Li t hographi ¢ Apparatus and Devi ce Manufacturing Method BACKGROUND OF THE
| NVENTION Field of the Invention [0001] The present invention relates to a
| i t hographi ¢ apparatus and a nethod of manufacturing a device. Brief
Description of Related Art [0002] A lithographic apparatus is a machine
that applies a desired pattern onto a target portion of a substrate.
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[0003] It is known in the art to provide a lithographic apparatus with a chuck
assembly for supporting the substrate and/or patterning device (e.g. a mask or reticle)
during operations. A typical prior art chuck assembly includes a chuck provided with a
clamp, which for example uses electrostatic or vacuum forces. By the clamp, the substrate
or patterning device can be clamped on the chuck, inter alia to retain the flatness of the
clamped object. The chuck, in turn, is supported by a frame with respect to other parts of
the lithographic apparatus.

[0004] However, during the lithographic process, the chuck may be subjected to
temperature changes, due to heat transferred from the substrate, for example. The change in
temperature affects the accuracy of the projection of the pattern on the substrate, because
deformations of the chuck and the thermal changes are, at least to some extent, transferred

to the substrate. Even small changes in temperature (e.g. changes smaller than 0.05 K),



1 and in particular thermal inhonogenities of the chuck, give rise to | ocal
t hermal expansions or shrinkage of the chuck in the order of the suitable
preci sion of the projection, typically in the range of 1 micron to several
nanoneters. [0005] To reduce the thermal changes in the chuck, it is

general ly known to provide a thermal systemto the chuck which is capable
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liquidis circul ﬁ)b&ﬂ'From United States Patent No. 6,215,642 a vacuum compatible deformable
electrostatic chuck is known. The chuck has a high thermal conductivity. The chuck
includes a membrane having a layer of dielectric material, a layer of metallic film and a
layer of semiconductor material, Struts and a rim are formed on the layer of semiconductor
material. The rim is formed on the periphery of the layer of semiconductor material. The
rim and struts contact a surface of a supporting structure and form a hollow area between
the membrane and the supporting structure in which a coolant gas is circulated. The
supporting structure has gas manifold holes to connect the hollow area with a source of
coolant gas. Heat can be transferred away from the chuck via the coolant gas. Between the
gas filled hollow area and a backside of the supporting structure, the supporting structure
further has a hollow portion in which a coolant liquid is circulated.
[0008] From United States Patent No. 5,220,171 a wafer holding block is known,
which comprises a wafer chuck. The wafer chuck is formed with crossing grooves
communicated with a vacuum pump, for vacuum attraction of a wafer. The wafer chuck is
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[0008] From United States Patent No. 5,220,171 a wafer holding block is
known, which conprises a wafer chuck. The wafer chuck is fornmed with
crossing grooves comunicated with a vacuum punp, for vacuum attraction of
a wafer. The wafer chuck is 2 fixed on a fine notion stage, for fine
alignment of the wafer to a mask. The fine notion stage is provided on a
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[0010] One aspect of the present invention is to provide a lithographic apparatus in

which vibrations and other distortions of the position of a chuck assembly are reduced, and
thermal aspects of the chuck assembly can be controlled.

[0011] According to an aspect of the invention, there is provided a lithographic
apparatus comprising an illumination system constructed to provide a beam of radiation; a
patterning device configured to impart a cross-section of the beam of radiation with a
pattern; a chuck assembly configured to support at least one of the substrate and the
patterning device; a heat transfer system constructed to operate between a first surface and
a second surface, the heat transfer system being constructed to transfer heat between the
first surface and the second surface, the first surface being at least partially formed by at
least a part of the chuck assembly, and the second surface being at least partially formed by
at least a part of a component spaced a distance from the chuck assembly, the second

surface being mechanically isolated from the first surface and being thermally coupled to

the first surface.



| east a part of the chuck assenbly, and the second surface being at |east
partially fornmed by at least a part of a conponent spaced a distance from
t he chuck assenbly, the second surface being nmechanically isolated from
the first surface and being thermally coupled to the first surface. 3
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[0015] In an embodiment of a lithographic apparatus according to an aspect of the

invention, the heat transfer system comprisés al least one thermal sensor capable of
determining a thermal aspect of at least a part of the chuck assembly and generating a
thermal signal representing a determined value of the thermal aspect of the chuck, and at
least one thermal element is connected to the thermal sensor, of which thermal element at
least one aspect of heat transfer is controlled in response to the thermal signal.

[0016] Thereby, thermal aspects of the chuck assembly can be controlled
accurately, since the heat transfer is coupled to the thermal state of the chuck assembly.

[0017] In an embodiment of a lithographic apparatus according to an aspect of the
invention, the heat transfer system comprises at least two thermal elements which can be
controlled separately, for generating a different heat transfer from or to different parts of
the first surface. '

[0018] Thereby, thermal aspects of the chuck assembly can be controlled locally,
and, for example, temperature inhomogeneity between different parts of the chuck |
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accurately, since the heat transfer is coupled to the thermal state of the
chuck assenbly. [0017] In an enbodi nent of a |ithographic apparatus
according to an aspect of the invention, the heat transfer system conprises
~at least two thermal el enments which can be controlled separately, for
generating a different heat transfer fromor to different parts of the
first surface. £00181 Thereby, thermal aspects of the chuck assenbly can be
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surface hegbndtapsier device conprises at |east one therno-electric el enent
nmounted with a first electrode at the second surface and a second el ectrode

directed [0021] Thereby, the second surface can be kept at a certain temperature by

transferring most of the heat using the bulk heat transfer device, and a correction for
changes in the total heat flux can be provided by the surface heat transfer device.

{0022] In an embodiment of a lithographic apparatus according to an aspect of the
invention, the surface heat transfer device comprises at least one thermo-electric element
mounted with a first electrode at the second surface and a second electrode directed
towards the bulk heat transfer system.

[0023] Thereby, the heat transfer system is of a simple construction which can be
controlled in a simple manner by adjusting the amount of current flowing through the
thermo-electric element.

[0024] In an embodiment of a lithographic apparatus according to an aspect of the
invention, the bulk heat transfer device comprises a fluid channel.

[0025] Thereby, the bulk heat transfer device can transfer a large amount of heat,

. and accordingly the body, and second surface can be controlled effectively, because the

relatively large heat transferring capacity of a fluid channel filled with a suitable. fluid,



towards the bul k heat transfer system [0023] Thereby, the heat transfer
systemis of a sinple construction which can be controlled in a sinple
manner by adjusting the anmpunt of current flow ng through the

t hernmo-el ectric elenment. [0024] In an enbodi nent of a |ithographic
apparatus according to an aspect of the invention, the bul k heat transfer
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[0029] Although specific reference may be made in this text to the use of
lithographic apparatus in the manufacture of ICs, it should be understood that the
lithographic apparatus described herein may have other applications, such as the
manufacture of integrated optical systems, guidance and detection patterns for magnetic
domain memories, liquid-crystal displays (LCDs), thin-film magnetic heads, etc. The
skilled artisan will appreciate that, in the context of such alternative applications, any use
of the terms “wafer” or “die” herein may be considered as synonymous with the more
general terms “substrate” or “target portion”, respectively. The substrate referred to herein
may be processed, before or after exposure, in for example a track {(a tool that typically
applies a layer of resist to a substrate and develops the exposed resist) or a metrology or
inspection tool. Where applicable, the disclosure herein may be applied to such and other
substrate processing tools. Further, the substrate may be processed more than once, for
example in order to create a multi-layer IC, so that the term substrate used herein may also

refer to a substrate that already contains multiple processed layers.



manuf acture of integrated optical systens, guidance and detection patterns
for magnetic domain nenories, liquid-crystal displays (LCDs), thin-film
magneti c heads, etc. The skilled artisan will appreciate that, in the
context of such alternative applications, any use of the terns "wafer" or
"die" herein may be considered as synonynmous with the nore general terns
"substrate" or "target portion", respectively. The substrate referred to
herein may be pH#ddsEbe terhef Grdiatgm” afudetbeanpaserd @preim efi@mpaxaatpligea dfr ack

