Fluid Handling Structure, Lithographic Apparatus and Device Manufacturing
Met hod Field [0001] The present invention relates to a fluid handling
structure, a lithographic apparatus and a nethod for nmanufacturing a
“devi ce. Background [0002] A lithographic apparatus is a machine that
applies a desired pathedHanllingsStbudittd, RithographieAppadti® a target portion
of the substrate. A Iithographic apparatus can be used, for exanple, in

t he manufacture of int egra%@EDéYIF% anyfaqtesing Methedhat i nstance, a
patterning device, which is alternatively referred to as a nask or a
reticle, may be used to generate a circuit pattern to be fornmed on an

i ndi vi dgald | ayer of the IC. This pattern can be transferred onto a target
portion (gqe.]g. conprising part of, one, or several dies) on a substrate
(e.g. alBORT Ebnpreggay dpventian whgsde aduid handbiag seveiuiesa tithpirenhic yppdraius magi ng
onto a f r-adi ation-sensiti.ve material (resist) provided on the
substra@ae{nﬁ&agr@rrlg ,ufgcq%ﬁl%?%evéﬁfbstrate wll contain a network of

adj acent target portions that are successively patterned. Known

| it hographi c apparatus include so-called steppers, in which each target
por t i onBaekerqunddi at ed by exposing an entire pattern onto the target
portion ne.tinme..and so-called scanners, in which each target portion
IS i rram,6 g%ﬁéqgéogg%péﬂ%?gparq Sﬁﬂﬁcg}nﬁaﬂ?aﬁ?@@‘? ae{ieﬁlé‘?ﬂcl%f’ttﬁe‘ahorﬁ%a SH4%> gi ven
di rect i @ally bfto a'tBGRNHHrASN oFthE S@iskaRd) AMho SO SLRRUSh b SN RN the
substrate parallel or anti-parallel to this-direction. It Is also possible
t o transfaaple liethsarareactire ofint¢peatpdicit@nisi(i{ty) de vhat énstance, hepatismbst deatee, by

i mprintj th attern onto the substrate., [000 |t has been prqposed to
| moer evBih SR e R 1 Pt b BROM YR (B DS a1 Gui d
havi ng gatfef] RYe\BINedbiDih MBMVIRA! lay& IIMEEIC. 19iTpattb &h be $AndrtPordib bl 2
space between the final elenent of the projection system anla t?’ue ,
subst r afarget portian (egivodipmsing pattef] dngudrdeieral diegtonld satistvd @rg. aallichough

th | L qui.d d. .An . di nent, of th t ti ill b
doscr | bUHeth THmSET eh A GRS i DRGHY, VirReYER onlargp o0 FUAHPTRFSE sul t abl o,
parti cuhakeliy (@eseidrbRded bﬁ”r;]lfé@uﬁﬁra'té?Wg@fegagfdyﬁgﬁﬁ%%%g?teﬁg?/cgﬁtaﬂlzI luid with

higher refractive index than air, desir ] ractive i ndex than
wat er . Rbtwidofediebenditargetgms@ms dnat apasutcassilvely patterded iKmbindithddrepipoi nt  of

SEEERER A C I I R RN ot A
?LZ"S Sgﬁnéiﬁf%ﬂggggﬂie BRCEASHDS aft Gife thd, GRE Y CalRELRA, irPRRCh Wi ) O
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 immerse the substrate in the lithographic projection apparatus
in a liquid having a relatively high refractive index, e.g. water, so as to fill a space between
the final element of the projection system and the substrate. In an embodiment the liquid is
distilled water, although another liquid can be used. An embodiment of the present invention
will be described with reference to liquid. However, another fluid may be suitable,
particularly a wetting fluid, an incompressible fluid and/or a fluid with higher refractive index
than air, desirably a higher refractive index than water. Fluids excluding gases are particularly
desirable. The point of this is 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 numerical aperture (NA) of the system and also
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i ncreasing the depth of focus.) OQher imersion |iquids have been proposed,
including water wth solid particles (e.g. quartz) suspended therein, or a
liquid with a nano-particle suspension (e.g. particles with a maxi num

di mrension of up to | Onn). The suspended particles may or may not have a
si m | ar imreabing tixaddpt 6f foad!)i OtBed intRX¢siOf lighiRs hireilbedn pfopokdds thelddhgywaee
suspended. O her |iquids which may be suitabl e include a hydrocarbon, such
as an #i9ralid partigles (4,9 cungersosrenBeshtherging oo lignidagitheonanospsiriigle on. [ 0004]

Subrer sj.n he subsirate or substrate and supstrate table in ath of
Paur d {opets R B L BARE o i P& GrRBNalPER (N Rrbeh us8rded neans
that t hgireicles nylor 3@ nBOke Afsithil #tbrthe JafiRtreffititve PRIAGS Bleal@iER WiMER Ng A
scanni ng exposure. This requires additional or nore powerful notors and

~ t ur bul ether arersuspradpd. qather lmyds| vdieh mey badeibleaibtlsdan dydrngarea, sucdisen
effects, [0005].,0ne of the arrangenments prpoposed is for a liquid supply
system %rgkgg&/%%%orﬁy(ﬂﬁ?c r])c?rl?’ a%ﬁ? na?q_fl%?:uﬁ!sf’g‘@an'ar ea of the substrate and in
bet ween[gopg) Sikiatrsek WERbsihe bAIbRIERE 86d LRirate YiEM ARh Mgy Rat et e using

a liquid confinenment system (the substrate generally has a "|arger surface
ar ea t hewamle United|Staseeasent Nof. USve505, 8520 cidaontheythtrery a latpebadyyoflquch has
been pﬁggos%gjto ?rraa e.for this is disclosed i.n PCT Patent plication
Publ i cat'Fol“NG® A5 gelea dBBA2 2 AP E PP Rred STeRFEAECONY MO | i quid i s
suppl i ?Hox@éfﬁﬁ&ndt@ﬁ%hdﬂﬁfﬁulbﬁﬂe% IR Qid Hﬁ?léxﬁ'%éhﬁ&fsﬁablﬁﬁﬁiﬁ{ i%afbong the

direction of novenent of the substrate relative to the fina el enent, and
i s renoefédttdhy at | east one outlet after having passed under the projection
system lmglt is, %g the substrate is scanne beqeath the elenent.in a -X

di r ect i B9} Pytiphithe arangempsntsguonaseqd Feforxligugsuply syseeme farranide #a8idBken up

at the sy siiciS1iz&d 4 6 WsreLh i bfedlrb¥cdidh Whi ch
liquid ?rg&suppllized Vi a tl?l% et ar?rélglﬁén ?ﬁﬁ"gﬂgﬁlﬁﬁ %ﬁg&gﬁﬁgﬁaﬁlr%%&of t he
el ement syisteroartd the sulisirete ussigadiypattondintment systempittesabstatesganeatly hhdat he

illustration of Figure 2 the liquid.is supplied along the djrectjon of '

rovererigst Sirtaee aisIbanihe fivah lemeli 0(3 eqmaiectqnayptem) donsnvay YAsh s bests does

not ne : i i i . . ofyg. 1 n- and

out - | et(:alssjr ° (E))Sglﬁ?? %ﬁn g@ggﬁ@%g%ﬁaﬁgll@g %&%ﬁ%&?ﬁggb%@ gF%TO%oI\rI% exanple is

i |1 ust rwGeao/mns04riAgullestidted in Wiyueds X ondr3, $igtisl iofupplied B et leawt bhe @ietoutd et on
egul ar  pattern_around the final elenent.

either side are prqovided in a I ( X
[ 0006] B¢ Pﬁﬁrﬁa Bﬁﬂ%ﬁtﬂg AloRe Fﬁiﬁ@@?@bﬁwgmwﬁt ghthgisubstitq rslagive washe finghi d
SUPD! Y ST SRR BV el SUBRLIGA Bl oove
pl ur al idyyteof THatsieraattiee mbbtrat & satinred pedeatiate @ldnyeno i wvaX dirgctivh, lifgid is nl et s.
The inlets _and outlets can he arranged in a plate with a hole in its center
and t hrSBBQIILF at the +X side of the element and (tgaken up at the —X side. Figure 2 shows the
arrangement schematically in which liquid is supplied via inlet and is taken up on the other
side of the element by outlet which is connected to a low pressure source. In the illustration of
Figure 2 the liquid is supplied along the direction of movement of the substrate relative to the
final element, though this does not need to be the case. Various orientations and numbers of
in- and out-lets positioned around the final element are possible, one example is illustrated in
Figure 3 in which four sets of an inlet with an outlet on either side are provided in a regular
pattern around the final element.
[0006] A further immersion lithography solution with a localiied liquid supply system is
shown in Figure 4. Liquid is supplied by two groove inlets on either side of the projection
system PS and is removed by a plurality of discrete outlets arranged radially outwardly of the
inlets. The inlets and outlets can be arranged in a plate with a hole in its center and through

which the projection beam is projected. Liquid is supplied by one groove inlet on one side of
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whi ch the projection beamis projected. Liquid is supplied by one groove
inlet on one side of 2 the projection systemPS and renoved by a plurality
of discrete outlets on the other side of the projection systemPS, causing
a flowof athin filmof liquid between the projection systemPS and the

subst r atle pidjediid syheindES @id rekioedd BpapluRdiy 6Ndigdrete BuBéts antheihdreide dfo use
can depend on the direction of novenent of the substrate W(the ot her

conbi nathiegroisstiqnfivaiem Bih gausing atlew 9 p thyn fim of ligell befvowo e prajeEtipmpean

pat ent | I gat ] ubl.i i .. EP. 1420300 and Uni.t at at ent
ool | catiom B3P lefiiBiafoh. Ble Byie o B ORp Rlfonin B ac (R BRI
stage i garedepedlon theldieati DM GRARINAS UG kibsthis O @8 SthePUSHbARIAPHBHRE US 1S
provided with two tables for supporting a substrate. Levelling

measur efishewletrbeingadpadtivd).out with a table at a first position, without

bost 11 of00h B topdR eGP PEEHBG R Wobd Band Ul Sl BEERar at us
has onl ﬁ%ﬁiérﬁﬁibﬁcat[&%hs:%@;?g?ﬁggma aRAHELAH A (U Mﬁ! Gatd 2nmdQon

2005/ 064 di scl oses an al arrangenment in which the imersion liquid
i s uncohthogaphy dppasaitis disslpsede Suchnan gppatatustio provadedfvatetwaftablaefgubstrat e i s

covered in Liquid, Thi be advant ageous because then the. whole to
sur £ aceSURPOTHHE SIS, L aV iR RS ORET eIl §1REAIGB ST IR LirstRHIn ons.

Thi s hagitadut ARG Of dleRPRELS i I | i
substratle. |I’Il WO 5005 66’4}1105, a |%ﬁﬁﬁﬁggggﬁﬁga%%ﬁr@%ﬁ‘5%?%‘7%’5?8 to

t he gapinbetnsimediquiids praserit. Altemmatinelnfthd dppamatwojhas bilywne sabdd. em and t he
substr T. liquid..s. all dtq.le ver the remainder of the
subst r gﬁ"@!’?]Apr&P‘FP P&Pat{%&“gﬁgaéloa&@ %B@é%‘%%dlﬁ%ﬁeé%ﬁliw@ht s the |iquid
from eszﬁ?é?ftg@lﬂeﬁch Wi the ilﬁﬁ%‘spﬁl lb%u‘?({@\{ﬁg Jﬂvngﬁf' ThGcH QBB FRGR tophe
I'le y. Al t?’u ?’n a

substrate table in a contro ough suc system | nproves

t enper atunfaee ohthe sdstrareds poveoskiailngido Thisheaysherivaisbgoue bapasceathewthecof t he

i mersion liquid, m till occur. On y of helping to alleviate that

pr obl ervhele tRb i fER P S“‘iﬁﬁ?ﬁeéﬂe’g%oéf‘g@\,\tg%@@ﬁmﬁﬂ& ARt OBMISHD I i 3R No.

US 2006{{3119808, : l'eol ' My Syt ?OEB Win all

positions angé)wmc I%ﬁ%ﬁ%ﬁg@%ﬁﬁiﬁtﬁgﬁggﬂnﬁ%@%ﬁ{el Ilnq\ﬁ”?) eﬁ%ﬁ%iﬁg bet ween

it and liqed swgplsasteacgrovides Hiquid wdhdieroap detavedh dre fiuabsiemanteoftthdpejastibeh hol ds
r aphy,

e SUOSLal o R, 0005l A UL A0 AT SLEn  Pography,
mor e P Serh: teRlgS HPS Ltk fie kAN Breviis WRUIUROR S eg&'ﬁinigg AR DO
removed from the top surface of the substrate table in a controlled way. Although such a
system improves temperature control and processing of the substrate, evaporation of the
immersion liquid may still occur. One way of helping to alleviate that problem is described in
United States patent application publication No. US 2006/0119809. A member is provided
which covers the substrate W in all positions and which is arranged to have immersion liquid
extending between it and the top surface of the substrate and/or substrate table which holds

the substrate.

