1 Lithographic Apparatus and Device Manufacturing Method The present

I nvention relates to a lithographic apparatus and a devi ce manufacturing
met hod. 5 A lithographic apparatus is a machine that applies a desired
pattern onto a target portion of a substrate. Lithographic apparatus can
be used, for exanple, in the manufacture of integrated circuits (1Cs). In
that circunstance, a patterning nmeans, sudh as a mask, maybe used to
generate a circuit pattern corresponding to an individual |ayer of the IC,
and this pattern can be inaged onto a target portion (e.g. conprising part
of, one or several digghodphRic ﬁﬁk%nﬁ‘i‘)eQiceM?ﬂdfhEﬁ?in‘g%@l{hl)dt hat has a
10 | ayer of radlatlon-sen5|?|ve terral (resist). In general, a single
substrate will contain a network of adjacent target portions that are
successi vel y exposed. Known |ithographic apparatus include so- called
steppers, in which each target portion is irradiated by exposing an entire

pattern o . et_portion, n one go, .and soscalled scanners, i
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wavelength of the projection radiation. To produce integrated circuits with a higher density of
devices and hence higher operating speeds, it is desirable to be able to image smaller features.
Whilst most current lithographic projection apparatuses employ ultraviolet light generated by
20 mercury lamps or excimer lasers, it has been proposed to use shorter wavelength radiation of around
13 nm. Such radiation is termed extreme ultraviolet (EUV) or soft x-ray. Other proposed radiation
types include electron beams and ion beams. These types of beam share with EUV the requirement
that the beam path, including the mask, substrate and optical components, be kept in a vacuum.
When sub-micron accuracy is required, even very small disturbances can be damaging. In
25  conventional lithographic apparatuses, dynamic heat loads within the apparatus resulting in thermo-
mechanical deformations of critical components, such as a reference frame which provides multiple
functionalities and requires a highly stable environment and a projection system, continue to cause
problems with imaging accuracy. However, these problems are further exacerbated in lithographic
apparatuses having a projection beam at shorter wavelengths, such as EUV, because the high

30  vacuum required make it difficult to sink absorbed heat and involve relatively high absorption.



30 vacuumrequired make it difficult to sink absorbed heat and invol ve
relatively high absorption. 2 It is an object of the present invention to
address the problens associated with heat | oads in |ithographic
apparatuses, resulting in therno-nmechanical deformations of critical
conponents. It is a further object of the present invention to inprove the
thermal stability of critical conponents -y reducing the thermal drift of
the reference frane and optical conponents nounted on the 5 reference
frame, resulting in a decrease of relative displacenents of the neasurenent
systemw th respect. to each other and with respect to the ogptical system
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radi atjion; .- a port structyre for_supporti atterning neans, the .
patter in’&f?@%“i‘??"gj?r [RSHEOE 41 ¢ Agrtsase of WEE%S'F S}SBQS‘?‘EW% f? THCERrSME SYSEGR With
Its crossy Welsh = I=d .2,

proj ecti olﬁeglgéﬁttogér%]c}f élr%erp?r% @%‘?ﬁ%&g Eoeth%g{)t?cgg %g@@gﬁ%ﬁ%@(@ﬁ%{gﬁa Bi(;trht%i on
of the supstenaireentiondtoipeive fieadyhtmitpepformibice by dlie themsd sKiBRiRf ofiRsictdréite
sensors for at |east one of said patterning neans and said substrate, and
sai d pr oj Bane and epjicalsystame sinercthe eefjuirash dctiyefthermiabeoniditmmingaapadiy off theaieftrence

reference.frane, is. untedd \g/ner in said further frame is 20 provided with
a vi brat i%?fl?grbq% _%%E?@té"?n Féedg‘lc%ent ‘vibrations in said further frame
1 om @) f ShbdoRfing RAdfhshE BF AR HResthARonti6HARAE i rb9REd b RulolPhnRApadiBar at US

further conprises: aS eat transport system therma ractton wth at

| east onecomiprismigd proj ection systemand said reference frame, for heat

transport to or_fromat |east one_ of said projection systemand said 25
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the projection beam with a pattern in its cross-section;

15 - a substrate table for holding a substrate;
- a projection system for projecting the patterned beam onto a target portion of the substrate;
- a reference frame on which at least one of position sensors for at least one of said patterning
means and said substrate, and said projection system are located; and
| - a further frame on which said reference frame is mounted, wherein said further frame is
20  provided with a vibration isolation system to prevent vibrations in said further frame from affecting
said reference frame,
characterised in that said apparatus further comprises:
- a heat transport system, in thermal interaction with at least one of said projection system and
said reference frame, for heat transport to or from at least one of said projection system and said
25  reference frame; and in that said heat transport system is coupled to said further frame.
By providing a heat transport system and by coupling the heat transport system to a further frame
which is mechanically isolated from the reference frame, vibrations induced by heat transport, in
particular, caused by the movement of fluids in the heat transport system, are isolated from the
reference frame. Thus, the thermal stability of the reference frame is imprbved due to the heat

30 transport to or from either the projection system or the reference frame itself, yet it is not subject to



which is nmechanically isolated fromthe reference frame, vibrations induced
by heat transport, in particular, caused by the novenent of fluids in the
heat transport system are isolated fromthe reference frame. Thus, the
thermal stability of the reference frane is inproved due to the heat 30
transport to or fromeither the projection systemor the reference frane
itself, yet it is not subject to 3 any nmechanical disturbances caused by
the said heat transport system This results in an inproved imaging
quality. Wien heat transport is carried out to or fromthe reference frane,
this results in a further inprovenent of thermal stability of the
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Is - a projection system for projecting the patterned beam onto a target portion of the substrate;

- a reference frame on which at least one of position sensors for at least one of said patterning
means and said substrate, and said projection system are located; characterised by a heat transport
system, in thermal interaction with said reference frame, for heat transport to or from said reference
frame.

20 By providing a heat transport system to transfer heat to or from the reference frame, the thermal
environment of the reference frame is conditioned.In a preferred embodiment, said further frame
defines at least a part of a vacuum chamber in Which at least one of said projection system and said
reference frame are located.

By coupling the heat transport system to a further frame which defines at least part of a vacuum

25  chamber use of existing structures is made, which does not increase the complexity of the apparatus.

Since the projection system and the reference frame are located in the vacuum chamber, it is not

necessary to provide any additional structures which may compromise the integrity of the vacuum.

In a preferred embodiment, at least one heat radiation shield is located to intercept heat radiation to

30  or from at least a part of a surface of said reference frame.



