support structure (e.g., mask table) 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 positioning device 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 positioning device 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 beam B, e.g. after mechanical retrieval from a mask library, or during a scan. In
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general, movement of the support structure MT may be realized with the
aid of a long-stroke module (coarse positioning) and a short-stroke
module (fine positioning), which form part of the first positioning device
PM. Similarly, movement of the substrate table WT may be realized using
a long-stroke module and a short-stroke module, which form part of the

generglomaysHRtishEirpPertREusise MEmsmprdcpicahpibeliasid sfatmgstroke
mod iR SHRROFoSTHFINS MiE M rReCRENSHIER Eﬁ&%&ﬁ'ﬁ%?[&@%ﬁéﬁgém part of

only, or may be fixed. Patterning device MA and substrate
the figyf foatiorimgdsxicsRiMy Hiavied aiapiramenhodiks Mbsime tabte Sbstratée realized

- using@ligHReRbRASIRL SRd-ARBAUSR 1B %%‘zi'ﬂ?é{ Fhial 98}%&%%%?? cond

_llustrated occupy dedicated target portions, they ma ocated in
positigrer RWh & terrtsrgbt pispRshEapthrReseddo Risoamers derivprartistructure MT may

be coﬁﬂgﬁgﬂqﬁtz{@ﬂﬁkﬁkt@@i!ﬂ%tm §HH/:"HP gb\@lh'g}i%ﬁem%n %@\%cdé?vﬁ and
provided on the patterning device'MA, thé patterning evice'a ignment
substyafe RS My b alignsbusipemateming divse [0 MM eThmatkpibie dMppadatuisstrate

aligm%@h'ﬂ%lﬁﬁ(%@qg P@%&iﬁﬁ‘ﬂg‘ﬂﬂﬁe@u@%‘ﬂ?&'?ﬁ&ﬂ@éﬂ? gu Zl‘b:l]e‘loo :ll'b]TI]]-fCI(POSLELeL py

mode, the support structure MT and the strate t are kep

dedicﬁgémmly)%q@ﬁéhﬁy\mbeb&dwatﬂ@palgtecrﬂs impa.cmdta.cgm'@m.ddiaﬁm?se are
knowQ%@g&x'F‘beQl?ecﬁﬁgnﬂ{gg %E@ﬁg)ets%ﬁh? ,C%naatil%%ﬁ (();HQ %}gk?&%%{n%%eﬁéﬁ%%e die 1s

_exposure). The substrate tablé WT is then shitted in the X an
providsireuidie f8tiRet ecifieniasgbe pationng devidse bgposetimaristemay be located
betw@AE dike maximum size of the exposure field limits the size of the target

portion C imaged in a single static exposure. [0042] 2. In scan mode, the

Sl!l%?ftm dadeneciviraanerahs soWsthsteseble aAMEastensczithedollowing modes:
SYpggprously mm{gp%?mei%g?{)wgtmcm?e rl@ﬁiag%%)eau@s%§ PL ?{%F&%T are
e). The vel and

onto a target portion C (i.e. a single dynamic exposur ne velocity an
kept egfirabialy Yrtitaanbuthiramprinmttetimpatethoshppattasivadicas Mprojected

onto aMRYePEAgLENN m%@%&fﬁi@%!ﬂ%%fhﬁﬂ!'%&%éﬂ‘?ﬁee sUBYERS !able l\JI\r/r']I" is then

... Characteristics of the projection system PS. In scan mode, the maxim
shiftedsjpdhs ¥handéapdstitediian sthetmdiflesnt farghenooties@rainbedikpotiah)in step
mode, ShiNRAARAGRRALUON IRASHNG SRR CROSES, (HherEAs e %'2,%;1 Of ged in

. the scanning motion determines the height (in the scanmr%g direction) ‘ot
a singlg\4alicEPRFHIbN. 100431 3. In another mode, the support structure MTis =~

kepugpentiallysiationaye '?ﬁ%@ﬁ‘;%@r%&%ﬁ%‘iﬂ?"ﬁrﬁ%ﬁ%rJHE‘&rQ%Vtia Eé%’o&t are

2

the substrate table WT is moved or scanned while a pattern imparte o
scannegsypehraneHsbe e apﬁéj@éﬁéﬂiﬁﬁf@fb@éf@é@@@ttmlm s jegdéonto a target
portiordENEEAY¥iAdhe SRtk AR Bl SRYIFERIS G5 Py S ANd DG HFadrams

Rlg
: dy1le 1 ble WT
patterning device is - updated as required after each movement cr)s?%ee avie

relativ%&b@t?éﬂ&%é%ﬂﬁﬁi%@%éﬁ defenaisidéyrduiddonmdsiicatiomgnd image
reversa3@BrabSSMAAST of OPRRIGI GRS PR ARSI ASKIES S m 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. - '

[0043] 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 imparted to the radiation beam is projected onto a target portion C. In this mode,
generally a pulsed radiation source is employed and the programmable patterning device is
updated as required after each movement of the substrate table WT or in between successive

radiation pulses during a scan. This mode of operation can be readily applied to maskless
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8 lithography that utilizes programmable patterning device, such as a
programmable mirror array of a type as referred to above. 100441
Combinations and/or variations on the above described modes of use or
entirely different modes of use may also be employed. [0045] Figures 4
and 5 show a cross section of a membrane pump 1 according to an

lithogeamipy thh et srsRE oBRiS PRECRMEMISIaEpRtel ascarFpgisBsalempor array

of a tyPRUSIRGetrB@YdNh G Pump chamber 3. The pump chamber 3 is in flow
communication with a pump inlet 4 and a pump outlet 5 via an inlet valve

