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adjacent target portions that are successively patterned. Conventional lithographic apparatus

include so-called steppers, in which each target portion is irradiated by exposing an entire
pattern onto the target portion at once, 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 parallel or anti-parallel to
this direction. It is also possible to transfer the pattern from the patterning device to the
substrate by imprinting the pattern onto the substrate.

[0003] It has been proposed to 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.




i [0004] However, subnersing the substrate or substrate and substrate
table in a bath of liquid (see, for exanple, United States patent no.
4,509, 852, hereby incorporated in its entirety by reference) neans that
there is a large body of liquid that nust be accelerated during a scanning
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a regular pattern around the final element.

[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.

[0067] 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.




space, the punp should be suitable to punp a liquid flow but also a

| i qui d-gas m xture since at a certain nonent a considerabl e anount of
liquid will be renmoved fromthe inmersion space and, as a consequence,
both liquid and gas will be sucked into the conduit which connects the
punp with the i mersion space. [0009] A drawback of such a punp for an
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vibrations may in particular occur in a liquid conduit system having a relatively complex
geometry, as for instance may be the case in a cooling circuit or an immersion system.

[0012] It is 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.




the radiation beamwith a pattern in its cross-section to forma patterned
radi ati on beam The |ithographic apparatus al so includes a substrate table
constructed to hold a substrate, a projection systemconfigured to project
the patterned radi ati on beamonto a target portion of the substrate, and a
conduit system The conduit system conprises at |east one conduit for
guiding a liquid or ]iquid-gas m xture, .and a qas i.nj ection nozzl
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a lithographic apparatus. The vibrations come into existence due to compression of liquid in

the conduit system. The method includes injecting gas in the flow of liguid to at least partially

absorb the pressure waves or pressure peaks.

Brief Description of the Drawings

[0018] Embodiments of the invention will now be described, by way of example only,
with reference to the éccompanyin g 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 depicts another cross section of the pump of Figure 4;
4




invention. I, [0026] Figure 8 depicts across-section of a punp according
to an enbodi nent of the i~ invention; and 1 i [0027] Figure 9 depicts a
part of a conduit system according to an enbodi nent of the invention.
Detai |l ed Description [0028] Figure 1 schematically depicts a |Iithographic
apparatus according to an enbodi nent of the invention. The apparatus
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porti Qavdatibg. 9. includi ng one or nore d| es) of the substrate W [0029] The
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substrate in accordance 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 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 patteming'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




referring to any device that can be used to inpart a radiation beamwth 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 inparted to the
radi ati on beam may not exactly correspond to the desired pattern in the
target portion of the substrate, for exanple if the pattern includes
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Al ternatively, the apparatus nmay be a reflective type (e.g. enploying a
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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”.
[0034]) As here depicted, the apparatus is of a transmissive type (e.g. employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g. employing a
programmable mirror array of a type as referred to above, or employing a reflective mask).
[0035] The lithographic apparatus may be of a type having two (dual stage) or more
substrate tables (and/or two or more support structures). [n 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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apparatus, for exanple, between the mask and the projection system

| mrersion techniques are used to increase the nunerical aperture of

proj ection systens. The term"inmersion" as used herein does not mean that
a structure, such as a substrate, nust be subnerged in liquid, but rather
only nmeans that a liquid is |ocated between the projection system and the

substrate . durjng exposure. 37 Referring to Figure 1, m. nat or
oo VELaHE iRt b ga HOM4 PrEdeaIB B eI SRR he.
l'i t hog§ARdeE, tﬁ@ﬁ%ﬁé’ﬂs% 1R Ilaey 818D BE aﬁ;ﬁleemé bitlefS$pacdsah theBsmbshivhen the

source 1I's an excinmer laser. I'n such cases, the source is not considered to
f or m paptraps, ﬁ)hederﬂhcbgt\m@h ithee xamkamdtthpsaramalqnmshead irmiesipndechniquss gassed

fromthe, source to eﬁ%}gmpatot V\{ tg ai d. of a. bgam delivery
syst e’ qlﬁﬁr"’f’ﬁf’ fgnmf‘?f?c POt RIGICEAHT &5t &2% eﬁﬁ HPFSIE Ahd6r a beam
expandffein Hfestiod fleak AHEE sii@uSOHICH @s FBYbsBateahubtHeadbbrgpd i li@fid, bube

| it hographi c apparatus, for exanple when the source is a nercury |lanp. The
sour caaBer emymepnwthal 4 liguis it loeate betwogrethheroigition syriemisedihedebstiét y system
BD |f(ﬁ§@U|red urd TBY be referred to as a radiation system [0038] The

i 11 umi BEEBF PPy i ncl ude an adj uster AD configured to adjust the angul ar
intensity doed7iluftdiog t@FlghFeel rtglillatrii@mobi@ abeeitenandibiion beatn freast t he outer
and/or inner radial extent (commpnly referred to as 6-outer and 6 i nner,

r espededigorysouste Ypelherforrsiony theildbodrarhic spparatys maybpiepaisicIE ey fithe

UM a8l G tﬁesaﬂwetaﬁ@mh@ AL B QR b8 thé LALIRNGN cchbili) 14 nC| ude
vari ous other conponents, such as an I ntegrator a condenser CO The
i || um foah part pBishe linle)gnaﬂnic sppacaouscing itleratitation bdamata p}iﬂseﬂefmm tltecsotxtavéoaodem red

unifor't andlt ibution in itsS_.crqQss-section 0 The
i at o gRE S RS AEALe bret RESEa: vEER BB TUTEE oL Pl LR

whi ch gigchgd ﬁlrﬁﬁs BB oY RN Exﬁahﬂéifcirﬂﬁtﬁer(cﬁs@ the $HRSde rhA an iMEgradpsh | bﬁ
patterned by the patterning ‘device. Having traversed the patterning device

MA,  t Hee lidpaphionppaais Bopasswde vheothg hourhels agnapactitap Ty sewss B anghi ch
f Ocusgﬁgég%ﬂga %r 0 oggwlelhvgn% gleetbeg Qi \Qer% s?em Plﬂalf ?esqlte)l é%?x&a&é@ée%&@to atshe aid

of th device 03|

i nt er f.emoEROE g;fgtendew ce | i near encoder or capaC| tive sensor), the
substrate table WI' can noved accurately, e. SO as to position

di fferent t[ai??g?étTl]SdHWm%oréL Wthﬁ@uwwdwst@crﬁé? Ponfiensdon a%é‘étrﬂ“Ba“%i% larly,

the f'lﬁé{magggtlhtgtagddn& H@@a&%ﬁ'ﬁ%@ﬂcan 1}%1 %%mao%aﬁaseffmémﬂeh i's not .

