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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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 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),



or shrinkage of the chuck in the order of the suitable precision of the
projection, typically in the range of 1 nicron 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 maintain the chuck at a constant tenperature |evel
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vacuum at t refirostfticoéhudk I8 fi@own T T8e \WREE h&NHOkigH $herrdal 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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fixed on a fine notion stage, for fine alignment 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 alignnent of the wafer to
t he mask. The wafer chuck is nade of an alumnummterial with a high
thermal conductivity. The chuck has a reduced pressure inside space. A
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surface, thgy Mti't surface being at |east partially fornmed by at |east a
part of the chuck assenbly, and the second surface being at |east partially
formed by at least a part of a conponent spaced a distance fromthe chuck
assenbly, the second surface being igal Iy isolated fromthe first
surface and being thermally coupled t0 the first surface. 3 [0012] In the
| i t hogr aphi ¢ appdemE}ene wiget@ititanpresnt mbdmion ik totpostidombthbgraphit hppasatesond

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.



surface, and thus fromthe conponent, are not transferred to the chuck
assenbly, because the second surface is nechanically isolated and

di stanced fromthe chuck assenbly. Accordingly, vibrations and ot her
distortions of the chuck assenbly are reduced. In addition, the chuck
assenbly can still be thermally conditioned, since the heat transfer
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[0017] In t raphl c paratus according to an aspect
of the invé t?‘gﬁ’%g ﬂﬁé’a‘“‘fﬁ ‘??“éif? ol adls op,thessepondsaifagg, 1+ee§stge EQWPARRL nal
el enent s whieclenivaly biolate@nfréra! tied clRRRAARERDY., AcRbrddRNE! bk Qné?‘ ol %ﬁggent

heat transfer fromor to different &@Its of ~ the first sur ace ?
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gﬂgckf Zr exanpl mms]qmﬁfeﬁ{bﬁaﬁleh{‘l}f’éfﬂﬁl%&%bﬁl}! a;?pegr WeE R did ing elC aspd LRl 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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assenbly can be reduced via a suitable control of the thermal elenents. In
an enbodi nent of a |ithographic apparatus according to an aspect of the
invention, the thermal system further conprises at |east two thermal
~sensors, each capable of determning a thermal aspect of at |east a part
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determ ned val ue of the thermal aspect of the chuck, and at |east two of
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' 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,



| chuck assenbly are reduced. [0028] According to a furt

[ 0026] According to a further aspect of the invention, there is provided a
met hod of manufacturing a device, conprising projecting a patterned beam
of radiation onto a substrate; supporting at |east one:of the substrate
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or to the chuck assenbly including transferring heat between at |east a
part of a chuck assenbly surface and a second surface of a conponent
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consi der ed salsstay NRBETOSInaitihg aiBosFRERion $EBBERN of RFROoN; THERS FisBppoPin
"target portion", respectively. The substrate referred to herein nmg be

processed, 2hd¥ash 8% 0f Fhe spbsiiisoand: the mearsofor dpwarping @ petterok afd meos forhat
t ypi cal | b f i dd | t
ypical ly +@Rétifs Ral f[’)%ét‘avsfeltel? gthé Gidanl P s(ﬁ:]g;?ogtﬁ?g{ élgti_% n%P%l%\é 63&8?8#%“’ t he

exposed resist) or a netrology or 1nspe
di scl osur e nsehasicallyrisplated fequplané thetmalipumipiad tb the ireans forfippoming. processi ng

i or der 1o or oWV AR bk TR ool it . Ot o by i r e secPiner i n
may al so litbgiaphio #ppatbst mate hiaakfaglifeedNCEONt dobR B drdBlsol’ A Esed

layers. 6 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.



[ 00301 The terns "radiation” and "beam used herein enconpass all types of
el ectromagnetic radiation, including ultraviolet (UV) radiation (e.qg.

havi ng a wavel ength of 365, 248, 193, 157 or 126 rim and extrene
ultra-violet (EUV) radiation (e.g. having a wavelength in the range of
5-20 nnm), as well as particle beams such as ion beans or electron beans.
[ 00311 The term "patterni ng device" or "patterning structure" used herein
shoul d be broadl C@Wlnffb? peratsettadistionéfadr fhegmt aised diemrcenmlmp&tsr pittrypes dfhat
can be used {0l L J; ern in it

cross-section suc % e I‘tactzi)m{ggr;rga Cg&dé %)UIF?Vé? & t:U "}Jaq‘%fod‘ -8 Bying %Wa‘f?}e“ﬂ]i‘é)f
substrate. B65 s’MBuIlQB H&7 rotied doaindt Hereidadulied-VioleMPBUVE GadiftidnN@. gph%ﬁ‘%h' on

beam may not t corre to the desired pattern in the tar
portion of t“’ﬁéq%'@ﬁk Q’Ferange(ﬁﬁgggll}@ a3 well st Ragicle peases tsaeh @%mhleeams or

proj ection beamnWehhs.correspond to a particular functional layer in a
device being created in the target port| on, such as an integrated circuit.
[0032] Pat t er ni 03 Zihe dermnipatteraingdaviseti as <patterming stefheet iised heIEinaﬂhpthldsbeof

patterning Pr ogrammb) e i r Lo ar
pr ogr amabl gi%ﬁcgqﬁt& n%{i&lqgl\/géﬁrg‘%a?oe WgY 'Fe I?nS\K/HCtPrﬁ by ﬂ%]gﬁ’%\é‘ﬁéifl i?}’aH’Eipa\rtnEI ude
mask types B@Ehtl‘asbebxmmth a paletreinniad ¢rog-sebrmesushiab to cRBG ApRAUR £thrget

