Li t hographi ¢ Apparatus and Devi ce Manufacturing Met hod BACKGROUND OF THE

| NVENTION Field of the Invention [0001] The present invention relates to a
| i t hographi ¢ apparatus and a nethod of nmanufacturing 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.

Li t hogr aphi ¢ apparatus can be used, for exanple, in the nmanufacture of
integrated circuits (1Cs). In that circunstance, a patterning device, such
as a mask, nmay be used to generate a circuit pattern corresponding to an
i ndi vi dual |ayer of LithogtaphiaAgpaitutes ped Device damifecturimgcethudo a t ar get
portion (e.g. conprising part of, one or several dies) on a substrate
(e.g. a silicon wafer) that has a | ayer of radiation-sensitive naterial
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target portions that are successively exposed. Known [1thographic

appar at us i Beldefhenveatibred steppers, in which each target portion is

i rradi ated by ex&osin& an entire pattern onto the target portion_ in qne
go, and so-cal | el)08thhheprssent invgntiemredaiesioradithedraplie appasatrs and 2 methedod by

scanni ng the ter.n through the projection beamin a given direction (the
"scanni ng"-mﬁﬁﬁgéﬁwggn?gﬁﬂf?‘e synchronously scanning the substrate parall el

or anti - par ghkfbedcfintibh 8f RelafedAt on. [0003] It is known in the art to
provi de a |ITthographi c apparatus with a chuck assenbly for supporting the

substrate and/ or [4882} ex tithograpbici apparaisgs a mankisk that appdies aldeyiredchatterngonto a
operations. A typical rovi ded

prior art . chuck ,assenbly includes.a chugk .
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accuracy of PHe he™ su ecause

def or mat i ongaffial (Fesigh UG ks, & Siagleliabdtate €BRHESn ameiwdk of Bdiatert g e
extent, transferred to the substrate. Even snmall changes in tenperature

(e.g. changpertionsthiatare shenessdvalpexposed. Known lithographic apparatus include so-called
steppers, in which each target portion is irradiated by exposing an entire pattern onto the
target portion in one go, and so-called scanners, in which each target portion is irradiated
by scanning the pattern through the projection beam in a given direction (the “scanning”-

‘ direction) while synchronously scanning the substrate parallel or anti-parallel to this
direction.

[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 tum, 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),
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and in particular thermal inhonogenities of the chuck, give rise to |ocal
thermal expansions or shrinkage of the chuck in the order of the suitable
precision of the projection, typically in the range of 1 mcron to several
nanoneters. [0005] To reduce the thermal changes in the chuck, it is
generally known to provide a thermal systemto the chuck which is capable
of renoving heat fromthe chuck, to nmaintain the chuck at a constant
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[0007] 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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comuni cated with a vacuum punp, for vacuum attraction of a wafer. The
wafer chuck is 2 fixed on a fine notion stage, for fine alignnment of the
wafer to a mask. The fine notion stage is provided on a central portion of
a support table which is fixed on a rough notion stage for rough alignnment
of the wafer to the mask. The wafer chuck is made of an al um num materi al
with a high thermal conductivity. The chuck has a reduced pressure inside
space. A wick wetted with an operative liquid is adhered to the_ inside wall
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bei ng at | egst ﬁsglfaii ally formed by at |least a part of a conponent spaced a
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SUMMARY

[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
onto a substrate; a patterning device serving to impart a cross-section of the beam of
radiation with a pattern; a chuck assembly for supporting 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.



the first surface. 3 [0012] In the lithographic apparatus, vibrations or
other distortions fromthe second surface, and thus fromthe conponent,
are not transferred to the chuck assenbly, because the second surface is
mechani cally isolated and di stanced fromthe chuck assenbly. Accordingly,
vi brations and other distortions of the chuck assenbly are reduced. 1In
addition, the chuck assenbly can still be thermally conditioned, since the

econd surf ace.  BBTE} e SRR RERBiHRRR o Vi ORGP G CORRA e
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positioned on the conponent, the heat transfer system being at |east™

t hermal | y i becansethe tecond burtfive ismechuticatly isatated arddistimcel dedm theashaéler system

is capable of transferring heat fromthe second surface to a_position away
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heat transf gystehy Blcapabléoheaisfddinyhydt bbtwdas theotetindaetmrisurfabe first and
second surface, due to the changed tenperature of the second surface.

Ther eby, the pos[00ildh Infanembodiptent &f alithegtapbiciapparatus a¢dozding do iy aspedireditheons
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ot her di stort?ons acting on the chuck asser%?y are ?urther reducéd. [0015]

I n an enbodtapable oftragsfeiringdganipdin chegepandswficatcopabitien dwayefforasimefitst of t he
i nvention, the heat transfer system conprises at | east one thermal sensor
capabl e of SWEcerafivigerNgr®®- t her mal aspect of at |east a part of the chuck

bl d ' mal . si gnal ' i |
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aspect of heat trans is controlled in response to the thermal signal.
[ 0016] Ther etiyg thetheattednsfes pystems. Ahestflowcwilt then ssanibetvesathdbrst amd seodnded
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mechanically isolated from the chuck assembly. Accordingly, vibrations and other
distortions acting on the chuck assembly are further reduced.

[0015] In an embodiment of a lithographic apparatus according to an aspect of the
invention, the heat transfer system comprises at 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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the first surface. [0018] Thereby, thermal aspects of the chuck assenbly
can be controlled locally, and, for exanple, tenperature inhonbgeneity
between different parts of the chuck 4 assenbly can be reduced via a
suitable control of the thermal elements. In an enbodinent of a

| i t hographi c apparatus according to an aspect of the invention, the

thermal system further conprises at |east two thernal sensors, each capable
of determ ning a thernmal aspect of at |east aoiart of the chuck assenbly
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conpri ses aleastiohaaspedtattheat aasteis camiotied bnjesivnee af the thiaumal gmalng heat from
or to the second surface, and a bul k heat transfer device positioned in a

body of the secolf@18brhusenthermiiclementiisiconselied inelatien tafh detsrmined thermal | v
Iin contact wth the sutface heat transfer device. .for tr farying, heat
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heat using the bulk heat transfér devi'ce, and a correction for changes in