explicit ure e use to accurately position the
pat t ereﬁttemg(ddﬁumﬁey Mierned to as eScpnertantl@s inher, rmpdsntwelfy) vhike liraeﬁsiatpldcsmﬁmam B
e.g. after rrechanl cal retrieval froma mask librar or durin

7 i deaeval planspemsrtiuminatgscar bppdipiied dr aféﬂilti?fe thrillyminaier Lang’; 12@85% t h the
ai d Ofvaﬁoh@&geﬁéo&@sﬁ mﬁp%k}fas( ﬁpﬁfe;etm AN AIInsBNdOA TR kS kS, modul e

(fine positioning orm part
be used to condition the radiation beam, to have a desired uniformity and intensity distribution

in 1ts cross-section.

[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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the first positioning device PM Simlarly, novenent of the substrate table
W' may be realized wusing a |ong-stroke nodul e and a short-stroke nodul e,
which formpart of the second positioner PW In the case of a stepper (as
opposed to a scanner) the support structure MI nmay be connected to a
short-stroke actuator only, or may be fixed. Patterning device MA and

substrate Wnmay be aligned using patterning device_ alignnment marks ML, M
and suB&teals Bovemsy qhthstsupparkgiryoure ML may basaljred wish gheised pfa bngisirglarent

mar ks gsdidel : e rt..ons,. the be | ocated
in spaces eéf%%e?#cﬁglro gg%slg%(} ?ggdﬁgﬁ%ot%géﬁsogﬁ%?@nggoéh%%g)ag hé%‘rflg‘%%l)?‘riﬂt

al i gnréntfirstpokisipnin§idavicaPMy SimiterBj, eatmhens| ike subinatt tABIE VT hap boraligdée 1S |
provi ded on the tternjng device MA the patterning device alignment marks

maybe PYR&ELDE awdpisengiashortstipiomodte wWegh Erepastidhesesendoul d be used
in at > | oW . 0 t he
suppor PR P e e 1 AR O BENERed 1t fer e ShpRE AT,
st at i obaegnneotid kea shortesitake actpatot enly, ormayrticefikdoPitheningdevtd BIA higam i s

projected onto a.,target, portion C at one tine (i.e. a single static
expos u?"ﬁ’ft.rat?ﬁ’g néaﬁ’l?g[aﬁlg‘?‘léi 'E)Séﬂﬁ Iéa“\‘?ﬁmﬁ‘%‘set"ﬁ‘é’ﬁhg%‘ﬁ@?ttr%%{ki‘ M, M s0dsybstente v
di r ect hlgmmsat Aaks ra, fp fARKRRL tﬁeaé'ugﬁ'%at@ﬁl;grﬁl tllg,aﬂé[ésl?l S%QH%@Q%?J n step i

node, the maximum size of the exposure field [imts the size t he target
por t i ofedatedeargt partionss theyineaydtedoiatedair ppegs betwie@0@Rdet Portions &hess anmde, t he

suppor ct Ml _and the subsirate table WI are . scanned synchr.onously
whil e %m%%{#esrc ﬁg?e_}%lgra I%defrg llf%féslgr%aﬁlgﬁiy JR SHRHIRE & ?{P‘Sﬁél&r‘éﬁla&ﬁtl‘ég& ¥ ar get
por t i oproGideil of thedpastemil £dSYRNTAC HRIPROGHINE)devilD 81 MBh QS itk AR 6k foembd on of
the substrate table W relative to the support structure may be

det er mi§iWeeIHYie dige: (de- ) magni fication and i mage reversal characteristics of
the projecty e | MUMm.Si ze.0f .t he . exposure
flold im0 ?ﬁ%ﬁﬁ oA B ﬁgatgi&?{ec O 10 ing THodes oy
portion in @041Ingl e ldymeamhadeckpeappet stinerireRET iftetht entgtiateadble Mer seanni ng
not i ogﬁed?t er m nes t[.he hei EE% (in the scanni n? direction) of the target
porti offP f%ﬁﬁ‘}f@?‘wa IPHATE BRI RbgRPatieRbinngso Fa the radieitan keans pjecaqst
essentdmb h Yarsdt bHRAX M onB ekl (NG 3 ?am? p ' ' d the
substrate t_a%l;g WI is noved o(r sa?aﬂng;lée)%&t whi Péeﬁ?a)' gg%tﬁfebr@{rﬁ&lgﬁ%gér/ e S{}%ﬂt he
radi atsheftedoadin X engloo elitcedomsn thate differget tapgst portinn C: canrbetespssetinidatep

qd di at ' | oyed dth i bl
pat  or bty e AEUr R b DU TR P B AYEP  BRitenCu Bliant Toreic

subst radieglt afatieciMbsade. i N bet ween successive radiation pul ses during a

scan. This node of operation can be readily ?’Eﬁpl ied to maskless S i
i t hogr aphyl0#42dt2- ut i 11 &8 Brdsy therrampArestptire M piagl the vitstratedalrlin VEE arg

Pr ogr aunRRl SyfBhRHoudy W@Nie 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
cxposure 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 programmabie 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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of a type as referred to above. [0044] Conbi nations and/or variations on

t he above described nodes of use or entirely different nodes of use may

al so be enpl oyed. [0045] Figures 4 and 5 show a cross section of a nenbrane
punp 1 according to an enbodi nent of the invention. The nmenbrane punp 1
conprises a punp housing 2 having a punp chanber 3. The punp chanber 3 is
in flow comunication with a %unp inlet 4 and a punp outlet 5 via an inlet
val ve l8hegrapharthgtilises pregromnmblanag praity deyiog, such easprogranpiiomikel ey 3 of

t he nmemr.ane i the bottomside delimted by a nenbrane 8 which
can bé)aé EEFggﬁﬁ§&gﬁa§§%Uation device 9 to increase and decrease the

vol ume of t{hed4)uanisinande andor vhatipagn @e hbdlel depcribed ntdeSofimy obentiaely devi ce
which is capable of noving the menbrane 8 to subsequently increase and
decr e gtiffereplenodgs phsemay plso bp gmployednber 3. For i nstance, the punp