ST T T o
each of whi by aencsaetly behashentald bhetdeélﬁe%%a&@maﬁ #he ta[rgét eﬁﬁﬁorﬁ@f {HACRBRAR

radi ati on Geamln different directions; his ma e reflected beam
i's patterne e“efqlnlyegl?hpat’@%maé'teéftoﬁm méljfm’tlng b@etm wil ccszmubpoatpasttcnlact ur e

may be a frg [ may.. be fi

whi ch nmay engﬁlrogmtl h)%tp lﬁdé‘@ e%nl ng %é{rg«?@ O}alltfon Suchgg R gg%%cF‘E'TCBH
exanpl e with resﬁﬂ@él Raiietm piwucm:unaynbsytﬁa‘naﬂissmyom$ﬁle@ﬁvd heEi@d;ﬂ@s of
"reticle" enﬂB - her ei 1 \}ﬁge con5|de ed synonynous with the nore

gener al ter m E SR filuds nasks. progaame I?H’émioélaFﬁaYSpraBji eegrypmalle &l used

herei n shOLpadelbeMbsl@aﬁé wellnkivi! Bt Rogieiphye RGO mﬁée' RdskY %:9@? i ¥PERad
pI’Oj eCtlonsa?%ng i ncl udi ng refractive optical Sy st ens (iectlve

opti cal gaﬂﬁs%ﬁllﬁdﬁ%quéafé?mh@a-ls iy a3 el asa:s%rlaqmphthdl radsk thpas.

oxarpl e ory Lle2QPS Sl 962} 08, Uiy 7 T R T e

t er m " | ens'mifrerse pashrafywiich ccalm:bedndleﬂua@ tllseydr@nw&fi\ebﬂéh inb&nﬁ?rxﬁdﬁﬁd]ﬁr aI
SO encompass

vari OUEr Y {,g’géd‘ 3 4 fe@%'fecbgg%gﬁéﬁggnéﬁg ?éf%?eéfs =y i gatlerue G epdfo, | and
cat adi Opt I ieRangdé bﬂﬁdﬁeﬁrﬁﬁ@)ﬂé\ﬁéﬁ $hef Rippott 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



directing, shaping, or controlling the beam of radiation, and such
conponents may also be referred to below, collectively or singularly, as a
"l ens". [0035] The lithographic apparatus may be of a type having two (dual
stage) or nore substrate tables (and/or two or nore nmask tables). In such
"mul tiple stage" machines the additional tables nmay be used in parallel,

or preparatory steps may be carried out on one or nore tables while one or
more ot her tHBIEE ARRNBeIFgnisRibEe the beak pésadiasion @O 36¢h Fimepdnith ogy afshibe
apparat us ”@éfeﬁéﬁgbpﬁvpé?l%cﬁye%ﬁomﬁa'rl I8! g,bstrate ts immersed in a

liquid having a relative active in e.g. water, so as to fill
a space between[0085] Thedahompfhmppamfus ﬁﬂag bpobj 8@k having wed @iﬁhla;@e} &8nore

substrate. A uids ma plied to other spaces, in_ the
i t hogr aphi c'ma%gbtg atle&s(a“‘P%rrtwé’x‘E TR mas'bé*’?’\]ﬁgg L‘t K magltipkesagen anachings the

el ement of udditigabiablet @R b YisddSHparlalBESShrephrdt &G ARLIHES bR SrrichBld OMWE
the art for |ncreaS| ng the nunerical aperture of projéction systens Rl EF

DESCRI PTI ON"EEe Hes 0RES N atigr telerott heing BsedffOItelKEOSium/entl on will now be

descri bed, by e ac

schematic dr awmﬁpgg@‘f]nm\/%halﬁgﬁﬁc%@?h arfm{olg Igagy gfsgfb g?’ g%ct ¢ W %B?E‘é{eelg

cor r espondi Hemgrsgd: is, a hmddlhaVMmcxhiatl[/ﬂﬁ:h@h fefrgetive 1hdeﬁteBJgCt~atea, siol dshogtipphi c

apparatus a a od| of the inventi 039] Figure 2

schemat i cal %% ﬁéto"ge'} 9’5: hﬁn &egﬂgﬁt]h PQIeEI L RS ﬂ'tl‘?g?e %P%S‘Tr’i‘t? WEYRAFIAR

appar at us abcpmtsdmag also Rnappiibd el 6B l\nﬁhfceé hethi rl}ﬂ‘i‘d‘gtré;ﬂfb aﬁaa%}-sAlférE&ample

DESCRI PTI OF | L USTRATED ENBODI MENTS [ 0040] Figure 1 schematical [y

depi cts a | P¥HEY rthpmagk anddhe Histelementf dhanyoieeticarsystembbiemersion teshnighes are
nvent i on. II m nat or

i nvent i wapk@maﬁ i PRSI the%ﬂma(léav g;s&%g; DGR Datlibd. | )

IL for providing a beam PB of ation |on) a first
support structure (e.g. a mask tabl e) Ml for supporting patterning device

(e.g. a mask) MA and con ructure PM for

accurately positioning thgﬁ%%tﬁ@ﬁﬁ;@h’e@fim%ect to [[iten]] a

proj ection syst ¢oas7{ lEmlﬁ))imElnts 6f thel DRhBSEWIIPROW b RlefbribBd, & Ry of e WI

for hol di nq]n? suq}s]trate &1@ a resist-coated wafer) W an connecte
ST

to
second po JHf {i)ef%rF‘i“i?crtou qﬁW’ﬁRﬂ“Y@GO‘iﬁh%ﬁl@lcydrﬁwmgﬁllbmfhi@ chigespoishing at e
W U eSpeticloAconallRlh At 24kl hAWlhaBhhd, [[2]] Che proj ection
system (e.g. a reflective projec |on ens) i mging a pattern '
i mparted to t hel88hFipareblydepints elithpgrgplde upmmentidacontimgao bakgbbdipeit dfale C
(e.g. comprisif .one or nore di es) of the substrate W

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

lithographic apparatus according to an embodiment of the invention.



