Fluid Handling Structure, Lithographic Apparatus and Devi ce Manufacturing
Met hod Field 100011 The present ipvention relates.to a fluid handling
structure, a Iithograz‘ﬁ'i“@ lgﬁlb@f%ﬁ%sruﬁ e’gt ‘i’%‘aﬁfc PRAMI¥Sct uri ng a devi ce.
Backgr ound [0002] A |ithOQﬁ@Eﬂkﬁe@H@ﬁﬁﬁkHﬁiﬁéWﬁnH@&hi”e that applies a
desired pattern onto a substrate, usually onto a target portion of the

substrate. A |ithographic apparatus can be used, for exanple, in the

manuf acture of integrated circuits (1Cs). In that instance, a patterning
devi ce, Kigldch is alternatively referred to as a mask or a reticle, may be used
to gener i it - - e r Lndi vi: r he | C
o Somr BT S pRRLS Rk B QTR SR8 kgt e 1

of , one,angrarﬁ@m@(ﬂmrlﬁg@ﬁ“}wtgﬂn@aamsé,rate (e.g. a silicon wafer). Transfer of
the pattern is typically via inmaging onto a |layer of radiation-sensitive

material (resist) provided on the substrate. In general, a single substrate

w | | cogt al(n a n!etvvork of adjacent target portions that are successively
patt er ned< | i t hographi ¢ apparatus include so-called steppers, in which

each tar POF:tH 1S | j : i Ng: i he
B R A AL S o
porti onuksaliyramcnadrget faytise aftherngbitiaee. patittepraphiy appahutas caadicatse@nfobeam i n a
given direction (the "scanning"-direction) while synchronously scanning the
subst r aesappleain tap nymnuaetyre phrdedraled ccnii dCal e draf sutanre, 4 patigog govise:bl e to

transfer .the pattern from:¢t atternin evice t.o the substrate.by. inprinting
the pat AT BTG EHac S aR B f B DS RN SRR S3F S SRS s ob ¢ ne
substr athtérﬁ_t& BE férntdaags ADG/iBEP186F bOMeACPRAARIR el bad HoltfikRravhRga a
relatively high refractive index, é€.g. water, so as to fill a space between

t he fi n&drgelpentont (eof. colmpripimg pacttdfpmes s serrdAnides) be asubstatafeg. ditkcdn quid is

desirably distilled ter, alt ho,ugﬁ ot her liquids _can he used. An enbodi nent
of the prRE&sbiranstgefttngRatigm s Waicdey ¥ IFEENG 9HO Rdrvsy ehEEtI-Seastie However ,

h f i i , H | . . 1 i i bl
ot r A (TR 5, L ORI BaF L0 9 MBAL LI Ly goormr eosi Bl e

r ef r act hmeokingexdjhdran tabgdt§lorti dlsUh &t Xedcughi vy Fa%ﬁe@n@lowﬁﬂh@gﬂaghicy desired.
The point of this is to enable inaging of snaller features since the exposure

radi at i appawiths inchude sa-aibled siepparanieIvenght badhrfatgeepoitiguiislirradidied by feptsing art he

liquid may al so be regarded as increasing the effective nunerical erture
(NA) of Hile PajepaRiaid aiesorier éh%%@mﬁh@dosébﬁfe? Scanners, in Which cach tariset

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. The liquid is desirably distilled
water, although other liquids 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 desired.
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 increasing the depth
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of focus.) O her imersion |iquids have been proposed, including water with

solid parddcl rt.z). . ended therein, ;of a |jqui. hth a.
mano- partigre oS fur SRRy S ERERE IR TGl SR B Bide (o 10
nm . Theesugpangedseaiéd Glsn, Y 1RfuITWLhRATanbPERiRe SisPbAddn @f&.tpﬁﬁi&@eri_th
refractive index as the liquid in which they are suspended. her |iquids

whi ch maymbensui tiahérsicard uw tyldrmoekrlbeysrsodd pasticles saraywaniay mnbdAiora a

f I uor ohydr gcar bon, and .an _.aqueous sol ution. [0004] Subnersing the substrate or
SUbat ¢ AREM D S PatE s BeH s SO v D SearTeai G ¢ e
States paf ha?qye sHieate gﬁaga BB SultPM arf D6FG1L §n@/%{']§'flggrolﬁgg%cglfbo I quid

t hat nust be accel erate uring a scéanni ng exposure. I'S requlres additional

or nor e apdwrnbutoussbutisnand turbul ence in the liquid nmay | ead to undesirable
and unpredictable effects. [0005] In an inmersion apparatus, imersion |iquid

i s handll@¥4Suhrarsing theamm@btratg os sastaicond apbdrase @hle inm tuyth ehbeodi feast farhe 1 ui d
handl i ng_syste ply i ionJduid and . therefore be .a fluid supply
Cyot em SRRl CRIGH S TARPA L TP U Tkt g Ll ieRad Damieitev e b ng

t her eby (D nfust belhebef@Rbl REABRL sSHPhARx poBuNTRABAL B Al dkiBRall drthékehandl i ng
system may provide a barrier to fluid and thereby be a barrier nenber. In an
enbodi npotvetthembtars dndaunblbleme s yisd Baguidayaycleadtoeurnlesivgde and tigwedikctablaui d (such
as gas), for exanple to help in handling liquid. In an enbodi ment, i mersion

li qui d RESHe used as the immersion fluid. I'n that case, the fluid handling
system L i qui l.i.ng .system .. [ 00 of 4£h [;an nt s
proposed | és P? %rgn é&ﬁ}%asg?%%%ﬁ%]ly 1121%5%6{%1%1 %18{]%#%\%@?%ﬁif}&ll(gﬁg%d;%ﬁn§%§gfgrgccgl i zed
area of aﬁﬂh@a‘cﬁb‘.hﬁbﬁ%h%o@ﬁﬂeﬂtﬁh@ﬁhm&ﬂdﬁgﬁ sfstdRm B ﬁ?ﬁl@tinﬁﬁerﬁbﬁ fRAPhESL I ON
system and the substrate using a |liquid confinenment System (the substrate
gener al therdfare tee 4 Anigeupglyrsiysice. &r emcmhadintene thei thad hehdmedyseh whg cpnbpect i on

t ! ich b d t f his is discl di
B o S LRD A BT Ge R Tk B S ur
2 and 3 L.oui: 6. | j i I - e,
prefer a]%]lagba cl)%%él t56 ﬁlzfég?drggﬁ%%ﬁ t%%re%ggé%rg% 5?@@%“3@@2&%@@5?2@?% o the

final ehebing syasd hey crefe\vedsdy fldty dfERst (and a0ghd)etor@dimaid ©rhel@in ng passed

under the ?r ojection system That is, as the substrate is scanned beneath the
el ementhdgndliag liqui. feen pohodiniapi itmersion piguidaiazbe uked asthsiimmestion Aeidklenent

and taken u he, - X side. Figure 2 shows t arrangenment schematically in
whi ch |‘?‘ah‘fage’ﬁi;e?&b‘bﬁ‘%‘@i‘“&isﬁﬁ?‘m & b B “5@%?»‘/5?% on the other side of the
el ement b S (U aNDL 6B Sr&RRBERL B o | id gyt he
R et e o e A R R ) SR T
moveneninlph lédatizedibeh pétie subkiadte ved iiobétheet thrafina lcbmedit of tHequgfectibihn s does not

need to be the case. The direction of flow 2 for exanple of supply and
r emovalsysiem alihe sebitsigpsinga lidhidetondingment $ystemafibe agrsste goneradlydes pat e are

shown t he arrows. . Vari ods . orientations and nunbers of in-_and.out-lets

osi t1 tiad Sl a B echi®y Rsit BLIE BolEh el S REHE Deatdbi wPRE bt &t ea
i n Fi gygpoketi fo Wihgde foPtis Bedisci&fedan PIA Bt dpplidkti AYSlRica@dh £ tWey side arc
provided in a regular pattern around the final elenment. The supply and renoval
of t he 9%4AH0d. Akilburyhtadhe Higiret 8 aadd, bgtides suppdictd ihgiat &tasidorwyinkat INweito tHe00073
Figure 4 schematjcally depicts an exenplary |iquid supply systemfor use in a
it hogrsabﬁraéew%ﬁe@%ﬂy HAng HratiERcien of Jrieaichgot @eéﬁb%%%fﬁ¥%mt0éhe A& present

i nventi jquid. | l4i Lnl. N i .S of the
prof eceranery i rHpb SR TG b QOB hNiE B oG WP BEWPLED

ar r angggkste@diTahd iy, fubsaistinitedt sthell Bedsh tHY. cldhentdhhest Upsctvn, ligaidid fl ow
through the inlets and outlets, as well as the relative notion of a substrate

suppor syprlied a tleanXisyderfrtboslemant e tadrb odiatthet—0kidei Giguee 2 shdawd dies | N and
outlets QUT ar rranged within a plate having .a hole through which a beam of
i ot ABseo o R aray iyt b B tebi ey Ronie Sp0e: PHESEPIR R one i de
of the i j s of i i screte.outlets
R e N e T L
t hi n f illustrafioh b Highrd2 theekduit hesypplied atdn@rths Migt@ionRif raoekhdig oftle) @bkiraie system
PL. The choice of a conbination of inlet IN and outlets OUT incorporated

wi t hi nrel#ieve todhe dnshglpmgnts (hopahtlis dosepetmeed o bhthegasecThodirestioroniehetit of t he
substrate W (the other conbination of ibnlet IN and outlets OUT being

i nactive). [0008] In European patent application publication no. EP 1420300
and United States patent application publication no. US 2004-0136494, each
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[ 0009] PCT patent application publication no. WO 2005/ 064405 di scl oses an all
t t. in which the i i liquid.i. fined, | h t
Subst antPa TGRS, AHGTE e AT SEEEH trhees Dsutie s el Ea0e el IS quie,

Thi's may,he ALYRNBIAPSHOGENS VIR bM& MRk and ARmBEI AGE- Ald Jligegubstrate
is exposed to the substantially sanme conditions. This has an advantage for

t enper atposiioaod broohd Andfip] ebassit ag pfssibhe oseibstmEt & illustrWG] 2080631405, a

| iquid supply system praovides liquid tqo the gap between the final elenent of
the projddeh BRGS0 A aHE YRl a8 gHdetron @therpid arg pyaviged &n ar¢sedatier eak over
t he remyi r S t . ' t;:the e f . ubstrate table
or vent SRS ESoTAPPES dBEURNG aof RSHARE RAEE 0 RENE B PSR,

sur f ace jofndidaeedsiibgsidad.e table in a controlled way. Al though such a system may
i nprove tenperature control and processing of the substrate, evaporation of
t he i 9@ 79 Figurgdi sshematictlyldepistscur exe@mdarwaiguat supblyesyisten fig ushat a probl em i s

described in United States patent lication publication no.. US 2006/ 119809
i R et P ecTioR Gyt vt B Lo e B tir At SFAPRTIIEET (o808t L1 ons
and whi ¢h,.is: i i 4L O i i d the
fop our fuidis BERARAGH, &8 ABKR WIFEN bRt BRI HEEP kb BE  Fate.
[0010] tdémoeeddnsd plabdiey bodisereaddirlctsoOMaY arrifedsudislly atitvadlyffshe adetpOssi bl e

bel ow t he projection sgst em For this, the ltléegm d confinement systemor fluid
hand! i nghedieeinn eldpyped Apwihfanghdhe wdels pedauttgteasialias thardativrgmetier ehg shoul d
be designed to allow a high rate of scanni.ng.notiaqn.w thout significant liquid
"oss or oy BRO SR aBbPLeY Brfu s 1EEET AR Pl T e S hd Mot iR

Mot | ONSOLANR&rRABEEPHIEMH Ablaft IEhASL RblcThiTubRiISAELHeant bf RRGatRMbgt antial ly the
sane speed. Sunmary [0011] It is desirable, for exanple, to provide a fluid
handl i nprogscstde mighil chsuppiind By nse giague dnleniMNos pae eidb et Wegmojdegod sysa¢m @lenent  of
the projection systemand.the substrate. [0012] According to an aspect of the
i nvent i gl lstfﬁ@Pée‘is by ﬁpﬁvﬂ&é@%ém%@ guthels 9[% gn gt QBermde $lothe projpetsgr aphi ¢
appar at |.ui i - q Lity. of o i

arr ange%’ilterr\rli gﬁa{;}\l,eﬁbg ng{:{gé hglr% gfﬁf%ﬁ%ﬁ?f@%@‘ﬁﬂﬂ% %tﬁgénh(rj Fﬁ%%g?é%nc%%gp ggnfi gur ed

such t hatd thBréjpeingstea! PLATKEHREL of cdtSBinafi Ve idRet IN B Dutidised@md/ or a
substrate table confltglured to support the substrate, wherein a) the

cor ner eidceipapichashan Biediguid wipply netat caredepadil os theadidgéesion of movement of the
substrate W (the other combination of inlet IN and outlets OUT being inactive).
[0008] In European patent application publication no. EP 1420300 and United States patent
application publication no. US 2004-0136494, each hereby incorporated in their entirety by
reference, the idea of a twin or dual stage immersion lithography apparatus is disclosed. Such
an apparatus is provided with two tables for supporting a substrate. Leveling measurements
are carried out with a table at a first position, without immersion liquid, and exposure is
carried out with a table at a second position, where immersion liquid is present. Alternatively,
the apparatus has only one table.
[0009] PCT patent application publication no. WO 2005/064405 discloses an all wet
arrangement in which the immersion liquid is unconfined. In such a system substantially the
whole top surface of the substrate is covered in liquid. This may be advantageous because
then the whole top surface of the substrate is exposed to the substantially same conditions.
This has an advantage for temperature control and processing of the substrate. In WO
2005/064405, a liquid supply system provides liquid to the gap between the final element of

the projection system and the substrate. That liquid is allowed to leak over the remainder of
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b) the cornered shape has a corner with a radius in the range of 0.05-4.0 mm
[ 0013] According to an aspect,of the invention, there.is.provided.a fluid
hand) 1 ng SRS & FBHO e RS BUES Hp AL ey R e G T RER SEFREE 88 r uct ur e
havi ng ghQHiPEa%J bd ¥nRivell Fﬂéh’i’}ﬂ%%gﬁ @\?the%c%'?)_fglpeeﬁib@w?&e@e{lﬂ@ﬂgg@on&(ﬂle@l . inafirst
cornered shape, and a plurality o l'uid supply openings arranged, in plan, in
a secondAkelosuglrsach s khggden nidyeinfdrovdteaykeraaneicontrolpari prgsesaing off ke ahbstugip) vy
openi ngs being directed, in use, towards a substrate and/or a substrate table
conf i guredreraiieyphBetmpnasian hgpidgan stitlpecyn Pee wiyplsdeviating rah araddes hapes
bei ng supst ant,i. im. | ar ergin.a fluid. extr i LNy LS. .present at
the apertariar i otielshht Sy slaBaRtdid neppifioftld T AR ERE Rk PaT Tl o
suppl y QR&Nb&Is hoviI@SENth 3bvdrhehcaRBXrAE vAln AIEBsditiONeakoNRRh iPirrdiRd $§cond
cornered shape. [0014] According to an aspect of the invention, there is
provi dedhage frhuiechidralngllid egtestingdtetw eenfibandathieitoh euyfap oif thapibatrateusd/orhe f 1 ui d
handl i ng structure havin |yrality of openings arranged in plan, in a
cornere ugﬂ?ﬁf’e‘fag{%‘%hlf :I}Pgisa]é‘gﬁllhsﬁétestructure configured such that the openings
are dir T d : t . i gured
g@%@j It is’liegéa%le Eooﬂ@élﬂé tEnoVR B AbSirABYL Plst B ?%&betlé ﬁélgw tﬁ%go&gcg%%

to supp he substrat e, ereln the openings are re closely near a

corner hasmeFseahhete. lidudddS]findatar thshgn boflarl lasgeed spfethh@pedivgntiren, there
is provided a device nanufacturin%ggﬁthod,.conprising:'prOV|ding a fluid
bet ween lecapres] eet flon! kapdlisgnsasiemashoubble dasegned to allowathriplevdtagf sdaguing f r om

between the substrate.and the . projection systempb pl yi n. under pressure
Lo a pl didonoy Tt SeBHRAGL Do Rl Fonhiean bRy JE Rl 3 SEPel bes n
arr angednq kfhnRlr@Motidhs®af BRI SN ARECIBELHN IR bl iE nBELNs A AIeHRr Oj ecti on
systen1a%d ther%ub%trgtg; mﬁgrein ¢ a) the c%%néfeg §%ape Hagﬁa side with
a negat satee gadus; and/ or b) the cornered shape has a corner with a
radius in the range of 0.05-4.0 mm [0016] According to an aspect of the
invention, there is provided a device nmanufacturing nmethod, conprising:
Summary

