1 I mmersion Lithographic Apparatus, Drying Device, |nmersion Mtrology
Appar atus and Devi ce Manufacturing Method FIELD [0001] The present

invention relates to a liquid renoval device, in particular that can be
used in or in conjunction with a lithographic apparatus or a netrol ogy

apparatus, as well a AETDiSingPEidlevi ce manufacture.
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substrate. A lithographic apparatus can be used, for exanple, in the
manuf acture of integrated circuits (1Cs). In that instance, a patterning
device, which is alternatively referred to as a nask or a reticle, may be
used tolBbhBrate a circuit pattern to be formed on an individual |ayer of
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general ,”a sin aln a netwrk of adjacent target
portions that are successively patterned. Known |ithographic apparatus

i ncl ude so-called steppers and so-called scanners. In a stepper each target
portlonggbKthﬁﬁm@ted by exposing an entire pattern onto the target

ortion anner t.ar get r.radi

Ceann ngOUuaL At P o ur e BRE e st Bl B ASURRY e
"scanni ‘I!Lgua‘ll‘}'oﬁﬁ% tapgz-} Pmoh %fﬁﬁé%ﬁbﬁ’tﬁh’f@%ﬂlﬂio@ﬁ?m@ hfghrithecathsisedtsr par al | el
or anti-parall his direction 055|bletotransfer t he

pattern ekarmp&ellhéhmamé‘aqtumg)f infegraicd ctrwltsr{écsédbghartamamy ;| mbﬁermng ﬁ@’l@ehe

pattern gjn e sub%, ?te 0003] It ha geen E g%st trrm'-:rs

subst r at*@"§ Sla Bt it a?)?ﬂ‘)aélﬁ?]i%'f? 1C8phaY 8t 4 ﬂggneiraaalcgcw VI ng a
relativgh¥erhdbe fo%é@sﬁ Y Shch AN Layr OF thWAC Crhis BAeR® cdidoe s fifreB BAGE:
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irradiated by exposing an entire pattern onto the target portion at one time. In a scanner each
target portion is irradiated by scanning the pattern through a radiation beam in a given
direction (the “scanning”-direction) while synchronously scanning the substrate parallel or
anti-parallel to this direction. It is also possible to transfer the pattern from the patterning
device to the substrate by imprinting the pattern onto the substrate.
[0003] It has been proposed to immerse the substrate in the lithographic projection
apparatus in a liquid having a relatively high refractive index, e.g. water, so as to fill a space
between the final element of the projection system and the substrate. In an embodiment, the
liquid is distilled water, although another liquid can be used. An embodiment of the present
invention will be described with reference to liquid. However, another fluid may be suitable,
particularly a wetting fluid, an incompressible fluid and/or a fluid with higher refractive index
than air, desirably a higher refractive index than water. Fluids excluding gases are particularly
desirable. The point of this is to enable imaging of smaller features since the exposure

radiation will have a shorter wavelength in the liquid. (The effect of the liquid may be



regarded as increasing the effective nunerical aperture (NA) of the system
and increasing the depth of focus.) her imersion |iquids have been
proposed, including water with solid particles (e.g. quartz) suspended
therein, or a liquid with a nano-particle suspension (e.g. particles with
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Figure 2 shows the arrangement schematically in which liquid is supplied via inlet IN and is

taken up on the other side of the element by outlet OUT which is connected to a low pressure
source. In the illustration of Figure 2 the liquid is supplied along the direction of movement
of the substrate relative to the final element, though this does not need to be the case. Various
orientations and numbers of in- and out-lets positioned around the final element are possible.
One example is illustrated in Figure 3 in which four sets of an inlet with an outlet on either
side are provided in a regular pattern around the final element.

[0006] A further immersion lithography solution with a localized liquid supply system is
shown in Figure 4. Liquid is supplied by two groove inlets IN on either side of the projection
system PL and is removed by a plurality of discrete outlets OUT arranged radially outwardly
of the inlets IN. The inlets IN and OUT can be arranged in a plate with a hole in its center and



3 through which the patterned beamis projected. Liquid is supplied by one
groove inlet IN on one side of the pr?j ection system PL and renoved by a
plurality of discrete outlets OUT on he ot her side of the projection
system PL, causing a flow of a thin filmof Iiquid between the projection
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of 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 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 substantially 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
clement of the projection system and the substrate. The liquid between the final element of

the projection system and the substrate during exposure is optical liquid. That liquid is



the projection systemand the substrate during exposure is optical |iquid.
That liquid is 4 allowed to | eak over,the remai nder of the substrate. A
barrier at the edge of a substrate table prevents the liquid from escaping
so that it can be renmoved fromthe top surface of the substrate table in a
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imrersion liquid to break away. Such droplets left on the substrate can
cause V&MMMOM ems as discussed further below. [00111 In both |ocalized
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when a gr o1pl et on the substrate surface contacts and

roplets left on the substrate can cause various problems as discussed further below.
[0011] In both localized and non-localized immersion systems a droplet or film of liquid
can be left on the substrate either after the substrate has passed the final element and the
associated optical liquid or when the substrate is removed from the exposure station.
References to a droplet of liquid herein encompass additionally or alternatively a film of
liquid. A film may be considered to be a droplet which is in the form of a thin layer covering
a part of a surface. If left to evaporate, the droplet can cause localized cooling and
deformation of the substrate. Dissolved and suspended contaminants may be deposited on the
substrate. Such a droplet may be a source of defectivity (i.e. defect count density) in attracting
contaminants. If a localized liquid confinement structure is employed, an additional problem
can arise. Bubbles may form, for example, in the immersion liquid between the substrate

surface and the projection system when a droplet on the substrate surface contacts and

impacts the meniscus of the immersion liquid under the projection system. The droplet may



i npacts the meniscus of the imersion |iquid under the projection system
The droplet may 5 be stationary relatgve to the substrate, but nove
relative to the confinenent structure.”The risk of collision between a
dropl et on the substrate surface and the neni scus may increase after a
change Qf <llibfir raflivlio i blaife, BB Bl REANE &Nk SRR AhendBdHefif
confi nenent structure ?or exanpl e when changi ng scanni ng direction.
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According to an aspect of the invention, there js provjded Iith%graphic
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and a liquid handling structure arranged to renove liquid froma surface of

the substrate table, a substrate held by the substrate table, or both the
subst r aj@12pbltds ddsitabloeo providerantimprdvied apparajus by tvhivtllai menistus oot by e
conprising an_array of |liquid extraction openings arranged along a |ine,
each of stahidized aist/er adiquidhdroplsh caprmareisel yrly By fiom the guy @gﬁg&q ve
directioqmg{ae el ongation and the directions of elongation being at an angle

of greaﬁ%r an 0 to the line. [0014] According to an aspect of the

i nvent i gop13} hakeoriinghs o hghect & thd inhagioapihee: iapraidiludithepagiic sppragitusa
substrate table constructed to hold a substrate; a projection system
conf i gur@dPHBnNgr oj ect a patterned radi ati on beamonto a target portion of

the substrate &%ﬁa A ggg&kgﬂd%gﬁ}%ghng&mgKggﬁppticaI axis; a positioner

arranged to e??ec re 've novene ween e substrate table and the

proj ection syslighid handopt sttty stapedio emgedlifsd con & shrfideef frsubitaner to
nove the substrate table relative to theigrojection systemin a scan
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liquid handling structure conprising a plurality of elongate |iquid
ext r act elongativarsing g diregons of elongation being at an angle of greater than 0 to the line.
[0014] According to an aspect of the invention, there is provided a lithographic apparatus
comprising:
a substrate table constructed to hold a substrate;
a projection system configured to project a patterned radiation beam onto a target
portion of the substrate, the projection system having an optical axis;
a positioner arranged to effect relative movement between the substrate table and the
projection system;
a control system arranged to control the positioner to move the substrate table
relative to the projection system in a scan direction during exposure of a target portion of a
substrate by projection of the radiation beam thereon; and
a liquid handling structure arranged to remove liquid from a surface of the substrate
table, a substrate held by the substrate table, or both the substrate table and the substrate, the '
liquid handling structure comprising a plurality of elongate liquid extraction openings, the
liquid extraction openings being spaced apart and each liquid extraction opening overlapping

at least one adjacent liquid extraction opening such that a line extending substantially paraliel



|l iquid extraction openings being spaced apart and each |iquid extraction
openi ng overlapping at |east one adjacent |iquid extraction opening such
that a line extending substantially parallel 6 to the scan direction from
a point in the region where the patterned beamis incident on the
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during exposure of a target portion of a substrate by projection of the
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openi ngs arranged opposite the surface, the arrangenent of |iquid
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pressure, a plurality of low pressure regions are formed between the surface and the liquid
handling structure, the low pressure regions being elongate, spaced apart and each
overlapping at least one adjacent low pressure region such that a line extending substantially
parallel to the scan direction from a point in the region where the patterned beam is incident
on the substrate passes through at least two of the low pressure regions.
[0016] According to an aspect of the invention, there is provided a lithographic apparatus
comprising:
a substrate table constructed to hold a substrate;
a projection system configured to project a patterned radiation beam onto a target
portion of the substrate, the projection system having an optical axis;
a positioner arranged to effect relative movement between the substrate table and the
projection system;
a control system arranged to control the positioner to move the substrate table
relative to the projection system in a scan direction during exposure of a target portion of a
substrate by projection of the radiation beam thereon; and

a liquid handling structure arranged to remove liquid from a surface of the substrate



relative to the projection systemin a scan direction during exposure of a
target portion of a substrate by projzction of the radiation beamthereon;
and a liquid handling structure arrangéd to renove liquid froma surface of
the substrate 7 table, a substrate held by the substrate table, or both
the subsiialSub@bhendifly HRSBUAR ARk or HoliPihe sttt ABANA 10 SBBSURL W
conprising’aplurality elongate Tiquid extraction openings, the liquid
ext r act liguiddpasiingsnkeiragomspraiec plnality efwoatiiduiderttctort omenirigejthepeni ng
overlapping at |east one adjacent |iquid extraction opening such that no
li ne extighidi siyasliassapspingupeiye spygrhinag and Gagthliduie sHIasHPR EPTHIE YBRPRINBoi nt
in the reqglon [ . : 1S 4.0C ate does
ot pase! Hraanhageferk 1y Rk SpRRRTHIh il HE0lcxt b RbsRARY 21 © 1007
Accor di RErallél 8Mhespe direcdiontifoen b pyianin the regidiewkert theirateinddtieaan Is ihtidgmtaphi c

apparatus conprising: a substrate table constructed to hold a substrate; a
pr oj ect PothespbsEse dessmogpass yndsneativptdeast angokthe hawd exiRtieRo8FNB&AmM onto a

' f.. L & . nto
movereni®B] wasro s el ttrh & e P R, He RO bR BRI, hiikathE B O

system @smpAgpg to control the positioner to nove the substrate table
relative to the projection systemin _ a scan direction during exposure of a
target porti o sefstrte tahlp sensipetedio prldpsubstigt: of t he radi ati on beam t her eon;

and a liquid handling struc e ran t i ayid f rface of
the substrate? pfod%(itlg,g sgte l‘)’é rggltr%{ tﬁ)%r%%%ya &ﬁ%&gggﬁlétgﬁ (Laﬂ “Tab ng(,ﬂ garrgégot h the

subst r apgrtfoalif thernlsttdie substrate, the liquid handling structure
conprising a plurality of liquid extraction openings arranged A opposite the
surface, the appsitigeararengst to pient selatieaeydnennt befaisehis splstale tableand st |
when the .li.quid_ extraction openings are in fluid conmunication with a

sour ce B?”ﬁﬁ@gfy%?ESsure, a plurality of |ow pressure regions are formed
between the SHEhRAER sPIén bRendeld qolbshtvd il po’Bionst towedueriBe subBgat @blpr essur e
regi ons being elongate, spaced apart and each overl apping at |east one

adj acentelatbw tp thesprajetionsgysiem igwchan disectinn duipng cxpESER O AFISTHPOIEAN 1A | y

parallel .to the scan. disection from an oint in the region where the
pattern@@sﬁgtﬁﬁﬂyipgojfﬂbqnc?gmer&ﬂlaﬁﬂ%f)%al% A éand}jpes not pass through at | east
one of the | oyjighRIBHIIR BULRASarTdnB0d Bl reAReOlighidgrdnPa sitfasReale sabstidie
invention, there is provided a | |q§| d handling structure configured to

al

renove tablpindulfstiotn keldly thasebstrtedallarmsthotit hesalisitiate tablg and theatbstrés. éhepy t he
ﬁgﬁ;f Ir ﬁ[j&léi%l%g{lﬁlE’ﬂgoasttrugt%%ehcc}n'pp%s?n%baslglar%rli%r E[)fach{u?d gxqgac%igne ogelfnbégts rarargggedt he liquid
opposite the surface, the arrangement of liquid extraction openings being such that, when the

liquid extraction openings are in fluid communication with a source of under pressure, a
plurality of low pressure regions are formed between the surface and the liquid handling
structure, the low pressure regions being elongate, spaced apart and each overlapping at least
one adjacent low pressure region such that no line extending substantially parallel to the scan
direction from any point in the region where the patterned beam is incident on the substrate
does not pass through at least one of the low pressure regions.