(a tool tha j Y, i | ayer. ,of sist.to a substrate an
devel ops t htglegtﬁg%@g%ﬁcrrgglﬁg ’i ng(:?u én%’r@%?vd?%tg(y \ﬁlra IptAn{ge; ﬁ%’h‘lgt%‘éﬁ“felw o
appl i cabl e, 36he24dj 3, dSUroe 126rminaniegktioMe APpd-Viokt (RUSYGRLiaN @ 8iving a
substrate pro‘(}eel\ssi n fthl S. FﬂrtBer, t he substrate may be processed nore
t han once, e”&%ﬂb RSP0 e po el a8 nerficly beamse sughcas iy heams arhe
t erm subst r akardadrRanhierein may also refer to a substrate that already
contains nultiple processed |ayers. 6 [00301 The terns "radi ation" and
"beant used her eﬁoﬂgﬂﬁé’éﬁ%&*s@a&?mm@ﬁp‘é@”@ “pateating stnmynet ised hedinashowld be

i ncludi ng u i iatjon (e.g. havin wavel ength of 365,

215, 103 107 sty sRR OR elid e S, FekRty bF drles areeny,
haV|h ng a wewEckergbdam with h;apatlangm of chSS%g(étm}i-i) Sq_lﬁﬁ-af\f@b&efl@&; jt@eﬁfehi_ el aedtabﬁ_ s,
such as ion r el ectron s. e term"patterning device

or "pattern? %g&g?frtﬁ%?'ihs ate g@qﬁﬁ%ﬁlqﬁﬁgﬁw Y PyEem B?Ri‘éfﬁflgothﬁﬂjé?jfﬁﬁgﬂé@rﬁs
referring tmapnoestacily G6rr&ponE i Hhe debild RRBmbA S ¢8lediOdrfiAbE t subfQtLCct i on

beamwith a patt]ern in its cross-section such as to create a patternin a
target porPF5FRIEs thengatigrm ippaited . to| the prajestidn heamowdl coraportch® patittieniar

i mparted toph MR | QN,; tly.correspond.to . the desired
pattern in thljg%{l Ealrlggt? ﬁ{)%%%‘%ﬁ)%gqg c?%gedglg%hgt? 2}(@% 0 loéeﬁlgﬁggﬁwmﬁgﬁaée Attty n

i nparted to the [}33] Sateming elaviced Intayc be reespaisive oora rgfRctive; Ul BXamgisinet i onal
| ayer in aﬂﬁ&jn &é@ig%.c %%ted in the t ]get_ portion, such as an
integrated 'cireurt. | g’f’j“ JPEKT PG HOBoPIE JuiroR prpws, @pd pEvaraamahle 4CD
reflective. paflanibhas @6 wellakdd¥iin) GhSUHISE Sndl ’]ﬁélh‘&enﬁﬁé@ﬁ RIAOLABTRY! e

mirror arrays, and programmable LCD panéls. Masks are nown 1 n

| i t hogr aphy* AN Pleperetilt ard atteppated shaserski§, bs welyas vadbushybaidi mask types.
phase-shi f tan apgh Ualerhniihane sl | | as _various hybri k
types. An e_xarrplpgé tc())f? %aﬁtggogr a%?rigﬁ gbljmgl}ra o?mmﬁ)ly Ay 5’5{51"0%‘5‘“56‘?%% ?fganﬁf

ar r angementmigprss pash| of whinlresn bedondividhallyhiiledd wass hercfieli a Beahing rbdibligd so

as to refl iacom ng radiatipn beamjn different directions; in this
manner, t hggérnélg F d& %‘aﬂmb%‘ger?flf)gs’ ﬂﬁttg'érrﬂgﬂl.er’ the gefiqsted beam Is patterned. In each

example of patterning device, the support structure may be a frame or table, for example,
which may be fixed or movable and which 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” hf;rein may be considered synonymous with the more general term
“patterning device”.

[0033] The term “projection system” used herein should be broadly interpreted as
encompassing various types of projection system, including refractive optical systems,
reflective optical systems, and catadioptric optical systems, as appropriate for example for
the exposure radiation being used, or for other factors such as the use of an immersion fluid |
or the use of a vacuum. Any use of the term “lens” herein may be considered as
synonymous with the more general term “projection system”.

[0034] The illumination system may also encompass various types of optical

components, including refractive, reflective, and catadioptric optical components for



exanpl e of patterning device, the support structure nmay be a frame or
table, for exanple, which may be fixed or novable and which may ensure
that the patterning device is at a desired position, for exanple with
respect to the projection system Any use of the ternms "reticle"” or "mask"
herein may be consi dered synonynous with the nore general term "patterning
device". [00331 The term "projection systent used herein should be broadly
i nt er pr et ed Y&tngnTEpREsY i REULRS Badeay péeadatioprafeutt ommysitemayiaisolbadi ng
refractive oBbu&Ab bEYHL EffRotvd POIFRALYE BRLIGH systems. and caladloptric
optical systens, as appropriat'e forr exahple T0r the exposure radiation

bei ng used, or f {035}t Ferlithepraphicsapparatus amytbbef us@e hhviAR twoTHRESHQE) §ihbrd  Or
the use of \ ny use of the term"lens" herein my be copsidered as
Synonynous \%f b[sﬁgtfg Ea[egleﬁg?%d/ YeRer & marg rn??'lsIE fblssk cﬁ’i B S%E'@f'ﬁ' stage() grpghingy e

L1 um nati oadditicrabrablBhagibe @scia QERRSIS oMSEepPHSy BS a9 he CREHed Blit on one o
conponents, i ncl Uldl ng.refractive, refiecti ve, and catadioptric opti calr
conponent s FIGFe &0l While paepr masmpthergables are being uietliforgxpprarbeam of radi at i on,

and such conponephseiMe P§ e r lLew,. col lectiyel r. .
singularly, as am" | e]ns_" . 0%??‘16 #@I‘ﬁistﬁg’é%g%%?éﬁgﬁéﬁ ‘évlhﬁrgm f/%léS?rS? el type
having two {meueisedsinaybjuidrhavioge relutibpaly higherefradiive Sndedn €0ivatensods (TIEa MaSK
tables). In . i pke st age" chines.the additional tables may be
used in par gﬁ}:’egp?tﬁg%ﬁ %Hree%réql aeﬁe&?%‘?t St EFsPINEYH Be ST AR they gubstrate, EnpgIsIOR ¢
tabl es whi | Bquidsemey af¥orie spphied & 8ike SpaReLindBk NhdEaMid HpaBIROTHY écarréﬁ(,)?’ﬁ]
The I|thogr§eph| C €$parat us nay also be of a type wherein the substrate is

i mersed i n°@Veandly maskaanddbe Hrst epmentad|the npigefianetystamt Immersiod dschnigues. armat er
S0 as to fiwll BowhIAGR RELIRRR g% nkriGh SR he; projection system
and the substrate. |nmersion Ia%I tlhggﬂl?flgl;&léﬁ 0 Lee&fgf)%%ﬁle S?%gn&%'her spaces
in the |ithographic apparatus, for exanple, between the mask and the first

el enent of the projection ﬁYESEt f i i are well known in
the art for increasing thlé nuré%ggpﬁga(ﬁﬂwgﬁmml on systens. BRI EF
DESCRI PTI ON OF Te®7PRALIGENOSARE iFehesh WRDASY BF def@ibbdRNhPBE Wdnlpiiow be
descri bed, by way of exarr@lﬁ:16 only, with reference to the “acconpanyi ng

h

schematic "2 rqferenge; _ FICPEERBNEEnghemdicedrenings 5y mutls comespoadies
corr espo”d'r@@reﬁ@éﬂyﬁlbof’srlgdibd}ew’ﬁﬁ%ﬁ%ndﬁ&g%ﬁ%,haﬁhﬂ%ﬁich; depicts a lithographic
n e .

