Li t hogr aphi c Apparatus and Devi ce Manufacturing Method Field [0001] The
invention relates to a |lithographic apparatus and a nethod for

manuf acturi ng a devi ce. Background [0002] A lithographic apparatus is a
machi ne that applies a desired pattern onto a substrate, usually onto a
target portion of the substrate. A lithographic apparatus can be used, for
exanple, in the manufacture of integrated circuits (1Cs). In that instance,
a patterning device, which is alternatively referred to as a mask or a
reticle, may be usedithogggide Appasatus hnd Devicp MamrfactueingeMtdioded on an

i ndi vidual layer of the IC. This pattern can be transferred onto a target
portion (e.g. conprising part of, one, or several dies) on a substrate
(e.g. a gijzcon wafer). Transfer of the pattern is typically via inmaging
onto a |layer of radiation- sensitive material (resist) provided on the
subst r at e.[00G1] gener dlhg inveatiogtatateitosilithdgraphic hppaeattiam a methet var k of

adj acent targ?t portions that are successively patterned. Known

| i t hogr apPRaUiasRismeade¥icencl ude so-cal | ed steppers, in which each target
portion is irradiated by exposing an entire pattern onto the target
portion at one tinme, and so-called scanners, in which each target portion
is irradi @Baekkrbyndscanni ng the pattern through a radiation beamin a given
direction (the "scanning"-direction) while synchronously scanning the
substrat e [P¥M241 | el &y lithagiaphigeaparatus tso madhine @ptapplipphdesined pattesn e8togossi bl e

ot nt s ngUeat, B0 Giod @Rel S REbE (BRSO K ifodr Bl Spp RO s,
i mrer se t g sxtiaglel A the nhnbifdeturd bMiatpARk Graft{IEs]. TP that ﬁ;@ﬁﬁé@hlp‘éttérﬁin% l'i quid

having a rel_ative_fy_ high refractive index, e.g. water, so as to fil
space bedwden which isjalematydyesierest totah e mmsk jore retiste, syaytbermsedhie geherate a

bstrate.. Th int of.this is taq. . | e iJRoi f | | er, feat .
i nce 1 he CRAERARHTH 1 totPor i iy BB BV Qs TREIC el Lt oo s PREFR i o
(The ef f eghtoQf tatgBepdrtio (o BRNpALEE paf of @RS sledvasal diBdoaasbérdde.q. af fective

NA of the systemand also increasing the depth of focus.) QO her imrersion
| i qui ds kidiven yefen). franstes efitheipatitmds typioally wra imagingsatd allayerdfiradiatone. g.

auer ) SUSRTRLRI G Puar b0 BRI ERe RTEA S BB
nite dhefvdPRbPiljaddft tatget forfios ¢ SRS a dCKhawh litiHgdphic POdY
United St gty b ai-é'%jgéﬁﬁﬁé?ar \Féiyﬁ%t%eﬁﬁ k {c bod

of liquid that nust "be accel erated during a scanhi ng exposure. I's
requi res aphratioimalude so-called steppers, in which each target portion is irradiated by exposing an

entire pattern onto the target portion at one time, and so-called scanners, in which each target
portion is irradiated by scanning the pattern through a radiation beam in a given direction (the
“scanning”-direction) while synchronously scanning the substrate parallel or anti-parallel to
this direction. It is also possible to transfer the pattern from the patteming device to the
substrate by imprinting the pattern onto the substrate.

[0003} It has been proposed to immerse the substrate in the lithographic projection
apparatus in a liquid having a relatively high refractive index, e.g. water, so as to fill a space .
between the final element of the projection system and the substrate. The point of this is to
enable imaging of smaller features since the exposure radiation will have a shorter
wavelength in the liquid. (The effect of the liquid may also be regarded as increasing the
effective NA of the system and also increasing the depth of focus.) Other immersion liquids
have been proposed, including water with solid particles (e.g. quartz) suspended therein.
[0004] However, submersing the substrate or substrate and substrate table in a bath of

liquid (see, for example, United States patent no. US 4,509,852} means that there is a large



or nore powerful nmotors and turbulence in the liquid may lead to
undesirable and unpredictable effects. [0005] One of the solutions
proposed is for a liquid supply systemto provide liquid on only a

| ocal i zed area of the substrate and in between the final elenent of the
projection systemand the substrate using a liquid confinement system (the
substrate generally has a larger surface area than the final elenent of
the projection system. One way which has been proposed to arrange for
this is di ssdyegsiduidthRGelusdt ftclchtd HEdid LtaRHRY EGRMRNTRRG rediRes IRASRP4 -
As illustrated in Figures 2 and 3, liquid is supplied by at 1east one inlet
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Eur opean patent application publication no. EP 1420300 and United States 2
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 through which the projection beam is projected. Liquid is supplied by one groove
inlet IN on one side of the projection system PL and removed by a plurality of discrete outlets
OUT on the other side of the projection system PL, causing a flow of a thin film of liquid
between the projection system PL and the substrate W. The choice of which combination of
inlet IN and outlets OUT to use can depend on the direction of movement of the substrate W
(the other combination of inlet IN and outlets OUT being inactive).

[0007] In European patent application publication no. EP 1420300 and United States



pat ent application publication no. US 2004-0136494, each hereby
incorporated in their entirety by reference, the idea of a twin or dual
stage imersion |ithography apparatus is disclosed. Such an apparatus is
provided with two tables for supporting a substrate. Leveling neasurenents
are carried out with a table at a first position, w thout imrersion |iquid,
and exposure is carried out with a table at a second position, where
imrersion liquid is present. Alternatively, the apparatus has only one
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i nventi O”’Aﬁéf’ﬂtﬁ’efgﬁ%@%?%%%%g}l?s %ﬂl%gﬁc?{aﬁf&hi C apparatus conprising: a

support construct erni ng device, the patterning device

bei ng capqbdosjof i npaploblegh with adhridienlithegapiy & thainRadi®ion off InidiSy defects
cross-sectign to form a patterned radiati on beam a substrate table

const r uct é@thegredictidue todhewienfémmersionliquid snghe top sefarcoftheswbstepie. dostof
i de |iqui 1ized f at f f a substrate; |
D o ect i ot Spddlnf gl a8t odlors gftnd RS b R Rl B PURRL " beam ont o a

target portion of the substrate through the liquid; and a controller
adapted to coordi nate novenent of the substrate table and the support
during i m@ymmarnf a |ine of dies across the substrate such that this is

acconplis y novenent .of. the line of .dies upder.the pr.ojection system
backuar ds DK or 1 Sraara@olsip gedure heglerty mttisabbY i FaPPyF it Hevinn i o
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to the top surface. [00011] "According to a further aspect of the invention,
there is piuididiepletaldfi béhayt afprniimaging phichtiesl todiypid mankg areredugegor t
construct suppqrt g.patternin vice, .the patterning . device being
capabl e of'fhﬂﬁﬁlar 1 nAcsorRiRg g e a%Peﬁggtfﬂei'mVﬁn%%gleﬁeﬁs Providgd alitipggphicect i on
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3 a patterned radiation beam; a substrate table constructed to hold a substrate; a liquid supply

system configured to provide liquid to a localized area of a top surface of a substrate; a

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

the substrate through the liquid; and a controller adapted to coordinate movement of the

substrate table and the support during imaging of a line of dies across the substrate such that

this is accomplished by movement of the line of dies under the projection system backwards

and/or forwards only in a direction substantially parallel to a first direction which first

- direction is in a plane substantially parallel to the top surface. '

[00011] According to a further aspect of the invention, there is provided a lithographic

apparatus comprising: a support constructed to suppott a patterning device, the patterning

device being capable of imparting a radiation beam with a pattern in its cross-section to form

a patterned radiation beam; a substrate table constructed to hold a substrate; a liquid supply

system configured to provide liquid to a Jocalized area of a top surface of a substrate; a

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



the substrate through the liquid; and a controller adapted to contro
novenment of the support and the substrate table such that the substrate
table noves in a first direction in a plane substantially parallel to the
top surface during imaging of a line of dies on the substrate and the
support is noved such that the substrate is scanned in the first direction
during exposure of each of the dies. [00012] According to a further aspect
of the invention, there is provided a |ithographic apparatus conprising; a
support CQRs§ibYeie ﬂu&@%h_stﬁ@ RGAil; #hdPAdnBoNbMafteY tEGntbDRioRahERIoFiGuppaYi ce
bei ng capable of inparting a radiation beamw th a pattern inits
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target portion of the substrate through the liquid; and a contro
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support constructed.to support a patterning device, the patter.ning evi ce
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i nvention %que is provided a |lithographic apparatus conprising: a
support cgﬁj ?Uctgd to support a patterning device, the patterning device
bei ng cappiogspf | NRAErHAG 1&a FddicR bbbt RBEMMEAHbnAtHRAL & DFdvilldl d ithographic
cross-section to form a patterned radiation beanm a substrate table
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a patterned radiation beam; a substrate table constructed to hold a substrate; a liquid supply
system configured to provide liquid to a localized area of a top surface of a substrate; a
projection system configured to project the patterned radiation beam onto a target portion of
the substrate through the liquid; and a controller adapted to control movement of the support
and the substrate table such that during imaging of at least a porﬁon of a top surface of the
substrate scan movements and step movements of the substrate table are at least partly
combined as one movement or separate movements which are substantially parallel.

[00014] According to a further aspect of the invention, there is provided a lithographic
apparatus comprising: a support constructed to support a patterning device, the patterning
device being capable of imparting a radiation beam with a pattern in its cross-section to form
a patterned radiation beam,; a substrate table constructed to hold a substrate; a liquid supply

system configured to provide liquid to a localized area of a top surface of a substrate; a -



4 projection systemconfigured to project the patterned radi ati on beam onto
a target portion of the substrate through the liquid; and a controller
adapted to control novenent of the support and the substrate table such
that during imging all scan novenents are in one direction. [00015]
According to a further aspect of the invention, there is provided a device
manuf acturing nmethod conprising using a projection systemto project a
patterned beam of radiation onto a substrate through |iquid provided

bet ween t hRFOSEdgeBsiconcanfigtiead tapbjedt éhe mittbeed atdgtionttenmi omt@a targee poftiodio's

across a suybstrate is i db venent. of ,the |line of dies under the
proj ect i ontlﬁg %qsg'ﬁ%eﬁfg@ %&gﬁ’%ﬁlq&ﬁﬁﬁﬁn&ﬁw@%@a@m °i°ﬂnt5‘§idp‘?‘@€{epb?lptﬂe support
subst ant i adrdthe fak@ath edbld Such thdtdStingirh&&dd ' ' o6 ki @id,S 1N a
pl ane subst ant? ally parall el tt (gdgh?%gﬁ&gﬁ?gsccéﬁgg%{zﬁgﬁ%%ﬂnrogltgghgﬁg&16]
Accor di ng H80ES]f ur t hsecosdipett a Hifrthehsspectwé fiteiioventibhgthereiis prowiled deldviae devi ce
manuf acturin t hod c risin usi.ng a projection systemto pr%i,l;act a

patt er ned IB%@W?C ngr‘ﬁﬁtlggg%rﬁp’aﬁ?%u%{n f BEYChieR SYSters (yRropgch & pettsinest hegaipf

bet ween t hggdipfisd [ A0 4g; : e ' dies is
mmged by ool By 4SS oo heo SHOE bR R By G ne

subst ant i adubstrata mdieteih a tioe af divpasuss ambstedte tshimagetisy matemandf derinceflieag

t he patteré’gﬁd eam. of radi aﬁfiﬁ&n sauch thgt the substrate is scanned in the
first dir POFIAC BINFHGD SXFHeR bpekvardsandrprdprwardsordy asa diestion spbsissialyli ng to
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manuf act uring method conprising using a proj el on systemto proj 8¢tP a
pat t er ned sbefaca adfthe subdirgtei on onto a substrate through |iquid provided

bet ween thg%@rpi)j ection system and the substrate, wherein duri ng i magi ng of
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there is provided a device manufacturing nmethod conprising using a
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substantially parallel. [00019] According to a further aspect of
i nventionthadiesse is provided a device manufacturing nmethod conprising