t he total heslcdd, for examplze provi ded by the surface heat transfer device.
[0022] In an enbodi nent of a |jthographic apparatus according to ané&gﬁ)ect

of the inventiolf020hdnapembedimeatolq ithagrap iC&BWE@SéB??ﬁhingé‘g%?sW‘ét %ne
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surface and}ngelgté@m e teté{{}rgg%tgﬁg?@gé{ﬁggSéstaos\?\l/gfragésﬁﬁe ufli&cﬁteégt% a?%gér)lgger
system [ 00gaisfertiftf Bbat fronh 6r foaBé sécoad sirfice Sandtachalk Beadfiradsfoi dgvie positioned
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amount of cima oy dfitsseagnd eoropayient, diich byl heat drasfer devics ip ally moepafact
an enbodi rre{]vtlth%flc saur%aicg Hgaq rtr%gé}lelg de%ﬁ)&?f'o% ans er%%%rh%iat 01%1%r ?onth%ssgﬁgée h%tat the
transfer device.

[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-¢lectric 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.



I nvention, the bulk heat transfer device conprises a fluid channel. [0025]
Thereby, the bulk heat transfer device can transfer a | arge anount 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 wth a suitable fluid. [0026] According to a further aspect of the
I nvention, there is provided a nethod of nmanufacturing a device,

conpri si ng projegta a bheam of lation oato.a substrate inpaktin
cross. secti onal - MBE AbeBERe 8 a AlkoiebRR PEE i HUPR NG Snrb TR hIMhDh ce.
Supporting &f mh@fadtudiea 8lvitd) RomphSihg ?ﬁfy‘ecﬁﬂg alhREmRAARARI ¢htd 8 Lh@ralty 2
chuck assenbly; and transferring hea romor to the chuck assenbly

i ncl udi ng t inzpestimy 2 crogs-beetiondd patieranio Hie Heemsif radiatpar ysing a pattdmiog daws&nbl y

surface and a second, surface of conpopent nechanj cal | i sol at ed, and at
spaced a di $IPRABERA! kapkane o thrcsubsisate @1.8 PEGEDIAE H@P@%ﬁcwmﬁmﬁ‘s

ther distopyj k
assendl y. - ikisEoting hE HobF oP IR0 ek @b | A il RRRMEREE Relb el H1efefl 2
the thernmal a s bemmiwmﬂﬂ% berfseandd séddhfl 3cFadeofaRoRfponEdIthechasiodlht ed

and at a distance fromthe chuck assenbly and the heat transfer systemis
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| i t hographi c apparatus descri bed herein nay have other applicatiaons, such
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transferring heat between the means for supporting and a component spaced from,
mechanically isolated from, and thermally coupled to the means for supporting.

[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.
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may be processed, before or after exposure, in for "anple a track (a tool
that typically applies a |ayer of resist to a substrate and devel ops the
exposed resist) or a netrology or inspection tool. \Were applicable, the
di scl osure herein may be applied to such and other substrate processing
tools. Further, the substrate nay be processed nore than once, for exanple
in order to create a nulti-layer IC, so that the term substrate used herein
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shoul d be PEaaf] Beahidt erpreted as referring to a device or structure that
can be used to Inpart a projection beamwith a patternin its
cross-section suflio3ip The teneyattemimpddviceli or Hpattetring etructe’ nsesrhendin shvmld
substrate. 1t shoul.d be noted that the pattern i rted to the projection
beam may nbs beadlyintprieeed asisiTEDE P %ﬁ@l%@ﬁu@ﬁmg £5an hejis B”'?%a- ét

portion of the 1.y, I t ' :
proj ection pe e&ﬁ%&ﬁ%ﬁ@%ﬁ@&%ﬁ{ "t%llollsacr(|?)%asig tg ?tgogll stél(réﬁ Q‘? tdr?g%téﬁgﬁﬁﬁg%?tﬁrﬁeta
devi ce bei ngorgioR BF B¢ substidie If shogRIbetdd 1A, the patterd $mpartadrtd eigy profdtion beam t .

[0032] Patterning devices may be transm ssive or reflective, Exanples of
patt er ni ng uieyinoeexactly tertspordioshe desingd patiern e theitanget patiem gEthe gueptrate.

programmabl g L nel s. Masks . are wel.l knqwn in..lithogranhy, i_.ncl ude
mask types g;ﬁ’&?%aqé’é %E‘? pAtietn lm%ﬁ”teg ?‘hﬁﬁpﬁﬂ eeffongam will corre n?ﬁf)émﬁ@gf

phase- shi ft g8\ Idyefih &/@dvViclbeitlyREdte FRRK tarydt Portion Such'ed AR lifeShted circuit.
programabl e mrror "array enploys a matrix arrangenent of small  mrrors,

each of which cafp032] iPatiemingddviiaes maythedragsmissive or reffebiéot. Examples ofii ng
radi ation beam.in different directions; itﬁ this manner,, the ref lbgetcllt’@g beam
i s pat t er nepatterping devicesanglhge maghs, programmable THEQY AEAYS: Hd RIpFATMA ture

may be a fr ﬁs u#sg fv{;%g%)&% ’wcflﬂ}:r*o?é?ﬁmrtllgogéaeﬁwlc :Seiﬁ'll ifBYdOmabik Q?QS ﬁfgh'ﬁ@ﬁﬁﬂi’}e and

which may e the pa s at a désired position, for
exanpl e wi t hiteraaipqthabOstill candr atjesedtedphasy-shidias Wely asisaricks hiybid traskiypes.
"reticle" or "mask"™ herein may be considered synonynous with the nore
general t er fin expmplecnfia prggrammable mirfayegsy employs @ matrip pepegemeshokspmalbny used

herein s houhﬁirrgr%, cl:DarC %9 lVVYliCIhnCtaIel "R rir?c{i\%%uglfy tilted so as to reflect an incoming radiation

beam in different directions; in this manner, the reflected 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” herein 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