[0041] As here depicted, the apparatus is of a reflective type (e.qg.
enploying a reflective mask or a progranmable mrror array of a type as
referred to above). Alternatively, the apparatus nmay be of a transm ssive
type (e.g. enploying a transm ssive mask). [0042] The illum nator IL
receives radiation froma radiation source SO The source and the

| it hographi c apparatus nmay be separate entities, for exanple when the
source is a plasMmETARFRPERCRIUNOB. OF ILISISTR A RS $MBMOPBINBNTSE | S Nnot

considered to f rt of the [|ithaogr.aphi¢ apparatus and the radiation
[[beam] is geniﬁidgpf%%‘éeséeﬁﬂ‘?r?%ﬁ? %Qggﬁtgracgth%at’ © apRAAAUP |AGEATHAE 3P 4L wi t h
- the aid of embbaigieat | s 11Ol ihRHLOK. TREPhPpakDEk fc_@fl'npgé%%mne ifthin3Rb system

- col l ecting gliérr,ors and/or a spectral_purity fi r. In other cases$ the
sour ce may (Humingte)Hlafor psayiding e bepra P%Q%ﬁﬁdtatlgl} (0 U xafpiVeragdiatian) hdirgour ce

IS a nercur 0, Ly nat. . y referred
(5 B, CUloloR TSR0 SRR ot ipblc BB e T Bl 08
adj ust er t laad contjected do ffinet pasijoiag straatdre BNI tfyr aticstatelyb positionigf the Hatteamm
CGenerally, at. least th erand/or. inner radi gl extent (commonly
referred t §OUE ‘3{3@ EﬁS%f‘rC?%?ﬁﬁEegﬂil f Reeyectipn gystegs (&Ef)j:ﬁu Sﬁ“lfsﬁéteitﬂ:ﬁ%f%g- @ywafer

di stributi eabld)rWa fopktdihg Blsabg@ratf (elgh @ rédidteTAtBalvafer CAMaACoRHbSE B GecolRE
illum nator provides a conditioned beam of radiation PB, having a desired

uni f or ni t yPEHdening Srsturs, PWi for accyiatsly positioningsthe sehstrate ydidt fesnect togoejagtiorhe

beam PB i Sy . r,ni i il 0.1 f f the
ok Wh, whop (IBERIEE: B B bRt SEn ¢ ARIRARED R T PR
MA, .-t he beémagieBa paitesenpatied togthe bhan [PBisy Ptternivy ddvickdMdAsato & hegdvpanioant o a

9 target pprtion C of the substrate V/ he aid of the second

posi ti oni ng (é'g'rct?&pﬁllslélglgw O%lﬁﬂre;ﬁ%@ ?ﬁ%\{"ns‘&ﬁé}?@v'l F2 (e.g. an interferonetric
device), the sujegdrjare htreldepicldl, GRNagplrati¥ON Ff a2 HbHAL QYo (eeg.gemF?%yiﬁgSat 0
position different target portions in the path of the beam PB.

Simlarly, ©flpgive; pask 9552 tregiampakle r HETQr ATPMOA R thss s | iefered n@oebave). can
1o o can
e 520 s o L Ok B P

beam PB, e.g. after hani c retrieva ) uring a
scan. |In geaklal , nmoverment of the object tables MI and W will be realized

with the aid of =St r.oke dul.e (cpars osi ti.onin a

short - stroke nn[gg‘#éqn(h? il uémﬂ%‘gli Iti"iDrS?‘ﬁIYleﬁ%‘ﬁ%ﬂn?FP"F%Farﬂaﬁ'ﬁPtgo‘g%‘e gﬁgrhwgﬁcfi oni ng
st ruct ur esaridvhafithoBMphitlappatetis maf beRep@as enities2fod LLMRNE whed tRPRARSds 40 a
scanner) hggs mag,k table MI' may be connected to a short stroke actuator

only, or niedisgharge pounge.s tn Rechogagess thestoneee ds potrrepsideredite fmadparseihe mask
al i gnment  [iRédspthd appManRRfd 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 Iens PL, which focuses the beam onto a
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substrate alignnment marks P1l, P2. [0045] The depicted apparatus can be used
in the followng preferred nodes. [0046] In step node, the nmask table MI
and the substrate table WI are kept essentially stationary, while an
entire pattern inparted to the beamis projected onto a target portion C
in one go (i.e. a single static exposure). The substrate table WI is then
shifted in the X and/or Y direction so that a different target portion C
can be exposeget portict @pf imt@bstratd 8. (X IAENAIS 07 theQbcdnldey X RasE B udiine! iy

limts the size o{. t he taﬁggé portion Cinaged.in a single static
exposure. [GBAPPSIIOR SARF & BhdnRERmERIST dovion). dbrsutiveats unle rHT cae &bl e WI
- are scanned moWWdsdthRRM T g/ s¥hl lofpRiA i fBdréh ﬁgééllfpte)ﬁ nk € Hhlfe Eﬁﬂg}}hg)beal?he

| tht
. projected onto a target portion ' C (i.e. a si ynam c eXxpo
' vel ocity andBdSHaidarivothedirst psitipningt stmctre Bl and\iositioh sensee IFt cart be used i

“table MI is ' I fd.cation, magpi fd cat,i on, .and i e
reversal chgggga'?%g}ﬁsag Iﬂgry%e; H&?‘ﬁgﬁfggo‘{”@c |Sg?10t stglgﬁeeﬁ?qgffl t?‘ﬁ beam P ﬁoﬁ%‘, g%%e

- maxi mum si z@edfanichkretresvpofomen bkl kibrkiyirot Surirpea vdad! I gdnerat, hBovr@Rns68MBI NY
~direction) of. t t ay get i i n i ngl e dynam ¢ exposure, whereas the
length of tR& ecstcgtﬂ?ﬁ MW&%W@EP‘EF‘?@E@W{‘ dhengifl g2 lopgsirelsemedule troatge
~direction) pésitidneng) air@eh fRkkERe hORASI(fhd REAbRAE). Wren Hhe pRSkort@bl e M

is kept essentjally stationary holding a progranméble patterning devrce,
and the subBsHingme: ssicwreprMangd R¥d Howeseatinidd oassi dfea stepprat (eeoppdsepar ted t o

the beamis | rtd Culn. this de, general a
pul sed radi %ﬁﬁ@%ﬁ‘%@%%ﬁe @%’%’82‘3 cglﬁlggéeﬁgo %rs%ogrp%f%t?f’@gﬁ%loflg’r R Wg h%vi ce
may ‘be updéteddMasit MA sdchbsimtecWanty tefalighel wilpahaskbBgimdnt enaVE MI, MM anget ween
successi ve {u%gzir?tilon— Eul ses gLf)rl ng a scan. This node of operation can be
readi |y applPad s 4 0ReRiBEESBE P2 t hogr aphy that utilizes programmabl e
patterni no g de0ess$ The d&dictébarpaRid ShaBERRY & ik | ; ype as
referred to abovgm;&004g?k®nb@nat i ons and/or%efléli}?’;??%%%ﬁ%rﬁehoge%bove
descri bed modes [346]dB ship megs, i the mpaskitakile AdHtandtie subsrates ablealy Tabsokepe

enpl oyed. [ It.0h S |, C: ross-sectional, view of a

chuck assenb%;;}g%“ Qétgg)ggriyf ?Eﬁgﬁ{ éél(rl:]@éa‘!’ %8%‘3%?‘?%15@ t%ocfﬁfnés R?é)‘?‘:?e ont.a BESt ai ned