using a pr[lﬁ!ﬂ‘i?]t ton i%g(gr mgttg a%gile:er%gpe%t gfatilg ?r{vgggonl? %ﬁaerlré ?sfprovided a device
manufacturing method comprising using a projection system to project a patterned beam of
radiation onto a substrate through liquid provided between the projection system and the
substrate, wherein during imaging of a central section of the substrate scan movements are
substantially pérpendicular to step movements and during imaging of an outer area of the
substrate step and scan movements are either combined or substantially anti-parallel.
[00018] According to a further aspect of the invention, there is provided a device
manufacturing method comprising using a projection system to project a patterned beam of
radiation onto a substrate through liquid provided between the projection system and the
substrate, wherein scan movements and step movements of the substrate are at least partly
combined as one movement or separate movements which are substantially parallel.
[60019] According to a further aspect of the invention, there is provided a device
manufacturing method comprising using a projection system to project a patterned beam of

radiation onto a substrate through liquid provided between the projection system and the



radi ati on onto a substrate through Iiquid provided between the projection
system and the 5 substrate, wherein during imging all scan novenents are
in one direction. Brief Description of the Drawi ngs [ 00020] Enbodi nents of
the invention will now be described, by way of exanple only, wth
reference to the acconpanying schematic draw ngs in which corresponding
reference synbols indicate corresponding parts, and in which: [00021]
Figure 1 depicts a lithographic apparatus according to an enbodi nent of the
i nvention; i: 2 AF I L Qi s . system for use in
a Iithogra%%ggﬁééﬁgﬁggg?ﬁﬁg%%%%gaghgggrggggg?bE#Egpgggﬂéﬁﬁﬁbts anot her
liquid supply systemfor use in a |lithographic projection apparatus;
[00024] Figure 5 depicts, in cross-section, a |liquid supply system which
can be usdei¢tDeseEptionofahe REAWIngS  he | nvention; [00025] Figure 6 depicts,

in Cross-s g@'In, a QUi I §¥§ ' sed
with an en@odil‘ﬁent oéﬂﬂt; dgﬁl&rl]t%/égﬁeg%‘;/éntl%gglgy‘gﬁaﬁfe E@;ﬂg%yg&aexg@ﬁg%gﬁfc
di agr am i | witistefatnadgego shecmnvapdryhipadchématicadrafings irswhish kafréspondiag réfience

proj ection systemduring inaaggg; [ 00027] Figure 8 illustrates an i nmagi ng
rout e accoVHIPRY REcan canespandiagparts andia Whitkient i on; [ 00028] Figure 9
illustrat i magi . ac i ng. . anot her embodi ment. qf the

nvent | on 00 Bb007 Rt e RhOaMS SRR e tR0R AT M e lment S e

anot her ernbeshtioent of the invention; [00030] Figure 11 illustrate an

i magi ng route according to another enbodiment of the invention; [00031]

Fi gure 12 [PP0224+1 r at ddgues 7 mudy? Aepistalignideupphiysigm for nseoinladithegriyddé ment  of
the inventi.on;. [00032] Figure 13 illustrates an inaging route according to
anot her eﬁ%@gﬁﬁgﬁpp%? he invention;

[00023] Figure 4 depicts another liquid supply system for use in a lithographic

-

projection apparatus;
[00024] Figure 5 depicts, in cross-section, a liquid supply system which can be used in

an embodiment of the invention;

[00025) Figure 6 depicts, in cross-section, a further type of liquid supply system which
may be used with an embodiment of the invention;

[00026] Figure 7 depicts a schematic diagram illustrating a conventional route of a
substrate under the projection system during imaging;

[00027] Figure 8 illustrates an imaging route according to an embodiment of the
invention; _

[00028] Figure 9 illustrates an imaging route according to another embodiment of the
invention; _

[00029] Figure 10 illustrate an imaging route according to another embodiment of the
invention;

[00030] Figure 11 illustrate an imaging route according to another embodiment of the
invention;

[00031] Figure 12 illustrates an imaging route according to another embodiment of the
invention;

[00032] Figure 13 illustrates an imaging route according to another embodiment of the
invention; | |

[00033] Figure 14 illustrates an imaging route according to another embodiment of the



[00033] Figure 14 illustrates an i maging route accordi ng to anot her

enbodi nent of the 6 invention; and [00034] Figure 15 illustrates an

i magi ng route according to another enbodi nent of the invention. Detailed
Description [00035] Figure 1 schematically depicts a |ithographic apparatus
according to one enbodinent of the invention. The apparatus conprises: an
illumnation system (illumnator) IL configured to condition a radiation
beam B (e.g. W radiation or DUV radiation); a support structure (e.g. a
mask tabl enveufiosonsk ruct ed to support a patterning device (e.g. a mask) MA
and conne o a fd.rst itioner . PM.configured.to accurately position
the Cpat t VR oy it A Shismi Al et bR Ak il ARaer et SgRt R o
tabl e (e.gnvéntivaf er table) WI constructed to hold a substrate (e.g. a

resi st-coated wafer) Wand connected to a second positioner PWconfigured
to accurately position the substrate in accordance with certain
paraneters; .an pr.oj ection system(e.g. a refractive projection | ens

syst en) P?P?,t?}'f).c‘jii%ﬁ %EAQLQO project a pattern inparted to the radiation beam
B by patt V29 devi (o191 oK I LS4 one or
nore di es?mcj}%js?he SlFE) tr%/lgtse W t?%%%g%%srﬁgfl Hég'}rﬁgnaggj ?’Eﬁ‘sé"gﬁ@%?}%@"gﬁ ncl ude
vari ous t ypdgedofiend pf iheahventomp dFterdpparatus wotpasesr ef racti ve, refl ective,

magnetic, electrqQmagnetic, ele {ro_stati c or other types of qptical
conponent's, or AVTEBARHStcah(ilvEmator) 1s configned éq ponglitianmssdigon bpam B
control li Q&g.r@?ir%i'hf?% or DO9Y03diktide support structure holds the patterning
device in a“manner that depends on’ the orientation of the patterning

devi ce, the desisgppaf sthdeairé {d Hagnahhile)iabaittiftedad Gusidied patfeaiios 86-Q8S,
such as for exanple whether or not the patterning device is held Iin a
vacuum ef$EromadnMA RS caspisd to a firsi pesitienes B genfigveedaseewntelinosisiomthe

el ectrost ?’%ﬁé’fﬁrﬁr&d@%@g{naC§L%élm%J\?irtﬁg%8%§1%?e ;hol d the patterning device.

The suppo cture ma ane or abfe, for exanple, which nay be

fixed or nmovablheubsrafecgble(€f. a Whr GBRPWT coistiibled tEholBY: suBfifd @ g hat t he
patterning device is at _a desired position, for exanple with respect to the
proj ect i ofesésjspapd wafey) Wemdsonnersed terapscondarosidioner BW configired peaasiratelny be

consi der ef s BLATBY e od AR fh SRR Arart GHY adf?t L 7 N1 NG devi ce.

a projection system {e.g. a refractive projection lens system) PS configured to project

a pattern imparted to the radiation beam B by patterning device MA onto a target portion C
(e.g. comprising one or more dies) of the substrate W,

[00036] 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.
[00037] The support structure holds the patterning device in a manner that depends on
the orientation of the patterning device, the design of the lithographic apparatus, and other
conditions, such as for example whether or not the patteming device is held in a vacuum
environment. The support structure can use mechanical, vacuum, electrostatic or other
clamping techniques to hold the patteming device. The support structure may be a frame or a
table, for example, which may be fixed or movable as required. The support structure may
ensure that the patterning device is at a desired position, for example with respect to the
projection system. Any use of the terms “reticle” or “mask” herein may be considered
synonymous with the more general term “patterning device.”

[00038] The term “patterning device” used herein should be broadly interpreted as



[ 00038] The term "patterning device" used herein should be broadly
interpreted as 7 referring to any device that can be used to inpart a

radi ati on beamwith a pattern in its cross- section such as to create a
pattern in a target portion of the substrate. It should be noted that the
pattern inparted to the radi ati on beam may not exactly correspond to the
desired pattern in the target portion of the substrate, for exanple if the
pattern includes phase-shifting features or so called assist features.
Cener al 'y, refdnP@tan§ dByicERAL Efhd Bed REinT AL Ahdi8RoPERM Withla pafBhIigRPEREs-L 0 a
particular functional layer in a device being created in the target
portion, sstchon sch anto areadgn potbain ¢ & Cugdt poftPOOF e stheravatit shonldiy mhéadi thet may
be transm ssive or reflective, EX | es of atternin evices jngclude
masks.,  pr dF BRIFELITEPAFier i fhegpdiaan B SATHEAODR0 § SRR a1 o
wel | knownyithe fatdehQOHiSHR BY the 365 taRC hﬁ%ﬁaﬂgﬁf ¥ Bifers WS pRhRAhMting

al ternating phase-shift, and attenuated phase-shift, as well as various
hybri d nasfeattxepesso dulled essasidatures. Genpralgy thepatEeimpartedito Hrerragiatorpbayswil
matrix arrangenent of small mrrors, each of which can be individuall
Lilted so QEURONIL fBREoAr fchIRah JpaiHevish DB Taaied o g erghporion, such

di recti ons,s ih@edbli@fdcitnors inpart a pattern in a radiati on beamwhich is
reflected by the mnor matrix. [00040] The term "projection systeni used
her ei n shd@deB%e br daeipattemingrdevetethyds traanonripasstrafigetivey Exkymppleobf

proj ection syste jncluding refractive, reflective, catadioptric
magneti c, %gi?wﬁ%mcgldaﬁw%ﬁs SEgyEmable Migpt MrEays: Ay diregremmaple D
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or for ot actors suc | Mersi o I qui he use of
a vacuum alegatisgepleke-shi€, aet sttehpited phdse-ahifl, aneell hevaious ighrid maslicgped. dar ed
as synonynmous wWith the nore general term "projection systeni'. [00041] As
here” depi &Xa@plewoha pregsammable igrop prray empplayig Bdinxarapganent of smalprggisng a
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above, or dffgbadiregtichs! Tihd gledd MBrorREIDart a pAHAARA|a rhtliatibh bEDO WARINIiS refiepRd at us
may be of a type having two (dual stage) or nore substrate tables (and/or
two or nort® tBggEEImatiKuct ures). In such "nultiple stage" machines the
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receives a radiation beamfroma
magnetic, electromagnetic and electrostatic optical systems, or any combination thereof, as
appropriate for the exposure radiation being used, or for other factors such as the use of an
immersion liquid or the use of a vacuum. Any use of the term “projection lens” herein may be
considered as synonymous with the more general term “projection system”.
[00041] As here depicted, the apparatus is of a transmissive type (e.g. employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g. employing a
programmable mirror array of a type as referred to above, or employing a reflective mask).
[00042] The lithographic apparatus may be of a type having two (dual stage) or more
substrate tables (and/or two or more support structures). In such “multiple stage” machines
the additional tables 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.
[00043] 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



radi ati on source SO The source and the |ithographic apparatus may be
separate entities, for exanple when the source is an excinmer laser. In
such cases, the source is not considered to 8 formpart of the |ithographic
apparatus and the radi ati on beamis passed fromthe source SO to the
illumnator IL with the aid of a beam delivery system BD conprising, for
exanple, suitable directing mrrors and/or a beam expander. In other cases
the source may be an integral part of the |ithographic apparatus, for
exanpl e whiermphi of therlikographac apnatatws/aridghgradiatihe bsouicersSO ol thewurce SO

illumnataor J L, together with the. beam delivery s emBD.if required, m
be referréd tlfeollﬂ&gu%??rgﬁi"gm %‘ﬁ ag{;%ﬁagl?ﬁam[ ‘%@(5%]33’4?&5‘% FRmPHERS rf{’ﬂ ‘fq_‘aﬁﬁ’& . g
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of the radiation beam Generally, at |east the outer an er radi al
ext ent ( caniegrd part of be lidegraphicsappaatitsefor axwinge whea the soasqeds b imesduyy laafp. t he
Intensity distribuytjon in. upi | .plane of .the illum pator can_ be_ adjusted.
In additiom® pise S i heitBietinglor %W&?ﬁ}%w @%%afrb@rélvsw&te@oﬁﬁa&r@%@da
such as ammiybEfatedio hdh Alth@nGoqdanser CO. The illum nator may be used
to condition the radiation beam to have a desired unifornmity and
intensity [60&A4]i but iThe illemimtar L asy-comptisom adjGdQA8D fdiheljustid); did mpulacam B

i's incident on :E(ge ,gatterfn' ng device (e.g., mask) MA, which is held on the
support stPiGRHtyEstyiputipn oftheradialign byarytiengraily; at lenst therowesy apd/or waer radial