- Summary
[0009] A difficulty in immersion lithography, partiéularly in an all wet concept, is the risk of
de-wetting of one or more parts of the substrate table. De-wetting is the spontaneous or
induced generation and subsequent growth of dry patches in the fluid layer on the substrate

and/or substrate table. De-wetting can result in loss of thermal control, a disturbed bulk flow




i nduced generation and subsequent growh of dry patches in the fluid |ayer
on the substrate and/or substrate table. De-wetting can result in | oss of
thermal control, a disturbed bulk flow 3 of liquid off the substrate table
which can result in splashing, extraction problens and/or the introduction
of unwart GguidwiamE Sufsaheashlantichehs 6dsalt ﬁﬁéﬂtéﬂ&gsgﬁfd&ﬁoﬁﬂftb%%aﬁ;} thd 0010]
It is desirable, for exanple, to provide a handl i hg structure in

whi ch méisdugtion @r@ma%érdyn@n@dmcesmdﬁféem(dmgst@msBnébtdﬂxbeﬁé ment i oned
difficul ar .one, pr . nor e ther di.fficul.ties not discussed herein.
roorty MR 4 gERG0 G RS atleh nradd B Rabinel aetars & BREh I 11 ui o
handl i ngresthkéﬁCtBldH@resscé}Efdr%Hrggf e aQBVCéVﬂngﬁlJnle&'HﬁLﬁEﬁtléé ar e%??rﬁ)?e ‘}Z;)[ﬁ%/\een a
proj ection systemand a substrate and/or substrate tab and to a
top sur flf@eultés wtslidesisedbercmnd/ or substrate table radlally outward of the

space, l.uid handling structure conprising a fir ning into the
space ti)&ﬁllj)\[}’ica‘ér ding ¢ ?@B\ﬁ?r&ﬁt crf“tﬁfr‘ VR tsll’Eﬁvéfieﬁ‘ahfi‘Pfi%@ﬂdétntg&HP?}P@ i nto
the spaggnaRrdRod&hidd f HQ I t en the
fluid handllgl%;lg stp;r ucIt urlé1 a§1 %ACg\g%@teF gt eCt%HaSyés)%rgoaﬁg a%g@%%ﬁg‘,ﬁhm?adl ally
outmardsnmmhheﬂﬁanmdeﬁywehapsmﬁﬁt@f&nd@mﬁw@a&bamﬂguaktMﬂemmkmhemhMQd
system % provi flow of fluid framthe fluid handling structure onto

e
a top LaFihs éBaCGf3‘5’Iﬂé‘lcslﬂ?é’éti%ﬁtéucé‘}fa%mpﬂ%l%stﬁFSétOBeftl%%O theapageltg PEVEdGar d of
t he spa @Qﬂg i
provi de %OW[ ul aﬁﬁﬁgﬁ? ﬁg@ta?lglé Srtgéag%}nnftﬂhe SE% QEE{?%%/% Sl%thﬁ{vgo#ﬁum
bet weenost q:frthr} gatd betwsststhe Musthihndlisg Bsichat encaﬂﬂ stibstidte, afa Setohd 6fenirig, a
substrate lg{d/or substrate tabl e radially outward of the s ace, the fluid
hand! i n§d& ﬁfﬁ@laﬁ‘éﬁwt%ﬁ@ml%% aK1§ O FRTEIECH T 3Ygteny, BhPIoFide ] ui d
handl i n t t I Q ured to
cont 1 ol ﬂﬁftﬂ%@*@ﬁtﬁé‘ g AR AR AR s I P O S BRI LT
directi substrmt\a/azﬂﬂe;raﬁlaﬂ@rmhaﬁardfoftﬂa&pmbst rate table than in a direction away -
fromthe center of the substrate table. [0013] Accordln% to an aspect of
the i nvEdEbAccardivedo pn aspeshafdacingeniop %@reﬂaﬁt@m@ﬁ@rﬂtﬁ@ anfling sHuBi®pr i si ng
proj ect rfac on a
substrakﬁg#ﬁgﬁﬂgghgﬁﬁgﬁﬂﬁﬁ%%g c@%&@w%ng Pd%HmHS %QEFHVIé dﬁ?ifmﬁspace
bet weentop spriageasita abstraAy sidon S&Bﬁrdt&ﬁb&ubdihm%ﬁwhfﬂ@tﬁ@s@célth@ﬂm@penl ng of a
fluid handling structure, wherein a barrier of the fluid handling
st r uct upandliag FspciureicomMPEFing; 2 eRgningtio provideeluig from the fiuisbhangd g strugfue
handl i n n ond o the fluid
nand 1 ngp 3 {Eb hdnihd £ GrBi el G R0 % rl 8T PR el il
and/ or Ut bf@tdradtk én & diik@iohYoWwariva cehtef ofttiesubSipae @ble than in a direction

space

away from the center of the substrate table.

[0013] According to an aspect of the invention, there is provided a device manufacturing
method comprising projecting a beam of radiation onto a top surface of a substrate on a
substrate table through immersion liquid which is provided to a space between a projection
system and the substrate through a first opening of a fluid handling structure, wherein a
barrier of the fluid handling structure resists flow of liquid out of the space between the fluid
handling structure and the substrate and a second opening in the fluid handling structure
provides fluid onto a top surface of the substrate and/or substrate table radially outward of the
space. |

[0014] According to an aspect of the invention, there is provided a device manufacturing
method comprising projecting a beam of radiation onto a top surface of a substrate on a
substrate table through immersion liquid which is provided to a space between a projection

system and the substrate by a fluid handling structure, and providing a fluid onto a top surface
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[ 0014] According to an aspect of the invention, there is provided a device
manuf acturing nethod conprising projecting a beamof radiation onto a top
surface of a substrate on a substrate table through imrersion |iquid which
is provided to a space between a projection systemand the substrate by a
flui d hantheistigsusterandlod kebstrardalle eadidliyngitRartlofiik PatOsush taPa S8 Famidiof the
substrate_and/or substrate table radially outward of the space such that a
f1 ow of agiregtipnjtpwargs dicertex oiche subwaate éable isamatar thein inlalitgelint averyeeratice i s
greaterc%ﬁﬁn in a direction away fromthe center. [0015] According to an
aspect 0 he invention, there is provided a fluid handling structure for
an i mre {18 AkédriRg i@ PR hcBRFARAh Y tiohNMetd 1Y bebvRAY ARG h Mg sihQuich USe
defining a space between a projection systemand a substrate and/or the
substr a?og ap apingrsierhisthpgnablic hppraatis ghe Brid hotdimg strunturd isiusgdefinisgia fpee t hat

defi ter. f f the fluid h ' t ; [
dof  nedbRephPigibh s oud Syt anr AL feorPre bt e E0pIPRRMGT 4 to a
top sur§@gure @bmprisitgfAemed th RIS APbRed RPhEe SNEL AlidhaRdRs i fre; bdi al Iy

a

outward of the space; and a barrier positioned between the outer surface
and t heopgméngedefinbé irbthe outer swinet,i the opohingcondiginst] to bepptst fhiid to & tamauifaosn ng
into the.space. Prief Descriptjon of the Draw ngs [0016] Enbodinents of the
i nvent i S \gf)d‘fafe R Wlﬁjétrﬂfgé%}l? r WLW’(W @g’aﬁﬁ‘g}”@[dd?ﬂ%}% SRRFE:IRnd gg’?-gfeénce to
t he accpipanel & SHFaW ' [ | ’
synbol s i ndi cgtgt ﬁ%@?ﬁidéégr? di ng éggr%tlésé,}a% é@‘%&ﬁ&r{c@ﬁﬁ@?g%g%eéﬂ @IE Sﬁ{}?}g 1
depi ct sframlficiog imdptliespagepar at us accordi ng to an enbodi ment of the
invention; [0018] - Figures 2 and 3 depict a liquid supply system for use
in a lithographic projection apparatus; [0019] - Figure 4 depicts a
furt her glibOidr SERPOMhS PsdeiLS or use in a |ithographic projection
apparatU§T‘TUUZ%%££_FT§UT§_%gﬂepicts a further liquid supply systemfor use
in a |ibbel Ephodiment)od dhd iorentiap pdat abuwsse JeB@ P, by Whygefl exatptiegilg tvéith | n
Cross-section, fluid handliﬂg sfructure according to an _enbodi nent of
the preSEREEAY @W%?ﬁlp&[nwsz ematicrings gephick sorrgsponding refergngs symbols
det ai | Hﬁm&%%oﬁ£§kﬂdﬁ%gﬁhé%Qdﬁiﬁﬂﬁh”re of Figure 6; [0023] - Figures 8a-c
illustrate, in cross-§éction, the effect of flowrate out of second

[0017] - Figure 1 depicts a lithographic apparatus according to an embodiment of the

invention;

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

[0019] - Figure 4 depicts a further liquid supply system for use in a lithographic projection
apparatus; |

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

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

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

[0024] - Figures 9a and 9b illustrate, in plan, a fluid handling structure and substrate table;
[0025] - Figure 10 illustrates, in plan, an embodiment of the fluid handling structure;
[0026] - Figure 11 illustrates, in plan, a further embodiment of the fluid handling structure;

and




openi ngs on liquid behavior; [0024] - Figures 9a and 9b illustrate, in
plan, a fluid handling structure and substrate table; [0025] - Figure 10
illustrates, in plan, an enbodi nent of the fluid handling structure;

[0026] - Figure 11 illustrates, in plan, a further enbodinent of the fluid
handl i ngoot7y umgmfeelzﬂmtelatés [rDJ_QZX]a vet Firfhdf &nﬁ@dlmbhﬂb%ftﬁ@ﬂﬁa,hahﬁhr%lean, _a yet
further enbodi ment of the fluid handl ing structure. Detailed scription
[ 0028] Firgame. 1 schematically depicts a |ithographic apparatus according to
one enbodi nent of the invention. The apparatus conprises: an illum nation
system (illumnator) IL configured to condition a radiation beamB (e.gqg.
WV radi geifed Wesdddonadi ation); a support structure (e.g. a nmask table) MI
constructed to support a patterning device (e.g. a mask) MA and connected
to a fi {(W28pbgutd beskemPitatlydepigtsredithograplic upmtalyageosiing toront kmbogiatener ni ng
devi ce |€qaccordan wth certain paranmeters; a substrate table (e.g. a

waf er t SbiERRRIL D ABRYRYS FYIMYE a substrate (e.g. a resist-coated

vaf er) Wand.£annaeied §Qof (AREARCOAIE LLALRRE P\éfoﬁ&ﬁt)hg%(ﬁ&&n%ea@%" ately
position the substrate in accordanc ertain parameters
project&qyi@%sﬂﬁﬂk@a&@ﬂf@rmhmkmmt|ve proj ection Iens system) PS confi gured
to prOject &tternlrrpartedtotheradlatlon beam B by patterning device

MA ont o™ a t af §HPOFSTRFIF (@8- ¢ aagk tapl ] §9W3U6tﬁé tq)q*vupﬁaﬁé mait@sngglevicRe
substr Al sz{sﬁf)}%@!l ﬂ%nhéétéﬂor%aﬁﬂsp SSHoHeE F{ﬁ%h lt’(ggcc\ﬂPa'tiélg Bgm{lyﬁ)ﬁé of
opti cal conponents, such as ractive, reflect

el ect r opagnehg devied mebc@dimt wWithatertainh@rarhgtges of opti cal conponents, or

any conbination thereof, for directin shapi n or controlling radiation.
[ 0030] - The s%ﬁgﬁFfﬁteé%%@t&@éVqtﬂﬂﬂb}Ph t%lsiﬁ%&t% torhiotdya sbsirets (e.Bhe suppor t
struct t An on the
o1 ont s Shrst et ften 10 BnB LR A U Boliolr FRERIANAE  ARARACE, D7

appar at psiticantle stheate¢o netotdaneswith dehaia pafatictegssan®l € whether or not  the
patterning device is held in a vacuum environnment. The support structure MI
can use nec%BﬂW%ﬁPnSW%%%ﬁ%&E@F%@¥B§§¥%P¢Emdﬂwdﬁﬁ@m)BﬁéﬁﬁﬁmﬂedﬁﬁﬁﬁwaUes to
hol d t I T, r r I a or

t abl e, h?%;ﬁ exan%{r{%gn\?\ﬁ\é %ﬁatmn }%%mfsﬁ%ggja&erﬁﬁl Lﬂ%{d% ?%gn{sg%tﬁfgr%t%)&l g‘esupport
st ruct ufee. meﬁsangnﬁmméﬂeaﬁesy bethpatihsedate Wg device is at a

[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 MT holds the patterning device. The support structure MT 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 MT can use
mechanical, vacuum, electrostatic or other clamping techniques to hold the patterning device.
The support structure MT may be a frame or a table, for example, which may be fixed or
movable as required. The support structure MT may ensure that the patterning device is at a
desired position, for example with respect to the projection system. Any use of the terms
“reticle” or “mask” hérein may be considered synonyfnous with the more general term
“patterning device.”