[0018] According to an aspect of the invention, there is provided a liquid handling structure
configured to remove liquid from a surface of a substrate table, a substrate held by the
substrate table, or both the substrate table and the substrate, the liquid handling structure
comprising an array of liquid extraction openings arranged along a line, each of the liquid
extraction openings being elongate in a respective direction of elongation and the directions

of elongation being at an angle of greater than O to the line.



conprising an array of liquid extraction openings arranged along a |ine,
each of the liquid extraction openings being elongate in a respective
direction of elongation and the directTons of elongation being at an angle
of greater than O to the line. 8 [0019] According to an aspect of the

i nventi here J [ LES R : BRREns! NY:

proj ect :fﬂ)gl giln%‘lcg%ggggé%éa%gg&%rtﬁg%lkf&ﬁl a’ sgﬂegig %ﬁdé@harﬁgﬁﬂgmﬁi quirilgéconfi ned
to a spagghodehin@g®itg: t he substrate; and renoving liquid fromthe substrate
through an array of liquid extraction openings arrap eg al %% a line, each
of the |iqui dPEXeGHAS &R HRag RSB SWskpg draugha Haw §b%fgft V@4 SpRFect i on
of el ongation di.rections of elongation being at an angle of greater
than O gglacefnﬁg%lnsﬂ%getm?’%bgm According to an aspect of the invention, there
i s provided ardhewiseliqudibacthesitsgatenohgeansiragofdiquid dxgeéghepenaggpar at us
having a projection system_ the nethod conprising: Projecting an. i mage of
a pat t earaeged alangaling eachof therliyithexdractioqueReniigs PEME §langaty Iy pESBCUdF acent

t he substrate ile rel ati ; ' . ' i~0n
syst om piediof e HorGod Bl OB A B G EhE & AR JHFRE DAL 100
substraug k. connecting a plurality of liquid extraction openings arranged
opposite the surface to a source of under pressure so as to form_ a

pl ural i 180281 Peeprdingde an aspesigifdhainertinaetherais prayided addexicg manstactgingd

extractio peni ngs,. the. |ow pressure i ed apart
and eac H‘mﬁ}}’ rSHS htsog?ﬁflga aronseﬁazfg’]{ga@érﬁ% 08&333% g%ngg}éeﬁ#gmrggg?%ﬁﬁaﬁ%n vi ened
in the scan dpfopschihgan ith@R2kl pAaedrdita@sibetrae taspgcs ligiid chefinadve atspane,
there is provided a |ithographic apparatus conprising: a substrate table
const r uedjecent thetsobsirate whiteretagively nagidngtheisgrtateanddhe AgiestipR BYSthR %8 r anged
to renove Isd'[irgui.d_fr m a surface of the substrate table, a substrate held
by the SEBSPFSIU A% e, or both the substrate table and the substrate, the

l'i quid handl i pgh¢hddIeduid GofORIiace BOtha Butitraiybyfonhéctinp d phuchlitgeff liquidopeni ngs
in a linear arrangenent, each of the liquid extractjion openings having an
el ongat exitictienspanngsmreanged onpesitethe gurficeie asoyee Al WISt PISFSUrH 35ita degm

ot e B AT PR Rk SRR B 11
low pressure regions being elongate, spaced apart and each overlapping at least one adjacent
low pressure region when viewed in the scan direction.
[0021] According to an aspect of the invention, there is provided a lithographic apparatus
comprising:
a substrate table constructed to hold a substrate; and
a liquid handling structure arranged to remove liquid from a surface of the substrate
table, a substrate held by the substrate table, or both the substrate table and the substrate, the
liquid handling structure comprising an array of liquid extraction openings in a linear

arrangement, each of the liquid extraction openings having an elongate dimension in a

direction different from that of the linear arrangement.



reference to the acconpanying schematic draw ngs in which corresponding
reference synbols indicate correspond%ng parts, and in which: [0023] -
Figure 1 depicts a |lithographic appara us according to an enbodi nent of the
invention; [0024] - Figures 2 and 3 depict a liquid handling structure for

use in %Hi hﬂﬁgéﬁﬁﬁfﬁﬂﬂRNQ Fﬁ?bﬁﬂk atus; [0025] - Figure 4 depicts a

liquid ure use I n a I|thograph|c projection apparatus;
[ 0026] qo0d¢22gu Emtﬁ)ddﬁ@itg:(bfsth@ﬁrvbmm will ibist deaatiébest byeay af stampde onleg, with
configured to handle liquid and control a |ocalized area of 1 nmer

i quid opfereneiodhs aqcemﬁémanwhamgwbér@wa%gé 1} yHich cogrgpondingirgfaiegos

devi ce 58 gBMﬁf%%g@Fﬂx&ﬁoﬁkﬁH%v ﬂpstrate accordlng to an enbodi nent of
e

the inventron igure pi cts other arrangenents of a substrate
st age offo@e3li t h@igaphidepicappithagrishianshasathd apuordingeoauanbddmmeneoftheor di ng an
enbodi nent of the present invention; [0028] - Figure 7 depicts, in
cross- séREnBA: a barrier nenber formng part of the liquid handling

struct u:[@()ﬁj/ Fi q:“i' ) EJL({)Qgg alﬂu%ﬁ}dﬁn%?ﬁﬂh@e% %'e%){va ﬂ{ho?:raghi%f[ e defining

liquid nrngs an frier renmoval® devi ce
accordl@guaﬂmﬁmppﬁmmgnt of the invention; [0030] - Figure 9 is an enl arged
view of the circled part of Figure 8§; [0031 - Figure 10 is a plan view of
anot her [$1281 e- f diighrad depiets adfquai hanglingstrushey S wie v & bith OFEPBICAYECHS an
enbodln%n%iqg .the present invention; [0032] - Figure 11 is a plan view of a
further BR&% ‘formng part of a quuid renoval device according to an

enbodi mpguzepf - t hegmameplb@rparté eP3abstratEs@EE & shdiciuse eonfiigafed\d Bamddd liquidt her
plate formng part of a uid renoval device according to an enbodi ment

of the pnésenlp nlﬂﬁ@hzqdcmea ¢igoBaysion qulgé & apgbsteateheld an agpesiaisitablacideér
| ate f ' t
prate ?h@g&%rlg dﬁ%%@)] rem% 53 ﬂ ul(a q"%\ﬁnaéng S b 1%?6 ac?&%l%g&o d e}n%oﬁl% %'E'Jlggtg% men

of the plc

operating@h@m{ennve droplets accordlng to an enbodlnent of the present

i nvention; [0036] - Figure 15 depicts the |iquid renoval device of Figure
14 oper #0027k tanmééemctsfqthmrrmmen{eo@@f 2 substjaa stegerd advprgania | i quid

removal a81%¥alltﬁse and a quulé Rhd\Rl 3@V1(?en£:8grldmnegna[n e(r)r];bohlr}nent of the present invention;

[0028] - Figure 7 depicts, in cross-section, a barrier member forming part of the liquid
handling structure of Figure 5;

[0029] - Figure 8 is a plan view of a plate defining liquid removal openings and other
parts of a liquid removal device according an embodiment of the invention;

[0030] - Figure 9 is an enlarged view of the circled part of Figure §;

[0031] - Figure 10 is a plan view of another plate forming part of a liquid removal device
according to an embodiment of the present invention;

[0032] - Figure 11 is a plan view of a further plate forming part of a liquid removal device
according to an embodiment of the invention;

[0033] - Figure 12 is a plan view of another plate forming part of a liquid removal device
according to an embodiment of the present invention;

[0034] - Figure 13 is a plan view of another plate forming part of a liquid removal device
according to an embodiment of the invention;

[0035] - Figure 14 depicts a liquid removal device operating to remove droplets according
to an embodiment of the present invention;

[0036] - Figure 15 depicts the liquid removal device of Figure 14 operating to remove a
film;



present invention; and [00381 - Figure 17 is a plan view of a plate
defining liquid renoval openings and other parts of a |iquid renoval

devi ce accordi ng an enbodi ment of the 10 venti on. DETAI LED DESCRI PTI ON

[ 00391 Figure 1 schematically depicts a |ithographic apparatus according to

ure 1"schemtical |y depi ct phi ¢ apparatus_accor di
cyst om QP ndtgry 1F Ceub P L PG R ArRo 6 FE] s PRldrad™ 121"

WV radi %}ésgﬁiﬁ{}en@b%d’ngdi ation); a support structure (e.g. a nask table) M
construcCted to support a patterning device %e@%. a mask) MA and connected
to a fin6e38posi tHigmed7 v plontieguetaplete dafining digeidyepowll vperngsand ot er ni ng

device in_ acgcordance with certain.paraneters: a-.substrate table (e.g. a
vaf er t ZBIRY W&q‘ﬁ%ﬁeﬂ?‘/&ti}%@cetaﬁc?{g}r@ &4 eﬁggfr?%nttgf%g%‘{enﬁm'r esi st - coat ed
waf er) Wand connected to a second positioner PWconfigured to accurately
position the substrate in accordance with certain paraneters; and a

pr oj ect DETANEIRESERIPTION ef racti ve projection | ens system) PS configured
to proj a_pattern inparted to the radi.ati on beam B.by, patterning device
VA bt b (00394, gt bihetriiaindri® 4 fpr R s SRS RS gREE) *of (e

Substra%ﬁlb%lﬂe%%%eﬁh@%ﬂidﬂ.ma drftis Sotgpr@d:may include various types of
as re

optical conponents, suc ractive, reflective, nmagnetic,

el ect r oragnet ag jllvatiegioncystemi (dlumingphdl coyfmusedio wpditionle radigigndreent s, or
ecting, shaping, or controlling radiation. .

any conbi natjon..t here for. dir
[00411%&%6%?QOW%EYG?‘£&W%OI ds the patterning device. The support

structure MI ,Rolds dMenRAllSh MAR bR IME chibtr@ckB O QippbRalpadeRapdivia t he
orientation of the patterning device, the design of 'the I'ithographic

appar at (sg. sanask) Mre and onulictted tsg fistipdsitienct BM eoudigpied to aprerately positipmthet he
patterni ng device is hel g in a va%%ijm envi ronment. The support structure

MI can BaRCTREEHEHCE W) ACCULRRATIY Pt RAEFHEERS: o1 ot her cl anpi ng t echni ques

to hold_the paidgaRitie Ae .ia%fethfaszefwwﬂstrﬁété&ﬁ)tw@a Mlbsea (be. & frame or
a table, for exanple, whic may be tixed or novable as required. The

suppor t resist-godted wafell) Weand ensnactedtth atsecond popitivna W egniigvede dosurateha desi red

position, for _ex le with respect to the projecti.on system Any use of
the ter Resitionthesp tra@rm-aﬁcégﬂancgévrl '%ﬁwaﬁ%eg%ﬁﬁngered synonynous w th the

nore geper al %]glfcg%cngﬁts%‘%&ﬂ i(%g. £R¥h &R prditetidnd sith§ PE&OATigRad teprb]etd

devi ce" used n shoul d broadly interpreted as'referring to any

devi ce tlpatternampireedus diek diatiopbeam B byguitemningvdvearivinidnto atapgt pertieniCh its

cross-s ?e(.:é.lc?)rr}lprising one or more dies) of the substrate W.
[0040] 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.
[0041] The support structure MT holds the patterning device. The support structure MT
holds the patterning device in a manner that depends on the orientation of the patterning
device, the design of the lithographic apparatus, and other conditions, such as for example
whether or not the patterning device is held in a vacuum environment. The support structure
MT can use mechanical, vacuurn, electrostatic or other clamping techniques to hold the
patterning device. The support structure MT may be a frame or a table, for example, which
may be fixed or movable as required. The support structure MT may ensure that the
patterning device is at a desired position, for example with respect to the projection system.

Any use of the terms “reticle” or “mask” herein may be considered synonymous with the

more general term “patterning device.”



such as to create a pattern in a target portion of the substrate. It should
be noted that the pattern inparted tci the radi ati on beam may not exactly
correspond to the desired pattern in the target portion of the substrate,
for exanple if the pattern includes phase-shifting features or so called
assi st res, neral | . , - e Lat. | amw ||
corres p&)‘ﬁ%tzr oerge E)eg@ ti %tgfiﬂzli%gfi %ﬁg ﬁ%%%ﬁé@gyégpﬁd#%;%r%@w féger%%gﬁgg ('r:f%g[g?lgd in

t he tar geinydvide@hat coibduscdso Biipdrty @glabibe Yeamh wWetliatpattbMA4 3k cidse-sgaioher ni ng
devi ce maybe transm ssive or reflective, Exanples of patternin devi ces

i ncl ude swlisaedo CispiSGnRHARTIN @ targelnertion ¢fahe subsirgie Jf w&ﬁwﬁﬂt@i Lh@%hsana s.