Cuati . : . ’ : )
mechani cal OIS ERY sES SHROAEISC scoBbROEL BichlifirelpumyPl EESHERE Blan 1 arm i s
used dntbodinuent bl hefmrdatian €TIR, mankeraaaipuap 1tchmpaisen dpinnphosmyehathg0 t he

menbrane 8, the other end. being. connected to a. notor providing
reci pridEd REDRDY-ekeRImE GRmORST g dloy cogmapy ot %B‘&H}P fide a cr ank

mechary odtfégﬁwa dnMinfek QM€ 6 4nd LOSURYIRIVES ASRicaLQg While the menbrane is
moved downwardly by the actuation device 9 to inciease the volune of the

punp chanbdf04] T pampechatnber 3 hibthp mesghuare pune { kseat phenptiohramdedel Bnitdd| |

decrease and.the inlet valve 6 w,l| open.to.suc i.quid or | i qui.d-gas

it ort AR A eAnbe A G ah AT 4 e e erts Uy et T

chanbeysldne ¥ the pﬁfnh'chéﬁhbé} 3. gy bﬁlmg fact@atidrOddvibeOP@ ab & hidf dovide MAS] is

- Subsequently, as shown in Figure 5, the nmenbrane 8 will be actuated by the
act uatdapablelelingeing tlnmﬁmb@nag\amd@@qwn@y piceassqand dasreaprethp ipymernfider 3 wil |

. . . L harb
3" he Ry & B YRS RAChub S BT P 3 REEREHE Gl LOEEURG T Jaroer
vol umgpredsuiche nipghinied dodoey toInielthe demdeae 8atesicilby, beadprecatiang ah dshded! | y

zero, and the liquid or liquid-gas mxture in _the punp chapber will be
punped® MaYe PR S dieiced Ogt.he POBAeE AQnReREd 42 5\3&%%@{%& iﬂi‘?eOtggri @dcapabl e

of m\ﬁelﬂ‘%&ﬁﬁemra%gtoﬁ 1o9idifles RRHPodAR: m‘b?&ﬁ&@i‘?c,%iﬁs!ﬂﬁc@h‘%%aﬁhﬁé@ﬁr to a

pr edet e ned fixed position and consequently reduce it to substantially
zer 0, privededoiviihre cofnkpoegbendsthii qui d or |iquid-gas m xture is per punp stroke

AR RN = R EXE TR
the actuation device 9 to increase the volume of the pump chamber 3. As a result, the pressure
in the pump chamber 3 will decrease and the inlet valve 6 will open to suck liquid or a
liguid-gas mixture out of the liquid inlet 4. The outlet valve 7 is closed. The pump chamber 3
will fill with liquid or a liquid-gas mixture.

[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
consequernce 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.




[ 0050] When solely liquid is punped by the nenbrane punp 1, during decrease
of the volune of the punp chanber 3, the conpression of liquid in the punp
chanber 3 may | ead to pressure waves/ peaks and consequent vibrations in

t he nechanical parts of the punp, in particular in the punp outlet 5 and a
conduit connected to this punp outlet 5. These vibrations nmay have an

unaccept abl g, ence .the.imgi ccur of the Lithographic

appar at us agudsp L@EWP&??YQIH‘B%? Pﬂf&%’eagygl?edﬁ% BEIPWHPgu@H“’c crepsaRighaphi c
appar avsame I@eldundenaatey 8, thé Babiedficn & IRuid PSth@Blhdch¥m 5P thgy Ie%ﬁjn a
gas-liquid mxture is punped by the nenbrane punp 1 since due to the

conpr eBEFBIE payesdicakhyndpessagpenthdbraiioasun die ménbanipalgmsto péthaguey, peaks ar e

absor bged.-wit hi Sali.qui,d m xt.ure itsel f..[0052] To bstaptially

r educeﬁéiﬁ}é\mé{%ﬁ }é% %%g%?tAEtts%@d3§8 Ba(%l ?OélPﬁCthfﬁJPﬁ g %%is[gﬁ?set ‘Figra“ﬂ%br ane

punp Imay hevepatinhaceppibly/indaehosichith@ingdigd RbaGt) ONthe AP apPhthl af S

configured _%o .inject gas into the fluid flow punped by tphe punmp |. By

i nj ectﬁ%ﬁE‘é GAens may he Prapagates thragh theéthograplie aprargsaiks/ waves nay be

absor bed by Mo W essjbility.of th as which

i s inject ed[oitoﬁf? ]ofr%ﬁée%v%tc‘]ﬁtﬁ%ﬁon lé?eaéuiagéﬁfatu?%ﬁﬁgero‘g T e 4“’\7&5’%&% ons in

t he puppniedipythbmendbubstpantpi laditoe due dube dompROHR]ityl oT thd@rs redhinRing, ghown in

Figures 4 and 5, the di schabrege. 1 of the gas . injection nozzle 10 is

ar r ang@@> 4 ‘t”f’l‘éesﬁﬁi;&ff g8 tpserbeg wi i gle_tﬁé%hﬂwdd’éwgﬁ? gt hat the _

subst anti al jopsgPNs LigRtan¥aN udh € DibkRi RN RRY Ry Bl@ﬁ' IPWiSI ulnrob ggﬁ'ﬂ]epum)' ng
£ He Vol Urre 6f the p

action, i.e. increase and subsequent decrease 0 unp
chanbeme®braganuivg lcthepletpss yrovided avithargas rgeqrionporae 06, wiieh fslcunfimeat @r i ng

t he pu ia.th inlet 4. [0054] I n.alternative or addjtiopal
enbodi %Eeﬁt/,gastl 'getagﬂmi%rﬁo PY'OR %&thgf‘ BLTﬁqﬁgyb‘@“qn@@aﬁaéHlThﬁ lighisk . hecat i on
I Nt heprpssiiie poakd/Gbvdstadaeabsoed B tHRUNR itilfducdo Hie éo!ﬂﬁar&.‘éiﬂﬂit?%@megas 3.
Such an_enbodi nent may have an advantage that the injected gas Is m xe

with t¥eichisguiegted arfp dhq ligpid- e ggst, s ochurenchef phetions i theplsp Waneydbenay be

absor 3 ichently. However, since a quantity of gas is injected
beforg%g?tgﬁﬁpﬁgédﬁg%p chanber 3, the volune of the fluid which has entered

vi a the punip053il latthelethbatimant shote ipBizRad 4ped sprhiplishueke ] o ek er.