[0011] It is desirable, for example, to provide a fluid handling system which maintains liquid

in a space between the final element of the projection system and the substrate.
[0012] According to an aspect of the invention, there is provided a fluid handling structure
for a lithographic apparatus, the fluid handling structure having a plurality of openings
arranged in plan, in a cornered shape, the fluid handling structure configured such that the
openings are directed, in use, towards a substrate and/or a substrate table configured to
support the substrate, wherein

a) the cornered shape has a side with a negative radius; and/or

b) the cornered shape has a corner with a radius in the range of 0.05-4.0 mm.
[0013] According to an aspect of the invention, there is provided a fluid handling structure
for a lithographic apparatus, the fluid handling structure having a plurality of fluid extraction
openings arranged, in plan, in a first cornered shape, and a plurality of fluid supply openings
arranged, in plan, in a second cornered shape, the fluid extraction openings and fluid supply
openings being directed, in use, towards a substrate and/or a substrate table configured to
support the substrate, the first and second cornered shapes being substantially similar,

wherein a fluid extraction opening is present at the apex of at least one corner of the first



providing a fluid between a projection systemand a substrate;

retrieving liquid fr b en the substrate and, the projectjon system by
2opl v nE R AP ERE BT SURPLPRARS TSR Mg G oM BTG | n
fluid hqggg%d&d%bﬁ{égédjg}ﬁ ethe fluid extraction openings being arranged, in
plan, in a first cornered shape; and supplying fluid to between the

subst r at[e0 ajdAtkred P en tismot skidt emdnhionubéreas plowidddid fruidfhahdlingstaieppty
openi ng the fluid supply openin arranged, in plan, in a second cornered

S S
shape,  for a lithagrayés #prarsus, ith%ﬂuléawné@%ﬁal%@ hayiag agHapEy efrapesingst anti al |y

simlar and erein.a fluid tractign. ppeni.ng is.present at, the.apgx of at
| east orfé&" agé?%nglrﬁ%?’l ﬁeCOfufllerr% élcagr’nte?e&ldggaggéngﬁtéy%}%eacofl ﬁ&?lgdssﬁ(gkbfhﬁpglﬁeni ng is

present fen gga@nﬁ&c&h, At udeC R ar@Nes R an@br hRELSREONBI CONTRLRM tshape.
[ 00171 According to an aspect of the invention, there is provided a device

manuf actsupporg) thestuhstdite, colmpeinghe gpersngypiry imvge tlosgliy dpdretiweana eorpeidihect i on syst em
and a substrate through a plurality of openings of a fluid handling
st ruct urG ,e“ﬂbﬁ’éﬁrei n the openings are arranged, in plan, in a cornered shape and

the oRem A AL IRES, Gl OSRLYoMRERRE.GR A CORREIINAN, BLIRINRIALQD- 10]

Accor di an aspect o e invention, e I'S provi ndi ng
st r uct urgeth®d, canlprisinggr aphi ¢ apparatus. The fluid handling structure has a
plurality of fluid extraction openings arranged, in plan, in a first cornered
shape, and a mbvidalga juidfbetwedng giomelign syssem agé aapbdrged, in plan, in a second

corner 4 Shane IS it BT RAREL) 80,SBSHILAR ARThLLY,S, SUBRI ¥, SBenings, berno
SUBPOL W48 UL AT 0 A, AR S S e gty o1
shape, atramfedbot plan,iia aconidrgdislegetacoune tht flgnidsbtween thegyrojettidn systhint eed then of
rel ati vgubr?t)rtaj(e(,)r\;hté%r\l/veen the fluid handling structure and the substrate table.
a) the cornered shape has a side with a negative radius; and/or
b) the cornered shape has a corner with a radius in the range of 0.05-4.0 mm.
[0016] According to an aspect of the invention, there is provided a device manufacturing
method, comprising:
providing a fluid between a projection system and a substrate;
retrieving liquid from between the substrate and the projection system by applying an
under pressure to a plurality of fluid extraction openings in a fluid handling structure, the
fluid extraction openings being arranged, in plan, in a first cornered shape; and
supplying fluid to between the substrate and the projection system through a plurality
of fluid supply openings, the fluid supply openings arranged, in plan, in a second cornered
shape,
wherein the first and second cornered shapes are substantially similar and wherein a
fluid extraction opening is present at the apex of at least one corner of the first cornered shape
and/or a fluid supply opening is present at the apex of at least one corner of the second
cornered shape.
[0017] According to an aspect of the invention, there is provided a device manufacturing
method, comprising:

supplying liquid between a projection system and a substrate through a plurality of
5



Brief Description of the Drawi ngs [0019] Enbodinents of the invention wll

now be descri bed, of ex | e onl. with reference ta the acconpanyin
Sehenat (e h LTIk B RS BORE D rEiren el Sympsta vl dage T
cor r espaRdi ngy BAHESnd 3o éﬁnga'as:@m@ QYiy %Fa@@@hgér% QrhdrtRAOLIERM&Le appar at us

according to an enbodi ne of” the invention, Figures 2 and 3 depict a

| i qui d JopyAsystiemtd an asiset dftha inventiogrtageiicpvojedct flwid hapdiapatrustire for

Figure 4 depicts a further liquid supply systemfor use in_a |lithographic

pr oj ect iadithagipaligtapgaratus. The fimddigndling gapiteredag aplrehyrofiflved Peractispl y syst em

for use in a lithographic projection apparatus; . Lgure 6, 1 s a. schematic

1 ust r 4PBes R i h RURS DR BP RADR M clurmine ob PR oBl Piokog et

of the I%%ﬁgai, ith PMANET P8cond cornelfci GHAS. ThEEREEEGractiBn ©hOSiApSALE 190 supplg Pl ane
y

subst anti al par al i el to the optical axis of the projection system a

meni scuspphinps heng yiseeted sdnase.dbwgrdsa saihsteatb end/meatulotrateteblorcesgtrefl tvent i on;
support the substrate. The first and second cornered shapes are substantially similar. A corner
of the first cornered shape, or of the second cornered shape, or of both, is configured to be

aligned, in use, with a direction of relative motion between the fluid handling structure and

the substrate table.

Brief Description of the Drawings

[0019] Embodiments of the invention will now be described, by way of example only, with
reference to the accompanying schematic drawings in which corresponding reference symbols
indicate corresponding parts, and in which:

- Figure 1 depicts a lithographic apparatus according to an embodiment of the
invention;

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

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

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

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

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

- Figure 8 illustrates, in plan, a practical embodiment of a fluid handling structure
according to an embodiment of the present invention;

- Figure 9 is a graph illustrating the maximum achievable scan speed for different types

of fluid handling structure at varying flow rates;
6



Figure 8 illustrates, in plan, a practical enbodinment of a fluid handling
structure accordin e I ment,.of t I nyent i on; Figure 9
is a graph il ‘_g‘élierggp?%dﬁ ﬁ@% VARSI él\r}g‘f)g@ggﬁgﬁn%ﬁg@u’feo di fferent types
of fluld handling SHIMGHHES, BhidRhXh A LhBVaRLEST Figuattes 10a-d 1] ustrate

four variationsS on the enbodi nent Figure 8; Figure 11 illustrates a
variation OnIﬁgmeeﬁﬁmdmmﬁﬁiﬂhﬁﬁﬁbgﬂh&h@mcmihEBgMbéﬁnéﬁﬁoﬂR@u&ﬁBemHHﬂstrate

vari ations on_the enbodi ments of Figures 8 and 11; gure 13 illustrates
maxi num-scan §g@Ed 3lePStt%?Se@aHm%§%tspﬁ¢dﬁ06 thfaﬁdﬁfqa@mé%%é@reﬂl@g SHUCHISS er ent

flow rat ure 14 is a schematic illustration, in cross-section, of
a flui daﬁaiff rerhtgﬂos ratc ure according to an enbodi nent of the present

i nventian; %urel'_mgb) k@8hehdaRicANdstifeidni Inl d#6dstREGon, o afl 3@ hailfgWdchandl i ng
structure whi ch does not fall within an embodi nent of the present invention

and a fmﬂuﬁdm@ﬁdwnwgﬂxﬁnn@ﬂuﬁdxwmﬁsmtdneshmalI within an enbodlnent of the

pr esent inve I on, nd ure 16 i)l us t | an, a
further “f1 ui Tl g §ih rtireah e ek Pehaoprosbint om et fn
Det ai | ed;[p85 Gk eRibb8Mnent of the present invention and a fluid handling structure which does fall

within an embodiment of the present invention, respectively; and

- Figure 16 illustrates, in plan, a further fluid handling system of an embodiment of the

present invention.

Detailed Description

[0020] Figure 1 schematically depicts a lithographic apparatus according to one embodiment
of the invention. The apparatus comprises:

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

- a support structure (e.g. a mask table) MT constructed to support a patterning device
(e.g. amask) MA and connected to a first positioner PM configured to accurately position the
patterning device in accordance with certain parameters;

- a substrate table (e.g. a wafer table) WT constructed to hold a substrate (e.g. a
resist-coated wafer) W and connected to a second positioner PW configured to accurately
position the substrate in accordance with certain parameters; and

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

[0021] 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.
[0022] 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
7



[0020] Figure 1 schematically depicts a |ithographic apparatus according to
one enbodi nent of the i.n tion. The apparat conpri ses: an

1T umi by BSYRER el T e SR A SRORT e ol S B RgR a8 Y485t on beam
B (e.g. ﬁ%eé}h'éﬁféh@%&ﬂm?,relws{aagb?&fh@f‘%lémgg%% teclnﬁﬂééém?%fd ﬁﬁ%‘ﬁgﬁﬁéﬂ{ﬁ‘g 8@ a

mask tab MI' constructed to support a erni ng device g. a mask) MA and
connect dthetsapporft stra¢tuppaslilt manke a Bivheanfa tgbleefhr evamplepwaiodlyayplestikedor t he
patterning device in accordance with certain paraneters; a substrate

t
tabl e (&ngyable gsaravireddihesunportyrtye M Emavoensiedha thepaiferaing degicg is ¢f a

i st - f . i fi d
etbtg s R UL RN R L R S A

i
accur at el'y posi rate’‘in acco C

a proj ectdtRIt o Sherk Be@in May B caidered PfiRhosbLOWitheRSmoYSt@BalRsmeonf i gur ed
to project a pattern inparted to the radiati on beam B by patterning device MA

onto a t‘patteeningalevics’ C (e.g. conprising one or nore dies) of the substrate W
0021] The il ]l um nation system include various types of optical .
E:orrpo]ner{l&éz,‘ﬂ dibrede et EAGWCC T e BraTy shol htaadly BTaRii ShAsgRBEies o

el ectro LG : g cal t ' '
ther eof 7 defigP hePbilbbo bXPRS ifba R rhERlor BIRPDEN e BN GRTRPAM RN L oor

st r uct upgetdMircieladsitteheinpatat @f pomidndEheibsite. Bypnad be sibredahairtie Mitdial ds t he
patterning device in a manner that depends on the orientation of the

pat t er nimpartRshiodbe radigdicadesagnmay netexarily rogesapnd o Bisplasisedpaticant beeget
conditions, s a 0 xanmpl e t her, or. npt, 7 t he. patt.erning device is
el d i noaTGA T SRS e Dlrgpuel ERve st piBE FGLERdE e cal |
vacuum cﬁie%%ﬁi@ﬁfe@idr@s.Q}ren&fahﬁrthg béﬂﬂ&h@ﬂxp&ﬁ&dfﬂtﬁ@?&ii&%xﬁ@éa@l thechatdehdtdg
devi ce. The support structure MI may be a frane or a table, for exanple, which
may be #ipxedubar fuo@hbbelags inagievice beinpheegeppotht tapetyetiruoe shih amyn ensur e t hat
the patterni ng device is at a desired position, for exanple with respect to

t he projeREHEA C¥Getem Any use of the terms "reticle" or "nmask" herein nmay be

consi defiad 4 PYNO MR R Ml ety UPL S AROSTEL: f ALy PRAESH N pd¥h &S
devices include masks, programmable mirror arrays, and programmable LCD panels. Masks
are well known in lithography, and include mask types such as binary, alternating phase-shift,
and attenuated phase-shift, as well as various hybrid mask types. An example of a
programmable mirror array employs a matrix arrangement of small mirrors, each of which
can be individually tilted so as to reflect an incoming radiation beam in different directions.
The tilted mirrors impart a pattern in a radiation beam which is reflected by the mirror matrix.
[0025] The term “projection system” used herein should be broadly interpreted as
encompassing any type of projection system, including refractive, reflective, catadioptric,
magnetic, electromagnetic and electrostatic optical systems, or any combination thereof, as
appropriate for the exposure radiation being used, or for other factors such as the use of an
immersion liquid or the use of a vacuum. Any use of the term “projection lens” herein may be
considered as synonymous with the more general term “projection system”.