Ibel ow, t hE R@ﬁmm{(l: fserEngol T(j/.e.mglg'li Staﬂﬁee##}gfﬂre)igg@/sdbstﬂ%ctat@% eroiﬂ}tl’ielﬁghiﬁed in f
ong-stro e chuc e may for exanple be part o

t he suppor ﬁ h‘g??aﬁg’t%ﬂ ﬁaf\ﬁf{}%ﬁ? At g ﬁizf%geabg:%/geépgup%é c@n\kf expepe; Iy step mags,

obj ect, i n theunaxigxangizeof die egpoask RIEHM s the sPAARP UL ﬁ%eﬁgorﬁoﬁ 'dﬂ?r%%éd fu face

122 of a chuctetsFlzo. The substrate Wis clanped onto support “surface

122 by an &"8ESFHEERRIHIEe| anp
[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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121. However, the substrate Wmay al so be cl anped by anot her type of

cl anpi ng device, such as a vacuum clanp or any other suitable clanping
device. [0051] In the exanple of fig. 2, the chuck assenbly 100 conprises a
frame 110 and the chuck 120 which is supported relative to other parts of
the Iithographic apparatus, e.g. the |long-stroke nodule 130. The frane 110
may be provided with neasurenent devices. For instance, mrrors 111 are
provi ded at ldficefaphetita sfilizes poferanneatfle pavermldDdevidel,clicle ana PR graus®abid Mirror

I nterferonet osition.de nation systens IF 1,1 F2 of the exanple of
fig. 1. [Oog%y?lpat? e%srg?érﬁ%?%ggof’ﬁe chuck 120 is rigidly nounted on the

~frame 110, howeWBA9pChb@binaGsi Sid/dtvaARBndo8 Bk 280ROISLADE mb&s S aImle
- the chuck 120. Cg’ﬁhfge an integral part of the frame 110, at surface 123 or

the chuck 15B1E erﬁ&%ﬁidﬁ?%'@sn@ﬁais%eempbmd 110 and be novable with
respect to the f[gasm kg% sc[hQﬁlééclaquﬁ?&soﬁ&o%sfeg ai’l?%wc‘?fa%ﬁgk e (R

respect to other conpofents of icapparatus
schemat i cal Pgsitdnst @tlédorrm&tmke 13duleTRO. m:acekplams@hﬁbw, th&@ﬁudk&lsmit}amm@ Iy

i solated fr r o ule 13 e he, chuck
assenbl y log‘l&ﬁsagﬁggﬂ%%{azegl s B%Fité%"te *‘T%Hbﬁ}beé‘é’gﬁ%gewg%wovﬁ@hfm
respect to timpld bagarsbf dk&upp@iﬂlstﬁwﬂ:ﬁ@l\/maﬁc%reﬂﬂé%u@&ﬂa&%&é%’ﬂ:‘lﬂ fpun,gd on
the frame 11Q. The Lorentz  actuators 140 al so provide an el ectromagnetic

suspensi on JPeEHE tE‘F‘“I (FERmple s absteate OV viF supporiedshiea supnert swefapo Hig- efta duek

dule 130 gl T nbl
100 and the Ioggﬁf{l?ﬁ%@ o SRR Bl DERE T2 blin FHERRAG™ 10

may  be nmechbd I‘Nle\/’efc@n ﬁébﬁttlett Wutla)r slod be eldmyéd by amﬁha&crypetdf dlamepih@ogrisd, r oke
modul e 130 t SSe maybe connected to the

| ong- st r oke rmggu?%&a%ﬁﬁ%nf n?lo %uatﬁligngﬁpé%rq%wﬁ ®systemwith a resonance
frequency suit alfDest] thlahxhhpletof apsi, ete chaék @Eedﬂﬁ?&bo Rompfides QffraMic NN 8LhPNS

acting on t e lo troke nodul e 130, 11 [0054] A thernal system 150 is
provi ded whi %ﬁh%gggﬁt“é’éc SPPfé’“EﬁEﬂ%“’Sé%é&PST partsiidhe Hidrographit epipraes; olge

modul & 130 th3 hglshORMRlod ML IBOMBLFRAL § 8P ndy bt rhdvidll {4 FckdiPndlh acdibg chuck

assenbly 100, .in this exanple apart o rame
t her mal sstFé‘?ﬁtaPS@ migiorh &1 @!@mvlé@sata;hﬁ@anrmﬂ&ewffthm&aﬁsm)ot\hlat:h tarpe a

art of th 30 A heat tr em 151- 158 capabl e
8f t r ansf e(r%rS 'lgdr)\fgi}g EQEEFW}% 9‘{1{) ﬁg CtpIjiggtion systems. 1%6@%&"?‘?1@%’@@&% sgr face
1300 is provi de(mﬂS@] frh éhis maarﬂple systiaiek 150 asriyaly mo@ﬁtede khebfafX Rl1p] ned

bel ow i n re detﬁlae Lg Inthe exanple of fi'g. 2, the first surface
1100 and t RSWEWL ST 0 ops s alge @%f&%@tf@h@eﬁmle,rtb%p@mklm@@ndmsamf t he

spaci ng 16Gnegal facer @AGRANRE N at dificd 18T BPihe 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.