Masks are well Nt i t as

bi mary. PAreRERarTRG® Trabiado AR noRRHa MRS kPR SHER D,
var i ous Hathigetpdrask ot 11 Ssbstra, x axgthle of th@patpiwGRdeahRc-ghiftigy featureay
enpl oys a matrix arrangenent of small mrrors, each of which can be

i ndi vi donsd salleil pssist feagiress Geperpldy, |the pattern inpregiad fythe saftigtiandivamenith i n

i vi dausd alii e e CTRU.IloRpari o Beibin
peam wi R PRy bt ket R it & S SRR fofob bR e Bl 70,

syst ent' ;ysehidpested dircalitoul d be broadly interpreted as enconpassing any type
of projection system including refractive, reflective, catadioptric,

nmagnet i §0048] ethe pattearieg deviermaebebrusautsite @ reffictiva Exgpplosof pattgrniagy

conbi nat,i on t.hereof, .as appropriate for the exposure.radiat.i iing used,
or for BYHES l?ﬁg‘feo’?l?kglpé’ﬂg‘%gm}aﬁk LT gfray, g Pﬁ?%‘?“é' 5%1? ?gﬁhﬁ;c?n glg ot éelguse of
a vacuugie wilykdbsh iflithdaeaph§! 4Rd iRE1HERIORDEsRNEH adTEihaly alfeyatiag phaersifer ed

as synonynmous with the nore general term"projection systenf. [0045] As

her e demidattupatethphaspishifaeuwell as viricus hybimd mesisiypes. Apprapplepf aenpl oyi ng a

t i ssi k). Alt tively th he of flecti
Lype. (DG EEHRS oL BB EN A P PR Y B miferd saB LML LS
above, gin BIRHIRYIALY Blt6REd £ kMRchRSHtomidgd0didfionThan intdiereapdiicetianpar at us

maybe of a type having two (dual stage) or nore substrate tables (and/or
two or Whe gltghmireorsimpardepatteen instadision beans whikeh ipratflecist &y shegaror maidRi nes

t he addjti t abl es may. be used i arallel,, ar eparatory steps nmay be
carri edlooégfa‘lghe GHe B‘foje??\éf)‘ésjfsgeb? _e'ésea/tlﬁgll‘e& %ngdotfe%&gy 8‘%’{8?6?? abl es are being
used f og, SXRASH LanyltHRAA prEieiRIn’ dyReml Schidiy RfrdotiviehR fledttvemtdiadioptrit L
receives a radiation 'beam fromaradiation source SO The source and the

| i t hogr mpphaticagpetramagsctiveanidecletpatatc epténal sisieass, of any coxvbmpition thesead, ashe
source is an. exginmer |laser. In such cases, .the saurce is n consi dered to
Form pafRPIOBE s 01 SHOSF IO DpEdts 05l (THE s St TBRiR €% passed
fromt h@gﬁ@ﬂé{oﬁ%qﬁg $rhd B& ofialVabiiR 2A B udelofhd Broh gﬁ‘rofé'cﬁpl‘?fen@_’ Raainmisidevery
system conprising, for exanple, suitable 12 irecting mrrors and/or a
beam exgantiered as sytnymous withshd heresgrnembtemny’bwjetion aységmal part of

[0045] As here depicted, the apparatus is of a transmissive type (e.g. employing a

O

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).
[0046] The lithographic apparatus may be of a type having two (dual stage} or more
substrate tables (and/or two or more patterning device tables). In such “multiple stage”
machines the additional tables may be used in parallel, or preparatory steps may be carried
out on one or more tables while one or more other tables are being used for exposure.

[0047} Referring to Figure 1, the illuminator IL receives a radiation beam from a radiation
source SO. The source and the lithographic apparatus may be separate entities, for example
when the source is an excimer laser. In such cases, the source is not considered to form part
of the lithographic apparatus and the radiation beam is passed from the source SO to the

illuminator IL with the aid of a beam delivery system BD comprising, for example, suitable



the |ithographi c apparatus, for exanple when the source is a nercury |anp.
The source SO and the illum nator IL,1 together with the beam delivery
systemBD if required, nay be referre(% to as a radiation system [0048]
The illumnator IL nay conprise an adjuster AD for adjusting the angul ar

I ntensi Hﬁ‘f%tgfg?ﬁfﬂo?yﬁﬂd%} aﬁ;eaﬂl@p&@@f. 3 b#Rr BRAMhe GREL Ahl ¥e afintd@aFaridre

outer an r 1 nner radial extent (commonly referred to as a-outer and
a- i nner thelithperaphiv eppayated, farkesampleerisnttle shusteris bumdramy lampp Thpagurke BPane of

the illum nator can be adjusted. Ip addition, the_ il|lumnator LL may
Conpr | S8 U G aBr HoroguhrponHbe et v ved ynt B RATARPSL ke o
condensegle. 00} 1 The bdihun Qr may be used to condition the radiation beam

to have a desired uniformty and intensity distributioninits

Cr 0ss- s ¢ai4i8pn Thi Qldh@hatTné. madecatpron abednsBr AP fonedjdgimg thaangudar patenseiyni ng
device (e.qg.,. mask) MA, which is held pon the su rt.structure (e.g., mask
t abl e) W?lq%‘ﬁ‘@n iozt}'ﬁa’[?ql%ti‘\%,\'ﬂtfa%(}ﬁﬁga‘g‘é@f éﬁﬁit}a“go‘ﬂgp\ﬁp“g”é’.r mngL (A% © trf’é'\/er sed the
patt er ni i the_ =1 : 3 rojection
Cyst om BemiiREtpbs 10060 Bl R BEREL RPERT R BEAY almRRRITR | P0r e
W Wt Bypihplané 6f bk ildisinseccmbepdiiistadomerddf\dhane ihasinkioo L sepsomptife (e. g.

an interferonetric device, |inear encoder or capacitjve sensor), the
subst r averiqugistler prmpenenisesysh e 0 Hitegralar BY pod a 691'5’%“%‘36 Cek Thg 1ljuminpiop pay

diff t 1 | G £ cadiation. beam B. Simlarly,
the 1 r 0 sdef Bl 1fRRu o b0t 8 Real MEnt BRLAY LATARRRD 1, S oty

expl i ci Hispitch€iph &t Belcrogs-decgar. e 1) can be used to accurately position the
patterning device MA with respect to the path of the radiation beam B,

e.g. af {9hetharadistion beam Bdg sicidonben thepagrmingsiexiop (e-8s mask)iMy, whickdsn. |1 n

gener al vemrent of th ort | -\ -1 he aid
or o | ohe o T Rrefi ot {8 Er LSBT MT il ]s SRR oGk bR BEEE
(fine ppaifnk@avaedd thehedinkgdevibaMA ahe radhgioh ibesh Bogsidsitoegh i Similarly,
nmovenment of the substrate table WI may be realized usin a_l ong-stroke
nodul e pregection Rystem B8 whish festa¢sdhe hpne pntp Grtpsggkpartion Croh gies%lbﬁifﬁae Bosi ti oner

PW In as a st epper,. (as sed..to a er A t
Ct 1 uot P He R S SS T RRlc B RPBRGR R sy RORGL b LIGLSHRRGL
fixed. Ratéerinda@nspet §1€‘ca%iﬂﬂ£isen§dl\i% 3he aibetrMé FYe DA @hnitgneshadsicagately,

patterning device al ig_nrrent mar ks | M2 and substrate alignment marks P1,
P2. Al t hgusprestth positirsdiffgrent trgeypemions fen kee path pf the sadisticad caadtpymiladyi cat ed

(these BearugdtiandPhaaRy sefraRERNRR shhar PARET el YR DAPFPRTUEE,  one
i N whi chy QR kbR RBGa@ivehdsfionREONiRaHAn BetibeMRa iR tepod téltheigath dMAhe t he
patterning device alignment nmarks nay be |ocated between the dies. 13
radiation beam B, e.g. after mechanical retrieval from a mask library, or during a scan. In
general, movement of the support structure MT may be realized with the aid of a long-stroke
module (coarse positioning) and a short-stroke module (fine positioning), which form part of
the first positioner PM. Similarly, movement of the substrate table WT may be realized using
a long-stroke module and a short-stroke module, which form part of the second positioner
PW. In the case of a stepper (as opposed to a scanner) the support structure MT may be
connected to a short-stroke actuator only, or may be fixed. Patterning device MA and
substrate W may be aligned using patterning device alignment marks M1, M2 and substrate
alignment marks P1, P2. Although the substrate alignment marks as illustrated occupy
dedicated target portions, they may be located in spaces between target portions (these are
known as scribe-lane alignment marks). Similarly, in situations in which more than one die is

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

between the dies.



[ 0050] The depicted apparatus could be used in at | east one of the

follow ng nodes: 1. In step node, the support structure MI and the
substrate table WI are kept essentlally stationary, while an entire
pattern inparted to the radi ation beamis prol ected onto a target portion

C at on t tr ble WI i

t hen ﬁ?qgtﬂge T&‘ﬁ d’PFH‘éte tgsrg ?‘iﬁ"?'és(‘? %ngg OB (?fetges?ﬁl?% ‘%nelfJ 48 ar Set e
portion;C Cant@&eﬁﬁﬁeﬁﬂe sdptaoﬁtsﬁﬁbturrémtmaﬂ@sﬁaaﬂamab@lwqr aéf kdphe exposure
field limts the 'size of the target portion Cimged in a single static

exposur esseftiallystamaarynotids an trdire g@itfm tmparied ¢e theéa ignlparhis Péfu%tdf aitte tabl e
WI are scanned ﬂyggchronous attern .ation

beam i s ASHEFIRTEY GAt e mfl‘ét 15et Slng‘%ﬁfﬁﬁg ﬁx@sﬂe) g Sué ﬁaét %bf ynam ce

eXposur ghised REHESE ARSY ﬁﬁgctfé)'nrs@@ﬁdt 9@1fﬂfreﬁt g@t%?ﬁdrﬁ@@aﬂ BOESosdl If eb@t | ve
to the support structure MI may be determ ne t he (de- )magnlflcatlon and

i mage r evelesthb n‘(ﬁhmlmEEBIO§th603P@'ur¢ fidd pinojsdhe $1@¢10‘%t§1§tf@g¢t98f‘flolﬂrf3 geaggdnode,
t he maxi nmum s ., of the exposure field limts the width (in the
non- scafht Hgs Staé‘ete?‘]&??)‘“eof the target portion in a single dynamc

exposur g, mehﬁ&%nhtb%e'tﬁsgﬁﬂboﬁfstrh&ﬁr&qmu@% {BLt£0 B WIreeGnhée hei ght
(in thé scanning direction) of the target portion. 3. In another node, the

suppor t sgichtombuste witile |a5patteptlmp&$®irtb itlad ltaghagombea@mwgro,tﬁgtledl pnig adargst ogr anmabl e
pat t er ni ng. devi.ce, d the substrate_.table ile a
patter nPP’rgt‘ﬁ it €& tﬁ‘ngﬁélytl%{ﬂ]icé’f‘?%sﬁf yedo W@ngtrg%m&an %%F”S%?ab ortion
C.I'n tRi$ B8R to 1RENBH&E S¥udurB Wi B ﬁﬁy'b%‘ébt%hhﬁt@d 59meqae1)§tagdmtamqnand t he

pr ogr ama e patterning device is updated as required after each novenent
of the $ubstreadraal chivhatentico of iha phytatmesysiero PSs bi scen nrosld; the n@mnpmnwg duri ng

Th d b di |
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Conbi nat i ns a or varl ’at1 ons on the above descri bed nodes of use or
entirel yhe sdﬂﬁrﬁ@ﬁtﬁctmm)iﬁsh@fargm;pommy be enpl oyed additionall y or in the

alternative. [0052] 5de|cts rralcal i.d hand

arrangefent s Lbft“é’f et?é’ 8’ e§'tH§’§ rsgfl%mreg[{}id%{( Ealbzq#%ﬁqnary l%ag?l cul ar,
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I mrer si I qul 0 a space between the final elenent of the projection

syst em Baiterf ioparted aovthei radintiorsbdairgispedjectediotthe tangbsparaereCVihghid/maste, subst r at e
table. (Note that reference to, the su stqrtﬁge herel |ncI udes references to

t he subgtrreaftlbf % Rithyed AR HBSORrEod? gplpgehn Btﬂaﬁft%‘ﬁ le PRYFTBIDG JEYISE Y t o t he
contraryl .. i@gfetﬁh%gt?%h escr : E@czf t?fﬁ Lirdithd teﬁﬂ@WT Gxgmsﬂef\#&h‘éﬁ@cewﬁé" a

removal "Qevi ce rther below. During the course of a
series efdi@#op@alseedurimysorrdBhis mode bBomantionedn bateadily apglisdso meskelesy t he
substr a%l’gtotgg,g{n? thguttl?zegg}/oegcrianru%laﬁte Ip\e{t?ert[n?lg device, such as a programmable mirror
array of a type as referred to above.
[0051] Combinations and/or variations on the above described modes of use or entirely
different modes of use may be employed additionally or in the alternative.
[0052] Figure 5 depicts schematically liquid handling arrangements relative to a substrate
stage in more detail. In particular, a liquid handling structure 12 is provided to supply and
confine an immersion liquid to a space between the final element of the projection system PS
(not shown in this figure) and the substrate W and/ or substrate table. (Note that reference to
the substrate herein includes references to the substrate table in the alterative or in addition,
unless stated to the contrary). This arrangement includes a liguid handling structure with a

removal device 100 that is described further below. During the course of a series of exposures

and measurements carried out on a substrate W, the substrate table WT is moved relative to