25 chanber use of existing structures is made, which does not increase the
.conplexity of the apparatus. Since the projection systemand the reference
frame are located in the vacuum chanber, it is not necessary to provide
any additional structures which nmay conprom se the integrity of the vacuum
In a preferred enbodi nent, at |east one heat radiation shield is located to
i ntercept heat radiation to 30 or fromatg|least a part of a surface of
said reference frame. 4 By providing a heat shield around at | east a part
of the reference frame, the thermal stability of the reference frane is

furth [ di hi el di , the heat transport capacit
required PEPEiEadeR SN H BRI Tforriea oS Jea HURY el he
i the dynam . stadld 1¥ filrfhel @rQVe%ng?gow&lH sﬂﬂelﬁhﬁg fh'e#’c't%ﬁl ka & r#yrrgqmmte §s

i heat transport systemint appar Ve

' chanber i sdueduBededubing thanear 6ﬁ¢t-aemgbmmed e d},&ﬁh@éﬁlﬁh% i§ RARbI-&Rmdat
. least a partially reflective surface, arranged to reflect radiation away

. from sai diheaislpéibid lepkage from,thp heatiteihsngrizsystetilie titd apparstnsf iapariicolar,ghé eatium

' radi at a fro&nﬁ(?e reference frame, the thermal 10 stability of the

refer ncelﬁﬁﬁﬁﬁ ST&UCEt-t her inproved, thus further reducing the capacity of

~heat transport required, and thereby reducing the risk of fluid | eakage in

- the apparatus. In a preferred enbodi nent, the heat shield is arranged to

- shield a Inargrefefred abodi@bst &ﬂ@@ﬁatfsh&m?coﬂgjﬁ-‘sbs atel¥dt BpirtiaRy felflettiveasfacd) einges
high in relation to another part of said reference franme. 15 By sel ectlvely

shi el di ngtoé@ﬂﬁtchﬁﬁilﬁﬁanﬂ%’abﬁommldrréfee&lléﬁﬁ'emﬁr ame, the opt| me t her mal

bi | b || i h |
of ‘the aplviie {RIsSE Sptledd RS AR s phondas Tl e s Bpdbal o
in ther rmsltabun&%faﬁtrefafen& frhnd & fHrhGain r&é&“tﬁgg faﬁpgﬁvg&c%g @5 c!ci](f gﬁgeﬂﬁéa “9

heat to or fromsaid reference frane V|a sal sing the

heat tr arspspdrt eysiraiyuditheieby ralucing ties ikt dfdhidichkugt hethshbsdrstus t he t her mal
stability of the reference frame is further |rrproved wi t hout subj ecting
the reference franme to any vibrational di sturbances that may arise by

di the h d t ther th th
et or encen Pt b tRER, e B SREl, 8 atfitiito SHAE Mresot s At Syug uhieh
conpri segxRibfs' BRI RS FARAts ﬁf%ﬂ u?fblﬁﬁﬂqs tah(?cﬂer rp‘:'al'l % gé%ff ying and |

abducting, respectively, a fluid for transporti r fromat |east
15 By selectively shielding certam parts of the reference frame, the optlmum thermal stability can be

achieved without substantially increasing the complexity of the apparatus.

In a preferred embodiment, the heat transport system is in thermal interaction with said heat
. radiation shield for transporting heat to or from said reference frame via said shield.
20 By disposing the heat transport system in thermal interaction with the shield, the thermal stability of
the .reference frame is further improved without subjecting the reference frame to any vibrational
disturbances that may arise by disposing the heat transport system in direct thermal interaction with

the reference frame.

25  Inapreferred embodiment, the heat transport system comprises a supply element and an abduction
element for supplying and abducting , respectively, a fluid for transporting heat to or from at least
one of said reference frame and said projection system, wherein at least one of the supply and
abduction elements are mounted on the further frame. It has been found that the movement of the
fluid in the elements is a major source of vibrational disturbances. Thus, by coupling these

30 elements, in particular, to a further isolated frame, a major source of vibrational disturbances on at



one of said reference frane and said projection system wherein at |east
one of the supply and abduction elenents are nounted on the further frane.
It has been found that the nmovenent of the fluid in the elenents is a
maj or source of vibrational disturbances. Thus, by coupling these 30

el enments, in particular, to a further isolated frane, a major source of

vi brational disturbances on at 5 least o of the projection system and
the reference frane, is renoved. In a preferred enbodi nent, the heat system
conprises a plurality of heat shields arranged to surround at |east a
portion of said reference frame, wherein said heat transport systemis
arranged 16t el fepipiertian systemangd dke refoyesica femes is gemeneadnal | y i nsul ati ng
substance between said reference frane and said heat transport systemto
act as a thermal danper. In this way, the dynam c heat | oad towards the
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According to a further aspect of the presernit invention,” there is provided a

devi ce nenuf aisingrpatigrmingSnenns hotnpacithe prjavgon heans twiths: maftern in its cross-section; and

- projecting the patterned beam of radiation onto a target portion of the substrate using a
projection system,

15 - providing a reference frame for supporting said projection system;
- mounting said reference frame on a further frame, wherein said further frame is provided with
a vibration isolation system to prevent vibrations in said reference frame from 'affecting said
reference frame, characterised by |
- transporting heat to or from at least one of said projection system and said reference frame

20  using a heat transport system arranged to be in thermal interaction with at least one of said
projection system and said reference frame; and by

- coupling said heat transport system to said further frame.

According to a further aspect of the present invention, there is provided a device manufacturing
25  method comprising the steps of:

- providing a substrate;

providing a projection beam of radiation using an illumination system;

using pafterning means to impart the projection beam with a pattern in its cross-section; and

projecting the pattemed beam of radiation onto a target portion of the substrate using a

30 projection system,



- providing a substrate; - providing a projection beamof radiation using
an illumnation system - using patterning nmeans to inpart the projection
beamwith a pattern in its cross-section; and - projecting the patterned
beam of radiation onto a target portion of the substrate using a 30
projection system 6 providing a reference frane for supporting said
projection system , characterised by: transporting heat to or fromsaid
reference frane using a heat transport systemarranged to be in thernmal
interaction with said reference frane. 5 Although specific reference may be
made in this text.to the use of |ithographic apparatus in the manufacture
of 1Cs, if shBVliRg? HideRSIHme fPh%tPPPlﬁ’é‘gISFIﬂMPﬁmlsbet@mpar atus descri bed
herein naychdgge{&sgagg applications, such as the manufacture of integrated
optical systems, guidance and det ection patterns for magnetic domain
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extreme ultra-violet (EUV) radiation (e.g. having a wavelength in the range
of 5 the more general terms “substrate” or “target portion”, respectively. The substrate referred to herein
may be processed, before or afier 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.
15 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 sﬁbstrate that already contains multiple
processed layers. |
The terms “radiation” and “beam” used herein encompass all types of electromagnetic
20 | radiation, including ultraviolet (UV) radiation (e.g. having a wavelength of 365, 248, 193, 157 or
126 nm) and extreme ultra-violet (EUV) radiation (e.g. having a wavelength in the range of 5-
20 nm), as well as particle beams, such as ion beams or electron beams.
The term “patterning means” used herein should be broadly mnterpreted as referring to means
that can be used to impart a projection beam with a pattern in its cross-section euch as to create a
25  pattern in a target portion of the substrate. It should be noted that the pattern imparted to the

projection beam may not exactly correspond to the desired pattern in the target portion of the

substrate. Generally, the pattern imparted to the projection beam will correspond to a particular



20 nm, as well as particle beans, such as ion beans or electron beans. The
term "patterni ng neans"” used herein should be broadly interpreted as
referring to neans that can be used to inpart a projection beamwith a
pattern in its cross-section such as to create a 25 pattern in a target
portion of the substrate. It should be noted that the pattern inparted to
the projection beam nay not exactly correspond to the desired pattern in
the target portion of the substrate. CGenerally, the pattern inparted to
the projection beamw ||l correspond to a particular 7 functional layer in
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term “lens™ herein may be considered as synonymous with the more general term “projection

system”.
The illumination system may also encompass various types of optical components, including
refractive, reflective, and catadioptric optical components for directing, shaping, or controlling the
20  projection beam of radiation, and such components may also be referred to below, collectively or
singularly, as a “lens”.