enconpassi ng various types of projection system including refractive
optical systens, reflective optical systens, and catadioptric optical
systens, as appropriate for exanple for the exposure radiation being used,
or for other factors such as the use of an imrersion fluid or the use of a
vacuum Any use of the term"lens" herein may be considered as synonynous
with the nore general term"projection systent. [0034] The illum nation
system may &r&@ing HApRESe c\éﬁfrbl@iﬁg_tﬁé’ pes of pRpictieRbear SFRAMSand sieh udi ng
refractive, reflective,” and catadioptric optical conponents for 7
directing, sdmpinenis may asnbe widrieddo belevwprajestivélyor biogwady, asadilensi’.on, and
such conponents sq. be referred to bel ow, collectively, or singularly,
as a "lens". [oo@?g}rﬁé‘eﬁiﬂ? ?)?RP@I%WH?%JP%Qf Hape bavipe o 4aLstRer) B t wo
(dual st ag.e)nlopé subSeatE tﬁ%ﬁﬁﬁ@&%a&lrﬁﬁgﬁf%ﬁéﬂesﬁ.‘ﬁﬁ stéh ‘Fﬂ?ﬁlﬁgfps? et APkBRLs | N
such "mul tiple stage” machines the additional tables nay be used In

paral | el , othepdépionslttatlys kg ps usedyin paratial, bi gidparatorpstepsay beé carried ovtadn @

whil e one or nore other tables are bei ngi used for exposure. [0036] The
| i t hogr aphi er mpisdableswhile gneprsmorseotior tables ase boins nsgdlor B¥POSUSt rate i s

! i i . Lativel v biah ref . U ndex. . |
co a6 to fi11 o Mo Kheaodaic Baafaudmay SRk OLF Sk ieras B fufus K em
and the SUbﬁﬂIﬁ@lrsﬁtll inl Wi&h@ﬂnghirﬂﬂfi@yﬂﬁﬁ réBvOtddR P & 8datt0 s@hd@IfilBpaces

in the lithographic apparatus; for exanple, between the mask and the first
el enent of $paee petwjeen thedinad yletmem oflthevprogiction systdmm aodi e sabgratadinmeknemn i n

the art for_increasipg.the nunerical aperture of pj ection stens, BRI EF
DESCRI PTI o\lhﬁllﬂgsrﬂﬂyBﬁﬂwwlﬁg@ﬁefﬂ’ﬁ?%mfgﬁﬁﬁm&fa%#éﬁpw&ﬁ T SXGPEe: now be
described, By aYuf | clrbhd SHREGSE §sleh. it RG6H IRARY A
schemati c d?awi ngg%inglﬁmh%c%rg{r\ggﬁgnf?#g ﬁr%?er eﬁ"cse synbol ssll?%i cate ©
cor r espondi wegll k6w in thiadirt for iMereabing (OB M erfch Dapeetute afgpojettsoresystetmsogr aphi ¢
apparatus according to an enbodi nent of the invention; [0039] Figure 2
schematically shows a chuck assenbly and a conponent of a |ithographic

apparatus according to an i i | TAI LED
DESCRI PTI ON OF | LLUSTRATEDEE%B%@KW?fomg%%gnyc’?ghemati cally
depicts a |ithog[eush) Emtifimentyf HeGAVEIDE Wil naW belEhaibedEly way of &i@mple

invention. The apparatus conprises: an illum nation system .
only, with reference to the accompanying schematic drawings in which corresponding

reference symbols indicate corresponding parts, and in which:

[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.



(illumnator) EL for providing a projection beam PB of radiation (e.g. W
or EUWVW radiation); a first support structure (e.g. a mask table) M for
supporting patterning device (e.g. a nask) MA and connected to first
positioning structure PMfor accurately positioning the patterning device
wWith respect to itemPL; a substrate table (e.g. a wafer table) W for

hol ding a substrate (e.g. a resist-coated wafer) Wand connected to second

ding : f ted vafer) | sec

FZELLL? o' anPhiAlEER BESGRBAION 8h°<) o om oS TRATER EMERBRYRSIYC! on
(1o i temPAIATGRE _ /sten SATE

pat tbrni g devi cCRUMR SRS 3 A BaN) FidiCo WiPer b BRMAR SERIE B |

di es) of thgmbédumentasrahd invERivh] ITHSphaatis dembeitaddan iheninmpar Hitem i s of a
reflective type (e.g. enploying a reflective mask or a progranmable mrror

array of a (ilnpuinator) Bf for pexyiding apoyjection beamdiBhefiradietign (& &idJ R epELH us nay be
of a transm ssive type (e.q. | oyi 1 S$S) K). .J]0042] Th
of 3 {1anS e NPS 0 sSTRLOY 10 2 LSRN SR HEnk) 1 LOOUZE T
The source Q2R MA'GR GRRbGARPRAEUNIIRE RACARPPIAIR ofilickielyositoRin

el & Re P schargge sourc

exanpl e wh source 1s a plasm e. In such Cases, the
source is nhk patdaingelceite with respecpritem PL; 4 fubstrate iabde ek iaow afpptable) WAT fond
the radiation beamis generally passed fromthe source SOto the. |

i | | umi nat or hatdingjarsybstrade ¢ei.81 agesig-coater avaferh Weand eanngeted imsserrd PRPIYMINE x anpl e

i tabl || ' ] d/ | ' L1t
the sour ce_ st B RrabfiriefirsRiopthalBe Sisuehiii fofpdet i B pLTaf €7 SosCS
source is anigRichibh k’yske?ﬂ{b.g.%ﬂé@%%%e@@nﬂ&%) P ot inhdpiig@pattericimparred t& the

referred to as a radiation system 043] The illumnator IL may conprise
an adj ust er piofestiombigans PB Wyrpattamgung davice Mconte & yargétportian (o8 emprisngsdgm
Cenerally, at |east tPﬁgou}tJer [or inner radial extent (commonly
referred t o®H8ome dey of thesybsitale\Ner | respectively) of the intensity

distribution in yqappild hddd Bl the kit ORR RENcEAll BBe fElL thbying he

i Il um nator prov s’ a condi tone m of I ation, to as the
proj ecti on REecvBnadkatiagograt@sabledirtoriatray of 4 yypand refemednsibbye)di st ri buti on
inits cross-section. [0044] The projection beam PB is incident on a,

patt er ni ng Adtemnetively, theapnasatesmay be pea trapyms¥e YRR (GHSDIRYING A fTARSMISSIFR| ¢
on the mask _tahkle MI. Being reflected by the mask MA, the projection beam
PB passes t gh the I ens PL, which focuses the beamonto a 9 target

p?rt i ?n C g{N t he[gdd2p TRt BuMinaldr I récRfredh Besth of AR ARATRSIN BPadikticiNioEEe SO.
structure

The source and the lithographic 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 IL 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 illuminator 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 c-outer and o-inner, respectively) of the intensity distribution in
a pupil plane of the illuminator can be adjusted. The illuminator provides a conditioned
beam of radiation, referred to as the projection beam PB, having a desired uniformity and
intensity distribution in its cross-section.