patternin ' | r S t erni i MA, the radiation
beam B pa%é%gytctg ﬁ%@*#ﬁ%&dﬁgﬁﬁé’c@%’ﬁg gfg@é%ﬁ %%#%?@#5@8%8%&? he beam
onto a tagtibpivhtihapuil gfant betheSHGINaRE Cav¥e Wjbdled. M adiiflo®fthd MemsREANY

positioner PWand position sensor IF (e.g. an interferonetric device,
| i near endRRYSOMPriSe ¥pyEaiisothes campeiys, suchas gn idegratos [N ahd e comdensar (§® Theoved

accur at el yy;. €. t o, posi ti.on.different target portions .Cin the path
of “the r adrufindior ik 3R @RRpP o epBheT hestt s By Ehsh NP B o,
posi tion smBsdy distbieidniis ietoseX®tionl t1y depicted in Figure 1) can be used
to accurately gosition the patterning device MA with respect to the path
of the radd¥Mdbn bedieBadigiaqy beaftR s insiderdmndld pattetning deticd fequn maskhdA,
library, or.duri a scan. In general, noye t of the support structure Mr
may be r eé{‘mlcjblahglaﬁoﬂlﬁﬁ? ﬁ'ﬁ’pgft&“%?mée (I%(ﬁ'rdl-‘%%rtﬁ dﬂ?‘gsé’%gﬁg‘b%%@i tioni ng)
and a sho I ; | b L QR . IAC m: first -
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art of the secaond sitioner PW In the case of a stepper (as opposed to a
gcanner) $ trateOW. V\Ht?nt ¢ aid of the second positioner PW and positionpsgnsor gF (e.g. Fa)nrl)

interferometric device, linear encoder or capacitive sensor), the substrate table WT can be

moved accurately, e.g. so as to position different target portions C in the path of the radiation
beam B. Similarly, the first positioner PM and another position sensor (which is not explicitly
depicted in Figure 1) can bé used to accurately position the pafterning device MA with
respect to the path of the radiation beam B, e.g. after mechanical retrieval from a mask
library, or during a scan. In 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 aligﬁment marks P1, P2. Although the substrate alignment



support structure MI may be connected to a short-stroke actuator only, or
may be fixed. Patterning device MA and substrate Wmay be aligned using
patterning device alignnment nmarks M, M and substrate alignnment marks Pl
P2. Although the substrate alignment 9 marks as illustrated occupy

dedi cated target portions, they may be | ocated in spaces between target
portions (these are known as scribe-lane alignnent marks). Simlarly, in
situations in which nore than one die is provided on the patterning device
MA,  the pahh@s d Maseavd s&-upﬁhéamr%aﬁ&ﬁo@m@%dﬂ@&@@emt%ﬁ&@ bEfReAl €s.
[ 00046] The depicted apparatus could be used in at '| east one of the

fol | owi ng tategepprtions (these stedpown de scribiedans gligpmentsnanke), Singilavly, ansituatiens in

substrate tabhle WI_are kept essentiglly stationary, ile an.enfire
bartern | nre B9t 3 Rac i mrERe bh e ey SVeants peuinedleeBor ¢ on
C at one td|ijFBmeht Bark@maly BEIR Bl Beiwech RO, €) . The substrate table WI is
then shifted in the X and/or Y direction so that a different target

portion C[08¢dthe expdwalpicted appaptus vould beubel imak leastrons of thedblloWimgexg@iosur e

field limts the size of the target portio [ ed. in a.si e static
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non-scanni ng direction) of the target portion 1n a singFfe ‘dynamc

exposur e, inhsmgkstdtioexpesugi.h of t he scanning notion determ nes the height
(in the scanning direction) of the target portion, I n anot her node, the

3.
support struct gr e Min sanpryle, e suprortatiugtuge M1 BKdhg subsbtgitaie ¥ brsgr amabl e
patter ni NgcAR¥s EcnARfudiP Gyt Rohiah SmbaRlado We dadialIBY Bhndls (RERBIE o | © 2

pattern inparte I's projec ar get portion

C. I n thi sargempdetiong@ (iey. alsingleadypaingeskpoadt R The Relsity 6@ difcRepPbONE dutihgtet he
programuabl e patterning_ device is updated as required after each novenent

of the sufs ¥lerelaiine &0 (y supparkstpetuie M may be detsiniacd bthat(dempaniBiestionur i ng

. This. ' -eadi | iedt | ess.
" thogr aphud iR Te el BRERU AR BRE Brdi 0 Vs PRE S, Blrcb molioe §ERjoum
pr ogr anmekize of thelekposudd fiell ligfitsahd Witkth fis hehdH-§c@fnih® dRRMNOR) of the target portion

in a single dynamic exposure, whereas the length of the scanning motion determines the

height (in the scanning direction) of the target portion.

3. In another mode, the support structure MT is kept essentially stationary
holding a programmable patterning device, and the substrate table WT is moved or scanned
while a pattern imparted to the radiation beam is projected onto a target portion C. In this
mode, generally a pulsed radiation source is employed and the programmable patterning

- device is updated as required after each movement of the substrate table WT or in between
successive radiation pulses during a scan. This mode of operation can be readily applied to
maskless lithography that utilizes programmable patterning device, such as a programmable
mirror array of a type as referred to above.

[00047] Combinations and/or variations on the above described modes of use or
entirely different modes of use may also be employed.
[00048] Another immersion lithography solution with a localized liquid supply system

solution which has been proposed is to provide the liquid supply system with a barrier
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[ 00047] Conbi nations and/or variations on the above descri bed nodes of use
or entirely different nodes of use may al so be enpl oyed. [00048] Another
i mrersion |lithography solution with a localized Iiquid supply system

sol ution which has been proposed is to provide the Iiquid supply system
with a barrier 10 nenber which extends along at |east a part of a boundary
of the space between the final elenent of the projection systemand the
substrate table.. Figure 5 illustrates, in cross-section, such aliquid
suppl y systenbdrbvhigli etierclanldeg atifaet & mart ¢fld bouhdarg phthe spdcelietwerarih¢ fisal

' [ PS .and th bstrate Ww li.quid.. . This |jquid |
Syatom | o e aFeaiff et aRyBETRErEC fhbis M gl aredesp GoSyet bt
whi ch prowyges hihﬁi‘disdpﬁlg sPsid? 88 wiRdEdinde &Mtﬂsﬁlpﬁfers?Q& ll(lt een g& Ffr?]) &fioh he

whol e top surface of the substrate at any one tine) can be use tead,
parti cul ardystemitSsandvthe hihstrata W adthdinguid Toadliquid suppledygteanismariksmapke golynmidng
features to contain t l.i.quid. [00049] Referring. to Figure 5, the barrier
menber 12 B ?FW&P? liguig Shenly mistam &i‘i?ﬂi‘cél previde h@wéﬁ%gocftfarsépt}r@é fubgtipienal
el ement of(; & Rt BVQIREHHAR tGY stk ek BEind ggbsbla% af u@ﬂa@&ﬁe)\%nm%s%g%%@

menber 12 ‘surrounds the bottom edge of the projection system

barrier rparivatarfyshesalyathant 4 gid knifetaat] ivdier nglyr ol ménivens tpindifefepuedsac tonin
systemin the XY plane though there may be sone relative novenent in the Z
di rectionﬂ%‘?]ﬁq‘E1 e direction of the optical axis). |In an enbodinent, a seal

Is forned en t Ssurf — Ik LGh. 1 s the
top surf aégﬁ%??t he %ﬁ%ﬁ%%@%ﬁ% 5??1% %Errl#rgng%n?tge% lgﬁélegﬁ S {a ekagﬁr}"dm#gflﬁbe a
cont act | eslse spaeal 1 betwberns fiflal @hdneikt af theprejodtioaslsteaPIsadl thd SubistatelW. The

substrate may be fornmed around the inmage field of the prog(ection‘ system so
that |i quibdrries megiber hbepriguods thethodiompulge obihie pediertionsysemdts: Zhe bawigr f ace and

the final f jectian syst Th ' t t |
formed by "erar B Prad i oSy BTy P Ckrostfet ARk iiinPerh R 1BRE 1 na
el ement ofhdrbihaP bok@hié redativeSHGFeaitnbln th ZieBtidrS(iR HRUGREHSNEOhE Bt P AES).

bel ow the projection systemand within the barrier nenber 12 by liquid
inl et 13 dman pmhodimenieaseadds foymed hetivgenthelbettomIurfieeeofithe birder mambbrowhiclk may

d a lj b he.final el t th i ecti d th
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end, in an enbodi nent, closely conforns to the shape of the projection
syst em or fieldeoffthepriojestiemsystem bethabliquid ds comfinedewighin thespasehetwesn thetsebstrate
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the barrier member 12 positioned below and surrounding the final element of the projection
system PL. Liquid is brought into the space below the projection system and within the
barrier member 12 by liquid inlet 13 and may be removed by liquid outlet 13. The barrier
member 12 mdy extend a little above the final element of the projection system and the liquid
level rises above the final element so that a buffer of liquid is provided. The barrier member
12 has an inner periphery that at the upper end, in an embodiment, closely conforms to the
shape of the projection system or the final element thereof and may, e.g., be round. At the
bottom, the inner periphery closely conforms to the shape of the image field, e.g., rectangular
though this need not be the case.

[00050] The liquid is contained in the space 11 by a gas seal 16 which, during use, is
formed between the bottom of the barrier member 12 and the surface of the substrate W. The

gas'seal is formed by gas, e.g. air or synthetic air but, in an embodiment, N, or another inert

gas, provided under pressure via inlet 15 to the gap between barrier member 12 and the
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t hough this need not be the case. [00050] The liquid is contained in the
space 11 by a gas seal 16 which, during use, is fornmed between the bottom
of the barrier nmenber 12 and the surface of the substrate W The gas seal
is formed by gas, e.g. air or synthetic air but, in an enbodi nent, N2 or
anot her inert gas, provided under pressure via inlet 15 to the gap between
barrier nmenber 12 and the 11 substrate and extracted via outlet 14. The
overpressure on the gas inlet 15, vacuumlevel on the outlet 14 and

geonmet ry ofubtthfe SRPexdabic@kiARERH1 8 Thk Rebptl@l& oh ﬁlelagag 98 MG IuhY1c8@%nf | oW

I nwards that confines the liquid. Those inlets/outlets may be annul ar
gr ooves whthe hutgid # ot geondtey o gaplare amahged o fHabtheos is gdsghtelpatyedas dowi ve t o

contain the liguid in.th ac 1. S systemis. disclosed. in United
St at o5 pat Eer s rofines el BT Thpiesmeie o G trsing sipoveh s hish furround
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another type of liquid supply systemIH The barrier nmenber 12 extends
around t hesyptemiipiiselpsadfintUnatel iStedts mitentrepplicatiiort publisatpinendt. UE2GMsI20ARPS  such
that the harrier nenbe times called a seal nmenber) is, for

.(which i
exanpl e, e&gt”%\cr?ﬂ?oé?tf’élmf(s\‘r’i%‘liﬂ%ﬁ?tg’?’ﬁo P | shape. [000521 The function of
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t he space between the projection syste a ubstrate so that the
proj ect i ormgelm] Aeytepdsaotint thaghripeey bf thaifidal cldmertt of tHegyrejectidn dystgmi RE i S
sinply contained by the presence of the barrjer nenber. 12 and the |evel of
i qui d i n PRehEHhE barer stmbesiich Soemetimersaliena sral qusebeabiscloR et e { | ow
over the tQRQtiatilSndi@de'ih §% 12. A seal is provided between the
bot t om of St e lgr | er m;rrbe?lg% nd the substrate W In Fi gure 6 the seal

is a cont[6@iNpss sdak finmtion sf tRdariy neintRe V2 isab aC RARPAAR Bainkdbd & dd@ifine
radially Qutwardly fromthe optical axis of the projection system PS,
there is pryidBEF Pagohstvesmthy praiesiiopissitem B apg ithasubstxate N o thet tet he space