14 the projection systemPS and |iquid handling structure 12 at high
speeds and with high accelerations. Qt4 various tinmes, e.g. when exposing
edge di es and when nmaki ng neasurenent's using a sensor provided in sensor
bl ock FID, the edge of the substrate may pass under the | ocalized body of
| mer si hidthish sybtem ¥ 8nd BRRd h&dBRe SeERhen 2k Eeds GRAGAR R di rection
of the g%bésﬂ?ﬁgttle S'gyz%tblme W, ﬁni}g causega dropl et l(?Tyéls?qeuisd to brtlagak away

f rom t hacdetalytion®. Anvaeioss tmes,ieqgiwdhempxbdsmgledpe disemdahonmakiegsubstrat e,
substrate table and/or a sensor EID. A dr t,left on the substrate may
cause aBRYBPRERYS HSIngD SEHESER REOTLe Yy ik ab e|€8%%?ﬁn %aleb_é%tﬁn?fa and
hence d E?sq{nﬁéﬂﬁe RlcaliZdd b%g? 8f inth&siof 1i4LRAPI1E fl"hﬁ,aéhﬂ%%@ $bdelerticii @k ved or
suspend contam nants and/or attract contamnants fromthe environnent.
Ther ef ockangehim ditequiordofi tbersntairatsyatle W] @hyaeswrakimplet of lamidwdodikeriy of t he

i i i i ded to red. 1 .Ni m | | ef h
subst  adm Pgpodyaheertivalifad wogpe | BHMES o g enostue He THE Body of
| mrer si oo, bt @, 9 d%@%?%h omﬁ? QIEbts b Addhde 4R8Il SUdidedsgmale, dgvi ces 200

according to an enbodi nent o e invention may be provided to fenove any

| i qui d kafsingdocdlized subing nad bendé dighatibn gfifhd substratey Al drdplet wey deppsibe fixed in

position relative to the projectiopn systemso that thhe normal  novenent of
r

the subdiselied erapRendertieqniamyaants gpaiar 41Gsrt soRIpEHARL T te S¥irpuRcHf
exposur ggﬁ)ﬁ?ﬁélﬁ(ﬁﬁ@ rRs %@Ee?ﬂ YRR otding tlIE*AE elb@lintknk S AlvedlGd %e 200 may

be provi S own positioner. The liquid renoval device 200 may be

used whéaferdaé td teduiecbrhmintthiza groplatsileftonghd $hbsttate stonetaniyde ereatetlj tui d r enoval

system e.g..liquid renoval devicge 100, according to an enbodi ment of the
i nvent i %bl%ﬁéllgﬂé‘%(l&ﬁ*ﬁﬁ%{s O[f?hghqd@w HipeRatdfevi ce 100 nmaybe of one of the
Lypes Olgssfivbilc BARGH fiRbi A RinARPAGIRAOMaSColRED dn didbdhidifl of
descri bed above or ‘a type whi uses a gas knife to ctonfine the I mersion
| i qui d, tie.igvenéidn dias bk ps@ddddrto bahbdethn$tluzisleft patientubsatpgt W.afliediyuaubl i cat i on
no. US 2004-0207824, incorporated herein hy reference. [0854 A Iiﬂui d

r enmoval fw&b@véf@éﬁ?yoherﬁqudnﬂﬁ%%%ﬂtﬂ@ﬁ? thsfPrelRelqnvelst Wrihadle norma

It ) ) J _ M . th hi
Sopar ot VGt 8t dlhuBEN LBE PRt I6h dRIY b LTS of Bufhslich 19T APH ©
maybe pesédpk tieatbhigtyeeler aNThelqosd wneoval ddvi@rp00ahayid provided withtitsate i s
exposed, and a neasurenent station at which neasurenents are taken, A
measur epesifiones Kb lgpid emopplgleyice 280 may s useshwhen the dadiddwndme stiperedd ng a

| evel sensor . . . trate
tabre afoRpkeie AFHPRIRAE IR, 08 [aRd SmARl 8R0EIQL lolgifle R0

suf fi ci gAbddmbR Fehaindefivnt BS akamphs ttel 1Rfueres®vhlddvideNOO Wi ke affont be
substrate is swept as the substrate table passes beneath_ it when

t r ansf etheityngs peliquid hardlwgistrstures depigied dn Fighpa) todeddesuihgd ghgvess a

posi ti O{he)g W%Echtu@gs a gas knife to confine the immersion liquid, e.g. as disclosed in United States
patent application publication no. US 2004-0207824, incorporated herein by reference.
[0054] A liguid removal device according to an embodiment of the invention may
alternatively or in addition be placed at other positions in a lithographic apparatus. For
example, as shown in Figure 6, a liquid removal device 300 may be positioned between an
exposure station, at which a substrate is exposed, and a measurement station at which
measurements are taken. A measurement taken at the measurement station may be a height
map using a level sensor LS. A substrate may be loaded onto and/or off a substrate table at
the measurement station. Liquid removal device 300 may be sufficiently large and suitably
positioned so that the whole of the substrate is swept as the substrate table passes beneath it
when transferring between stations. A liquid removal device 400 may be positioned at the

measurement station to dry the substrate in conjunction with the taking of measurements. The



measurenent station to dry the substrate in conjunction wth the taking of
nmeasurenents. The 15 1liquid renoval g vice 400 may be provided with its
own positioning system The liquid r val device may be | ocated outside a
| i t hographic device, for exanple in the track. There it would have the

same features as ., any. of the liquid rnenpval devices.20 0 her ei n
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the projection systemand the substrate. The barrier nenber 12 is
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el ement of t’he projection systemPS and the substrate W Imersion liquid
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posi ti onednBehioily sBREndry Piisld tf dSusbReAGH fient #Mahé K¥ablaneheiE the@fmdshe
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vi a i nl bt san¢ teddtive novEmentiarthé &dimeivndin the divestiopaf éhropdicel axig)e above t he
final elenent_of the roj egt.ion system. The |jquid |evel I.i se. above
the finH038] e %Pf‘r’éﬁ" W%Hgéral Hﬁf‘ﬁ@é/tﬂrfew ighymgy a% lgasapggﬁ§ga§a{@¥@l%g}tp??r
menber g’;%ac@?? b8flvekR ] %ﬁalpeqéﬂlﬁﬁ%'fﬂ]etﬂ}@j%c@én SBemuUBPALd @B dubstiieal. IRbBehment ,
closely ‘conforns to the shape of the projéction systemor the final el enent
t her eof liqud isyppyided gia, lidodd opming;, 14Ai.etihis anatlepapd filletherspage betwéepier y may

| | f t t h f ot i field IE, . d.., t | ,
Chough’ SHRURaBH=Grand fie Bd Clecat of BBy eope Yot Thertaftis shESLFARY s
prevent g ith# QB Eb%@gmgﬁ%epyfﬁos?t%emeﬂo%, efd %}?ﬁ:ﬁlﬂ? M&ﬁﬁm‘gﬁ theapubst rat e

by liqurd extrdction conduirt 15 formng part iquid renoval device
100. | nelemesndfahk pmjrction §ygtendP8xitiqaidtmhanbcmppligd to 16 résoved ffdnu thg space

peni ng¥aNECARSt &3 oinsiuad etk 2Hy s Tt dedhe B e PhABRE! on
191, T ohape A LARTSRY A &0 P NERENSRTNR s IO 20,
reduce isqirovited. Mhez dadicopleaibsr 1T bakinignawesiplierpthat arthbupyieresd.eneer i ng, t he
| mer s f(:)nfnlbcl)(iiilcxllléirl’cij 'clo!segy 2(I)1nf0rms to the shape of the projection system or the final element

thereof and may, e.g., be round. At the bottom, the inner periphery may closely conform to

the shape of the image field IF, e.g., rectangular, though this need not be the case.

[0057] The liquid 11 in the space is prevented from spilling out over the whole of the

surface of the substrate by liquid extraction conduit 15, forming part of liquid removal device

100. Tn an embodiment, liquid extraction conduit 15 is in fluid communication with a

plurality of orifices. The orifices form liquid openings which are disposed around the space

occupied by the immersion liquid. The shape and arrangement of these orifices serves to

control and in particular stabilize the meniscus 16 of the immersion liquid 11 so as to reduce

or minimize droplets breaking away from, or bubbles entering, the immersion liquid. In an

embodiment, the orifices take the form of elongate slots and form one or more orderly

arrangements, i.e. in an array, for example, along a line which may be called an “imaginary



enbodi ment, the orifices take the formof elongate slots and form one or
nore orderly arrangenents, i.e. in aqéarray, for exanple, along a line
which may be called an "imaginary 16 1 ne'. No actual |ine may be visible
in an enbodi nent of the invention but nmaybe constructed by joining
correspondi i_hi. n ch. t. ; f . ed as
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one- di mMpR$hiai@l corr8shohlial pbines & QLB sidt. Theplsd off Mnedy abayntg dnlasgdd R linkle
slots are oriented at an angle of greater than 0, e.g. 15, 30 or 45, to
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di recti are g gelRbfianithe. AGRES] slbhel i the SeaNGVeigp dihe olcwed 1w fhetridn
apparatus is the direction of rel ative novenent of the substrate and
pr oj ect semningglirsgiien$ phthearprystys.ddipgrrangegent majrhe bensligal ipglebdigngthat e.

Commonl an XYZ coordi nat e St iS. ; fi itions in the
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when novenents in this substantially perpendicular direction are nade.
[ 0059] paralel tetisodiamisnt hepfubstrate tahleaney dpe makerappbmpyrysenss intthedir¢ciiond

renmoval deyi c r conveni ently. defined b .pl.atethat covers the | ower
sur f ace®éf 3/(1 ﬂﬁs%gﬁ?l}y&e%ﬁgggr 1 thg fagin ﬁ%%_%‘“‘i‘ﬁ_@?“g%t}olna?}é Y Oéeﬁglp%ld. apertures.

AN exanphBo@nentiGhthdinveadch sbif® sists, Sh@Wkalie driderdres a&a?d}@ha%/%c defferentsy 9 bei ng
an enl argenent of the part of Figure 8 indicated by a dashed circle. In

anot her opersedianbartangetho wpda when viewgd in thepepeadigulaudirestian. Theybe i ndi vi dual

needl es. [ 0060], Pl at 10 is generally square, i.n pla i t.hdts di nal s
Subst anfaTERGRebi Dl b e e Ry Bl o Bl bEpSARIPE™ 3
define hhetPRen g8 of the liquid renoval device. These slots are arranged
around the periphery of the plate, one set along each side. The slots of
each sef0088} nincan embalymenieif Hy inventiogeatic ppepihgsrdfheliond ravespbdeviteart magi nary
lines A-A, B-B | i nes

subst an?‘?“é’le’f“ﬁn%‘é%ﬁcl}ea Irl]’gj’ta([i}’l%ﬁ 8{3? ‘gclé‘%gstt:tﬁg Jl‘té)“yer gﬁ%é%hog:‘tﬁl? Ty IB?%B‘%EIII%}E’ﬁ magi nary
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[0060] Plate 110 is generally square in plan with its diagonals substantially parallel to the X

and Y directions. Four sets of slots 111 define the openings of the liquid removal device.

These slots are arranged around the periphery of the plate, one set along each side. The slots

of each set form an array, being arranged regularly along respective imaginary lines A-A, B-B

C-C and D-D, indicated by dot-chain lines, that are substantially parallel to the respective

sides of the plate. The imaginary lines are therefore at an acute angle al, in this case 45°, to

the X axis. The main scanning direction S of the apparatus is parallel to the Y axis.

Additional liquid openings 112 are provided in the corners of the plate — these do not form

part of any of the arrays. The additional openings 112 have their largest dimension oriented

substantially perpendicular to the diagonal on which they lie. A ring of holes 113 forms the

liquid inlet by which the space between the final element of the projection system and the



part of any of the arrays. The additional openings 112 have their | argest
di nension oriented substantially perpendicular to the diagonal on which
they lie. Aring of holes 113 forns t He liquid inlet by which the space
between the final elenent of the projection systemand the 17 substrate is
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from40 to 50. .
angled slots arrangement because the parts of the meniscus not under the slots are nearly

parallel to the scanning direction. These parts of the meniscus are, thus, smoothed rather than
disrupted by the gas flows due to the movement of the substrate. Under the slots, where the
meniscus is nearly perpendicular to the scanning direction, instability of the meniscus is less
of a problem as any liquid that does break away from the meniscus is quickly sucked away
through at least one of the slots.