6 (AR Compinglaprs mdesyacatiens 9o0hepiie gasaphadamnses sfakens entirely
differéﬂﬁm@gﬁgfgggr}g%, iﬁs%tgggrgag%a_side delimited by a membrane 8

which can be actuated by an actuation device 9 to increase and decrease
tHBOGB] e thanstidribenaramss sectiva plimmemhrationuienitegardigd® an

embocﬁﬂﬁéﬁjteé’ﬁﬁemnt@n%H@mgn%ﬁ}%\gﬂ% £ Cé@ gﬁ%]}%pﬂ(ﬁ%?%? rﬂ@(/ing a

increase and decrease the volume of the pum am ance,

pump gharphen g -abheaiorpdbenbe aynSewmegnetio] eldel v-dtationmpeskiré and a
pump OLMESNARIGA] IRCET O MAYe NG METMRRNE | 3%%/&3}!1%91‘;); » & reciprocating

arm is used to move the membrane 8, one en m being
ctiHédtébaounw viembrade Bihb eethorendubging carthe bigtbto sidndedimited

idj ' ' ent, for i . 3 rotar. r [
o< MR eI LTSRS O o
volumeref thepmmehmnbanvke d Hownmiardlydiiptide dethtioy bevitedeie which is

capabl. h&ﬁﬁéﬁﬁ@%‘é%%&k&@t[? %Hﬂy@eﬁ'&%ﬂﬁﬁ%& a3l %%Iétet % BIETS urr%eigf the

the pump chamber 3 will decrease and the inlet valve 6 will open to suck
pump gearieber & fquidsipnsemikaperopreiueiotigisid ialRrdayTive madettialvledis-static,
&osef.HARi P LSyl Bhypindigyy lAyig; DY G i
PrEstI0048] Su béeqlﬁ%,%sghgﬁﬁ\% %ﬁ% %9M%Qﬁi ’rlﬂageeag%?/ﬁ%ﬁ% fm is used
to movgdheaeanbyated aneetidnides e d eonmovenegadiel heThenphessui et titker end

. FoC ¢ the i ’
being M&Q%m?ﬁ{o%oWHHQHﬁ%;%%&c%}@?%%&ﬁ&? fg}ngt%%(?%' Whary fgtotor

_ pressure in the pump cha valve 6 will close and the out
- providedywilyagrpaipatecpsmlume of the pump chamber 3 will be decreased

s O 1 S o

the actyptignrilsiyige Jice iggesesgihipleobimeavinbethenmeribrdee B £ intrasdhppressure
in the pRIYTRAHBELPYMRICTRIPER AR HRLCIRINESH TGS ROSHRNARS or

consequently reduce it to substantially zero, the volume of pumped liquid

Tliquid-ggs|gidueaetimkibeelisup nperpEeorel Susbtantialglassdsidetrmop thgmber 3-
will filFSABPNEHER PaRHER S35 ACONStant volume pump or a

[0048] Subsequently, as shown in Figure 5, the membrane 8 will be actuated by the -
actuation device 9 to move upwards. The pressure in the pump chamber 3 will increase. As a
consequence of the increasing pressure in the pump chamber 3 the inlet valve 6 will close and
the outlet valve 7 will open. The volume of the pump chamber 3 will be decreased to become
substantially zero, and the liquid or liquid-gas mixture in the pump chamber will be pumped
into the pump outlet 5.

[0049] As the actuation device 9 is capable of moving the membrane 8 to increase the
volume of the pump chamber to a predetermined fixed position and consequently reduce it to
substantially zero, the volume of pumped liquid or liquid-gas mixture is per pump stroke
substantially constant. For this reason such a pump is called a constant volume pump or a

positive displacement pump.




positive displacement pump. 9 [00501 When solely liquid is pumped by
the membrane pump 1, during decrease of the volume of the pump
chamber 3, the compression of liquid in the pump chamber 3 may lead to
pressure waves/peaks and consequent vibrations in the mechanical parts
of ' icular in the pu utlet 5 and a conduit connected to
e S R B 0 i i e egiveee of re
volunghahthirpegingtaocrady tbé tenitiessjrapifiti panatispasn thesenbbrationsiead to
ated through the lithographjc apparatus, 100511 The )
P R g A et et v i
Paﬂicplmni@diebyump mdn‘;]tﬁrané @uamndismﬁe/adwakto this p@mpéﬁ%gpﬂgymﬁmbraﬁm
mixture, ressure waves/peaks are apsorbed within the
ma e e BBy Yo L D ORSPRUGr s s
these thiersases soiglpdigriggapdmneddiytedithographiang paritsl, the pump is
pr@ iﬁljdfﬁciath a as.'h?%ction nozzle 10, \ﬁ/hich is configured to_inject gas
-~ into the fluid FSW pURIBRAS 7 ih & BHANL 4 By iLeting & g s igadigurdure is
- pumpéibhy thenprabsurerpeaks/vaxesunayheahperhes iy traiuidsitsalf duedtre, the
ress‘}kéew%q/@sprgﬁ(sibility of thecﬁas which is injected into the liguid. As a result,
Pr eSS S Ehee bt WASPAREhY IR G gAsH I e uE Hsgkntially reduced.
- [dosst) the:esnibodiine st stomve ibRigsires 4handse. el disgharas, ik 9fd by the
membg_ge eg}asr,n in{eﬁyon nozzle 10 |§ ﬁ_rranged in the pump outle_t 5. This has an
advantage that e HERHHSH COA AR IETIMEORFAR IS pitiehda doy fisared to
inject mmmh i ? 'theeﬁnidf thﬂummn@@@ibp Iﬁ%puiﬂﬁf%fﬁ? iﬁj&f%@%@ﬁlﬁ%@ﬁﬁﬁm, the
the vglume of the pump chamber 3, can be completely used for the
press B A TG e 56 G LB R e MR e s
- which &teyretidargo ddditipnal @mbediment doeueeEINIAGHOMABEZIR 4 MAYPmay be
Substarll%ﬁtegemlge%other location in the pump 1, for instance in the pump inlet4 _
P or the pump chamber 3. Such an embodiment may have an advantage
theAIAE linjbetedigalinemiiedvwith thediguidne Btariodianuen 39 thabibe

iciently. However, since

o ks/ be absorb ff
et R RN B Sl et W U

substargfathe clivicinihichunasswéntaracbvinphiebpuepiniet #ithaiaNifhkepumpeeDeE.
bodiment shown in Figures 4