(t hough naqt..:l | aGt leh. hel ps intain
par al | el ?’FO \E/:v([htc())?l b{eﬂgrﬁi’ i és)ilch{)(?#@itg%ﬁ%fﬁg’u—rh%gf’gFe%??e(ffq%%glcsggg@ytcﬁ%a?sg& and
then out tth meghcasf thebiriet member 12 Addsthé Bivelbf IRPAPEI the spaie issthaihithed 308

|l evel as the inlet (so that the inmersion liquid flows across the space

bet ween t Rkt fhediguidgoayant ovttlewiovertby toprafdhe baysersnember 12n4 ssalisproxidsfl.  The
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optical axis of the projection system PS, there is provided a (optional) flow plate 50 which
extends into the space (though not into the path of the projection beam) which helps maintain
parallel flow of the immersion Hquid out of inlet 20 across the space and then out through an
outlet (not illustrated) opposite and at the same level as the inlet (so that the immersion liquid
flows across the space between the final element of the projection system and the substrate).
The flow control plate has one or more through holes 55 in it to reduce the resistance to
movement in the direction of the optical axis of the barrier member 12 relative to the
projection system PS and/or substrate W. Moving radially outwardly along the bottom of the
barrier member 12 there is then provided an inlet 60 which provides a flow of liquid in a
direction substantially parallel to the optical axis towards the substrate. This flow of liquid is
used to help fill any gaps between the edge of the substrate W and the substrate table WT
which supports the substrate. If this gap is not filled with liquid, bubbles may be more likely
to be included in the liquid in the space between the projection system PS and the substrate W

when an edge of the substrate W passes under the barrier member 12. This is undesirable as it
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barrier nmenber 12 there is then provided an inlet 60 which provides a flow
of liquidina direction substantially parallel to the optical axis
towards the substrate. This flow of liquid is wused to help fill any gaps
bet ween the edge of the substrate Wand the substrate table WI' which
supports the substrate. If this gap is not filled with |iquid, bubbles may
be nore likely to be included in the liquid in the space between the
projection system PS and the substrate W when an edge of the substrate W
passes und@f l¢addo Weleripationehthernmage quphitys is undesirable as it 12 can |ead
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be described in nore detail below and forns part of the contactless sea
whi ch is dreaigsaibed hiempeedetaihbelbarani drmypatter tHeoatuitledsae widdtl atceeaid

[ 00054] Radially, outwardly, of th xtractor._assenbly is a recess 80 which

is connec'ﬁ’é3 eef‘ﬁ?%ﬁ@'ﬁegﬁe%_ﬁ?rl]@tmgiﬁ?be"‘ﬁ%teg\['nosphere and via an inlet 84 to
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90. An arrangement of thé extractor, recess and gas knite is disclosed in

detail in tuobgkeen Suthkit @2 tpticairhosphpie and tviaom iplebR4 eni loanpreesurd HuZd0Radially
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reference. Any type_of liquid extractor can be used. In an enbodi nent, the
li qui d reﬁH@%ge“%fé‘EPfc’ge%ﬁ%Wﬁ@ﬂﬂybﬁrﬂlgﬁW%t which is covered in a porous
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nmaterial 96tétDS sih B thk BaEl ddtlosedsin (Hied SRAG palsn® SHplIRALSN fubifcafidd AGUM th
l'i quid. The under gressure in the chanber 97 is such that the neniscuses

formed i n2PPE0PH968, inpompprateddiesain itpramtiretydly rpfeesnentAnyaiybe efiliquidextfastay.can ai r )
whent he. Sorsd T EpFARTBR. wifiulq epfvalitist oS GPRRres b TEhEREh i o
07 of the i A Tenoyay S ea g i & CPtale IR BEE dhg IR Igraarber
radial |y iiﬁ\»ig mhihse leguichexttaetion sk chamber@idewndRatast the poroas material Hlist he
[S)g?gﬁ)s angnagr{tz%néf etttea 8 i]:ghte ﬁ(r}(ire? lg}eiss%?e an iis Ehled (\%gt?lrhdqiuﬂg 'thg U.Ihl er prxrgsggre?rfl ﬂ;[ehe
chamber 97 is such that the meniscuses formed in the holes of the porous material prevent
. ambient gas (e.g., air) being drawn into the chamber 97 of the liquid removal device 95.
However, when the porous material 96 comes into contact with liquid there is no meniscus to
restrict flow and the liquid can flow freely into the chamber 97 of the liquid removal device
95. The porous material 96 extends radially inwardly along the barrier member 12 (as well as
around the space) and its rate of extraction varies according to how much of the porous
material 96 is covered by liquid.
[00056] A plate 200 is provided between the liquid removal device 95 and the substrate
W so that the function of liquid extraction and the function of meniscus control can be
separated from one another and the barrier member 12 can be optimized for each.
[00057] The plate 200 is a divider or any other element which has the function of
- splitting the space between the liquid removal device 95 and the substrate W into two

channels, an upper channel 220 and a lower channel 230 wherein the upper channel 220 is .
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material 96 is covered by liquid. [00056] A plate 200 is provided between
the liquid renoval device 95 and the substrate Wso that the function of
liquid extraction and the function of nmeniscus control can be separated
fromone another and the barrier nenber 12 can be optim zed for each.

[ 00057] The plate 200 is a divider or any other elenent which has the
function of splitting the space between the liquid renoval device 95 and
the substrate Winto two channels, an upper channel 220 and a | ower

channel 23RtwhaHRl dhpePN§urfpP6f the l@wﬂ@ﬂbo #R0hé Hqikid r@eéweaevitdes sap@e leuif ace
of the plate 200 an the liquid renoval device 95 and the | ower channel

230 i s betchemsl 23{kis boteaen the lpweresusface pithp plate20iomddhelsubseats YhsEacatchanwel Each

channel i.s 0O , S. radla I nper nost end, to the space. [00058] An
under predSHE: [%][éhg %ali’blﬁllnf@bos W}/q’ﬁ DESPES: channel 220, rather than | eaving

it open tqod(gs8) at NogRNGIder 1§1@§5‘ﬁkt9&'hn%%pﬁﬁecﬂi‘ﬁrtﬁe B RANINAE 220! Rfhe? Bn 1€vihg

one or nore through holes 250. In this way the upper channel 220 can be
made wi derit ofc000 88 atmibrpherewhiohgh bee g raors beathing helee2H, 6.2, wae wemose sagh3 10,

320. Af 0 t th | te 200 d tend
bet ween Itﬁf'éeﬁgg@ %P"ék’ﬁ}ﬂu@% 2 |1%28P%ago§1§¢?ge o? tehe pl gtne %Oegnz a
second neppgidgp 320 T GRtH e BRE 300 RRA HBERS H‘ﬁ:ﬁfs@usreg‘gl(PlﬁbeA ﬁ%&%ﬁﬁ'&uym' ch

extends between the plate 200 and the substrate W his way, for
exanpl e, 3 ﬂes msitioaed airovaﬂs@pibﬂe)zowand axteinds h:ammdianghn p@toﬁs)mawual; 9Gindghe tdpe

first nmenis f m . extraction of ui d. and. f or itiqQnal nt r ol
of ' the secutRaEAeIaHE 288 64t ateophmensre 329 Leehis Resigignedigternep tﬁ?ﬁ@?e
second nepp§ ﬁ@hfﬁl%ﬁ ekt%nasegéeﬁ@ax thggrat@md%e LRersb Ay ankRs vl ﬁ%F;é%fll}flgal,

particular o e plate 200, may be optim zed to make 1t enerfget
f avor abl e tHecaxtriadter assenblyFidscad BO comfi glmesthfon cativd Dédaetf'msttﬂmmduafce aplithusuch

that th f th bst b th b 10
b i ncr ca UdttoR B! M gnd B Es IapA AR PR OKREIS B AP L BV Wogtar o
outwar ds pd, r&%}ﬁh@ﬂ%ﬂmw&%ﬂd WAy {tﬁ% '&j%cﬁﬁéd‘ F}o{g 3 da!rd Yitfe él%n?c?é%&hcst he

meni scus so t € nenl scus stays sti g ’on e neni SéUS

for exanmplepdriculad eftiouslaidr2ag, magbe optirhized to mskﬁ it Snergetﬁ:allpfmnra:h@ fof tHehe
contact angle of_the neniscus with the surface. [00060 As not ed above,

one or moPENSFEEIAT A gy edhargbtothy plste vkt the SPﬁvespe?%af the |89bsér@Eevbé(r d
o= S S SyBhE AR SoE pah ChTR SR R fign o e
extracti omehdtes 320 zir@@utbﬂafﬂslaﬂd are balanced by an under pressure in the liquid adjacent the
meniscus so that the meniscus stays still. Higher loading on the meniscus, for example by
viscous drag and inertia, results in a lowering of the contact angle of the meniscus with the
surface.
[00060]. As noted above, one or more breathing holes 250 may be provided at the
radially outward most end of the plate 200 such that the first meniscus 310 is free to move
inwardly and outwardly beneath the porous material 96 so that the extraction rate of the liquid
removal device 95 can vary according to how much of the porous material 96 is covered by
liquid. As illustrated in Figure 6 the second méniscus 320 is adhered to a lower innermost
edge of the plate 200. In Figure 6, the innermost lower edge of the plate 200 is provided with
a sharp edge so as to pin the second meniscus 320 in place.
[00061] Although not specifically illustrated in Figure 6, the liquid supply system has a
means for dealing with variations in the level of the liquid. This is so that liquid which builds
up betwéen the projection system PS and the barrier member 12 can be dealt with and does

not spill. Such a build-up of liquid might occur during relative movement of the barrier
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renmoval device 95 can vary according to how much of the porous material 96
is covered by liquid. As illustrated in Figure 6 the second neni scus 320
is adhered to a | ower innernost edge of the plate 200. In Figure 6, the

i nnernost | ower edge of the plate 200 is provided with a sharp edge so as
to pin the second neniscus 320 in place. [00061] Although not specifically
illustrated in Figure 6, the liquid supply systemhas a neans for dealing
with variations in the level of the liquid. This is so that |iquid which

bui | ds upngebsrdaro g iveoj prtioperstero P Ssdeseréred p8losn @nehverybddeilerg wighthesy ligu@d an

be dealt with does. not .spill..Such i | d- f 1iquid night
Guring r el PR G BREs REmoRhLZ s P o Hhgse ot Shere Pty Pliestircy st erm
PS descri heshibgloow thQ?&im@py StfthesakicP bl 2 Rirfhglrh Gfint éfth%g fePikfiBed N

barrier nenber 12 so that it is very large so that there is rdly any
pressure Igmralatiento thy projactien pestém REr In apfaltetnetibaor idditiomehiremgdPestuliquid

novenment of t.,he barrjer er .12 relative the projection systemPS. In
an al t er n&PPE I_S?loﬁ‘addg?lpgﬁg{épé’rf tﬂ?fn ﬁ‘f‘?m“?firagiuamg expmplg agtPH S he
top of theshaislEhasesifkior diniBi MiheleRira@¥P €, an extractor such as a

singl e phase extractor simlar to the extractor 96. [00062] Thus, it can be
seen that [002¢ ar e Thes,ef ain beasgen that thiecine savamt saginl wigoh thmsrsiondiidad from

t he space between the final elenent. of the projection systemand the
subst r at e.rem%s’%ﬁl ﬂﬁsﬁé‘é‘? W&EB&FH% ement %ﬁ(ﬂemr@w@m syelemsadihtesubsizie out
of inlet [ : ' ' ] .S not
illustrat g%f%‘?li'ﬁngé %ﬁ?ﬁgﬁhﬁ‘aw g%ﬁ#@%}%%%@%ﬁgﬁﬁeﬁggg}g g%o %‘zpendi ng
upon when outiet oppositeché et B6 ke PBtlktss act illuaiaed). THiIRRAGERN licgﬁti hay bsmagrmoved
by the extr‘aﬁ&t_or 70 and this imersion liquid is |likely to be extracted as
a singl e nphbssisradisted iersnding wogvhendhe arojgehiembeate RBds a¢tivatedy Immension liggid
could be ¢ . .t W d-40 nert s). knife 90
combi nat i orremRn By B BB ERERR mEd AT ARl 1ot RT3 St

conbi nat i phasef Othefjinntesiva gkl which@bdages the @tratdrs70dosl bhd dodleited By bR re@PVed
from the _space through the substrate table W5 from between the edge of the
subst r at e 3aadhaas (Refluigipert gam) knife 80 sombinativn. Anysugh bpmpisias liquiderzagiedas hi gh

£ i qui_de whi ) i Ne.. act, With,. f f th
Sber s ar o E8 o bl Al MR Gl 1Rid B s Fin Y L ¥ S e PR R RS 60
l'i qui d mahebpadeasitoubh @il sebstidle ALRAWS fEath BEtwoBY (i ddbe bEHe shBstQtd W ankitgldi d,

as described bel ow. 50006_3] United States patent application nos. US
11/ 472, 566nhstatehla WX Thie lso likkiysh hayea high emoontefexs Hamqeid rwhich hasdieen in

entirety Qélntgc?fwel{heantgg ’Slll%lic%%f gllxess% Sttate l(il.ec.] Hlleq‘esslsﬂfg'llay also be contaminated by

leaching so that liquid may be best treated in a particular way different to other liquid, as

described below.