[0063] The angle between the slots and the imaginary line may be in the range of from 10 to
80°, desirably from 20 to 70°, more desirably from 30 to 60°, most desirably from 40 to 50°.
Each array of slots may comprise comprises N slots, where N is an integer in the range of
from 5 to 150, desirably in the range of from 10 to 100, desirably in the range of from 20 to
40. The liquid extraction slots may have a length in the direction of elongation in the range of

from 50 um to 50 mm, desirably 0.1 mm to 10 mm, desirably 1 mm to 5 mm. The liguid



Each array of slots may conprise conprises N slots, where Nis an integer
in the range of from5 to 150, desiralgly in the range of from 10 to 100,
desirably in the range of from20 to 0. The liquid extraction slots may
have a length in the direction of elongation in the range of from50 gmto
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In an gquid extractionh slots are”s tially straight.
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line i sc@mbpdizgnt the ligwdsripetionslath aresubstantiglly seaghtn ln a gplodipenithegleoly nay
be oriegltﬁeccal1 At an angle with respect to the direction of the |inear
direction of a straight imaginary line or the tangent of the curved
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forma pattern of slots arranged around the optical axis. The slots my be
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may be replaced by a line or grouF of small holes of any shape. Such snall
1
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the angle a3 between the slots 121 and the imaginary |line on which they are
ar r ay ed[0065)0ln a8entoding¢ny 0§ thednventien.he slatsanayl ke Vish@s:d; possily withn scanni ng
directi gl?ernsa;te V-shapes inverted. In an embodiment of the invention each slot may be replaced by
a line or group of small holes of any shape. Such small holes are arranged so as to generate, in
use, an under pressure of the same shape as the slots.

[0066] Another plate 120 which may be used in an embodiment of the invention is shown in
Figure 10. This plate is the same as the plate 110 except in the angle of the slots 121. In this
embodiment, the angle a3 between the slots 121 and the imaginary line on which they are
arrayed is 60°. So the slots 121 are at an angle of 75° to the main scanniﬁg direction S.

[0067] A further plate 130 is shown in Figure 11. The plate 130 is the same as plate 110
except that the angle a4 between the slots 131 and the imaginary line is 75°. So the angle
between the slots 131 and the main scanning direction 1s 60°.

[0068] As mentioned above, it is desirable that the meniscus of the main body of immersion

liquid remains stable when the substrate table makes movements in the direction substantially



[0067] A further plate 130 is shown in Figure 11. The plate 130 is the sane
as plate 110 except that the angle aﬁ between the slots 131 and the
imaginary line is 75. So the angle b lgvveen the slots 131 and the main
scanning direction is 60. [0068] As nentioned above, it is desirable that
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of the slots. [0069] In plate 140 shown in Figure 12, the slgt_s arranged
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142 ar eglofn 48ikdREatsd sethaf thbhgrelopasthadsid®ns the Ridinp gnd ahilihg polnerofithe
substrate is noving in the subscanning direction. [0070] Plate 150, shown

i n Fi guplstel@hertthe salistsats igmeovingan theraaip geanaing dijertion: die praysd slofpid? are

di ion.. The. sl I he | ' 1l I, 01 S, h [
Scanni ng it cideoR Ui e RE i il ARG ARG At RenBSLThRnE . 2T 2

angl e ad;Rftarfthgddrcfiéh.i magi nary line so that they make an angle of 75 to
the main scanning direction S 1. The slots closest to the |eading and
traili n0Fo] nPltd 50t shovwaubSigmai hdadislotctildhatarenttialaicsted an therfgag, at

anot her . extr f, the dipent,. .at..an _angle.a6 of 60 tq the.i i nary
e butirfdopniusts Fosert Fedri e o S tpdRe s ddndh gl drRGuRE' e
subscanpi-fedidi 8¢ EQRmRZ0f thdle@BodiBRROE dRole 47N 60 @) the ifagifdryeigasar e at
angl es that” progressively vary fromone extreme to the other. In an
enbodi nthat they mske amaygldef §°do e mdinstamning dtechern ShtThersoteplgsesbio thee ni ddl e
of the array, ,that have 1t sanme oriepntation...|n an_enbodi nment, there may
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A liquid removal device 300 according to an enbodi nent of the invention

t hat i sdirection. These slots make an angle of 75° to the subscanning direction S2. In an

embodiment, the slots in between are at angles that progressively vary from one extreme to
the other. In an embodiment, there may be groups of slots, either at the ends or the middle of
the array, that have the same orientation. In an embodiment, there may be groups of slots
whose orientations vary progressively. As illustrated the variation in angle is linear though
this need not be the case.

[0071] A liquid removal device 300 according to an embodiment of the invention that is
used to remove liquid, e.g. droplets d, from a surface is shown in Figure 14. An array of slots
301 is disposed along a line substantially perpendicular to the direction of relative movement
between the surface to be dried and the liquid removal device. This is equivalent to the line,
i.e. the imaginary line, mentioned in reference to the slots for the liquid handling structure 12.
In an embodiment, the slots are at an angle of 45° to the line but this, and the lengths of the

slots, may be varied in accordance with the expected amount of liquid d to be removed and



used to renove liquid, e.g. droplets d, froma surface is shown in Figure
14. An array of slots 301 is dispose Iong a line substantially

per pendi cular to the direction of rel % ve movenent between the surface to
be dried and the quuid renoval device. This is equivalent to the |ine,
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same as sg@se bi heldr plosuee 303 etgh@vaiuatnspumip tmgaslldnife If@i‘meld&ﬂ'di logg slbt 3EX ure 12
with reference to Figures 8 to 13. The slots 301 are connected to a source
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extract P 0 Sweep ract via s ots 301

and to halstak knifomayd@sedttal gwﬂnﬁafn&) thE: sﬁaﬁbel;ﬁqﬁmﬂlrcalaﬂgdr at ahhinglegBsarkni f e may
di rect amgas flow onto the surface perpendicularly or at an angle. In an

enmbodi membodimengthe ghs Sow fivoamtherzes kride may flawpaio the syitenstab an prele mtiﬂace at an
anglethg“%PeEOdO @ﬁa%&%oﬁ}%ﬂ%thﬁgﬁ%%§ towards the slots 301. [0072] In

use evi ce hbves in direction Srelative to the

substr a{cﬁm{ anghgR! the HguiiuesblaldevidowRves i diftetiQPPagiti tditiceibitede t 0
direction Srelative to the |i quid renoval device). A liquid droplet
pr esent (and/ariflee $bbizate mowewindbeppnosite dm@t@ndédlr?ﬁt@é Suelative Brihe ligwids| ot s 301.
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to be extracted through a slot. The elongate shape of a slot increases the

time of pexpuws fos ansrlottllsnalsuffqumnd tr @rrtowe hgwdeﬂle;gﬂsalsryiﬁ@?ﬂéﬂlahmdeé mqyealenfpou nt
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angl ed WidpB of 8 SRE Gicrdalestthietimie b€ BRIWsure I HIRChduRd to th@nn@fmbﬂelraaﬁmoacanm ng
direction, and sufficiently close, the under pressure flows may interact.

The und pmnpsmcsﬁmfemﬂercmss swigy foir examplet thydugh atcireulaehole datsrastion ptithedmder

prOV|d| es to the liquid to act the | a dro

bri dgesp 8?’33‘1{3&6 slots 880%%3 S %reiapglﬁ@ t?‘ﬁgsﬂeacfﬁlt n‘f”)n%e us is
not str a;radﬁ*on f%‘r'%xé%ﬁﬁl& ﬁiﬂthb RedhinfHg @RS and® SEMBRRAILF Hlodd, thuiddepresesment
direction. Along slots, the neniscus tends to align with the slot. Between

slots, flbwsmayiisteust. Toa dedar greskirg Mlowis iyt ihtsravd withwig mepisensof biquidThi s al | ows
52; r abglij?lvgi}lg fog%aa(gt !l] 1 t)(()teg( ract?ﬁie lthu18 u\%ﬁe}egedrgplgtt brldgéss tv;[rohsﬁotssl(g tg? are
when extracting a film), the liquid meniscus is not straight, but curved in a direction
perpendicular to the movement direction. Along slots, the meniscus tends to align with the
slot. Between slots, the meniscus tends to align with the movement direction. This allows the
liquid to be readily extracted through the slots. As the slots are deéirably overlapped with
respect to the movement direction, the under pressures may strongly interact. A stable
meniscus may form between the slots as shown by the dotted line in Figure 15, directing the
liquid into the extracting slots. Effective extraction of the liquid using the liquid removal
device may be achieved.
[0073] Another liquid removal device 400 according to an embodiment of the invention is

shown in Figure 16. This liquid removal device is the same as liquid removal device 300

described above, except as described below. Liquid removal device 400 has an array of V-



respect to the novenment direction, the under pressures may strongly
interact. A stable neniscus may form_hetween the slots as shown by the

dotted line in Figure 15, directing t liquid into the extracting sl ots.
Ef fective extraction of the quuid usi ng the liquid renmoval device may be
achi eve 073]. Anot h rermval A
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devi ce gl-fesﬁﬁsgﬁ $6E kQgde@bove with reference to Figure 5. [0075] Figure 17
shows a liquid renoval device 500 enbodying the invention. The liquid

removal [dad] cAn&ﬁ@y bAY-shhpedsdote ad é@tﬂb@bﬁbme wiith rbﬁetfmpfdtﬂrléméﬁ gl 100
described earli unIe S, nen id r devi ce 500
has s I oPgu§eq ing lqﬂ’rﬁicfé?]é’v fdﬁf‘ée ﬁesc g%‘f@’é’é’ i Wl?e? rF#‘?qe %H’fg““ h array 510,
520, L[)Oelﬁfn? gﬁreaﬂl {H3GR% lg:élfdar)émo%l &IREIs00 @ﬁl@b@ﬁﬁ% Be3nvenkidf NTRE igyid 510,

520 of eni ngs are arranged so as to genera in operation, an
under pmesaldeial 500Hes gdavams fegeenss IshednlqdldtremgeadeiﬁmcedIO(B)giemrlbft(b*tarhqroo76]
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Each array 510, 520 of small openings are arranged so as to generate, in operation, an under
pressure of the same shape as would be generated by a slot.
[0076] In the embodiment shown in Figure 17, between each corner 504 of the liquid
removal device 500 there are three linear arrays 510, 520. Between a corner 504 and an
intermediate point 506 between two neighboring comers, e.g. 2 midpoint of a side 508 of the
liquid removal device 500 interconnecting the corner 504 with another corner, there are two
linear arrays 510, 520. The two linear arrays are generally aligned with the side. One array,
an edge array 510, is located further from the corner with the other, a corner array 520. The
neighboring ends of the two arrays 510, 520 overlap each other with respect to the side 506.
The arrays 510, 520 overlap in a region of overlap 515. So in a direction of movement, such
as aligned with an axis passing through two opposite corners e.g. in a scanning or stepping
direction, the linear arrays 510, 520 overlap. The overlap may be achicved by the edge array

510 having a radius of curvature larger than that of the corner array 520 in region of overlap



i quid renoval device 500 interconnecting the corner 504 with anot her
corner, there are two |inear arrays 0, 520. The two |linear arrays are
generally aligned with the side. One ray, an edge array 510, is |ocated
further fromthe corner with the other, a corner array 520. The
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Fi gure Daveaccymplatedaya fgiling gomenet 9e davidgpmaval devirealGbissedusad gch si de 508
of a cor i corner. The quantity of liquid which would
have acgl:ljbr%nfj g%‘éﬁhilt&g&tsa?gérﬁ?%{g&gcor ner of the liquid renoval device 500 is
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with each side there are overlapping regions in each side, each
over | apphbpsresgiverianping tsgioassweiatadaritingach of the sides vdrieh meetde from thean
enbodi nent _there are at | east two overlappi regions in a side that are
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the i qéja!rrge crognné?vsad& Having an overlapping region associated with each side meeting at a

corner, for example a trailing corner, is desirable because it enables an increase of the critical
relative velocity, for example the scan velocity, between a substrate and the liquid removal
device 500. The throughput of the immersion lithogrgphic apparatus can increase.