appar atus accordi ng to an enbodin
[0038] Figure 1 depicts a lithographic apparatus according to an embodiment of the

invention;

[0039] Figure 2 schematically shows a chuck assembly and a component of a

lithographic apparatus according to an embodiment of the invention.



i nvention; [0039] Figure 2 schematically shows a chuck assenbly and a
conponent of a |ithographic apparatus according to an enbodi nent of the

i nvention. 8 DETAILED DESCRI PTI ON OF | LLUSTRATED EMBODI MENTS [ 0040] Figure
1 schematically depicts a |ithographic apparatus according to an

enbodi mrent of the invention. The apparatus conprises: an illum nation
system (illumnator) IL for providing a beam PB of radiation (e.g. WV or
EWV radi ati on); a DETALEDSDBRORIPISONUCE rleJSER AT EveskDinaBNgy MI f or

supporting patt I,khg. device. (e.g.. a mask) and connected to first
posi tioning st rE‘i‘@hf %‘&ﬂﬁﬁ flosr"h%'eaégfdé)f deRICtS s P{{L\hpsrﬁpmg PPEAYSPCIHNE O evi ce
Wi th respeinbbdiniehi temille anWhAbECTHONasPst @ RofbBRS) AL illdnBURST 'GhEmt abl e

“(e.g. awafer table) W for holding a substrate &E.g. a resist-coated

waf er) W antivpgrat] @fWéO\g@ag)ﬁ&earpg’ﬁ of wadiation &g WY or EUMvadintion) e irsit el v
positionin rat.e, w 0 ' tem [ Li PL;
and [[a]] 5 ‘ﬁ%ﬁa S‘r%}“‘}é"?{ﬁ € %@%%%ﬁ?‘?é”@%ﬁg%ﬁéﬁﬁeﬁ%% 8%%@%[‘ F“é‘%@) L for
i magi ng a pad cemectedpa first gpositionihg stoeaure FBA Hyr gattaetinpoitiching the pPiicraiigo a
target port,ion e. rising ane or nore djies) of the substrate W
[0041] As HEYE ‘H‘g%feéiz%bfoc[ﬁ@ﬂllw@?%%SXS?"E-r([eas)ﬂ’éf PEhsiole WRipie-g @ vgler

enpl oyi ng @abld) el T d6it hol@ingaskbsiated el Q@FEMIBREE wilFer) @ ardl doB¥ecld @ sbddag as
referred to above). Alternatively, the apparatus nmay be of a transm ssive

type (e.g. PEHMIRE sigelirg PWnioraccaralely pogidoning the subeiraty ivathi tesnget teareiection
recei ves r agiat i 30]8 pat | T r
[Tt hogr apht Al EETAR fAPUE hOReRA e e P MR AR i ecc bl o
source is #naghiigaspaitedi smhded @ the beae PBI by suehningpdeeice MA@t taeget ipsrtiont
consi der edct(g f(%r m.part of the .#tﬂggr Lhilcv@ppar atus and the radiation
[[bear] i§ GENSMLIIEIRECROR AT tHEC SBEF¥E Y80 to the illuminator IL with
the aid of a ragiat]i a9 hemeldepited) tOsPatatisTE of A reBEANB!1§pe '.g.aé%;ﬁoyin%ﬁ

e

col | ecting rrors agnd/or a spectral purity filter. In other cases
source may HECHYSt Bigfkalor paresrammeble miEelr arus of fatypex anpeirmele ebrvesour ce

s 2 mer CURMeh Ry, TRCapaf G ARAN, idshve W @L0 b i rred
to as a radi gt I on ysyst [004%]% The tlr%rfgﬁ'ﬁ’%sh)gﬁgaren@@' %%1 hggl%%??%gmﬁasgfvg
adj ust er tmask)adjusts the angular intensity distribution of the beam

General ly, at | he, out d/or i di al_extent |
ceterred o as oRlLF PRhEE: fiereos shSteriGt §yediop Reuree SEn TR e

di stributiam thelithographic apparatus may be separate entities, for example when the source is a

plasma discharge source. In such cases, the source is not considered to form part of the
lithographic apparatus and the radiation [[beam]] is generally passed from the source SO to
the illuminator II, with the aid of a radiation collector comprising for example suitable
collecting mirrors and/or a spectral purity filter. In other cases the source may be integral
part of the apparatus, for example when the source is a mercury lamp. The source SO and
the dlluminator IL, may be referred to as a radiation system.

| [0043] The illuminator IL may comprise an adjuster that adjusts the angular
intensity distribution of the beam. Generally, at least the outer and/or inner radial extent
(commonly referred to as o-outer and c-inner, respectively) of the intensity distribution in a
pupil plane of the illuminator can be adjusted. The illuminator provides a conditioned
beam of radiation PB, having a desired uniformity and intensity distribution in its cross-
section.

{0044] The beam PB is incident on a patterning device, illustrated in the form of the
mask MA, which is held on the mask table MT. Being reflected by the mask MA, the beam
PB passes through the lens PL, which focuses the beam onto a
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pupil plane of the illum nator can be adjusted. The illum nator provides a
conditioned beam of radiation PB, having a desired uniformty and
intensity distribution in its cross- section. [0044] The beam PB is
incident on a patterning device, illustrated in the formof the mask MA
which is held on the mask table MI. Being reflected by the mask MA, the
beam PB passes through the |lens PL, which focuses the beamonto a 9 target
portion C oftughieogithst nétie bsthlld W tWih #ethi@bf tHecsR@qMitRARL tstroftiR P W
structure PW angﬁgosi ti o& sensor | F2 (_e.ig_. an interferonetric device), the
substrate t ABY BOVHOL SsHell 2 e an dpietiFrameiriy, deyicg). thgysubstratg takleiWT gan be

Cdiff i i i Ll 1
different tafoged a@ardRRSe. Go wtotﬁlﬁanﬁﬂtd!fffé?ént%}gegggftmﬁIEEm iR gzlth A h%é bte%.ﬂe

. first positioning structure PMand position s can be use
' accurately pBsPitilgly; e frsisRosiianingt struetuespBlt andopasitieon sensor 6F 1 tine bb esed tHB,

~e.g. after @Q@yi : ' r l.ibrary ro.duri a scan. In
- general , movensnt &%‘@i’%lﬂ%%e(r)m%ggg tavglmes Sﬁﬁﬁ%&f‘w 'qflt?‘ﬁé’efn@a 7Bl @fe{h t he
~aid of a | omgclpnivoketnaydlfrem (acmaskskbragypsi iy 9 gdan AdgcheSAhbvenichObemhaodul e
- (fine posit he positioning structures PM and