: roke is smaller. 51 In the t
mcreasgﬁg}gf\?{ R case LC%QE enggbl{gec%%rtﬁg @fg&%rh?@%l}m@% e completely

e gas Injection nozz

used fopths qumizeid gaktie flikismayngete pompresses sanfndrygly providing a
ay be provided especially for

A RTT R
locatedappliogtimrosatiother the additidnaliSesteecih tPPressEdigas MYk chamber
3. SuchRPnD DS RERPRHET LD S O RIE S HH0AR B sy rger nan e i quid
entering the pump so that the pressure peaks/waves may be absorbed more efficiently.
However, since a quantity of gas is injected before or in the pump chamber 3, the volume of the
fluid which has entered via the pump inlet 4 that will be pumped per pump stroke is smaller:

- [0055] In the embodiment shown in Figures 4 and 5, the gas injection nozzle 10 is
connected with a source of pressurized gas 12. This may be a compressor continuously
providing a gas under pressure. Such a compressor may be provided especially for this purpose;
or may be a compressor which is used for another application. Another or additional source of
compressed gas may be used. The pressure of the compressed gas is desirably larger than the

pressure within the pump outlet 5 during decrease of the volume of the pump chamber 3 so that
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pressure within the pump outlet 5 during decrease of the volume of the
pump chamber 3 so that 10 at such moment still gas is injected in the
liquid pumped by the pump 1. When the gas injection nozzle 10 is
arranged in the pump inlet 4, the pressure of the gas may be lower.

[: 056J In an gmquiment, the gas injection nozzle 10 may be connected

at sugh amey AL e dursrap e Hoilideeerri ke aumene Blremthdeadinjection
. nozzby P preaRidSnI@SRREHY eetSHEHe BroLiTiR g}lgé:%&dr}{%e%wprputlet_
r

condujt may be regarded to be a part of the pump inlet 4 or pump outlet

5, Ahepadioeisthasstjintiendioseled toayimpoohastisbiod pump inlet
condmo&7épm@gﬂﬁlgﬂ@5@ntWY %UH&PPRQHH Bbzngﬁgq&t“epgv er%/éapgrﬁ%tigglsy. Such

when the gas injection nozzle 10 is arranged in th p outlet
a purﬁ?&ﬂfﬂ(‘fh@%@fﬁ%&@@ﬂﬂﬁﬂ%} ﬂ?@dvﬁlm%@@aéﬁdg@me@f tlighe pump inlet 4 or
pumpnRMAANE Sy GoMEsh When iR AAR ISR NEFES 10,5 @ angsd In
theppump inlet 4, the gas may only’be Injected during the volime
-~ indPadihfhaiccmay sretinemisiuhe B @t to the pomprdsesineinvhen the gas
injecisimaiRlet AU Ng g dnereRsiNg S oks. they $ hat necessarily, .
~ have to be under pressure erll%n eingﬁ%jééggﬁg%rs?&eygﬁr%p?rﬂafcdf.ciyndua{h”g the
volume decrinM SiFRie Q8 th et tmhrane Seln cutmgristsmatbneawayerabve mazle 10 is
arranf@atinenkiquigh gt g@g]ig}l@i Mixture, may. be in ced from, for example, ]
the um?ghéenlger 3 intogt?we ga§5 iﬁqj%ct?oﬁéng?z e 108 @chﬁ)lélﬁw CHSihg stroke

p .
of thedhasaitne s s oehsdosnpaefentssinverpyas isisotuongtuoinskesiegtecbke, the

‘gas d400RS] TheaasIyhich 15 iestes jeln.a0 SMRY .gr'ﬂéem e%‘ééé’f %ﬁeagg‘;%h;‘gﬁ‘gﬂ 4

is taken from the environment in'which the pum placed, for In
an embodi Fbd kh &R BRECHPRMOBHD blirABIthe s maybelansoertigasliquahor gas
liquidagiRitieanRyWeanY QIhelSHADIS YR 19%%&28%? h'ﬁ':%Hé‘??'ﬁgot‘ﬁ’gg%sgﬁ‘ﬁection
injection nozzle 20 according to an embodiment of the invention. 1n
nOZZlEi:]]&J RUEN AfepiAt ANy S brpdiansigepne vtlends ionlyt pentiallpshpiiected.
TressasTinigglionnazale, 2qsinartially apianasd.n fhe eutlet conduit or
h outlet fitting 21 which is c%%nected with the pump ’o%j{lg{% a)? mé]g]ﬁslsc?? léen from
- the enyironmentiaxhish s rmerdiselisegde o2 s nse gacinjootioninozzte 20an
embodin@atinKBeAUNE BUUat B ARadyRNIg96; of this jment is that the
p housing 2 of the pl)u?npg?joes not neled% b%%ﬁgggﬂéaﬁ%l%Pg%%e of gas.
' p&@%&]} ﬁ‘\%u(j%lg ﬁ}?j‘é\ffﬁérgaﬁé‘ﬂfI@QG pezlsithitedutingionam hubodiment of the