[0079] As shown in Figure 17, the shape 530 formed by openings 113 for the supply of
liquid may have a non-circular geometry, such as a rectilinear e.g. a rhombic or even a square
shape. The shape may have any shape, such as that described in US Patent Application Serial
Number 61/129,717 which is hereby incorporated in its entirety. The shape 530 is intended to
follow the shape of the openings 502. The shortest distance between a position on the edge of
the shape 530 and a position on the linear arrays 510, 520 is substantially consistent and
uniform, except in the region of overlap 515. In the region of overlap 515, the relative

displacement of openings in each of the two arrays 510, 520 is considered.



devi ce 500. The throughput of the imersion |ithographic apparatus can
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descr i ptinboedilnehiond thepresatrboditiennapbe irhgleperssé it anyrivesef loenlized heuid

i npl enented in an e .qf localized liquid supply systemas the liquid
supply & %ﬁﬁsw[‘b%ég%ﬁ%%ﬁﬁ?@gﬁ%%e&n'above, an i nmersi on system using an

| mer si Sb’i Ak dishBed RANE, arthRRrsibs sterh hﬁn'graﬁrﬁﬁﬁm;bd lidifid hay age Wat er,
on the Substrate after or during exposures. The droplets nay cause one or

nor e pr dlopkensof thy apoemtondiuet, ca. waeplcsttheraybstrata g8et grohiringexposvessl Ty and
t herefore i hermal distortion of 1t he subst {.at S Par f i cl es aré(il c%hhe
cont anmi AARIES MAAGABEOBE PTRLRIOR G T *RYPHYEPT § ORI FBY CREE 1 F%{)I et that
evapor at,es; BBy kSRR dRtorS bife SitRRaRMELAABS 418 RAéd dbtapAAddC] €S, A
droplet may~interact wth resist on the substrate and nmay cause pattern
def ect smay\be attaced aphet cdllect iefatdriypbi. Adirbpletthhtorvaporatss mayrteave bekind pst em
drying ring and contaminating particles. A droplet may interact with resist on the substrate
and may cause pattern defects. When a droplet is left behind by a localized immersion system
it may subsequently be swept up by it and collide with a meniscus of liquid in the reservoir
11, for example after a change in direction of relative motion between the substrate table W'T
and the immersion system. A bubble may then be generated in the liquid under the projection
system. Vapor from an evaporated droplet may affect a sensor such as an interferometric
position sensor. Therefore, an embodiment of the present invention provides an improved
device to control the meniscus of the immersion liquid. Another embodiment of the present
invention provides a liquid removal device (or a liquid remover) that is more effective at

removing a droplet from the substrate surface. Embodiments of the present invention may

reduce evaporation of a droplet from the substrate by preventing the separation of a droplet



it may subsequently be swept up by it and collide with a nmeniscus of |iquid
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tabl e U%ﬁ&g@%&%‘ﬂﬁ iment of the invention. For this reason, a reference
to the Surface o "substrate Walso refers to the surface of the

subst r aj@8spbThe Wduid renswil Haiesmayd be asaddnaluid feanatest drijerf irhawbgiiag e

tabl e, unless expressly stated to the contrary. [0085] The |iquid renoval
devi ce f@jiomenotskaw)nlle dryen may swireet adrathypype f alk fyehimyBersionsystery, asst at i on
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por t i onufly flofkeoi it siafh&s ofthié submef Inake dryer, tHeldoler emoecabmbhies 1xjuist r at e.
In the dryer, the droplet renover renoves liquid present on the surface of

a subst pessent oxfike shripregf franpssrieuthegdryiag mayssyradten exnogaresd ta susteats i
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envi r onper aft¢ropgBlremsat injaqueteelpEndviEm Whyr dametpjorbliquitis uspdiatepieatopdr t  of
a dryer., To 0o eer%tre t@? dryer, the dryer may pass over a substrate that
has beel"PEREVEd P8Rt he i mersion system In  another enbodinent, the
dryer nR)SBRSThONQIid kdiovall Bsticahey BOER dpBRmyShaof 4 Ayed Toapcheehe delieali ned
fromthe imersion systemand/or the liquid supply to the immersion system
has the dryer may pass over a substrate that has been removed from the immersion system. In

another embodiment, the dryer may pass over the substrate once immersion liquid has been
drained from the immersion system and/or the liquid supply to the immersion system has
stopped. The liquid covering the substrate may break from a film to form many droplets. As
the dryer, e.g. a droplet extractor, passes over the substrate surface, liquid present on the
substrate is removed by the dryer, drying the surface.

[0087] In an embodiment there is a lithographic apparatus comprising: 2;1 substrate table, and
a liquid handling structure. The substrate table is constructed to hold a substrate. The liquid
handling structure is arranged to remove liquid from a surface of the substrate table, a
substrate held by the substrate table, or both the substrate table and the substrate. The liquid
handling structure comprises an array of liquid extraction openings arranged along a line.
Each of the liquid extraction openings is elongate in a respective direction of elongation. The

directions of elongation being at an angle of greater than 0 to the line.



stopped. The liquid covering the substrate may break froma filmto form
many droplets. As the dryer, e.g. a pl et extractor, passes over the
substrate surface, liquid present on the substrate is renoved by the
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extraction openings of the third and fourth arrays may be at an angle of
gr eat er prejent apatternedeadiatiop beam potora{piggt pertion elithe substraies Thedime mayrbey |

second, thitaglg @q %@}L{rth arrays may be positioned so as to substantially
surrounaubs? ok e ow a final elenent of a projection system The

proj ect !m‘)fyé’fh@B@ﬂ%tuﬁ%aﬁ@d}ﬁﬁﬂéraqdojeeﬁoﬂy@ieﬁmonﬁgma&@p@ta@aﬁtapédon beam
onto a target portion of the substrate. The |line nay be substantially

st r ai ghtaditoodgehmTines afaneet aettion 9é thesohprate elle lneojlen wiish igsremoé 8igtsi gur ed

to project a tterned diatjon bheamonto a tarqget porddon of .fhe

subst rafs&“a?ﬁgf???ﬁgor% %W@%Wéh @%&32‘%"&%‘“&‘1 49 tt1§§1 L Oaftrtfrl%%ré)ée&n}r)rlgy form a
subst antysadoh YTHe ASRGlgRAR: MWW aRBe Bithé Sdlge 8K 16 10f0°] iR@hPFraape6f 20 708y St em
The angl’e of greater than O may be in the range of 10 to 80, in the range
of 20 tin the rangewf A& ¥ noaindtic B0ge of Bt ¥ The lidad extnapsionopadngsonsbe The

liquid t t] [ b t ially. mut I |l el . .Th
angi es RsRSHI ReCRfT pETgha sAneleS HRERL e eyistt of Berb B i
openi NggxiaRdoh BeedihRnT e R MaPi 29 hEsoséRbl Adri2Ee hibgy array. [0090] A
first subset of the |liquid extraction openings may have directions of

el ongat [0980] nmAklimsgsubsdt of Sie ligngl extattigr epanirgs nrarhae digectivas pf ¢lengatidna second

subset %fak{[ngea Ijsﬁal#gfje O%X gg‘éa%&ttﬁﬁlno to the line and a second subset of the liquid extraction

openings has directions of elongation making a second angle of greater than 0 to the line, the
second angle of greater than 0 being different from the first angle of greater than 0. The array
of liquid extraction openings comprises N liquid extraction slots, where Nisan integer in the
range of 5 to 150, in the range of 10 to 100, or in the range of 20 to 40.

[0091] The liquid extraction openings may have a length in the directions of elongation in
the range of 50 um to 50 mm, in the range of 0.1 mm to 10 mm, or in the range of 1 mm to 5
mm. The liquid extraction openings may have a width substantially perpendicular to the
directions of elongation in the range of 5 um to 5 mm, in the range of 10 pm to 1 mm, or in
the range of 50 pm to 0.1 mm. The liquid extraction openings may have an aspect ratio in the

range of 1:2 to 1:100, in the range of 1:3 to 1:20, or in the range of 1:5 to 1:10.



openi ngs has directions of elongation nmaking a second angle of greater than
O tothe line, the second angle of greater than O being different fromthe
first angle of greater than 0. The arr2 of liquid extraction openings

conprises N liquid extraction slots, where N is an integer in the range of
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t he subgtrate table relative to the projection systemin a scan direction
during axrmmpesuré ofia taagay portivorof a(snbaufclt@ssmbﬁwfat of thg ragiatios dermriheseon: he
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each liquid extraction opening overl app
C1]qu1d extraction openings are spa %ec? apart ar%

aglg llqmd extraction opening overlapping at
Jeast one adjacent liquid extraction opening such that a line extending substantially parallel to
the scan direction from a point in the region where the patterned beam is incident on the
substrate passes underneath at least two of the liquid extraction openings.

[0095] In an embodiment there is provided a lithographic apparatus comprising: a substrate
table, a positioner, a control system and a liquid handling structure. The substrate table is
constructed to hold a substrate. The projection system is configured to project a patterned
radiation beam onto a target portion of the substrate. The positioner is arranged to effect
relative movement between the substrate table and the projection system. The control system
is arranged to control the positioner to move the substrate table relative to the projection

system in a scan direction during exposure of a target portion of a substrate by projection of

the radiation beam thereon. The liquid handling structure is arranged to remove liquid from a
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least one adjacent liquid extraction opening such that no line extending substantially paraliel

to the scan direction from a point in the region where the patterned beam is incident on the

substrate does not pass underneath at least one of the liquid extraction openings.

[0097] In an embodiment there is a lithographic apparatus comprising: a substrate table, a

projection system, a positioner, a control system and a liquid handling structure. The

substrate table may be constructed to hold a substrate. The projection system may be

configured to project a patterned radiation beam onto a target portion of the substrate. The

positioner may be arranged to effect relative movement between the substrate table and the

projection system. The control system may be arranged to control the positioner to move the

substrate table relative to the projection system in a scan direction during exposure of a target

portion of a substrate by projection of the radiation beam thereon. The liquid handling
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direction of el qgngation. The directions of elongation nay be at an angle
of greal®FE8T % 0 the line. [0099] In a enbodinent there is a drying
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rel ati vbetseetheniquid handling structure and the substrate table in a first direction. The line may
be substantially parallel to the first direction.
100101] In an embodiment there is immersion metrology device including a liquid handling
structure as herein described.
[00102] In an embodiment there is a device manufacturing method comprising: projecting an
image of a pattern onto a substrate through a liquid confined to a space adjacent the substrate;
and removing liquid from the substrate through an array of liquid extraction openings
arranged along a line, each of the liquid extraction openings being elongate in a respective
direction of elongation and the directions of elongation being at an angle of greater than 0 to
the line. The projecting and removing may be carried out simultaneously. The removing may
be carried out after the projecting has been carried out.

{00103] In an embodiment there is a device manufacturing method using a lithographic

apparatus having a projection system, the method comprising: projecting an image of a



between the liquid handling structure and the substrate table in a first
direction. The line may be substantiagl]y parallel to the first direction.
[00101] In an enbodinent there is i sion netrol ogy device including a
liquid handling structure as herein described. [00102] In an enbodi nent
there is devi ce i , I.SL g, i | 1. 1 Mage of
o pat t el s BFbi D EFLARMBRTE LS Aol HeRBbaite e, T0Tn:

t he subsgla@ety moting thesbviraigahd fiyipebjédtiomsydtem $u bséanatiectidr; and fensovigg ray of
l'iquid extraction openings arranged along a |ine, each of the |liquid

ext r act ilignidden iaﬁgggﬁélfﬁ@ sbgria b conneglingaaplualify of Lighd @dfarten eret@igdngat i on
and the directions t ej I r i idh, 0 to

t he |in&?w%ﬁﬁ‘%?S?Eﬁﬁ?ﬁgﬁgﬁg’4%ﬂ%%?ﬁgg%§§%§£?§§§Fgﬁg%ﬁga??%ﬁp?éneous|y. The
r endvi Ngrd¥iite réforddetw e titikurfatd fid thbdigpidaxeadtiongpbaingd) denlovairedsedt out .
[00103] I n an enbodi nent there is a device nanufacturigg met hod using a

| i t hogr agshions beagrlpnnaiss siacd myrtangdreasioevarioppiay atler cpnadiaRnhiow REHHBF si ng:
proj ecti ng?%nag‘fh!ann%%\%e(g ](;Zﬂ e gcgatn ﬁ%&t&oq{ %a%?tllﬁgﬁl V%F‘P‘Z&Jnr %glt)n?:?gitigerblﬁra{ifg]aﬂ)lﬂ[ ﬁe

confi nef Space acen e substra novi
substrahqmgqgu@aﬁmn@@5@g§ﬁ@pbsyﬁmgﬁhin a scan direction; and renoving
liquid froma surface of the substrate by connecting a plurality of |jiquid
ext r act 1#H 04p&nanembodimenttbere isop pidhsigraphidnopaigipsemprising: saipskae sdlgander
pressure.so.as to fqorma rakhit | oW, 1.0 i t he

sur f aceaélﬂalf}f?gdﬁ?%ﬁf"c? é‘?’(’%ecstullbgﬁ%%gafg}ﬁ n&%?g%(ﬁlééﬁ%%l %’ﬁg)s@g?%&ﬁ%%e@gﬁ%ﬁs bei ng

el ongat §quiRitAgEkhoRRctrmdy Bagharpée td ApRvaliqald freaatuane ddhaabeiatt ow
pressure region when viewed in the scan direction. Each liquid extraction

openi ngtabfe, aisabstrate keld by thefsubstiata tabie corthotle the substrgteripblg gndrihe spbstetonbist e.