[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 such

as to create a pattern in a target portion of the substrate. It should be noted that the pattern
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desired position, for exanple with respect to the projection system Any
use of the terns "reticle" or "mask"™ herein may be consi dered synonynous
with the nore general term "patterning device." [0031] The term
"patterning device" used herein should be broadly interpreted as referring

to anyirmipatiedeo theatdisweh RemisefnbtexheBaddredpdnadb del RBirQEFMM inRhétapRt t ern
inits cross-section such as to create a pattern in a target pOI’tI on of

t he subBitignef thetsubtigie. @r@éampleeﬁthemttemh@clpﬁsmém shifting &afwes ersot he

radi ati not- exa orres t.o,.the desired tern in the
arget COSHRST TRE SRt e NG ETREREAP e e b e Firihortit
phase- shiphitictigr ﬁl@@tﬁdﬂaﬁﬁiyéﬂ in9Qlevicdlbtig cAnfdsh ticaaigel Sottio 506 &4y, the
pattern inparted to the radiation beamw |l correspond to a particular

funct| oﬁﬁ@gfﬂl@@@lfcwtn a device being created in the target portion, such as

i nt cw t., [[003 The patternin i e transm' ssive or
for 1 eot MOBE B feBthd AovGR At b R Taovie RO S PG O dmabl o
mirror @évﬁék)ﬁncl@dédna‘?sk@%f SRR 81l P ARS). s,SandVBI%g 1dfe NED! pafBRVWadi
I|thography,ﬂk%ggml nﬂck};gsmvgask Lé@;iﬂ;uﬁ as b:ﬁghdrg, aléer nat i Bgdmesﬁﬁm y
phase- s#fiefye 152 ] 5 g.chnd | typca$u IBEYV; temmmsg tstliftyas
types exan pr o ?mmble rra npl oys, a matri x
arrange?ﬂéjnal gy %C%aise'grl? i&ri')sr‘gel @%W‘OBF ‘ﬁ‘aﬁ% |eﬁﬁlli“med1fél ly tilted so
as to rgbbR&imale MREQHRY e )@ta'r%n?%ﬁ’ﬁﬁéeﬂleﬂf &{)eam %Iﬁéﬂtr?ﬂ? ich The

tilted mrrors inpart a pattern in radiation ected by
the mi r¢amrbermd1mdmally @W}asﬂne@ﬂeetm 1hpmm;ng(rad1exmrsl;eanﬂmd1ﬁﬁ&ent dvecgins. shoul d

be broadl y.interpreted as _enconpa ng, any type of projection system

hot v e SR e G posE G oL ai AP PRER i felgHed PE g e i
and el e S ,
approprﬁgtgfé] ?%%ﬁgﬁgﬁg%%%@%?%ﬁ |0E§rgl?sﬂ§g£d]§&t%@r ot her fact ors

such aserchmpasmgay dype df m)m;ecsnomrzsyd;temumdiudmgtrla&adﬂﬁre efle@iveacitdivptAny use of

the term "pr.oj ection |ens' ein may be considered as nonyrmus with the
mor e gelﬂa%l%rﬂ% ?Cﬁﬁomﬁ%?tmlﬁ6ff>°§r9§tﬁféwptw[lbv§f&1n8;e@r q@@rcen@a@%e@ Higreof e

appar at & r Iy mask) .
A Tor e Py o o B R ok ¥p e e or ERURY HObr Pon BRRARTHF g &
pr ogr anmeddreioniligmidror drer @y ofh vaciwpeAmysuse of gertath Ymorbidvelendthegdiphayibeg a
reflective maa % 0035] Tﬂg}el i t hographi c apparatus may be of a type

havi ng "t% ?r& 4t P Xj‘@?uso‘f”lt én%ﬁﬁ@’él‘?ra]ttélmalﬁﬂoﬁu‘(’%ﬁ@le@? ‘two or nore

atter the C
B 01 QoI AL LADE Ihe a BreR of Dby LR e BRI 20y o
carri ectramsmlsBWe omsk o mln&'ﬁfaavélgmheappdﬂathenﬁy\ ee of a Faffeetiad 19pe (d.@Rkhfoyaigen bei ng

used for expos {e
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 patterning device tables). In such “multiple stage” machines the
additional tables may be used in parallel, or preparatory steps may be carried out on one or
‘more tables while one or more other tables are being used for exposure.

[0036] Referring to Figure 1, the illuminator IL receives a radiation beam from a radiation
source SO. The source and the lithographic apparatus may be separate entities, for example
when the source is an excimer laser. In such cases, the source is not considered to form part
of the lithbgraphic apparatus and the radiation beam is passed from the source SO to the
illuminator IL with the aid of a beam delivery system BD comprising, for example, suitable
directing mirrors and/or a beam expander. In other cases the source may be an integral part of

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




[0036] Referring to Figure 1, the illumnator IL receives a radiation beam
froma radiation source SO The source and the |ithographic apparatus nmay
be separate entities, for exanple when the source is an excinmer laser. In
such cases, the source is not considered to formpart of the |ithographic
appar at uad ardllifiatordi, AbgaRerb@aMhe SeRAASREErY ERBMN B Fodduned, Seayiwe t he
illTumnator IL with the aid of a beam delivery system corrpr|S| ng, for
exanpl eref§t§¢d@tﬂserad:mtr1@w13t¢gl mrrors and/or a beam expander I n ot her cases

t he sour anln egral part of .the th ic.a ratus, for
exanpl e ‘5@37 ﬂ%‘%ﬁ@ %B?’t% a%cwﬁl’fd%fr%? Adigtsfer Aﬁ&‘)f&%&f@é‘)é@ﬂ%@ﬁ&ﬂ&@@

1T um nageesith Histﬁtﬁﬁi%htﬂ)ﬂhe%alﬁtt&hﬁeagﬁ@En@ﬁilgva% lidhsBthS bR BR/d mﬁ@%théled may
be referred to as a radiation system 71 The (I Tumnator IL nay
conpr i sextant (sdinusnbrrefred ombs cronted ancbcsadtjiansﬂespidnﬁvammﬂthﬂf inténgitensi ty
distribytign of the r W beam GCenerally, at |east the outer and/or

i nner r AEfrHUOR M %Htlplfl ¢ Hmigptppepn e %uSépdom @dl‘%ﬁdth&-ﬂhﬁﬁ@ra’m IL
respect I

il lum ng%é 2r&scgﬂiﬂ'eb‘%}ﬁ)éllg gglt%g%% oneg{ déut t%ﬁ&tgﬁg@ﬁ%&g&a{r C(HJ ?%%r eb l![i':lorrprl se

vari ousilbmhieatocmapba emdsto csmﬂlhomﬂleaﬁmaﬂiﬁrﬂgiaﬁg @ hdW aaiééxréﬂ wondangaid CO. The
illum nator rrg he used . to condition the radiati on beam to have a desired
uni f or nitSPSERistibytiandr ity crgssseaclidition in its cross-section. [0038] The

adiat| BRaBPRR Rtdiohdeh SNt i@faddt Sy B SRR 05 LRBMATRRIG M Wi 5

is  hel port structure erned by

t he pat hedonnige si@pmc structide\(t.ag nia&l&t&%![e% MT hﬁ@lsqﬁtﬁ:@l&ﬂl bip ﬂlegﬁtf[bﬁmgl\d%wc%h e
radi ati on beam B passes through the tEro j ection system P whi ch focuses
of

t he bea#@blﬁgéfa&erﬁ%t@epa%?mg&ﬁV@ MA ttheragigsion baara Bmassqrsrthr@ugm&eau d of the
second Bxl%féchbﬁ’ 0fent PS AR5 LA e BERT htolat ?Jﬁg%; Pt gsogﬁg %gtgagegr % can be

devi ce, near ncodét or capacl IV€ Sensor

nmoved awdtirtae aidyofthesegoncsposasonte@moaidtpc@modlsteﬁser ﬁng e.d. ah@Rbrf@OmkiRNS C in
t he path of the radiation beamB. Simlarly, the first positioner PM and

anot her 588 {ine caenleber qEraTiETE seaserptthesybisiretr ttabte &éibrmt@dnewdrapgua@y, 1) can

ot - of g i RETL ARRTLE L pOGOREE AN O S TR SFRER sk

| i br ar ythe GirstghokitibgeraPMd @ad andther ﬁabnsomﬁaﬁ&tnoetxﬁlttﬂlys&a@&%d inFiguset ure
MI may be realized with the ajd of a long-stroke nodule (coarse

posi t i ohi g Pcased @ aspypiclysrosiioa th@mtteémrlg Herdelyley witbmesp)t,to thisipath dighen part
table W&

o, Lnepith BTt LAl S b R EISE LBl BrotBBL R gL
Whl ch fgunerabanévedient HEths 66t MQGIutd PIMBhay BWealifed Wigh BRI 8 a 1@n§%@&&er (as
opposed to a scanner) the support structure MI may be

module (coarse positioning) and a short-stroke module (fine positioning), which form part of

the first positioner PM. Similarly, movement of the substrate table WT may be realized using

a long-stroke module and a short-stroke module, which form part of the second positioner

PW. In the case of a stepper (as opposed to a scanner) the support structure MT may be

connected to a short-stroke actuator only, or may be fixed. Patterning device MA and

substrate W may be aligned using patterning device alignment marks M1, M2 and substrate

alignment marks P1, P2. Although the substrate alignment marks as illustrated occupy

dedicated target portions, they may be located in spaces between target portions (these are

known as scribe-lane alignment marks). Similarly, in situations in which more than one die is

provided on the patterning device MA, the patterning device alignment marks may be located

between the dies.

[0039] The depicted apparatus could be used in at least one of the follovsring modes:




connected to a short-stroke actuator only, or may be fixed. Patterning
device MA and substrate Wrmay be aligned using patterning device alignnent
marks M, M2 and substrate alignnent marks P1, P2. Al though the substrate

alignment nmarks as illustrated occupy dedicated target portions, they may
be | oc armﬂ()] N SPagfiePRLUEH: é%f)&?%‘m@&ﬁﬂe'l\_qm%n@ HRaSBstAEtableNY Wi rdRept
scri be-lane alignnment marks). Simlarly, in situations in which nore than

one di ecssentighlygtatignaly owhildan ¢raire patrerminpheted de thuadistie ipatt ie prijegedieto ce

i KS. l.ocated .bet the dies. [0039]. T i ct ed
Appar at LT PR Aty i et 9L SGRE coposina T fGuieyanband T h 000
1. In stgRedBAfe X HR/GUPIREd iR b H Rt 3 el i@ 84 B Scpoddd. &0 Wi, are

2

kept essentially stationary, while an entiré pattern inparted to the

r adi at i sywdbdhemiasinpmofige pEihe enp@ureafi¢idligets thosizé ofthCtaaget pogioniGramddede. a
single stat.ig exposure). The substrate table WI is then shifted in the X
and/ or ?ad??éﬁtsﬁa HeRPStHrat a different target portion C can be exposed. In
step npmay) vhe ' i [ [Wey! t Lze of the
e e B R R U S LT A B
node, t fmensadyochrosdusiycwvhiteen pEteanthpaned saitistradititor leaimas Wojan&l orgeanned

synchr onousl %‘?Wnklrf a gatter n inparted tgo the radiation beamis projected
onto a & BETOPEr {eohsinglpidyramis exposyre- Hhavalocity and dugstiop of thesubslralei ty and
directi t.bes: t ' re Mr
oy o ARV 8 TSI L ool U RRCE Sl

char act ard istage sevofsal diargotoviseest dfake prypiicdon RStent BS Sihatanmdés, tiidw@axiBrimmum

size of .the xposurerff iC(fh](_‘j]_l imts the wwdth (in the non-scanning direction)
- of the & Ydte parastEdield imis derwidth @ hemon-ssapvag discctigmer!dbe argrE PRt h of

t he sc e ' ' ' ' | ' tion) of
the t ar Do oy irenile EELIE BRGel e IHBUEN It L bilg AR Re el B 2"V
kept eslseéglti(al thy scehainp divactjon) bothditmgetapapti@gr anmabl e patterni ng devi ce, and
the substrate table WI i s noved or scanned while a pattern jnparted to the
radi at i @84Hehm i ssnefhet mede. she Bipgoxt srp@wredd i tis kept essentiptlyrsiationppde,

gener al : i.at.l.on- so I n ra b

ot or riodRe § AR AH I ARAMCEE iR BERARKE ICW T § R PR

subst r awkild apiteriNingited o Bet:udiation SAGCR$S0j¥eed agth alttirgsr fiGeS. Bithisng a

scan. This node of operation can be readily %Eflied to maskless

| i t hograpisy eeneatllya pylpedgadighonysauseralb eBpiyed endihspremsgmmableqatierming o

progr a”&[@@e% léé:'HC?;JdQJS I i% .a?crer (.%CB %eﬁgg{ (‘il‘ff tﬁé Eu%g&£t§ é%?emegl[ ig%%t?dreen

Conbi nati ons or varrations on the above descri f use or
ent i r el snccessive radiation pulses during a scan. This mode of operation can be readily applied to

maskless lithography that utilizes programmable patterning device, such as a programmable
mirror array of a type as referred to above.

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

[0044] Arrangements for providing liquid between a final element of the projection system
PS and the substrate W can be classed into two general categories. These are the bath type
arrangement in which the whole of the substrate W and optionally part of the substrate table
WT is submersed in a bath of liquid and the so called localized immersion system which uses
a liquid supply system in which liquid is only provided to a localized area of the substrate W.
In the latter category, the space 11 filled by liquid is smaller in plan than the top surface of the
substrate W and the area filled with liquid remains substantially stationary relative to the
projection system PS while the substrate W moves underneath that area. A further

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

-9




di fferent nodes of use may al so be enpl oyed. [0044] Arrangenents for
providing liquid between a final elenment of the projection system PS and
the substrate Wcan be classed into two general categories. These are the
bath type arrangenent in which the whole of the substrate Wand optionally

part of aﬁrbﬁ%em&@hmﬁieh #aRldRid M&E&ﬁﬁﬁ@.ﬂfﬁ&ﬁi@erbﬁgeﬁlehﬁédgs@ﬁﬁalqy;‘/tﬁé graRd the so

called localized i mersion systemwhich uses a liquid supp systemin
whi ch | ifquusudfacs olthe yulpstretei Wedd tall oa phio ofithie zelbtratectablofW T ecosatedtinate W I n
dis smaller in plan than

the ltg:ﬁ'ﬁﬁ’rﬁ?ﬁ‘t&f@%ﬁiﬂ%%%E%%ggf%@@i%é@gg?l e!a%igfgfj Fopstrase Wuistsall 486 d renmi ns
subst antiyaldlateySbeat HRAANh 46 @l Mfn (P 1 Gﬁon%é’ktﬁa%‘{rét@'ws)(ﬁﬁg ShERqu! I e Lhe

substrate W noves under nea at are A further arrangenen to which an
enbodi newpplpdeites of Fasesst2-5 maghieiusad insuch & estead howevéhecatih fomaireare not
arrangenent in which thg l'iquid if§ .unconfined. In _this arrangenent

subst anPeaFTtyATE REt RpLEMEd: Aoty effzdent a5 nonmel i s pfherwiseunehigctiye tosealpart  of

t he subgtn:at - % . 4 ' r s -1 1qHi f the
| qui d oua shf thElotlied oY EOR dittent (IR ARG T sy SRR 12
film silbistraisd & Figires 249. fhe difjuidi sypplet spsterhbdissloqsitin @ @irdd/2-Anerddestiged i qui d
supply devices of Figures 2-5 may be used in such a system however,

seal i ng?f®¥4&tures are not present, are not activated, are not as efficient

ocalt 23] ARORLPRRIBE B! b BrohBadiFlo vl SRR St are

i |1 ustraithd liguidegifineen-rhemBdrd 2lWigth ektshidplongSY SaSiBpAl G Reagary Bf flegur es
2-4 were described above. [0045] Another arrangenent which has been

pr oposetPars 1 Be'ﬁ‘feéﬂlﬂﬁéhlah@emﬁ%ﬁf]dh%%iﬂcﬁ% systeant’S wid thegubstentd @bledMTi nement

menber ' . t-.| ea nt. of. boundar f the . space
11 bet m%#%%%gﬁg%ﬁgflé@%%l&o& E? e eéﬁ%ﬁ?iglg (ihgtﬁl%{é?/agltyeq%P]ﬁ% aa%&‘%{zﬁg tlllgtlf‘gst rate
t abl e WipplySystenser |aful El@aBa brbcture vithsd Baadti@néibdriod e BidTonihéihent
schematically diﬁi cts a |localized liquid supply systemor |iquid handling
st r uct ulEmREE k2. AHpHpg litd pentiement memgen @ is svhistantipkinstationsmbeslative to th,  The

liquid i Tber is. substantially statignary relative,tg the
or o] ect SOTEcBE AR, S FR 2o plhe ER At i Br S0 88 1 stm el e P

mov enendirdctioh ie the digéctios b e o%)tiﬂaltaﬂi%).dh =R enbedinRht, bealaPFdredH bekedn thel N an
enbodi nent, a seal is forned between the |I|iquid confinenent nenber 12, |IH

and t heliaid F%}@&WHE membeib), Hideed Weaefaemgf thesubstratlo W and ey degeal such as a
[0, bt LA 18 B e L SORE SRR Tl G ERRIRAARIDS o 1,
the al tfolloatdgnexito sacfacdWrtiRCRibatatt e asy Rtk af R1diadH 6 Wlhe MRERSSe eXPr €SI Y
stated ot herw se.)

surface of the substrate table WT, unless expressly stated otherwise.)