The lithographic apparatus may be of a type having two (dual stage) or more substrate tables

(and/or two or more mask tables). In such “multiple stage” machines the additional tables may be
used in parallel, or preparatory steps may be carried out on one or more tables while one or more
25  other tables are being used for exposure.

The lithographic apparatus may also be of a type wherein the substrate is immersed in a liquid
having a relatively high refractive index, e.g. water, so as to fill a space between the final element of
the projection system and the substrate. Immersion liquids may also be applied to other spaces in the
lithographic apparatus, for example, between the mask and the first element of the projection

30  system, Immersion techniques are well known in the art for increasing the numerical aperture of



The |ithographic apparatus nmay be of a type having two (dual stage) or nore
substrate tables (and/or two or nore mask tables). In such "nultiple
stage" machines the additional tables nmay be wused in parallel, or
preparatory steps nmay be carried out on one or nore tables while one or
nore 25 other tables are being used for exposure. The |ithographic
apparatus nay also be of a type wherein t substrate is inmersed in a
liquid having a relatively high refractive index, e.g. water, so as to
fill a space between the final elenment of the projection systemand the
substrate. |mersion liquids may al so be applied to other spaces in the
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- of the projecéi 30 Lon techni are nown in the art

‘ n.. S em_ | mer gu | |

for increasi ngmﬁ%démﬁﬁt%?h’ééi“’egﬂg?t"i‘#ﬂf’%?’e éesc ﬁefﬁ@atwﬁ\égwéﬁﬁmymﬁhmf%mes
- of the i nians hBmphdyind QheRst f i Ld;
"reference to thgﬁ%%%%gn%aﬁy?hgﬁgﬁﬁdgpmﬁ?wgﬂ rC ﬁ@mgsﬁgédlﬁé%ﬁ%%% Pgﬁ%&&% i ng

r ef er enc ecossenoildmgi padts,cmtlén whivhr espondi ng parts, and in which: 5 - Figure 1
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appar at Usenitdihd 85the prédBntithvdpfibpat i on system (illuminator) IL for
providing a projection beam PB of radiation (e.g. UV or EU radiation). 15

- a fijprst support structure (e.g. a mask table) MI for supporting

pat t er ni nean e.g.,a,msk) . MA and connected to first positioning neans
B 1 or o BFR T STSPrIRCI SARTCl L MBS aPFIFHyS MERHUNE (A MG SEbog it Bhe
PL; a substdn@be j[tlﬁ%ﬁargﬁsgomﬁﬁé@@f er table) WI for holding a substrate (e.g.
a resist-coated wafer) W

- an illumination system (illuminator) IL for providing a projection beam PB of radiation (e. g
UV or EUV radiation).

15 - a first support structure (e.g. a mask table) MT for supporting patterning means (e.g. a mask)
MA and connected to first positioning means PM for accurately positioning the patterning means
with respect to item PL; '

- a substrate table (e.g. a wafer table) WT for holding a sﬁbstrate (e.g. aresist-coated wafer) W

and connected to second positioning means PW for accurately positioning the substrate with respect

20 toitem PL; and

- a projection system (e.g. a reflective projection lens) PL for imaging a pattern imparted to the

projection beam PB by patterning means MA onto a target portion C (e.g. comprising one or more

dies) of the substrate W. |

As here depicted, the apparatus is of a reflective type (e.g. employing a reflective mask or a

25  programmable mirror array of a type as referred to above). Altcmétively, the apparatus may be ofa

transmissive type (€.g. employing a transmissive mask).

The illuminator IL receives a beam of radiation from a radiation source SO. The source and
the lithographic apparatus may be separate entities, for example when the source isa plasma
discharge source. In such cases, the source is not considered to form part of the lithographic |

30  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



and connected to second positioning means PWfor accurately positioning the
substrate with respect 20 to itemPL; and - a projection system(e.g. a
reflective projection lens) PL for imaging a pattern inparted to the

proj ecti on beam PB by patterning neans MA onto a target portion C (e.g.
conprising one or nore dies) of the substrate W As here depicted, the
apparatus is of a reflective type (e.g. employing a reflective mask or a
~25 programmable mrror array of a type as referred to above).

Al ternatively, the apparatus may be of a transm ssive type (e.g. enploying
a transm ssi.v k). The illum nator IL receives a beamof radiation from
a radiati B\‘P@%\L‘F{: iﬂ eiber eases the soee mavibe mpegral per ofthepnpeapfar enamplenaerbibe
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| i t hogr aphysten30 apparatus and the radiation beamis generally passed from
the source SOto the illumnator IL with the aid of a radiation coll ector
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i nner radial extent (commonly referred to as a-outer and a-1nne

respecti \iE projestion heam RBehaiing/a désired uhifidrinity and istenpityidistiithaion iofts bxh&-sectlon
iIlum nator can be adjusted. The illum nator provides a conditioned beam of
radi-ation, referred to as the projection beam PB, having a desired
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substrate W Wth the aid of the second positioning neans TR
sensor 1EW @éd 9051@1@ sensenIF2 (openditerfeomietriz) devicey tisusubbtrate mbleanTe:aWSe amvede
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POSi 450N FeAEOFostoningRBaR PM 3AFpJsRiATEHIR TPl YanfRSstd A ackitclBSdSition the mask
MA with respect to the path of the beam PB, ¢.g. after mechanical retrieval from a mask library, or
during a scan. In general, movement of the object tables MT and WT will be realized with the aid of
a long-stroke module (coarse positioning) and a short-stroke module (fine positioning), which form
part of the positioning means PM and PW. However, in the case of a stepper (as opposed to a
20 scanner) the mask table MT may be connected to a short stroke actuator only, or may be fixed.
Mask MA and substrate W may be aligned using mask alignment marks M1, M2 and substrate
alignment marks P1, P2.
The depicted apparatus can be used in the following preferred modes:
1. Instep mode, the mask table MT and the substrate table WT are kept essentially stationary,
25  while an entire pattern imparted to the projection beam is projected onto a target portion C in one go
(i.e. a single static exposure). The substrate table WT is then shifted in the X and/or Y direction so
that a different target portion C can be exposed. In step mode, the maximum size of the exposure
field limits the size of the target portion C imaged in a single static exposure.
2. Inscan mode, the mask table MT and the substrate table WT are scanned synchronously while
30  apattern 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



MA with respect to the path of the beam PB, e.g. after nechanical retrieval
froma mask library, or during a scan. In general, novenent of the object
tables MI and WI will be realized with the aid of a |ong-stroke nodul e
(coarse positioning) and a short-stroke nodule (fine positioning), which
form part of the positioning neans PM and PW However, in the case of a
st epper (as opposed to a 20 scanner) the sk table MI may be connected to
a short stroke actuator only, or may be fixXxed. Mask MA and substrate W
maybe al i gned using nmask alignment nmarks M, M2 and substrate alignnent
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programuabl e patterning neans, and the su rate table W' 1's noved or
scanned while a pattern inparted to the projection beamis projected onto

a target jport.ion C t hi s. node ner al | ul sed radiation, _source_ is
enpl oyed (‘g%blflﬁlémﬁraﬂ PLYRTREORS %@’Fgﬁ?ﬂ S?fﬁl&aﬁngs ep5108 gnirely differeptanodes o€
each no\iggmg,agggergﬁlp'fﬁgg.trate table WI or in between successive radiation
pul ses during a scan. THis 10 node of operation can be readily applied to
maskl,gss it Laph hat uti.lizes programmabl e . patternin an ch as
a pr (%gr anmab :ﬁglgr%%‘r?or%a thécrl?r%? c% T PPATALES %hereé@ﬁ}pfeéﬁ%gesfowg&n%amgér vein
which the beam PB impinges on mask MA and subsequently onto the target area of the substrate W.