[ 0055]. In.the ep‘oodj ment shog] in F(ggures 4 and 5, the gas injection nozzle
10 i s 'BEANYLRYE S 't R aEangsdrie Segrmp lletip | Datihasae afyaniags Baidhy be a

CONPI &SBREntFPRORYAN Vo Yam W Qih @ﬂﬁﬁ i Gonpr essor
may be pror\]/i dgd especi alnlly forqjétfﬂ?ﬂsl%ggﬁg%g , é?ﬁﬁa}?‘f}@gapé onﬁﬁ’el‘seSor whi ch
i s usddcreene aaf stlirequenp gedreaat pbthe vahoieerthopurap didntenal candiercoempidtely

ar ger e e p R LR el R P UnRs UHE PERE B T ng. decr case of the
vol une of t{hesquianehanbeve ¢ 238itbhdtembb@inhent, ahe 844GH;ERSERT Rt 10 rha},gl?eS i's
injected in the |iquid punped by the punp 1. Wen t'he gas injection

located in another location in the pumyp 1, for instance in the pump inlet 4 or the pump chamber

3. Such an embodiment may have an advantage that the injected gas is mixed with the liquid

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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| nozzle 10 is arranged in the punp inlet 4, the pressure of the gas maybe
| ower. [0056) In an enbodi nent, the gas injection nozzle 10 nay be
connected to a punp inlet conduit or a punp outlet conduit fixed to the
punp inlet 4 or punp outlet 5, respectively. Such a punp inlet conduit or
punp outlet conduit may be regarded to be a part of the punp inlet 4 or
njected close to the punp

punp outlet 5. er,. the s is.desirably i t )

chanbe r"-“]E %‘Fh FBH%&;]Q \é\g‘rY]%anégl_J %%%8 &iﬁslf%i%mﬁd@ thapeep édWihan thh@apinigstion

Howev e oz €0 ist ingadin thé‘b@rﬁf)'irﬁ@t NOFZhBssht drSh@Eds Ibf¥et he punp outl et
5, the gas may only be injected during the voltunme decreasing stroke of the

menbr ane 8. [M456E dhan ersbodimiertnthelzes s tivnjierdd thmaphetandded ® a pinipinged in

t he pu (nlet 4. th as 0 be injected during the vol ume increasing
st r oke st phomEicE B haTR STt R BuinB i Br £t et hacspasy ARISEEh dur i ng
the i napempiingt ok r phie oitlet IASIHARS) Mo ABELHIRI Ja¥t RIS LD, Mt HRHeEr
pressure when being injected in the punp inlet 4. In an enbodi'nent, the gas
i nj ect PBRP 9YY$t % Hogveyempid gae és desisridy whsctedatloss todhd pap dmniticgi d or gas

l'iquid m xt ' d,frol r. exanpl e, the pu hanber 3 into
the gas inj &@Fﬁxe %Széﬁg‘%gﬁﬁéﬁsl b%@@gﬁﬁ@ggﬁ%ﬁ%@vﬁgeﬁgﬁm d@dus when
gas i simatiosantilaudisdyanige] #ohepump 005&]5, THrag sy Wiyt ihcledd8hhShel S, 1N
an enbodi nent, ai.r or a gas which 1s taken from the environnment in which
the pu uli“&%‘?féé%%ﬂ, stQlye ot s mpralrage §dasantsest.onkandbe zasiinjegtion eplsdioent , t he
gas mayrhfedh 4 ' - er. suitable t of
Gas. | ToRog e B A e AR ek Dl A e B R PV

enbodi pithe meinbrare 8. iDuednthednw pressiiegu tte: fiymyt indet dunify thie Mndp@kingGUbRE, thhe punp

outlet 5,.1is onl artially shown. The gas injection nozzle 20 is
parti aPTy o8t ?%fﬁiﬁgﬁg?wy@ﬁ}ée %Lﬁel CIBFARTHTC Wit R5iftg igtectelin theguomp inket dhlnj s

connecieembidifest) s Thjeuioh abze Wcéﬁﬁr{%%s‘afon@“% Ve SO AP ii&ﬂdt%?g?sTge An

di scharge 22 of the gaS injection nozzle 20 endS in the punp’ou
advant Bgad Brxtprg mabmigeomst fiom, forexamble, thopmplebasbearg igtoahe gdsenjpctiqn does

not ne i rder, t rovide the gas injection nozzle 20 at
a sui t%%ﬁ%olloggg |%ﬁ%§ ddlgl,e 1%argia e]?]ee%ié’ Iftf}geé)\lilaiwﬁjgf) Iggs ’53%&Q?§9u%§1yd§l§&t% t hout
the need t[O0BRIKEheddsaviatl iongedied ishid apeibolRuSGI NG &-a As dhiadyantagemmay be

that the gas injection nozzle _is arranged in the punp outlet conduit 21
IC I Hduet ¢ ranfhui d punpe
whi ch ‘ﬂﬁﬁ%‘%ﬁ“@&é@ ‘f’ﬁéhﬂvedwmr&'p&qca%cf@r inptapgrea vaswamied chander.dnfahui d d

by t heenByimertORE Qs Fi Lplecti 0z7 0 according to
an enbodi man% of t% hSe a?#\%g%zqeg%%\’llssﬁa‘f:?%mﬂgg ,&rt nggﬁh%ﬁ%?llalgﬁ%ﬁ%er?'%ﬁ‘l ar the
punp out | et[0859]ilsgenel6yshpars tiigad Injecthownozzid 20 hdvosdingr@dini®dinert b tgas

i nj t. . I 30 . i nt ted i the fitti 31. The fitti 31
conpr i 2000 T et 5 (hsilyPe Py RdrHieE She P pugiict SaatiorrialvchovRel hnner
sur f acgs tgédtdanokie 204 ﬁﬁialmgéd B3he ottt SotdUil: oa%tgng@g Eﬁhﬁ% igonnect ed

to a further conduit to gui |l i quid and gas punpe

connected with the pump outlet 5 by means of a screw connection 23. The discharge 22 of the
gas injection nozzle 20 ends in the pump outlet 5. An advantage of this embodiment is that the
pump housing 2 of the pump does not need to be changed in order to provide the gas injection
nozzle 20 at a suitable location. 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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the punp fromthe outlet channel 35 to, for instance, a reservoir. Around
the inner part 34 a substantially cylindrical outer part 36 is arranged.
Bet ween the outer surface of the inner part 34 and the inner surface of
the outer part 36, a nmain gas space 37 of the injection nozzle 30 is
formed. This gas space is in fluid connection with the ring shaped or

substaptial ly ring-shaped ip the formof a circle, or. a squar etc.)