[0046] The liquid confinement member 12 at least partly contains liquid in the space 11

between a final element of the projection system PS and the substrate W. A contactless seal,

such as a gas seal 16, to the substrate W may be formed around the image ficld of the

projection system PS so that liquid is confined within the space 11 between the substrate W

surface and the final element of the projection system PS. The space 11 is at least partly

formed by the liquid confinement member 12 positioned below and surrounding the final

element of the projection system PS. Liquid is brought into the space 11 below the projection

system PS and within the liquid confinement member 12 by liquid inlet 13. The liguid may be

removed by liquid outlet 13. The liquid confinement member 12 may extend a little above the

final element of the projection system PS. The liquid level rises above the final element so

that a buffer of liquid is provided. In an embodiment, the liquid confinement member 12 has

an inner periphery that at the upper end closely conforms to the shape of the projection
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[0046] The liquid confinenment nenber 12 at |east partly contains liquid in
the space 11 between a final elenent of the projection systemPS and the
substrate W A contactless seal, such as a gas seal 16, to the substrate W
may be formed around the inmage field of the projection systemPS so that

l'iqui d kstaoRSonew fidal bemehinBerspRad ndy, bel,Weesurddnat gielwtbal theWinsgur f ace and
the final el enent of the projection systemPS. The space 11 is at | east
part|y Pergbearlesght soatormsie theobpng ofdhe mmagedielsb .21 2egienauldr ohewehbisagednd

sur rounding tﬁf? aséi nal element of the projection systemPS. Liquid is
brought "into € space 11 below the projection systemPS and within the

liquid poaf]j TRaBqid esaelinetlin e dpagii Oby the@hs 31 16 MBidhl Gutid JHBYis Rimefienoved
by liquid outlet 13. The |iquid confinenent nmenber 12 may extend a little
above t brdween thg bodera e the lisfuid penfimenierionémbersiysnd thsrfathef thi quistralcéWel

ri ses ve the fi.nal element so .that a buffer .of liquid.i rovided. In
on” onbonateoa 6 g B b nainen o HEB A e i g et s p G
that atinkheasAPeeaeMahe baSRhY1 R %E@Mea dret HessARARE ikt NS (RS Qipartdan 10
system PS or the final €lenent thereof and nmay, e.g., be round. At the

bot t om liquié confimemenpeeinpbiel3/ansd substape BoAhe gasisteatradied shapdetafd. fhe i mage
field, e.q., rect ul ar ough this, need ot be the case. [0047] The

[ aua efrbni e B 13pue o fevg) OF e o8’ e ergmahy Oh e g use,

i s for nRehnoBesIMBNhERSs ROV tyth@ nbivakivakaf oMk RRRA hERERAr THLRRD the
surface of the substrate The gas seal 167is fornmed by gas, e.g. air or -

synt het ¢idhegas dauhe ligniddetweendlk hend confheorenomember 12 amdehe syagate Mie gas i n
the gas_seal 16..is. provided.,under pressure via inlet 15 to the gap petween
i quid ceBps bR bR Rt iﬁ%mé%%%%tf%i Bape W'laga%oq‘@s Sriuterd o
outlet @dspalhe 1. PHELRLES BHIcfeORal BE cfRubiY &tdi%QntiMﬁ)%k'.umé 4G b R i he

outlet 14 and geonetry of the gap are arranged so that there I

hi gh- vedftsstivytogastain tw liguidbindhe/spabat 1.Cooh hseserh edikéloseddn Uhlited Sarese  of t he
gas on the liquid between the | i qui fi nement nmenber 12 and the
substraﬂaéewpfgt?ﬁtr‘%r_?H‘ébvi%’ﬁ%oqgauirjg%hgggﬁ}%e 11. The inlets/outlets may be
annul ar[OGﬁS]ON%jd"EHnﬁﬁn%%ﬁc%i@qOOtaﬁ%r 'H%f(?m'ﬂ'élrnb(;g%el?t'm'ﬂll reHnPANERiJIBY Pe
cont i nuous or discontihuous. The ow gas Is effective to contain the
l'i qui d illpsttdtesl inpacse-sédtionSo Eliguae 6 yBiecinid dantlmglsoaetdra OUR désgheBtfat asall pat ent

application publication No. US 2004-0207824. [0048] A.fluid handling
st ruct UVe (QpERCeRTmIRAd @Tweg}’?nbi‘bg’dia t agpngemenp s diid handling sirgpiue s

L et B AR APSELOM ONELSUE i e b g 10
ar r angesubsttate Wearfd/an sdbiteaneliablegWdy depehding upd® Ohprie vihdieshd praftictod oyseenspace 11
bet Weeri)st. %e ]}liupdallaan(cailigggt%cu?rfe I%O gfsgjp%:\}iciie% Qiqiydstto%r?og ?ur%ar::g otf rt]h(?e substrate W

and/or substrate table WT which is not under the projection system PS. Put another way, the

fluid handling structure 100 also provides liquid to a top surface of the substrate W and/or

substrate table WT radially outward of the space 11. Therefore substantially the whole of the

top surface of the substrate W and substrate table WT is covered in immersion liquid all the

time during exposure.

~ [0049] Variations in height (or thickness of layer) of liquid on the top surface of the sﬁbstrate

W and/or substrate table WT not under the projection system PS can contribute to the growth

of liquid finger instabilities. Such instabilities can lead liquid to splash and/or shoot off the

edge of the substrate table WT and/or dry patches (i.e. de-wetting). The liquid handling

‘structure 100 addresses one or more of these issues.

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

liquid in the space 11 between the projection system PS and the substrate W and/or substrate
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substrate Wand/ or substrate table W, dependi ng upon what is under the
projection system PS. The fluid handling structure 100 al so provides
liquid to a top surface of the substrate W and/or substrate table W which
is not under the projection systemPS. Put another way, the fluid handling

st ruct ukabld B @hsw q@ited latebsupplgiiat the fRw aflicwitd a6 eheabp tltEacssibSthe at e W
and/or substrate table W radi ally outward of the space 11. Therefore
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exposure aria I'n herg (or >t ness uid on

t he topnsunfxaee aatsiltheomubibiat ckeW@"lﬂ/tﬁé b@lumi@tpeevteﬁééherowtrmferwder the
projection system PS can contribute to the grovvth of liquid finger
I
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pr oj ect fake ‘%Tsf!(éhﬂlﬂls thiprojesion siistan: BB T hey firid handlmgissuetateel 0019 proasied WI' (t he

subst r at iR dr DRk okisf BE Pt Sttt vings T etes) L PritFeediiE ps
(the SOStﬁﬁJtdr@dO@ldlﬁd(the%umlai@Wqu £ &M@ﬁﬂh@%ﬁ&k h YO)S?H@ﬁ?stt encpgec&ﬂ%wa ®d- This
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under tttagleb@qrﬂoe{m(ge%%eprgﬁgugﬂ fslenfPgl second openi ngs 110 120 are on
opposite sides of the barrier 130. That is, the second opening 120 is

radi al | [)QOSZJ]uThmd&EIccuiphng@ Iratly acdievedfor ataample/é)ytoonamllmgthedww akiiguidf t he
prolect 051 Be e Ioc flow t bulk flo are
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If there is no pressure gradient, there will be no driving force for mixing of the two liquids.
[0053] Second, the fluid handling structure 100 is controlled in such a way so as to reduce the
chance of height or thickness differences in the bulk supply. This is achieved by controlling
the flow of liquid out of the second opening 120 using a controller 140 as will be described _
below. If the Froude number of the horizontal flow of liquid in the bulk supply is kept
between zero and two, desirably between zero and one, a step change in height in the bulk
flow (i.e. a hydraulic jump) can be substantially avoided.

[0054] A third way in which the fluid handling structure 100 is adapted to avoid height
differences is by helping to ensure that a flow of liquid in the bulk flow towards a center P
(see Figures 9a and b) of the substrate table WT is greater than the flow in a direction away

 from the center P of the substrate table WT. This is described below in detail with reference

to Figures 9a to 12.
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t hrough the first opening 110 and t hrough the second opening 120. The fl ows
are controlled such that a pressure of liquid in the space 11 is
substantially equal to a pressure of liquid outside of the space 11 and in
an area adjacent to the fluid handling structure 100 (i.e. on the top

sur f ace [@f55] lFeat6i¢b of eahef Wosd thr&@f waisah batised iadivRiudily 8O dhbatatibAEThey
projection systemPS). If there is no gressure gradyent there wll be no
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chance P hei ght or thickness differences in the bulk supply. This is
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subst rafng ﬁf)‘i’rg CWA %}ﬁn&nﬁe@ rﬂﬁ@ﬁ @eﬁ\@@%dwm odhet & glsqpasithe bargeehtde to

Fi gures t r be
sad | o b AR P G U B MR P e

det ai | bdroag! 3 t.tormld ber 4 bariertof(i.e daens sesofctivheo preverd) thadibhwi efflidd (iect ure  100.

f 00561 The flui.d handl i .Structure 100 .as.illustrated in Figure 6
conpr i sEYnEspg;l W“Efgtrﬁl inney; Stn‘&?eﬁmlgoldﬁ (i ths FREREQ s3ce hﬁ@?t"@ﬁﬁ thsce 106

whi ch f Gioi®idn §3Ps'£efn§‘?§ t‘ﬁfe sﬁﬁ’é?rat%‘?ﬁﬁﬁ\ﬁian&- fRtmaih Bod js 13 ¢ %gﬁ%ﬁ]& i s bounded at

the top by the Tinal elenent e projection s the bottom by
the s ub@fmﬁmewmanb@dﬁgtramm duthheilyWrehtivatcsthe bptiral adisbaich eeksat t he
105. Therefore, the nmain body

d b f. 06 of th bqd
TOSeia_n |ﬂé’?/\gr 1 llj?g}ﬁ?lF t %ﬁ%nfédgpe%fa%m H@l@%ﬁéﬂﬁ? Fesefieuisenber lle I g
The mai gpbady f%ﬁ’t Ii d ﬁb%h@@ bhfihe %gt%nd‘ﬁgérgxﬂ%lf(} fr{;'ﬁ f&?mﬁ.% gicto Eﬂée ui

handl i ng structur I's cosest tot strate arrier
130 couspachel.Ddsanllycthe barrlér 13 ishan@guaed sdestrict/esin itrandasion €inid supbked toow of

fluid (J rsion,li the inner, first opening 110 (into the
i mrer sf%‘ﬁ Sgi?ﬁéﬁoin g@‘("\‘/&,ger%éllﬁﬁléou‘b‘fag} Iy out @frih %W%H b@weg%@eﬁﬁﬁrrléé and ap| e
W' and t u ially
out war d%@%ﬁ%a%%ﬁ{%%@%tgﬁ%@%yﬂ Agspv\ﬁp passes r ou(]%)n[] ﬁeﬁﬂgi qui d

conf i neeentr ¥3rdnd thelRipstrdde W .rabigh, flavhesiantd BrerehBQ by’ih@ BMleLH&@ his is
by making the gap 107 height between 50-250 pum. This gap 107 is desirably 0.1-0.2 mm

high. This compares with a distance of about 3 mm between the final element of the
projection system PS and the substrate W. The gap 107 is kept small to restrict flow of liquid
out of the space 11. That is, the main body 105 forms a barrier 130 which resists the flow of
liquid out of the space 11 between the fluid handling structure 100 and the substrate W.
[0057] Liquid is provided to the space 11 via first opening 110. The first opening 110 is in an
inner surface 106 of the fluid handling structure 100. The first opening 110 may comprise a
plurality openings. The plurality of openings may be those disclosed, for example, in United
States Patent Application No. 61/071,161, filed 16 April 2008, |

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

extract liquid out of the space 11. Control of the provision of liquid out of the first opening
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substantially to prevent liquid supplied fromthe second opening 120 from
flowwng into the space 11. Desirably, the barrier 130 is configured to
restrict/resist imersion fluid supplied to the space 11 from fl ow ng
radially outwardly out of the space 11 between the barrier 130 and the
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and/ or lsarbiet Fdtaadfoalfirse oW’nm@tl1@mﬂpbeﬂdmeterirmj1ﬂgt1mwarcsoﬁhemmﬂ8rI3TJhat is, the
des liquid to a top surface of the substrate W

second @ﬁg& g 2‘? provi1
and/ or PHE Rease t WFCP%P%I’FI}& B isn 4 giten wefagp Hedolthe flyide second

i {. 100
oht ch" ShepAfd SRS G186 Anich SoSHIGES Tacth e pstlad nF ARG HET S 0

The f| awtaflowequod soficeaff tﬁdﬁ;lﬂ&ﬁﬁﬂlﬁlg&ﬂﬁéﬁufhgl (D20hatss, amnduied Juelcdopostipe
control 140. The secgnd opem 120 provides fluid to a | ocation
radi al | ME&%{F&%W betrrde Bahandhe bostpr wirfiee obthe Garrier 130 which SForms the gap

107. The barrier 130 is between the outer surface 108 of the fluid handling structure 100 and

the space 11.