The vacuum chamber VC encloses at least one component selected from a group comprising the
support structure, the substrate table, the projections system and the reference frame. In the
embodiment shown in Figure 1, the vacuum chamber additionally may include the illuminator IL,
20 the patterning means MA, the substrate W and the sensors IF disposed on the reference frame MF
for sensing the position of the patterning means MA and substrate W, respectively. A vacuum pump
VP is associated with the vacuum chamber. The vacuum pump VP creates at least a partial vacuum,
- and typically a high vacuum within the vacuum chamber VC. At least part of the vacuum chamber
VC is defined by a base frame BF. The reference frame MF and the base frame BF are discussed in
25  further detail below.
Within a lithographic apparatus, regardless of whether it includes a vécuum chamber or not, various
heat transport systems may be provided to condition the thermal environment of components within
the apparatus. The heat transport systems may comprise different components, including heat
shields, for example a so-called passive heat and/or so-called active heat shield. A passive heat
30 shield is typically a plate without active temperature conditioning, in a preferred embodiment the

plate is highly reflective for radiation on both sides. For example, it typically has an emissivity in



Conbi nations and/or variations on the above described nodes of use or
entirely different nodes of use may al so be enpl oyed. 15 The |ithographic
proj ection apparatus of the exanple includes a vacuum chanber VC in which
t he beam PB i npi nges on mask MA and subsequently onto the target area of
the substrate W The vacuum chanber VC encl oses at | east one conponent

sel ected froma group conprising the suppert structure, the substrate
tabl e, the projections systemand the reference frame. In the enbodi nent
shown in Figure 1, the vacuum chanber additionally may include the
ilTumnator IL, 20 the patterning neans MA, the substrate Wand the sensors
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forced flow o
: vibrations cause problems when one or more active heat shields are used. Whereas, it has been

found that passive heat shields may be mounted on either the base frame or/and the reference frame,
active heat shields are preferably mounted on the base frame.
The reference frame MF, is also known as a so-called "metrology" frame. The reference frame MF
20 provides a reference surface with respect to which at least one of the patterning means and wafer are
measured, and is mechanically isolated from the main apparatus structure. In particular, the
reference frame MF is isolated by a vibration isolation system 13, 14 from the base frame BF. The
.vibration isolation system includes a support 13 and a resilient member 14. In Figure 1 only one
support 13 and resilient member 14 are shown, however, a plurality of supports and resilient
25  members 14 may be present. The reference frame MF is typically made of a material having a low
coefficient of thermal expansion, such as Invar ™ . For example, in a preferred embodiment the
coefficient of thermal expansidn is in the region of 2.5 10° K or less. The reference frame MF
supports sensitive components such as position sensors like for example an interferometer IF.
Additionally, depending on the particular lithographic apparatus, the reference frame may also

30  support the projection system PL. Further, the reference frame isolates those components supported



tenperature controlled nedia through channels in or on top of the plate, or
by providing a flow of a 10 cold nedia through the plates and actively
controlled heaters at the nmedia supply or directly at the shields, for the
tenperature control a tenperature sensor and control |loop will be required,
or by providing a tenperature controlled plate by using thereto-electric
(Peltier) elenents, or by using heat pip?§ to control the heat shield
tenperatures. In the description hereinbelow, when a heat shield is
mentioned it may be passive or active or both, 15 unless, in the
particul ar enbodi nent explicitly mentions a particular type. It has been
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i ncl udi ngatthe nlacinged dut@f @neblook., Ev@nthdugk the reference frame may be made of a material with
a very low coefficient of thermal expansion, such as Invar (TM), the metrology frame and attéched
components should be kept isothermal, but .if not the maximum temperature variation should
optimally be less than typically 0.1 degrees Celcius.

20 It has been found that active heat transport, for example, fluid cooling or cooling using heat pipes,
or any other form of means causing heat to be transported can be used to control the temperature of
temperature critical components, such as the reference frame MF and the projection system PL. It

" has also been found that such active heat transport can be regulated by a control loop to keep the
temperature stable, However, it has been found that this type of heat transport, when applied to the

25  projection system PL or the reference frame MF may lead to mechanical vibrations that result in |
imaging errors, for example, due to forced cooling or to the required mechanical connections. Such
problems are exacerbated when the heat transport capacity, typically the cooling capacity,
requirements are increased. It has been found that when operating at shorter wavelengths, which
require exposure to take place under vacuum conditions, the heat transport capacity is increased.

30  The present invention, therefore addresses the further problems associated with heat transport



support structure MI. In one enbodi nent, the base frame BF is in contact
with the fabrication floor, alternatively, it is not. It wll be
understood that the vibration isolation system 13, 14 may be realised in a
nunber of alternative ways, with respect both to the nature of the system
and the nunber and arrangenent of 10 the system conponents. For exanpl e,
the resilient nenber 14 may be realised f(sf{5 exanpl e, as airnounts or other
equi val ent systens, such as a magnetic system a nechanical system
conprising |ow stiffness nmechani cal beans, a piezo-electric system a
fluid based system or any conbi nations thereof, which provide a resilient
support f systeniein Eitarubarcesuring e tofpedatune stabitity csftci‘iﬁéa:lesmpoﬂxetntsi suchafselet  t hat
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system and the refererice frane o ograp e appara
subj ect tadapted foymovide both active and passive coohng active cooling support 29 and passive cooling

support 21 are mounted on the base frame BF and the reference frame MF, respectively. The heat
radiation shield 20 may be in thermal interaction with a heat transport system 22, 24. Typically, the
heat transport system 22, 24 is located in the vicinity or adjacent the heat radiation shield 20. It may
20 includea mounting element securing a part of the heat transport system 22, 24 to the heat radiation
shield 20 to optimize the thermal interaction between the heat radiation shield 20 and the heat |
transport system 22, 24. Alternatively, the heat transport system 22, 24 may be formed as an integral
part of the heat radiation shield 20, by embedding at least a part of the heat transport system 22, 24
in the heat radiation shield 20. The heat transport system includes a supply pipe 22 for heat transport
25  fluid and an abduction pipe 24 for the heat transport fluid. The heat transport system 22, 24 is
mounted on the base frame BF. In particular, the supply and abduction pipes 22, 24 are coupled to
the base frame BF, | |
In a preferred embodiment the active heat shield 20 is integrated in the baseframe BF. This is
possible by having a vefy wéll conditioned base frame wall surrounding at least a part of the view of