: i oni | ch m.part of f ,
. PW However ,"'%F‘f%q?%{%s &@s@““o{‘})‘;‘”&?gﬁﬁ%ﬁﬂze(da‘éﬂtb;S‘ﬂf‘o%léd)ftaoloag-stg%l@nmedl)le {earspask
- table MI' maposittona@nnet edsHo-sokd Fhéduld [BKE RSk )

fixed. Mask MNA, gn subst rfate V\;)rrl%é be al(i gne%glﬁgliﬁ%%[ n‘glgkyaolﬁgn ntol?(rartg?ks
M, M and P&iBEmeaticarssfiviend BWr kewpder, mpthe [cag4ef] a Tleppateps opmredapar at us
can be usedgd f ' ferr S, 40046] |n step node, the mask
table MI an%lcwtihﬁy@ﬁggs% S%Mtlaéqug%?jgy @\%@?‘é’&ggg‘% 4 Siéosrgéﬁ{lﬁea?ﬂ%tto&oﬁg’?%@?{/ BeWni | e
an; entire péxedeMask Mpoandesdbdtmtet Wandyetsenligsedusijgandsk dligithént tabtlaNEM2 f@rt i on
C in one go ' The substrate table WI is then

l...6: & single,s I.C exposure).
shifted in Su%%héa?%haﬁ@%‘rgmafkﬁfﬁ?@tion so that a different target portion C
can be exposed. [00453TapdEPIeled apphrafusEBx bEEH $4 HE fQfovitEn SRR WRed | el d
limts the si ze[% t he target p;]))ortion C imaged i noalﬁgi?nﬁ)% stog'?glc'c
]

exposure. [ 00471100401 dp ferndade. theanaskdrble AT canimheysubstiate wblesWTane kepbl e W
are scannedg I | ; ern | rted ta the mis

proj ect ed oﬁ?egﬁéa‘%@%g@bﬁ%dﬁﬁ??%& I@a}st%tglt%eebcf%blﬁ?@eé%g%&ﬂ' glareety

vel ocity arpdrtéfineG ot rergodi.c tdwngleibistic etpesitraoThe Whstifté aible/WT & Shen R8I fRASK
table M i term by the,magnification, de nification, and inage
rever sal cﬁléérjgcaﬁgfrgf gte ﬁﬂf:egx%‘? Sq fhat %‘fh@]’re’é’c‘,‘f fapast BOFEPR i 981 bejexpesedrin sisganodene

maxi mum si zke mbxitiwen size of the exposure field limits the size of the target portion C imaged in a

single static exposure.

[0047] In scan mode, the mask table MT and the substrate table WT are scanned
synchronously while a pattern imparted to the beam is projected onto a target portion C (i.e.
a single dynamic exposure). The velocity and direction of the substrate table WT relative
to the mask table MT is determined by the magnification, demagnification, and image
reversal characteristics of the projection system PL. In scan mode, the maximum size of the
exposure field limits the width (in the non-scanning direction) of the target portion in a
single dynamic exposure, whereas the length of the scanning motion determines the height
(in the scanning direction) of the target portion.

[0048] In another mode, the mask tabie 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 beam is projected onto a target portion C. In this mode, generally a
pulsed radiation source is employed and the programmable patterning device may be
updated after each movement of the substrate table WT or in between successive radiation
pulses during a scan. This mode of operation can be readily applied to maskless
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exposure field limts the wdth (in the non-scanning direction) of the
target portion in a single dynam c exposure, whereas the length of the
scanni ng notion determ nes the height (in the scanning direction) of the
target portion. [0048] In another node, the nmask table MI i's kept
essentially stationary holding a progranmmable patterning device, and the
substrate table W' is noved or scanned while a pattern inparted to the
beamis pr OJléfmgéfmhnﬁtaouahzteapg@armmlﬂe patte@ing devideb Ssubdea p@eneidiy/maror

pul sed radi urce ed and the programabl e patterning device
may be updg‘% )8 &eagr%ﬁeﬁ'ﬁr@@%ﬁt of the substrate table W or in between
successi ve radi afioa9] CprbRasordlindng ariffoas on b %bH@&es@ifnbéapﬁB@és'&ﬂts‘éad? be

" readily applied to _nmaskless 10 |ithography that utilizes programmabl e

~patternino §felidiilerentanpdgs gkusy msw glse hemmblogedyi rror  array of a type as
referred to abovmos‘i]qqégj S&Q%ﬁ%ﬁ’ SR% fagéso{ect\{(ﬁlrgi 9%6{?‘/0&8& 8‘1 ass%l’rl@g 1@8

descri bed nodes of use or entire es of 'use na
enpl oyed. [ 00S@netiona lfzﬂgsﬁw@madufal 139. Ahiswsplained beiewsmetchmjkaissembewvl(m‘ isa

chuck asse 0 d 130. As is explained
bel ow, t henh“ﬁé/hai&glsl gsﬁﬁ ed 1% Bn%ﬁt&‘ﬂ(ﬁﬂ?@a’ Eﬁ) 'glgq &t b 3l 19 may for
| ong- st r okeexangld be RO oifhﬁ @bp@kgtﬁﬁ:&ﬁ@hﬂ’aﬂc@& B Yubate ﬁKl@'W’feInbt% @a%ﬁ of

‘the support st ruct MI and/ or the_substrate table WI. In

obj ect, in PHFY @fﬁﬁﬁﬁ@nﬂﬁ &b sbstrate, N igppupperted bina stendrtsprfaces U@o@fri Clmukf ace
122 of h f
0 a chumk THLQibsthE ve ‘r!sbﬁﬁrﬁ?écﬁon\fg 'th\%es\‘t;légﬁp ﬁﬂg Qgt&g% Ebp%.{l ée&'%&%étm égf?‘ gg

122 by an el ectrostatic clanp nay A
cl anped by Hotiwevaryihe substiicalpimgalstebé clempedsb natherayposfulimpsih@diyvie any

ot her suitablg ) 005 In the e le of fig. 2, the chuck
assembly 100 cg%%g{é@%}aaqﬁ]r%né‘yf% AN b‘eP’ﬁ*@P&% ¥€§20 which is supported

relative to ot hgf0jiqiu the@karhpie of i @@{e&mbd:l@as%}ﬂﬂf/ aboiSompPridds a flahR 110 and
| ong- st roke 10 may provi ded wth neasurenent

devi ces. 8?0*?‘}?5&?{8@1%53}@@ fefatiyedo B%K/P%cpféhe Hihpgraphin appairatess egf t he
frame 110, tbigB-seoke RBdulES8H. Tﬁb ﬁ?ﬁ?ﬂ@h%%% %@é?&f%{‘tfg ﬁl&agl%r% ldg\%&!tson

systens IF11 2 of the exanple o exa
chuck 120 iEordnsgngs, ynmmﬂblda:@rprmhéedfatamﬁermmdes lod ik frame t! @y rwhich can be

R e T ST A
poSi ti oned on t 52§ hanins EkOmplagd ﬂ{eecmuameisv\hglmyr aRRfelH dP tHehgahé 318, 110.
however other configurations are also possible. For example, the chuck 120 can be an
integral part of the frame 110, at surface 123 or the chuck 120 can be positioned on the
frame 110 and be movable with respect to the frame 110.
[0053] The long-stroke module 130 is movable with respect to other components of
the lithographic apparatus by a schematically depicted motor 131. The chuck assembly
100 is mechanically isolated from the long-stroke module 130. In this example, the chuck
assembly 100 is mechanically disconnected from and can be moved with respect to the
long-stroke module 130 by Lorentz actuators 140 mounted on the frame 110. The Lorentz
actuators 140 also provide an electromagnetic suspension of the chuck assembly 100 with
respect to the long-stroke module 130 and thereby provide a spacing 160 between the
chuck assembly 100 and the long-stroke module 130. Alternatively the chuck assembly
100 may be mechanically connected but isolated with respect to the long-stroke module
130. For example, the chuck assembly 100 maybe connected to the long-stroke module
130 by, for instance, a spring system with a resonance frequency suitable to 1nh1b1t transfer
of at least a part of vibrations acting on the long-stroke module 130.
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[ 0053] The | ong-stroke nodule 130 is novable with respect to other
conponents of the |ithographic apparatus by a schematically depicted notor
131. The chuck assenbly 100 is mechanically isolated fromthe | ong-stroke
nmodul e 130. In this exanple, the chuck assenbly 100 is nechanically

di sconnected fromand can be noved wth respect to the |ong-stroke nodul e
130 by Lorentz actuators 140 nounted on the franme 110. The Lorentz

actuators 140 al $amsay Qvﬂhéﬁnaﬂl@ysﬁérﬁqt5oq BRRLCH GyIUS RS EOH, f éh*&@k%&@
assenbly 100 with respect to the Ionggr-gstrokeV rmdﬂ%g 130 ar'lad her eby l%