inventi@angidyavalabisp PPN MR REISEL WIRQW. NG 588 %61599 tﬁzla%iﬁaag Sg%wn. The -

alterations to the pump housing 2. A disadvantage may

gas injgelion 8R7ls 2 o aialhyaaareade bilin s wirleoodndui Ot lwHithngmay which is

connedtedraase e fpwy 6@&@@%@&%‘?‘3%&‘@%f&{rﬁgwgnwg&ycﬁg?gglﬁwBf the -

100601 F%%ure 7 shows a gas injection nozzle 30 according to an

- 83 IBR et EAES IVBRBBRPIAYGUYe A tdeqntap offfparticbtdirtivet is that the
pump HouBipLOL et jmRpIMRAHAIN-EhYHe Bh&hgea%‘@&%'x“?@r%o%?e%‘é Fﬁ?ss én'ection

|ection nozzle 30 is integrated in the fitting 31. The fitting 31 com
nozzle 20 at a suitable [ocation. Thus, a generally available pump may be used without the need

to make alterations to the pump housing 2. A disadvantage may be that the gas injection nozzle

is arranged in the pump outlet conduit 21 which may increase the flow resistance in the conduit -

for a fluid pumped by the pump.
[0060] Figure 7 shows a gas injection nozzle 30 according to an embodiment of the

invention. In Figure 7, the pump; in particular the pump outlet 5, is only partially shown. In this

embodiment, the gas injection nozzle 30 is integrated in the fitting 31. The fitting 31 comprises

a substantially cylindrical inner part 34 of which the inner surface defines the outlet channel 35.

‘This inner part 34 may be connected to a further conduit to guide the liquid and gas pumped by
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a substantially cylindrical inner part 34 of which the inner surface defines
the outlet channel 35. This inner part 34 may be connected to a further
conduit to guide the liquid and gas pumped by Il the pump from the outlet
channel 35 to, for instance, a reservoir. Around the inner part 34 a
substantially caa?indrical outer part 36 is arranged. Between the outer

the pumpdiem Shgipuiishehpaa! 32 WnlPIHBSARES SURRSEESH thecsntkihsdrngspart 34 a

substaMAo88i 50364 &Zté?ifﬁﬁ‘ﬁ yHectaRRAZIBA TREDEL: TIN5 ERS ISIRAGRIS part
in fluid connection with the ring shaped or substantially ring-shaped (in

34 andtherimgroEagrad T QuieTura 36 enitRas 8292 Snel Withinl einneegienie 30 is

form eS80 WANGDR JRSn AR RSP HRIEH s The088 SURRMAPNAMS shaped:
connected to a source of pressurized gas 12. In the connection 38, a

(in the fasn afcretss! i Arpaiayateviin Wsehanss Shandow thermomreeiisehafqa sdhich a gas
supply ¥ He RURRAKerincoRtalisd, Jhrinnechait34.a0d R RUIEE g%etséﬁzed gas

are mounted on the pump housing by means of a screw element

12. In thesepasd YudSinastiistiey 2k isomsaed wh arfariyly BrtHiovutiem the
dischafRaaN&| 3o Opinds anagdsabemiing Perimeter aareeh Thedischargs 3% are

ends in the pump outlet 5. The gas injection nozzle 30 comprises a
mounted 3F¢tie REBBPHWRIRH by SBerBE Yidiessurizalyad12 is connected. Due

tfgtm [estEGHo M R ERRIINIONS R elalively STl PRS HOW M@Y:-PGinel 35, but
optaln

ed in the pump outlet 5 and therewith vibrations due to pressure
arrangggahasfhibsiesrimefer b eraoh dh esdisehararalll e yeu teepums ehiglejals The gas
injecti(i)'ﬂj%‘éti.% 99%%'[?1&%@3% M@ﬁfﬂ?&ai%m@ \ﬂmagﬁéou?&,_ Sp ?ér{'?ew ADYOR

housing itself 2 heed be made to provide the gas injection nozzle 30.

conneqigdePpriY Einapsivet ennicipBiateus v dlstas diseirlb eas e sha yhe gbtained in
the pulfjesiad ¥Waf GeRIniecienAoscia.tqdo.subsiantaly seduce iRratenrs iy

the pump when solely liquid is pumped. The injection of gas via a gas
substanfplkyibp tsdvetd- Yo s eatdniBeligacwtsleatinthisetyise isfthaiiing 31, no

changefedUe MRMBIRASIARNSEH DI AIE SRR WY peiRaRka VAR selely ligyidiis 30
pumped by such pump. Such other pumps having a gas injection nozzle
df@é%éeﬁ’f’éﬁ%b%‘fwmﬁiﬁ*@héa%éb‘@lbf tresidielonenh »gwrmengqﬁes drigcted via a

gas injdRIRGTIADARZ7IE L LB IR Redusedivith A LHBR thath pUPies B1Lavitigass

mixture to, for example, increase the gas in the mixture to reduce
pumpedihgighectionesprigine Sanairsticpanisled? arocHimpaywd for any other type.

of pumBPRAIMEenheithes vt ﬁ%séﬂ%@%%@g@&ﬁwm I0L1iP1 8RB pumped by

pump. The pump 101 comprises a housing 102 that defines a pump
such pyhRmBeh 9BSTaNPaR TAldRE 6 Aaridistirt 107319 Athdcpmsthie AakpishingBe scope

of the ifVenMASHAGh QRIS AAGHRECRTaREE] Yighy Al ptatakie %’b@ﬁg’ﬁ ﬂ*%?"ﬁumps
(0}