30 the reference frame,



heat transport while mnimzing the effect of nmechanical vibration due to
that heat transport. 5 The projection system PL may be supported on the
.reference frane MF via a support 11 and a resilient elenment 12. Al though,
Figure 1 shows only one support 11 and resilient element 12, a plurality
of supports and resilient nenbers nay alternatively be provided. The
reference frame M- is at least partially gyrrounded by a heat radiation
shield 20. The heat shield is provided with a support 21, 29. The support
21 is mounted on either the reference frame MF or 10 the base frame BF.
The support 29.is nounted or the base franme BF. \Wether the supports 21 and
.29 are noURE BissHOR st BE nfayhesumpinsed by beatshistds wdéchf manalsabé progtisied mathan
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frame BF. In the situyation, where heat shield 20 is adapted to provide
both att i Ydeld <t T5erestivaly.cool i ng active cooling support 29 and passive

i t ed the. b f . he, :
T A e S R
| nter act | Rl Beurdopal ik SRR Rdst SXEHBMAZ pipd:16]YB002H Yorvd A opliiPhipes and

transport system 22, 24 is located in the vicini or adjacent the
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of the heallt transport system 22, 24 to the heat radiation shield 20 to
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circulating a temperature controlled medium, for examplegas, fluid or a gas/fluid mixture, through
the shields or through channels provided on the shield. Further, thethe supply temperature of this
medium may be actively controlled. In an alternative embodiment, a cold media is supplied to the
heat shield, wherein the th heat shield temperature is regulated by additional heaters mounted on the
20  shields. In a further alternative embodiment, the the heat shield temperature may be controlled by
using thermo-electric {Peltier) elements or by using heat pipes.
It will be understood that the heat transport system may comprise a circulating fluid or alternatively
a through flowing fluid in which fresh fluid is introduced through the supply pipe 16, 22. The fluid
may comprise a liquid, gas or vapour or a mixture thereof. It will be understood that other forms of
25  active cooling may be included to transfer heat to or from the projection system PL and/or
metrology frame MF, such as heat pipes. In particular, a cooling system provides long term stability
and fast temperature stabilization after temperature drift due to for example service or after

installation.

30  Figure 2 depicts details of a lithographic apparatus shown in Figure 1. In particular, Figure 2 shows



The projection system PL maybe surrounded by heat shields which may al so be
provided with a heat transport system 16, 18 for heat transport to or from
the projection systemPL. The systemmay include a supply pipe 16 and an
abduction pipe 18 which are nmounted on the base franme BF. The pipes 16, 18,
22, 24 are arranged to transport heat to or fromthe projection system PL
and 5 shield 20, respectively. Although Hpe words "heat transport" is used
t hroughout for the fluid and the pipes 16,718, 22, 24, it should be

under stood t hat under nost circunstances pipes 16, 18, 22, 24 serve as
cooling pipes and the fluid serves as cooling fluid, by renoving excess
heat t hr odghilsdfdbebdadtrayzppe siBem ot trasforiikg heat toadr Sone theipssjg@ibntshgemtHBPL.
fluid may Fe used to maintain the projection systemPL and the reference 10

frame MF Abe heahirgppprt sysieie fotihe projssian metemninclpdosesipnly pipo] @end hduglicarnips18
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controlled. In an alternative enbodinent, a cold nedia is supplied to the

heat :shi airdiechgnesysiem Rlhmay he nwanted onetidrenemfyanaMR sy suppor glenmnetl ind resilient
addi tiOonaI heﬁée,{_s nmount ed on the 20 shields. In a further alternative
embodPnedfeans & ThrPrpissionsystemdneludesa prpigridomenyics Box Brhvhish theppbgal cagpapents,
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i ntroduced through the supply pipe 16, 22. The fluid nmay conprise a

| i quid, Jasyesmprispesupport siugiuxe eferencedrapwfportian MiIFIV Thoe winidke s s¢rso forteatmple,
other fornms of. 25 active coqling.may be included to transfer heat to or

from t he PrBIFHROMSHT $BPEHPBOr AP e BOSIUMLRAIS PafirEning MoaRif the SHRPAFT
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service ®oxaflereferdnes fiaheMF Gifrther comprises a substrate table reference frame portion MF-WT
on which a sensor, for example, an interferometer is mounted for sensing the position of the
substrate on the substrate table WT. It is noted that the substrate table reference frame portion does
not typically constitute a separate frame. The substrate table reference frame portion MF-MT is
20 attached to the portion of the reference frame MF on which the projection system PL is mounted. As
described with reference to Figure 1, the reference frame MF is mounted on a base frame BF. The
reference frame MF is isolated from the base frame BF by virtue of a vibration isolation system
. 13,14 including at least one resilient member 14. By isolating the reference frame MF from the base
frame BF and coupling the heat transport system to the base frame, the benefits of the heat transport

25  system in terms of thermal stability are achieved without introducing any vibrational disturbances to

the reference frame. In this way the dynamic head loads in the vacuum chamber will not give rise to



30 Figure 2 depicts details of a |lithographic apparatus shown in Figure 1.
In particular, Figure 2 shows 15 details of the heat transport system for
transporting heat to or fromthe projection system HT-PL. The heat
transport systemfor the projection systemincludes a supply pipe 16 and
abduction pipe 18 and a heat shield 17. The heat shield is described in
our copendi ng European patent applicationif- 1558, and is herein

i ncorporated by reference. Fluid for transporting heat to or fromthe
projection 5 systemis introduced by supply pipe 16, passes through the
active heat shield 17 exits yj,a_abduction pipe 18. To avoid any

vi bration egﬁﬂ?éeﬁg Caéﬁg‘%f*v%w ¥T‘hle|5? PPt BYYH t he pi pes, the supply and
abduction pi pes are nmounted on the base frane BF at respective |ocations
28, 29. In addition, the heat shield 17 is nmounted by nounting el enent 30
on t he baFigufe hdwidé-fiathenddidtaifiadithoghiphic dppajattishéwn &YEiker® IPn paMcll®, Figure 3
mounted on reference frame M- by support elenent 11 and resilient 10 neans
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M--MT is 20, attached to the portion of the reference frame M on which the
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reference frane MF fromthe base rame BF and coupling the heat transport
syst éfm t dotdiel thaterceptdneet radiagobmneffidns atdtast heathefs sirf:ee opsuid rafarenoesianne MF,
ternms of th rmilhiei ability are achieved w thout introducing any vibrational

di st ur banic¥s’*tts ) mgy &F anargerl iqntcast partipllsumepnd fhe ralpriee Erameatha Hikd 20 n
the vacu %’f&fﬁ%%ﬂ&ﬁﬁe&%d 1!he P&trelle Rarhl i Edﬁtematively it may be mounted on the base frame BF.