provi de a sp&tiradthedensatoke spdulsd 30 Hirctkersst systsiny corg@isena ﬁtﬁ’neuﬂfamgl@(l atoke
nmodul e 130. g b neq | |
connect ed blﬁt %hggllgggtséeﬁéﬂ\w? ghﬁé@p% t owf?(lgnséﬁg engrélée ﬁ%l}]ﬁ E:@ r}l{‘%g]

exanpl e, theysemdRrO élstﬂ@nbblypd@@ armg/d;nd sucfacee t300dhitdotrinea paxd @f She mkgsm@ul e
130 by, for € 'th re onance frequency suitable
to inhibit tniogﬁfgfal grﬁ hgatia“ff Sé’tg 5’ ]Ssg]r' ws ‘bP ??fﬁf?grl%hq%ﬁef&fﬁewg first

| ong- st r oke suntictit 1 €00LEH. thd dechRDGATacA130V6E PRNIdRY & BB HeARal s%zst@ﬁlol‘qug%eWHh

operates on t ck enbl 100 _and the | ong-stroke nodul e 130
t her mal sysf"'élrlvg?:aﬂ%‘ “éﬁ?o&"ﬂm@? defallf ace 1100 at the chuck assenbly 100,

in this exanpl e @P8s[tInQhe Eﬁﬁlpfl;é’(‘iff . e 1%5% Ef% 6Jagdt s%ccgl{?ies'ﬁf@ (%ehle\}%ﬁSt em

150 further conprises a second su ace ornB 8 par
| ong-str okeaferﬁﬂﬁlﬁlloéedla()reﬂpelq@m Srdcsanﬁ fher spayisg e 60 hbd fAdeSeach palir eTiod thermal

transferrin rfac nd the second surface
1300 i s pro%’% d togg’i{]&%{jﬁ 'Teasﬁﬁé’F@ T@@es é}&gﬁ?i‘*’% Cgsare WiOP?te‘gén ghedeng-ned
bel ow in noste)kdemcailule liOOQﬁEheétﬁrahEﬂ%r axaeR| 181954 fch tradsfed MGt FofSthe SEhace

1100 and the &E’g surfage %‘g 0 are positioned at respective sides of the
spaci ng 1605‘15 0 B REHUIQR WEher apy Trompthgdist S'ﬁ%@éh@(ﬂzl@ovﬁc@vﬁﬁ@w ded with

heat transfer d 0 SWieHLhchP 4 G 27 Sr PR e3lh dul e
130. The heat t(ri[g er devi cesgﬂijg 1 48E:an tr‘g(gfg {&Ct’ rom g&?é Bnd

surface 1300ilk epuge 9@&@3@01@ the rtt:mmrafamyf theom:d:ﬂdesﬁrfalcs 1380 r dndCcdrdigly or

vice versa.q t ved from_ the second
sur f ace 130(.1)&9@%@1“%%&@%% ee" ﬁgﬁgﬁwr C?HE(SO[ @}‘ig‘gFé?%P@ spiface g 04 @dlhng
surface 1303@1,se dmd: tachierdififergdog ia terﬁbefrét@:feeﬂéb@ wilh flofMReN&hUhE ARG UERR 1Y
first surfac 00 nd thelsagcond surface 1300 will arise. Due to t

di fference ai stifpcs o the chuck assemblidOf is ¢nolediar beatedir f ace 1100
and t he second EMSHE‘B} #h3 QRermhl Y5sterh t]?ggl%ﬁtgiﬁugt%%?@?lt%ngiggeq ?r &ge&lg@g from

heat ed. [ 0057] e thermal system us can
t he chuck assembly 100 to the component, i.e. the long-stroke module 130, or vice versa, without the

need of mechanical contact. The chuck assembly 100 is therefore not subjected to
vibrations or distortions which originate from the long-stroke module 130, and are
transferred to the chuck assembly 100 via the thermal system 150.

[0058] In the example of fig. 2, a vacuum system (not shown) may be present, and
in use, at least the spacing 160 is pumped to a desired vacuum level. For example in
lithographic apparatus using EUV radiation, an ion beam, or an electron beam, a vacuum
system is provided to provide at least the path traveled by the beam of radiation with a
vacuum. If the spacing 160 is (part of) a vacuum chamber, heat will be transferred between
the first surface 1100 and the second surface 1300 by radiation denoted by atrows 170.

[0059] In the shown example, the chuck 120 is further provided with a backfill gas

| system 1500 near the chuck support surface 122. If an object is present at the chuck support
surface 122, a backfill gas 1510, such as nitrogen or argon, can be introduced in a void
between the object (e.g. substrate or mask) and the chuck 120. Via the backfill gas 1510,
the effective heat transfer rate from the object to the chuck 120 can be increased by
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assenbly 100 to the conmponent, i.e. the |ong-stroke nodul e 130, or vice
versa, W thout the need of mechanical contact. The chuck assenbly 100 is
therefore not subjected to vibrations or distortions which originate from
t he | ong-stroke nodul e 130, and are transferred to the chuck assenbly 100
via the thermal system 150. [0058] In the exanple of fig. 2, a vacuum
system (not shown) nay be present, and in use, at |least the spacing 160 is

punped to a cdedicti@dandae vormet@oiah theRkk @K anp e bickfilll dab OrARAbICs APPALALUS
usi ng EW raglg‘_{/l%&,, an ion beam or an electron beam a vacuum systemis
provi ded t o prHE FIRNE hp dgansten gatp Detiveep de phigcthg-gt KebsaigniVotand 4l abjedn
with a vacuiBort! dirfhdie123PRCI89thEGRud t { 3 gillgal, Wil l
be transferre 0beSt {Neen t he afi rst gﬂf}%Ogﬂ{dlﬂfg%21%%&\{?%%[@3@@%&)%%%qlgtgrgcelsoo
by radi ati ofoHeesh ethenyp bagkfidhgas 390em @089 bd provided bétooen thx dapled 10 thdthehuck

120 is furt | ' a f as . syst 500 near the chuck
" support sur? glgc(l;ﬁ?%d ﬂ?rgas\grt]ﬁ%ﬁ?nég? Sf%eat)g?e %%th%%/hugﬁgﬁ%ﬂﬂct egﬁlﬁﬁéi -+ surface
122, a backfill [H860)IB ik, example odgigh?, tarag@IM mrpr@seﬂqmeg?ﬁbi@@mmm&w%x@@ in a
void between the.. b'.ec}J é?e.%f substrate or mask) and the chuck 120. Via
the backfil F¥%&8 kgi‘ldfe T REPSELiR £8q sRaCKHEA00t awkipk caseaireadditom tohiedistigrect t o
the chuck 1géhdacionRdioNEdieasRm JYheh raRRIMGT MmOthaRiafls AL wERTE %%@9@? 'if]th%: h

e
backfill gas. The backfill gas 1510 enabl es an I ncrease of t fective
heat transf Eihograplic Bprajasesnis hwnaiacewn systeny. ordfiths tsparies 10 ampdrttdfie sofrjraet
support surfaes ..120 and the frame 110 are positioned
at a distance feﬁ%l?ngl%éggwﬁg@ﬁ%}r%ggggh%Elmgfap KEPRYAPEm can al so be provi ded

bet ween t he fran0al]dnahel ekiraple adfufig 2| ARe theati m&ﬁa%ystérhelsqrmséo%fpri@és heat

bet ween the chuck .120. and the frame, 110. [0060] In the exanple of fig. 2, a
vacuum i s p‘?l«g?ﬁﬁft ! ﬁtg{sh"exa g%iﬂ?fﬁe’ 180 actigwbiemral " demepus 1yl 5B, R@théaﬂbge

present in ¢dnGoBiedebittield Thud, Aitdedt hes@BGvs dal RAGLELRE delydeA YilhD

conduction and/or_convection are heat transfer rid%la nmechani sns as \/\313113 For
exanpl e, i flilhd 113 of Heglimspsrtace g peg. and shé secandeurfagadd0in Agcetdimgly,otherinfal t he