[0026] As here depicted, the apparatus is of a transmissive type (e.g. employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g. employing a
programmable mirror array of a type as referred to above, or employing a reflective mask).
[0027] 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
8



[ 0023] The term "patterning device" used herein should be broadly interpreted

as referring t device that c be used to inpart radl ation beamw th a
pat t er n 31t rqng?eﬁl%gn%wsah I%H%fﬁﬁglsot HeE?ré%ﬁ%Stén%é]@t/@F Firsdo vt QR GBE Opor ti on

of the %HJS’% EAEEwhlik oﬁeeytn%r{&ha%sféstattatdelt%esee%tez arted to the

radi ati on beam may not exactly correspon t he de "pattern in the target

por ti on [0028]Refstthptto at gure fl ptheaRamiagor 1L rtecttev@aatlta&lraﬁon Béelrﬂ(fﬁﬁn phadgetishi | 11 ng
features or so called assist features. Cenerally, the pattern inparted to the
radi at i @nutfeaﬁﬂ wille soseseraad é]éﬁt]dﬂlt)@ aaht@aappﬁ@wsanasf bm%qpﬁ@tfaq:ntttwyetm chaEpigevi ce

bei ng c in the tar orti an inte rated circu 0024]
e ot oo e Bt Bt The ek Brhal s e R Lhitl B SR Rl v

pat ter nlomgh@eeﬁbgeehic%b%ﬁls%a ke rarata%hq;@aﬁhls gamea oM @&k rsetﬁ%e stng, fpeogr ammabl e
LCD panel s s are well known in |ithography, and include nmask types such

as bi nanl;tumatatcerlhaettttnglemlmbeﬁa béwinfi tipliemy seti¢re MIatedpphiaggos hidhpleasuitabld  as
vari ous hybrld mask tg}) An exalgple of a prog%ramrable mrror array errPIo ys a
matri x srﬁa%tgeweﬁ@m@fl @ﬁ@u catkcrBpder di hegreasgsitessquase may pranvntggal Pyt et | t ed

so as tg rehl t n HeCt| he
11 ted me FEEbhERpRERT, RE KRS LAT: BEIhR i Lo bl SRR RS Sd™Ey (e
mrror gRd [Héﬁlluﬁﬂ&&&llLTlftﬁgeﬂ%T mﬁhﬂh@]b@@rhld@ﬁv@y%}rﬁ&h BIS etrehefred, mshigl d be
broadly interpreted as enconpassing any type of projection system including

ref r act referred éﬂ%taldwéloncsattam; optric, magnetic, electromagnetic and

electro |caI tens, or.any conbination thereof, as.a r| ate for

the expOLios Thaahiufarmbing srudisSah AR ror ubrore et errud Biethse of an

| mmer s 8&11&%3 félnq)f(ﬂrle {aQ ﬁ%e%fn. é}e}{éﬁﬂg@t léﬁb’th%%%té?fanﬁﬁa?n{r% Fadiﬁre‘%lté?ﬁ“ on | ens”

her ein e consi dere as synonynou e nore general term "projection

systent (co&&ﬁaﬁgt ré@riog i@ agiepjutdradd o-heenpapestiwgy) o thd infedsit@ASIRbSoEintay pe
(e.g. enploying a transm ssive mask). Alternatively, the apparatus nmay be of a

ref | ect pwal plape of élegilu@mt@wan@eaﬁdprs@gir dnadditien,rthe rlbmiaatonyl. ofayaomppise as
referred to above, or 0 a.refl ectjve mask 0027 I|tho h|c
Lopar ot G BE g a8 uE i GO e Bab s enst oy Und it SH D o
(and/ ory, éw% gcﬁHﬁﬁoH%éﬁG%ﬂa paew! ﬁaehaE) (R0 &Rired hﬂxf&%ﬁp’ er{&‘ih‘één@t St age

machi nes itional |'es tay be used in parall or preparatory
st eps na@iytrib@tioan itedrodHse@ivnone or nore tabl es while one or nore other tables
are bei n% used for exposure. [0028] Referring to Figure 1, the illum nator IL
recei vel9030} 3b¢ ediaiondwam Brivmcilcnhean did Rﬂ’f\tegbnlg devise.ghmagolylde vdneh tshe

lith hi | e .wh h
< an® i RBT S0P THCGR i atae: Cbf bR pel e s SR GFERe 0 ot m par 1
of the Hb&xﬂg%a@&@é&t@%%ﬁﬁﬁ%d&%’e M)@ tﬁ@%ﬁtl&%é&ﬁ?@ﬂa&e@ﬁﬁ%ﬁ@h ffegom the source

SOto the 1 Tlum nator the aid of a beamdelivery systém BD conpri si ng,
for examp]eetios sytablbs, dihigctocngesithe bams oatedd targea pbem @xpardabstrdta Wt her cases
the source may. be an integral part _of the |ithographic apparatus, for exanple
when t hWitdighe étéi qf§he8¢?@ﬂé@p§ltlpa?prWm@ E%Ur%teseseréﬁ&e ghall Iterigipmatien | L,

oget hefeutil 1 LNS.RERTLIELLYGR. SYeh P ORI ool SHME NG coBY 05, Gk EL RS, Lo a5 a

radi ati on sys y conprise an a AD f or
adj ust idg sbhe tapesitian difdremshiokt forsibhi @tht@@{;ah offfte: faartish rbeatnb@asnm@es}er ally,
at | east the outer and/or inner radial exten commonly referred to as a-outer
and a- ithmérst posisipeet PMedngl)anofhet pesitint eerssot f(wthCIatls ndtexpbeaitlyrnlepi gpedpinl Fighmne of
the ill tor can be adjusted. In addition,. t illumnator |IL nprise
vari ousﬁ&eﬁ pug o%@ﬁtaée% gaeﬁoe@eawtteﬁve%ﬁswa? th“aﬁbreép%tm@%eﬁ etheThe

il lum Lation 5| red

. 2151(?19{10 Yl B, gft&gmst 1 Luﬁ &b RAEDE (FREL AR hbpzﬁ Br Mm%g%ﬁg]

uni f or |ntén troninits Cross- se’t|0n

radi at ?@ﬂex’@ﬁ@m@m@t bflthedﬁppoﬂt) BtridrercallIt ®ENbo gealievd Geth(te gid ofMBIDK Y- sNBke whi ch
is held on the support structure (e.g., mask table) MI, and is patterned by
t he pameshubé f@a@e\noelélonl%) iong atsherfetrokel mqtelqo@tae@ﬁtthglrxxéwb@hﬁrm phid of

di at b Ih h th h . f th
beam ofFoRR PaTgete gort PR e He<BLBL L BN FR ek Pe S 8 cona
posi tignghe EWI@@QOHQI%‘&&HW%%R%%%‘I@ o dufe, Svhilh fdr ga(rt &f Ql@%%édnqi Yider |1 near

encoder or capacitive sensor), the substrate tabl can ved accurately,
e. g. s@®Vsintthe possidfiactepbef {arappbsddatogetcapmdr) tharsipfort ltrud:terqoratﬂhrnajf bthe

radi ation beamB. Simlarly, the first positioner PM and another position
sensor (which is not explicitly depicted in Figure 1) can be used to
accurately p05|t|on the patterm ng devi ce NA W th respect to the path of the

I - - | P I P | D | . I L ..



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

MA and substra W.may be aligned usin tterni device alignment marks M,
VP and SUBCEFAT @ ATERHENE HHPRE ool. opad A Rotgh e nsgoutr MA S gnment
mar ks as b8 iy at eteoagi%H&YuQﬁgE)Et@érﬁﬁgt(ﬁ'{lﬁ%talig%%ﬂﬂ%ks tVAEWIDBYA BEbdeagat ed in

spaces between tar rtions” (these are known as scribe-1ane ali gnnent

mar ks) . afignireat myrksifl, 821 Abhowgisthe subdtiachalipnrent arksoellditmtedsSoq@upyi ded on t he
patterni ng device MA, the patterning device aljgnnent marks nay be | ocated
bet ween delecatfiddarget pagers, tiy mapbe tasated pp spaser BCwEEn Errawd nN9sléRnsi (Hiese alceast one

f the foll ow - il he : .t
gu bts t ?atkgloyvgl\g}snsg -‘fia% akérblpler@t rﬁgﬁ%}.a@rggaﬂ)t(,l s&&aﬁ%%rs Eﬁ%icglcﬁigfe%h 1 oggglet@:r N

e ar e essen stat| onary an entire pat

i mpar t egyrb@idbien Hadbalkh i BOABR MA RhODAE B AR Re AliEANSRm BRE B beGoddtePne
time (i.e. a single static exposure). The substrate table W is then shifted

i n the Xcameliahe Yiedi rection so that a different target portion C can be

exposed. | n step. npde, the nmaxi size of the exposu field l.imts the size
of "the HAPEHL TGP BPRREGREP IS PR UG Ak IF e dip BUGPETE MPdet scan mode,

the support sf fsté?;t;H&?e g% s{%gﬂctn& Q&uag&smaén% the Rl UL @hi8 \ﬁ?gi?é‘ﬁé{st%)é&%'ﬁ%ﬂﬂ?o“s' y

while a pattern tnparft e radiation beami1s projected onto a target
por ti on sfatioha®, wails knghtiredhyiftanm enRxeo seifte)radifién Y&l dd pryjaand dhts ecirngen of the
substrate table WI relative to the support structure MI may be determ ned by
t he (deppriegntfat esg iima (ah@ Singlgetatie gepesare) chlg subsenricdable 3V'biis thee spifsidéet i on

system BS. I n .scap node, t max| ize of .t exposure field limts, the

o (3 XRARE SRR Ay B P PR oA pRai 6t Ppgiet Friter B

dynam c ,exPASHI §-c YBE 83 sLRErEIANGET BE TR SR D oM @InARIGHH fMgde t he

hei ght (1 n the scanning direction) of the target portion. 3.7 1n another node,
t he suppmatit esposwet.ure MI i s kept essentially stationary hol ding a programmabl e
patterning device, and the substrate table W' is noved or scanned while a

pat t er n2i npark s4ntBoda the Agpakt sEHCERM || anddhe pelstialr BhteoVd arapededorti on C.

| T o TR RSN Yo BRI LA BANES, | By RRLOURE PO e

erning deviceisTup ds requited-after eac vement of
the su _?_Eéft@hﬁc tiabh8indle @nahnilc BRHNRES). THE CASSHY A1d AtcRbh OF tHudubEeEatdwiileg a
scan. is node of operation can be readily applied to maskless |ithography
t hat ut WT zdstiyr toghasummottestppiature Ml ngrydevdetaemisagdty ths (de-pmagrifinatedl andni rr or

array of a type as. referred to above., K [0032 i nati ons and/or variations on
t he abo%a&fé§¥?fﬁagé&a%@é‘§tl%gfoﬁéﬁPH}JGCé SW%F%‘ fgﬂ?é?@h@ﬁ%&@%“@?‘%&@% al so

be enpl gy ﬁg'exposure field limits the width (in the non-scanning direction) of the target portion in a
single dynamic exposure, whereas the length of the scanning motion determines the height (in
the scanning direction) of the target portion.

3. In another mode, the support structure MT is kept essentially stationary holding a
programmable patterning device, and the substrate table WT is moved or scanned while a
pattern imparted to the radiation beam is projected onto a target portion C. In this mode,
generally a pulsed radiation source is employed and the programmable patterning device is
updated as required after each movement of the substrate table WT or in between successive
radiation pulses during a scan. This mode of operation can be readily applied to maskless
lithography that utilizes programmable patterning device, such as a programmable mirror
array of a type as referred to above.

[0032] Combinations and/or variations on the above described modes of use or entirely

different modes of use may also be employed.
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[ 00331 Arrangenents for providing liquid between a final elenent of the

projection system PS and t he sub .tr%;tlg‘a can b (ilel?ssed i.nto two _.general

cat egor 8933 | ivaansemcaty 9e PEAT g ! er“é(ﬁijb‘”hﬁ?ﬁ SHOgkHiof theshipised FEIFY the
whol e of [ t - e WI is
subner sgdg[ %}ﬁi %Egg%ﬁgcq\ﬁf%l}ﬁ%&g%ﬁgﬁg& égrpeggglﬁa%féo{l%ggﬁggi%?ﬁn%&r@@ n system
whi ch usgrahpeést i6 wiptlysubysheasy ihe wikile bf thieGubdrats Womhd/opticani g @art tod thee

| ocal i zed area of the substrate. In the latter cat e%gdy, t he space filled by
li qui d issbsirasg fable W islsubmetsad in hbathay lsuik askthe o ehliedslapdized dmnmmrson he ar ea
filled wth liguid remins substantial tatjonary relative.to.th roj.ection
APRpe T SR S e e AR PR R
ar r angeggent,hstGeWH &8 18 %Qf@%&‘t}'”ﬁ@tsp%e_ #1NQ B EREMTs IOMRREA PRnitBarhinb @Gy ed, s
the all wet solution in whic he I'tquid is unconfined. In this arrangenent
subst antsiidhdeyoftthe suthstiate dndphs archddled ofitlt heuid ubistinatebstandialy Istabongpantlavfe t he

substrate table i.s covered in_ immersion |iquid. The depth of tthll iquid
cover i nép He nraisstion pestay bsryilethe subsigte W merey ydermeafpiabaea 4 fyfiersuch as a

thin fil of li.aguid. f L.Oui lLy: i of Figures
2-5 can?afsy” éer{tﬂtg e‘%?llgﬁ alté E%ﬁ\égmg{%to g\?n}é H%%Sv?}el{\;%rv ,L’Illtgdéﬂa]gi nﬁgéeggaltsggéééﬁglr%te not
present golafiBn MO whadt thy &t e, is ah€orTled 2l tBfsfdr@hgfthe@subQniedllyahe amelobper wi se
ineffective to seal liquid to only the |ocalized area. Four different types of

| ocal i zearfadeqpfithe subpphie sy silearpadrad the substratgttede iscdvietadriegmeaagsioThiguidi qui d
suppl y ste i scl.osed in. Fiqgures 2-4 were.described. abpve. [0034] Another
o P onge Rt SR LR Sanie St Hes o b 1e gy S gy 98k em
with a i-en whi n . At par I of the
epace. bt aa e P Rl B Ry B B 4 By D R
tabl e. Beokedain saclk angesmnHoivever beidinp dtadres Arehicgy preseht, ard A Abivdted urend

schematically depicts a |ocalized | i%jid supply systemor fluid handling
st r uct upeeffictant as beral oF arperbaiviseinelipetivg texead hidyidtiogndy Hie lpedized drg9art of a

boundary of ..t.he ace petween the final elenent .of the projecti stem and
tho sunbeftilefabPe P MERR T Wi pirEREEt B B TS e The

fol | owi pguitieubplyQysthb asR1Rbd LR BHRSL L 3¥Be WYRBQI fIRfRI's in addition or in the
alternative to a surface of the substrate table, unless expressly stated

ot her wi 93%] Anetheanrrargenmaitriodichli?sitees phgtoaat isad pyosdathedmid supplasysteent o t he
projection systemin the XY plane though there y. be sone. rel ative novenent

n the \Z;thiart@é&l?fdﬁeillpﬁ Vhish GRI<BHt RIOREEF LSt RSt § Lblpoundas) of the Spredsbbeent , a
. . y
and roy eV AT QgEALTT B DGl Sl LR sERGl o Al i Shal MBS e

bar ri erjregphed irﬂ-?i%}e feast partly contains liquid in the space 11 between a

final elenment of the projection systemPL and the substrate W A contactl ess

seal 16[0035} Fgurchbdtenaticaly depictoa [bcalired lignidusudplyrsysiemagrellid dladdlofg t he

projection systemso that liquid js confined within the s e betwe t he

Qb 1 oINS it BATSREITERCT f fall Nh EREAES BI00E ﬁteﬂfa?té} RAEt ?ﬁ%ag%w@&yn?fﬁﬂ? The

space i Y, : rd 1L bel ow and
a8 b%tﬁ%@{l Iﬂﬁagfliﬁeh %1&195@%@ p{%t réj%‘éﬁ@ﬁéys‘te% 2% IRSun i’t??ﬁlé Wpped

surroundl ng el'enent o proj ection system urd 1s brought

i nto t hghspasevb@lawe hbe thatdicfstd@Nn Systofiawandtewt iddupfadcbef barsubsrate®nber 12 by
liquid inlet 13. The liquid may be renoved by liquid outlet 13. The barrier
menber @ redsrs exadditomof in the @ltetvative tchesrifargiof dhatibatratsftablpeuressjeapresey

system The |.iquid vel rises abaove the final el.enment . that, a buffer of

Y Gt SLCS oot THH Dar < msa e sty oGS seRtrs fhts Tap Sk

peri ph at ASOR : ;

pr oj ec'f‘S ?%tﬁg@y}g?gn% g%n?ﬂgﬁ{fglhgg%e%@ﬁn%n%b t he&a@{)}fvﬁgﬁé&nﬁ%ﬁ 1 1§2.ﬁ8§ ?Q‘ff)céfoﬁlglljnnd. At

t he botthediredtivm dfitheoptpedl apiieriy aalenselidymenind ecaiss foomel deshepnehobartiee | mage
field, e.g., rectangular, though this need not be the case. [0037] The liquid
i s contma¢nbet and the surégrgcd the subjtrategysandanpy hea pntaeilesg seal sgcluaes gasssepldrimed

bet wee t.@e%agottom of the barrier nenber 12 and the surface of the substrate
W Ther}B’é S@al is formed by gas, e.g. air or synthetic air but, in an

enbodi NBie] TR RhriaNALRASE: | NS TbadPartly RRARSlG N AN Gdhcs EfbelvieeRRVigled under
pressure via inlet 15 to the gap between barrier nenbér 12 and substrate W
The gasldnsergxff tlaecprefbctiva syatethdtl. dntl thTlsebsinate Pf. &' somtecttass st 19ds thanl et 15,
vacuuni |evel on the outlet 14 and geongtry of the gap are arranged so that
there is a high-velocity gas flow 16 inwardly that confines the liquid. The
force of the gas on the liquid between the barrier nmenber 12 and the substrate