[0044] The projection 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 projection beam PB passes through the lens PL, which focuses the beam onto a

9



and position sensor IF2 (e.g. an interferonetric device), the substrate
table WI can be npved accurately, e.g. so as to position different target
portions Cin the path of the beam PB. Simlarly, the first positioning
structure PM and position sensor |F 1 can be used to accurately position
the mask MA with respect to the path of the beam PB, e.g. after nechani cal
retrieval froma mask library, or during a scan. In general, novenent of

5, S St A R A
whi ch form pay pplggoesﬁfo tsBffsor Wgetdé.gﬁ'iﬂgrf%ﬁféﬁ'} e%ﬁ:ef%@ﬂ%s%% ltﬁeﬂ?c‘!‘WPEan b the

case of a ste r (as oppos to a scanner) the nas Ml may be

connect ed t mofediRuiatdly,le0k 8o as tapdsitionaliffyrenttrgebydrdond Cxe the peis &f thi\beam
substrate Wmagimbie al i gned using mask alignnment marks ML, M2 and substrate
al i gnment nBBkSinplarlyphe frgpositioning saagine R aap pasiien sensanifd cap deysed ot he

follow ng preferred des. l..l.n_ste de, .t b and the
substrate t %F@t%pgﬁork@‘ﬁ@&gg\g‘grw 1#%‘[%@/“&%@? Bﬁtgrog ?he\tﬁe %F]eﬁghég'natl}ﬂ% e
pattern i mpgkligidaPrebits aPirOnGhhdNitheF Mo duriigQl L&t 86 geMIOmAVEREGRN thRor ti on
Cin one go (1.e. a single static exposure). The substrate table W is

t hen shi f t ecbject taties MTaamd/ W willdierredized withahe hidtofa log-steoksrmodude (pearspor t i on
C can be exposed. _In st node, th Xi mum si.ze of. the exposure field
s he Bestorine)ad SRy aroRmON A (Ehe PAIAR ) aich forgt BUCOLME o

exposur €. [Sgsﬁzéni#stﬁﬁﬁﬂfs{%nldtﬂw. MBwkvdralihe Mie 304 skpﬁﬁ%ﬂ?ﬁﬁgﬁ@totaabl e Wr

are scanned” Syncht onous e a patterh inparted to the projection beam
i s proj ect egtaffdrptiR rhatkdable MDfrialy ®8 cénrfected to @ shorogtrekedienanirontys posuay by . The
velocity and direction of the substrate table W relative to fhe nmask
tabl e MI i sfisest Maskdd4 ang substrateayrmay beelisned usiagarpsk pligumens marksMd , Mésand
reversal characterij.stics of tpf%;oj ection systemPL. In scan node, the

!I .

maxi num  si MPSERte aHENEeN RaTks dlimts the width (in the non-scanning

direction) of th 9%He dePRidd DParathsRa® b Gied i YRABIGwWEIRERIRd nags.eas the
| ength of the sc@r?&?rng mte?oaédagg?fgrrﬁi nes the lhei ght ‘Zvi n 't he scanning

direction) of thfodea) destepamiddepthe ni3R4@jle MT anithbenbstrattdable VéT aeshept abl e Mr
is kept essentially stationary holding a .pro rarrrT}abI e. pattgr ni ng devi ée,
and the subgseutadlystabiopanyywhide apeatire gatterp 4p thePraieciion A ISHINISFFEd t o

general 1y aoRar R adiish LU hER B A hel AR oP Gk PTE tdic e WS

patterni ng geyiskifted iBthelde anPeiaY ereatidrego thachdiffercatardet pbrtiohe” sanist oxpbsed.
table WI or in between successive radiation _pulses during_ a scan. This
node of opeksstépmodethdmaxisan size gptheicaposuse field timitssthe 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 projection 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 table 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 projection beam is projected onto a target portion C. In this mode,
generally a pulsed radiation source is employed and the programinable 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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0 lithography that utilizes programmabl e patterning devices, such as a
programmable mrror array of a type as referred to above. [0049]

Conbi nations and/or variations on the above described nodes of use or
entirely different nodes of use may al so be enployed. [0050] Fig. 2
schematically shows a cross-sectional view of a chuck assenbly 100
positioned on a | ong-stroke nodule 130. As is expl ained bel ow, the chuck
assenbly 10Qthbgra H?ﬂﬁﬁﬁ'thl%k bvogrﬁﬁﬂnasled fro ng G6€c&! 5heisiAvdemiaBlelhe
chuck assenbly 18 for "exanple be part of the support structure NIT
and/ or the mlim@tarave)faameeaswferrbmtdawvez an object, in this exanple the

substrate W is orted.by.a support. surfac 2 of a.chuck. 120. The
Substrate Wi s cluABE s arhindios ud Bt shs fihe bays dsroufrtibedes I dieet o
clanmp 121. éiﬁi@@l&?i‘iﬂ‘er&:ﬂ%é&é@%?h?éﬁ g@y,e@lln p@_ cl anped by anot her type of

cl anpi ng devi ce such as a vacuu anp 0 ny ot her suitabl e clanping
devi ce. [0051] I [0050 Fix@wehematically ghddys 4 tressiuctisnad viendf y clueR assembly 65 a
frame 110 and. the chuck 120 which is supported relati arts of