11



system 150 is provided with heat transfer devices 151-154 which are nounted
on the long- stroke nodule 130. The heat transfer devices 151-154 can
transfer heat fromthe second surface 1300 to a position further away from
the first surface 1100, or vice versa. [0056] Wen heat is supplied to, or
renoved from the second surface 1300, this wll cause a change in the
tenperature of the second surface 1300, and accordingly a difference in

tenperat ure bet wegnsdf hethbini$tsyseth f1306s SARRIANGhitNE,S8608¢ 13Ul AE sl 30Q Wi l |
ari se. Due t@othi s difference in te er%)aturee, ﬁeaﬁpwi ﬁ)&?l ow L!etvvsesel:r?lﬁg he

first surfad@® taHBe lapgstioke modelsrld0s e themal S6EM Tmywises b first hurice d $&karb| v
100 i s cool ggl : I t 150 h hus can be
transferred f r%ﬁf@ﬁgg&gﬂa ¢ ?@qgg%%%#ﬁﬁ%n% lﬁ?ehséﬁ%%n%ghee&?r?e ?ﬂ% TthF ngmgl

| ong- st r oke SyEikMI180 f@ther cprmpiisse avecad, sunateh tA00 thitefornnes gafof NRchagkede
contact. Th I 00 is efefore not subjected to vibrations

or distorti gnnogm\ié\/ﬁl:ggﬁégga}qg aﬁ%%resyﬁﬁg‘n]:{lh I‘i?ﬂé’-l‘“sf’# W{@%‘ﬁ%ﬂﬂ]@t Egtﬁf,ee'h% faste
transf err ed strfact he0Tndce aesfdiurficd 0SOOME BroviRd tBE MRkmAYSLEM 1580 w08l 1N
t he exanple 0o |g. .2, .a vacuum system (not shown) may bé present, an in

f
use, at !eaé"t‘l_ﬁ??l :'}?Q’Vﬂwqfédﬁﬁaﬂped to a desired vacuum | evel . For
example in |ithegssnhige SRR T, ‘Q?lﬂ%g'ggg}:{{f%&:df lﬁb'aﬁﬁg 'tlg?s%[:ém%n uprﬁ%erq%g[ han

el ectron beam a vacuum systemis provi provi eas
travel ed byafeHwsitiensd aff respedtivg sides of the spaciugd 60mmd Ificet dweh syieee Te H6AN4lS

art ot) a . I, -heat wil e.tr ferred between the first
g 5r face )1108%%%}5 ﬁﬁhlg B@g(%ﬁ a 'Qﬁ}eﬁtatéaéls%fi g?)“%“ﬁalsz& s?if"’:ﬁ!ﬁl? Pergreiad py the lengns
170.-. [ 0059] stiake triwefufeh 1800 Téx dB3! tansfeh €ebid IS 1439 b thidrbhSh: RoRVInEStopiit h a

backfill gas fs%gat @m 150Q .near the chuck support surface 122. |If an object
is present HfHEPHREROY Fther ayyay fiepupthe Sipst sufagad k0, lor vigagerss10, such as

109D o IS GRGE b ok s BEHERRa G ) st 50

substrate or mask) and the chuc gas
ef fective hwidk cauppsthenger bt theftemperatues objhectectral fthfaceaed dhd0accaudingd a

i ncreased i nd/ or .convecti.on.in the backfill gas. The
backfil ggﬁffﬁa%qgggﬁ#éééﬂgﬁbeﬁﬁ%epég%ﬁrS?Blfrﬁlcﬁéll@ aekthe Second sprfice 309 @il ¢ at e
bet ween t herishjet to thisglifferedistin adngpoituRNEeat Mell AbivasweURP B saiticbaggy 122.
I n case the ta%ck 120 a}.nd the frane 110 are positioned at a distance from
each ot her "4 MFER4 Spr @“&5139@5 I thashusk assemblypi08vs ehotbdmstharte t he frame
110 and the ch 7 e th&flaf t r en t he chuck
120 and the fralrgjsl %@ [ 0060 al nt I%hggaﬂﬁpg{]@ngfal?%E&a&fe&g@ﬁﬂhmf}iczlufcjl? esent
in the spadssEbc0 tpdhescaponent, iga shentayg-birdke whcalalebiB Opoiesienversd) withGutsRaci ng
160, in whi I ddition.to radiationpn, onducti on and/ or. convection
are heat tr gér?s% g?ﬁ?cr}%ﬂ%{gc%&élﬁfcgn@eagh\@ﬁ F‘s.selﬁglly é@%ﬁﬁ%lﬂé‘frefp}'e fiff 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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| i t hographic apparatus is a non-vacuum system or if the spacing 160 is
part of a separate chanber shielded fromother parts of the |ithographic
apparatus. [00611 In the exanple of fig. 2, the heat transfer system
151-158 conprises a plurality, in this exanple three, of active therma

el ements 151-153, which can be controlled separately. Thus, different heat
fl ows can be generated between different parts 1111-1113 of the first

surface 110@pndrdoit i/ eaorctiGunflaceiclB00ss. Ate BrAUMAaY | 5 tNGLHRYE an AsREGt s Of
t he chuck as? lgdo lﬁ 100 can be_controlled | ocally and, for exanple, thermnal
i nhonogenei ©F 48¢ &HFFUNe hpal dransier rate dsteen fhe Rhicet argpsebstrntef We and the higject

T B0 shiflecl 23, B s R HLA0ER, 4 e L1 3 ARG ENALAN Bl 20

1300. Each of the thermal elenents 151-1 es ano 13 of
the first sdiomaeash ethen a bagkdidk ghs mgﬂtgm chrealbeb provided bawedmammmeeao andfhet he

respective park Iéﬁilolmgl%;}s%ﬂ%tr hFero %%ﬁ%‘%%e& X 11@?%(?@)%%@%6}@??}&&»[ h6| ement