AT o L Y 2 . 1 g L e 1 1 — - Y R B S [ T I



[ 0038] An enbodi nent of the present invention relates to a particular type of

extractor, for e | fluid handli.ng structure which ai t o .prevent.the
mont scusbrgiie ShTuhdrTa et iodd teaPia HepGiibe e B ' QBAAFENE of ¢ ne
i nventi qRnKRb@keRid BedpiRNUSHHN tAE BilsAgtcdRVI SR YIS theRiaP clechRneda@cof |iquid
in a space between the final elenent of the projection systemand the

subst r atpeomntidrosyssub 8t r dhesparblieatdedsspatly ifainhad hynthplbaoer nidmebard dipesti®npd nni ng

arrangenent relies or&. a o-cal | ed gas. drag . extractor PDri nci,gl,e whi ch has been
descri betflow ghd BXEHHdINS A o ¢lgitet ofts PYoARCERD SYEI Idatli GHd Aobroughtiig7, 569,
filed -k - ' [

cor ner et Erieg e B Bojel il QRlenPURt GiThaTHL pRERL fbnlior 22 LOIRLRL ARR Y "

di recti ong.liqiid may dducasvédiy figiideuter BNThIBAIRE UFenPiRlr IR eflayt ML ligles 12

for a given speed in the step or scan direction conpared to if the two outlets
wer e al iagpedthsdimpeplgineut af the prajpeions syetemi dhe difust lepelaises elave tha 60891 An
enbodi nent of the. present_.jinvention.]) n i nprovenen n this syst i n that
The_geonbtnght st 18 vEEERbr LaMTRHE i e SRR B R b GERa | one
sharp copnRgls p@ﬁﬁﬁé’l‘g%t%p%tup?gr é}ﬂidclg&iy &ﬁ%ﬁﬁsbﬂo%h@%élﬁ%%@ tH @%ti%ﬁ? and nost
desirably between 75 and 85) to be present for the corners aligned both in the
scan andystemtonehestieg) etimed thavoas. andmeasy, algl,desroumt rAsathe dos@eside iimdr iperiphargct | on
of each aligned corner. This i s hecause the creation of liquid droplets due to
an unst asalyirepfamgdo the shaae ek lisimage Beldse-gp pesiananaetopgh thisnecdnnt &g thawer e
coners are aligned with both the scanning and stepping directions, increased
speed rrﬁ?sebe achieved in those directions. Desirably the speed of novenent in
t he scagm_yw?; TABGigsiERRLAGIHINEElid PASe MYy lae%a§ yhstignitialh, | driagwad, is fdr840]

Fi gure illTustrates schematically and in plan the nmeniscus pinning feature of
a fl ui dbbmreh ithegb dtanu ot theebaor ergyetieen 18f andrthe mindaticdthe sfbstrhte Wr €bepts seal

et e 5 e, 1 o L SE4, PLAMLARBotl ey e LAttt o
16 of Fgu T LS alal i fz [Fi i it
10 1 VR T MR SR PO 08,850 B8 S B RIREL SRRt

ci rcul ar2 bhoughtraltl W. Thie ped isnaaaseanid sutld ¢4 ChiseovdrpEertle o ehdtasiblcel Hf t he
openi ngs 50 nay be one or nore shapes selected fromthe foll owm ng shapes:

squar e, vaeemalegel arthe optlenkyt and geentplilyat thepangstaesraged so hettherdsh hogleni ng has,
in plan, .a .length dipensi i,e. in the.di tion fr one opening,to the

i hconteGHBRTAd b Dap sty behin et Sy PR ER ot BRSBTS mm or 1
mm - in Ba%lem%aﬁ@ tm BRbYEL N t%eg?f?]ﬁg& WocdMink ThANfiiE 9%&@%.@&& ween 0.25

and 2 nm | n one enbodi nent the w each opening Is between 0.1 mm and 2
mm | n ahat/betlcte Magdicraantlal ks oned tvhicbfsue@ahd dpespang 1 1.sTHeednvebin gboRBs pmayand 1

mm [0041] Each of the openi n&s 50 of the neniscus pinning device of Figure 6
may be kobmdiarees ergliscossipiput d haalgsy ofpzas doup etfegiivecte coplaiiethediquickingther

dditi | | h I | th i be,.
o1 L SRR S SRty Sy S BB o T BB 85 @

pressurmoqlgpd7Rps way a uni form under pressure at each or a plurality of the
openi ngs 50 nay be achi eved. The openings 50 can he connected to a vacuum
sour ce [@A88]oAn thbodimes piidhepssent owvediing r¢lhtes td apertivahdypegpfskiractbufer vee
system (or_confinement structure, barrier nmenber or |iquid supply system may
be i ncrigadBydihangimgsEincdire sV yehamstie pﬁwénat%@im@aswé&wévamgeb%eé.a [ 0042]

0 £ e RIS e PRPILISGRG0IL 4 SAED B0 T
handl i nghish bisttHs edgeldiquiid in & BacdBetween the final element of the projection system

and the substrate and/or substrate table substantially in place. The meniscus pinning

arrangement relies on a so-called gas drag extractor principle which has been described, for

example, in United States patent application no. US 11/987,569, filed November 30, 2007. In

that system, extraction holes are placed in a cornered shape. The corners are aligned with the

stepping and scanning directions. This reduces the force on the meniscus between two outlets
12



inlets may be considered as outlets fromthe space 11. This will be described
in nmore detail bel oy ver, as W l.l becone ent wh descr.i bing the
enbod el & EOYCPRPGE BT A e HE GEEHPREST Ry S0ar I B EUGH: MErS hBiEt he
passage b, dduhidarts 18 dirddti@Hic#htcplk s@fn. the fluid handling structure 12. That
is, the openings are inlets into the space 11. [0043] The openings 50 are

f ormed i]0039]sAnfkabedofica of khe gredean divientgorsisrand tripr@venldnabn shis fatan fiades thehe
substrate and/or  substrate table, .in_use. In one enbodi nent the openings are
in a fl adcorighyaddhoeorpered shanegnydrell thegrsrings pigrasranged glioenshen pRAETS a ri dge
may be nt t 8] f f 5] irate elhq. ln th o

enbodi rrghgt%f e agg%tnﬁ!zﬁga??gy egl{ﬂi{br&% ﬁtéy% v ngeﬁ#}géa%n%%%gjlé%é%wE?%eegggni ngs 50

may be dehigzeptone neagt &5-thd benbRAIgsePhots eEhcfcat AL NESE Isfe?,di@cg@ns. ggjacent

needl es, may be joined together. The needl es nay be joined together to forma
si ngl e bddys iMtreassilsgéal ibdbly dmegpiohord wrethaigned wernes hdpeis Heo@usslthasreataon be seen
fron1Fiqure are the end of a tube or e ate p&ss%gemay

, he .openi ngs on
56" or Takiihbiosl EaaT o iRl S5t de T s anuae o St e A AR aea”t he

subst r at [ ' [ : eni ngs
50 ar o S BSCSRrE P pre Wigntd TR o Pihe QU o Mo in I AE RhoRbsd P2
openi ngsn#rig: abhiedet! édthdse dits&ionks Obewiad 1t the spedasimad enadidi0thesuhaiifigbed t abl e

configured to s_upgort the substrate. Another way of thinking of this is that
an el ongpeingydisccapns may pasebsdially 56valo whi ch the opening 50 is connected is

bstantjal | y. di.cul ithin +/- 45 = desirably. within 35, .2
S0 PO YalEh RO hou e SRR Topa8R Zecn™"
openi ng3Q1iry HR2LIRSHs sBerS¥F hREmbadiMent BT fiePredchOitlvEn@id T8RSeat a8 oFhqui d i's
extracted fromthe space 11 whereas the gas i's extracted fromthe atnosphere

on t he atdnéecuspomigf davinee avp dhistged Sthitlontalyefor iegaingdle, fdplacor eagmsntahgas fl ow as
illustrated by arrows 100 and this qgas flowis effective to pin the neniscus
90 bet WEBHISCHEPBPEI Hwesoeriubstant ¢ af guyes-phhedaeniscusimygng dedec PhEusure 6.

e 555 L 5 1P L0 TR 5, 05

flowin ure ow on the

l'iquid, b&iﬁgéﬁbuﬁhﬂlo@gﬁﬂ;i@g;sn&%e%giﬂ?ml% ¢d38. mRa&Potlorhbeld fiiieopdnihgh 4pandl i ng
structure supplies liquid. That is, the openings 50 are substantially

cont i nuoag by cspac abraskaped s¢lheed praoethedbll troingshapss: wijuare, wectaesidar beldnpel ow,

t he spacin et ween, adj ace penin 50 vary). ,Jhis differs fromUnited
St at es M%ﬁ@fﬁ%}a&&%ﬁitoﬁ&%ﬁmﬁv@%?@ﬁzg{lﬁ%» ége@h NEgenson GEo, then whi ch
extract j: i iy r - i : rnered
ehapo (LG DRTRLA SR bl Bl B e b i g L i iy 1o B2

becausethian Oninhedr Shaheisn qeteatfodappitibealéddr. nonm bhl 198028 ddcthbbdismehor ced
substantially tangentially towards the 14 corners where it is extracted by

gas knihelween0da aagiionimdnene tmbadingmne denvidihobercheweningas betvsertlraot ed al |
the way around the cornered shape and i s extracted substantj.all t the point
b i i £ I A5e B AR Ra At St hEsEl R bEts SR A Do ittt e
openin - . i pe) .
i G Rl R R i S R R S L S
form ito aepmatcauier pesadesbape. Alteraatieelg bapédivibhdllyc esdhesrs [Hd)ality of thee case of

Figure 6 this is in the shape of a square with curved edges or sides 54. The
edges SWeRH\EE 54 ABGRE peraceistite g comman ¢hamber fyhichmyay bosius) whichdsisalf of t he

corner ehdelcf Qta neuri1 er %%e%gusre.alvr\{atﬁisfvsr/é)yné Errﬁ oriy lrlrrllc?err%rgs%me at each or a plurality of the
openings 50 may be achieved. The openings 50 can be connected to a vacuum source and/or
the atmosphere surrounding the fluid handling structure or system (or confinement structure,
barrier member or liquid supply system) may be increased in pressure to generate the desired
pressure difference.
[0042] In the embodiment of Figure 6 the openings are fluid extraction openings. That is they

are inlets for the passage of gas and/or liquid into the fluid handling structure. That is, the
13



[ 0048] The square has principal axes 110, 120 aligned wth the major

di ti f t | .of th te W he .pr.oj ecti .Syst Thi

nel pe. enBirenehar Comitired Mram e R e bt Ry T Lhr SRS e el so
vere ar nangeoHbRWederChy il @Jco%@:@ﬁareﬁmvﬁeﬂ deRE6AYSRe Erﬂgocﬁiﬁ{ee‘rﬁgs (g”F ibth@s Menigscus

bet ween two openings 50 is reduced with a factor cos 0. i S the angle of
t he | i neheoparengd mgy ehelinie capletsi fngtheGssagk af flvel eq. tlkpid) e of tlenflaid whi ch t he
substrate Wis MO ving, [0049] Therefore the use of a square shape all ows
movenmenthapdlipg gragius landhaldgthe ARcHnER e iRs 1nte thespiccdlequal maxi mum speed.

I f nove i 0 [N I; r I i j S
desiredq?@LHéﬂFHg%ggﬁ¥Eﬁguﬁgggﬁéﬁ?gﬁﬁﬁ%egﬁgpgggég?@é %ﬁ%ﬂﬁgﬁﬁgﬁ%h@%%hs shape
coul d bgadesale sub3tratecdan sabtARGRBRN N GRTéS@mibodaxks: BE opfEnshaehys ARy be
aligned with the scan direction. For a rhonbic shape, although each of the

cor ner s spefgcdhef the dlued harklding sy efutre imer ambodinmf, scedge widespshertivas thhonbus, for
exanple .in the steppin i.rection, be obtuse, ji.e. nore than. 90 (for
oxann! o DoBolRHT s DO GabSHES sttber T bt Gl Sionde Tody G 085, or i n
an enbodj el MESm ' imzed
by naki gfg‘;irg?% %ri mary &, Bfbotfiniol s ﬁ%@ *i?f‘lﬁfﬁgai’zé‘tﬁ?‘ﬂgﬁgﬂg‘%@ﬂ?ﬁﬁé B e
maj or dithiendddtss, of., hdavalt neéditd) ensubsjoiideogaseralThy nedidessaanbeljoiert i on) and to
have a second axis aligned with the other major direction of travel of the
subst r ategethes daforn ¢ peglthodydihesinglsody maydorm thecepprderat ed that any

arrange in whi.ch 0 i.s di.fferent to 90 will give a dvant age, .Thus, exact
o | oot A AN B bl Gl bieraPm e Bl SR ALBER! APt 'S nor
vital . bhebdiaf 84, theex el anRsaabBitRE O%MBgé dre HD&tiSRAP&IChShAIthGHaRE thed hen
there wll always be two openi ngs which are aligned perpendicularly to the

di r ect i substrfatet Wamalsesbhd et (t h@utietsicsic o a betfavee nf theaopeninge SOpensubgsintieltei ves

t he naxinu§1available force by nnvenen%»of the substrate W [0051] An

advant ag&alel i8radep drHaca Hehesigstats Wh The segaipgvaredigrisd: indiseriapvardidheoner s may

be_made. SRSy MO0 Rfc BENERN 13,800 8D AL EXEM A ANEN Y hruaeli evabl e

for bot corners 1 gne scan direction and rs 52

al i gnedomihidistthe astedphdid 86§ bPOMe phbsabbwhes e td@hichQhe bpéing s@idé@nbieaid n or der
for the corners 52 aligned in both directions to have the same angle, those