ai sohdhgpua fam e hemhas . o i38edi hiPeRos. e CpRg Fobdt t 1 5
mount edps eGSR YuteOREE 4 islafrafRANBEEREN HR Rt QSR BthdingsSari zed gas
12. In the connéction 38, a restriction 33 is arranged with which the gas

f1 ow fiomdttheinndi scfiae gbthg 2uienpat Bhier paimgasspaceB7 pEtheonjeetminl reazleBRas i nner

part 34 an he outer .part .36 are. nmo ed.on,th u housi ng b ans of -
a scr ef\‘RF'é?cg r?@?ﬁ 595 §Pacfd§’é‘lt§m‘¥ﬁ%m§5%m} Wﬁggﬁ Roli WBQ% (% SgESt‘i“gmﬁﬁﬁ‘ g?%?‘p%gr ranged
i Nt heipikligin 6NRORSE, 088 squidhd, etc@@iﬁﬁi@?@ 3akAd tvithiheoRREdHBR B8 ontWiREleDgas The

di scharge 32 ends in theggunp outlet 5. The gas injection nozzle 30

conpr isspslyaondst isirseunted. 38c g6 suhplytroadybiscernasteddp asewice pbpregasizadeass

. .t h dction, i . Eyel |1
1 ow idy PSR bR P e R LR e ke PR a1

pr essuli&hwaes/ipeaks pip bhigetlid epitd! BB heSutas panBi ahd yhel@tdr @dG6dre As t he
gas injection nozzle 30 is integrated in the fitting 31, no changes to the
punp Hoewitedon theaumphoysiag byangepiel 2 19y slgmgat $he gas injection nozzle 30.

100621 Her ofgOME: o WIEIREARERYTR: thtBs: AAELOREL WIRE BldhngRs b | nj ected

via a gas 1njectli to substantialTfy reduce vibrations in the
punp vinengabiteluy theipgtimgter sherqudrifiedlischheeidAjeads inche pdmp astlatiSaTae gas

i njection nozzle 10 may. al so be us for.any other type. of punp to reduce
U1 br atPBREOT R e P LT Be e TR S peaksh e o oF ey et R TR punped by
such RidRecte! S @d R TeRiERR. DaMHHRToR R RIAtRIcBLDbal A6% BayPbLotiansEd t o
fall wthin the scope of the invention. Further, the gas injection nozzle

10 maythapwop betleseadihedwih gibrgionk due puprpssureavivegieaksgathetigeidimayt o, for

exanpl e, .increase the,gas,in the m xtur - r.edu vi hrat.j.on 100631
Fi gur egugStgrﬂlﬂg %5 rﬁ%ﬁﬁd‘l%lthgg%sowff ﬁ]%n F%ZZ%n§(glrstﬁI§ (étgeﬁt'n g‘\@%ithlgg |§Irivné) ntion. As
i || ustghath@d to tHeup R ubik ifs6lf @ ng&bbe PHAPIo pFoEidethekad Gletionpbides0a housi ng

102 that defines a  punp chanmber 103 and an inlet 104 and outlet 105. In
the punp cHARGHrHearemabaygoa meBhIang Pugwal wasidisclased vicrain gedis WHFERC Xing

r ot at Dy i I (. - I i0AS as

| c e GuBicihodtit 180, A ARHNRFCUAR GO n ik ARRPREh stk BRI 7% 102
may beungedptlesmedtiomd! gasmpredgdsongeiis tdreled@trhast aldOie used éortamytoteer Sgee

rotatigns of th ears. 106, w liquid my be drawn into.the pu chanber
103 vick P p e e Tlhmtions ciuse S Bl Har s Vi BiSht VRS U PR RSed by
rot at i @By flimp RucdS&ep priPs b a PHIBSCIAR RYAB AR ReltBOWYall Rvithiethdkéope[ 0064]
Conmpression of the liquid by the gears 106 may | ead, in particul ar when

subst axfttheiniventionl urtheguthelgéssniseiearennzzier Otrhay Pembe ushdmbiara prog that pwessur e

peaks of upves. L

llltqu, fm;l' gxalmple, increase the gas in the mixture to reduce vibrations.
[0063] Figure 8 shows a pump 101 according to an embodiment of the invention. As
illustrated, the pump 101 is a gear pump. 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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i liquid in the punp, which in turn may cause vibrations of the punp
and/or the conduit systemin which the punp is placed. As expl ai ned above,
such pressure peaks and waves and the resulting vibrations are undesired.
The vibrations typically have a frequency corresponding to the rotational
speed divided by the nunber of gear teeth. [0065] To avoid or suppress the
above vibratjons, a .inpection nozzle 1071 S rovided in,.t.he outl et
105 it b Pipecy RERin BbPey e PEFabnt o6 edurBlAfler B Bt Pl | be

li qui dn wWAScHAhS RSB GUFIRER, ABRYDIRIMES SbUWR, ARE SesAlire WSSt WvabBiarlditieli d may be
absorbed by the gas bubbles injected in the liquid. The gas which is

i nj ectreshitingvibationnare andesirpd T epihrpiensiypieallycwnp edeguyncy coEefppRERE Kour ce of

pressufi zed. 108... 6], The .gas.that i,s injected may be air or a gas

whi chL{f’%r‘)[?%i?galsﬁ‘pf?)%ﬂltvL%gg’P{]ﬁer%uﬁ?%ﬁtofg‘?aﬁg‘?ﬁm'ch the punp is placed, for