151-153 facing art can'B

exanpl e of fig. B)060]He thehaaimple oﬁ‘}ﬁgtgrﬁlvhﬁﬁhrﬁ mrﬁr&eﬁt 16@%11&1@@1661%&%‘@ a
sensors- 156- 158, Ech of which is capable of determning a thermal aspect
of a respec?ﬁ'@ayﬁ FYISHPe PRECH HE dhe ﬁ?@é‘ﬁﬂl"”&) inowhick spsee jiapgslitéon toeradiation,

t enper at ur econtil&idnAHAARLrSEARA Se ﬂé@fr%ﬁlﬁeéglt?g; lg @QH’SHQ hgﬁglll &) %xzﬁl? Qﬁtrhgd to

the thermal elenents 151-153, as is | 1ines
figure showhth Ogrﬁplliﬁépl@kaé‘#ﬁpﬂs@ nogzighuug Srﬂfﬂm snnﬁthnwpd&ﬁrfg- I®Bis ipartad rarsepztrﬂd to a

epaCe ) e SO TR AR 2% 0,5 0

a thermal si gna represen aspect of
the chuck assentlP¢61108.th¢ rxamgls pﬁ‘nﬁ@ 1,ah¢ Meatt kR Isyséd Nl -1 58N@nkpeBes a

transfer forl h. oft the th r ments is regulated. For exanple, if
the thermal? Eﬁg At P rE‘haWSéCtIVﬁ releraends 1§ jrd Sheahichy camy be

towards a &6H’édes sieeRt Th or
t he total S‘ﬁk?reﬁat fl Sg cgﬁ, eﬁﬁﬁﬂggﬁmei@fg%%&%e@%%%a rbg t Eedﬁ%&& %ﬂ

el enents 1541119313 ohhe; first suaface d b rand 1h6 seresd mrface dBQ@J Am:oatmgiye,chaﬁal n a
different np of {H@Qhﬁapwe+glyf 1 e b ngrngog ‘gﬁ?g‘@é gg{;gg]g; wﬁlens

156- 158 nay be conmuni catively-connect &d
turn is cdnhmmgnblﬁ&scainberedamct ive thermal -el ements and whi ch provi des

control signals e. ther ts, 151-153 based on the thernal
si gnal provided [@)‘3&2 ﬂ'éth[aﬁ’éf‘ Q:féj’rgs& el@%maEL@Bme‘FBdél&]lﬁ Aret prisitionschinpd e,

t he t her malro®| abdRNthe sékodd aacdr1809, nﬂcﬁ%@ﬁ@@xe@ﬁalt ﬂ%{éﬁ% 1L AGt fa a%%ﬁlgient S
The therno-electric elenments may f exa tier el enen S or
part 1111-1113 of the first surface 1100. Accordmgly 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 of the thermal elements 151-153 can be adapted or the total

heat flux can be adapted
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ot her suitable type of therno-electric elements. Therno-electric elenments
are wwdely available, and for the sake of briefness are not described in
further detail. As shown for the therno-electric elenment 152, the elenments
151-153 are nounted with a first electrode 1521 at the second surface 1300
and a second el ectrode 1522 at a side facing away fromthe second surface
1300, e.g. infig. 2 at a side facing towards a bul k heat transfer system

which in this ex@mehpTs oeldas dedlavbdmenanseh s ndhs kidsk ©8kasgs Fr%‘}e

1521 and the second electrode 1522 are connected to a current soUrce
[0066] By c&HPrsqonmgiadna a diticent mapnesibgn sheantindis @ &oeexanipge, eheﬁennamz

by the _cur s@Rbra0u1Se S DRG] QHHBSIAESA eg%Jr'dfﬁggeeehWﬁ@gflsgfgl

and second el ectrode can be re
2, the ther ﬁﬂlﬂegﬁyéﬂ@ﬂlelwefcuw ﬁermaioaMnerwmchwhichlpjowdéwwn&bl dipdals Theef | Ui d

channel 154 ke modul |n the exanple of
fla. 2, tne FTuREchRISH- 152 phot on Ui S venL Biosided b Rhesbermebnsors Fene
body of théssong stroke nodul e 130. The fluid channel 154 extends in a

pl ane parall el ﬁ’é{le second surface 1300. The fluid channel 154 is
thermal Iy in cont883l ithis exapplpdhe thermalelensoe, 154nd3 ave inaplepented athemmethi s

le th el,ect
ol anbnts. 150108 meanol el Tt REReClos EREbEEE LR EEM oy,

her eon r ef eftherd suitableatype hef theunmdleettie odlernahes. STideao- eleﬂtrgeélemaxhts aAc fohitlg
channel has gac! accor di ngl y a large
anount of h%%%lL@%%ﬁ %ﬁ b%%\as ﬂ’ré?ﬁ' gret T’Slcﬂé’ ‘B%’é‘%ﬁé Ideta‘I‘F‘h% W&rfﬂ‘éﬂ"e 154
can for exathpime-dectfié blemeniis2the@lealenrs MQB BRm&IHddARHE 2 likd Hlegtm(ﬁ 1ggp or a

gas/liquid %ﬁﬁure whi.ch i s circulated in the channel 154 in th
| ongst r oke peoidaurkicy 1300 and Risceqndelesrarie $322 atnmsidatfaning @‘M&)Sfrdle thhe

| ong- st r ok esebEHdLduefade3 @3@[&/ e%b}(}? O?)&? E%ﬂ%efacm% Qa8 &)ﬁﬂéﬁ%é‘h I SYSEM, ¢

transferring heat from ongstroke no
t he nodul e hioh intthiseguap Ichd}rdes p Ansifobamrieh i54. ke fiesatlettrain 16[213a1hcbuhgsa:bﬁd)ke

body 130, aéec%d@jﬁfaijﬁé&n}ﬁgcteddtg%%g Wpsgﬁcg?%qbe used. Heat pipes are

general | y conpose cl ose ase change nedium such as a

fluidinit. Hez{0066]18@rdongolahg ateeciietethefugh ke thiko- bl%aﬁl@%%b%ﬁh?y b ftﬁlf«‘

medi um and causes a plgs chan e of the medium such as boiling of a liquid
which  t ur FETFR SOHECE ';ﬁéleat M Wﬁ‘@@l’%ﬁﬁgé@c‘n@&Lﬁiﬂl@dtﬂamdtelfatrsqlmrted
t o anot her ISEﬂeaanerE@ﬁated ube at which the nediumreturns to its original
phase and rel eases heat. For exanple in case of a boiling liquid, the
vapor expands i 063l Im@e@mlnphe(sufélgs 2t thealmlnlabs:ys@m 150 furthee chiBisrises RiflaRl Wher e