cor ner ssustantialgaperpendibelagg (within &s ¢5%, ldasirably within s 2pedr ¢wenwdiiftbrbe
necessar to.%glg%t one dir Q%%ﬁﬂ t o hay orners with less than 90 with the
resul t PHEENGIRIGHLhe OB SHER 8s IS angl e of greater than 90. As will

be descyy [ -4 ' 38 ' to have
he. opelitHSEENh R AL ST RN IFexhhs 3MEEe of HgM b 1E BRATUEY R es the
edges ag@rastddairghtthdsiacoeetwiiead thOpad is\WRiredied rem thadimbsphevesdihe odficra
straight line between two corners (see Figure 11). However, as Figure 13

shows, git¢ ef teropsaise b torie liped. blhigsregies ecxss flaw assllusfeatediBrampes 00 Bad | i ne

j oi ni ng,the gpenin .S _snpot i.e. e aline defin by the openings 50
nd derin iy L Tty B SR mieeSeuhof hetstien b trae s e eSS changi ng
di rect :I&Slﬁ?e A 1LEBatsd A FpIAPE 18REBAdITRMhelpt NRLANLNRE 118hiANDnFiAE 6 de of the
shape pin the nmeniscus. For a sharp corner the forces pinning the

meni scuscaeatuhobliskthgoby b lzes fownedyced. peessaresgradient @nigitbyodrag keheedgd tlaf t he
shape. A npre snDothIé curved corner, for exanple, one with a |arge radi us of

cur vat ugag flogy eR theiqud. t he pi nning forces along a |onger length of the curve

of ac . €. arou t he corner. Thus,. certain relative velocity

pet neor P8 Dot or SR HERER R ner B nghe RGPl SRLAbH BebRtS hemi scus
pi NNi NQ;jfuld. Crhad PRk Esh I BDMrE QiBReSial 1§ cbﬁ‘t%nﬁﬁl@l?- sphiQueMshind fiRrspacdef i ned

| ength of the edge, the effective pinning force for the sharp corner is nore

t han f delthdvehs apwilhby deseribed belomn ére sphhing beetkes adiecentopacnss i magstand. a sharp
corner uynstabhl e_at Joywer relative velocity b n the substrate and the
f1uid rﬁﬁﬂﬂ&%@s @9%@9&?@%@@3&%@%@&@@%hyﬁgﬁgg&r@eg BB W&ﬂfﬁe@ cor ner .
[ 0052] i C i 50,1 i RS apart
fron1eé@ﬂcggﬁggyﬁéfﬁggﬁgés%gnéﬁ%r%%ﬁ¥€£§§h?%§#$8%%§Pﬁhﬁ$g%gﬁ“ﬁ?neng on. I'n one
embodi meRrtc ildeos@Raingg aheiwRern fape bl g8 Deblednscoptdrve 8Milis besansang Uhtedm | n
anot her enbodi nent the spacing between openings is between 1 mmand 5 nmm

[ 0053] Skitgupaset dpipligatiaranced {198t 928Nequwip énforepds@bitenipalbviadgentiallydowands dlaee 51 of
the bottom 40 of the fluid handling strycture. This is however not necessarily

the ease and the outlets 50 nay be in a protrusion fromthe bottom surface of
the fluid handling structure. Arrow 100 shows the flow of gas from outside of

2 . N o B | - - . 11 I P . L T 2 . B o o S T e 2 .



16 along the walls of the passageway 55. This results in snoboth flow with | ow

TR B TR A e, T R T N

radi al I y"1rnwar out ere nay ¢ _

Meni scusjs Rkndte@all @t Wiesotad iRl doyndud ywa?@ la¥d &f exttiRBtc@REPdtAGal Bt tHWhnt dtD
conparison to the liquid confinenent systemof Figure 5, theré nay be no gas

i nl et 15vbicheéiguiprageson thedombredshapae {Thisdis helsietmidrecayreithe ppeongeMearal di scret e
openi ngs,. 50 connected to, e.q., an under pressure source. The neniscus is
pi nned b@f‘ﬁ%‘gﬁ?gﬁe"v%gﬁ?ﬂ thegyag &’P\ﬂ&rcﬁnﬁf%fé@é’e?'nduced by gas flow into the
openi ng ] : es| Ly 20
e o J0PPI AL AR R Pk dhe BhERRE! SO HERoRRRMR oo on i A

evapor atdogmered stape . ¢l afshape Witk cotfess $Bt B heake fMegue sdhishenethe shesiusi g bot h
splashing of liquid as well as thermal expansion/contraction effects. However,
an enbodiraktwigt curlied piges ensidenientheonges Shbavd 4 negatide taslivhd het sudeyeerve
illustrated d further, meni scuys, pinning features.could be,present radially

| nvar dl yOUREP oF° vl A GF GUREET ShPeor T BB MRE LSO 0085] AL | east

thi rty- §oe4d)3fe GuaenRk $riabeal 243 190, £ALA; ‘am@uﬁ&a{agw Rliots SFARE of

separ at se[\d b} 3.695qlmn rray%lr)le&gffecti ve to p%gr{:ﬂea rlreni Scus. Ilrn alﬁot her em(:))odi ment ,
one hundhesibandatetWelnder tht b2)jecpeniysgm. Ihishdppeasanhat thhenaxp@nimgan Sfeditay be
square, with a Ie,ng_;;?h of a side of 0.5 mMm The total gas.flow in_ such a system
is of thelasiagandt hegwenmigs S0 weraarargsddn eiculanahapst Bis ghkeqpeshe do1se Oeen 70

e, SEOH oSOy L S Y s

structure are ex ["e; e Structures Uni t ed

States pai g conpBtinpathe @Ro BEBAIhEASH RNt to WS 20Q4A1R (824raLkdbhttdsed i n an
enbodi mrent of the present invention. [0057] Figure 8 illustrates, in plan, a

practi calovémhodi nent of the present invention. in Figure 8, the openings 50
are proyjd LN simlar cornereqd shape to that of Figure 6. However, in

Fi gure E04§?§1hﬁ’@%?ﬁe§ﬂ%}lﬁ riefua ‘Fglgo‘i"%mﬁﬁ’@@@httm ﬂ!';hgtip F‘%‘?S‘E%’é‘l%eni ngs 50
are norg; i g, flt Ei 8y: ' e are
27" opont oG R F 0G0t SRR Bk pbhd sk Bkt ch U Erci RO TEr gttt S0

and 90 mwschadhcafontiBdegpant hgTadhér then aRPeshMatibe Yep duaton thefRaRémbus t h each
side having a length of 0.5 nm [0058! As with the enbodi nent of Figure 6,

t her e i shaga copldriieriseprlaseph amerramgengyé thegfrinataxsorirbe hombuseneybodiignedt  of
Figure 8..This ensurges that fhe,top opening . 50 of corner has, an adj.acent
opgni n.g"vﬂ)tht G ns‘ﬁl&gtl%i R 3iTBOTRIC P&éﬁ"?@%‘l Wgéﬁ?li‘esc%‘frsﬁé% %%ﬁug%llﬂéer to the
di recti gn,10he5%een t0b adfaht sldes To‘ﬁﬁl&ﬁ%ﬂibﬁg,sfoﬁ%é&\ﬁﬁ@ iSeHeadkd _ﬁg)@&&%ﬂpm%gch si de

of the apex of the corner, the Iine between ose two openi ngs 50 wo be
per pendbeoibtase, i.0. hbee thaaB00(fos teqmple bett ¢cprabbasi tdndd 200A, ihunl enfittrdientn t he
meni scus of Iiquid between those two openings an enbodi nent, each

50. In
corner PRiween PAGISIGY,, ehie angrgodament iptwaerp8mmand| W53k enbodi nent, the radi us

isint e of 0.5-4.0 -n.an.embodi ment .t he radi is in e range of
153" o (0G50 PR B Bt B kot AR RS TN S b plnse By 5o
decr easg,dniifys|soaicHcd AthahO FRIN: RRLCHEH BROGE:] REFaLsSsirte (@RIallL the&sahn t he

meni scus can formresulting in | eaking. Al though a sharp corher (wth no

radi us dtecéibh) ardideshamet shennel &idecgredseth theoolindranajoediteqgiienfdtrmnce, tha very
smal | radius corner may rg,sul,t in a,Igss stabl e nmeni scus. Desirably the

cor ner e¥b&RapIWHARY e Sremdirecsive) dtwil BpaBpmsrintcd fhetewy @spasmentin gickibodi ment

the COT NREMP% é@‘(}@lll%(?vé ﬁgg&l\%n%geaTﬁ&q ie%&ct %ﬁéﬁﬁgﬁ & tﬁ@l)gﬂapé]' &I With the

major directions of travel is not vital. It will further be appreciated that if the shape is circular,
then there will always be two openings which are aligned perpendicularly to the direction of
travel so that the meniscus between those two openings receives the maximum available force
by movement of the substrate W.

[0051] An advantage of providing the edges with a negative radius is that the corners may be

made sharper. An angle of between 75 and 85° or even lower may be achicvable for both the
15



[ 0059] The negative radius of each edge is desirably zero or less. The

negati ve radi I-:s._cho dependi u t he desired angl. t Ihe.corner
(60-90) Mt i PR EREE heertiganor e e e PEmpES alenEd ¥ifh P SR TEREkI ment)
The si dgs;WwidrB ndt ReIEL ivRut ARl b Rf Bl ottan 98 afki@Gh koM diddPidds fhdveast
part of their length, in a continuous way. That is, there is no step change in
di r ect i dhe sainc ahglerthatd avenasmyoufd seeitndeifn®.il§ lashttan&OP iweee detiedsewdulddet he
openings 50 is smooth. This helps ensure th H thﬁ advant age of a}FoHner angl e
in the AESPSHY 1PaRige! WariisetiaR Hi RapEFomYs with lesdhap eeiththecerathat 11t oo smal |
a radi us i pend - - f { or ner not
a1 1 aned SRR e e, R OB B e 8 0% e

di recti gug@ts 1 1 ane@ll2tibanufdose pdreibtamchat tee Sidnaigght asagshagdanevath idstadef f ect
of a sharp corner nore than conpensates for this drawback. [0060] In an

enbodi nefiprovidiescorrdreddessthagegestare Rsaighiehiit meaest Waspdiouwhishrl s radialnigwaglly

si des, each, si .havi ng a,negative radi us of curvature.. However, it .nmay be
2ppr opr PLEGRBTRLUS bybRes EE P erEdsthEpuE PRofi Stk prerishy B itvssiita’ shape
may hav %n%ﬁ’gféﬂ&ﬁﬁl&%ﬁ ndt Bt A8 XARLGuL & thORPLQVShSE AR lﬁﬁ%ﬁiﬂ{g {2 oﬁabﬂh%?f& | ayout
space. The enbodi nents of Figure 10 can be regarded as being el ght sided, as
descri beghobt, b whéh@&ﬁﬂr]e definkd urtlee @anigeiUraall defieimgrige 20@eic shhpaist r at ed.

This central opening 200 defines the space 11. In the Figure 8 enbaqdi nent, the
cent r al copEMoNg and has ¢ sentauously chpnging dyeeingr In e sty shapgraabadagenethésed, for

exampl 5P TRTe L0 b oAU N5 THERE o o PRy DA GBI

nt's, peni
105) . Ofeahesbanase fayis@l sothreosir! ahlaghohétiapPihe@a gt 6f el shepd adheant s.
[0062] Figure 9 illustrates some experinmental results which illustrate an

advant agreoothlacuread octinge fier exfantphe opeewént largaedivuser cuffaeire edsribstearle f or t wo
different arrangenents of openi 50. During both tests, the gap.between the
subst  aPENHHEIOTS AR oINS (PHENRR SRl § %@ﬂevs% SFAIEANS GBER AT {2t he
sane. ; L S : ' d al ong
The v i KR bet) qb O L 3h PGy R L03Rid PERHE e PR PR AR oL e
The di apendsud pindsigrfate dppBedrixbdthRbaRR 8 \hdiens CRwSpLEdr § defigpEBhgig®fi N t he
formof a square with straight edges. The triangles illustrate the results in
t he caséestige.lbe efesiivegEnsog bericador the shayhgpenes iichoresthpn farghe ameethiycuEvedir e 8
with the corners Vi an. angle of 75 and wherein.the edges are cur,ved. The
i murf GBS B oBa B RS RTPE of £ aRER FUSET BN G S A CE HEPS D0 ¢ n-an
angl e ofcrfReP O Mub¥Rdt8 ahd iHel Rl ina 881 A LA REur T RHATERENis AR HARePSsy BREN, the

maxi mum achi evabl e scan speed without  liquid loss is nuch greater for an
enbodi nendothly durecdoecesent i nvention than for the square with straight edges.

[ 0063] Figures 10a-d illustrate several different enbodi ments of cornered
shape fl@P5ZhE gpenbedjacsd caghehthe opgeings 59 apeplinsspaced et framesek BT of at

| east gne_ed i as negati.ve radius of .curvature wever each edge

i o nabta SR 28 dhe Lo R Rt At Shaf iy BBl bRood Bt e SRS Pxe

por ti ongetWbéoFeRs 30 ¥ BefRdhWS] GAR aRE 1588N. BSaReldenbRaBAStIRe §ftRIngt he shapes
are eight sided or cornered shapes. This results in each of the shapes having
a cent rtaltwpar opamngsris beimeen 39nal onlgS eaech edge. The central position or corner

59 may be _closer tg a straight line 58 joining two carners 52 than other parts
of the (8833 Frenes %éH{SFraﬁesg@gmq RENHIE 2B FBPVIged Hng S Creédi%ﬁtW%%‘?fﬁéﬁod%f from

the stral gmd ﬁéd&%ng%{rﬁcthfé?%%t Q90 WROLE AQNReestRy S gzisg %g 6 RS SR
considered an 1magfPnary line as 1t 1S not preseﬁt, ut 't s 1 ne ichis
pl aced Yeqn @qioRGsiok Wontiedoetin ﬁ@fa@ero&ft@ﬂgidm@{a@lﬂd%]étﬂ;dﬁi@ymowﬁ)o dhdeyscent r al
portion 59 protrudes so that it actually lies on the straight |Iine 58 between

t he twohepwerisgasZionf 0@l of the-flgudrlendbhg strectersriniogthe possagenap9s essoeiatts beyond
the straight line 58 between the two corners 52 so.that it is radially further
1 om ¢ 1 IR ety SO IRgRReT ireaspet Pobige tamifebite St | of
the ed LS readi : I j ai ght line
55, ThaTE DS 106 ArERdl dent s O R e e AL NP LS P

r adi us extra&iors(ilesg@ndnidadl quyd)ziesiablyhvicsurs b od eneuibr flew ws&fein Wwiich bes space for
the shape is |limted. [0067] Figure 10d is simlar to the enbodinent of Figure
10a excepstantipdly ftaves henighdhe perter ofths pagresewandS aud liguigrsebstanialfyalodhough so
that it is closer to the central axis tgan the imaginary straight |ine 58

between the two corners 52. This denonstrates a | arge magni tude of negative
radius. [0068] Figure 11 illustrates an enbodiment winch is simlar to that
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abrupt (i.e. is at a point) conpared to the enbodi nent of Figure 8 where the

change in dik | i j . r:hi . i pecially
at the o MESHIEEYR: GRRSWAF S TR A SIRE AU B PR g e BFPCC, LY
Neni scugypiaAegd by a shape with a snoothly curved edge. [0069] Figures 12a and
12b illustrate an enbodinment simlar to that of Figures 8 and 11 respectively
except t[ABF4]t Heeranglydealo reamkcus pimring seapeasidoplyosward wofrhe otitlgls gir €8e8 and