i nstance a [gees)ured oiar ippresPhic aboileatieds, ¥ @as infeetigasozzhyl 07dean i nert

gas, such as nitrogen or any other suitable type of g{as. [t006_7£0 The gas
t

i nj ectrreyidetbintheoutler 1 Aayhetaspisetpnatozalsyl 0dih@milzgeedite dueqt 8ag WE Yenp such
the, i nl at in ih . hle t
o ovt ot &5 g3Btselield, dnfbr IR pEISTE Wy b 1he o iR b Do AER T 10,

provi njectl nozzfe at anot

Syst ersubblewtjedied aehliqed ITHe das whivhriangeded mewdurenstaree &t enppbley bglaose to t he
punp 101. [0068] In practice, the provjsion of the gas injection nozzle 107
may beEOBPFERY et apether SoNse A RESHEIZEREHh 0% Figures 6 or 7. However, any

th it ALEM r ' b [ ir
ot her sui qbbﬁsdﬂfﬁf%gﬂgﬁr% g[%%?éﬂ%ﬁ?ag%ﬁo aRR! HBh i{ ARG Hor WL QirSnabligws a

part of a con a gas injection nozzle 202 according
t o an ienthidi thepempfis plaged; fov emstanoma ivacusinewrichamher. Ao ndaltematyist dmza®mayncl udes

a conduit 203 in ich a constritﬁti on b§04 and a bend 205 are arranged.
Li qui PGBITRG" 88r TGRS PHEER Shat I RYi*BHA 9 PEREASY bend 205 may |ead to

conpr essi 01o@§7)t MRe bisAhjedticH ndzBidt1 0F 96atHeqlac@BAt anyCAREQGE4EDA iy thelpampr essur e
waves and peaks, which ‘are undesirable. [0070] By providing a gas injection

nozzl euginas tha inletel (e duthe pyypramber KBe Hamnali bisrossibls tg prayida e gaswher e a
pressure _wave I , - : ringti on 204 or
bend ﬁag?tmgnansozrgr%yl%ggk?lﬁg%? (gcélﬁf)ﬁﬂiﬁg CPLF%E%Q% ltllal%r/%gﬁﬁhfg ?ﬁ%&aéé}gﬁ ubbl es may
r educ ertafgedphes suit preferiblkscloge taavemmantt.herewi t h t he chance on vi brations
in the system The conduit system 201 rmay be an temin whi liquidis
punped and IA¥RBIfBPrachss. dicRropsiop & _i‘zhecﬁas ‘anl%‘ﬁlﬂ“ir}’?_é%/%jﬁ?m BF”?‘F%?%i Hmer'si on
systeny %ﬁ:%ra's?%ﬂxr M Bured B8 PTG Wédeﬁrbn?fotlﬁzr%%b'lé"dr%@érﬁéht'ﬁ%é'ls% gy in
particular be hel pful “in a conplex cooling conduit system having a |arge
nunberappliecondui ts and/or nmany bends and/or constrictions. Such conpl ex

(]:-gol I ng Sys[b(%‘gﬁ PI}ELX'('Z B%hf)\% Q (Ij)arit Of g\@ofn%qlit s%tgrg%l CIJIfl vxfff-lliczlhi at g%g%jg f(‘)h%o%ﬂg aratus.
202 according to an embodiment of the invention is shown. The conduit system 201 includes a
conduit 203 in which a constriction 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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[0071] One or nore of the above described punps nmay be used in an i mmersion
system such as shown in Figures 2 and 3 or any other type of imrersion
system known in the art to punp a fluid to or fromthe i mrersion space.

O her suitable applications of enbodinents of i the gas injection nozzle
may be in the conduit systemor punp of a cooling liquid circuit, for
exanple a cooling water circuit for a wafer stag?el,1 reticle stage or

proj ect i on 18¢Zkldire omrepithaabevs qu@iheﬁjPE’@P‘f’ oAy 440 g WAl Sy e e of
vi br a%h&ﬁﬁsl WG Pgéfﬁ'&l'ﬂ {indsiﬁczxt aglgf]é)stl?é;me'd? iﬂﬂe&ﬁ&ﬂgﬁ{em%ﬁgﬂiﬁ%e Apg the

| i t hographi ¢ appar at us may all'y reduc result, the

i magi pampeciiniday oofroinhtie Inmmhbegnaphdcc Oslpp avitdblsapptiyatives bfipmbwbohen0673] The
condui t system. punp, or nethod, according to an_.enmbqdi nent, of th

i nventhoes ipggtion Beyzlsmay o ihg W@H} BT S5 g Ogﬁfzoogmggfqubfkw%l& R whi ch

it is e%ﬁkfseaé)m%o%nh wa?é_ﬂ@ﬁ&ﬂf‘foir_@lv&laYerrs@&‘éCz%tiMielgfagé bOpSjecasS Rt pressure

waves/ pea en punping liquid or a  1iquid-gas mxture.” [0074] Al though

speci fic rdDeTHride toule ingectiond ef gay, thieioscureute piovibtationssia tef candulidysteamhi c
apparatys in th nuf act u f.1Cs, .it should under stpod.t hat, t he

Tt hoghdminartisylas T whoop, aad fheTihoeThishic prparigs Aavke SPREPTARSFISEN A8 such
as t hgedmNifcaniabing aeéurﬁdyt&%@ﬁtﬁeg[@pmib@g;lf)aratayﬁltaﬁﬁsim vetance and detection

patterns for nagnétic domain nenories, flat-panel displays, |iquid-crystal

di spl ays ( LGOI, Thetvionddit $ysienngrem; er methad, aceqréingthan erbedisgniefithean wii |
appreciate that, ,in the context | . |- d I any use
of "t o Vil Miey of SRt TP r A ol BB G AERN ERLuABY P0Y Wth

t he neuest@RRERabdice M Batichy Baisedbe predsure Wasdsfik pohdd mmiiping Bgmdariavel y. The
substrate referred to herein may be processed, before or after exposure,
in fodiggidagds Ix4rer ack (a tool that typically applies a layer of resist to

a substrat qgg«gﬁ- A\qkﬁ)\eﬁgié ngp Eﬁ%g@@??ﬁeﬁeﬁﬁé&tih thitcHBlo e APoAIARIerahe Or an