1t is possible to mount the shield 20 on the reference frame MF since its thermal conditioning
function is carried out in a passive way, that is, the functioning of the shield 20 does not cause
20 mechanical vibrations to be generated in the apparatus. The heat shield 20 may be substantially in
| the form of a plate or plate-like structure. Typically, the heat shield 20 comprises at least a partially
reflective surface, arranged to reflect radiation away from the reference frame MF. The reflective
surface may be provided by a coating of a reflective material such as gold or nickel. Alternatively, a
reflective surface may be formed by poIishing or surface treating the heat shield. In one
25  embodiment, the heat shield 20 is arranged to selectively shield portions of the reference frame MF.
It has been found that those portions of the reference frame exhibiting an increased stiffness with
respect to other portions of the reference frame MF, benefit especially from the increased thermal
stability afforded by the heat shicld 20. Whereas with reference to Figure 2, the heat transport
system for the projection system HT-PL is located adjacent the projection lens, the heat transport

30 system of the reference frame HT-MF is arranged to be in thermal interaction with the heat radiation




16 therno-nechanical deformations of the reference frane. Figure 3 depicts
further details of a lithographic apparatus shown in Figure 1. In
particular, Figure 3 shows details of the heat transport system for
transporting heat to or fromthe reference frame HT- 5 MF and a heat
radi ati on shield 20. Those conponents shown in Figure 3 having the sane
reference nuneral s as conponents shown injFigure 2, are not described again
with reference to Figure 3, reference is made to Figures 1 and 2 for a
description of those conponents. As with the heat transport systemfor the
temfor the reference frane
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parti al | ycapaeityofitie hdue tramsbert eystem fvithrrespediie isdeat €hicd@20may be nounted on

the reference frane MF. Alternatively it may be nmounted on the base franme
BF. It is possible to nount the shield 20 on the reference frane M- since

its.ther ngi ti.onin f.u lon.i.s carried out. [n a passive way hat
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substantially in the formof a plate or plate-like structure. 1ypica ?y,
t he heat msferaice fidtedmmpradiationdh atre@pheric @aditioak kryadditkinl te eddiaPnsniatien is

arranged to reflect radiation away fromthe reference frame M. The
ref | ect i vEesey Ip addrepsifiispaollemyindenpriigplay cabadimagt,dhe heat wansport isystlemap e, 41 is

such as i . ternatively,, a_ reflective surface na e formed

by pol i S%ﬂh{%eﬁo és])lﬂl(rf\ acé ptf\ll}r%@?’ioﬁée%(ﬁlg&r%ﬁ?%flé? aqrrquﬁdgﬁ%agg p@ﬁﬁ%‘oqqrﬁl%t , the
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st abi | i t YUBPHSal depstAParHan pbnlowshpefage pbsaidwrserencs fimhMFamnd ableest ono side glome
2, the h%?arte A6 Akl to surround at least a side portion of said reference frame MF. In one embodiment,

the heat transport system 20, 40, 41 is arra;iged to substantially enclose a volume of a thermally
insulating material between the reference frame MF and the heat transport system to act as a thermal
20 damper. In one embodiment, the heat transport system 20, 40, 41 is arranged to provide a volume of
gas. A gas, for example, air is chosen because of its poor thermal conductivity. Altematively, other
materials including, for example, a volume of foam or other thermally insulating substance, may be
pfovided. In the embodiment where a volume of gas is used, the enclosure may be gas tight,
however, this is not essential, For example, when the flow restriction between the heat shield 20, 40,
25 41 and the reference frame MF is large enough, so that the gas enclosure may exhibit some leakage,
the thermal damper principle still functions effectively. The thermal damper functions primarily by
preventing gas from being refreshed with fresh gas, since this would Iead to thermal heat load
fluctuations. The heat shield may be closed at the sides, thus prevénting the gas flow from getting
between the plate and the reference frame MF. The gas gap, for example, air, between the reference

30  frame MF and the flow plate 20, 40, 41 functions as thermal isolation. Further more, the thermal



system for the projection systemHT-PL is | ocated adjacent the projection
| ens, the heat transport 30 systemof the reference frame HT-MF is arranged
to be in thermal interaction with the heat radiation 17 shield 20 for
transporting heat to or fromsaid reference frame. In this way heat is
transported to or fromthe reference frane via the heat shield 20. As
“nmentioned above, alternatively, the heat (kransport system 22, 24 may, at
| east in part, be integrally formed in the heat shield 20. As well as
bei ng di sposed with respect to the upper and | ower surfaces of the
reference frame MF, the heat 5 shield 20 may al so be di sposed with respect
to that péesmaciofithellpwindaie Headl functivas Mra thisirodl damper, hamestionsilt In thisevay, the
projectio
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shown in Figure™l according to e e presen

i nvent i onposévhér éaflow direaivmum condi ti ons, the heat shields protect the
reference frame fromradiation, in atnospheric conditions in addition to

r adi atd onVawsveesifioembagiments ebifie investierlpve dsen ddseripadaibbeanit witl te appreciated|that
enbodi nent, .t he.heat transport system 20, .40,. 41 s, adapted to.co ise a
ol ur al 10y Rhy bt BRRRLoNRTISE hag 3 AGigHAA e deSrpom 50T BYETOR o
referencembidibidd- |n particular, the heat shields include a top flow

pl ate 20 arranged to surround 15 at |east a portion of an upper surface of
said reference frane M/, a bottomflow plate 20 arranged to surround at

| east a portion of a |ower surface of said reference frame M- and at | east
one.side flow plate 40 arranged to surround at |east a side portion of
said reference frane MF. In one enbodinent, the heat transport system 20,
40, 41 is arranged to substantially enclose a volune of a thermally _
insulating material between the reference frame MF and the heat transport
systemto act as a thernmal 20 danper. In one enbodi nent, the heat transport
system 20, 40, 41 is arranged to provide a volune of gas. A gas, for
exanpl e, air is chosen because of its poor thermal conductivity. '

Al ternatively, other materials including, for exanple, a volunme of foam or
other thermally insulating substance, may be provided. In the enbodi nent
where a volunme of gas is used, the enclosure may be gas tight, however,
this is not essential. For exanple, when the flow restriction between the
heat shield 20, 40, 25 41 and the reference frane MF is | arge enough, so
that the gas enclosure may exhibit sone | eakage, the thernmal danper
principle still functions effectively. The thermal danper functions
primarily by



preventing gas frombeing refreshed with fresh gas, since this would | ead
to thermal heat | oad fluctuations. The heat shield may be closed at the
sides, thus preventing the gas flow fromgetting between the plate and the
reference frame MF. The gas gap, for exanple, air, between the reference 30
frame MF and the flow plate 20, 40, 41 functions as thermal isolation.
Further nmore, the thernal 18 capacity18f the flow plate itself functions
as a thermal danper, as nentioned. In this way, the dynam c heat |oad
towards the refgégﬁ&g;frane MF are danped significantly. Further, the flow
pl ates may be p or active or passive and active conditioned. In
Figure 4, arrow 50 illustrates a possible air flowdirection. 5 Wile
speci fic enbodi ments of the invention have been descri bed above, it will be
appr eci at ed t hal- At HBograRhis BPRSFRLER FORRTIHRS CA BlimirAtigg syfier qopgifcied to
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beam of r agiofdciiomsysenstlibisirojette sdid phteerficrbeinl odiogtaizeb phrEbn af ®id QbstRt®j ection
systen1that]p&%%ects sai d patterned beamaontQ a target portion of said
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heating element in thermal interdction h east one of said
proj ect i onwilr ot leastand of sdidl praigotipe nusterh padrenid mferbmcstframeafos poatttrapsportde f r om

at least o i ojection. tem.and_sai d reference frame;. and a
further 1 oangmgl 1l BRELER By SHah P and il eBeEdomm afTR fdl
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claiml1, wherein said further frane
being coupled to said further frame,

2. A lithographic apparatus according to claim 1, wherein said further frame
defines at least a part of a vacuum chamber in which at least one of said projection

system and said reference frame are located.