[00063] United States patent application nos. US 11/472,566 and US 11/404,091,
which are incorporated herein in their enﬁrety by reference, also disclose liquid supply
systems. Any of those liquid supply systems may be used in an embodiment of the invention,
particularly those in which the barrier member 12 is actuated i.e changes in height and/or X or
Y position or rotation about either or both of those axes with respect to the projection system
PS.

[00064] During imaging of a substrate W (which includes both the time that the top
surface of the substrate is actually irradiated e.g, during a scan movement, as well as the time
which the substrate W spends moving in order to arrive at a position at which imaging can
start e.g. during a step movement), the substrate W moves through a path which is generally

in a plane substantially parallel to the top surface of the substrate W. However, in order to

o
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systens. Any of those liquid supply systens may be used in an enbodi nent of
the invention, particularly those in which the barrier nenber 12 is
actuated i.e changes in height and/or X or Y position or rotation about
either or both of those axes with respect to the projection system PS.

[ 00064] During imaging of a substrate W (which includes both the tine that
the top surface of the substrate is actually irradiated e.g. during a scan
novenent, as well as the time which the substrate Wspends noving in order

to arrive Rbowt REThidgRY ithe Weightof tHREIRGatE Me siitisthle nfayisoihif BF afd 68Rin
novenent), the substrate Wnoves through a path which’is generall in a

pl ane subghadiréciibh pf haroplitadlaxisent meytabio retatd aboet of axiheibstabigal fyategpendicular
However, in_order to.15 accoupt for changes.in the height of the bstrate,
the subst rAHF RGNS SRR s LARECBEIR n O oRPBEe PEResroRie Wt i cal
axi s and nBywéles the BhalRoRBRYE is3R aPldne sﬁ%@ﬁ&iﬁﬂ} bﬁbl'léi t&ﬁfeﬁ@ﬁ%&é&%f thet 0 the

optical axis to account for changesS in height 1 n the top surface of the
subst r at e swbstrakioweeerhodithent whilie invantine ist diresteid o thephainenseinep@ninitdhd gther

parallel to the top surface of. the substrate. An epbodinent of the

Pnvent i on TUEORTPERGE o eaHat farithe Ry aReth v e HE SHBRAC e by errent s
to accountph QI mbNQsHee: 14kt Op surface of the substrate nentioned above
may al so be taki'ng place. T00065] Conventionally the path which the

substr at e [0Q@6Shver s €ondentionglly thegathgvhish thepibatareW trovenden dufizeinidgmgdsount

of time it takes to.image the whole of the top surface of  the supstrate.
In the so %PHMIZEd te mapmuzRthe emqupteafiisee it lakes/\oitmage Hsrrhals ghthe b tuptace of

illustrat | | . h ' N a
nunber  of T ubsteie B b cafiSs G8DaREsAE AR DIREPIEMA AT ARA WA |
whi ch t heFigne7 ekpamdd. sedi) tise dibstrateiMbBreoverdd in & nenipasddidsiwlith drel | owed by

die nunber "2" and that is followed by die nunber "3", etc.. In this
descri pt i &¢rtangulsnandighich g muvhered wdhe prderin wigchither exg erpesadeThys dig nugbeme

dr awi ngs. «;AGt ' k: Berhsl + ' i@ns,. for
exanpl e. [&%@gﬁ‘l’#ﬁg régﬁéﬂ%@ﬂ?@mﬁ%\/&j aﬁ%ﬁé% }S& Rggvﬁ?%?)é%%te ?lg{ﬁl%%/sfé?thci n a
step noti Gnthis dustriftiea, nPsiatdso Bnddowdhi&ls’deRr ldRLods readiSe tpthaldiAvingei ng

exposed tocglaﬁosition at which die nunber 2 can start to be exposed. Each

i ndi vi dualAcitadly; the diseationgasBrelnt thdedibS diraetionwy faupiample.exposure. During a

sean o lge) Lo BSR4kt SRR BB Bt O

proj ect i ofhep6sitidMabyhichige SUARStendb ip GReH RN exPEsedS & poifien a3PRKRN die
number 2 can start to be exposed. Each individual die is scanned over the substrate W during
exposure. During a scan movement, for example, both the substrate W is moved under the
projection system PS and the patterning device MA is moved above the projection system by
the support structure MT as described above.
[00067] In the example of Figure 7, the direction of scan (i.e. the direction in which the
substrate W moves relative to the projection system) is illustrated by the shading of the
respective die. Thus when die number 1 is exposed (the projection system PS is stationary
relative to the page), the substrate W moves down the page so that the bottom of die 1 is
exposed before the top. Thus, die 1 is scanned up (gray shading). Once the top of die number
I has been exposed, exposure stops and the substrate W is stepped to the left so that the top of
die number 2 is under the projection system. The substrate W is then moved up the page so
that the substrate is scanned in a downwards direction in die number 2 during exposure of

. that die (no shading). Once the bottom of die number 2 has been reached, the substrate W is

stepped to the left so that the bottom of die number 3 is positioned under the projection
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[00067] In the exanple of Figure 7, the direction of scan (i.e. the
direction in which the substrate Wnoves relative to the projection
systen) is illustrated by the shading of the respective die. Thus when die
nunber 1 is exposed (the projection systemPS is stationary relative to

t he page), the substrate Wnoves down the page so that the bottomof die 1
is exposed before the top. Thus, die 1 is scanned up (gray shadi ng). Once
the top of die nunber | has been exposed, exposure stops and the substrate
Wi s steppasietmoThéve niefeness todedier chaptigpnafingdif ghenuibbedte 2e.itoihymaiexds bhe

proj ection sgstem The sutﬁstrate Wijs tg@n ved up the page so that the
subst r at e FROVEGHHERFIONS ¥hers Rt sdf tkmeplacen di e number 2 during
exposure t di i . fa.di r has been
reached, ﬁ E%G@E’Jlbst rg}%%t?gﬁﬂ%{ﬁg%lgggﬁq gllflggr elt%gil%&fs%&tthg%%rﬂg%tog ﬁir% of die
nunber 3 issbgimsd W Gue thelstebernotdngenty) @hé tHei sodn thévai&iteste nbhetrarey fimaft 190

t oget her gglrrpri_s, i %iéng of the_ supstrate i.e. both periods of exposure
and peri od¥t gisdp C”é% theshading of each pdigdpal dice Asjcanbe sgenTheo epdled aerandere

| abel ed 1 I onE iJ:] UsStr . . I ubstrate W
(ust "t ho TopLTuieh A focf ptit 3 B bR BB da s hofl ol ion SREOLIR,

l'ine 100 abesubstastidllydieg@indltuby td e mbadt.ng of each individual die. As can
be seen, a so called neander path which has been optimnm zed for m ninmm
i magi ng tilA¥968hs scdnreERcipstagimbarsestaf srpsndarpath candeyaesbindmmcasipy

meander paioesdihyB® RS HRY oot B Som TP b gioRat i rRe O e Sty
has convemtil st 3ppRRA 6@ bt 2 DBkE aPPvadiOls tM8FRARBhd Mearld@r 4B nBESLy for

approach and that a better approach Is to optimze the neander path not
only for thrapgpyhpuitalisuer arelgctiar inghe eerberiod defents mhéchareiperduoéd. def ect s

whi ch d. 0070] ,Unfort el ; i liquid g
Foret gn pAEAH ec s Kmior ey PrBes{gB e Rausye iy Syt Toiah Bfect i on
syst em PSuafl ghd\@upiRS bEtden MePRsicbt Akl deslFad filife lsﬁ%lfa@'\ﬁ%n@ﬁgf?i%r@plets

e
problem The particles are |likely to bé of materials on the substrate or
from t he mayalse beappt g psopdeneriThekpartidles dre tikeld tebppl mateyisls emtinesubktesty or a

trail of Liquid. di tl behind it .. Liqui K b dyced. b

i opl ets SRTOHCSALIGPBYSurER AT R g PR BRIon may e R ok Davg et ace
f th ; [ :

beni na, t ha i CCRIRRRRKUI bethodu Bby BRRRE ISR R RPLFRE R Ruifely e

dropl et s swtem astheteesurfiict bf thesubstaitespasan ubnde it. dhe $ongeathesadroples aseilesit r at e
W In the path of Figure 7, particles and/or |iquid marks mag be left
T

behi nd f r BT WErsfheieedmargmay Becomedecase o the lnngsr figaeghe droplets can

interact with the resist on the top surface of the substrate W. In the path of Figure 7, particles

and/or liquid marks may be left behind from imaging of preceding dies that affect imaging of
later dies. Additionally or alternatively, defects may be generated (liquid marks and/or printed
particles) durihg the turning of the substrate W on the top surface of the substrate W. The
path of Figure 7 results in both X and Y movements of the substrate under the liquid supply
system which can lead to a higher vectorial speed/centrifugal force which might lead to a
higher chance of particle deposition or of liquid droplets being left behind. Specific
meandering paths and scan directions to be used with immersion lithographic are disclosed
herein in which one or more of or other problems may be alleviated. Ideally the meander
paths are such that it is unnecessary for one or more parts of the substrate where droplets and
particles have been left behind for a long time and have had a chance to dry and/or interact
with the resist to pass under the liquid supply system IH.

[00071] The control of the position of the substrate table WT and the support structure
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| ater dies. Additionally or alternatively, defects may be generated (liquid
mar ks and/or printed particles) during the turning of the substrate Won
the top surface of the substrate W The path of Figure 7 results in both X
and Y novenents of the substrate under the liquid supply system which can

| ead to a higher vectorial speed/centrifugal force which mght lead to a

hi gher chance of particle deposition or of liquid droplets being |eft

behi nd. Specific neandering paths and scan directions to be used with

I mrer si on NITtiHegr@Res b?a@oﬁtcﬁrekm cal Bk Qidprdglariied Wit HescRictddh&nér OF
ot her problens may be alleviated. Ideally the neander paths are such that

it is unne@éséramyemmdlmmi of themmy entisay the msfanddr@athub sptimized Wrdoth hrophputs and
particles hgved bteen I behind for a long tinme and have had a chance to
dry and/ o™ ATEFAEt™ ?ﬁ@ the resist to pass under the liquid supply system

I'H. [0007 3{1)0@213 cont 7éﬂre 9h11ishBteh 8F binbOdinRht Sf1Re ﬁﬂeﬁdnah% dvailieaiil 1 ﬁﬂg the

support structure I's coordinated by a controller which can
pr epr ogr anthetrateidtin datteklines tad theshadeg of gah mdividuad die shodfigenst7, ufdlctaltﬁe the
zed for both throu ut .and regduction

" dot ect Sirepgayon oyt sty seanc £ Gl Pafaineilety Sarenb it B Stinaiauenet on. an
overal |l pahé, did6 ﬂnSct dnleHlé&ﬁd’l)@ttaﬁQaHyg?agﬁfeﬁ ey fn‘sf‘@i?e(ﬁﬁg it Qfﬁwﬁ V\i}di‘)@tr&lfe 1seaC h

i ndividual die, as in Figure 7, cates the direction in
scanned. novgiilik. the sheppmgi daeation. A pervententstodithet sfubstmt@whch neler ﬂmprojfectlceac h

dieisin a dlrectlo bst.an |1y araII first direction.i mhich
the subst TSP oflgiadifecon i’ﬁfg‘“ﬁ%“%ﬁ 3&‘%%‘8(9{ ﬁg a/s!;lrrsctfﬁs«f%'i@tﬂ{a t he
substrat e Juhap H 'ﬂqeeﬁrsf Jﬁ?ecHBH Bgt'aﬂf'all I%f%lasﬁlﬁst Klaﬁtl %aﬂt‘ll’épﬁtdr?‘f]gﬂm ‘o

backwar ds or forwards 1 n or ong a direction su antrally para
the first thi fisstcdireohiof)s This nasans that thepabsdatesW il moﬂ&sﬁoathatlthdz bottan bi thealial | el

toor within the firs irection). This nmeans that the, substrate W
nove so th%ﬂt RQSItgp At ‘afﬁ gF"P‘??éfecﬁaé start. Once exposyisdiag stapied, th w%&wté%ﬂhr e

can St af OB RIRASHESABAR SURL isina PSSy 1A Wil PSR t e

page relatlve tot I"magi nary stati-onary proj on s sane
time the patetthe pattegnidgdedes MA will be manselfiie dné extrentsie taabﬂhefreﬂce ﬂiehep of
ot her. he top of the die 1 has been reached and exposed, exposure

will st op e { fianbeenacashed andAipgsefie srROSUIHWill St and fhaen the pritermngdgvise ar t
position gpd {eH{%R}ec% Q3456 %rﬁogﬁog%ﬁﬁ’E}%n%kﬁos%?é;oﬁhééegoni B En %I?tyTRére m‘-"‘y N

not be a sna step et wean 80l hni ng

this wayniafer slapsibf B £srhall stepbechebmthe@nd B0 dicl 1 fid the Bégﬁxﬁxﬁhgbf Jichi Bempf di es
whi ch crosses the substrate 1is imged with the substrate noving only in

one di r ecPiapile hiatpisiampee incolumnsd.cot (tiateht)ding of dies which crosses the substrate

is imaged with the substrate moving only in one direction. Many parallel columns of dies are
imaged such that all the top surface of the substrate can be imaged. The direction of the
movement of the substrate can conveniently alternate between adjacent columns. The step
and scan movements of the substrate can be seen to have been combined.