_ . device (not shown) in opposed directions as indicated by arrows. Due
a liquidygas iwiatig olatsrnRlpuRisEramperLodha sy Harc Briplase aibeaitens.
pouBREdiiRnagds dhe ouiel s 081 Rusiathesaneametations of theideaigon. As

. 106, new liquid may be drawn into the pump chamber 103 via the inlet
11lustratféilt_hg\glg%égh}ﬁamwp. The pump 101 comprises a housing 102 that defines a

pump chamber 103 and an inlet 104 and-outlet 105. In the pump chamber 103, two meshing
gears 106 are arranged which are rotatable by an actuation device (not shown) in opposed
directions as indicated by arrows. Due to this rotation, liquid in the pump chamber 103 may be
compressed and pumped towards the outlet 105. Due to the same rotations of the gears 106,
new liquid may be drawn into the pump chamber 103 via the inlet 104. As a result, liquid may
be continuously pumped by rotation of the gears 106. Gear pumps as such are known in the art.
[0064] Compression of the liquid by the gears 106 may lead, in particular when

substantially only liquid is present in the pump chamber 103 to pressure peaks or waves in the
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be continuously pumped by rotation of the gears 106. Gear pumps as
such are known in the art. [0064] Compression of the liquid by the gears
106 may lead, in particular when substantially only liquid is present in the
pump chamber 103 to pressure peaks or waves in the 12 3 liquid in the

. ..oump, which in tyrn may cause vibrations of t ump and/gr the conquijt
s B b R R R R B A vt
in whizdetks pmoiwiayéacahdihex phsudting vileatiohessutagesieshdiheves and the

vibrations typically have a frequency corres ing to the rotational .
| fesultg“&eve%r r}vﬁ%afw}éf%sHﬁ?ﬁi’éﬁq&%égymaﬁf%%@r%fmm Spppreqading to
the rothtoahbseesdutblidoasba asimdetion swzzieth07 is provided in the outlet
1 Is.gas injection nozzle 107 is cqnfigured to inject gas into the .
iR L A iy BPEAE ARG 6 e o thBRRg s
providig abdarbadeoy (beThasgaiipesinigstett inthe taHftbutbietgas whieh isto the
.. injected may for instance be supplied by a compressor or another source _
liquid S RO G OB OB PR G AR YR T IR RIS, bECaY BrLDY the gas
bubblgamjsttiehiistkakemmfiomhtheenviren markdravishitheRme iscRasabder 2 -
instance a vacuumed chamber. As an alternative, the gas may be an inert
compressor AT ANABLHAGER VrPariy BiAed &aitdbie type of gas. [00671. The gas
. injeesiein Thzzle HA7imaybedqlageskalanyaotharipgationianthe R¥RRR nvironment

. sych as the inlet 104 or in the pump chamber 103..I1t may also be possible
in whigh ;SHS%‘@RH% A dnfREP RS 2 e B RELREFIoCa oA IR X6riligigas may

be an Bysteasjsushighniie gpahdbifeAStRATRMyPOWEYSY., preferably close to

t 101. [00681 In practice, the provision of the gas injection nozzle
R PSS e (L8 B DR R T ST B e HOMBVBE P

- such aatheotherisuitatie e pngeroerhrRay @se beyapplisd plRoBIL Figrad the gas
nduit system 201 in.which a gas injection. nozzle 202

.. .sh t of [ {
njectigr ARe U A BARBBAREAT bR AR VRIS RSP bR EATECRATH 101 15

arrangsyskeme26r, prefudos alaenduite2fdip vdiich a constriction 204 and a bend
iquid going through the constriction 204 and/or bend

d.
TN o6 e PR B e REl & (APYOEAT O iy oe arranged for

instanceoRSg@UentyFieupressue Waves anangeakss Wit ciadipdasiiakley also be
d’LOO?Ol By providing a gas injection nozzle 202 in the conduit system,

applie preferably close. to a location where a pressure wave or peak may be = -
desaedFigirexashpies i paconsH wlieni? Ods imbend 2 0hi gas ghapfeetion nozzle

injected in the liquid. The resulting gas bupbles may reduce the pressure
202 e B LS AR S B Oioh G e Gy, s a

conduit@ogiuitwelyiieacatidriction 204 and a bend 205 are arranged. Liquid going through the
constriction 204 and/or bend 205 may lead to compression of the liquid at that location and,
consequently, to pressure waves and peaks, which are undesirable.

[0070] By providing a gas injection nozzle 202 in the conduit system, preferably close.
to a location where a pressure wave or peak may be created, for example the constriction 204.or.
bend 205, gas may be injected in the liquid. The resulting gas bubbles may reduce the pressure
peaks or waves and therewith the chance on vibrations in the system. The conduit system 201
may be any system in which liquid is pumped and may for instance be part of a cooling system
or the immersion system described above. The provision of a gas injection nozzle may in
particular be helpful in a complex cooling conduit system having a large number of conduits

and/or many bends and/or constrictions. Such complex cooling systems may be found in wafer

stages of a lithographic apparatus.
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may be any system in which liquid is pumped and may for instance be

part of a cooling system or the immersion system described above. The

provision of a gas injection nozzle may in particular be helpful in a

complex cooling conduit system having a large number of conduits and/or

many bends and/or constrictions. Such complex cooling systems may be

rd Bt Qe s SRR SIMECRBPATEY R P B AB TR ystem
such a8kHev AR Yegdescribrd PUMPS GaY: REEEGHMmBRIAMRLSIANSYSE M BEEh to

as_shown in Figures 2 and 3 or any other type of immersion system known

pump fiHKd bl AMer s Benh R TERlpArRbisatoestHE FalnpaiRents of
the gaPRREERGIPRSAI SMBOSIMENS Qndha SA%RISFIAMP 872 eITRY L& dNGreuit, for

conduit system or pump of a cooling liquid circuit, for example a cooling
examplfA<OLIBaITRIFCWaE tagwa fetRiResagicli g cemsniegspariy 1toT2]

