1 Lithographic Apparatus and Device Manufacturing Method The present

I nvention relates to a lithographic apparatus and a devi ce manufacturi ng
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 (I1Cs). In
that circunstance, a patterning neans, sych as a mask, may be 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 dies) on a substrate (e.g. a silicon wafer) that has a
10 layer of radiati Dithegraphié )&pEﬂﬁtﬁi aid DevRRe Minufattari®Medlod 2 single
substrate will contain a networ adj acent 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 onto the target portion in one go, and so-called scanners, |
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system cont | nue to cause problens with inaging accuracy. However, theése
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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-mechanical deformations of critical
conponents. It is a further object of the present invention to inprove the

thermal stability of critical conponents, by reducing the thermal drift of
the reference frane and opti cal corrponemzs nounted on the 5 reference

frame, resulting in a decrease of relative displacenents of the neasurenent
systemwith respect to each other and with respect to the optical system

Fur t her s én objettsofalie osede invehitid e addices R iproblMafhdsofiated WitV Ralld@
dynam c performance by the thermal shielding of the reference frame and

opt i cal lithpgraphic apparabises; eesubingiin Swrmotmechatibalrdefirmationsi ¢f coiticalcooqpacits.y of
t he reference frgge a}nd optical system can be reduced. 10 According to an
aspect ‘S?E‘Eﬂ}? augH;of; $gnb Hvenpien to improsiedhs teamal stabilify ¢f sphical campenentus

conpri S{NMqna: | 1 Dhktal f Vi di a proj.ection,be of
o at ; Bhredsciof i et AR e kg EiRe Bl S oS Sl BRa BRI

pat ter NiefgreMRARENS €It hQ debRade of rEIBfvOUIGHIBSM NS FARI L ReBeBYdtoh With)
Its cross-section; 15 - a substrate table for holding a substrate] - a

pr oj ect respect ystaginotier apd wjithatsped to e gpichlesystenh. Perheratroit és dreslgedt oficiret | on
of the substrate; - a reference frame on which at |east one of position
sensor sPresFnt divention to ignEovs the dyrpmis perprmange by ibermal Sb‘ﬁldﬂl&ftﬂig@ referenceand
sai d prglection temare |qocated. and - .a further.frame on Ich said
"ot er on e Bp et ki afnce iteffeCnye plbrpliondiionir RGeSt ot widedse
a vibraghee ah&ﬁbﬁéailgﬁ:téﬂﬁir%@feﬁ fgevent vibrations in said further frame
fromaffecting said reference ?rarre, characterised in that said apparatus
f urther Accorplinigge an aspeat ¢ftht ples@n spention thére i provided & litgraphicedppafatign Wit h
at | east one of said projection systemand said reference frane, for heat
transpof@MPRSIRE: from at | east one of said projection systemand said 25

e R b SOh S P BPR PRy oE Rl Coum! °0,! 2yo ©
heat transppgipraShaBiutro? sippottiiy pdite iz means, the patterning means serving to impart
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 improved 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 nSchanicaI di stur bances caused by

S

the said heat transport system This resdlts in an inproved imaging
quality. Wien heat transport is carried out to or fromthe reference frane,
this results in a further inprovenment of thermal stability of the
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its cross-section; - a substrate table for holding a substrate; 15 - a
pr oj ect frequengy distarbances, sagheastviibrgtionse patt erned beam onto a target portion
of the substrate; - a reference frane on which at | east one of position

sensors for at |east one of said patterning neans and said substrate, and
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tr apepoédmprisigy: fromsaid reference frame. 20 By providing a heat
transport systemto transfer heat to or fromthe reference franme, the

t her mal - enai Mlummsationsystemdor priovidingeprojestien beans ofidididtioned. In a preferred
enbodi ment, said further_frame  defines at |east a part of a vacuum chanber
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defi nes ast part
- a substrate table for holding a substrate;

15 - 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 nay 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 fromagt |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
further inproved. By providing shielding, the heat transport capacity
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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 part of said.reference frame whjch exhibits a stiffness which is
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di sposing the heat transport systemin direct thermal interaction wwth the
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conprises a supply elenent and an abduction elenent for supplying and

abduct i exhibitsespificsy/®hich ighith tn eldtion tb AGBaqrar oTgaldaaferdnee fanfel om at | east
15 By selectively shielding certain parts of the reference frame, the optimum thermal stability can be

achieved without substantially increasing the complexity of the apparatus.

In a preferred embodiment, the heat transport system 1s 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  In apreferred 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 novenent of the fluid in the elenents is a
maj or source of vibrational disturbances. Thus, by coupling these 30

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

vi brational disturbances on at 5 | east oge of the projection systemand the
reference frane, is renoved. In a preferired enbodi ment, 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
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- 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 patterning means to impart the projection beam with 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,