[0061] In an embodiment, the second opening 120 is desirably a distance away from the top
surface of the substrate W of at least five times the distance between the barrier 130 and the
substrate W and/or substrate table WT (i.e. five times the size of gap 107). Desirably the
distance of the second opening 120 from the substrate W and/or substrate table WT is at least
7, 10 or 15 times the size of gap 107. Another way of viewing this is that there is a change in
distance of the bottom of the fluid handling structure 100 to the substrate W and/or subétrate
table WT. In an embodiment, the second opening 120 is in a portion substantially parallel to
the substrate W and/or substrate table WT which is further from the substrate W and/or
substrate table WT than another portion parallel to the substrate W and/or substrate table WT.
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the optical axis of the projection systemPS. In contrast, the first
opening 110 provides fluid to a location radially inward of the barrier
130 relative to the optical axis of the projection systemPS. |In an
enbodi ment, the second opening 120 may be | ocated radially outward of the
barri er [(030] 2nRsléRbnd bpHinPRNthAEcokHR ' bacigdd pol rd of the
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t here ﬂ@?ﬁﬁgﬂgxﬁ§mg%?ﬁﬁgﬁgﬁ§ﬁ??ﬁﬁ%ﬁ%&mﬂgﬁgﬁﬁgﬁdiﬂ%ﬁﬁaSﬁﬁgygnpﬁfﬁ% é?iphery
(e.g. cismayftberiioefially ottveardlyuren ianghata tl st thel6tilrsappld Prevdiibgopat i vel y or
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or irr é@MﬂW & drsieble Hautherd o issiwplytiegrieted; Therefong) theagior d3Q isre 100.
The sec i . . in t 0 of..a.circular hole quare
hol e, dgﬁﬂgﬁgggs%%?m%ﬁﬁggﬁgﬁgggég egﬁu%5{$%§mﬂﬁf&%%@‘?ﬁ %”f?ﬁmﬁﬁwﬁbe spaced
i n any fbaeingintb e ghasenki onal pattern around the periphery of the fluid
handliqﬁ structure 100. [0063] The barrier 130 (or restriction) prevents
the mi xi0A¢tIdn aniegbodisnest, theHuldunky Jembs spbateatialbyrevented! frany fpwing aut phe
innersnBQS@% qﬁ 11. The liquid of the local supply (i.e., the liquid in
t he space ? as stricter thermal conditioning and contam nation control.
| n pracooes] THeasugk spplys@itRchts % thdnf cdriidniky lidudd) 16 desilaBB/ sepdthié fidAetHenwar d
flowis substantially prevented by

local supply. Mixing allows the transfer of contamination, and would permit poorer thermal

stability of the liquid in the space 11.

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

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

opening 122 can be provided to extract liquid from the top surface of the substrate W and/or
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bi asing the pressure differential between the bulk supply and the | ocal
supply so that if there is any flow, it is radially outwardly, fromthe
space 11 to the bulk supply. Prevention of inward flow is desirable.
Qutward flowis sinply restricted. Therefore, the barrier 130 is
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through the third opening 122 can help in controlling t el oci'ty of the
bul k f1erenirExkZSxen ben nohoaidFing bas, fQIPﬁxmdpbpepurm@ecﬂmm ganmiebeusetlr ol | ed by

ranal 1 g0k (vt obetty Ao g 98 Tobi e b 1 PP EGT vl uim¥ of K 11 ui o
handl i nighrdrkie iR, AQfatdhihGhhel R0 RRQY SHovB %1§15{fuﬁ@ﬁxeorﬂsg' to W&'ltﬁl,tﬂ hhe second

opening 120 is forne Gas ‘which is humdified can be provi ed t hrough the
gas opeminngitiedFapnt o an area on top of the liquid which is on the top

o of ec BRI Spren B fibcad el nageid Tonding Sedetats LD. P erabe %2335 FRBOF | qui d
of at |eash A2k e %&ohﬁ%bé‘m% éﬁ@%%gﬁ?&f@a)dﬁé %1&?1‘63}&0 ng@ ge most

desirably nore than 95% esira €ss than 99% eS| ra | ess
t han  of the substrate W and/or substrate table WT. In an embodiment where the fluid handhng

structure 100 is circular, the surface in which the second opening 120 is formed would be in
the form of a truncated cone. The angle 0 of the surface 135 is desirably between 0 and 15°,
desirably between 0 and 10° to the plane of the substrate W and/or substrate table WT. A
radially inner most part of that surface 135 is closer to the substrate W than a radially outer
most part of that surface 135. That is, the part of the surface 135 closest to the optical axis of
the projection system PS is closer to the substrate W and/or substrate table WT than the part
of the surface 135 further from the optical axis of the projection system PS.
[0070] Instead of angling the surface 135 in which the second opening 120 is formed, the
second opening 120 itself may be angled (i.c. by forming a passage fhrough the surface 135

- which is substantially parallel to the top surface of the substrate W and/or substrate table WT
at an angle). The opening 120 (or more precisely the angle of a passage behind the opening)

can also be at the angle 0.
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97% Providing the atnosphere above the liquid with hum dified gas reduces
evaporation (and therefore a cooling load) of the liquid. If the imersion
liquid is degradable, for exanple, like sonme liquids used in a high NA
apparatus, the gas provided through the gas opening 125 can be a
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bet weenrSPHBAHGA NG, tﬁe B‘Fiéhts"%é’&gldl radially, quinaedly phthe uisy swifass IQE of He hithce 11.

As descg j i %1 t wo
[ qui d Tges SaRte 1094 RS Bt AdcGr S ALGSBEES: bR SIREReL 0E
openi ngfhiid handlingesiugtned] G0opata bl cethe topnduniatd ZBthe yebsagy BN Frofderi@shenhi ch
are transm.tted to the substrate Wand/or substrate table WI hy fl ow of
i quid (¥ ?lb‘ﬁﬁﬂ?aclﬁ‘ét@é’égﬁﬂyéiﬁbﬂa‘?lﬂd divided by dhenayare o of thy araiigtipralt o provi de
the S.ecéyﬁgt BB tth tt p(s e of easﬁﬁétﬁ@ W’\Q{d%} shgstl‘a‘?estﬁbltehan
the size of the gap 13‘} Pvided y 6, desirably

WT and the second opening (h)) less than 1 (i.e. between zero and 1) is desirable. At that

magnitude a stable height of liquid on the top surface of the substrate W and/or substrate table
WT radially outwardly of the fluid handling structure 100 can be expected. This is illustrated
in Figure 8a. If the velocity v of liquid is increased with the distance h of the second opening
120 from the substrate W remaining constant, a variation in the height of the liquid radially
outwardly from the fluid handling structure 100 can be expected. The change in height of

- liquid starting at the outer surface 108 and moving radially outwardly is first a reduction in
height before an increase in height before a further reduction in height. If the Froude number
is kept below 2 (i.e. between zero and 2) a so called hydraulic jump can be avoided. See
Figure 8b. If the velocity is such that the Froude number isrwell above 2, then a hydraulic
jump is created. A hydraulic jump is illustrated in Figure 8c. This results from the velocity of
liquid exiting the second opening being too high (or the distance h being too low). The
presence of a hydraulic jump can lead to bubble entrapment and break up of the liquid layer
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| ess than the size of the gap 107 divided by 20. Also, it is desirable to
provide the velocity of flow of liquid out of the second opening 120 to be
| ess than three tines the square root of the gravitational constant g

mul tiplied by the size of the gap 107, desirably |less than the square root
of the gdaweitiag) dhdd caboasitadey spoks wiikh efubyn ddTects [ #RnL btalREmBRD, skilifing[ 0073]
Figures 8a-c are cross-sections in the Z direction (i.e. the optical axis)
iIIustré@bﬂ@ﬁe§éhenaticalIy how t he height of liquid radially outwardly of
t he out rface 108 he fl.uid andl i structure 100 can vary .as a
funct i ondWR iy 58 of loph PR A R oA SRt lin it Brasond TR PRSI ng
struct ufRwl9Qigher Mbh ele subfatd\@atiBPwas! PGR i thetHogizoMABdEaE & MY lifuififoude
nunber (which is equal to the velocity of liquid v divided by the square
root of lewi thanatht speed ohdtle wavshst ant g times the di stance between the top

g
surface ubstrate Wand/ or substrate tabl W and _t he_second
openi ng [6)417)55 qﬁg@glgﬁ%ﬁ C%Slﬁb?%getﬁg‘fli‘/\té 5 81y ﬁ‘ﬁa@'j b?@’e%gﬁﬁaﬁﬁéﬁmm t hat
nmagni t udgsigibftBRie hei ght of liquid on the top surface of the substrate W

and/or substrate table W radially outwardly of the fluid handling
st ruct ul@76) ic possthde Exiperctsedhe Mriznias speell v Hiqat educh thaFihg hyéraBlic jubfp t he

velocity v of liquid i.s increase tth the distance h of the second opening
150°F r oltriseun adiidsol S B Rl WOkt dives 1ol paimon PBAL I SePEURbRL of
the |iquy {saiph ;WAL ' ' .;can be
expect ed. Eggzzshgﬁ)ghgdﬁ:\m%\% g 1it>ﬁugt?eggq f“gﬁ?‘g& lsg % qaisrléllaﬂ%y ﬂggﬂ%lig%%%rglﬁﬁg%ﬁ 1étice 108
and novhagllingdiraé¢thne 100tswaind lityno lender ostura Heehvet, iadthid speedheilgbfiorhef farié ann

i ncrease in hei.ght before a rther reduction in height. If the Froude
nurber ese%%%[']{&‘ﬁé}ﬂbg\ﬁa?t@i’l?ég’%w g9me dificuling 2) a so called hydraulic
junp ca : . r : e

Fr oude nmudr?‘g!arp@gég?\g IaP§gE(1)l\1/L§hg{,é s%%ﬁatgh%%?%a&?ég@ 8{%1%6{11?%1‘3%%5&% Q@f aicp

hydr aul bloow amyphdr printiplesifraateatboidimdrit giithe iBentidhiss it dfustrhedf iﬁ@@;&@@e el Oﬁ ity
of liquid exiti t he second openi ng being too high (or the distance

bei ng. ¢ B ReSph oF s i BEWIOE SBROweA R o ariRecihy whetrite bloTe
entrap t r U, L aukd. | . - i . js._can | ead
o dry Sea Ao LE Rty A phdi it ALichipdRE ML A0 15 ARl 0

bubbl esgreetecin)a dif@0dd jovAndd hedntavdyofahe bubstcatd gabdd Whihan isothbaedireohien. a

hydr aul Jrﬁgj unp i s present, the speed of flowis higher than the surface
gravi t y e awy bedlow indhe piher giggctiopnerdhers meaydiopbet he liquid is | ower than

. coeTHOZB] ol SMRE the R Baboy i S0 g SRR SOl AP0 PRF PR decBlC, |
to i ncreasiust e phasinzontir! bullpRewd ahd/bi uidilisvthe Ry fabaih thdsulk Yidniduwntier j unp

to regulate the bulk liquid level and/or reduce wave amplitude and/or reduce wave forces on

the fluid handling structure 100 for other reasons. Flow through the third opening 122 can be
used to adjust the flow rate in a given direction. For example, only those third openings 122
(or only that portions of third opening 122) along a fraction of the periphery of the fluid
handling structure 100 could have liquid extracted through them (or it) in order to reduce the
flow rate of liquid out of that fraction of the periphery.