11. This illustrates that it is possible for an e di ment of e present
Fhvent i R b RaoBCERITETIH AiarBS Re e orher ORlvo b B e SPH) e

achi eved yw ATy 5 0@ ARE 59 erlhaPBL We8Hs 75 and
90, or g%?&%ﬁ%qgggégﬁﬁ%%FB %%%%?gé?gﬁ%gggg%ﬁﬁﬁﬁét#%?es’egﬁer?ﬁentag ?esults
whi ch anglesi fiot aquitaeiithngdehobutkit guras 9eed spliFigusevetd difectdiopamngs f@sadlt s are

produced by the sane fluid handling structure as the dianond results in Figure
9. The tpnagsirsl @y ceguunder pessuguiaras The exengicus Beiapag Retwesdihe o caipgs ebn of

Figure 8. ich is the same as,for Fiqure 9). -Fhe results. il ]Justr iLth
Squar os i egdpiste wEr DR AL bl Rt PO g S DR ENERT Cor ner
angl e oh,d@ BSmbN8edifabBNEIHA isrsa&wiérﬁ)Bpﬁ&oimnlghh@nehcsﬁeatgwmwé tBS@Rount
direction. As can be seen, the enbodi ment of Figure 8 provides the best

per f or mafieeapatrationvelilietd frofm the substateway Hhecdrbd thenenytredicifg gothesplashipgoi des

t he worst performance. This sho the.inpﬁrta e of the shape of_%ge edge
being s #aatdw(wdg.gs %ﬂ?@lﬁeﬁaﬁmsyor?sﬁ%&%n PHeEP RV ¢ i) M jiesR % B bei ng
ointed (i.,e€.: i i.n:di i : i 14
PPl nst s Bresginhaldads A SRRl GAAG S EAGh WA hne HRAKLFHANIG, 12
enbodi menfkuel coilg bepesent rad Vg nhwerdly dior dadiatly banddriiRo fahe bpddifigs 3Mr s a

barrier 12 around the space 11 between the final elenment of the projection
syst em FO5&hd\ttibast Shitssrai3é) Wiscleteepahings Yreavh deth & diameter ofpas@ abdl mai nly by
inlet/outlet in the, e i ment .of Figure b. series..of openings 50 are
For med FPAR DY S G PAY B SHEGH T O DN ReEP BB R " t 1
referen j ~ iny t i 1150 nor e
B e R O BB T
of the fehgildothagidé bHQ. SshimuTheteal ghselovuirt Jueh agpseomng of @ ordyr dfel 0Odnaindér ed an

inlet to provide liquid into the space 11. The |iquid out of outlet 105 of the
flui d hanambagdinesys thafotad gy Hevtiebetrwgnr/8sndAd0dubst rate W This type of outl et

has bee reyipusl ovi i n,order, to .reduce the chances of.b | es bei ng
Goner at M3k e sl Rt 7 bl el Qb i MR iRaR R SIS B het ween t e
edge of . the,substirah@siVands HelossP A& SARLDaWht afINaMeh phibigcgeamRt ry of

t he out?et 105 has an i npact upon the effectiveness of the P|UId handl i ng

st ruct U8 2004aiit/824iong] bé gaeddn an[edbod]mént opdlnd presdrdinventions desirabl e t hat

the fluid sugply outl et 105 has a shape, in_plan which is cornered, just |ike
t he shal99538F Figvie 8plbwitiates. moplanm pipelical pmbediment pbthegrawnbvenigiedn §fgWhe

out | et and .openi ngs e i | bst i &l imlan
enbodiﬁégg?Ogggﬁg§ﬂ%%%lﬁ§§§gggl%%%ngggg%gﬁggggﬁg%H%ﬁgﬁﬂiﬁg%ﬁ?ng%%ﬁgqgr

openi ngriaQre @%Sdl{gﬂﬂhdif?&éﬁt RbntW iy padsbAty TRAt is,aHE béindO50 atenwetdehee & nm
desirably 5 nm of” an opening 50. That is, all parts of the shape nade by the
openi ngse5thaleeinwividii.dn g Faguef 8 ampadimant thehearspeensge poyedgs. bua et 105.

[0073] The r.eason for providi the outlets and_openings 50 with. the sane
shape ignpedigs %Féﬁlgﬂﬁogﬁ%_fgkr cisSetien S8gnd PR wgﬁ?&oﬁfggoeﬂana%%& the

openi n . re: e.: 1od Fgure.15a the outlets 105
have aq%)?%ﬂﬁ%%Q§E 6%6a%ggﬁéfgwﬁE%ﬁggﬁiﬁﬁﬁxgEgﬂgﬁégggggﬁ¥%e final elenment of
the prgjogss] AR waMstheRnbbaire@MoT #dure bNthctdidra@ obdhinghgegut dtahs ag&SoMmyhhave
substantially the sane shape as the openings 50. [0074] Figures 15a and 15b
are vi ewsndrrinthaerdbediment of Bighendl| Thigerspsesehatihe tep epraifd 30 of haerakr hts ayst em
i s being.noved over a gl as ate.. The. view is. fhrough the.glass plate so that
e postitth Gren o et Pt Sin parsull vhichd S PRER S 50" and
out | et g, QR s6S BStvidl dpatleRtsedvird FhAW §hodPsn Bigh stdbor HhBGHEL bE
handliﬁ%éggg?gﬁfgg(gfa ionapyrgndﬁ$he dﬁag pﬁg ecis bei ng no%ed dgmmmards.

[ 0075] ths cembr, hike Eeebetivefrtlgue ewd baenidys b6 grombd/eerpapetdieulposi the ecarodr stépe

meni scus 90, particularly at the top corner, noves away fromthe openings 50
down t cliggeden £gseltingindeld Targs onthy mepisauy elsliquid batveres phesedwo rpepmigagOl br t
behi nd on the bottom surface of the barnpi er nenber 12. Wen the direction of

rel ati ve novenment of the fluid handling system 12 to the gl ass pl ate changes,
the presence of the droplets can result in gas bubbles being included when
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[0076] In the circunstance illustrated in Figure 15b, as can be seen, the

meni scus 90 jis..sti]l attached to each of the ings 50, This is because the
out | ot s e ebb sadoRRaiiry b FREOCHB bl TOTR-EP IR e BERT R So.

| ndeed, L8R5 APRNHhBGMEeQrdrL4 0lReh dlerhBliRehl, #lSradRR is ﬁq%h@kaﬁ%@%ﬁ% aheve.
[0077] The outlets 105 are radially inwardly of the openings 50. The openi ngs
50 may ke indgardgdobb SBed non flf thedadixt rsaiobvilange; thisetas daodagetbe bigtiidet s 105 can be
regarded as fluid supply qutlets. The openjngs 50 can be regarded as having a
first cwa@a@ae@w&bfgﬂaweth%a%tnPSé%béhtmsné %W@ISF%@%J@W&@%% iRdeakisgcond
corner s fi1.Sk: r n d -ner shape are
arrange ?goﬁrgg-r%@% ?aﬁrﬁ?‘l( h%l ﬂé)pléﬁllugg{sg@o&%rs %gﬁ{?zf‘vgfa s&fgegggirﬁecog%%@ggﬁpar ound the
r espect ipégfofrnfisde, anerys@eONAdRQcOaIE thas et in Bessf dtatsé nRABcse CrRBasigher ed
shapes may have a common center and/or axis (the optical axis). The second

cor ner edogteapbshage hay addashiond puchtsiwotlhly sprusdrongreednshggmbodirpontghe ®aee may be
| ess | eakage of Ii&lﬁi d co%ﬁi nlg out @f thed%;btlets 105 towards the openings 50
in the PPGTPVRANIRIHE O6E FALPUIEVE? HYUARY #55 han in Figure 15b. It is
bel i eveqodtrifd ale fific hAPLAhY QU Ay oPlest NG QMELBIS AR i s at | east
partly (c)aésp ns}|I bl af oer at he ir?pr ovcggr?ént in%%%rsgusesstagi I |Ety ofa thé enbodi nment
of Fi gurkoskbhiepdidisg upgt thealwrinéd anglamrths cosies (Y1) tyd dlel divena Beawtar thecanni ng
speed and thereby greater_ throughput. L,g%?Q Al t hough an increase in scan
speed i §OPEES(SHITBMT F>0omppingene enpbsdinaent). T sidesuyitio negpdiveuedies thetdsrd s nade,

this is pot desirable be se. 0 he. ri sk of poorly ther ly. conditiaoned
[ aai o Pt P RS Rg obD8n b RN R dbetisr ORGP anc
the subsfe %h@rééé/inﬂﬁ%kti@@mﬂ Siadndt® OVl d el PfsThatlaNslc8trsceting Shd¥RRAHEd t O
increase the density of outlets 105 close to the corners and to reduce the

densi t y 56fis gmodtbt Shishelpsensird dha tlof adviastagd gés cwhict englaimthaidesingl tange cat al 1 ow
o B e o B S b St okl 1 e
total oy é@gst 30 Lot RE B Gy HEd 8 daire Al SIMALLVEIVhe LBk 8! | ous the

flow thr e ou ecrease or a given maxl nmum scan speed.

[0080] Férgutidicdier id thuglieetd@sofareebthah fenthe dhswestla stidight @tlg€ [Hawdwer ie Seen t hat
the density of outlets 105 at each of the four corners is greater than the

densi t yeldéctofielsbarp coraswhere éhanGomvpsnsaiesy/for the daewizicky of openi ngs away from
t he cornper for exanple the center of each .edge) is typicall | ess t han
0% SooMitilL in & el TRice the EBed mhfte i FamEs b top oS Sndfoyriiesn  aar o
is bet . . i . . i i . |

'S Del weky Shﬁﬁ%h‘}%%ﬂge@%vg heidensid-Yarife. PRGFRBIS: AYEYe 515@%@% t& RENESRer I N

anot her enbo ensity of openings at the corne etween 1 and 3

tinmes t&enaedshipesoforapanipihgsnavgy sidedshigeemsphnes &lvanta Q&8 Idr cAampild to be
appreci ated, any of the above described features can be used with any ot her

f eat ur elmpiave scansparst wehlinifaldgrow spdsicndhe smbodiopnte ok Figuigekbedndeagroghiided ar e
covered ibn.thi.s @ﬁgld catdi on, %BO%Z Al t hough specific reference nay be made in
this teRtP9 e ded 8¢ I REYPESHi ¢ apparatus in the manufacture of IGCs, it
shoul d jpgeNBerighrofa t8Atal bBEnihk bW AR Ste@PPAS %&ﬂ%ﬁal%?éﬁhg%é desh&l ARy have
ot her applications, such as the manufacture of iIntegrated optical systens,

gui dancspaantll .dettecFigore patnbedmserfi,ahe nagred openidgimcinculmor ples., Héwaverpathet

di splays, liquid-crystal displays (LCDs), thin-filmmagnetic heads, etc. The
ski | | ecPhapes anbowsdd, fpatipig aShapgivhiclyisthe sgppeeiic HEPSoLhe aresingadve

appli Ca(toir e 128Y d8R8b 8 ehBSai Rhite theBh& as RE shape of the further openings 105).

Other shapes may also be suitable. This applies to all embodiments.

[0062] Figure 9 illustrates some experimental results which illustrate an advantage of an
embodiment of the present invention. The results are for two different arrangements of
openings 50. During both tests, the gap between the substrate and the bottom of the fluid
handling system was substantially the same. Along the X axis is the flow rate of gas through

the openings and along the Y axis is the maximum scan speed before breakdown of the
18



"die" herein may be considered as synonynmous with the nore general terns

"substrate". or "targig Bortign'fI QQ§ ectively. The ﬁﬂbstrate ferred to

herei n MRYVBE g oL Essed, “Bef ? Blusiraty ePAEXD AFECVIC PSP SBEKhBY 8P PEhck (a
tool thal thyRirkA &sRRR! W AB sRaibRYRIze L rHbeshsdled iPusrFb AR LANR ANk dRYekops the
exposed resist), a netrology tool and/or an 1nspection tool. Where applicable,
t he di schespemngei®Ebaingnya bepappth edillustraed m Bigdreod weth tsabsheathevimgonessi ng

tools. Further, the substrate nmay be processed nore than once, for exanple in
order tN&left’d afmgrmltqr@mélgfe?dgﬁt?rew\fqﬁlaifh? AEXHBR SSHbERced WS REIUISEHRT n nay

al so r e;tﬁée d{rgcrti?r)élsiﬂsglg?lgkh% cloilx?etrash %ﬁtﬁ%ﬁ%ﬁgfé"d}{ b %&n'{”.xkle% P Be BEr%&?%f&jt | ayers.

[ 0083] . adlation "bea used herein ehnconpass ypes of

el ect r orgnghdne. Aadiabd @Rn, theehdxghng dehickaMieatat sfcblV)vithadi Bdui@mosses suchavi ng a
wavel engt h of or about 365, 248, 193, 157 or 126 nn). The tenn "lens", where

t he contgssaterabt amembadinend pé thetngesgnlinyaeticsr theo ftyi thasqusne vithwérightisdgegpes of

opti cal ents, including refractive and refl ective optical_.c onents.
(Bosa] WiPHE Yguer 1 e dahptint e SFvE Flehtren chava-blehiRtifibed above,
it will : i ' ' [ i t han as
describé@gmggg5gg%%%ﬁg?kﬁﬁiﬂgﬁggggﬁgﬁ%gQ%?H?%ggﬁﬁggﬁf%%ﬁ 63%?§igﬁffe f orm of
a conputnegatpreagdiamot oatvatunt. tfpvesner edchnmlpe abediae agesticaf withahhioseive eatlabb

i nstructions describing a method as di scl osed above, or a data storage nedi um
(e.g. s @mvc@@ﬁau&eo%pem%éh@/porﬁﬁgwtth@ nositiystradias cal BkICeRAY bAGLSQERTRSCBRhut er
program_gstqored therein,, Further. the ine readable instruction may be
Erbod ed Hepuuira e sl St eied s arane T SR nBY M B BT EY r ogr ams
may be 3targofibrofiecoher fol EAREARE. TRBRAIrSISHAMYNUr Al SHURLAREIBRSG a.