3. A lithographic apparatus according to claim 1, further comprising: at least one

heat radiation shield, located to intercept heat radiation to or from at least a part of a

_ surface of said reference frame and wherein said heat radiation shield is mounted on said
further frame. |

4. A lithographic apparatus according to claim 1, wherein said heat transport
system comprises a supply clement and an abduction element for supplying and
abducting, respectively, a fluid for transporting heat to or from at least one of said

reference frame and said projection system.



defines at |east a part of a vacuum chanber in which at |east one of said
projection systemand said reference frane are |ocated. 3. A lithographic
apparatus according to claim1, further conprising: at |east one heat

radi ati on shield, |located to intercept heat radiation to or fromat |east a
part of a surface of said reference frane and wherein said heat radiation
shield is nmounted on -said further frafe. 4. A |lithographic apparatus
according to claiml1l, wherein said heat transport system conprises a
supply el enent and anp abduction el enent for supplying. and abducting,
respectively, R gdﬂtﬁogrmhlq PRRIERST RICREIMei CIRE! 8r WFIGH 4t lepsb a¢ ot said
reference tipne MAckiRal theRhQkREiHt OhdShatifiNelegféntsSare AnduntddOst AR fartR@Par at us
according to claim4, wherein at |east one of said supply, abduction,

t her no- el eé®mec and heating el enents are nmounted on said further frane. 6.
A lithographi c apparatus according to claim5, wherein said plurality of
heat shields include a top flow plate arranged to surround at |east a
portion of an ufp&ritseprdpheappafatsaiccordmpao etuira 5, vdersin 821l ldrality fof deatpl at e

arranged tq.syrround at Jeast a portjon of ower surfagce of said
et or ance. PHSHREHEC afon A8 PlafhufiShedso B Ghumihan 6 Grmoditgd] APPSRt
| east a si gesaaprdféremteafaniia ol eiRNpRte! d t6-suftolnd RA8LBRRbAicARIPAr at us,
conprising: an illum nation systemconstructed to provide a beam of

radi at i on; loaves gppasie; ok sqid gefer@ce drmer andt et laagt euppidetilaw phate apanged todevi ce,
said patte&ﬂhﬂgdQﬁ&k?gﬁﬁgé&EﬂgoEQﬂ&Rﬁ%&ke afl.0Ss-section of said beamwi th

a pattern to forma patterne eam of radiation; a substrate table for

hol ding a substrate; a projection systemthat projects said patterned beam
onto a target porti of .said substrate;. a reference frame, wt

posi tion sensorﬁa%dﬁgﬁ?ﬁmghﬂgPF_E%CB@??EPﬁwﬁﬂﬁﬁﬁW”@WUE5Vﬁﬁnﬁ@?§%§ﬁﬁgnfrane;'
and a heat plow @9 Bédm ¥ Shd@iftidiA Bgppart HBAtiRD cotlsRIRE th Rupgdel Aatterning
interaction with said reference frame for heat transport to or fromsaid

reference f¢viee saig pafeminghdryieepsaning ip BTk e gesoieeaigof srid bsam with fur t her
Conmpri SI NOpatfr’/@YHE " patterned beam of radiation; a substrate table for holding a substrate; a

projection system that projects said patterned beam onto a target portion of said substrate;
a reference frame, with a position sensor and said substrate being located on said
reference frame; and a heat transport system having a heating element in thermal

interaction with said reference frame for heat transport to or from said reference frame.

8. A lithographic apparatus according to claim 7, further comprising: a vacuum
chamber enclosing at least one of sad said support structure, said substrate table, said

projection system, and said reference frame.

9. A lithographic apparatus according to claim 7, further comprising: at least one
heat radiation shield, located to intercept heat radiation to or from at least a part of a

surface of said reference frame.

10. A lithographic apparatus according to claim 9, wherein said heat radiation

shield is arranged to at least partially surround said reference frame.



chanber enclosing at | east one of sad said support structure, said
substrate table, said projection system and said reference frane. 9. A

| i t hographi ¢ apparatus according to claim7, further conprising: at |east
one heat radiation shield, located to intercept heat radiation to or from
at least a part of a surface of said reference frame. 10. A lithographic
apparatus according to claim9, whereidisaid heat radiation shield is
arranged to at least partially surround said reference frane. 21 11. A

| i t hographi c apparatus according to claim9, wherein said heat radiation
shield 15 mount bb SriBoETPHHC AREHECACPERE 1M, w?ws'gr%mm%até&g%ﬁ% us
accordi ng tgelidhtuRed ¥hehi®idrsnkapgat radiation shield is a plate. 13. A
| i t hographi ¢ apparatus according to claim9, wherein said heat radiation
shield conprises at least a partially reflective surface, arranged to

appar at us- accor by i ER bl FLGUERCE ARATE. whduin old hAERARNT

arranged t ehicldiied plate. part of said reference frane which exhibits a
stiffness which is highin relation to another part of said reference
frame. 15. A lithographic apparatus according to claim9, wherein said heat

transport system A Sithdpriphey @aamat&b@fmﬂgqa Wit sehéleiieatd hadiradisn shi el d
for transporting heat to or rom said reference franme via said heat

radi ati on SH¢ld|cgmpniges ah\ lqapt mptigbhieBediys spditags azmoged il iefeet gadiptignavary
wherei n saggd heat . fadiakhg shield is provided with at |east one of a
therno-el ectric eFenent and a heating elenment, wherein said heating

el enent conprises a cold nediumand a heat pipe to condition said heat

radi ati on shiel ... A 1ithographi c apparatus accoyrding to, claim7,
wherei n at Ieasﬂté&éﬁﬁ%yﬂﬁnﬁfﬁﬁﬁﬁ é@gnggggﬂi etV BATE heat pegiatign | et
a partial | yhi¢lefd @fdnbsrosticlBLpart diaidretekdnd® GamB MihfchaRRBItR h WSIFRES Whibhing t o

claim?7, wherein sa d heat transport
1s high in relation to another part of said reference frame.

15. A lithographic apparatus according to claim 9, wherein said heat transport
system is in thermal interaction with said heat radiation shield for transporting heat to or

from said reference frame via said heat radiation shield.

16. A lithographic apparatus according to claim 9, wherein said heat radiation
shield is provided with at least one of a thermo-electric element and a heating element,
wherein said heating element comprises a cold medium and a heat pipe to condition said

heat radiation shield.

17. A lithographic apparatus according to claim 7, wherein at least a part of a

surface of said reference frame has at least a partially reflective surface.