[ 160, t nb i el ded f th t f th
T hoor aphi P asnay hegdudh BERTNT, foo AR EuBll Slotey b Tof kB theaf oo

syst em 151-inE8nagengiti¢sses baredpéadr al i ty, in this exanple three, of active
controll ed separately. Thus,

e e el e Sl R s ROl S S s e aeE e 1 o
e 5L T b R aln pocEt LS Ml L ™
exanpl e, t Wafddf1-1113 of the first surface 1100. Accordingly the heat transfer between each of the
respective pait 1111-1113 of the first surface 1100 and the thermal element 151-153 facing
that part can be controlled separately.
[0063] In the example of fig. 2, the thermal system 150 further comprises thermal
sensors 156-158, each of which is capable of determining a thermal aspect of a respective
part of the chuck assembly 100, for example the temperature. The thermal sensors 156-158
are communicatively connected to the thermal elements 151-153, as is indicated by dashed
lines in the figure shown. In the example, each of the sensors 156-158 is connected toa
separate thermal element 151-153. The thermal sensors 156-158 can generate a thermal
signal representing a determined value of the thermal aspect of the chuck assembly 100. In
response to the thermal signal, the heat transfer for each of the thermal elements is
regulated. For example, if the thermal signal indicates a change in temperature, the heat

flux towards a separate one Qf the thermal elements 151-153 can be adapted or the total
heat flux can be adapted. | |
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I nhonogenei ti es can be reduced. 100621 In the exanple of fig. 2, the
thermal elenents 151-153 are positioned in a row along the second surface
1300. Each of the thernal elenents 151-153 faces another part 1111-1113 of
the first surface 1100. Accordingly the heat transfer between each of the
respective part 1111-1113 of the first surface 1100 and the thermal el enent
151-153 facing that part can be controlled separately. 10063] In the

exanpl e of fig. PO6UNEo theroTele EYiHtalBlethoRs fi 91t HERLCABRS) %&%o?ﬁh%ﬂ?b ma
sensors 156- ilsg X each of which is capable of determning a thermal aspect

of a respect} g98Rgeteds int hdiflerant agnes dhan shosooin fim 2. Eranpineple, Hbe thermal

t enper at ur e senkhR 15595 156 .catively connected to
the thermal el ements glrgilay nggéﬁg@ n?cgé‘ll d?oggg‘%% %?71 rpjg%ﬁseo& deY’F?‘lé’EwFH‘ RIS

fi gure showsonnepicd fhe thexwaprictive dmohaloflehdnts sehwhich pt&GddsS@nirs! sigmdeat @ to a

separate th I +153. The thermal ,sensors 156-158 can generate
a !to her mal ?l{egﬁégle?erl@gﬁ gtgéég % kged og eetPWLﬂg%P{?é“dgfi%ﬂ’ the thergahsensas et of
the chuck ags8®&nbly 100. In response to the thermal signal, the heat
transfer for eacﬁ’pgg the thermal elements is regulated. For exanple, if
the thermal si gnt¥P0371Haithiscaample dha semal elonesmiseldt LBere ithplemested as thermo-

towards a sepafidbRmens. t ; - be adapted. or
t he total heatl fl uxﬁgaﬁfeggggga%%%?élﬁ@érﬁ%@ﬁr%ga]mc%’%? ¥ g?lﬁf’rheger{l?{%sf%ﬁfly

el enent s 15%then suitablee typh eofnthiersenlsdris d&tents STivayo-chctic bemesmnee videlyn a
di fferent t own in fig. 2. For, exanple, the thermal sensors
156- 158 m%ggtg%ﬁ@ﬂg ﬁ?rig? pakg |°§ b%%fﬂﬁééfeeft???%“ﬁg‘iﬁ‘rlligé‘é% detad s ehomiferhe
turn is cotpmateettiocikment BIPBE kiewRnisNSI 185 Rl moBMEVRINE [Nk E&E&r&fqu%ﬂes

control si gr}ghs to c{he‘ thermal elenents 151-153 based on the therna
signal provi'd8usB9nd fufachdPfRand @rssennd elesgode 8522 atoneidy faging mvay Bsmrthé e,

the ther mal scobeneituse 1500, 193 iR8. b IPLSARNGH: Sudlieh Tk ALEGLILE Shegent s

The therno-el ectric el ement's may for exanple ier elenents
ot her sui t apitigh inyihis egamplp éolnsles b Buidrchenrel &fve hs firsT blectrmiedISe L tid he SdcoR@Nt S

are widely oayahl pPhe. &%ﬂ%{t&{tﬁghc%pﬁ@‘r%e of i efness are not described in

further detail. AS Showh RECef2Ltric el enent 152, the el enents

151- 153 are nouretss] Bytdonaolling st ﬁi_rt%ﬁtﬂlﬁﬂ@hl]%?ﬂaenﬁé—e%&ﬁc%%%mﬁﬂ(g@QH@ 1300
and a second el ectroc{g 1%2@1 at a side facing away fromthe second”surface
1300, e.g. PHCHGgUres 1ap. e diefollow betrgor dhmafitss elgctinsdek! R candtseconsfedretroges t em

1522 can be regulated.

[0067] In the example of fig. 2, the thermal system 150 further comprises a fluid
channel 154. The fluid channel 154 is positioned in the long-stroke module 130. In the
example of fig. 2, the fluid channel 154 lies below the second surface 1300, in the body of
the long-stroke module 130. The fluid channel! 154 extends in a plane paraliel to the second
surfac: 1300. The fluid channel 154 is thermally in contact with second surface 1300, and
more specific in this example thermally in contact with the sides of the thermo-electric
clements 151-153 which are proved with the second electrode 1522, from hereon referred
to as the second electrode sides. In general, a fluid channel has a large heat transferring
capacity, and accordingly a large amount of heat can be transferred via the fluid channel.
The channel 154 can for example be filled with water or another suitable liquid, a gas or a
gas/liquid mixture, which is circulated in the channe! 154 in the longstroke module 130 and
brought to a desired temperature outside the long-stroke module 130 by a heat exchanger,

for instance, thus transferring heat from the body of the longstroke module 130 outside of
the module 130. | | o
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which in this exanple includes a fluid channel 154. The first el ectrode
1521 and the second electrode 1522 are connected to a current source 159.

[ 0066] By controlling the current through the thenno-electric el enent 152,
by the current source 159, the heat flow between the first electrode 1521
and second el ectrode 1522 can be regulated. [0067] In the exanple of fig.
2, the thermal system 150 further conprises a fluid channel 154. The fluid

channel 154 is p@ics) BarachnsRringetht OBg-Rink eleBomP @ Hed0-13bNad PearrciiavP! e of
fig. 2, the fltui.d chapnel 154 |ies below the second suiface 1300, in the
body of t hdCHdHREs SeF Bk dssdpgririnescre swnsraily ompesed miel clasd tebet withis phasea

pl ane par al lcRingb eheiiieh, SEGON G ¢ : | Wi d l. 154 i
thermal ly i I’cI; élgnt_act W th s%cgtr?llg Hfég?ﬁg%tgég%%%,gp%%ﬁ&n%ﬁgg@%géff‘ S8"%‘°’§ b?’hi S
exanpl e t hefeenedjum gn¢ epmsac e phiseicharge ofitttemedibmt hiehtasdioding-ofl acliguid which

el ements 151:153:whi r oved with the second el ectrode 1522, from
her eon refe#rn(:laédé Hit%(;hggb o?hgheg}éhégeﬁ%mélg%c?l? 8 18 fhgp frangpgrt F?e?“&%h,er sid¢ pithg
channel has tédeclaamghhibametinanstens iogs ogaRd phist,andele@es Q6] PEH kafpleah g€
anount of heat gag LF)E f.r ansdjerred via the fluid channel. The chanhel 154
can for exaRBF & HEOHPS [iyhd ine Kanre cxnands inybimeand &igvels b anotfienpartof the bees or a
gas/|iqui d pipxtwiiets th¥ivgidri Gnddd: efnd; 84 LRqthe;