[00073} Turning of the meander path on the substrate and under the liquid supply
system IH is completely avoided by performing those turns outside of the substrate (and those
turns would effectively be made on a top surface of the substrate table WT) i.e. the turns are
made when the substrate is not under the projection system as is illustrated by the dotted line
110. Once a first line of dies 112 has been imaged, the substrate W movement is reversed by
180° and a second line of dies 114 is imaged. In the case of the second line of dies 114,
because the direction of overall movement of the substrate W has changed, the direction of
scan will also change so that both the scan and step directions are the same. One way of

looking at the meander path in Figure 8 is that there is only stepping taking place at the end of
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i mged such that all the top surface of the substrate can be inmaged. The
direction of the novenent of the substrate can conveniently alternate

bet ween adj acent colums. The step and scan novenents of the substrate can
be seen to have been conbined. [00073] Turning of the neander path on the
substrate and under the liquid supply systemlll is conpletely avoided by
perform ng those turns outside of the substrate (and those turns would
effectively be made on a top surface of the substrate table WI) i.e. the
turns are €agibiee ofdies e 1 Bhdbrwayes if maybr nagpgery fohe sprlbpiepts ke plast em as i s
il lustrat the dotted line. 110, ce.a.first li.ne.of djes 112 has been
i maged, tﬁ%t"g% d ?%I{%go RIS 2 9ac; (ge P qgggxwg&fexg%n%m “gxécgﬁ'ond li ne of
di es 114 igoé7mged. iR HPMt£266s ©fenbile iR AR diBEn Rk WELSxpbid thaftgEause
the direction of overall novenent of the substrate Whas changed, the

di r ect i on sybstratetahleiWTlis s0 pesititingd gaderdhe prajection systereswbdbatardpsitggdate

di i . . f. 1l oaqgking. h ; h i I
8 1<t har ToRuPatd S GRITb Pl Fsetng 1 GaS e e ermiton oSt of o
dies 112, ihs (hROMRN®Supplyt syd@h BLise BRIDALY ith&indo 5B kibsth@&Pw. aHidkal pl ace

between the end of exposi'ng of one die and begi nning of exposing the next
di e. [ 0007aduck thrpeghpat time afy esingtpdate saubeseeh at a dmomyaubstdite whivh\ieplbesdon

oyot om sudht piride TEs i€ shite Sl T G e YR 1o f5Se e ot | o
close by (arfr nletRP13 B?F%ﬁ%&ﬁg%ég?irp&déﬂg s%éf-l' RRYRG& thahb& 12 ﬁﬁ%ﬁﬁlﬁﬁaﬂe' qui d

supply systemIHis at th I magl ng the substrate I's Wil

reduce t hswapgbpthat thedenidsupplysystgmdHatae be kaptifell s€Bguidto predvemrdyyiag bst ofahe
which is d on _the underside of the liquid supply systemIH, for
exanpl e O\E’Jé‘lglc %ﬂgelgé)lﬁf rolgpeen fystembl St His 1dgaet snspring gEimagngyonsiafar es 5 or

6, in ord : I [ i . .hat
Che 11 qut SOt ich®lacd 3 tothfl der BYBELCredldns 54, FUPSLERE inBUAR cBOBLIR
out of t haecarfa seatorsltéciemdedofo GididlumpimitelChyi the beans Basnokea: anldtigs at @hizh direct

ensuring that imaqi ng stops at a convenient place can be inplenented for
ot her reasbiviratedable siAP ascFled: anguguptratetabletakes the plagerofanoltdhers simplydy

needs to Bl um . . e ' i.rect

Subst 1 at e LapeH SRR BE pileip sy bRyl (iR pARREERE S MGG O CT cce o
an ol d on¢oHi78pl y b¥he redhdi@ phth dfFdQIre BhCaidi@iiRatelP30% Y&k ffidiah im@mhder ol d
substrate table as it noves out). [00075] The neander path of Figure 8 is
appr oxi magEpyntIgdeis tikey thag thergtandard meandengath lwstrated of Figuree/. iThistiaketlyttran

i th o RBSABEC B Piabeishs PRTHESoriGh Mo udin b BBt ”

posi ti on @lidif@of consecutive dies in a line of dies as well as the need to move the substrate at the

end of a line of dies a little bit further in order that turning of the meander path can take place
outside of the area of the substrate W. The throughput loss can be reduced by speeding up the
movement of the patterning device.

[00076] Figure 9 illustrates a meander path 120 of another embodiment. In this
embodiment, the order of the dies to be exposed ensures that the top of the substrate W is
exposed first and that all of the scan movements are downwards. A liquid supply system IH
can move particles out of its way as the substrate travels underneath it so long as the particles
have not had a chance to dry. Thus the idea of this embodiment is that the downwards
scanning movement of each of the scans should result in a sweeping action of the top surface
of the substrate so that particles will be pushed out to either side of the substrate and towards
the bottom of the substrate. Of course the scanning and Stepping could be upwards, for

example if the geometry of the substrate table suited that. In an embodiment, the substrate ‘
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i magi ng of consecutive dies in a line of dies as well as the need to nove
the substrate at the end of a line of dies a little bit further in order
that turning of the nmeander path can take place outside of the area of the
substrate W The throughput |oss can be reduced by speeding up the

novenent of the patterning device. [00076] Figure 9 illustrates a neander
path 120 of another enbodinent. In this enbodiment, the order of the dies
to be exposed ensures that the top of the substrate Wis exposed first and
that all odoeshet meannde ieTkuid sghl GomIBT Mter th lhitQid khsHeppbiposyst em | H
can nove particles out of its way as the substrate travels underneath it so

|l ong as t hWOBAEHL i cI edlthoyghaohblustirted i Bigue Oetbesubytipte Winonld beecangieHedby thiei s
enbodi nent _ | S .. scannin venen f .each of e ans
shoul ' r esrolie el 15 ARNIIALRRERRR AR OB M. o8 wiih e St o so
that partiiTemthet thlan ke pUsthee oitpokidioféd Wifler fle@Rojedtidni9stemstin fee and
towards the bottom of the substrate. O course the scanning and stepping
coul d be uppRadirgentfageve. exanpl e if the geometry of the substrate table

ited th nbodi nent bst rat t der th
puited oot o0 SREB ol IR BURTLY B0, BRSBTS
Al t hough nd¥scritlel Wit ra§Ret folFifind 81i8 trBverdCHEWERE T AR Wi $ S4tbHd BR i§ BRJ:&d Jé&‘d

by the controller such that turns of the nmeander path are only carried out
when t he shedist pese 184bf the mypnderpady andraseconvbpass b3 rsadwe patfosnebsi whick duse
under the projection system.as in the odi nent ~above. .[00078] Jn, an
onbodi ront s St TR RaEPRDRSR f e feppest 1Sl S rebopat K208 Hiis BYENbBI et
descri bed spinkRirt@aRAGthd QeppitiilifecBion)s ThiSYESESxpodVEY &anniflp! ond
dieis expos_edlon t he fi?ﬂs?tn%]p(glss E:%ﬁ of tlhe %g}gjnder pi{aﬂmgg’d‘y%ﬁ\s«gg?ﬁg?egass
132 is al sd ipeepredroodr and dib B dhexposskby stamsing, lett. The idea o thieembsinbentris thae
first pass, 131 are e sed (each tinme_hy scanning.in . the sane direction as
the st eppist%fu Ruég%quicﬁ% IPHEReCeEaYSe| @%i&fo@gﬁr%?v‘éﬁﬁmgr@w%%’@r theidie pe
die 31 i sysbirRReMe98id RO 8L Bosdil e Vi Lidea in
t hi s enbodi nent ise@hat t hrou ?\%bﬂtlétsoﬁ%u d ggayeﬁgggggg%%g%ketg\?\g?%t%fft he
subst r at e pasitisn beithgmnexd vea invier satrfaliatctéon asthe btepingatovexpatskcthist wi | | be

possi ble to,mve the patter.ning device MA back to the start paosition for
Pho next <EaIEnt pt B8 mexidn pagiceR ﬂa"ssaeﬁ%og@smabs,ﬁr@f%b}s AElEAPE Sybstanipldy

enbodi mentyqgdsht (46 e thl ' _ ; able is
kept subst gnti a}(ﬁk}? conﬂsl% gtﬁ%’@%%ek)gﬁoﬁgggﬁﬁgﬁgﬁﬁg’(&o&ggﬁlgHﬁ%ﬁ\?ﬁé%‘ég a%:Iuri ng
i magi ng ofsteppiag land ecachinginestions atert fornféEfrhagnaesd aniwitgnatcheg iar e
performed at the sane speed and w thout a change in

speed at the transition. During the step period, the patterning device is moved back to the start

position.

[00079] Another embodiment is similar to that of the embodiment described with
respect to Figure 10 and is illustrated in Figure 11. As can be seen from Figure 11, three
passes 141, 142, 143 of the meander path are traversed and only every third die is exposed.
Otherwise the principles are the same as for the embodiment described with respect to Figure
10. |

[00080} Another embodiment is illustrated in Figure 12. In this embodiment columns
of dies are imaged. Each of the dies of a column (line) of dies except for the lowest die (as
illustrated) is exposed during a combined scan and stepping motion in an upwards direction.
The direction of the substrate W is then reversed and each of the dies passes under the
projection system (as a step) until the bottom die of the line of dies is reached at which point
it is scanned in a downwards direction as it is exposed. This is carried out for all ten columns

- of dies and means that the final pass of all areas of the substrate under the projection system,
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speed at the transition. During the step period, the patterning device is
noved back to the start position. [00079] Another enbodinent is simlar to
that of the enbodi ment described with respect to Figure 10 and is
illustrated in Figure 11. As can be seen fromFigure 11, three passes 141,
142, 143 of the neander path are traversed and only every third die is
exposed. QO herwise the principles are the sane as for the enbodi nent
described with respect to Figure 10. [00080] Another enbodi ment is

i |1 ust rat 8 dpWnEpgs ead e aimns that all parbdds aepushedliufivst olohe Hipad sap@y systmped.

1 ust ot oo S udies it e R e B Eltore s AR Ton 1 n an

upwar ds difpgggilon. Anfh&ienotindhe &f inhiie st gat ?3.\%i(tﬁistegl%§<tﬁ gLrfd and

t
each of the dies passes under the projection System (as ep) until the
bot t om di ecobimn pEdiks passesfundertbe pmjeating lvpstern P Swbviaeh fipsd imdn upwardssdisedomant i n
a downwar di recé".on .as Jt i osed. This is cg&ried out for_ all ten

t
col umms T ypegn Hler’r’éﬁl‘illgwphzlfd% p@"tfqnng)ln egelspass pnly| qveryisegendghie jsgposed
bstrat ' ' : ' ' ' t hat
subst 1 at € A4BUES kPR VhGchinlEHn o JurhS aHOABHAL 3!& gggrgfm RByahdiop tha

all particles are pushed in front o I qui d supp
t owar ds t Hke pestratefW t Heissu Bigurat 2int afidsepddd dies 1tane 2kt exposaf withecaubigtin ah e

W [00081] Ano fher enbodi nent % illustrated in Figure 13. In this

enbodi rrentupg%i? IegomMAndoY by i"%ﬁ paies dand Jhss stepred sy ddliar St hatrateplzs

twice fi . : SO : . q
i ot on Priss! SaT HOMRSLR SR LRiRBn {0 RrREFEFRe bSTaldl RndBUHRL 2

with a scabwsidnandrdre erpdsad birbeingsEantid 20thé dowasardh dirg@va! ThenBY 888 Nine F
the substrate W Thus.in Figure 13 in a first pass dies 1 and 2 are exposed
wi th scanMHFOMPrgine digswa? a8 preakinthasamtahatc wi || be dies 4 and 3 are

The. i r ool gl mo kol VB BB T B B 3 b BO G BRY L0l 3

are exposedidlyerompgssecarn@turhil dhBedieWavataSwitd RGN In IARPpiLSrARXt |ine
of dies conprising dies 5-9 are inmaged in the same way, etc. [00082]
Anot her efBEHE fisdics of the figs celamadpasnumley theeprajgctiansysieimsinauiptiards direefion

T T e
the proj egédnfed Hhb pwhrds aifecHIVATRS Mk RSB 1 oARE s@¥8A ¥olRBRCHEeoSed Sn a
exposed. Thus on the first pass dies | and 2 are exposed by being scanned
in the upieivadat (eat evar sechhé dictih explised) i8 a downSvagds diteetisretibsstanming dnriag e
exposed Opraosure is downwards). On the second pass of the circuit, the dies which were not exposed

during the first pass of the circuit are exposed. Thus dies 6 and 7 are exposed with a scan in

the upwards direction and dies 8 and 9 are exposed with a scan in the downwards direction.