[0079] As is illustrated in Figure 9a, if the relative positions of the fluid handling structure
100 and substrate table WT are such that the fluid handling structure 100 is in the botiom
right hand quarter of the substrate table WT (as- viewed from above), the flow of fluid
towards the center P of the substrate table WT (and therefore towards the top left hand corner
of the substrate table WT as VieWed from above) is increased over the flow in other
directions. Similarly, if the fluid handling structure 100 is positioned in the center left of the

- substrate table WT as viewed from above (as illustrated in Figure 9b), the flow of liquid out
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only occurs outside of the substrate table WI (i.e. does not occur on top
of the substrate table W), that is, the hydraulic junp illustrated in
Figure 8c is noved radially away fromthe fluid handling structure 100 so
that it no | onger occurs. However, at this speed collection of fluid at
the edgef@fe flui@haidlis rsﬁﬁ&uﬂeﬂ'@b@n Nué@ﬁbnﬁ@&%@ﬂﬁ'rféh’t EMibwed ﬁ@&@bo&é ggyes 9a
and 9b illustrate schematically a plan view of the substrate table W' and
show an@@lgmatqathamnpﬂerdlrrecalnnenbom ment of the invention. As is

illustr irrespective of ositign of the fluid handling structure

100 on i‘?@ﬂl JiR S S “8?“%@%%@5@ W@'Sﬁw%eh\k#e floy e BAARMAL SO qui d

radi al | t ( Il reater
Yf e s‘&@itﬁ'té/taf)lemtcaﬁbé Laned aﬁg}?,ﬁgqg B%ﬁg}%ﬁéﬁl ﬁtl%l?grob\ﬁd ﬂllrf]:‘ﬁﬁﬂ'@ 9

in adirection towards a center rat an 1 n other
di rect i bagllingTFtrectarentdp). neFifbre i uheEémndtobemngiM(bxstspbmstoalvvotslagmmtﬁrmyo not be.
[ 0078] F%gvi%ggrou h the third o en 122 into Lge fluid handling structure
100 can geeniedt gy &Q’anfl%o‘%rsé rPePIRE R 8 PHIRIRY pf sasrrd apfayngs 128 adj ust
the flo d | evel
o L R e e e

handl i nglmlﬂerrlycthgrsecdrﬂa)pfemmngMssaiceﬁecbﬂah thd eoidyegm@ht I32ecah e conegRdi ng
122 can be dt j ust the flowrate in a given direction. For exanple,
only thipget htehlcr%&tYB ’ér‘(i‘%‘t}%’tr&?ﬁ‘? or only that portions of third opening 122)

along a (f(fS@fﬁ“h&@f&)?é i ﬁ'l@ & a%%ﬁlg%st ctLh‘Q?O(? sLih(a%e)i ﬁ@lgnd {de 3% thg%ltﬂy tr%teloo

coul d h iqui extracte ef "1 0 reduce the

fl ow r atadleoWT], llqﬂlﬂdl(ﬁﬂﬂlr@fghttﬂifﬁiecéﬂ@@dlﬁfg 100 dffie: si@&ﬁﬂdpi&@ﬁﬂnt 150G#8lbeAs i's
illustrated in Figure 9a, if the relative positions of the fluid handling
st r uct upigates ghgn élﬁaldsflﬂ% of fyid thrgpghethopecond opering § Hain the Srs segneenh A%R1 i ng

structu nd..qu of. t t abl e
W (as {/jlsré‘;ve\g%b% ?teljrl]lq@}aéove 31§r%29n%1'5%18§1 %qd]gl h% rﬁg{%&\%} lde Hie ce@tﬂe?‘t E?%Jﬁ t he
subst r ateT, tighldefloAF ofeotithé heod SpeirleoMrifl $hd fet §e@ﬂlehtelf5to Widnd gefé8han of the
substrate table W' as viewed from above) is increased over the flowin

other W ?léélpwmﬁofélerﬁﬁmdwenmglg%emﬁmnﬁamn@nﬁ@%tructure 100 is

positio r f bstr vi emed from
above ( Hﬁgé{ér at e Ev‘Eth %S%Y‘Ige@b%e P e[r eli‘yl ]?ulﬁ?lali‘ﬁh&lgc§ W T8 of the
fluid hed ﬁm@gmtdﬁﬂﬂ@ewsegrﬂ;aﬁs 154,356 158G 1 §®The: QUah&Ss h@%fédgﬁib&m@ﬁnd’!h@wecj
from above WI |1 . be greater than in other directions 0] Figures 10-12

i |1 ust reand ppeaing \20imeaiesneagingiio eaghi seamentdand bethied @enfnngZBWOUﬁsnondpugd out

of the be, var agcordin e osition
ar ou_nd éli %}-%nbhan %%ﬁog 4 4686%&?@6. Ptrcfﬁ%‘ S?fioélg Iogerﬂgg, E%(E‘eieté&?g‘%ﬂ openi ng
120 is &ginehtsl mttﬁlstlmmegmtfﬁudﬁﬁmdling structure 100 is in the top right hand corner of

a substrate table WT, liquid flow out of segments 154 and 156 on the left and bottom of the

fluid handling structure 100 would be greater than the flow of fluid out of the other two
segments 158 and 160.

[0083] As will be appreciated, the periphery of the fluid handling structure 100 can be split
into any number of segments and those segments may extend along any fraction of the
periphery. The controller 140 can then control all of the second openings 120 and further
openings 122 according to in which segment they are located.

[0084] A further embodiment is illustrated in Figure 12. In this embodiment the fluid
handling structure 100 or part of the ﬂﬁid handling structure 100 which contains the second
opening 120 is rotatable. In this way the second opening 120 only needs to be provided along
a portion 162 of the periphery of the fluid handling structure 100 (or the density of openings
120 can be increased along a portion 162 of the periphery). .The fluid handling structure 100
or the part of the fluid handling structure 100 can then be rotated such that the greater flow of
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152. Each segnent may conprise one second opening or a plurality of second
openi ngs 120. The second openings 120 associated with the first segnent
150 can be controlled together. Simlarly, the second openings 120
associated with the second segnent 152 can be controlled together. Control

is via tiquidroat bfthe 4tdnd bRASAd 120N &k gk enaxiduhhe td dife@u&%%mghé Eérﬁ'é‘rt ure
100 is in the left hand side of the substrate table WI, liquid f

throughPﬂféhesSé‘b@imﬂe@bdeﬁg 120 of the second segment 152 will be greater
than Ii Iow f.IU|d second o in the first

Segment S5 1 & e BT RG SERIE L0 SPASGRMEnR ¢ he
right hansl e‘férﬁlﬁlt @f a?ﬂ@;&cﬁb’@@s’ié‘ﬁ &nd a@m&tra‘[%nd/bf Slibstack ke Q.H(F(IB BQ@ second

opening 120 in the fitst segnent 150, ML1 be greater than ow out
of the @E&@ﬂdf@p@ﬂrﬂfg and/or SubStl’ikte tfﬂa&:mtchnéeghepltqe‘bﬁan Sj[s&ﬁﬂis]prﬁvxged dhtl shows

t he cas erl hery of theflwdhndlln structure 1 split
into foﬁ}l\ﬁg} ?eﬁ%ﬂmt PREING B0 fé@ace Eroé’é‘%r?efﬁl?% Ogﬁéldof equal
si ze anfofhBe ﬂﬁﬂ%ﬁ&’hr@%%%ﬂlge hEOE QpARSPANALNG rE%?st%%h SRITBM o RN the

third opening 122 corresponding to each segnment) can e controlled
i ndepensient bgtwetn thhdlugklrodting pariturg ad@ heahibdthe, ahdie seeoaégpanﬁgradiaﬂyt hi s

instance,, if t | uid handling structure 100.is in the top right hand
coi ner BfW aad%ﬂﬁ%{%?femgﬂﬁ?&)wpwlqu frtheprogrstion pystay Hoprewd s34losvef 156 on

t he | ef t t t
nan. ¢ i SR pHE st SR e e M e B 988 91 Coaa)

As Wi | | table ragiplleciteteldy of the sypee.i Inhermbollintdne the fliid Haadidhg sm@cﬁﬂrer figtherr € 100

can be split into nber, of segnents and those_ segnments my extend
al ong afRMATSEEE F%fﬁmgle ?%giguﬁéﬁ? 5%?(3 ﬁ*ﬁ@veéﬂwicﬂur gk the t@aﬁmflmwl/eront r ol

all of &B%&ﬁ&%ﬁé{nﬂ@%& ocat e%oﬁ?%%ég'ﬁ &%ﬁ'{gureﬁgg @blﬂ%@ n%\ﬁgfﬂ{l(a dofO 1N

whi ch segnent they are urther e I's | ustrated
i n Fi guthe sd&@nd bpertifg such it dividefidwinp eadiklisi @twbrﬁﬁ}dbﬂthgﬂﬁidrhaﬁﬂluﬂi@stﬂlﬁﬂlr@r part
of the fl U|Pcéimr11 ndl i n tructure 00 whi ch contains the _second_ opening 120

i's rot a8 oigsiEpen iRty Gand . Rssgably §epe provi ded
al ong  nBBliLI@R v hgﬁomgteafggmﬁxgees&&%df g%ﬂgpgmhw%gﬁg hypelihe 100

(or the density of “openi ngs can increa

t he perafpheflyil haiditng ducdrdwetive nga sivstrate uilde. TQiraldly tﬁehsbnﬁanér dah chieol f | UI d
handling structure 100 can then be rotated_ such that the greater fl ow of

19 |i qui 8uto 6#‘]3 1RENERRBHE Ypk Hishy flopan @ shregfton towards ¢ ogpisT Phe substtdfr ect i on

tovar dshiRgs %&S&Eleﬂhan £ 08y ihA%isUbst dﬁv%’eﬁérgme ceﬁl%r of B8 mbstlal ¢ e?@gg rnrbgdl ment, a

fluid handli structure to provi a space
Desirably the controller can control the flow of fluid outside of the fluid handling structure

via the second openings and/or via a third opening which is open to an area surrounding the

- space. Desirably the controller can vary the removal rate of fluid from around a portion of a
periphery of the fluid handling structure. Desirably the controller can control the flow of fluid
through the first opening and through the second opening such that a pressure of fluid in the
space is substantially equal to a pressure of fluid ouiside the space and in an area adjacent the
fluid handling structure. Desirably the controller can control the pressures by varying of flow
rate, and/or flow direction, and/or flow angle. Desirably the second opening is in a surface
which is parallel to a top surface of a substrate or inclined at an angle selected from 0-10°
relative to a plane of the sﬁbstrate and/or substrate table, the surface being closer to the
substrate near to an optical axis of the projection system and further from the optical axis
away from the projection system. Desirably the fluid handling structure is constructed and
arranged such that fluid which has exited the first opening is substantially de-coupled from

fluid which has exited the second fluid opening. In an embodiment the fluid handling
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final elenment of a projection systemand a substrate and/or substrate
table, and (ii) to a top surface of a substrate and/or substrate table not
under the projection systemis provided. The fluid handling structure
conprises a first opening into the space to provide a flowof fluid from
the fl ubtgudtaedivilig cshptiss Weas bfdmng, IR SBAGEhin@bAIAE EPEN tollRuIESH &b tdd ow of
fluid out of the space between the fluid handling structure and the

subst r aswfacgpiths sybtwirpngfiesrbrirateaablanoyundsy thearejessiont systemaPesizablyrtbe at | ve
t i cal.axis of .t jecti temto. i d fl f. fluid
trom ¢ neay iR Sorf b G P ERle Gk S5 B Subt B Erct s Sbatiote lare

and/ or subgkrate table radially outwardly of the space. In an enbodi nent,
the fluid handling structure further conprises a controller configured to
cont r ol {@086] In anerafodimhentdarpimmersiot highdgrapby apprestiunbasaiidser substaetidlyeond

openi ng, si.rabl he controller . is configured to, control the fl ow of

o d ooger adshutadt e Sien s n L RESTHE G v Bulig SRLETRTSS but war di y
of the filidiEniARHuueGrSidbRM B thdas@ phfaghils. PUHABE LdishRlMRRRA @d 2,
desirably of between 0 ar?d 11'.igr Desi rabI3I/) ta%!éég contlr olyl erlscan varft e flow
rat e of bdrtigi ahdauiop efirfadeef s suleatictecsnd fir sgbstiated aldle it betwem 30 pidS0ipam  of t he

fluid handl i tructure relative . to a substrate tabl sirably the
control g?raﬁ?gﬁa BWP?eotPetW?qn&\L/\F SFOnS PrevRg %‘E‘éﬁ%&lbé%fﬁ iaﬁ%‘)g %’ﬁ“@tﬁé%b)feaisﬁ ow in
a di r eclch@ive AR i asﬁﬁ&t&%w&fntﬁeﬁaﬁghg@ttﬁes 1RELE ah&/oggfogﬁg&&ﬂﬂ@n a flow

inadirection away fromthe center o e substrate ta sirably the
cont r ol Desirabhyre woith obthe stvenfl lopening isft ihast gredtaithan @flistahe: bdtweeh thandl i ng
structure .via the second enings and/or  via a third opening which is open
Lo an afReRing P dRaPHEAE Aedbephete Bl Fuige By R, estrergiarelerdham ary  he

removal gik@h& Abidbd By Qo.fm&%@)%%;fﬁgv 2‘?}{3‘9.{?{) %ﬂﬂxi@f)ut%f tRELe. (%}?;egi}{gl g fluid

handl i ng structure.” Desirab l'er can contro ow of fluid
t hr oughthtih @ times she ssperirngt elipdithdéyrthe distanbeottae opchigpethe gutstials ahdvat a
to a pressure of

pressure. of fluid in the, ace i s substantially equal

f1uid o‘i}’tb§‘irﬁ%t#’i?ew§ﬁ’§é‘bg iR Ervigaion ¢ongignk Rspirablna flop) st Hwioyteg

struct %@setﬁﬁégpé}ﬁh%stiﬂ%f er&{df_g_oclg?l_control the pressures by varying of
or ow dire o]

flow rate, tion, an r flow angle. Desirably the second
openi ng[0087]i In aslugherfeadedinadtit chfliid hpadlalg seluctuee @ previds fluidaca tep sidfaseibst r at e

or inclin%d at acp angl e selected fromO-10 relative to anI ane of the
subst r at FO5HHF 87 /%%’gléﬁr%{@ Eblegpt anderereigeiewsissl i gisslosed T he dluithe

substr -l I f i i ther from
the opt  EaESinicRre ol 8h Rlifl bl PR £6h MU RIUHAI A et 1

handl i nepts theuop suréack and e nsitrdliet @coandl flew o AgRIcwE ue thetdpating kalbslatwhi ch has
exited the first opening is substantjially de-coupled from fluid which has

exi t ed FFRICITBEIRG HEEH topaifsagenichokihe sihsgaieriahle thandn pidypeandvavitiog 20
Is;[ ;3?;%[6% c%rﬁéerto[f gl%e' SBEPdit Bk f)egiﬁﬁ)hp e %b&%ng E(})}ﬁpﬁ&§ a%ﬁ‘gﬁt@%f %8érﬁlggs()pe nto

-around a periphery of the fluid handling structure, wherein the controller controls the flow of

fluid out of one or more of the openings according to the opening’s position around the

periphery of the fluid handling structure and according to the position of the fluid handling

- structure relative to the substrate table. Desirably the periphery of the fluid handling structure

is spiit into a plurality of segments, at least one of the segments having opening, flow out of

the opening of each segment being controlled by the controller according to the position of

the fluid handling Structure relative to the substrate table. Desirably the opening is provided at

different densities around a periphery of the fluid handling structure, and the opening is

rotatable around an optical axis of the projection system.
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surface of the substrate and/or substrate table not under the projection
system Desirably the gas opening is connected to a humdified gas source
to provide hum dified gas above the top surface. [0086] In an enbodi nent,
an i mersion |ithography apparatus has, in use, substantially a whole of a
top surf@uss) of a AuwsrbehbaliMeh@h Bndbdiod 1&@@4}@% saNsiRehadid bl d and
conprises a fluid handling structure according Fo t he above paragraph.