[ 00851 The controllers described herein may each or in conbinati'on be operable
when t héo areaight Imor 88 pompgter cpmegy Ehthaaoéer pads biytherdgo rThemestrelgmpiitcer
processors located within at |east_one conmponent of e |ithograph

t
appar at 05 ORI LB O§ITPEALY Rayvasdciosrihy ﬁr%%iWPWE%Q‘@%HW@Hﬁ e
confi gurat.i on.f.o 1LVI [ [ ' - npr e
or ocess Sy aLieCts bRG B thRTcRl 3 SRR DRy AR SERTOEPSLER G s Dt
controlkgﬂ&wdﬁgkoﬁ%amphgadg@ghC@ﬁﬁ&gg&ler may i nclude one or nore processors
for executing the conputer prograns that include machine-readable instructions
f or t he[(fsdhbuEigies t0a, Heelceanibal portith@9 qotrudsisisertkatriibyctialiyl liggendhe atraigbi age
nediun1for ghorinﬂ Euch conput er prograns, and/or hardware to receive such
medi um !1%%°5¢ REM SRt %VY%F?%%QS y operate accordi ng the nmachi ne readabl e
i nstructq : ; : .ar di ment s
of "t he. |3SE P sARE O XGRS0 Bk e G o A i SR e T2
parti cutvad corbits 52alo t@xiCik UsSiadtally futthee Sont yHrasnrenixionrd tabsysdglarithe2X. whet her

the imrersion liquid is provided in the formof a bath, ong% on a |localized
sur f acel066h oFiguree] Gu B tof sheedgsrs ragialycorhemnsuay framdhe gerdtkiwdbanatheangenent |

the i i N j fl . the. f f. th bstr at /
A B R A R e G
substr afaﬂhﬂg?{?é.%uﬁsggﬁ@iﬂ S U1 Bmbsdineht Rdisefll i SHE @g@d& pgRbhhfed 1jAm&s si on

system t Iqui d supply systemnay not confine the imersion fluid or it may
provi de[0a6py Bigard i hisafimilan®@riié embbdiguind o€ Bipfurd edeatcepbtitht thotcestudigioatidn al |y
conpl ete confinenent of the imrersion liquid. 10087] A liquid supply. system as
cont enptadess noéABIte PEHBIdedaaonel s fat Edh stoseicg. the perdel asisthanibe dinagwes), | t

may be Techani r _combination o ruct ure hat, praovi des .a liquid to a
Space. HRENELATERE B EePR s sylitemanait e b iete R et it eGot bl dore.
It may ,g@pRrise a conbination of one or nore structures, one or nore fluid
openi ngs including one or nore

[0068] Figure 11 illustrates an embodiment which is similar to that of Figure 8. Each of the

corners 52 have edges which protrude radially inwardly from the straight line between the
two corners 52. However, in Figure 11 the edges each have two straight portions (and no
curved portions). The straight portions converge to a point which is radially inwardly of the

straight line between the two corners 52. Therefore the change in direction of the edge is
19



l'iquid openings one or nore gas openings or one or nore openings for two
phase fI The nIe t 0ot on _space (or an
but et 1ESRAE SRETRERE (LR O PERAPolMh o Bl M S TR FhdeTher <i on
space (ofir@fioh N @ntindbes. trht@s sfh'ajslé: Htab%@dé h Benind) %Ephrc@a)l}y a 't‘h@pblﬁtr@@i@llgfe a
surface of the space g@?e a portion of the substraté and/ or substrate tabl e,
or a surihwedl of the heaightltee, mdycltisipisetable/thenwenerascas piraiced byfa shhge withst r at e

and/ or substrate t bbe or the space may envel op the substrate and/or
subst r at¥POHy EUVERE B?qU|d supply system may optionally further include one

or nore gﬂq? F I Lo Y/ (flowrate
or any Jgker gg?%?%ggﬁélgkﬂhﬁﬁaﬁi E%FR@§§%H%QBA%Wgng&3J %Peéﬁere I's provided
a fluidrbgrdlivég estopyoiatrle dfngte of dach bogeaghsoe aapppéseﬂwo 75TbEFiiglitts @ dnandl.i ng
structure has a plurality of openings arranged n plan, in a cornered shape.

The f1 uilhihdhairpieg thet itug pogsedle @r@@rﬁimlg:@meén@féhe pwatnttlneentipem hye different

di ted, bst r at d bst r at bl dt
cuppor  Aels” el o hRE B BlmiiE B Gune s T hADe B O Rl ot T ve
radi us. b-EtWee%Qiioﬂ%h@@Oshﬁ%th&Yt m\é‘ﬁd@o@q{r%%fwé@ntﬂ"%nﬂ%@b us in the range of

0.05-4.0 mm [0089] The cornered shape may have four corners and four sides,
each S|qeﬂﬁnuhg@easnﬁgannmammadnm3mmﬁmou$w&aneasﬁmenooﬂnﬂeeﬂFgﬁap@]nay have a
side with a ne tive radius and the cornered shape has at |east one snoot hl y

curved Eogped3 @awﬁé%lérs Srapediesy hydhe same flyed handhing spaefars asdhe adi us t hat
changes n‘g yanhoencdtregﬁts tgrttléﬁ}lé@u%hg tr%n%lﬂgar %suit?ﬂsf: IgB?e {3 grfe fl{31I %}g fﬁlntghandh-ln.%ﬁ cor ner ed

shape W't h
cor ner edyhaRE Fidi-e Bavid is tIRAsin ORSos FRAtNY Y TaY tysatts florsn@ated winesgapatipl y
curved corner may have a radius in the range of 0.5-4.0 nm The radius nmay be
in the F@gelbfarelf-OBthnﬁmbﬂdlmnt(bﬁlgamgé (@fithithg s@nb cmner angle0903° &tbeopeni ngs
may be inl et for tqﬂﬁ age of S a r lig o the fluid handling
st ruct uFEngy ttﬁa @8%0%}%108% egg%fﬁreeﬁen p%% sayRe gent fhgiebodtmett ot he
fluid h i c
corner TR BB Bl TR 0 Bl SRR R P
openi ngl@yo@@esﬂhemﬁﬁt patfothen@peiisghoat thetiagiortane 60thoghagefoftthecd e d
shape. The openings ¥ surround a space to which the fluid handling structure
is arraﬁge@tht(oes@ppnyalmhaoglrrghe dpgetimgs onpgscddo beimgamginikd (itchbaviag aar ound t he
space. ) I n. ag egbo iment, at |east one corner of the cornered shape has
an ang| IBP %gP EhUEGUSAY 90 degrees, or between 75 to 90 degrees, or between
75 10 Bhgdepragse 110R00SIRLGRALIBURFYGIAN aRAR Guchc bpaPO degrees, or
betmeenﬁ) ? E%§e egreeg or retweerlio7 egreesﬂf‘g ig c%rn%red shape may
conpr i semkodjhientof thepseseht invaeiche fTha dhhibiartdhiagopasiungfrand tdefiérmi2ngotile
cornered shape may be continuous and has a continuouslydggaﬁgﬁng di rection.

€

100921 thg shgccelpRfdvaahthetfiat elemengof thempsgjestim stepp BE a0 #rt§iWg the fluid

poi nt 1 PR o ued LBy BRI 3 ab 3 FROARERLIMRER Y ner e
I's a flsiudsméadiﬂ Bnivks Y6 bt Brined ifla bbliagnaRM 1 @p%rtahlﬂamaﬁeerfﬂztasd handl i ng
structure has a urality of fluid extraction openings arranged, in plan, in a

first ochasaéb@dwsha«pferenand) Bigptasréal 3.tAlsofforiiadiid thepptigm spgadanigsnaor anged, in

plan, in second c rnened,sha e he fluid extractjon openings _and fluid
suppl y F g?ﬁ HFEIngsd éi"i’le‘ﬁlt‘ &n &Hl%@,m@‘é@a} uig ( §18bgﬁ‘ﬂ1§? @utaﬁidi%%ﬁua substrate

tabl e %%% fi %E%‘c’tﬁ E’tﬂiﬁer %Pgmﬁg 26? e co%de{ daShh @09 (& ﬁl%‘%% t?cﬂ{ &'?ﬂt?d
shapes "are subst an y sim 'ur'd extraction opening i s present at the
apex ofth@tpdceast Tha ﬁqﬁ@lrdta bf ehtiéthe sfdftisd fleRrnedBte Shaas ianuéasd dwardd thesuppl y
opening is present at the apex of at |east one corner of the second cornered
shape. supgoad WV THds typgiad ostlpphar bepe nrqvgeusimyrobileddsiordasrte deduge iled ¢hpnpeswar dl y

of the f extraction, op The fir. corne shape .and t he second

cor ner a1 bohilgs e BsheiRR gho ondun it e RS TRE SRy Griecap Ay SEafithgs. may
be 1mor enCL a3 e(ithépaa‘s%q WRBIndANhE QbR Hatd '@ﬁft WS SRR th-Egg% tri %f%& fsi on
openi ngs or ud supp y openi ngs may be respective l'y space from one
anot herl 0amas ag impsctpspeied éfetivenas of thestemdnﬂndlomgiah&dmehﬁpentaifheg figquigt and

second cornered shapes may have a comnmon center and/or axis. The second
cornered shape may be formed within the first cornered shape.
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[ 0095] The first cornered shape, or the second cornered shape, or both, may
h ' i th tiyve. [ t hl d 1 The first
cor ner eV Bl P P e tee G AP BT BF DR R, ot % HE S8R by bt

radi us ijnchherdiangdered the sy Ao QnBBhertS 50, 1S plaf OMmABEE ThSORRE ed Shagel 6 RCON
cornered shape, or both, may have four corners and four sides, each side

havi ng aulegbli ael orgdings S6fare desvablyr @bsthoQ@B] simbler. fih ah dmdetmast i coh spgri ngs
and/or fluid supply openings may pe fornmed all the way around the respective
first ahaport thettsndisadheornyy 4n %&fé%?r epraing P& Dsyrblyrcaeh 9&%5@r%y0§e wi t hi n

10 mm of,, 4.R3Ts o \éfﬁtﬂﬁl ﬁ?ﬁl?ﬁ‘,fjdegﬁéﬂlfrﬁ%&pfo&%ﬁ%ﬁg%igg%] Th %%g%[ll{}faé@ro?\’ﬂed&%pé‘at

| it hographi ¢ apparatus conpr’i st ng ing str n use,

| east omgadedynBE opénibgesd hreshitiand 0sLQTd gﬁﬁrdﬁh@&a‘pbaﬂeﬁﬁ:li%cﬂ@ﬂeﬂmin a
scanning or in a stegyi ng direction. [0098] There is provided a fluid
handl i ng0&t3 ddteuessohder providing greaptiicts A pad apeasingThe Withuthd strapdhansgs st r uct ur e

h . ity of ' d i | an,. i . d . The fluid
nanar 1 ngtePrttofaeieS By b Eine el ab Gy ondpRianeadl PG et Lse,
L ovar ds s RUBRWCILS i APHLRL 1 BURBHERYBSHAR ££ANG! GHPEd i SURPORe AVRe

substrate.” The openings are nore closely spaced near a corner than el sewhere.
[0099] ¥hepeaend figd oimyechiefphes®idctian spstalrnsi doyitrast, @ Eigureersbahe befletees 1 and 5
times the density away fromthe corner. The openings may be present at a
densityﬂﬁw}@Vé§Wﬁ%¥ﬁ@ﬁYH@%%E@hﬂﬁméﬁﬁﬂ@CmPW@gsﬁﬂe density away fromthe corner.

The openi : be. flui d.,supply outlets. TRe flui.d handling.styueture may
compr | SHUAT PRy Fr it Rk iotshen S PR Ry OB A M4 ° e
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handl i ng strucfure. In use, at |east one corner of the cornéred shape may
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devi ce manufactyrin t hod. The thod cqnprises: providing.a fluid between a
proj ect PetH C@@%&lﬁ%t@%ﬁ Kigpes lap é{ﬁ Any th%ﬁmdelwﬁéng SHUFH 15 FBROEY AREHCt he

SUbStraéﬁssgﬁlgteti?%eiﬂg%&%tdi&Wﬁf)’%ﬁﬁm by applying an under pressure to a
y ul

pl urali of “openrngs in-a f andling structure. The openings are _
arr angegho7s ARlcan be |s@enain®$_ﬂ1%rl@3, shanemavaHad thigoditish df Bet@ssuk9e, proj ecti on

system and the substrate. The cornered shape has a side with a negative radius
and/ or partcelorlyet b teihagmeh asoes avap dronwihetp pgnimgd SAslomwm towerdsaghgeutddts 0. 05- 4. 0
m 105. This can result in droplets 110 being left behind on the bottom surface of the barrier
member 12. When the direction of relative movement of the fluid handling system 12 to the
glass plate changes, the presence of the droplets can result in gas bubbles being included
when those droplets 110 come into contact with the meniscus 90, e.g. collide with the
meniscus. Any such bubbles can find their way into the space 11 between the projection
system PL and the substrate W and thereby cause imaging defects.

[0076] In the circumstance illustrated in Figure 15b, as can be seen, the meniscus 90 is still
attached to each of the openings 50. This is because the outlets 105 have substantially the
same shape, in plan, as the openings 50. Indeed, the openings 50 are closer to the outlets 105,
as discussed above.

[0077] The outlets 105 are radially inwardly of the openings 50. The openings 50 may be
regarded as being fluid extraction inlets and the outlets 105 can be regarded as fluid supply
outlets. The openings 50 can be regarded as having a first cornered shape and the outlets 105

can be regarded as having a second corner shape. Therefore the first cornered shape and

second cornered shape are arranged concentrically. The openings 50 or outlets 105 are spaced
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[00101 ] There is provided a device nanufacturing method. The nethod conprises:
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[ 00103] There 1s provided a fluid handing structure for a lithographic

appar at ustletyhes id made, hizindd naitgiestrahlebmaelsé]aﬁtha risk wif abotly thefmbllycanditdmesct i on
n a first cornered shape, and a plurality of
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support liquid through the outlets 105. Alternatively, this allows the flow through the outlets to be
decreased for a given maximum scan speed.
[0080] Figure 16 illustrates one such embodiment. It can clearly be seen that the density of
outlets 105 at each of the four corners is greater than the density of outlets elsewhere.
Conversely, the density of openings away from the corners (for example at the center of each
edge) is typically less than 0.5 openings per mm. In one embodiment the density of openings
at the corners is between 1 and 5 times the density of openings away from the corners. In
another embodiment the density of openings at the corners is between 1 and 3 times the
density of openings away from the corners.
[0081] As will be appreciated, any of the above described features can be used with any other
feature and it is not only those combinations explicitly described which are covered in this
application.
[0082] 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
systems, guidance and detection patterns for magnetic domain memories, flat-panel displays,
liquid-crystal displays (LCDs), thin-film magnetic heads, etc. The skilled artisan will

appreciate that, in the context of such alternative applications, any use of the terms “wafer” or
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a substrate and the fluid handling structure. The |ithographic apparatus may

conprise. a.,controller conf,igured to contro direction of reglative,nption
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arc directed, in use, towards a substrate and/or a substrate table configured

t o supporultitlipeerdubyt that e tethesubisiiatg)usedbergiiy may eldo s¢faple habstiatsits alicedy a
negative radi us;. .and/or b). the cornered shape has a corner with a radius in

t he ranggﬂt&fnsd{lﬁgp .R;o?ﬁ#gd layers

[0083] The terms “radiation” and “beam” used herein encompass all types of electromagnetic
radiation, including ultraviolet (UV) radiation (e.g. having a wavelength of or about 365, 248,
193, 157 or 126 nm). The term “lens”, where the context allows, may refer to any one or
combination of various types of optical components, including refractive and reflective
optical components.

[0084] While specific embodiments of the invention have been described above, it will be
appreciated that the invention may be practiced otherwise than as described. For example, the
embodiments of the invention may take the form of a computer program containing one or
more sequences of machine-readable instructions describing a method as disclosed above, or
a data storage medium (e.g. semiconductor memory, magnetic or optical disk) having such a
computer program stored therein. Further, the machine readable instruction may be embodied
in two or more computer programs. The two or more computer programs may be stored on
one or more different memories and/or data storage media.