[00104] ..In .an enbodi nent _there is a |ithogranhi rat. I.Sing: a
subst rallgu‘pjﬁp‘gh% S Tlaﬁf%}nﬂlésﬁcﬁniaﬁgaygg gﬁ‘%ﬁ lﬁ(%?&i%ﬁgpgrhlgést ¥ gat € tabl e may
be conshfbitdeffint, @adhd fdn@liGll skiiation 0??&&ng§ Hatitigthnhiddighienmshdisicinur e may be
arranged to renove liquid froma surface of the substrate table, a

subst r atlizedimndliffgrentrfeons thas of e dincatsrangaperhotl he reipectiyp Havidweatradione and t he

substrate. .The liquid handling,structure nmay conpise an a Lquid
ext r act PBHEERTY eiaﬁmél%f)? ﬁfé’gg the Jinear JEhest™ nteaggﬁh K lrﬁcﬁ‘gnﬁ éf&tﬁ?gl%ég%&% action
openi Ngg; AaNiA%hnd Ahifaoat o8 BRNBHbdiWedd difftre@Gidsiongdi Thenigat from t hat
of the It near arrangenent. J%he respective liquid extraction openings may

have a posigeinent mbphgcurked.| i near arrangement and the directions of the

| t i i d.the. |i t. dif b diff t
Soor 01 of1OE B RO etg: Frsniianty REGRHCTTRRVe © a0 8T PRl " poci 11 ¢
refer ENGhpatds PanfBARuifutdifACk 8XEhoufl bdhghdéstoddf thatithh RGO ARPhiS 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
““die” herein may be considered as synonymous with the more general terms “substrate” or
“target portion™, respectively. The substrate referred to herein may be processed, before or
after exposure, in for example a track (a tool that typically applies a layer of resist to a
substrate and develops the exposed resist), a metrology tool and/or an inspection tool. Where
applicable, the disclosure herein may be applied to such and other substrate processing tools.
Further, the substrate may be processed more than once, for example in order to create a
multi-layer IC, so that the term substrate used herein may also refer to a substrate that already

contains multiple processed layers.



apparatus in the manufacture of ICs, it should be understood that the

| it hographi c apparatus descri bed hergi n may have ot her applications, such
as the manufacture of integrated opti Al systens, gui dance and detection
patterns for magnetic domain nenories, flat-panel displays, |iquid-crystal

di spl ay t hi a-f.il.m.paognetj c.n . illed artisan will
appr eci i‘?@’?@’e t%“ﬁlstﬁglaé%%t ex %Sﬁsﬂ%ﬁqlzeﬁug%ﬁcgp }\ggs %w%scogti ons, any use
of the Te%&ﬂ&nﬁg‘iilﬁiieﬁdiﬁhn, Indiuginghlti &k 5l @MW Jarediafhisiede hedngs wayelongthofisr Wi t h

the nore general terns "substrate" or "target portion", respectively. The
subst r ankout@har348d19% 1hépeidd #Yy be processed, before or after exposure,

in for a,track fa . ,tool that tynpicall i - Of. ist to
a subs_ﬁiﬁ{@i jhﬁ ' 6fnSpsW lfeﬁeethgfé’ Igtg’ét(fY 1rggssi ??gfe%ﬁq%ﬁr%%odgr%% ?f(l):gféfng{l]gf or an
i nspect i9HodsAPpes oY B c@RpdresRPincludingeeBidict asdifeflebredipiicainympenanpl i ed to
such and ot her substrate processing tools. Further, the substrate nmay be

pr ocess §D168} Vhileapedfic embédiments afrPlednyention daye besn descaibed aboveudt il bayer | C,

so that the ter bstrat.e used herein also refer to r at gt hat
ot cady PREHTEH AL ey aEn RS es sRFe LBt Bel FEiaiReTnd RARRR te
"radi at baBodidts JreRTvaRRE niS i8tdthe R e BRSSondutertyd@sm Qbntailigcéearagnet i ¢
radiation, including ultraviolet (UV) radiation (e. g havi ng a wavel ength
of or alvoeseqBees al®achingreaddste mstractionp dyscripmgrongthathes disgieged [abeie; or wher e
the context allows, .may refer t ny _one or_conbi nati.on @ vari types
of opt i BARRSERHRBHIET (FRcyelrgRg Ay PRRPT, e AP i Bithi Sk 2 7P
conpone g&dﬁputel[ H8&a8] ste!ﬁlvé%i ltl%r&ﬂﬁﬁirlfhieﬁ i acHiRerh$ab®f inktietion eltbe@mbadied been

describ above, Tit w e appreciated that the invention nay be
pract i cadtvet drenmiesenphenpagradess €hé edor 1Rore coxmusr prograves maybosoreditls of t he

i nvention may t the form of onput er propgram contai ning one or nore
sequencgee @T%H@%&W@VB‘E{H%‘TS&“F&E??‘%E qr%ﬁ?éﬁﬁﬁ%cri bing a method as discl osed
above, ﬂféuogl) @ﬁé BortfoREAIRs RN YMBcSn & hav@Ehe S FHuLL hfiBRAREY for ME@RGE C OF
optical "dis aving such a conputer program stored therein. Further, the
machi neproeedialy end sestimgcignels. Fanexmaplentrsticedtrolien nmayandwdenmesr sgrput er
programs. The two or nore conputer progr be,store n.__one or nore
differ eﬁlfocﬁ%%rff’%%xe&w&?%tﬁe e HP&‘@@% r?@agﬁlécﬁ‘{edﬁiﬁg]e'pFﬁ(gabgeolﬁf%ﬁ%IOE? s

descri bed pboy om%fl?ﬁ%% @Bve.%tcamﬁw@ﬂ@ gié'hﬁieid%f& S Rhgd @EEM 0P,

processi ng, and sending signals. For exanp each controller may include
one or porige sywhaoapssr prdgpamse aed/ot hardgwaiedo carpetsech pedigmans t hat i ncl ude
machi ne-readabl e instructions for the nethod (Ejlgécri bed above. The

cont r ol [09130}Epe prrrRfankpdingents g '_z?ﬁénvr?BH?%FﬂaV GF {9rtP AYY CHRRS8nput er
progr aﬁfr}lltogﬂgﬁl? tﬁl?gﬁ?{tgé’,\@l{ ?ar{ia.llﬁreﬁt?[' nbt e?&ﬁ?gﬂﬁq}lw@tyﬂag UHehBbndd o9 a®r €

enbodi e I nvention may be app to any i nmersion
whether the immersion liquid is provided in the form of a bath, only on a localized surface

area of the substrate, or is unconfined. In an unconfined arrangement, the immersion liquid
may flow over the surface of the substrate and/or substrate table so that substantially the
entire uncovered surface of the substrate table and/or substrate is wetted. In such an
unconfined immersion system, the liquid supply system may not confine the immersion liquid
or it may provide a proportion of immersion liquid confinement, but not substantially
complete confinement of the immersion liquid.

[00111] 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 prbj ection system and the substrate and/or substrate table. It
may comprise a combination of one or more structures, one or more liquid outlets, one or
more gas outlets, one or more fluid outlets for two phase flow, one or more gas inlets, and/or

one or more liquid inlets that provide liquid to the space. In an embodiment, a surface of the



| it hography apparatus, in particular, but not exclusively, those types
ment i oned above and whether the innerﬁion liquid is provided in the form
of a bath, only on a localized surfacg area of the substrate, or is
unconfined. In an unconfined arrangenent, the imersion liquid my flow
over th d t

subst an? ?33”‘? %ﬁgﬁ% é-i %Ogﬁ?ﬁﬁgﬁ%%@%? g@:ﬂ gﬂﬂbzsa%'gp g%‘bq%hga g‘%ﬁ%’? r0 gfhg S? gébel IIéayan d/ or
subst r atemplktebetdvetla surfacs v theanbstratec-mdfdrselsstiatenebls| @rihsymtemay eireclép qui d

supply systemmay not confine the imersion liquid or i rovide a

pr opor t ilisrFubsraia R @i HhsTaG bl oG HEINY Y515t oY oRtipsaliy sy Igludgonpl et e
confine t i rsi L QL AL Aol QUi as

cont enp o 2 sy b B0 the Bisihn, W A, b Rl N L e,

it may Betacn@thahiywd or conbination of structures that provides a liquid

to a space between the projection systemand the substrate and/or substrate
t abl e. [Q‘]llﬁhifsb@i#ﬁblﬂ%gﬁt ﬁtﬁtﬁ@ii%ﬂ%k&feoﬂ’é’“{ﬂn%g%a P?ﬂﬁeﬂHWg,tﬁ%ﬁe or

nore |iquid- outl : bOseqore fluid outlets
for two nggﬂ%Fiﬁfﬁ%ﬁﬁﬁgg&ﬁgﬁgE%gg%ﬁﬁﬁ%%éféﬁﬁﬁﬁgf d%e'or nore liquid

inl ets {dvat3pThy deerpticisiadoteart hteRipdeebe ilsteaive i dinneng. Thas Stwilhbe of the
31 space may be a portion of the substrate and/or substrate table, %{ a

sur f aceapiargh o epsakdlladdy thecshibplapedificalipns may begpads de thsrinygndion g descHp

and/ or substr 1 abl I I t he substrate and/ or
substraF§%9ﬂﬁﬁégm%§§“§%%@F%ﬁgﬁﬁgﬁﬁﬁg§§?éﬁﬁﬁ§§°§gtiona||y further include
one or nore elenents to control the position, quantity, quality, shape,
flowrate or any other features of the liquid. [00112] It should be noted
that the term"gas knife" should not be taken as requiring that a specific
gas is necessarily used, any gas or m xture of gases may be used. [00113]
The descriptions above are intended to be illustrative, not limting. Thus,
it will be apparent to one skilled in the art that nodifications nay be
made to the invention as described w thout departing fromthe scope of the
clains set out below. 32 CLAIMS 1. A lithographic apparatus conprising: a
substrate table constructed to hold a substrate; and a |Iiquid handling
structure arranged to renove liquid froma surface of the substrate table,
a substrate held by the substrate table, or both the substrate table and
the substrate, the |Iliquid handling structure conprising an array of liquid
extraction openings arranged along a |line, each of the liquid extraction
openi ngs being elongate in a respective direction of



el ongation and the directions of elongation being at an angle of greater
than 0 to the line. 2. The apparatus g&cording to claiml1, wherein the

|l i quid handling structure conprises second array of liquid extraction
openi ngs arranged al ong a second line, each of the liquid extraction
openi ngs of the second array being ehoy e in a respective direction of
el ongation and the directions of elongation of the liquid extraction
openi ngs of the second array being at an angle of greater than 0 to the
second line. 3. The apparatus according to claim2, wherein the liquid
handl i nd- st r uét lithesrepllip ApreEadus ¢apTinghd fourth arrays of liquid extraction
openi ngs arrang%tr%!eq&ge E&ésﬁﬁ&te{il\’oe (ﬂ@'argb % aﬁ&)urt h lines, each of the

| i quid extraction openings of the % PEd and fourth arrays being elongate

in a respecti ¥éigidtagdlisubiued afgatd @remodde lifeid dtohes surties oftheabnigad | on of
the liquid extraction openings of the third and fourth arrays being at an

angl e ofablg, estlesiraterheld by the subrirate tallgcartiothethe spbsirateriable aug the spbsvste, the.  The

R R Y S e T A

final eligaeath 6f thalighidjeRGhdtR opSifiiehting $lengitdinecichpeoti sy ditivef ng
configured to project a patterned radiation beamonto a tarqet _portion of
t he substongation and thendireghprireftalengaiepbansy ananglspf greates firand teithg Wsaher ei n
the line is substantially straight. 6. The apparatus according to claim1,
further conprising a projection system configured to project a patterned
radi ati gn beamh@npparatut ac@edind @y dlhial ,arherdie tieUhflid Birdling Structdreeempritdze | i ne
al ong which the array of slots is arranged forns a substantially closed

| oop areeastd araypf igud extsdcion prerresrigpgadialens aspsprdiineg eachinf thibardt us

according to an recedi ng cl ai wherein the angle. of,.areat is
e Pilriof Pl SRR o ictly bR Rirlals 1 p 30 U LA SYcldlBRo | °
60, or puid thBQjEARES of BbndRioh@f B lidhid FhRrcAPPEpeRintS ol 6EeEbiithriag baihyg at

preceding claim wherein the angles between the directions of elongation

of the hiengleobgreatacthpnd totherneengd lisad the 1ine vary progressively along
the array. 9. The apparatus according to any preceding claim wherein a
first subset of the liquid extraction openings has directions of

el ongat on nekhdghparahis'setordt@ 16 cRim @) fabRM thB#Gud HapdlimpestruciuRecanstisas second
subset of the liquid extraction openings has directions of elongation

maki ng thirdswd donit ye obliqujd eatragtion jegentogs asranged dlpagrespeséive duskiddangl e of
greater f(}urr]t%qmgs, %g(i;hngf tgtia {ialﬁ[i%graction openings of the third and fourth arrays being
clongate in a respective direction of elongation and the directions of elongation of the liqud
extraction openings of the third and fourth arrays being at an angle of greater than 0 to the

respective third and fourth lines.

4. The apparatus according to claim 3, wherein the first, second, third and fourth arrays
are positioned so as to substantially surround a space below a final clement of a projection
system, the projection system being configured to project a patterned radiation beam onto a

target portion of the substrate.