Desi r abbybstangipléy ambeletsd evigesirfage of thasubstratetalble and opubstinteaoecred iraflsdbst r at e

and/ or %ubs}isreaie agbglﬁjﬂs bﬁt%een 0 and 250 m  Desirably a distance
bet ween' PRB jsé R HI g SEHEG T é’t"?ﬁi’régré‘ﬁl&/ or substrate table is at
| east f jo089] iME@SerhRigbst 206RDRINER M EMBAGY LohpARd p};&}@cﬁga%&ﬁto% and/ or

substrate table. Desi rably a wdth of the second opening is at |east
gr eat er radigdionantii the tnpceribet elresubstnge oo p substgteanile threuguiostersive liguid/ or

substrate.tabl e djvided by.six, desirabl reater fhan the i stance
qiuvi ded "t thz‘épforﬁ@;\ff'ﬁ%w% bFRNER 0 P et PIPEHJECtE’HtSYﬁ?m@H@%éB Herfopeni ng
i's | esshrbiidn St bfBfmgldte RAYALRIHE g@&&e,gwﬁérgﬁsa Ba\?\]ﬁer‘iif%ﬁeaﬂkﬁ& h%lticﬁfé@e

opening to the substrate and/ or rate table, erein g1s

gr avi t astrwhat resotsthafiow dddijuidabit pi thefshaoy beavenahe flhiditdndlirtg sofuctutdwndsecond

opening.,is jin the rang(;a of 0, 2-_6.0&{)41];1111}[0087] In a further enbodi nent, a
S

fluid hERaPPHE SR Rt Qronisedn i hengilipg stiuqtes raQyidesdkidpntod tRbst r at
and/or subRL bAke shitRaR MQlor YRSKRL T RE ﬁbﬁﬁ{depfhei%‘(gg:&mn' s?.ggrhs cl osed. The

fluid handling structure conprises an opening provide fluid fromthe
flui d hHe&0j pnstihedimers, a deviee hiteficopiunéthod canprists pajédtiak héeam@fcont r ol

flow of fluid out of ‘;tq%ae openilgsg to be at a greater rate in a direction
t owar dstad1aHan Pato adpp spdacs o & Spbate o Bibstaip taole trelighdmmesvionligid hish  t he

center gQf t I I j I lurality
o opent o B AEAR Rl e Lind BB DA o SRR LRERR el &
t he confluidlhaedlinpantictes ahdprofvidivg ofluidfdntt dtpuurfade eftle abstimeandbr t he

openi ngs accor%i to the opening' s position around the periphery of the

fluid haRaraag %Ftn I'rg‘lﬁ SpdeTe RIGCRRICYEEICh dhat A dlopoef fiuidm adirecken fqvdrds a
handl i t i - SR irably th
ot phestpeEpl bl ol 1 b @ blf P H R ABh & o QBEMEA DY LTP ) o

segnent @09 Ht Inlaaaatbodiigentfthé Aeiddegarid Sricaié BEmPRKRL b Mid idndWh@tdudire t he
openi ng_ of each :segl_rrent being controlled by the controller according to the
posi t i of§T 81 mupgsion|liheerapine prnatay, thediuid bandlingstryeturegn uedefufrg # snase t abl e.

Dost 1 a0kt L, (RRLAMRaPRON SRGAL ool hET 800 ASISLYLER, B QU

a
peri ph I'ng Structure, the ope gis ot at abl e
around sumcopd caapristngd Ssipfact (et PEMice ah bRer S)tEHce BF the FlidR8Ring struatukd)fat her

enbodi nent, an imersion |ithography apparatus that has, in use,
barrier positioned between the outer sur?ace anc? the space, an opening defined in the outer
surface, the opening configured to supply immersion fluid to a top surface of a surface of a
substrate table and/or a substrate, radially outward of the space, wherein the barrier is
configured to resist immersion fluid from flowing into the spacé. Desirably the fiuid hahdling
structure further comprises an inner opening defined in an inner surface of the fluid handling
structure, the inner opening configured to supply immersion fluid into the space, the fluid
handling structure confining to the space the immersion fluid supplied to the space. Desirably
the barrier is configured to restrict/resist immersion fluid supplied to the space from flowing
radially outwardly out of the space between the barrier and the substrate and/or substrate

~ table.

[0092] Although specific reference may be made in this text to the use of lithographic
apparatus in the manufacture of ICs, it should be understood that the lithographic apparatus

described herein may have other applications, such as the manufacture of integrated optical
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substantially a whole of a top surface of the substrate table and a
substrate covered in fluid, conprises the fluid handling structure of the
above paragraph. [0089] In an enbodi nent, a device manufacturing nethod
conprises projecting a beamof radiation onto the top surface of a

subst r atgstans, guislixetandidetetadal gatfehisdoghagione dsnam hérgoriet, fladpaebl displpyspvi ded
to a sp%ce between a final elenent of a projection systemand the substrate

t hr ough iguitorystal gisplayvn L CPs)athin-fiira magnetiq hrgds et dheplalledwrtisan willa barri er of

the flui i I ' -the f.low of 1iquid out of the, space
pet ween TREAHE dheip ¢ FHEBL O e LR RS AuN ol By b Y P LB
openi ng*“dia” hdreinfrhati sk doasidbied@s SinoHghbiewilk e H6S gbhdthlde@it ‘Quistia®P orsur f ace
of the substrate and/or substrate table not under the projection system

[0090] [tAreshr@Hpedisseettively. dbe substrataefered torhanin may he drasessodi bedere pr oj ect i ng
b i at i t f f. bst sybstrate tabl
© hr oagnaer PR, P For ARURPER o BBk PAToRPEG: Sais P A Aot Rud 08 { T

el ement suifstrate @h@ﬂ@&‘eﬁcg@ MhS¥losD 1816k L ReBHBSE f0dt Srdt & indpettich DN WHeRg
structure, and EFOVI ing a fluid onto a top surface of the substrate and/or

subst r atrplicallp.dhpdisclasire hemsingnay beanpbind sy stchrand other sbatrata pfdcossingftoblsui d i n

a direct] t.owards a center of .the substrate table is greater than in a
Gi rect | byt AR e S g TR (Br BB RO TG SRR hand! | ng
Struct UpRItERFRIICS 86 1Hat b Wrth HBBEHE D& AHeFdis bk AlsorMer Rk JuBBRI:S H@Palready

| i t hographic apparatus, the fluid handling structure in use defining a

space @uxXaleERUbiphT BPeess¢dlayeyst em and a substrate and/or the substrate
t abl e, fluid handli , Structure rising a suyrface that defines an

out er s@pﬁ ?é]ctheoﬁe”P%era?’iaﬁ&H dn dFag ‘éﬁeﬁ%@n%ﬁ'}‘ gheo _Paﬁaa:fl_r%‘?s PEECHPHARS ISt ween
the out @EiaGYH fiAAEdiap Qlltiéé%ﬁﬂ@tqulé)‘ rafitiRRER H&lvillqgé Waeleddih bH&: a‘%ﬂ?@%i g?ﬁ,;ace, -

t he openin? configured to supply immersion flurd to a top surface

sur f acel B 187 os1dgsnmh{lde teal ‘dersidiimre theswbtsikt atoays, magireftd tp aopbwaod of t he
space, wherein the barrier i.s .configured to, resist imersion fluid from

1 owi hg g On ! SRR RSsaif PRIA) ComBOanE tnefih ﬁeﬁ‘acﬂvgtap EHFOEVS ur t her
conpri s@sicalncoripagéni9peni ng defined in an inner surface of the fluid
handling structure, the inner opening configured to supply inmrersion fluid
i nt o t hi@0%HaWhijle spesifid emlobdiments bf thg istention hawe wenflesstibgl dlwveHewdlphee t he
imrersion fluid. s lied.to the space., Desirab] the barrier is configured
to restarPPE%Cia?f‘éﬁtP%tﬁR? HIERUSHRAY PP C%%?ﬂmﬂileéwsceah%ﬂr?é %%@@d-ﬁ% IR

radi al |y @UHaigl ook 19 SNEOPARE: DRLUREb ARG HES ubstrate
and/ or substrafg tabl e. [0095] %ﬁ?%ougﬁﬁgg%c I C Pefgén ce‘%&%ﬂ e nmade in
thi s t exyudnoes dfenachincatadabicinginagibhcdesappiag atmghédastdiglosahab@ct oo eneafr | Cs,
it should be understood that the kgéhographic appar atus, described herein
may haVBOGCABSIYR e & seyjepndystor Memegr magaetis e grticakfigghaviéd opt i cal

such one or more computer program stored therein. The one or more different controllers
referred to herein may be operable when the one or more computer programs are read by one
or more computer processors located within at least one component of the lithographic
apparatus. One or more processors are configured to communicate with the at least one of the
controllers; thereby the controller(s) operate according the machine readable instructions of
one oOr more computer programs.

[0095] One or more embodiments of the invention may be applied to any immersion
lithography apparatus, in particular, but not exclusively, those types mentioned above and
whether the immersion liquid is provided in the form of a bath, only on a localized surface
area of the substrate, or is unconfined. In an uncoﬁﬁned arrangement, the immersion liguid
may flow over the surface of the substrate and/or substrate table so that substantially the

entire uncovered surface of the substrate table and/or substrate is wetted. In such an
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22 systens, guidance and detection patterns for magnetic domain nenories,

fl at-panel displays, liquid-crystal displays (LCDs), thin-filmmagnetic
heads, etc. The skilled artisan will appreciate that, in the cont ext of

such alternative applications, any use of the terns "wafer” or "die"

herei n mAynbised nGERRNGYs1BS, ﬁ])éﬂ‘@ﬂl\d@jdﬁly\@%@tantnﬁ@ LG ARARY AmérSioiFluid
"substrate" or "target portion respectivel The substrate referred to
herein ﬁﬁgﬁ ntﬁém@‘aé@ggmoﬂm@qumn@rsmmlﬁqm C@)fpl@mnfebuﬂn@tﬁmstaema]ﬂupl e a track

(a tooI ete ge erﬁ gﬁ’% .les a I? er, of resist to a substrate and
devel ops e ex% adgert oS fesmezsion iAo oy t ool and/or an i nspection tool .
Wiere  prmgk] aakfed sidps dhel AUhRnpeRE] ﬁlar@iﬁléh&ﬁd BOBldagL cbﬁstﬁtéahmac@ﬂ it her
substrate processing tools. Further, the substrate may be processe%1 nor e
t han on@@bodlmeﬂéxﬁmw@elann@hdmsmtom combaagomof smmulcturesltw@lrom@s adiquidhiata t he

term substr te us her ei n ef er to strate that already
cont ai n&4 ?MSF%ﬁ'ﬁrpé‘(yg%téoélcfyf thﬁ[ %’%@%‘}te Ortsé‘ sEate fabler Kmay poniprige « peant

used heg 8bAbRAGADASR Rl éytﬂﬁ;%x g 6%6%'1?{8{? I ng

ultraviolet (UV) radiati oorlt %gv%: ng a wave %flll&% ﬁﬁggf@tpké;%agﬁltl@%ﬁgg 248,

193, 15¢r mprelgas onilety, ana‘floeonaemmndﬂedmgtfd omhesrthattﬁnQVIct@hcqte&to thlelspag, Iy 1 ef er
conbi.nati.gn of various types of optical conponents,

to any on

i ncl udi ﬂag?cgwlé%?ls\}réacﬁﬁ’é SPRERX Be 2 pytipe 8f thes ferng/or spipryafe toiled &

speci fi i will be
R i e o S KA

descr i behe Fmce exagrephaop tHeesubstnmthmmuhﬂmtd takle. Thelidudd sapply 9sRrOMayrOr €

conmput er pro contai ning one or nore sequences . of nachine-readabl e
i nst r ucRt @H@l%ﬂg'ré%te © Qne% MO eigmemt%@ wuEel the pesition qUYKHEY.lualitypr e dat a

storageshggglﬂgml(age& E%Eﬂe‘P%ﬁH&t(ﬁﬂhé"ﬁngy magnetic or optical disk) having
such one or nore conplUter programsto therein. The one or nore different

cont r ol j089% Theedeseripgibnt abdverags imtendyd bebooiplasiediive, b Emitife TONE iowilNgy e

conput er ro rans are read by one _or nore conputer processors |ocated

Wi t hi n A0PReR @tonaﬁg iled iy éﬁtthfttﬁnth@cqtmﬁ@gmgmaéet fgw‘@pﬁ@n agypscihednor e
proces I he at | east one of the
controls\f;’irg?osu%1 erlg%{f&t[{ﬁgéj%ég ro{ﬁ%&%@?geﬁﬁﬁg{]e&accordl ng the machi ne
readabl e instructions of one or nore conputer prograns. [0095] One or nore
enbodi nents of the invention may be applied to any imersion |ithography
apparatus, in particular, but not exclusively, those types nentioned above
and whether the imersion liquid is provided in the formof a bath, only
on a localized surface area of the substrate, or is unconfined. In an
unconfined arrangenent, the imersion |iquid
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may flow over the surface of the substrate and/or substrate table so that
substantially the entire uncovered surface of the substrate table and/or
substrate is wetted. In such an 23 unconfined i nmrersion system the liquid
supply system nmay not confine the imersion fluid or it may provide a
proportion of imersion liquid confirpamesst, but not substantially conplete
confinenent of the imrersion liquid. [0096] A |liquid supply system as
contenpl ated herein should be broadly construed. In certain enbodi nents,