th
the | it hogrBgsiticiied oparlangstroke module h30. |P§ﬂac§nlalaﬁtéb#ﬁwuﬁ§ 0% @}? ang‘réb r198ds 110

orovi ded ot PR iSRG SR | ERhEREmoa 1 aDINE ARG, oofhib 10 iy B ©

interfer Oneé){ahrﬁ)l@%Eiﬂ 8Nthd 8lyso dtaicheO MY sidesrahd hubstriié talile WTE. I8P & Of
fig. 1. [0052] In this exanple, the chuck 120 is rigidly nounted on the

frame | 10, objbatwientbis eaarnple @sﬁhsgamaWji@ﬁspmr@dbvg@upmmmcl%pf aghuell e,

can b posi [1bI08 SEhFRfraWrf & aed £ he Sippor e 2t i FediraBre e e
frame 110, {9038kl o¥afsHie Ok Rt by o barpsptth i

ot her conponents ogr aphi c appar at us by a sc ematlcally depi ct ed
notor 13 1. su'EhasaIwajumshmpia:lrmnymﬁrsmtabteodimnpmgldb\ylce solated fromthe

| ong-stroke nodule 130. In this ex t he chuck ssenbly 1 |
mechani cal |y di s{%98hbdréhe Wwfg@gﬁh%@%m %‘af”r?elloand

| ong. st 1 okeuRlbbie) AA8nEY i apBBha ABBIOhel 40 sm&lﬁtﬂo SApRi8 Sobd AT ¢

The Lorentz OI’S rovi e an e ronmag net Sus

t he chuck aﬁﬁ%ﬁg s{mkeenduuwlso 9P E@inet 1d Otohey Beaprovided wkm mmwemeﬁedhmw
t hereby provide a spacing 160 between the chuck assenbly 100 and the

| ong-str okeF@masta@cemmowltléiamrw@p@ at diHerentitesapf sharipme 110.0vhigly cgebe

T30, For e mergonatioe Rl iy mlon S EaRa Of v REmpl st ™ ©

stroke nodul e  [0052] In this example, the chuck 120 is rigidly mounted on the frame 110,

however other configurations are also possible. For example, the chuck 120 can be an
integral part of the frame 110, 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 may be connected to the long-stroke module
130 by, for instance, a spring system with a resonance frequency suitable to inhibit transfer

of at least a part of vibrations acting on the long-stroke module 130.
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130 by, for instance, a spring systemw th a resonance frequency suitable
to inhibit transfer of at |least a part of vibrations acting on the

| ong-stroke nodul e 130. 11 [0054] A thermal system 150 is provided which

operates on the chuck assenbly 100 and the | ong-stroke nodule 13 0. The

thermal system conprises a first surface 1100 at the chuck assenbly 100,

in this exanple apart of the surface of the franme 110. The thernmal system

150 further conprises a second surface 1300 that fornms a part of the
| ong- st roke modul0954Ba thermaalisystemniSPds sy spowided whidporeasgnPethgchuck

transferring he etween the firs K 0 nd,th n rface

1300 is pro%sﬂa@fytlggtaﬁﬁetqigpgfﬁﬁmkesryéquzgnlgggﬁlgit&%%aﬁs)dséesm g\? rﬁﬁq%gqexp ai ned
bel ow i n NMogRrAEtIA00 - at HROSRLK hiseib®y FOR IS &hmplda pat of e shificklof Iy frase |
100 and the second surface 1300 are positioned at respective sides of the

spaci ng 1601 Hhd'ht Seemebsyhteot e furtbrecompeisand secoyd swfact 3600 thap faywis @gartwift h
heat transfer devices 151-1 ich are nount the, | ong- strok dul e
130. The he l?%ﬁgﬁ‘éfﬂ%ék‘ﬁ wﬁiﬂi@&‘%&%teﬂ? iﬁ%‘?gfﬁc Hle ‘?r}&Eﬁ‘Hf’{eHB‘ggﬁé nd
surface 13 b [Pt I f or
Vi ce Versa.@%@?e%@g%@%ﬁ&d gﬁ%b‘?\i’%‘”{%, oré1f3edrgol\%§%0‘?¢kgr%a@h%é@g%ond

surface 1308stebhi S0 aswvtll, ag B &e axslhiabd Below ihmeort dataidr at ure of the second
surface 1300, and accordingly a difference in tenperature between the

first surface 11M955hdn thecxempleef figi2f the dirgtsodace 1100 agd thesecondbsurface h3Q0

di ff int ture, heat,wl.l flowb the first 1100
Tnd the SectRaoSPradl Hepve el of iyeisbating PO BELIF Sochistbir, THE BRI

heat ed. [ 00g&enBysd ia?r&h&éd‘% th S¥4 AR EPEeVR81 511193 wiich &8 niduRfl & the tbrigl OmM

|
the chuck dssenbly 100 to the conponent, i.e. the |ong-stroke nodul e 130,
or vice versmkewnddubait3Q Ahe haatechnster deddearlbtdi54 camtransdfer heatfromubksesendnbl y

100 i th f t bj t i ti i ti whi ch

o 1 gl nat o F5HEE RGN i pos e Er Ay Hofb i wriaes | R o7 Bt ¥5Eo ¢ he

chuck assenbly ﬁﬂﬁsq Awh e{a?fsf I)i&lytﬁt&fperln% £0R58k sg&nh@ﬁrﬁe@fguo?p?é
system ( no sSNno an east

fig. 2, a vacuu h may be present; In use, at

t he spaci ngwil68ausé a Rhafipedn tife tampaatureds thasetont kele. 1360 andawpdrdinigly a
| i t hographi c _apparatus using ELTV radiation, an ion beam or an el ectron

beam a vacdifferensg in emperatyse betvweren thedfinst swwfage 1 HR0 and4be secned parfacetlp@ aiikkd by
e e O A2 PiaBs VBl SRS o 0l
I L A 0 08 o oy ol 100 L