| ongst r oke fjrri;I)JduI e 130 aﬁl_g)_ broggsﬁs'ltjlt(?tg quégglwrj]:raﬁ%%ﬁpq%%%tﬁéehgg%g‘i fehe

| ong- st r oke#fsEIed ta s opgingl prsitione ke lvamrgele by gfavityionsitwaiok,eandtiheiBeat change

transferrin Cﬁqgg“ftao%)g he body of the |ongstroke nodul e 130 outside of
t he nodul e I30 1?1{0 For transferring the heat fromthe | ong stroke

body: 130, as an [A06%imatiexanple befl. DitRaswoEthehRo-UResic HRintPI NES3BEE as

general ly conppsed of a closed tube with a phase change nedium such as a
a %ﬁ? ﬂ%”ﬁt“é‘Pff%rgg%cheo‘N cly jcafp trapster heat; g qbsordrheat few the secomb

fluidinit?
medi um and sesEB00. THARE SRARAS 52Tk hea BREH 4P HLikibA% ifh r?g?fl)lr qui d

whi ch turns %é‘ into a vapor. The phase-change aﬁe ium-i
to anot her ¥itfelopg sirgke meduhe 124t adigricntio theesenwli sunface3000The bulktheataringfenal

phase and r, , i ase of . a. boiling |iqui t he
vapor ex panﬁgﬁ?ﬁg@%ﬂ %Egﬂt?cﬁ)é@([ﬂ)ﬂg gts %r?agﬁ g‘?ﬂglfanf)fﬁ? flevécfestﬂ& %8 Ta“%ﬁi Bsat wher e
the vapor dtmeentetbe swrfame lhesfUuiatsRn devies SBaRSthb ®alk hehPBatBRgi dalick Satdig

transported to it rigi.nal_position, for exanple by gravity or a wck, and
the heat cg}éengoélg's 9% E‘%figles]t?’ r e MQFa P lest gomtgnt [tempareturex avhplectho thefng. 2,

the row of elcbgicralen@ngCdahl orBttFORLA ok mporsl AGbTiofS of the constant temperature,
and thereby provide a suitable heat transfer between the chuck assembly 100 and the long
stroke module 130.

[0070] While specific embodiments of the invention have been described above, it
will be appreciated that aspects of the invention may be practiced otherwise than as
described. For instance in the example of fig. 2, the fluid channel 154 may be provided
with a cooling fluid which removes heat from the long-stroke module 130, while the
thermal elements 151-153 are operated as heating devices which locally heat the second

~ surface 1300. Also, the first surface may be provided with thermal elements to improve the
transfer of heat from the body of the frame 110 and/or the chuck 120 towards the first
surface 1100. Further, the thermal system 150 can be operated as a cooling system, in
which case heat is removed from the first surface 1100 by the thermai system 150. The
thermal system 150 can also operate as a heating system, in which case heat is brought to
the first surface 1100 by the thermal system 150.

[0071] The description is not intended to limit aspects of the invention.
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-a surface heat transfer device which can transfer heat to or absorb heat
fromthe second surface 1300. The fluid channel 154 acts as a bul k heat
transfer device positioned in a body of the |Iong stroke nodule 120

adj acent to the second surface 1300. The bul k heat transfer device is
thermally in contact wwth the surface heat transfer devices, and can
transfer heat fromor to the surface heat transfer devices. Thus, the bulk
heat transf evHA®VS CeAndEDtI&i ns the | ong-stroke nodule 130 at a nore or

| ess constant tenperature, while the therno- electric el enents can correct
for local or tenporal distortions of the constant tenperature, and thereby
provi de a SLii t abl eélb%%t transfer between the chuck assenbly 100 and the

| ong stroke nodul e R OPBT S Wh PI¥"SRECi f i ¢ embodi ments of the inventi on
have been descri bed ove,. it will be appreciated that aspects of the

i nventi on mly be prAdtYnuRAiiop sy oasruclRd i pigvidgpbeam Pgafliatip prtpgst ance in

t he exanpl e s@fstrftb:0. 2, the fluid channel 154 may be provided wth a
cooling fluid which renoves heat fromthe |ong-stroke nodule 130, while the
thermal el eftents 133uAms shpdurs perligied takplhepaticminadisvice de nafieraig lodes | y heat
the second  Sif{iRE% tpdda cfss cti&%siiﬂ?&h%ﬁﬁﬁfbﬁwﬁﬁ%ﬁﬁ rRrovided with
thermal elenent's to inprove the transfer of heat fro t?’ue body of the
frame 110 amd/ or t hehedkusdembldon sopporig at keastfone sft saidsubstrale end sOpattFnimgher

t he thernal t . [ . i system in which case
heat is rerrgiél% ’ﬁ{éc?;rﬁgbtgﬁé?%l&r)s uagﬁ'ﬁ%gbggdﬁﬁga%g&ts lIgag;fa"her mal system 150. The
t hermal system 150 acampa@lesicpapés disenddromn hedthued asyablemt dast pahbfiaidcase heat

is b ht to the first f 1100. by the th | L. 50. [0071] Th
dascri pi1 ot PwRE SHi B Boer e s Spebaraly SORE FRbEHETR oty oflar |

CLAIMED | S:el. A | bthbf@tiphisgstaPRRPRY il Gafifirédto Mdasferdbatbbtwdea Rafitson System
constructed tQ prqvide a beam of radiation onto a substrate; a support
structure cORPPAAR LSS patterni ng device, the patterning device

configured o i rrpaggidgea@{rgﬁ%%g&g{igg]u(gﬁg said beamof radiation wth a
pattern; a chuck assenbly for supporting at |east one of said substrate

and sai d paPt er ni ngsurhegheaptrangfer fievigsrdispesed atthe seapndl sutferelef spd eqmitoperd &4ti ni ng

a f : st s ug{ragﬁg?mggm%%%@a%&d OIS HrRe FhP LA Gmpbhdlaifl d chuck assenbly,
S sai
P o a bulk heat transfer device, said bulk heat transfer device being in thermal contact

with said surface heat transfer device and configured for transferring heat from or to said

surface heat transfer device via said component.

2. A lithographic apparatus according to claim 1, wherein the bulk heat transfer

device is directly engaged with orrintegral with the component.

3. A lithographic apparatus according to claim I, wherein said surface heat transfer

device is a thermal element.

4, A lithographic apparatus according to claim 1, wherein said heat transfer system
includes at least one thermal sensor, associated with a thermal element, said thermal sensor
being configured to determine a thermal aspect of at least part of said chuck assembly and to

generate a signal representative of said thermal aspect of said chuck assembly.

5. . A lithographic apparatus according to claim 4, comprising a thermal element

connected to said thermal sensor and controllable by a controller to regulate said thermal
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conponent defining a second surface that is nmechanically isolated from said
first surface; and a heat transfer system adapted and configured to
transfer heat between the first surface and the second surface, , said
heat transfer systemincluding o a surface heat transfer device di sposed at
t he second surface of said conponent for transferring heat between said
second surface and said conponent, and o a bul k heat transfer device, said
bul k heat traélt’%‘f(érsaléleiwctéessmblmgwesponMo thelsigod fitoecthe thedntdh sadrd sur f ace heat
transfer device and configured for transferring heat fromor to said
surface heat transfer device via said conponent. 2. A |ithographic

appar at us adeor di ng\tltilogrhpincnapj)aramecrcetdmgttdnamhu] kvhire st saldri@aafagdfer sgl@sth ce 1 S