the vapor cpadenses 1he fud LA PG, posﬁ"“ao Sin B3 long-l-shtl%kgergfl)dlﬂlig 130. tlrtl 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 transfemng heat from the body of the longstroke moduie 130 outmde of
the module 130.
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transported to its original position, for exanple by gravity or a w ck, and
the heat change <cycle is started again. [0069] In the exanple of fig. 2,
the row of therno-electric elenments 151-153 acts as 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 |long stroke nodule 120 adjacent to the second

surface 1300. Th@068] RochembtetfianGE @kat HBY keSlohS stdr il ol & SONtAGEW th
t he surface heat trangf er devices, and can transfer heat fromor to the

surface heallSHPHES &t deutrdc Beat pipRisice eonsrablyickmpessr of raglesed tulitewitic @ phase
mai ntai ns  thaek agngd 5eMes t : r.he t.ant

t enper at ur e, ngli le the St herS%ﬂMgﬁ%gt?gf% e gﬁg%f%&cséérlle %@tpggd(}@t% 1?%#50{1388&? or
tenporal di dtedrediesngndrauseea pbasstchmgetafipemediumesuchan doilingr dyliqidwhidh a

sui tabl e he t he chuck,assepbly 100 and the | ong . stroke

nodul e 130. a%%%@g-{ﬁ%\%%?og'ei%gee@f%ef% a&ﬁ%@‘&?‘ﬂ’é‘ﬂﬂ% ’F%‘Pﬂ?@ﬁ@@nﬁqo rﬁﬁ?/ef gen

descri bed abtreef which thd hedinen appresi i@d@ﬁkiﬁdﬂ%ﬁag@%@%l@a@E h&di.eFérerﬁxﬂbﬂeﬁH may
or

be practiced otFe vvh.se.th descri bed. i nstance in the exanple of
fig. 2, the*¥Fata°¥

n as ]
%H‘&Piﬂf@%vmy exandsy igyolra anditrapels tcanothien gart pLihe hedi ch
removes heapipt noierd g Wae-Shagks wWAuli&; ' herpal el enent s
151-153 are operat ed _aséi_%gati ng devi cegﬁl\/‘\i%gﬁ rwgéégglléegﬁe%e &ﬁ‘gﬁ@egoﬁl 5
surface 130W2nsperesd, to fits eriginakpositiont furexaraple be gpavity iod edwick t ndtthehemkhapenent s
to inprove éﬁﬁeisEtﬁﬁﬂFJgﬁfn of heat fromthe body of the frame 110 and/or the
chuck 120 towards the tifst surface 1100. Further, the thermal system 150

can be oper at ed [886% Iicthe lekaigpis y8fig D, thetowwitehnéaretrReMmdnss 18MBY§6s hE om
the first surf he t her system 150. The thermal system 150

can al so opaef’uéfaggg%ajfggﬂgfgﬁ éwgcesv%gaﬁ%n Pransii hept l9preabserhthepsfrgmdbebacond  t he
first surfamefadelB00bPhetifd ERAREMAISS IYS E@%ﬁ?@eat%@%ﬁ%@% éﬁ%ﬁﬁ}%ﬂ% 'é%gq_}'r s not

intended to |imt aspects of the invention. 1
|1t hogr aphict BioaE deeks e 120 adiacontan thd Soaeridmtfan] 09s Therbuhihebr et o

provi de a it substrate; upport structure
confi gur ed Q?gﬁ%lgél( tg Elg%g gtdt1 ggﬁgﬁéﬂ@:@ P élér?acf’ r‘i‘&atﬁﬁ‘flffg‘} a‘f‘ﬁ%s’d@ﬂ @8 traﬁgjf’ﬁ hegtur ed
to inpart dra osto-thestrfan hedt tembilr Bedes OThus adle BhikoRbaMrhdbfd dRekct %{a'ih'taixézfal

at | east one of said substrate and sal

chuck assenpl y. fo u rii
pat t er ni ngrﬁti)edgo\’/1 ngg«%?gea%ﬁ'é]ﬁsﬁ%p%{r% mMore Qhilcds CARMIat deyBRaipnte, ddfikerthe gheamé r st

surface; 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 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 conponent spaced a distance from said chuck assenbly, at |east part of
said conponent defining a second surface that is nechanically isolated
fromsaid 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
devi ce di sposed at the second surface of said conponent for transferring
heat bet weenWwHATdS seaovidDssr f ace and said conponent, and o a bul k heat
transfer device, said bulk heat transfer device being in thermal contact
with said surface heat transfer device and configured for transferring heat
fromor to gaid sgﬂi ce heat trt%nsfer.deyi ce'via said conponent. 2. A

|'i t hogr aphi ¢ appar ORRREYT WPHEME "™/ 1, wherein the bulk heat transfer
device is directly engaged with or integral w.th the conmponent. 3. A

li t hographi & appar a"Pt‘fgmHEaé’GP sk ‘EOBStEHCE‘t‘gFH providpabeampleadigfon grip dce heat
transfer dewsg&eis a thermal elenment. 4. A lithographic apparatus
according to claim1, wherein said heat transfer system includes at |east
one thernal *sensor 2 SHEWHSITEEIeE coulighred ta hndd mtte@m%m% theaiaterpiia dev¢e sensor
bei ng confi guierel & ofph@ b B o8Esetidn 5B beAt RGEdiath vAth o %ﬁ'e?#u; part of said
chuck assenbly "and to generate a si gna‘f repr esent atl\Fe of said thernal
aspect of said chuekhesksessinbly. foSsupporting 4 tegst aphoiGaspplestrate vnd sutmtidinmg .t o
claim4, conpfi.sin ] t said thermal sensor and
controll abl g%)df’gl%g ta%tgﬁag@}}ugﬂ%%]%?eg%@gﬁﬁrﬁ%é&%% 16 aspect of said
chuck assen®dly in nesppnest spaxed hdisahgfadm kiid ohichassehblymlcagens of saids. A

lith hi t i t laim1, ' id t
Systom 1 ncPUBBROh S TEH Ty oh ek Qe eiralt S0 R DR sh ST AL

el ements beang Sepahédtﬁjaﬂsfer@ﬁﬁfﬁrﬁﬁakﬁﬁ)hﬁi RAfgEaNb g8 tedt OEtwGEONRE Bist Ng heat
transfer -betu\;\gen different parts of said first surface of said chuck

assenbl y. 75WASY 308 issees e %ppar at us “according to claim4, including a

plurality of ther rrgfhdh@a%&gfésys@ﬁghdgjm aid thernmal sensors being
configured to determne a thernmal aspect of at least a part of said chuck

assenbly anl to geA&¥fcehest singhafevieegiseassArbthe sesonsfsutfagef saideareiionens fuct of
sai d part Qirarﬁfél-}ﬁx'[gh@z?t%@m&&i/saﬁ ecc@ﬁdls Q4% PR GnFBRAE ahd's according to claim