[0057] By the thermal system 150 heat thus can be transferred from the chuck
assembly 100 to the component, i.€. 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 arrows 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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system 1500 near the chuck support surface 122. |If an object is present at
the chuck support surface 122, a backfill gas 15 10, 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 fromthe object to the chuck 120 can be increased by 12
conduction and/or convection in the backfill gas. The backfill gas 1510

enabl es an increas f the effecti t tr er. ate t he

ob; 66t - o geouHLa P PRI Ion RE e BPET gt hs Pk glkas a0 8Rbl o e ¢ ne
chuck 120 a b\, hek Acdynet her,
a backfill g‘grs sy%fzté%gg%%&g goﬁB%Q%{r‘ %)d\?lgg&% ﬁ}gtth\%ggﬁcftﬁ?‘?@o askelé&m and the
chuck 120 t ebjettcuppmesdrfaee 1 2218 bave thé clhﬁzktl Zf)ehd\ﬂferfra‘dwl bhare ipodifbneaiad at he
frame 110. [0060 In the exanpl e of fig a vacuum.,s present in the

spaci ng 160¢ lsmvse em eacholhgs arbagrkfill awgt@ntfénﬁlse%mowﬁeqwg%@wgmfédo in
whi ch case, to rad| o) n

heat transf%rf i ﬁl‘I’T';i(c 0 dpeedss tﬁﬁlrsfeﬁ%f)ﬂée%\)ggétkv%en ﬁ{éthBFlk ??(?]X'f(ﬁograp
apparatus is1@ non vacuum system or if the spacing 160 is part of a
separate chanber shielded fromother parts of the |ithographic apparatus.
[0061] In the exiosDE ImthefexgmpB:oﬁﬁge2heaacuumamﬁ@mtsyth@pam@g-lﬁgg‘lmr,l ses

a plurality, in this rrplethr of. a | ve r mal nts 151-153
whi ch can by Hepyisgb SRISSFNA iR PR i Wé}cgr?@s%@h% diion radiation

generated b r and
the second g%\@ﬁgtgoeﬁj%f%% C%ﬁc%dgr% | nglre;#&&rhﬁg Hlfeglté%'gséé Sl’s'q“54:~$“31»[F lﬁ%’i gﬁﬁ“ﬂl{é QPthe
assenbl y 10f6ghaphie agpﬂhﬁ@ lid £forl-0scaluinysysteth, of ifithespatipigd 60tihpartad a separate

i nhonogenei ties can be reduced. [0062] In the exanple of fig. 2, the

t her mal el ephamber shjelded fromy etherpartsioh fhedithegraphie @maéﬁ%g the second surface

1300. Each of th I 1 3 f 1113 of
the fi rgf sarfacgmf?gdnn?lfce en?%‘bf@g ?h@eﬁggtt%%g%ﬁ vlvggn eé%#%of theO
respective ﬁﬁi&mﬁ&imélé%ﬂé tHrB& of héthle tﬁéiﬁ{aﬂélembﬂ@(lsqumthﬁlchfeaﬁ pal el ement

151- 153 fac hat part can bé controlled separately. 10063] In the
exanpl e of f:orgrollzd sepamtelye’mml, dﬂtjcmheat'ﬂowman he gerscoatpd betwsen Hidfengut parts

of a1 espect 1 Vel | Sepitne st e 305, 288 dipregorsbioi o | S0 e el °°"
et Sl gl %ﬁ%ﬁﬂg@oﬁz%aﬁmdwwz&ff%g@.n L o
figure shownhhohbgértitic®canbe eedueath of the sensors 156-158 is connected to a
[0062] In the example of fig. 2, the thermal elements 151-153 are positioned in a
row along the second surface 1300. Each of the thermal elements 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 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 to a
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 of the thermal elements 151-153 can be adapted or the total

heat flux can be adapted.
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separate thernmal element 151-153. The thermal sensors 156-158 can generate
a thermal signal representing a determ ned val ue of the thernmal aspect of
the chuck assenbly 100. In response to the thermal signal, the heat
transfer for each of the thermal elenents is regulated. For exanple, if
the thermal signal indicates a change in tenperature, the heat flux
towards a separate one of the thermal elenents 151-153 can be adapted or

the total heat b ted. 13 [0064] T | .the 1h

el aront o 151 1531004k roara DERHETAL 156 IERnhds dodo PRl BRI o o
diff t | ' t

156 155 oy ho el g be SO n ooy e PR . 2 P SR

turn i s conthenhsldehsord IE6-138may bé vemtnnaicativeletanecttd taa groskssohdpricevhies
control signals to the thermal el enments 151-153 based on the thernal

S .h gnal pr ovindaen isgornestedria thsespestives begnal siimants andoweish prayiqescontsel stampls
t th | { 51-15 ' | { -, ' .
The t her mo. g MERRR, heiterty 15 iS5 bRy BUTK e |l HBiaE) BF e feflaF 00 S

ot her suit aldneofk)B6-188. t herno-electric elenments. Therno-electric el enents
are widely available, and for the sake of briefness are not described in
further detail. [968hdumhis example, the thermal-cdd¢meents 1 &l - &5 arenmplesientadras tharmoent s

151-153 are nmounted with a first_ electrode 152 at t second .surface 1300
and a secon€legNeclEmsLs. ?§‘e§fl°'§le§wl?%€‘}tﬁﬁ’aﬁ\jxﬂfwﬁrhe?qgéiu%re%gﬂﬂ%?ﬁq"é’ce

1300, €.g. jiofd ]-ﬂﬁ, t I Hferfholibdtril BRehis3RS iwidely®Y St €M
whi ch in th?@eﬁi@%ﬂ%ﬁé%@tﬁé es %laﬁjgiglgh%ﬁghneﬁ f54. The fier sSt el ec?t}fode