[0085] The controllers described herein may each or in combination 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. The controllers may each or in
combination have any suitable configuration for receiving, processing, and sending signals.
One or more processors are configured to communicate with the at least one of the
controllers. For example, each controller may include one or more processors for executing
the computer programs that include machine-readable instructions for the methods described
above. The controllers may include data storage medium for storing such computer programs,
and/or hardware to receive such medium. So the controller(s) may operate according the
machine readable instructions of one or more computer programs.

[0086] 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
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2. The fluid handling structure of claim1, wherein the cornered shape has
urvat ure.
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mm 7. The fluid handling structure of claim6, wherein the radi
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[0087] A liquid supply system as contemplated herein should be broadly construed. In certain
embodiments, it may be a mechanism or combination of structures that provides a liquid to a
space between the projection system and the substrate and/or substrate table. It may comprise
a combination of one or more structures, one or more fluid openings including one or more
liquid openings, one or more gas openings or one or more openings for two phase flow. The
openings may each be an inlet into the immersion space (or an outlet from a fluid handling
structure) or an outlet out of the immersion space (or an inlet into the fluid handling
structure). In an embodiment, a surface of the space may be a portion of the substrate and/or
substrate table, or a surface of the space may completely cover a surface of the substrate
and/or substrate table, or the space may envelop the substrate and/or substrate table. The
liquid supply system may optionally further include one or more elements to control the
position, quantity, quality, shape, flow rate or any other features of the liquid.

[0088] In an embodiment there is provided a fluid handling structure for a lithographic
apparatus. The fluid handling structure has a plurality of openings arranged, in plan, in a
cornered shape. The fluid handling structure is configured such that the openings are
directed, in use, towards a substrate and/or a substrate table configured to support the
substrate. The cornered shape may have a side with a negative radius. The cornered shape
may have a corner with a radius in the range of 0.05-4.0 mm.

[0089] The cornered shape may have four corners and four sides, each side having a negative
radius of curvature. The cornered shape may have a side with a negative radius and the
cornered shape has at least one smoothly curved corner. The cornered shape may have a side
with a negative radius that changes direction continuously along at least part of its length.
The cornered shape may have a corner with a radius in the range of 0.05-4.0 mm. The
cornered shape may have at least one smoothly curved corner. The smoothly curved corner

may have a radius in the range 0f 0.5-4.0 mm. The radius may be in the range of 1-3 mm, or

in the range of 1.5-2.5 mm.
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8. The fluid handling structure of any one of the preceding clains, wherein
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present at the apex of at |east one corher of the cornered shape.

handling structure is arranged to supply fluid. The openings may be formed all the way

around the space.

[0091] In an embodiment, at least one corner of the cornered shape has an angle of between
60 and 90 degrees, or between 75 to 90 degrees, or between 75 to 85 degrees. The or each
corner may have an angle of 60 to 90 degrees, or between 75 to 90 degrees, or between 75 to
85 degrees. The cornered shape may comprise eight corners. A line defined by the openings
and defining the cornered shape may be continuous and has a continuously changing
direction.

[0092] In an embodiment there is a lithographic apparatus comprising the fluid handling
structure. In use, at least one corner of the cornered shape may point in a scanning or in a
stepping direction.

[0093] In an embodiment there is a fluid handling structure for a lithographic apparatus. The
fluid handling structure has a plurality of fluid extraction openings arranged, in plan, in a first
cornered shape, and a plurality of fluid supply openings arranged, in plan, in a second
cornered shape. The fluid extraction openings and fluid supply openings are directed, in use,
towards a substrate and/or a substrate table configured to support the substrate. The first and
second cornered shapes are substantially similar. A fluid extraction opening is present at the
apex of at least one corner of the first cornered shape and/or a fluid supply opening is present
at the apex of at least one corner of the second cornered shape.

[0094] The fluid supply openings may be positioned radially inwardly of the fluid extraction
openings. The first cornered shape and the second cornered shape may be arranged
concentrically. The fluid supply openings may be more closely spaced near a corner than
elsewhere. The fluid extraction openings or fluid supply openings may be respectively
equally spaced from one another around the respective first or second cornered shape. The
first and second cornered shapes may have a common center and/or axis. The second
cornered shape may be formed within the first cornered shape.

[0095] The first cornered shape, or the second cornered shape, or both, may have a side with

a negative radius and a smoothly curved corner. The first cornered shape, or the second
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13. The fluid handling structure of any one of the preceding clains, wherein
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The fluid structure according to any one of the preceding clalns,
wher ei nwilign 10 mm of a part of the second cornered shape.

[0097] There is provided a lithographic apparatus comprising the fluid handling structure. In
use, at least one corner of the first and second cornered shapes may point in a scanning or in a
stepping direction.

[0098] There is provided a fluid handling structure for a lithographic apparatus. The fluid
handling structure has a plurality of openings arranged in plan, in a cornered shape. The fluid
handling structure is configured such that the openings are directed, in use, towards a
substrate and/or a substrate table configured to support the substrate. The openings are more
closely spaced near a corner than elsewhere.

[0099] The openings may be present at a density at a corner of between 1 and 5 times the
density away from the corner. The openings may be present at a density at a corner of
between 1 and 3 times the density away from the corner. The openings may be fluid supply
outlets. The fluid handling structure may comprise a plurality of fluid extraction inlets
radially outwardly of the openings. There may be provided a lithographic apparatus
comprising the fluid handling structure. In use, at least one corner of the cornered shape may
point in a scanning or in a stepping direction.

[00100] There is provided a device manufacturing method. The method comprises:
providing a fluid between a projection system and a substrate; and retrieving liquid from
between the substrate and the projection system by applying an under pressure to a plurality
of openings in a fluid handling structure. The openings are arranged, in plan, in a cornered
shape around the fluid between the projection system and the substrate. The cornered shape
has a side with a negative radius and/or the cornered shape has a corner with a radius in the
range of 0.05-4.0 mm.

[00101] There is provided a device manufacturing method. The method comprises:
providing a fluid between a projection system and a substrate; retrieving liquid from between
the substrate and the projection system by applying an under pressure to a plurality of fluid
extraction openings in a fluid handling structure, the fluid extraction openings being arranged,

in plan, in a first cornered shape; and supplying fluid to between the substrate and the
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cornered shape conprises eight corners. 18. The fluid handling structure
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corner of the second cornered shape.

[00102] There is provided a device manufacturing method. The method comprises:
supplying liquid between a projection system and a substrate through a plurality of openings
of a fluid handling structure. The openings are arranged, in plan, in a cornered shape and the
openings are more closely spaced near a corner than elsewhere.

[00103] There is provided a fluid handing structure for a lithographic apparatus. The
fluid handling structure has a plurality of fluid extraction openings arranged, in plan, in a first
cornered shape, and a plurality of fluid supply openings arranged, in plan, in a second
cornered shape. The fluid extraction openings and fluid supply openings are directed, in use,
towards a substrate and/or a substrate table. The substrate table is configured to support the
substrate. The first and second comered shapes are substantially similar. A corner of the first
cornered shape, or of the second cornered shape, or of both, is configured to be aligned, in
use, with a direction of relative motion between the fluid handling structure and the substrate
table.

[00104] A lithographic apparatus may comprise a substrate table configured to support
a substrate and the fluid handling structure. The lithographic apparatus may comprise a
controller configured to control a direction of relative motion between the fluid handling
structure and the substrate table such that at least one corner of the first cornered shape and of
the second cornered shape is aligned with the direction of relative motion.

[00105] The descriptions above are intended to be illustrative, not limiting. Thus, it
will be apparent to one skilled in the art that modifications may be made to the invention as

described without departing from the scope of the claims set out below.

27



having a plurality of fluid extraction openings arranged, in plan, in a first
cornered shape, and a plurality of fl Lgnﬁgpply openi ngs arranged, in plan, in
a second cornered shape, the fluid extraction openings and fluid supply

openi ngs being directed, in use, towards a substrate and/or a substrate table
configured to support the substrate, the first and second cornered shapes

bei ng subst anf\ifhiid pardling shructusg &r e lKhegrpphit dpesteivache dnidpadiing sirsctpreesent  at
the apex of at |east pne corner of.the first cornered shape.and/or a fluid
supply dleerpivERRY e TR ool et 18 pERLET TR bt A B bhe s econd
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the fluid handling structure having a plurality of openings arranged in plan,
i n a corsabstede sthapeyntigoed tbsuppdraticd subgras¢, mietreine confi gured such that the
openings are directed, in use, towards a substrate and/or a substrate table
configured tdsupp@ecomsecdigae hat asidametia negahee BdsH: Agdoare nore cl osel y

spaced near. g,cor gL, HNAN. LIAEMART Loofid QG YAGS, TRAUEAGLU S MBlhad:
conprising: providing a Tui etween a projectron sys &M and a substrate; and
retrieving liquid from between the substrate and the projection system by
appl yi ng an under pressure to a plurality of openings in a fluid handling

struct ule, t Hhedpadihagdingitngtanofged !, whesinmthe comesetgrpe hedfshapmesy ound
the fluid Eetwecf?n thﬁ F({Tg‘lection syste .andfthe substrate, wherein a) the

cor ner ed"d FpS14r5sCash Siq1axi e R BEEHYRTANS HAYF\FUCand/ or b) the cornered shape
has a corner with a radius in the range of 0.05-4.0 mm 24. A device

manuf acturi ng nmet hod, conpri sing:
3. The fluid handling structure of claim 1 or claim 2, wherein the cornered shape has a

side with a negative radius and the cornered shape has at least one smoothly curved corner.

4. The fluid handling structure of any one of claims 1-3, wherein the cornered shape has
a side with a negative radius that changes direction continuously along at least part of its

length, and/or the cornered shape has a corner with a radius in the range of 0.05-4.0 mm.

5. The fluid handling structure of any one of claims 1-4, wherein the cornered shape has

at least one smoothly curved corner.

6. The fluid handling structure of claim 5, wherein the smoothly curved corner has a

radius in the range of 0.5-4.0 mm.

7. The fluid handling structure of claim 6, wherein the radius is in the range of 1-3 mm,

or in the range of 1.5-2.5 mm.

8. The fluid handling structure of any one of the preceding claims, wherein the openings

are inlets for the passage of gas and/or liquid into the fluid handling structure.

9. The fluid handling structure of any one of claims 1-7, wherein the openings are outlets

for the passage of fluid out of the fluid handling structure.
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providing a fluid between a projection systemand a substrate;

retrieving liquid frombetween the substrate and the projection system by
appl yi ng an under pressure to a plurality of fluid extraction openings in a
fluid hargl i nghsfliildtautdbng bhectiidewfdneyhd aCthk PrecRprRBi I sbehagirtihe apasdgs i n
plan, in a first cornered shape; and supplying fluid to between the
subst r ataze arde closelspjesdtricana eyraeiethnn lsowbgrea plurality of fluid supply
openings, the fluid supply openings arranged, in plan, in a second cornered
shape, wherein the first and second cornered shapes arc substantially
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| east one corner of the first cornered shape and/or a fluid supply opening is
pr esent iaterdchen@aherpeofingt id @asithone corner of the second cornered shape. 25.A
fluid handing structure for a |lithographic apparatus, the fluid handling
structure having a plurality of fluid extraction openings arranged, in plan,
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suppl y op&@RhNgshdS Rt 1QEE &b cdrferéIthe dM@EdShapesubstrate and/or a substrate
tabl e configured to support the substrate, the first and second cornered

shapes being substantially simlar, wherein a corner of the first
cornered_shape, or .of the second gornere hape, .or of both, is configured to
be ali gﬂéd, ey Sapd HtacRae of Sy e Haha plevid R clm pukeinnS B T g
handl i ng,$hEHFS Yae G hidhens Yt ﬁzﬂ%dﬁné R &ure is arranged to supply fluid.

14.  The fluid handling structure of claim 13, wherein the openings are formed all the way

around the space.

15.  The fluid handling structure of any one of the preceding claims, wherein at least one
corner of the cornered shape has an angle of between 60 and 90 degrees, or between 75 to 90

degrees, or between 75 to 85 degrees.

16. The fluid handling structure of ¢laim 15, wherein the or each corner has an angle of 60

to 90 degrees, or between 75 to 90 degrees, or between 75 to 85 degrees.

17. The fluid handling structure according to any one of the preceding claims, wherein the

cornered shape comprises eight corners.

18.  The fluid handling structure according to any one of the preceding claims, wherein a
line defined by the openings and defining the cornered shape is continuous and has a

continuously changing direction.

19. A lithographic apparatus comprising the fluid handling structure of any one of the

preceding claims.
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20. The lithographic apparatus of claim 19, wherein, in use, at least one corner of the

cornered shape points in a scanning or in a stepping direction.

21. A fluid handling structure for a lithographic apparatus, the fluid handling structure
having a plurality of fluid extraction openings arranged, in plan, in a first cornered shape, and
a plurality of fluid supply openings arranged, in plan, in a second cornered shape, the fluid
extraction openings and fluid supply openings being directed, in use, towards a substrate
and/or a substrate table configured to support the substrate, the first and second cornered
shapes being substantially similar, wherein a fluid extraction opening is present at the apex of
at least one corner of the first cornered shape and/or a fluid supply opening is present at the

apex of at least one corner of the second cornered shape.

22. A fluid handling structure for a lithographic apparatus, the fluid handling structure
having a plurality of openings arranged in plan, in a cornered shape, the fluid handling
structure configured such that the openings are directed, in use, towards a substrate and/or a

substrate table configured to support the substrate, wherein the openings are more closely

spaced near a corner than elsewhere.

23. A device manufacturing method, comprising:

providing a fluid between a projection system and a substrate; and

retrieving liquid from between the substrate and the projection system by applying an
under pressure to a plurality of openings in a fluid handling structure, the openings being

arranged, in plan, in a cornered shape around the fluid between the projection system and the

substrate, wherein

a) the cornered shape has a side with a negative radius; and/or
b) the cornered shape has a corner with a radius in the range of 0.05-4.0 mm.
24. A device manufacturing method, comprising:

providing a fluid between a projection system and a substrate;
retrieving liquid from between the substrate and the projection system by applying an
under pressure to a plurality of fluid extraction openings in a fluid handling structure, the

fluid extraction openings being arranged, in plan, in a first cornered shape; and
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supplying fluid to between the substrate and the projection system through a plurality
of fluid supply openings, the fluid supply openings arranged, in plan, in a second cornered
shape,

wherein the first and second cornered shapes are substantially similar and wherein a
fluid extraction opening is present at the apex of at least one corner of the first cornered shape

and/or a fluid supply opening is present at the apex of at least one corner of the second

cornered shape.

25. A fluid handing structure for a lithographic apparatus, the fluid handling structure
having a plurality of fluid extraction openings arranged, in plan, in a first cornered shape, and
a plurality of fluid supply openings arranged, in plan, in a second cornered shape, the fluid
extraction openings and fluid supply openings being directed, in use, towards a substrate
and/or a substrate table configured to support the substrate, the first and second cornered
shapes being substantially similar,

wherein a corner of the first cornered shape, or of the second cornered shape, or of

both, is configured to be aligned, in use, with a direction of relative motion between the fluid

handling structure and the substrate table.
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