i nspection di scl osure herein may be "applied to
such apgaratuén tteubatifahee pf K gshogd beahderstbad thatthe lithvgraphidappaetus nmay be

processed_myre than once, for exanple i.n order to create a lti.-l.ayer 1C,
so tﬂﬁ?cr{brgg hegginnay, baye ofhe aBE]é‘E?tIHE%éP?'P Eff“ébe H]Ia@bfg?tglfee ”i‘thrg[gél?Béﬁlat e that
al r eaqyse6Q0t AlidiscEHhd dditRion PRRGAS &R GhdeAME! Somdif tERloribk taeyate] ag?raiyi,i c
reference may have been nade above to the use of enbodinments of the

i nventliquid-grystahdispays @D softhigpilcapenetic hegglsaghyl he skillg artisge Wabpr eci at ed
that the invention may be . used | th i cati e Lnprint
1 hodP BRI e B e R 3G heRly R AR B AR R ok

| i t hogdapMereih Maly BRcbmiddréd Baghaphhyous vitphg raphyenern! tamp dstbstratehor devi ce
defines the pattern created on a substrate. The topo rag)sréé of. the

pat t er HTER} PO c&sREAYv e Thesubiats rhicred 19 bgyeip mgp B @RSt S it T 8651E ¢ he
subst re%ﬁgsu\%lqﬁ ?&%95'111}31@% thAek i(a?fooi §13t1t§7pﬂcally applies a layer of resist to a substrate and
develops the exposed resist), a metrology tool and/or an inspection tool. Where applicable, the
disclosure herein may be applied to such and other substrate processing tools. Further, the
substrate may be processed more than once, for example in order to create a multi-layer IC, so
that the term substrate used herein may also refer to a substrate that already contains multiple
processed layers.

[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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cured by applying el ectromagnetic radiation, heat, pressure or a

conbi nation thereof. The |I patterning device is noved out of the resist

| eaving a pattern in it after the resist is cured. [0076] The terns
"radi ati on” and "beant used herein enconpass all types of electromagnetic
radiation i ncluding ul travi ol et (LAO radiation (e.g. having a mavelength
of or t 36 8,, 193, 157 .or. and extrene ul t EWV)

r adi at(iUB yeapglr’}q%épﬂaar%aqnenmg@pgﬁ Ab S}FSW{EOF 3 FiyRbigptian t%@reﬂ as vvel | as

parti GlageREf FovicRUS hoded | blﬁ’crbf lﬁ?@r@ﬁsﬂéa\ﬁ’ﬁgﬁ&bét% beRABer the red30i6 %&reﬁhe term

"l ens™, where the context allows, may refer to any one or conbination of
various tyd§§7ﬁfﬂnﬁmmmahmbampbmedfb&mln@b&ﬁﬁmglm@@m&@ﬁmﬂ@nwﬁeflectlve

R e s At A A Gl R RS A

will dguesdst 248 abedl 37t 26 ) iahy extdrdulf@y/idlet (mﬂqtm@l@dorpgefgehwlﬁgat han as
descri bed, For exanple the invention nay take the formof a conputer

pr ogr avavskned inifheraneroiot-20ome aserplicns pedics beamsctiich s fadwatss er Figgifanict i ons
descrihing a nethod as di scl osed above, or a data storage nedium (e.qg.
seni conguct or menory, magnetic or optical disk) having such a conputer

program st qoerr|tiestein legd0wAdre Brecoatexnmlieyvse Mo defbEntagy ohie s@mbiiveinhi on nmay
be applled to any | mrersion Ilthography apparatus, in particular, but not
exclu§1V@FVEtVﬁﬁ§€°P9ﬁ%§°%@ﬂﬂ¢%h§H‘@H&V@IﬁﬁH@ issthier megRsticnmer si on liquid

' pr on a localized surface area of
the su é??g?g&ﬁﬁqﬁ|qu| g%ﬁﬁﬁﬁﬁhnﬂﬂfoﬂ& 1y,

syst ém as contenpl ated herein should be
broadly cdf818 u&tile spreciferdreiodinemitodi themtventidrthavayednalescribed hbowes ival
conbi nati on of stru tures t hat rovides a liquid t e bet en t he
o o edtiapmecisiahi dhe i R RethEr 8 st P RruE e ap S trhl E6r pre
conpr ltﬁ@uﬁzeﬁmmh@ﬂake PheQbrr@ BEa BEmPRELHTS fraCddnEfSing Qﬂ@oxorhoﬁ%@:elnbéblﬂfd
inlets, one or nore gas inlets, one or nore gas outlets, and/or one or

nor e Im@hm r@@dalbéetlgstnwapnqad@vmldeg pineptadl astdescldased slpm/@eora&ﬂt@ﬁm@g@odl ment, a
U 2GSl (OF RBAERITY Boadul HabhR & et f SUTRLGEL SchUlppagubst Lt e

tabl e, ace o cover SE U Ece of the
substqﬁégmmm&haiﬂm&mbstrate table or the space may envel op the substrate
and/ or substrate table. The I|qU| supply 1 system may optionally further

i ncl ude ondO%PI Reoranarsmbed lfraﬁn&Sd}ftﬂ?eoW%wnﬁw b5 applicd;ipAnyiimnerdom i ty,
shape,l ﬂéé?#slﬁfa%ga\l/rg{us aﬁﬂ%aﬁicﬂﬁf ?tﬂ&tl‘ért})&ﬁlsqfa BBsd fygfég Hent] oggé%ov-miﬂd

descriptio are I ntende Trostrat| not Irmting. Thus, it
will wm@ﬂ&pﬁ&nammmmonhqmdskpkW&hdum&mH@mmofabhhmrnddmhmda@ﬂmmtmnﬁyebe made
Lo the invention as ,deseribed without departing framiNe scope of the

construed. In certain embodiments, it may be a mechanism or combination of structures that

provides a liquid to a space between the projection system and the substrate and/or substrate

table. It may comprise a combination of one or more structures, one or more liquid inlets, one

or more gas inlets, one or more gas outlets, and/or one or more liquid outlets that provide liquid

to the space. In an embodiment, a surface of the space may be a portion of the substrate and/or