Quee) thedniseion;eless o B QIR BERR Rl ITANRRRIR e ihit system

system and, in particular the pump, and the lithographic apparatus may

and, ingagimdes Hirany e aee dinkitho seEnine arparBiging abe srhelapiiaHy reduced. Asa
result, HERAGFRPNICRAPPALSIHE AN REHAIHRVER [ IRE I aNs conghitgystem,

pump, or method, according to an embodiment of the invention, may also

d0QitdinEitrenrdatysedih BRYBtREFEEIEeasroTHies ie iandushadiaent of the
inventBUORARUALYJEAUeEYIDERIIONS CAUREE PY REPISUIE WMAVRRREAKINAEDI. to

pumping liquid or a liquid-gas mixture.” [0074] Although specific reference
substapfialhedrgexi atipstsrtis iy nesdrfitheyesprks afisaraumrpingrequid ora
liquid-Padniagiyre of ICs, it should be understood that the lithographic

apparatus described herein may have other applications, such as the _

s Aithe usthishegratag ispties mspshermadg ifdhiciedie tetastion lithographic

apparaRRURTS [RENALGREIC ARMAINMRTAYES, latanelA'gRIAY%0 %%ﬁ%% tus
dlsggys (LCDs), thin-film magnetic heads, etc. The skilled artisan wi

describgd draeigiapdava e caprbica bRy chdNey Hhamenabtivmiohttagspigdeonfical
systemtN@URIANSe WRIGETRFi 010 It REESID MR RE EQRSIART GeEAS S¥E ATHMAHS Witplays,

the more general terms "substrate” or "target portion", respectively. The

liquid-grypta dieptaye (ledile) ndvent eyt phis hsado ¢l b ditpsloH adartieapylire,
appreciitdQh XA EnHaek (2JAPLIRA MPICRIMRRRIES MPYE! Of ARSISHIR Bwafer” or

1., SUbstrate and develops the exposed resist), a metrology tool and/or an
die” hieHbpy P Eson IR appReapBO e bR B Beteirl E DU tor
“target PUEHOANC QINRLSHRSrate PHOGaRSIBEIRAS FRYER %'iamf‘e p%@é&%%l%ﬁ, BRI DS after

processed more than once, for example in order to create a multi-layer IC,

eXPOSULS, 1PHRF H@ s Skt abEoramalhaprlisha kg of sesif dorare bgate and

develofiBRQY SRRIAIES MUAIRIRNHRSASSE SN P Lal MBI BREG Sl cable, the .

) reference may have been made above to the use of
disclosure herein may be applied to such and other substrate processing tools. Further, the

substrate may be processed more than once, for example in order to create a multi-layer IC, so
that the term substrate used herein may also refer to a substrate that already contains multiple
processed layers.

[0075] Although specific reference may have been made above to the use of
embodiments of the invention in the context of optical lithography, it will be appreciated that -
the invention may be used in other applications, for example imprint lithography, and where
the context allows, is not limited to optical lithography. In imprint lithography a topography in
a patterning device defines the pattern created on a substrate. The topography of the patterning

device may be pressed into a layer of resist supplied to the substrate whereupon the resist is
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embodiments of the invention in the context of optical lithography, it will be
appreciated that the invention may be used in other applications, for
example imprint lithography, and where the context allows, is not limited
to optical lithography. In imprint lithography a topography in a patterning
evice defines the pattern created on a substrate. The topography of the
cured B EF 5 HSEETTRRYCHS YURLEE: o PSS B rebiSreiggian et The
p . . - .
pattersingsiestieanhareuabouths tesiskist 1acited pattappiiing flechomagnetiared.
radigiign. heat, pressure or, a combinatjon thereof. The patterning device
isa[ﬂ%l%ﬁfe e'f &QPréaﬁnﬁglaeﬁattéﬁWﬁrswe@ﬁmﬁkéwéaf
electr¢Riphdtithedrrms, ragiaionu@adidaautysad M@t?_g.mn@ags@ﬁlknength of or
e lectromagnetic radiation, including ultraviolet (UV) radiation )
about?é%.?‘?ﬁni @ WASE AR SHEP e 2ARIdEUY reﬁlﬁwm-a}wmga
~ wavel exgtRmethitrangiobgt LB b Mhsagiatign @E)Qrtli@léiﬂéhﬁqs‘!‘é%‘éﬁ'%‘-wh HRARS or electron-

range of 5-20 nm), as well as particle beams, such as ion beams or
' beamselectron' beams. [0077) The term "lens"; where the context allows_ may

reieTth amhy @ne Ol-aeMBINAHoR: 6f vRKENSIYRES A QRLCR! £8MROBEASAbination
including refractive, reflective, magnetic, electromagnetic and

of varigps RSt R CBHiRF UBRIISASnIECI g TollARIY speditrt s BRtmsEAts of

electrd@gdnvention Haveobeen Q}ﬁ%ﬂ@%%ﬁ@ﬁk\{ﬁsjt will be _aIO_IOreCiated that the
invention may be practiced otherwise than as described. For example,

thOPle Rt iRsy AkethataRAT brod Cisribistiisrberatren Aesrithedothe e, it will
be appfeciesandeneas R machineigrdaniednstiaiong descdbicgR AN ample,
as disclosed above, or a data storage medium (e.g. semiconductor

the invsqtion Rk 2k St TBPB St LTSN HaRARG S0 IR BLABHB GRS OpFBgfasRduences of
machiasddhepifn(OfAliQoanrhmoreambadimenisating inveatinn May.pe