B
7, conprising at ['east two therna e_%eemsnts eg@h communi cativel y connected
to differene thernabulkbpattrasferdedier. esfid bk beantrarséa devicetbains ithbemml cagaas or s

bei ng confi Qi &g:l éupfa&a%glr t&hsf@lldebﬁ@g&d C%Hﬁgﬂéﬂ%p&angferrﬂi%teattﬁroﬂpérft@ Eai& n

response
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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to said signal. 9. A lithographic apparatus according to claim1l, wherein
said surface heat transfer device includes a therno-electric el enent
nounted with a first electrode at said second surface and a second

el ectrode directed towards said bul k heat transfer device. 10. A

|'i t hographi c apparatus according to claim3, wherein said bulk heat
transfer device conprises a heat sink. 11. A lithographi c apparatus
accor di ng t gsrekeifnaid chugh esseinbly srmieshobsel th tha eigbal fioentsé termallensare conpri ses a
heat exchanger. 12. A |ithographi c apparatus according to claim 3, wherein
t he conponent is thermally conductive. 13. A |ithographic apparatus

accor di ng t & cl ai mAlithogrephid appsraiud akeotdinghedbint T, avhsfear saiddestiteasfernedtedes a

fluid channel. . i raphi c apparat yus according.to claim1l,
wherei n sai zllmtl)utfl%{a éfe}lg?@to? gltﬁ‘ts}é)agf %‘9‘8‘&%%@ Ogéar%&ﬁe%iglﬁmﬁ‘gﬁﬁe“ﬂﬁ sﬁﬁar?a:tﬂﬁnnel . 15.
A | i t hogr aphkperolippasratcosiigueaidvdgenerating ehtaransfdr, betven @ifferchhirts ofqaitast i s a
| ong- strok v 46, A hod of manufacturing a device, conprising:
supporting g%@ggist%dgﬁlewkoafssegﬁbubstrate and a patterning device on a chuck
assenbly, said chuck assenbly having a first surface; projecting a
patterned beam of radjation towards the chuck ass ly; transferring heat
bet ween at ?'east pfi’a&h?ﬁfmp?‘ffeapf’?rf“gf a‘:ﬁ?fpfnﬁé‘éé{‘a’fn“kH@ﬁ‘gﬁ'ﬁéwhﬁ?%ﬂ%{‘?’nabnd at

| east part ednsas,sedailiehid thefrdd €endbrs Beihh@hfRlrtd/toGoteakiG b ¥RrmeDAPERRNL: 16451 NY a
surface heat fﬁéfanéfﬁr dev{ﬂgg Igcat ed at said second surface, said second
surface bei REHECRASNTEREPmPY And faernerpie 3 1ierd reprosptaliveof saicthermal pgect of
transf erri ngihgatofbrickegsmble surface heat transfer device and a bul k heat
transfer device via the conmponent. 17. A nethod of nmanufacturing a device
according to claim16, further including: sensing a thermal aspect of at

| east part ®f the ahukdgrapsirapbiitus ac8SBRE Btddhd 72conhBRAk of BRE BARLALI ve of
the thermal aspect;. an causing the transfer of heat "between at |east part

of the firsteBYKTEehcEmymativalyeoanccide dibforentthermehwnsus, peshef pridat leastanst er
devi ce in rewRRREE sbofshRing cOfiflured }conflol B 1B Un O sp IR BEF AL HEANS BpGRY 1 Ce

according to claim16, further 71 ncluding
to said signal.

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 according to claim I, wherein said bulk heat transfer

device includes a fluid channel.
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causing heat transfer between a plurality of surface heat transfer devices
| ocated at said second surface and the bulk heat transfer device via the
conmponent. 19. A nethod of manufacturing a device according to claim 16,
wherein the bul k heat transfer device is directly engaged with and/ or
integral with the conponent. 20. A nethod of manufacturing a device
according to claim 16, wherein the conponent is a |ong-stroke nodule. 18
Li t hogr aphi d4Appar at ligogmehiCmpireas Menidirads drimnly whetehodid bLABSERAGRs &
| it hographi . NGl illum nation systemfor projecting a
beam of ra F??ﬁ%ﬁﬁéﬁ$gh§ﬁg&%§&?§@é The |ithographic apparatus further has
a chuck assenbly for supporting at |east one of the substrate or a
atterning vice, tf tterning device servi to. jnpart the heamw th a
Battern in |q s cr os‘%@%@?ﬁhécn?pp%a Se%“tcortd?n%%ﬁa%‘?l Q%&rgmtl%n&é‘ﬁ’é’?%fséﬁ%“@f ween a
first surfaceckambdalesecond surface. The heat transfer systemis capabl e of
transferring heat between the first surface and the second surface. The
first surface is at least partially forned by at |east a part of the chuck
assenbly. Thé seconrdmethsd eaeanuficatind @&Sicempiisthd:y formed by at |east a
part of a conponent spaced a dishﬁnce fromthe chuck. The second surface is

mechani cal 1y i sol SIRRATE BhlFashenedh & svhsipty and A psiteraing devisreong ¢haek aseamiblic e

Figure 2 said chuck assembly having a first surface;

. projecting a patterned beam of radiation towards the chuck assembly;

. transferring heat between at least part of the first surface of the chuck assembly
and at least part of a second surface of a thermally conductive component using a surface heat
transfer device located at said second surface, said second surface being mechanically isolated
from said first surface; and

) transferring heat between the surface heat transfer device and a 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.
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