substrate table, or a surface of the space may completely cover a surface of 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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15 WHAT IS CLAIMED IS: I 1. A conduit systemfor a |lithographic apparatus
conprising: i at least one conduit for guiding a liquid or |iquid-gas

m xture, and a gas injection nozzle configured to introduce a gas in the
liquid or liquid-gas mxture to at l|least partially absorb pressure peaks
or waves in said liquid or liquid-gas mxture. I 2. The conduit system of
claiml, further conprising a punp configured to punp said liquid or

l'i qui de—g@T,I,F,;QL&IMEHH% punp conprising: a punp inlet; a punp outlet; and
a punp chanber between the punp inlet and the punp outlet for conpression
of said liquid or liquid-gas mxture, wherein said gas injection nozzle is
arr anged i nAsanduipsysiem for a Bithopnehooapparatussypstpeningf cl ai m 2, wherein the
punp further conprises an. inlet valve in flow conmunicagtion with the punp
Pni'et and adt Batioee Cyridor wifing d SBATICUEESTRAER Fhe punp outlot. 4
The condui t, s3ShRBER ndz Rich Agurdh @i R diucB 8 ¢ 833 theliRfd 4.9 uf@é%'rﬁithreto _
connected to a source of pressurized gas. 5. The conduit system of claim
4, wherté¢ast parpalésshsod mésstilepepkeasvaies ausagrhiquig ohlighéeas maturea pressure
within said conduit systemat |east at a | ocation where the gas is injected

insaid liquid or liquid-gas mxture. 6. The conduit systemof claim 2,
wher ein t heTRUSAHhJGH 8B o€ BT 1l SRSther ATRTSESS Rip @NnBERRE 16 piidbghitied to
i ncrease and decrease the volunme of the punp chanber. i 7. The conduit

syst eni®¥d er vl @as mvepes; heplapcompresst on el ement is a menbrane. 8. The
condui t sys&gﬁpﬂgfini&l aim2, wherein said punp is a gear punp conprising one
or nore gears for conpression of said liquid or liquid-gas m xture. 16 9.
The condui ta pympenmlafael ai m 2, wherein said gas injection nozzle is
arranged in the utlet. 10. T,hieqtcondui t systemof claim2, wherein

u | J
the gas inj e BHTD, GhRE PEOYeEn thernavppeialet andytheipppprytiet for compression of said

liquid or liquid-gas mixture,

wherein said gas injection nozzle is arranged in said pump.

3. The conduit system of claim 2, wherein the pump further comprises an inlet valve in
flow communication with the pump inlet and an outlet valve in flow communication with the

pump outlet.

4, The conduit system of claim 1, 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

liguid or liquid-gas mixture.

6. The conduit system of claim 2, 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 liguid or liquid-gas mixture.

16




of the punp. 11. The conduit systemof claim2, wherein the gas injection
nozzle is at least partially guided through or along a conduit or fitting
connected to the punp outlet, wherein the gas injection nozzle ends in or

close by the punp outlet. I 12. The conduit system of claim 11, wherein
the gas injection nozzle is ring-shaped or mainly ring-shaped and arranged
about the perineter of a punp outlet fitting or conduit. I 13. The conduit

systemof claim1l, wherein said conduit systemis a cooling water circuit.

I 14.9 The mondiiihit $96&he0T Qhinth abKBrdin sWGHEIHetidh AoLA0 AUirtangHBhem | S part

of an imersion system 15. The conduit sysgen1of claim1l, "wherein the gas
i nj ectpuorp ;wsletl e is arranged close to a i bend or constriction of said
conduit system 16. A |lithographic apparatus conprising: an illum nation
system configured to condition a radiation beam a support constructed to
hol d & (pat tEetonguitl st of dliieh B alheRsin tdedejeSfonifRize i@ﬂ%?la&irpé fittingpar ti ng
the radiation beamwith a pattern in its cross-section to forma patterned
r adi atdféhe peam a substrate table constructed to hold a substrate; a
projection systemconfigured to project the patterned radi ati on beamonto a
target i portion of the substrate, and j the conduit systemof claim1. |
17 17.11The Thetdoaguiaphiten apganad ushepdin Ghadanidioctionherzele s adedt pongdui t system
is part of an inmersion systemconfigured to provide a |iquid between a
first @yjesdhronghy oaalg%%ﬁ@l%ﬂj%@ﬁt;ng somBedehiorthe Pamp sutlggpjvBerein the gie

pr oj ectj.of QQ%F j is a substrate, when supported on
t he sﬁl se?t?%f%&:z%nggq} Mhl%sg%g. %?‘%%’graphi c apparatus of claim16,
wherein said conduit systemis part of a cooling fluid system

12.  The conduit system of claim 11, wherein the gas injection nozzle is ring-shaped or

mainly ring-shaped and arranged about the perimeter of a pump outlet fitting or conduit.

13.  The conduit system of claim 1, wherein said conduit system is a cooling water circuit.
14. The conduit system of claim 1, 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:

an 1llumination system configured to condition a radiation beam;

a support constructed to hold a patteming device, the patterning device being capable of
imparting the radiation beam with a pattern 1n its cross-section to form a patterned radiation
beam;

a substrate table constructed to hold a substrate;

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

the conduit system of claim 1.
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i 19. The lithographic apparatus of claim 18, wherein the cooling fluid
system conprises a cooling water circuit of the substrate table. 20. A punp
configured to punp said liquid or |iquid-gas m xture, the punp conprising:
a punp inlet; a punp outlet; a punp chanber between the punp inlet and the
punp outlet in which said liquid or liquid-gas mxture is conpressed,

of -l di'm 20 P e man b A i o PLeRERUL PR Tarl ot oW P

t he Py dibie bysnd caflipardd 18 prosade/elifuid beowes @ i nbivat rdn ssicbid sbjectpunp
outlet; and a génp' actuation device configured to conpress said fluid 22.
A et hdwrdin thestiissetipt isethp projectin sigeipreed Sisrecqighabicchis sEie.e'ifBaks in a
condui_t Syste f%&m§m£&&m£d flowin a |ithographi c apparatus, which
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19. he lithographic apparatus of claim 18, wherein the cooling fluid system comprises a

cooling water circuit of the substrate table.

20. A pump 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
liguid-gas mixture is compressed,

wherein said gas injection nozzle is arranged in said pump.

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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