1521 and t hgvatiable)shd fot thetsakelef briefizesa e moo desetibeadlint fartheradetaikb dts shown der thé9.
[0066] By controlling the current through the then-no-electric el enent 152,

by the curthemo-slegiricelament 15Rhe glgmentsdyy] P8 aeemounied withs figst elestresigd 52521

and second el.ectrod 52 n_be requl fig.
>t he-ther AR 88 mrts oG AnET LB pRLRR e PP b ol ol OALRORLRE 118
channel 154sd:8n@Qsitick 066 d.4) i AL 3 Akidd fa0ia@ towahdl & blifktheat frardsha syayanpl e of
fig. 2, the fluid channel 154 |res below the second surface 1300, in the

body of thehichrighss exdoepleintiindes 23Wid dtaonéll 1§d dTlchfirshellectiagie 1524 and the sgcand
pl ane parallel t altégg second 6qs]urface 1300. The fluid channel 154 is
thermally i ﬁle%tB‘?ﬁ% PG $PIEEEh P AHTERERPUSOP and nore specific in this

cra e e L ol SRLARI etk SRR ke oo
current source 159, the heat flow between the first electrode 1521 and second electrode
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 parallel to the second
surface 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 1522 of the thermo-
electric elements 151-153 which are proved with the second electrode, 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 channel 154 in the long-
stroke 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 long-
stroke module 130 outside of the module 130.
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referred to as the second el ectrode sides. In general, a fluid channel has
a large heat transferring capacity, and accordingly a | arge anount of heat
can be transferred via the fluid channel. The channel 154 can for exanple
be filled with water or another suitable liquid, a gas or a gas/liquid

m xture, which is circulated in the channel 154 in the |ong- stroke nodul e
130 and brought to a desired tenperature outside the | ong-stroke nodul e
130 by a heat exchanger, for_ instance, thus transferring heat fromthe body
of the long- strH068hdeutransfgningtheshest of fram thelnmestreBpbodlIHesy] For
transferring,the. heat . fromthe | ong,stroke body 130, as a | ter Lve,
heat pi pes. UTe RatPRELk 1 el HEL Sk et iy rpiedl o TelBhORbE T e
with a phasgiifiahde HRAkdMedidHE BudSasa fllidiifiti Medt bntetiRght GHelstdd Slth@fube e
side of the tube is abSorbed by the nedium and causeS a phase change of

t he medi um alsodied by thomkding afd cusdsiaqhiast chianghofithe medium,isntlvasbaihnpoefa The
phase- changed nediumis .then transported to g?ot er side of the(fube at

whi ch t he rhguidwhich tyrmsdt igp 2 yapas, Thy phase-phanged mediumisdhensicanspegted topq,
exanple in P O, '

Cravel o to SRaaHeDEN hbPSh itk mlciE{BREH: (S HREREa) haXEuHTRIALE heat
liquid and F&l &afpk ileate of dtbilildiigui, the vigie Rxpdnds s osluee ahd tialdls ay arpitival
position, for exanple by gravity or a wick, and the heat change cycle is
started agapart of hebe3t pipe Where eheavapbecaidenseg to 2liquidand sgleases hw&?l}hs:-@%@m iC
el ements 151-153 acts s .a surface.heat. transfer device which ¢ ransfer
eat 1o or HHte pered i e BT ol HAMBl G Rl Pick a Cl kA 1)
acts as a buldhoheade ;srsmﬁ%?aiq_evi ce positioned in a body of the |ong
stroke nodul e %20 adj acent o the second surface 1300. The bul k heat
transfer devi ce[(069] He theadxiaynpienofcfon 2athe row tof thenmo slactricelements 161-4A3 hiets
devi ces, and can_transfer heat . fromor to hﬁﬁsurfaceorr]t(faﬁt tran

) ] f
devi ces. Th@s? surfage Beatirangdst devicgehigh captranster heatip of ﬁ]_%s "eatlfr(?Hb&‘t?S%WQ
modul e 130 gl +2- 9966 19e d&&é@@&%ﬁ%éﬁ%ﬁ@ﬁé&& gfgy_de%icte BsitiBRédMa body
electric el errenFs can correc or 1 ocal or terrporgﬁ1 istortions of tahe

constant t egphe g stroke aidulenEd0eidjacpritay iibesecorkisutfabd 3002 The bukkrishetransfer ween
t he chuck assenbly 100 and the |long stroke nodul e 130. [0070] While
speci fic endexenisthesmally itheontas with; thesustpee hens aransfesdevigss pndrg) dransfer hegp | |

o glligies . . . . -
Chan bs. _dolBm Ban P el bt TS rR AE buR heply e BEie} pRlufhine
channel 154Bynd@rdkeaNodHRE130Mtla ndrec? Wsk B8nstdnd téinpdpataft, WaBVIRStheg- from

the | ong-stroke nodule 130, while the -
electric elements can correct for local or temporal distortions 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 thermal 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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thermal el enents 151-153 are operated as heating devices which |ocally heat
the second surface 1300. Also, the first surface nay be provided with
thermal elenments to inprove the transfer of heat fromthe 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 renoved fromthe first surface 1100 by the thermal system 150. The

t hermal sys operate as a heating system in which case heat
i s brought m&ag@%ﬁégﬁ ace | 100 by the thermal system 150. [0071]

The description is not intended to limt aspects of the invention. 15 WHAT
IS CLAIMED I'S: A lithographic apparatus conprising: an illum nation system

constructed to provAdshegraplacrapfaratesiéanprsmgdnt o a substrate; a patterning
device serving to igﬁg .a cross-section of said. beamof .radiation with a
pattern; a chuck as Mngtgn syStEmGOnFtRyted to PEojade 3, %anbf’f%"gf"&logl?ﬂ?tar ate and
sai d pattegl{ys{}?wdevi ce; a heat transfer systemconstructed to transfer
heat between a fitst surface and a second surface, said first surface

bei ng at |east parti phttemihgide®ide batviag b dagdrt cioss-sectibn of sdid bedm oRradisiond! v,
and said second surface being at least partially forned by at |east a part
of a conpowdhtpapemed a di stance from said chuck assenbly, said second

surface being nmechanically isol.ated fromsaid first.sunface .pei ng
Cher mal 1y coupl ed t bRk HemEY FoehppertiBEhORiRons bt dimPRE BB ST e
accordi ng t gaifn@ihpddvicher ei n sai d heat transfer systemis positioned on

sai d conponent, said heat transfer systemis at least thermally in contact
with said second surf aceheatrtansfer dystenaconstantefl éo tranaferdreat betweerpafitse susface

transferrin eat between sajd secqnd, surface and. osi tj.on away fr sai d

first surf &2 segon S‘Y"\?atcﬁo‘ij%dagm %ﬁ&?ﬁsagfea%@aﬁeﬁﬁ O?lbedchyaﬂti‘?af?/a m{g{’?ei N

sai d heat.tgeﬁffﬁl{uﬁe'i(ﬁyﬁ?ﬁtﬂg‘dnﬁd udes at | east one thernal sensor constructed
a e a

to determ ne rma pect of at | east
said second surface being at least partially formed by at least a part of a

component spaced a distance from said chuck assembly, said second surface being
mechanically isolated from said first surface and being thermally coupled to said first

surface.