. applied to any jmmersion lithography apparatus, in particular, but not
mediuig, (66 RN IR Y TR TEBAtSIVePHAE i thar e wiihaciasamter
prografitististda preiged in the form of a bath or only on a localized.surface area

f substrate. A liquid supply system as contemplated herein should be
- 39&2@&@&?&%@.%%%&@ Sereisrlichmay be 2 rtsdriasrnipmersion

lithograsHy Q&B}ﬁi@m@ﬁﬁﬁﬁuﬁwﬁ%&,m@ﬁ n@f@x'@la%‘/aelsq uhbiﬁe W@gﬁﬁﬁ%@%ﬁ&h@am
projection system and the substrate and/or substrate table. It may
whetheg ﬂﬁ%@é%ﬁﬂaw&féﬁw&?é 8t o FRTBHRk el S B AR driotingd surface.

area ofiletsibeieteD AMQIBDAD PHEISstoNE O HARIR Pk QULRS: ﬁﬂﬁd@rb@%daﬂly
rovide liquid. to the space. In an embodiment, a

more liquid outlets that _
construgf] 1 PR RBORHIPRRLY BEnd o S ELBS AR AHEH O sbeives that
providdabliéqaidacsalsiaee béthecsNBEPa]ayCRANBHRIRI M EOURT RISUFIACEAfJPSubstrate

substrate and/or ?H%ibstrate table, or the space may envelop the substrate

table. Itarﬁayocromsl;gazlé:? naen aboRg 8 Bite structures; one or more liquid inlets, one

or more gas inlets, one or more gas outlets, and/or one or more liquid outlets:that provide liquid
to the space. In an embodiment, a surface of the space may be a portion of the substrate and/or -
substrate table, or a surface of the space may completely cover a surface of the substrate and/or

substrate table, or the space may envelop the substrate and/or substrate table. The liquid supply

system may optionally further include one or more elements to control the position, quantity,

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

[0080] The descriptions above are intended to be illustrative, not limiting. Thus, it will = -

be apparent to one skilled in the art that modifications may be made to the invention as

described without departing from the scope of the claims set out below.
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system may optionally further include one or more elements to control the
position, quantity, quality, shape, flow rate or any other features of the
liquid. [0080) The descriptions above are intended to be illustrative, not
limiting. Thus, it will be apparent to one skilled in the art that modifications
may be made to the invention as described without departing from the
scope of the claims set out below. 15 WHAT IS CLAIMED IS: 1. A conduit
veMatem e alliifiegEaphic apparatus comprising: at least one conduit for
guiding a liquid or liquid-gas mixture, and a gas injection nozzle
conflgured to mtriod ce ei.t%as |nhthe li u't(\j; or Il%wd as mixture to at least
boartially S B RS e BogiRhis %BJésslr?oén dﬁlc%ud or liquid-gas
mixtupelegst Parecensitiier: @B@émfdﬂ@mﬁm liqfidgre miwmprisihg a pump
co nf'ﬁ%ﬁdnﬁ@cﬁ&mﬁz&&? ddifididedboligtidaas paditie ltaﬁMS?QJEd—gas mixture to
prisin inlet; a pump outlet; m mber between
o R A R S R b B s
liquid-gas mixture, whereln said gas injection nozzle is arranged in sald
2.pumprR3. chbid: e Qe iR oh Al AN BRI BURE RMAMR AT Simp said liquid
oom rlses an |nI vaIr\{le (lzrcl)rﬂor\{\émcommunlcatlon with the pump inlet and
ant outfet VaIVa in oW CommkineAtion with the pump outlet. 4. The
condaipwysialet:of claim 1, 2 or 3, wherein the gas injection nozzle is
connggigsbioudesaice of pressurized gas. 5. The conduit system of claim

4, whereln a ssyre of th ressurlzed s is high rtEan a pressure
withird 881 & CE)Pn ell)u Lgéeﬁ}&eeerrhtaw iafel; afbcaF SH v Oélre the { %E S Gl

liqpid afditiejdiee mikttd-gas mlxture. 6. The conduit system of claim 2 or 4,

wibRSERHItEA PR ERSMBE £FRMRISES.A pafpression element configured
to increase and decrease the volume of the pump chamber. 7. The

conduit system of claim 6, wherein the compression element is a
3. membhanenditFrreeaordlainsYsrderadt dlainnDd, futleraiorgaistpamigetsva geaflow

coRHO GABMNINGNG P IBIORE HEAFIL MRS SRR H I B pump
I uid-gas mixture. 16 9. The conduit system of any of claims 2 to 8,

““Wherein said gas injection nozzle is arranged in the pump outlet.

4. The conduit system of claim 1, 2 or 3, wherein the gas injection nozzle is connected to a

source of pressurized gas.

5. The conduit system of claim 4, wherein a pressure of the pressurized gas is higher than a
pressure within said conduit system at least at a location where the gas is injected in said liquid or

liquid-gas mixture.

6. The conduit system of claim 2 or 4, wherein the pump chamber comprises a compression

element configured to increase and decrease the volume of the pump chamber.
7. The conduit system of claim 6, wherein the compression element is a membrane.

8. The conduit system of claim 2, wherein said pump is a gear pump comprising one or

more gears for compression of said liquid or liquid-gas mixture.
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10. The conduit system of any of claims 2 to 8, wherein the gas injection

nozzle is arranged in a fitting of the pump. 11. The conduit system of any

of claims 2 to 8, wherein the gas injection nozzle is at least partially

guided through or along a conduit or fitting connected to the pump outlet,

wherein the gas injection nozzle ends in or close by the pump outlet. 12.