[00083] Another embodiment is illustrated in Figure 15. This embodiment is a hybrid

embodiment which includes a central portion marked by box 180 which is scanned in the

same way as the conventional scan illustrated in Figure 7. That is, the scan and step directions

are substantially perpendicular to one another. After that central section 180 has been imaged

a sweeping path is followed in which particles above the central section 180 is moved above

the substrate W whereas particles below the central section 180 are moved downwards to

below the substrate W. This is accomplished by scanning away from the center of the

substrate during exposure of dies outside of the central section 180.

[00084] In all of the embodiments the imaging can start and end anywhere, for

example, in the embodiment described with respect to Figure 8, imaging could start at the top

right or top left or bottom left and end at the top left or top right or bottom right respectively.
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return path (e.g. every second die is exposed) in a dowwards direction
(the scanning during exposure is dowwards). On the second pass of the
circuit, the dies which were not exposed during the first pass of the
circuit are exposed. Thus dies 6 and 7 are exposed with a scan in the
upwards direction and dies 8 and 9 are exposed with a scan in the downwards
direction. [00083] Another enbodinent is illustrated in Figure 15. This
enbodi ment is a hybrid enbodi nent which includes a central portion marked
by box 180ltehiuithof ®usedrenpdreciatedhiat anafawayf @ diftedanai enit bobahbised®ith
illustrated in Figure 7. That is, the scan and step directions are
substantia@PVQ$§F &PEﬁFar to one another. After that central section 180

has been i a sm%qli i I i -\Whi- rticles ove .t he
central se@?ﬁ 180 i's ﬁgﬁ&g%%%&%c%éﬁ @ﬁ%&é@f%%ﬁg@}% u%eaorftlﬁg?%%phb%l ow
t he cent r adppamtisiio thelfifhnudiopuraof Bk, dahoma be snd@stobetharhe lighdpultiid flparals Thi s

is acconpl i shed by scanning away fromthe center of the substrate during
exposur e ofeselibed hgtrimgy haste qther appligatians, suelt 3sghe memufagtovogintegrated|optiesl t he

enbodi nent | Imgi tar ere, for .e |l e, 4n. the
enbodi mntﬁfﬁ%@g’r%h%%(ﬁ@g%%%g %’t‘?a’ggﬁ’u?g‘ga é&é\,ﬂ&l %Flﬁam&%ﬁﬁaq%?%%lfmg{ay?’he
top ri ghtliquid-tigptal difplayar(LODis), okt fiifd mag@iie Aehda] ett.MhetsRNIel @ tisaRfvifl 0P i ght
or bottomright respectively. 21 It should of course be appreciated that
any f eat urdPPriagihate b cortet of spchhatesantive Arications, anynyse of HertemmtydiferB ot .

00085] Al . Specif| f be . in thi . , f
[ Chogt aph e BEY bE Lt el SRee Do S ARAT o™ ottt bbsblieper oo

that the ltdrBagoRivAl Geqiep@vely. The sUBsHGId l2REkel &5 BdrBinTRYy M8 QLAE before or
applications, such as the manufacture of integrated optical systens,

gui dance &HEr eiPosEe; ip forrxemplarstrick (2 tend teat txpicrappliavertayer e§resist mta panel

di spl ays, L. gui d--c tal ,displays CDs hin-fil m magnetic hea et c.
The skill eskli’ée‘#ﬁ %‘é‘r?reﬁf’?s thg 5 osd éfi%bt f e,t“’\toﬁy {‘H’i apdfx WSB?C“Q%Q??-SWMW

al t er nat i \epplablel fiRtdiRMBurcdeyein ﬁﬁg%@ apPRedts sHEh éh\ﬁaftl?ér'éulgsrtrate'l;%}%)ggssiﬁg i) may

be considered as synonynous wt e nore general ternms "su rate” or
"target pdiutthemthe splstratacmpybé procfised sobsthemonsey fof exareple frohler @i areatay be

processed, fore. or fter expagsure, in for exanple, a track (a tool that
t ypi cal | ynétﬁﬁﬂ?yggl(g SPf@aéﬁheotFmi’ 8@?5 f‘tetlﬁe‘gher%l?%f’tyr ogefanto EIéR‘)@FféES’éﬁ%t eady
exposed r%ﬁﬁtgﬁ]);mlﬁﬁﬁ]@bf&hﬁgd’l@%] and/ or an inspection tool. Were
appl i cabl e, the disclosure hefein may be applied to such and ot her

subst r at e [fl086Fssi nFhe twins “radfaionhend “Helnd” sisdddierdih encomypdsealptypeessed nore
t han once,, for exagple.in order.to . create . a multi-layer IC, so that the-

. , y .
t er m subsElesremeEnsHC rsiation, welpdinediraviolet (V) radiations ter having arvayeleagidipf or
about 365, 248, 193, 157 or 126 nm).

[60087] The term “lens”, where the context allows, may refer to any one or
combination of various types of optical components, including refractive and reflective
optical components.

[00088] While specific embodiments of the invention have been described above, it
will be appreciated that the invention may be practiced otherwise than as described. For
example, the invention may take the form of a computer program containing one or more
sequences of machine-readable instructions describing a method as disclosed above, or a data
storage medium (e.g. semiconductor memory, magnetic or optical disk) having such a
computer program stored therein.

[00089] One or more embodiments of the invention may be applied to any immersion
lithography apparatus, in particular, but not exclusively, those types mentioned above and

whether the immersion liquid is provided in the form of a bath or only on a localized surface
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contains multiple processed |ayers. [00086] The ternms "radiation" and
"beant used herein enconpass all types of electromagnetic radiation,
including ultraviolet (UV) radiation (e.g. having a wavel ength of or about
365, 248, 193, 157 or 126 nm). [00087] The term "l ens", where the context
allows, may refer to any one or conbination of various types of optical
conponents, including refractive and reflective optical conponents.

[ 00088] While sgecific enbodi nents of the invention have been descri bed
above, it G#eit ﬁéulﬁﬁgﬁeeéilwgbsmnbmswtn@ 3s soetamiptedireyeib shquld be bredly

of o compur ARt KhEREl e Rls AP R ish e g oAb Sxtial e
i nstruct i opevides£ ikl bga SpdtebbRekeA ShefirsfebRAsRROMR. th@éulﬁtrﬁ’t@taﬁdfmsﬁf?)"sﬁ‘&@
medi um (e. g. sem conductor nenory, magnetic or optical disk) having such a

conput er pRbgrhmaycamprse m@reblnathmfo@@]or @oee Sruchues operbodoreinuid mdets, ee

i nvention d to_an rS| I|th a a

parti cul ar&q% I?% @Pét%(%flﬁgf ef aStOH gté’ ﬁ“gjr% gﬁpﬁgﬁmﬁ%&g féﬁrd’mwaﬁt her

t he i mmer siidguid o tBelkheb. Snﬁh%)ﬂb@@ﬁinén'@ A MEEOS M OSpaRe BAY e ApoPiYote Sibstrate

| ocal i zed surface 22 area of the substrate. A I|qU| su p system as

cont enpl atasd/os svksimates hlgl e ot asaribeaeithy spacomsy cmagletdlylcw aaunfacerdfdth ment s,

it may be sm nat hon of structures t vi des I|qU|d
to a spaceVB é\i?e%rﬁl/ ¥ Bsﬁ’Fag? %B{er Brnt € yRAace ey Favel ﬂ%ﬁ?&b‘ $irasg %‘1 ‘PchPBsrtraé%tB@]ter ate
table. It mmq@lm%pm RemQARY WHQ RIhS SR cRile BRE & ﬁB&%&H?ﬁém Alfrafthe T S
liquid inlets, one nore gas 1 nl ets one or nore gas outlets /or one
or nore | |mmtldn,01nah@ﬁysqudh@t shapsy {loe rate annydother festerespéde. liguid.an enbodi nent ,

a surface e space be a portion of the substrate and/or substrate
tabl e, or 10udy]T Hon 15 deFiintgat s grednivptied eiby 1lsetve net Fmiing. Shus Ffe

substrate

and or sus*;‘%l?fsﬁ S L S G R R

i ncl ude omlesaibedroiithoet deperting fiom ﬂﬂﬂbdi}&loftﬂlitﬁclalﬁﬁsslefd)ﬂibcl(ﬂﬂant' ty, quali ty,
shape, flow rate or any other features of the liquid. [00090] The
descriptions above are intended to be illustrative, not limting. Thus, it
will be apparent to one skilled in the art that nodifications my be nmade
to the invention as described w thout departing fromthe scope of the
clains set out below 23
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CLAIMS 1. A lithographic apparatus conprising: a support constructed to
support a patterning device, the patterning device being capable of
inparting a radiation beamwith a pattern in its cross-section to forma
patterned radiation beam a substrate table constructed to hold a
substrate; a liquid supply systemconfigured to provide liquid to a

| ocalized area of a top surface of a substrate; a projection system
configured to project the patterned radi ati on beamonto a target portion
of the substrate through the liquid;, apdapgsontroller adapted to coordinate
novenent of the substrate table and the support during inmaging of a line
of dies across the substrate such that this is acconplished by novenent of
the line of dies,uynder.the projectiaon system backwards and/or forwards only
ina dirg%tioﬁéEﬁﬁ??%ﬂ%?@?gﬁgﬁﬁP%Tpgpgto a first direction which first
direction is imn@ppbrRBéhstrabtes tPdpbart b pafidhilsld@lick aht PAtctARg ANiEdGEng 2. The

| it hographi c projection apparatus” of claln1f, wherein the controller is
further adpptted impartifstaadiatien béame wath agiagismiingts brsssestion $@ thrmropattetivd
Substrate in a ﬁgcond direction in the plane and substantially
perpendicJﬁﬁw“Fb‘?ﬂb first direction when the substrate is not under the

proj ection systabant. bRondHicdde BYROMILELAL a second 1ine of dies across
t he substrate, -coordinate novenent of the substrate table and the

substrat e such atlfymid sipply systemomafighicd heprobide ligpidaomriocabifed drea sfibatprsatfece
under the roLecti on system backwards and/or forwards only in a direction
subst ant | AIRYUSHRF | el "to the first direction. 3. The it hographic

proj ection apparatds;df i %uféﬁ' i - ch

t hat novenent iﬁ}hel@eséﬁthﬁ d&‘ﬁﬁ cti g(%ﬁjg 8E@§p\%ﬁéelﬁé‘ﬁ?§%€19*é§?§ggﬁ%gﬂq§r ggystem
provi des portopmiof theosubkteatt doabghtbel liquidpandd. The | it hographi c proj ection
apparatus of claim ergLn the,controller is adapted _such that the

substrate is i ﬁg@g@oﬁwﬁ’?% iGegrdipate MeugPey obthesupstiataiapleandthe supaart of
o . ; - . , | | i
| €s acr p%ﬂégréégﬁ?%, ﬁt"ﬁbe ﬁﬁs u&{)(?tdr?%s%t eﬂ)tsgg'fegsﬁbﬁfaqgsfucﬁlﬂgﬁ tﬁl??stacgz;rﬁ shte@By ast line

of dies is I I'S positioned su at a’cl osing

pl at e on mivevesiehisdfithd ind aidies urideethe lpaseApnestémdatiodariasiion foBrardamely ins e
of the liquid, supply syste is on the same side of the substrate as the
li qui d suPpesHon substantially parallel to a first direction which first direction is in a plane

substantially parallel to the top surface.