2. A lithographic apparatus according to claim 1, wherein

said heat transfer system is positioned on said component, said heat transfer system is
at least thermally in contact with said second surface, and said heat transfer system is
capable of transferring heat between said second surface and a position away from said first

surface.

3. A lithographic apparatus according to claim 1, wherein
said heat transfer system includes
at least one thermal sensor constructed to determine a thermal aspect of at least
a part of said chuck assembly and to generate a thermal signal representing a determined
value of said thermal aspect of said chuck, and
at least one thermal element connected to said thermal sensor to control said

thermal aspect in response to said thermal signal.

4. A lithographic apparatus according to claim 1, wherein

said heat transfer system includes at least two thermal elements, each of said at least
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a part of said chuck assenbly and to generate a thermal signal representing
a determned value of said thermal aspect of said chuck, and at |east one
thermal el ement connected to said thermal sensor to control said thernal
aspect in response to said thermal signal. 4. A lithographic apparatus
according to claim1l1, wherein said heat transfer systemincludes at |east
two thernal el enents, each of said at least 16 two thernal el enents being
constructed, to.be separately controll and to distinctl nerat.e heat
Cranster bebtoliaferaaly boing Pbfptred o, be ol sPEtalee TR B
assenbl y. Sgerfirdté heWd Gandter KetRBRAdiAbrAt FEHUTAhiAFirktGuffadd OF s3id dMUBK BésemdB). d at
| east one tﬁernal sensor is at least two thermal sensors, each of said at

| east two thernmal sensors being constructed to determ ne a thernmal aspect

of at least a part of,  said.chuck assenbly and.to nerate a thernmal signal
representing a det egn‘iﬂﬁ%a ?H@aﬁms%cépﬁil‘{%@rcg’dm% tMof said chuck

A L e L

comuni catively connecte eren sensors, sal erna

sensors bei figh thefinillsuidoprbding eeatricted ff detdrvinnd a thefmalepet oDt lbasah phut afisf er
In response to said thermal signal. 6. Alit hg‘graphi c_apparatuys according
nedevanent

to clai m 1, saighehuskrassesehly and i generatess bermal sienal represeniing adederny

transfer devi. capabl e.of. .transferri heat fromor to said second
surf ace, anﬁal‘iﬁﬁ{ffl %B%ﬁ‘OEFf’éﬁgﬁ% aa%%bgg positioned in a body of said

conponent, sai d bul fg WE&bintdi %8 R0 HARYidGRerRRAN B@michtsahCEdHhusieMtivagy W th
said surface heat transfer device to transfer heat fromor to said surface

heat transf esnngteted tedifférenithermalognsorh iseiddhgranah sansora beimgdiongjructeddth sbntrd, at
wherein said surface heﬁg transfer device includes, at | east one

t her no- el ect®AFONEERRCH? %E?ﬂ%ﬁ Fesponsery sud tharmal Y8Rl ot said second
surface and a second electrode directed towards said bul k heat transfer
system 8. A lithographic apparatus according to claim®6, wherein said
bul k heat transber Adithegaphic hpphestusadebrding oldaimel, whreik | i t hogr aphi c
apparatus according to claim®6, wherein_ said_ bulk heat transferé@evi ce
conprises a heat pipad bead traasfer systempingludesaisusfacehieat transisr devicecapakle o

conprising: transferring heat from or to said second surface, and
a bulk heat transfer device positioned in a body of said component, said bulk
heat transfer device being in thermal contact with said surface heat transfer device to

transfer heat from or to said surface heat transfer device.

7. A lithographic apparatus according to claim 6, wherein
said surface heat transfer device includes at least one thermo-electric element
mounted with a first electrode at said second surface and a second electrode directed

towards said bulk heat transfer system.

8. A lithographic apparatus according to claim 6, wherein

said bulk heat transfer device includes a fluid channel.

9. A lithographic apparatus according to claim 6, wherein

said bulk heat transfer device comprises a heat pipe channel.

10. A method of manufacturing a device, comprising:
projecting a beam of radiation onto a substrate;

imparting a cross-sectional pattern to the beam of radiation using a patterning
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projecting a beam of radiation onto a substrate; inparting a
cross-sectional pattern to the beamof radiation using a patterning 17
devi ce; supporting at | east one of the substrate and the patterning device
by a chuck assenbly; and transferring heat fromor to the chuck assenbly
including transferring heat between at |east a part of a chuck assenbly
surface and a second surface of a conponent nechanically isolated and at
spaced a dig ce fromthe chuck assenbly. 11. A |ithographic apparatus
conprising: neans for providing a beamof radiation onto a substrate;

means for inpartingsuppéridgst kastidnenf die sabiieaduaf the pditarhingrievive dpa chack
supporting at |east one of said substrate and said neans for inparting a
pattern; anasemblysaibr transferring heat between said nmeans for supporting

and a conponent spaced f.ro chani cal I,y {sol . f ] |y
coupl ed to said mea gnsFe‘rBPg E%P;SE%P} ?rﬁaqge_l_@%ck asse%tb?)glncfuamg t@ﬂlgfem[?gr }'ig%t
between at least a part of a chuck assembly surface and a second surface of a component

mechanically isolated and at spaced a distance from the chuck assembly.

11. A lithographic apparatus comprising:

means for providing a beam of radiation onto a substrate;

means for imparting a cross-section of a beam of radiation;

means for supporting at least one of said substrate and said means for imparting
a pattern; and

means for transferring heat between said means for supporting and a
component spaced from, mechanically isolated from, and thermally coupled to said means

for supporting.
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