to o shace BOUGONCTRESHHafaePraney Buivih Bt bt o

subst r ap@jdolbh Systdnt aktPy sUbRHRE k@ or AbSEAR kAR, hAd(i0fo @) QkfaBDEL: RibSHAE UT es,
one or nore liquid inlets, one or nore gas inlets, one or nore gas

out | et sand&rdiubstrapmiebleradialbeoutivaul of theispaet, she fiet! handlingdgruttugpuicthrsinghe

space. In an__.enbodinent,.a surface of the space nay be a portion of the
substrate andfBy OB L&tgeﬁ?ﬁ?feé‘? p’ES’P“({eé‘fg‘lW?gﬁ'éﬁé‘for‘%/H’@%g’b%ﬁ@d § conpletely
cover astamidraffo He shit@; substrate and/or substrate table, or the space may
envel op the substrate and/or substrate table. The |iquid supply system may
optional |y fabarhertoireststdlde dfifbrid putnafitee slacerbeitvsert the dlont raakdlibg srpbstt | on,

quantity,.  guality, shape, flow rate or any other features of the |iquid.
[0097] %Qetﬂ%@%béwtﬁﬁmgns above are intended to be illustrative, not

limting. Thiscohd oﬁgniﬂg, %iﬂl@%ﬁﬁﬁﬂ%f‘ Hﬁ&ﬂ%r?&htll\!'eetgag% Et}f%ﬁ'.aﬁ']{:%tof frhat .
nmodi fications nmay be nade to"the Invention as descri eB wi t hout departing
f r om t heopcipesysfent, hepovaie mslaeof Huitl flvet te.flu2Bh@dihyBrudture oAtofd topd handl i ng

structure. configured to ovide flyid to (i) a space between a projection
syst emsé‘ﬁfﬁcea(’trsthg§‘fl?sgf‘t8 avar wbsggtﬁg%ﬂl%{agzatlé{gp@yaréHgﬁ(zismcet o a top surface of
a substrate and/or substrate table radially outward of the space, the
fluid handling structure conprising: a first opening into the space to

provi de.a f | Bw fbfid hindlidg Stroctutehd cldimi 1d firdedbomprisisg 4 cadttrolier ¢anifiguteac space;

a barrier to res%ét.fIOM/ﬁ% quid_out(gfighe space hetween the fluid
handl i rgmEeiHiey of Buidgrfiot e figstiopening and/grife socoad BR#BDeni ng, radial | y
outward of the barrier relative to an optical axis of the projection
system to provide a flow of fluid fromthe fluid handling structure onto a
top subf acelteffluitbarsiling srattercarfdlaim 2s whsieirathe comtblller isadnfphngd outoradot of

t he space. % .The fluid handling structure of claim 1, further_ conprising a
cont ro?ffo&o % io&hw{_}ge pesond opening such that fluid flowing radially outwardly of the fluid

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

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

handling structure relative to a substrate table.

5. The fluid handling structure of claim 4, wherein the controller is configured to control
flow out of the second opening such that a flow in a direction towards a center of a substrate

table is greater than a flow in a direction away from the center of the substrate table.

6. The fluid handling structure of any one of claims 2-5, wherein the controller is
-configured to control flow of fluid outside of the fluid handling structure via the second
opening and/or via a third opening which is open to an area surrounding the space.

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

25




control flow of fluid out of the first opening and/or the second opening.
3. The fluid handling structure of claim2, wherein the controller is
configured to control flow of fluid out of the second opening such that
fluid flowng radially outwardly of the fluid handling structure has a
Froude therbeovafratb ef fleidfrdin andnd a pdeinfodlalpgriperp el the €iniOhaadind strkturd he
fluid handling structure of claim2 or claim3, wherein the controller is
configured to vary a flowrate of fluid out of the second opening
dependept up NQS| kit f L ui ndl 4 tructure relative to a
substrage 1 ap B iR AR Bt G dayithE o PRI AP B b Yo R &7 e

cont r ol t@ffighsedao obitgn) flod ¢faGd tirewdh thé FigsopsHinind th@ugk arRndcsitipeniggsuch
that a flowin a direction towards a center of a substrate table is

gr eat er Stchdbat 2 pressyie iof iddn thectpaemis subsjantiebyrequad tce preesuradt fitid ovtgisist r at e
tabl e. Ui -1 D) tructure,.of any gne of clainms 2-5, wherein

t he con@?éﬁ%r&‘%?{g&%ﬁéj%ﬁ?@h et e s Pl o outsi de of the fluid
handl i ng structure via the second opening and/or via a third opening which
is open to an area surrounding the space. 7. The fluid handling structure
of claith 6, Weeelddhadmeconetnr dalaims, odwfdiythesdntrelley &y gonfigaret fte comdroby al

rate of ,fl uid from around:a portion a.per.i pher f the, fluid handling
struct ure? Hésg'fre e Y E agﬂg‘f‘{&ﬁeh %éqrﬁ%\f QIIF%U@?’ agﬂ)ér glﬂg Bl ai s 2-7,
wherein the controller is configured to control flow of fluid through the

first openi n_? and through the second opening such that a pressure of fluid
in the L)Opace hesflgdbenddmgistnetyresrfway onoobthp pesseding claimd, mietkim thesechmd t he

din. dj t the fluid handl ] t t .,9. The fluid
handl i g BPRISHLTTRRE hichir Rereliflas aite wREC ol Sbpres SR oraiRta Bl 1o
cont r ol or ihdlfhel hﬁéﬁwfgﬁsemétédﬁdfﬁ 001 (O e hti o ladishe AR s%}bs&dt@%cgi)ﬂ' KSR,

and/ or flow angle. The fluid handling structure of any one of the

pr ecedi talectha surface ihisg slaset fodhs abotmate anglensubstrits table zeas tor Fraemicakrixitofi s

par al | to.a.top.surfa f supstrate and/ or _ substrate .table or

Phett nate bbiduoRRyTeh off BithenfeRiht oodel il e SieP DI Srterme
substrate and/or substrate table, the surface being closer to the substrate
and/or substrate table near to an optical axis of j the projection system
and furklher Thedid henddipgistadturexif anpwayof the precbding clojres; ihereisthstfad  11. The

fluid | i t f h i | ai 5, Wwh inth
flutd TR athes Gepifedhd ARh PRI ahETaR EREE BF 6% Shftiehas exi 1 od
the fi rsabsmanyug-cbﬁpmﬁ!eﬁltmai“ﬁﬁé%a@._%xﬁ%le?&oka@m&J)wnﬂl whi ch has exited

the second fluid opening. 12. The fluid handling structureg' of any one of
the preceding clainms, further conprising a gas opening, the gas opening

bei n en l4quid an the top_surface. of the substrate and/ or
9 98 Lﬂle fiu%lhand%ng S cture%f any one of tlcl)e preceding glallms, her comprising a
gas opening, the gas opening being open to liquid on the top surface of the substrate and/or

substrate table radially outward of the space.

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

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

14, Animmersion lithography apparatus in which, in use, substantially a whole of a top
surface of a substrate table and a substrate is covered in fluid, the apparatus comprising a

fluid handling structure of any one of the preceding claims.

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

barrier and a top surface of a substrate and/or substrate table is between 50 and 250 wm.
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substrate table radially outward of the space. 13. The fluid handling
structure of claim 12, wherein the gas opening is connected to a
hum di fi ed gas source and configured to provide hum dified gas above the
top surface. 14. An inmmersion |ithography apparatus in which, in use,
substantially a whole of a top surface of a substrate table and a
substrate is covered in fluid, the apparatus conprising a fluid handling

structure of .any one. of recedin I. Isi
li t hogr égh @5%5’?‘5{3{%’ 13%‘0%? lﬁ?ﬁpffat‘gﬁnfgfj Zq“ir’T?BI %.C?E%ngw B (ﬁntiﬂFF& barri er
and a t optvdh HRGRcAK dpediHBahd BleQuBdtinddi RIHattat1aR! & 14a3r PRIME&NHS0 and
250 gm 26 16. The imersion |ithographic apparatus of claim 14 or claim
15, whedtancabeivsenthe darrivennbn stbsratrendfod sdpenierigbland t he substrate and/ or
substrate table is at least five times the distance between the barrier
and the substrate and/or substrate table. 17. The imersion |ithographic
appar at gg, of Tﬁé\i&nﬁ@ﬁldﬁfhtﬁdg@hﬁﬁc diftrateus AL Bhdofel N B- 10 whildfh SEEANES
opening is at |least greater than a di stance between the opening and the
subst r athe seeand/apenisg st leasegreatbi tharda disthede batweénthe dpsun@iuidythg seatrete t han
t he di st anc i.vided by .20, 18. nmer Si |t ap paratus of any
one of @cgfnh%l itﬁatit?gle\/%‘é‘ﬁ‘é‘il By sixs GSWMW greater ﬁ&?“é‘?e 1p ‘ﬁﬂ‘g %l?y f(i]e second
opening is less than 3 tines the square root of times the distance of
the opening to the substrate and/or substrate table, wherein g is the
gravi t at 8.onalthe i:mnsrsiamtlithc@aphi'dr@piammnﬂ iarmoﬂld ¢frebgma jhi 16, azbﬂa'rnaat fiswof any
one of Chalgﬁfék¥% reln flow.r of fluid out of e secog
openi ng*7'895&} gty FHE %Pr?@’élgd? eés a3 Gigsinthexguarg rf"i’tlﬂ & W6idhS ng
St uct UniRandf bR ids o PO et bt Bt hBsPuORBREWRBIHFER 1B ROFARhAON
system and a substrate and to a top surtface o substtate and/ or substrate
t abl e remiswnt.y outward of the space, the fluid handling structure
conprising: an opening to provide fluid fromthe fluid handling structure
onto the top surface; and a controller configured to control a flow of
fluid o of d rds a
center géf t hgﬁés.liﬁrgg%}fﬁg? gﬂ%ogga[pg?ct%i{%ﬁ?% a@%ﬁérgcc%fl%gagmg%q Sf ?Vgﬁgﬁhaoﬂbvp er of
t he substflhad eut aflthesec@dd opmirignineelsitahfrbintthognapbf0.246alpat. us i n whi ch, in
use, substantially a whole of a top surface of a substrate table and a
Substrate is covered in fluid, the apparatus conprising a fluid handling
struct of o I ; ] I met hod
corpri 51 g B o L PR sl oA o oviG 8 (T LR HIRRA A FhefELilA

system and a substrate and to a top surface of a substrate and/or substrate table radially

outward of the space, the fluid handling structure comprising:
an opening to provide fluid from the fluid handling structure onto the top surface; and
a controller configured to control a flow of fluid out of the opening to be at a greater
rate n a direction towards a center of the substrate table than in a direction away from the

center of the substrate table.

21. Animmersion lithography apparatus in which, in use, substantially a whole of a top
surface of a substrate table and a substrate is covered in fluid, the apparatus comprising a

fluid handling structure of any one of the claims 20-23.

22. A device manufacturing method comprising projecting a beam of radiation onto a top
surface of a substrate on a substrate table through immersion liquid which is provided to a
space between a projection system and the substrate through a first opening of a fluid |

handling structure, wherein a barrier of the fluid handling structure resists flow of liquid out
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surface of a substrate on a substrate table through imersion |iquid which
is provided to a space between a projection systemand the substrate
through a first opening of a fluid handling structure, wherein a barrier
of the fluid handling structure resists flow of liquid out 27 of the space

bet ween t e fluid, han cture and th bstrate and second openin
in the %I Sé’aﬁéal??mﬁﬁéhgﬁﬁ@?ﬂ x SRt thes SH#@@miaﬁ%n QPERSINGf pt hia ]
subst r atge ﬁﬁid/h@ﬁdzﬁig@ﬁ%ﬁtf@pmﬁapé Buifi %ﬁ!o%l b sex'fﬁeé/%rf%e%bét&?e gub&%t

devi ce manufacturing nethod conprising projecting a beam o Iration onto
a top dahl¢ mdallyfoutwadoftheapareon a substrate table through |nnersion liquid
which is provided to a space between a projection systemand the substrate
by a fluid handling structure, and providing a fluid onto a top surface of

the subsgrate @éWe%arﬁifMﬁr%trﬁetﬁ@cpé&nﬂr‘?sﬂ{%gr@éc YBLth t?ff ra 15#&1 8‘%??% uch

that a flow of fluid in a direction towards a ce ter o e substra tabl e
is gr eatnéalcetolﬁ arsubstrate whi a aﬁnsurneltabifmrdugb mmhiesmﬂmlﬁd whi2hh is grobided ¢ handl i ng
structure f an i mrersjon I|thog C appa gtus the fluid handling

st ruct urke eﬂ%eéndé’f‘?J ARG Systep R s, Biddwndlyig sbpetupsantd a
substr a&aﬁbvﬁﬂlﬁé Q'ﬂufcﬂﬁxto 2 stulii%ff*c?ofttﬁ@ gﬁstr&@%n&/o%&s@ﬁ@ @Jfb'lé}%dl%;l? léw'fﬁ%(? of

conprising: a surface that defines an outer surtace o andi ng
st ruct utle; spacw s(uphathang fldefdfrilmi inra diteetiowtosvardsr dedee pf thoQuiiiare tmlgeﬁ:s)nf i gured
to supp:gé1a qw_ to,a top surfac?ﬁof a surface of a substrate table and/or
a subst Bdn aApgetsganay drog thegentehace:  and a barrier positioned
bet ween the outer surface and the space, the barrier configured to resist
the fluid fromflowing into the space. 28

24. A fluid handling structure for an immersion lithographic apparatus, the fluid handling

structure in use defining a space between a projection system and a substrate and/or the
substrate table, the fluid handling structure comprising:

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

an opening defined in the outer surface, the opening configured to supply fluid to a
top surface of a surface of a substrate table and/or a substrate, radially outward of the space;
and

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

resist the fluid from flowing into the space.
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