2. The lithographic projection apparatus of claim 1, wherein the controller is further
adapted to, after the line of dies has been exposed, move the substrate in a second direction in
the plane and substantially perpendicular to the first direction when the substrate is not under
the projection system and then, during exposure of a second line of dies across the substrate,
coordinate movement of the substrate table and the substrate such that this is accomplished by
movement of the substrate under the projection system backwards and/or forwards only in ﬁ

direction substantially parallel to the first direction.
3. The lithographic projection apparatus of claim 2, wherein the controller is adapted
such that movement in the second direction occurs when the liquid supply system provides

liquid to the localized area.

4. The lithographic projection apparatus of claim 1, wherein the controller is adapted
such that the substrate is imaged by repeating the imaging of a plurality of lines of dies across
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system 5. The lithographic projection apparatus of claim1l, wherein the
controller is adapted such that during the imaging of the |line of dies,
the substrate table only noves in one direction. 6. The |ithographic

proj ection apparatus of claim1, wherein the controller is adapted such
that the whole top surface of the substrate is inaged by the substrate
table only noving under the projection system backwards and/or forwards in
directions substantially parallel to the first direction. 7. The

| i t hogr aphthe sghsepeani dhampislar suchshasafted the hstilinevfalies in ihigedcin snlpitlatrtabls
adapted such .t.hat, duri 4 nmagi of .the line of dies, the substrate table
i s moved ulgg(%?l{l?lﬁeél SB?%P’@E? F%Hﬂggs}@? enfhe subsitate té%htgﬁ FE’S‘[B‘&&Egg‘H Ky shphgn
proj ect i orapeptatetiTitiad lidui@slpply T b i | £Ghé QB tus
of claim 7,p‘é\%\t?1er ein tie coprlljtyr/\éoy‘lg’%lenr’%%n Qggé)r?&egﬁggﬁc Stﬁﬂg{a%c%ﬁ%%gﬂ%lﬁggﬁg}? es
in the |irmstigm.dies are not scanned one after the other. 9. The

| i t hographi c projection apparatus of claim1, wherein the controller is
adapted such that all dies on the substrate are imged as a part of a line
of dies aml sucthdi sk 1 i : ' j t die
at an end of a resgg%?%egckgﬁtmgé %@%@H%% W |§ﬁM#§Qh@%?%§?é%&ﬁ%g%k I'rst
hal f of t heclsthesduratgsthp anzgng ofttle tine hedips, theesubitodte sahbd @11y nidReSinidhei N a
direction ,with a conponent outwards fromthe center of the substrate. 10.
A |t hogr &% ppar at us conprising: a support constructed to support a
patterning device, the patterning device being capable of inparting a

radi ati on beamwith a pattern in its cross-section to forma patterned

radi at i on tbeamThe3itlogsaphid prajeetivrapparaensiiddiet 1§ tvHeteif tHettoatrolidrSé AdthbRd a

l'iquid supply,system configured to provide liqujd to a |localized area of a
Lop sur f acell A" e sihula (ol swtacs of s BbeTasmIsgpaEeECBRFTREdatIG oplyaneane t he

pat t er ned ,,adi r_gé gﬁibclﬂgﬂ <P Ba r??ﬁe%%[rd/or Rt in %Ereétﬂ)%ﬁ ?‘%&%@%%@%E ‘? hand

the liquid; an ontrol l'er ada 0 control novene

t he subst tlat frst dibdetiosuch that the substrate table noves in a first
direction in a plane substantially parallel to the top surface during
imaging of a line of dies on the substrate and the support is noved such

t hat 7. The lithographic projection apparatus of claim 1, wherein the controller is adapted

such that, during imaging of the line of dies, the substrate table is moved under the projection

system so that each die passes under the projection system at least twice.

8. The lithographic projection apparatus of claim 7, wherein the controller is adapted

such that consecutive dies in the line of dies are not scanned one after the other.

9. The lithographic projection apparatus of claim 1, wherein the controller is adapted
such that all dies on the substrate are imaged as a part of a line of dies and such that the last
time during the imaging that each last die at an end of a respective line of dies and which is
situated in a first half of the substrate passes under the projection system, this is in a direction

with a component outwards from the center of the substrate.

- 10. A lithographic apparatﬁs comprising:
a support constructed to support a patterning device, the pattering device being
capable of imparting a radiation beam with a pattem in its cross-section to form a patterned

radiation beam;
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the substrate is scanned in the first direction during exposure of each of
the dies. 11. A lithographic apparatus conprising; a support constructed to
support a patterning device, the patterning device being capable of
inparting a radiation beamwith a pattern in its cross-section to forma
patterned radiation beam a substrate table constructed to hold a
substrate; a liquid supply systemconfigured to provide liquid to a

| ocalized area of a top surface of a substrate; a projection system

configured to pi@jiRgitetdite faliredtb®ed KAdh stisGlicPeam onto a target portion
of the substrate through the liquid; and a controller adapted to control

noverrent of t he2 Bqipgevaplasstanh eonfigysadrtapeovideliquid tochlocalivad ackardifadop smficag
of a centrﬁila&[%gttrgtqn of the substrate scan novenents are substantially
per pendi cul'ar to sff’ep novenents and during imaging of an outer area of the

substrate step agiofbcH6REysiERY SETHuFedRb Hréjbdt MRS paierHel RafatRn teaRSdL tRbdY

anti-parallel. 12. A l'ithographic apparatus conprising: a support
const r uct epPrtion eiibp sulstrategbrough thediguabande, t he patterni ng devi ce being

Co Torm a par o utroif AqRaler i Sust oy ot ol i Subbirh a6 ebsiiais BB S6 Mo o
a substr at @at e hitathtd tSHORYeSHIBSR &%{ib&fﬁrﬁ@gﬁ@%@&@ﬂﬁﬁ dakdIél £ the't

| ocal i zed area of a top surface of a substr a projection system
conf i gur edsurigcpiwingdmaging of aline ofidigs padicasubsiratdbarinthe mppost it atoyed sughahdti on

of the subgstrate through t.he |Lquid; .and a controller adgpted to control

novenent o et“ﬂ’éggtﬁbspsﬁ?ﬁ“egrfﬂ%?aré%g@&cpP’é BORGPPASYE © eacgr?gtth‘b‘%ﬁr-ng i magi ng
of at least a portion of a top surface of the substrate scan novenents and
step novenents of the substrate table are at |east partly conbi ned as one

nmovenent ofl. sephthagephiswppantus cotapdbingr e substantially parallel. 13. A
port constructed to support a

| i t hographi ¢ apparatus conprising: a su 1
pat t erni ng devia(:g&—,\‘Pp‘f‘Jﬂ‘éc’nﬁg"tq&@%l 3 %P%@ipégerﬂ@gﬁgvlceéb%mf@r@pg Aeyiss being a
radi ati on HgaR ¥ ifpaftingdlh&faloh Bednh Sith abaternqf fitks Qbsb-QeciBh 1 RorkBH Isiﬁ{eﬂl%g
radiation beam;
a substrate table constructed to hold a substrate;
a liquid supply system configured to provide liquid to a localized area of a top surface
of a substrate;
a projection system configured to project the patterned radiation beam onto a target
portion of the substrate through the liquid; and
a controller adapted to control movement of the support and the substrate table such
that during imaging of a central section of the substrate scan movements are substantially
perpendicular to step movements and during imaging of an outer area of the substrate step

and scan movements are either combined or substantially anti-parallel.

12, Alithographic apparatus comprising:
a support constructed to support a patterning device, the patterning device being

capable of imparting a radiation beam with a pattern in its cross-section to form a patterned

radiation beam;
a substrate table constructed to hold a substrate;

a liquid supply system configured to provide liquid to a localized area of a top surface

of a substrate;
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radi ati on beam a substrate table constructed to hold a substrate; a liquid
supply system configured to provide liquid to a localized area of a top
surface of a substrate; a projection systemconfigured to project the
patterned radi ati on beamonto a target portion of the substrate through
the liquid; and a controller adapted to control novenent of the support and
the substrate table such that during imging all scan novenents are in one
direction. 14. A device manufacturing nmethod conprising using a projection
system to proj ecrogctigmsystenneaiigosahto projecd Hetpagamed raliaion Hesmreateea tahgedugh

l'iquid praovided en_t r.o ection systemand the substrate, wherein a
li ne of d?pé)gg(%lc?é(}géE@“@ﬁ%?ﬁ?ﬁ%%i‘%&a@%‘g by movement of the line of dies
under the proj ecdn@blleEkFRY RASIHNRI S5 vans OF tHek H&mléxuwfkat% tBH1E §&dn ON

substantially parallel to a first direction which first direction is in a

pl ane subdhafrturiag imaging af stdéast 2 pordion ofa taprsusfoee of the kebstratestaramevenidts #hd
devi ce manufacturin hod conpr.isin si.n rqQj.ection systemto project
a patter r%ge&’ ‘B%‘éeﬁi‘%‘?s ﬁh‘f %qqﬁsgﬂggﬁ%arﬁggt‘}ﬁgﬁ’gﬁﬁépoﬁm ORP FIAVEDERIRFi ded

bet ween t_@paﬁﬁt@jnﬂﬁxfeiﬂéﬁts@M&ﬁ@r@sﬁﬁb@a&i‘&ﬁyéé&?ﬁéﬂ ate, wherein a line of dies is
i mged by noving the substrate in a first direction in a plane

substantially parallel to a top surface of the substrate and controlling

t he pattglr nedh&)gﬁg ofhlradi ation such that the substrate is scanned in the
first diréétio PREMCHPPUINS SOPBI PP E'each of the dies. 16. A device

manuf act uri ng mRLhAs EHIRLASH Rsudpor 9 pludihiie A 'E&Qhﬁ%?c{eﬁ%%ﬁeﬂéﬂegﬁe% a

patterned beam of radiation onto substrat roug Iquird provi

bet ween t lvapgblojfaoipading asypdinton beath witk apabenririte croshesdtion tel formngpdttea@ing of
a central sectiqn of the substrate scan novenents are substantially

per pendi ctf ?tl‘}“g’eé%p nmovenments and during i maging of an outer area of the
substrate st ep ahFAgpRRYATRINS Bh614S dGRugOTDI ned or substantially
anti- parallel. 17. A device manufacturing net’hod conprising using a

proj ection sysuéiquidsupply sgstemaonfigire® togrdvide diquidfto adetabi-eDie®Bf Htop surface
substrate %hr ougg | i quid provided between the projection systemand the
substrate? HFSERY: scan novenents and step novenents of the substrate are

at |east Nk b br ORGSR IR Y HBLbt BAE pRERALALiaBN BIRH bito HHaHdy 27 ©
portion of the substrate through the liquid; and
a controller adapted to control movement of the support and the substrate table such

that during imaging all scan movements are in one direction.

14. A device manufacturing method comprising using a projection system to project a
patterned beam of radiation onto a substrate through liquid provided between the projection
system and the substrate, wherein a line of dies across a substrate is imaged by movement of
the line of dies under the projection system backwards and/or forwards only in a direction
substantially parallel to a first direction which first direction is in a plane substantially parallel

to a top surface of the substrate.

15. A device manufacturing method comprising using a projection system to project a
patterned beam of radiation onto a substrate through liquid provided between the projection
system and the substrate, wherein a line of dies is imaged by moving the substrate in a first
direction in a plane substantially parallel to a top surface of the substrate and controlling the

patterned beam of radiation such that the substrate is scanned in the first direction during
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parallel. 18. A device manufacturing nethod conprising using a projection
systemto project a patterned beam of radiation onto a substrate through
| i quid provided between the projection systemand the substrate, wherein
during imaging all scan novenents are in one direction. 28

exposure of cach of the dies.

16. A device manufacturing method comprising using a projection system to project a
patterned beam of radiation onto a substrate through liquid provided between the projection
system and the substrate, wherein during imaging of a central section of the substrate scan
movements are substantially perpendiéular to step movements and during imaging of an outer

area of the substrate step and scan movements are either combined or substantially anti-

parallel.

17. A device manufacturing method comprising using a projection system to project a
patterned beam of radiation onto a substrate through liquid provided between the projection
system and the substrate, wherein scan movements and step movements of the substrate are at
least partly combined as one movement or separate movernents which are substantially

parallel.
18. A device manufacturing method comprising using a projection system to project a

patterned beam of radiation onto a substrate through liquid provided between the projection

system and the substrate, wherein during imaging all scan movements are in one direction.
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