The conduit system of claim 11, wherein the gas injection nozzle is
o/Ing-shaned Al PaiR%Ig hapsd A% aNRRGed.ANAULING REHMSINL Of & gea
_pump outlet fitting or conduit. 13. The conduit system of any of the
inJPSAIMP G Pelims, wherein said conduit system is a cooling water circuit.

14. The conduit system of any of the preceding claims, wherein said
16ONAe SYSIRM {5eRAbALABATRR"SIB SYRIRH ko oal G LORPML AYFIEMaRled
. claim 1, wherein the gas injection nozzle is arranged close to a bend or
D oW RIS conduit system. 16. A lithographic apparatus

comprising: a support constructed to hold a patterning device, the

1 PAERHNG, ARYIGERGING £3RAPIS,AT TR A Fﬁ@éﬁéi%ﬁgﬁ%@o‘%@?i?m least

pattern in its cross-section to form a patterned radiation'beam;

Pagfi]Btautdethiie e lonseti Ry i A Limg sores et S et Sydgerttherein the
gasamfigimenbralprojiacth thelpattsrive guadiaiitin beam onto a target portion of
the substrate, and the conduit system of any of claims 1 to 15. 17. The
lithographic apparatus of claim 16, wherein said conduit system is part of
inHTEraUA sytan dtimbUireth - \ides iRstiRe Bt AiBemsPebRict
manky engebopd olnjectanded whoer éia ibrindetst alyj@otis dhdepliajegbotosysicm
and the second object is a substrate, when supported on the substrate
table. 18. The lithographic apparatus of claim 16, wherein said conduit
Bsystelfsispar srieeuointy ohie ReGsteine FYmPHENSROGRb IR AT SRS of
coolaigwiy witveiein the cooling fluid system comprises a cooling water
circuit of the substrate table. 20. A pump for a lithographic apparatus
configured to pump said liquid or liquid-gas mixture, the pum

14com&&‘?ﬁ§‘?‘3"|5§¥ﬁﬁ“?rﬂéwyé’f)‘@ﬁfﬁeﬁﬁﬂi%¥; claims, wherein said conduit system is part

of an immersion system.

15. The conduit system of claim 1, wherein the gas injection nozzle is arranged close to a

bend or constriction of said conduit system.

16. A lithographic apparatus comprising:

a support constructed to hold a patterning device, the patterning device being capable of
imparting a radiation beam with a pattern in its cross-section to form a patterned radiation beam;

a substrate table constructed to hold a substrate;

a projection system configured to project the patterned radiation beam onto a target
portion of the substrate, and

the conduit system of any of claims 1 to 15.

17. The lithographic apparatus of claim 16, wherein said conduit system is part of an

immersion system configured to provide a liquid between a first object and a second object,
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a pump chamber between the pump inlet and the pump outlet in which
said liquid or liquid-gas mixture is compressed; and a gas injection nozzle
arranged in said pump to inject a gas in the flow of liquid or liquid- gas
mixture to at least partially absorb the pressure waves or pressure peaks
in said liquid or liquid-gas mixture. 21. The pump of claim 20, further
comprising an inlet valve in flow communication with the pump inlet and

an,geile! ¥RI¥EBYIW SRR QRMBINE PUBIRQIES @R d,BsRHE R hen

actuation device configured to compress said fluid 22. A method for

suBBRERRART RIS Bi8¥Sure waves or pressure peaks in a conduit

system for a liquid flow in a lithographic apparatus, which vibrations come

14010 eXiRteneE Sk 1 aRRIPEe SEIAN18f ufﬂwgrj@am%&ﬁﬁg%@f?gﬁgyt%@wcooling

ﬂm thod comprising the step of injecting gas in the flow of liquid to at least
B absorb the pressure waves or pressure peaks. 23. The method of
claim 22, wherein the injecting is performed in a pump chamber of a

19PUMPTELIAG g%‘aﬁﬁ‘é %ﬁﬁaﬁtt@ yplume 1@]c v‘%ﬁé&jeBL{HéQ&JPﬁ & s%gtet-ﬁ Iagmprises a

method of claim 33, wherein the gas is a compressed gas and is
(6]

ORSHAEL U LG SHEERIS NG 22le arranged in or close to a pump outlet
of the pump. Il 18

20. A pump for a lithographic apparatus configured to pump said liquid or liquid-gas mixture,
the pump comprising:

a pump inlet;

a pump outlet;

a pump chamber between the pump inlet and the pump outlet in which said liquid or
liquid-gas mixture is compressed; and

a gas injection nozzle arranged in said pump to inject a gas in the flow of liquid or liquid-
gas mixture to at least partially absorb the pressure waves or pressure peaks in said liquid or

liquid-gas mixture.

21. The pump of claim 20, further comprising an inlet valve in flow communication with the
pump inlet and an outlet valve in flow communication with the pump outlet; and a pump

actuation device configured to compress said fluid

22, A method for substantially reducing pressure waves or pressure peaks in a conduit system
for a liquid flow in a lithographic apparatus, which vibrations come into existence due to
compression of liquid in the conduit system, said method comprising the step of injecting gas in

the flow of liquid to at least partially absorb the pressure waves or pressure peaks.

23. The method of claim 22, wherein the injecting is performed in a pump chamber of a

pump during decrease of a volume of said pump chamber.

24. The method of claim 23, wherein the gas is a compressed gas and is introduced via a gas

injection nozzle arranged in or close to a pump outlet of the pump.
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