5. The apparatus according to any preceding claim wherein the line is substantially
straight.
6. The apparatus according to claim 1, further comprising a projection system

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



fromthe first angle of greater than 0. 10. The apparatus according to any
preceding claim wherein the array of liquid extraction openings conprises
N liquid extraction slots, where N i s 34n integer in the range of 5 to 150,
in the range of 10 to 100, or in the range of 20 to 40. 11. The apparatus

according to any. precedi.n | al [e h I qui aet | ni ngs
have a | betl%%eﬁmgﬁ OhigWhid ti?lgﬁgg%?y\%ﬁ%gsgaa alhgﬁd ilror?ﬂ ?hgu%%gﬁ%klgg%l 1%16?0 50

M i n GRfind hARPEcA bxi0 o thePrdjectibd syiemor i n the range of 1 nmto 5 mm 12.
The apparatus according to any preceding claim wherein the liquid

extraction openings have a width substantially perpendicular to the
directigns of .elongation in.the range ..0 . . i of 10
mto 1 or Tsﬁ ap at?sa%a%rﬁg%g gangge%?%d%n&mi%?elgﬁg%giﬁgﬁﬁ %éérg@aglgor di ng
to any R igGRSiAge 6f I 1180WhE (iR randd st 20it6 J0Y itthe r@kioB B0 tOPENOTigShdavge an
aspect ratio in the range of 1:2 to 1:100, in the range of 1:3 to 1:20, or
in the ofddteS@®f 1:5 to 1:10. 34 14. The apparatus according to any
preceding claim wherein the liquid extraction openings are substantially
equi distantly spaced along the line. 15. The apparatus according to any
precedi gy cl airfy afpardiieiccSRAMY th Shi Grecading Slatnh, OMtesein @Ry bbGveeh fiect

rel ati ve novenent between the substrate table and a projection system and
a cont r directipnt efielargating efithediquishextortiathepepings endieding yarygyegresiévelibst r at e
tabl e rlel ative to the projection systemin a scan direction during
exposur B°B8 BF B yet portion of a substrate by projection of the radiation
beam t hereon, wherein the liquid extraction openings are arranged so that
they overlap when viewed in the scan direction froma point at which an
opti cal 9axi s The apparausjceendingrto eyy preseding elaine.ephesein adirg spbsef af the liggid A

| i t hographi c. appar.atys conprisipg: a .substrate.tabl e constr ed.te hold a
subst r af Facﬁogpg?rgﬁsﬂgﬁﬁg gﬁPQ‘%R?ga&ﬁPé‘hﬁiﬂl}% Ebﬁilg %Il@?e %P%g%t?réﬁ %\%gtor%gi ation
beam on{iQ. gnd 25Q6hd subREIr @Rt 1Rfuid BarHbS bpeHiys Hab @ir8dtione6f ¢lofea8ps heltigavi ng
an optical axis; a positioner arranged to effect relative novenent between
t he subsseand anglblogmatér thae O tpths) lawt therseenpdtanghe of grester thain Odeingedifigientinged
to control %hg{gosiltigner t%a ve the substrate table relative to the

pr oj ect {18 6 et apglf oL eAeh g Pect i on during exposure of a target portion
of a

10. The apparatus according to any preceding claim, wherein the array of liquid
extraction openings comprises N liquid extraction slots, where N is an integer in the range of

5 to 150, in the range of 10 to 100, or in the range of 20 to 40.

11. The apparatus according to any preceding claim, wherein the liquid extraction
openings have a length in the directions of elongation in the range of 50 pm to 50 mm, in the

range of 0.1 mm to 10 mm, or in the range of 1 mm to 5 mm.

12. The apparatus according to any preceding claim, wherein the liquid extraction
openings have a width substantially perpendicular to the directions of elongation in the range

of 5 um to 5 mm, in the range of 10 pm to 1 mm, or in the range of 50 pm to 0.1 mm.

13. The apparatus according to any preceding claim, wherein the liquid extraction
openings have an aspect ratio in the range of 1:2 to 1:100, in the range of 1:3 to 1:20, or in the

range of 1:5 to 1:10.



substrate by projection of the radiation beamthereon; and a liquid
handl i ng structure arranged to renove 3I4i quid froma surface of the
substrate table, a substrate held by the substrate table, or both the
substrate table and the substrate, the |Iiquid handling structure
conprisi.ng a rall : QW r L ¥ the liquid
extract iI(H)h opgh?ﬁgédr%%? %%oglﬁ)@ggghgggéf tg(Hg%C g%c‘ﬂ%%lg%%@(ﬂ% ?%%CF%E openi ng
over | appbagngsaire keaeintiolivecquilisaeht sphéeguilehgethe fiaet i on openi ng such that a

| i ne extending substantially parallel to the scan direction froma point
in the region where the patterned beamis incident on the substrate passes
under negth at 3 i gui i ings.. 17. A

it hogrg%hi C gﬁﬁggﬁ%{%@g%cgé%iﬁ%oﬁggﬁgggﬁé%%$%eﬁﬁ%ﬁﬁgﬂ@gﬁé ructed to hold a
substrate; 35a pasifioRrafhhged t6 ¢Eee meladrd mgumnedt berweerofhe subsrapatblerndd

radi ati on beamonto a target portion of the substrate; a positioner
arrange@rm@ﬁt@ﬂﬁéﬁﬁm?@dati ve novenent between the substrate table and the
proj ection syst r jdioner to
Tove ¢ he. subt ot Syl ohhy e LA AR AL B RRIS oo

di rect i eglatgherth fige R¥ROSHT §sein in atseagéireqion during efpoauresidib sdrpettpertion ¢ffzoj ect i on
of the radiation beamthereon; and a |liquid handling structure arranged to
renpove Fulstiptg timseicetion pifthemdigtion heans fhessdat e tabl e, a substrate hel d by

the substrate tabley,. (ﬁr&uﬁoe&ﬂaétm% o?)lélglﬁ% %{e%ﬁ%dﬁso?lﬁ%ﬂ?%&v%ﬂ khate, the

l'i quid handling structure conprisrn xtraction
openi Ngsieed an gRGear0@pRsibh Gotrhepsitir ftadach adeptal angefitha projdetibn gysitan
extracti on openi ngs being such that, when the |[|iquid extraction openings

are in fitercepts herdubstedd i on with a source of under pressure, a plurality of
| ow pressure regions are forned between the surface and the liquid handling
structure, the | ow pressure regions being elongate, spaced apart and each

overl appbng ap litRaghphi®Bpaedtie@Ririsipw pressure region such that a line
ext endi ng substanti aIl)Iy parallel to the scan direction froma point in the

regi on where @HRebspatettalhlneenshuead fashold@isesiiateosn t he substrate passes

t hrough at | east .t of .the |ow SSLE i : it e

appar at us conﬁPfoé?C\rﬁllé:n Sgst%%ﬁg?f?%]tr ‘gc{?’é%ﬁee&c%ﬁag{eﬁ(}gg %%ﬁ%og%éﬁnﬁ g&éﬁag ttr ate; a
pr oj ect Lemiof Yo§ tHRPBuBSd, Bt M8t QorPEysieathavingdat dicaleais; adi ati on beam onto a
target "portion of the substrate, the projection system having an opti cal

axi s: a posit i oputionar auprged to offedt rdalivaapwamens betpsemissubiiaiciahlenpd the
substr a%)reojéc 13L%ys Qrg; t he
a control system arranged to control the positioner to move the substrate table
relative to the projection system in a scan direction during exposure of a target portion of a
substrate by projection of the radiation beam thereon; and
a liquid handling structure arranged to remove liquid from a surface of the substrate
table, a substrate held by the substrate table, or both the substrate table and the substrate, the
liquid handling structure comprising a plurality of elongate liquid extraction openings, the
liquid extraction openings being spaced apart and each liquid extraction opening overlapping
at least one adjacent liquid extraction opening such that a line extending substantially parallel

to the scan direction from a point in the region where the patterned beam is incident on the

substrate passes underneath at least two of the liquid extraction openings.

17. A lithographic apparatus comprising:

a substrate table constructed to hold a substrate;



proj ection system a control systemarranged to control the positioner to
nove the substrate table relative tosthe projection systemin a scan
direction during exposure of a target portion of a substrate by projection
of the radiation beamthereon; and a liquid handling structure arranged to
remove |iquid,f 0 el d by

t he substrat eatpg(%ﬁzét’ﬁmgs%t%%fc ﬁm‘[?%g&gﬁ) s?jlrgggté{a&?tgﬁeg%aﬁﬁ lqtn’ribeegdé5 %&‘{ ??ﬂa?%é? t he

| i qui d hanibnicfghsdubkiedtesr e conprising a plurality of elongate Iiquid
extraction openi n_gs, the |liquid extraction openi ngs being spaced 3 art and
each |iquid eRPPEEPPSITapesd;ta §iies a¢lrtiysnaement detager thysudbsigfefallsan ﬁ&‘ui d
extracti 9 ecqig)gr}'ga?msuch that no |ine extending substantially 36 parallel
to the scan direction froma point in the region where the patterned beam
i's incident amrohid sgstoatatahgeddo esntrd thayasiionadermeatthe atbstréastblone of t he

liquid extraction openings. 19. A lithographic apparatus conpri si nfg: a
subst r atdativgpdhepreischor $stm 1§ afspy dizectin SHHAg eXPoguns ofp & esiaieTispstidm

confi gur | ect hatl.on amonto a target portion of
t he subg%?b?sg%%;wfqglggﬁnﬁ%fﬁ@érltaggaggﬁlg)éﬁg’q'{}g&%’ 1’%1@{3 rel ati ve novenent between
t he substr at eafligbidehandithg fimctupe apagtd aresist Hquiddrao atudcesy dfeembstratanged
to control the positioner to nove the substrate table relative to the

pr oj ect itabe, eypybsirq held by thesubntiatedeblsrordeth g sessgisurle grd thersgbgwte. #5r ti on
f hst . b i i 0n.:of : al b 1 . liquid
hanal i nagtraRdmRAEREEEMAR R AIGIES IR PBRAM bR AmagRg 8 1 U
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one of the |low pressure regions. 20. A liquid handling structure configured

to renove liquid froma surface of a substrate table, a substrate held by

t he sub?gr at eAt}%p(I)geraph% alpp%}aqustglo%lpsnuspnsgg rate table and the substrate, the

a substrate table constructed to hold a substrate;

a projection system configured to project a patterned radiation beam onto a target
portion of the substrate, the projection system having an optical axis;

a positioner arranged to effect relative movement between the substrate table and the
projection system,;

a control system arranged to control the positioner to move the substrate table
relative to the projection system in a scan direction during exposure of a target portion of a
substrate by projection of the radiation beam thereon; and

a liquid handling structure arranged to remove liquid from a surface of the substrate
table, a substrate held by the substrate table, or both the substrate table and the substrate, the
liquid handling structure comprising a plurality of elongate liquid extraction openings, the
liquid extraction openings being spaced apart and each liquid extraction opening overlapping

at least one adjacent liquid extraction opening such that no line extending substantially



liquid handling structure conprising an array of |iquid extraction openings
arranged along a I|ine, each of the I%%uid extraction openi ngs bei ng

el ongate in a respective direction of ““el ongation and the directions of
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i mge of a pattern onto a substrate through a Iiquid confined to a space
adj acent the substrate; and renoving liquid fromthe substrate through an
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liquid égtracﬁibn&%dggéﬁggm el ng e gﬁgate in a respective direction of

el ongat i on andstiseradititde torziracted teehadd gathstmtebei ng at an angl e of greater
than O to the line. 24. A deyice nanufacturin%%nethod using,a |ithographic

appar at us hav? REPIETSR sy e copfigusdiogmicstidatiengd rrdigiien beam oo Higggelct i ng an

i mge of .a r a substrate through a liquid confined to a space
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proj ecti on syspesitioner arrarsgedmo difect edlator; mavethenthweagthk isghstdteftaldmand gwer f ace
of the substrate by connecting a plurality of liquid extraction openings
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substrate held or both the substrate table and the

subst r atable, b bgbstrhictieidbshthe diibshgteshbileicir both the sydrsiraicngblaandithe aybstriatel, thepui d
extraction openings in a linear arrangenent, each of the quuig extraction
openi nghawid hprdlingstrastrigomprigingaighty of lguidgxtgeionopeainegs aFaigcdf r om t hat

of the Lf)p%%f%é th%rsﬁﬁg&?{ﬁ%%angemem of liquid extraction openings being such that, when the
liquid extraction openings are in fluid communication with a source of under pressure, a
plurality of low pressure regions are formed between the surface and the liquid handling
structure, the low pressure regions being elongate, spaced apart and each overlapping at least
one adjacent low pressure region such that no line extending substantially parallel to the scan
direction from any point in the region where the patterned beam is incident on the substrate

does not pass through at least one of the low pressure regions.

20. A liquid handling structure configured to remove liquid from a surface of a substrate
table, a substrate held by the substrate table, or both the substrate table and the substrate, the
liquid handling structure comprising an array of liquid extraction openings arranged along a
line, each of the Hquid extraction openings being elongate in a respective direction of

elongation and the directions of elongation being at an angle of greater than 0 to the line.

21. A drying device comprising the liquid handling structure of claim 20.
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22. An immersion metrology device including a liquid handling structure according to
claim 20.
23. A device manufacturing method comprising:

projecting an image of a pattern onto a substrate through a liquid confined to a space
adjacent the substrate; and

removing liquid from the substrate through an array of liquid extraction openings
arranged along a line, each of the liquid extraction openings being elongate in a respective

direction of elongation and the directions of elongation being at an angle of greater than 0 to

the line.

24. A device manufacturing method using a lithographic apparatus having a projection
system, the method comprising:

projecting an image of a pattern onto a substrate through a liquid confined to a space
adjacent the substrate while relatively moving the substrate and the projection system in a
scan direction; and

removing liquid from a surface of the substrate by connecting a plurality of liquid
exfraction openings arranged opposite the surface to a source of under pressure so as to form
a plurality of low pressure regions between the surface and the liquid extraction openings, the
low pressure regions being elongate, spaced apart and each overlapping at least one adjacent

low pressure region when viewed in the scan direction.

25. A lithographic apparatus comprising:

a substrate table constructed to hold a substrate; and

a liquid handling structure arranged to remove liquid from a surface of the substrate
table, a substrate held by the substrate table, or both the substrate table and the substrate, the
liquid handling structure comprising an array of liquid extraction openings in a linear
arrangement, each of the liquid extraction openings having an elongate dimension in a

direction different from that of the linear arrangement.