18. A lthographic apparatus according to claim 7, wherein said heat transport
system comprises a plurality of heat shields arranged to surround at least a portion of said

reference frame.



system conprises a plurality of heat shields arranged to surround at | east
a portion of said reference frane. 22 19. A |ithographic apparatus
according to claim 18, wherein said heat transport systemis arranged to
substantially enclose a volune of a thermally insulating substance between
said reference frame and said heat transport systemto act as a thernmal
danper. 20. A lithographic apparatus &gcording to claim18, wherein said
heat transport systemis structurally adapted to be at |east one of passive
and active cond|§ XEEd 21, A lithographic aPpar tu accorglqg to claim?7,
wherein sai d pos?t4 SRPEEEARRES 2Rparats; Fertiag 1o e 18e 3bpregngid el fragsport

pat t er ni ng sehedph GParARGedsR) s@bmﬁny h8escZZvolmBBE Q%rﬂﬁllﬁﬁﬁﬁ!fa ibsgced

devi ce conprising: providing a substrate; providing a beam ot radiation;
i nparting Acteassideiarensg flamgand sqidh head tr@ms@oﬁémr@mnt fisor Wiemmep! dappert er ned
beam of radiation; projecting the patterned beam of radiation onto a

target portion of the substrate using a projection system supported by a
ref erence frane0. AMﬁﬂmmnmhk:mmmMUmnmmsdmgo@mhﬂnhﬁ,hmmthenndhannmmthng a

vibration isol ati ations in.the further frame from
N fecting SRE BrEReRely FRird. Cha Bt atiiting e ativatenghoreiom at 1 east
one of the projection systemand the reference frane using a heat

transport systen1arranged to be in thermal interaction with at |east one of
the projection 2kyslbagraphic aprarstes eeaning tp char 7, wBerein sqisk prstiopfsensor is

manuf act Ur iy V68 on NI AhBing O hOGidpupaLrater  providing a

beam of lation; i1nparting Cross-section pattern to the beam and
formng a patterned beam of radlatlon projecting the patterned beam of

oo oot Pu B Rt AR R ML PRy % SR e

ref erence fnfo&fdiﬁlgusllﬁgrnaoﬂ]ﬁﬁiatfbﬁaﬁﬁmtiﬁg 8 Y&bRBectamb P paiesn o the Heétnteﬁﬁr mal
|nteract|on with the reference frane. 24. A lithographic apparatus

conpri si ngforaing 4 pafiemsd bran of jadiatienharelcatinathe eaernedbrapy ofipdintion antbeam of
di at
radiation, pgorﬂﬁﬂb?%' ﬁﬂstﬁ?@ﬁ@zxggaé( BH;?% cHofr E§§%e§n §§)§>Bh9ci‘b% DO fram

structure s rting a patternin sal terni evl ce SeI’VI ng to
i npart sai which is, in turn, supported by further frame; usmg a Vlbl'ﬂthIl 1solat10n system to prevent

vibrations in the further frame from affecting the reference frame; and transporting heat
to or from at least one of the projection system and the reference frame using a heat
transport system arranged to be in thermal interaction with at least one of the projection

system and the reference frame,

23. A method of manufacturing a device, comprising: providing a substrate;
providing a beam of radiation; imparting a cross-sectional pattern fo the beam and
forming a patterned beam of radiation; projecting the patterned beam of radiation onto a
target portion of the substrate using a projection system supported by a reference frame;
and transporting heat to or from the reference frame using a heat transport system

arranged to be in thermal interaction with the reference frame.

24. A lithographic apparatus, comprising: an illumination system having a lens
and providing a beam of radiation, said projection beam having a cross-section; a support
structure supporting a patterning device, said patterning device serving to impart said

cross-section of said beam with a pattern and forming a patterned beam; a substrate table



cross-section of said beamwith a pattern and form ng a patterned beam a
substrate table 23 for holding a substrate; a projection systemthat
projects said patterned beamonto a target portion of said substrate; a
vacuum chanber enclosing at | east one of said support structure, said
substrate table, and said projection system and a base franme on which at
| east one of a plurality of conponentsZd8f said apparatus which nmay cause
notion or heat to be generated in said apparatus, is nounted, wherein said
base franme _defjnes at |least a part of said vacuum chanber. 25. A

i t hogr aphi%%alﬂiﬂwa%"&@t% PP TISTHAS: Sy e ARt PEYCChY BiA I&ittﬁ’ﬁle‘égﬁ’éléﬂﬁ“@? target

radi ation; pomisRS @AM bumRektt] A%abign REKTHM &delRing! #9484 IR 0said support
cross-sectional pattern to forma patterned beam a substrate; neans for
proj ect i ngstrusdrpsatdesuheithihahle, ot sridiprojacten sysirortand s hase Faing o e att e; a
reference ' It for -l e one of
sai d rreansfe]r@l%;g?l f g? Wgy ggﬁ@&?\{gﬁ@ %gga%@g#&r Egugsl ‘Eﬁ‘@% g{sayrcgltlséa'%%ﬁ)g 023‘%% nmeans
f or proj ecta beggenerateg ih eaidtapphratas)ds meansd,fwaierdin a#id paset frage Hefirfes tiolesst af r om
said reference. frame. 24 _ABSTRACT Lithographi c Apparatus and Devi ce
Manuf act ur PHECINBIHEEUR PR4RSGr aphi ¢ apparatus is provided conmprising an
illumnation systemlIL for providing a 5 projection beamof radiation, a
support structure MI for supporting patterning neans M the patterning
nmeans serving t®-i fiphithograpiic parpaegs spmprisne: wWnesafgsaptogiding @ beam of
Cross- sect { A A m%t&p ?(Srr i grtfngl%hcﬁ bl (iR A\ RE g d%{'&%—%é&{oﬁal at@m to

proj ection system or projecting the patterne beamonto & target
portion of forhe mithetd heam;\A/substrasd, @rcemcier profarindfhe pattevhéd beaat odteasdrgane of

position sensors.lE.fqgr at |egast ong of said,patterni ng means M and said
Subst rat e NI ar wf §Peiss: & FaREnGn g PR o S| GRS OdRES 5 i at us
further corpstioness shidig@hnst foR ARl a paEHRAbENN Bhd saililfotdrate] dhdt AQT MBdns
interaction with at | east one of the projection systemPL and the reference

frame M, for projerding bejngrlgsnteds apd mpang fo5iaasporiéngsheab e ob fromhwidoredirentsei on
system PL and.the reference frame M-, wherein the heat transport system
HT-PL, HT-M- 1s coupled to a further frame which is



nmechani cally isolated fromthe reference frame M=. 15 Fig. 1 M CM PMM
VCOOMYV,7 SARPLPBPS 2B12Uib :w20 21 Myy d LOTOt 2Bid

,2 22 MW PWW CCC CCCCC Cr7 CP1 P2

10

15

24

ABSTRACT

Lithographic Apparatus and Device Manufacturing Method
A lithographic apparatus is provided comprising an illumination system IL for providing a
projection beam of radiation, a support structure MT for supporting patterning means M, the
patterning means serving to impart the projection beam with a pattern in its cross-section, a
substrate table WT for holding a substratc W, a projection system PL for projecting the patterned
beam onto a target portion of the substrate W, a reference frame MF on which at least one of
position sensors IF for at least one of said patterning means M and said substrate W, and said
projection system MF are located, the apparatus further comprises a heat transport system HT-PL,
HT-MF, in thermal interaction with at least one of the projection system PL and the reference frame
MF, for heat transport to or from at least one of the projection system PL and the reference frame
MF, wherein the heat transport system HT-PL, HT-MF is coupled to a further frame which is

mechanically isolated from the reference frame MF.
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