directly en r tht 3 AI|t raphl
appar at us accorgl%\%lﬁrtggggfgt@;rhg#? ﬁ%ﬁr\g? S % 5%‘%8‘%"1?581@3‘%5@%%95%% g devi ce
i s a ther nalcodtodatdaind cnfighrdd fohgrgerathly leatappderdbtra e ditoredi pagts bhsatd fakim 1,
wher ei n sai guljﬁ%]ggf LA ﬁg earsser‘% stem i ncludes at | east one thermal sensor,
associated w Fhet kl meént, said thermal sensor bei ng configured to
determ ne a thermal aspect of at Ieast part of said chuck assenbly and to
generate a signal representative of Sq id thermal aspect  of s chuck
assenbl y. 5% A litho 'Stf’%ﬁ!it-ﬁhbc @Bﬂgﬁuﬁtﬁﬁ ('S‘baﬂfnnr%"tcg‘dg'lg&lﬂlﬁrﬂl ﬂiﬂ“ia%i ng a

t her mal el esesdrs, codruieadd ddrnhad sesore btlﬁ@dftaguraeﬂaa%nﬁﬂ@la femhd edpkalt & 1&3&
controller to re%FJ ageksal d {her mal 16 aspect of said chuck assenbl
response t o2 PHEOISRIY ANk EsssiblAad {hesmsrate aé’éﬁgé?pm@tatﬂ’eloiff% Geshrseedp ar at us
accor di ng t sicpai dhcluckwhemblyn sai d heat transfer system includes a
plurality of thermal elenments, each of said thermal el enments being
separately controllable and configured for generating heat transfer

bet ween difgerent paithdgrdphicaphdathd d’c@érdm§ Wdase, &fmp?ﬁing a@ﬁ&k@&vﬁﬁéﬁﬁpl y. 7. A

| i t hographi ¢ apparatus according to clarm4, including a pl urality of
thermal  sefISBYNS cagheqmiceiyely canapgin to §€tﬁ§-‘att§erb@l 39856 Afdhcli saddiatilegst

det erm ne arohRdrvRl seReReing @bnBlurdd 8@ &dntrofat P:erttoné); 'ofihe%bt'l’z& ﬁﬁt y and
to generate a S|gnal represent ative of said ther aspect 0 part of

chuck assen‘BIS?‘ signalA | j t hogr aphi ¢ apparatus according to claim 7
conprising at least two thermal el enents each conmuni catively connected to

different thermal sensors, each of said at |east
9. A lithographic apparatus according to claim 1, wherein said surface heat transfer

device includes a thermo-electric element mounted with a first electrode at said second surface

and a second electrode directed towards said bulk heat transfer device.

10. A lithographic apparatus according to claim 3, wherein said bulk heat transfer

device comprises a heat sink.

I1. A lithographic apparatus according to claim 3, wherein said bulk heat transfer

device comprises a heat exchanger.

12. A lithographic apparatus according to claim 3, wherein the component is thermally
conductive.
13. A lithographic apparatus accordmg to claim I, wherein said bulk heat transfer

device includes a fluid channel.
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two thermal sensors being configured to control at |east one aspect of heat
transfer in response to said signal. 9. A lithographic apparatus according
to claim1, wherein said surface heat transfer device includes a

t herno-el ectric elenment nounted with a first electrode at said second
surface and a second electrode directed towards said bul k heat transfer
device. 10. A lithographi c apparatus according to claim 3, wherein said
bul k heat trldnsfer A Hévirephicappprius esodidgdatlaigi hkvherkin saild Hullt Heagraaghi ¢
appar at us aggeqrdiy nﬁgaﬁEﬁpﬂ?gmm erein said bulk heat transfer device
conprises a heat exchanger T [ithographi c apparatus according to claim
3, wherein the conponent is thermally conductive. 13. A lithographic
appar at us agegordin m.1, where ai.d bul k he transfer device
heudes a i d chsifefMiiobat e SeI PRk bt (Rt R t o
claim 1, whetrdiemealked bul k heat transfer device conprises a heat pipe
channel . 15. A lithographic apparatus according to claim1, wherein the
conponent is a long- stroke nodule. 16. A nmethod of nmanufacturing a device,
conpri si ng: 16.supporA metoddf madatittutnea ddvicd, dthpadin@at e and a patterning device
on a chuck assenbly, sald chuck assenbly having a first surface;

proj ecting & patt ertRg B8 anest © é’%ﬁé?‘isgﬁeﬁw&?ﬂﬁlﬁée‘ew hyepmply,
transf erri ngideatk Hedmenavale 4 Rasurt@r t of the first surface of the chuck
assenbly and at |east part of a second surface of a thermal | y conducti ve
conponent u8ing a BUYTHeE pRiammed beagyafirasiatige vaveeds tscdhnddpssambbai d second
surface, sapd SeCOH%s%J@ﬁﬁt égg at B4 o%?tle'f% sér?icgkﬁﬂ folcR séri%] first
surface; and transferri et ween e suriace heat transter device
and a bul k #uat lepst am'ﬁf@rsecqmé\wré@eof @thbfhreilfmQWT]dOﬂB’nbomii(ilentAlsmghhmtfhce)fleat

manuf act uri pg,.f, g c'e‘fcﬁa?&&t%ﬁ%'s@& Elgl*r‘t;ac sml G c{slﬂ&ttace n mecHan U85 isolae§ NS N9
a thermal aspect o east parP 2K 35ée f§ %flng a

si gnal repréyemidfiiisyiriade; ek t her mal aspect, and

. transferring heat between the surface heat transfer device and 2 bulk heat transfer

device via the component.

17. A method of manufacturing a device according to claim 16, further including:
J sensing a thermal aspect of at least part of the chuck assembly;

. generating a signal representative of the thermal aspect; and

) causing the transfer of heat between at least part of the first surface of the chuck

assembly and the surface heat transfer device in respénse to the signal.

18. A method of manufacturing a device according to claim 16, further including
causing heat transfer between a plurality of surface heat transfer devices located at said second

surface and the bulk heat transfer device via the component.

19. A method of manufacturing a device according to claim 16, wherein the bulk heat

transfer device is directly engaged with and/or integral with the component,

20. A method of manufacturing a device according to claim 16, wherein the

component is a long-stroke module.

18



causing the transfer of heat between at |east part of the first surface of
the chuck assenbly and the surface heat transfer device in response to the
signal. 18. A nethod of manufacturing a device according to claim 16,
further including causing heat transfer between a plurality of surface
heat transfer devices |ocated at said second surface and the bul k heat
transfer device via the conponent. 19. A nethod of manufacturing a device
according to claim 16, wherein the bulk heat transfer device is directly
engaged with and/or i rtidepexhphic Appanetus ans Bexice Mo fagtuping Methgd

manuf acturing a device according to claim16, wherein the conponent is a
| ong- stroke nodul e. 18 Lithographic Apparatus and Devi ce Manufacturing

Met hod ABSTRARSTRAlNT hographi ¢ apparatus includes an illum nation system
for projecting a beamof radiation onto a substrate. The |ithographic
appar at us f urt herA Hitlsograpbivueppazateseinblugles an illumippinn systsnfor| REaisstingn begm Ofie

substrate or a_ patterning devjc t atterni nqg.devi V) i t

The. beam w t HA4ER DB SiPTble: ds ol RP-RARE RLEF 1R S, btembBPRE

operabl e bet Vﬁg rtiflg bkt ot briRGRbaNTe & a3RaemtheIelkaaRe patteniheadvidersaviiaan
o)

systemis capable transferring heat between the first surface and the
second sur f aciewpafitiee Heamstitisapattaman its crpss-bastian. Aokaat iransfsy syiermisppeipbledetwesast

a part of the chuck as%%ﬁ)l . The_.secqnd surface is at | ical:
2 part of L he, Shyckeasserbl . 0e echt SHELAES otafls LERDL PRYALM o
The second suyihace hSaRBoLEaN fRlthYsechRRuAR&I ThE AR itflcd 18 81 18Rt partidRdpnrd by 0
the first surtface Figure 2 ]
e at least a part of the chuck assembly. The second surface is at least partially formed by at least
a part of a component spaced a distance from the chuck. The second surface is mechanically

isolated from and thermally coupled to the first surface

Figure 2
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