- 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 frame for supporting said
projection system - characterised by: transporting heat to or fromsaid
reference frane using a heat transport system arranged to be in thernmal
interaction with said reference frane. 5 Al though specific reference my be
made in this text to the use of |ithographic apparatus in the manufacture

of ICs, it shoul.d be _.understood that the | .aphi ¢ _apparatus descri bed
her ei n nay P‘I‘i’é{I}ié %?Wé?reléﬁf oy Oféﬂlgjorté%ﬁ“g %é ﬁﬁﬁfﬂ‘%’cture of integrated

optical . ?u dance and detection patterns for nagnetic donain
menori es, |IC]UId cfystal displays (LCDs), thin-film 10 nmagneti c heads, etc.
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alternative applications, any use of the terns "wafer"” or "die" herein
maybe cmihemgdelastlmywnhymwd'emcmﬁmnhe nmore general terms "substrate" or
"target portion", respectively. The substrate referred to herein may be
proctssed, before or after exposure in for exanple a track (a tool that
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in or dehavtemtlmarapphacaaonu Istéh dsayie mantfactuseooftivepratddeoptiealnsysteins glaﬂ.-mcuaﬁdzl
herein may also refer to a substrate that already contains nultip
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of 5 20 as particle beans, suc eams or tron
beams. 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.
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 substrate 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 interpreted as referring to means
that can be used to impart a projection beam with 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 imparted to the
projection beam may not exactly correspond to the desired pattern in the target portion of the

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



The term "patterning neans" used herein should be broadly interpreted as
referring to neans that can be used to inpart a projection beamw th 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 may not exactly correspond to the desired pattern in
the target portion of the substrate. Gbgerally, the pattern inparted to

the projection beamw ||l correspond to a‘particular 7 functional layer in a
device being created in the target portion, such as an integrated circuit.
Patterning nmeans may be transm ssive or reflective. Exanples of patterning
neans i figktioital ek, 2 guvixgrtrirpedtRedvin'the farg@dt hodtion, Ald ab hR aitesaRAlcfrehitD
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apparatus_may be of a type having two (dual stage) or nore substrate tables
15  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”.

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



(and/or two or nore mask tables). In such "multiple stage” machi nes the
additional tables may be wused in parallel, or preparatory steps may be
carried out on one or nore tables while one or nore 25 other tables are
bei ng used for exposure. The |ithographic apparatus may al so be of a type
wherein the substrate is imersed in a liquid having a relatively high

refractive index, e.g. water, so as to fill a space between the final
el ement of the projection systemand th® substrate. |nmmersion |iquids nmay
al so be applied to other spaces in the |[|ithographic apparatus, for

exanpl e, between the nmask and the first el enent of the projection 30
system ,ngg%éjf)g&tﬁsechni ques are well known in the art for increasing the

nuneri ca aperture of 8 projection systens. Enbodi nents of the invention
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I um natl . . o
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(e. 9. aemBsfimbmdfede plséninventiganr ting patterning means (e.g. a mask) MA

and connected to first positioning means PM for accurately positioning the
pat{fgerning nmeans wth respect to itemPL; - a substrate table (e.g. a

RN SR RIRHCE 5 R WL R N O
subst r ghGeohNThE SRk s comprises:
- 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 pattening means
with respect to item PL;

- a substrate table (e.g. a wafer table) WT for holding a substrate (e.g. a resist-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 (¢.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). Alternatively, the apparatus may be of a

transmissive type {(e.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 is a 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



20 to itemPL; and - a projection system(e.g. a reflective projection

l ens) PL for imaging a pattern inparted to the projection 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. enploying a reflective mask or a 25 programuabl e
mrror array of a type as referred to abqve). Alternatively, the apparatus
may be of a transm ssive type (e.g. enpfoying a transm ssive nmask). The
illumnator IL receives a beamof radiation froma radiation source SO The
source and the lithographic apparatus may be separate entities, for
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15  the first positioning means PM and position sensor IF1 can be used to accurately position the mask
MA with respect to the path of the beam PB, e.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



during a scan. In general, novenent of the object tables MI and WI will be
realized with the aid of a |ong-stroke nodule (coarse positioning) and a
short-stroke nodul e (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 nmask table MI may be connected to a short stroke actuator
only, or may be fixed. Mask MA and substrate Wmay be aligned using mask
alignment marks ML, M2 and substrate alllgnnment marks P1, P2. The depicted
apparatus can be used in the following preferred nodes: 1. In step node,
the mask table MI and the substrate table WI are kept essentially

st at i ondetgrmiggl binthedda)magnificatiopand emage raparsal elarhctetistes pf diegrojectivrbsyateni BL.

projected onto a target portion Cin one_go .. (i.e. a,single static,

exposur E‘ﬁcaﬂrﬁ@dwhs i sige0f (he Sxpote fEHim e dPi(Er e R seaaning
directi : [ | ed.

mode. o S0 el bRt s st Ofinaltl it SR ACHEXBRAEST i Pelb R,
por t i onmGtibirdetefnings the height @n HealchiniSXMPSOR) ofthe tdig@t oftionpde, the mask
table MI and the substrate table WI are scanned synchronously while 30 a

pat ter n3.i nplranether modp.dhe maple tbleov This keptiesseptialhesatianannhalding taqrogrampmble on
C (i.e. si.ngl e dynam,c su The velocit nd direction of the
Subst 1 A Rterig ot Ao sy BT BhE WdR Mok R 8F ioptin i Balert Huthrs o he
(de-) T < _ nos . ion
L2, AL ANG LR PURE R Y b Ench B REOMRRALRY ||
wi dt h ( saur¢ehie empivysd and thegprogtamembleqrajtenmiing iearisds gpdatqaoastrequirddrafiar sachgl e
dynam c exposurog, whereas the |l ength of the scanning. notion deterni nes. the

hei ght RHCReRE of dhebsirate fablecWiTRT)n Sptwern sicseisete radiation pulses dyringig saam (lihds
or ot arahl B skl be roadlfBbo B8 Ay U BB Bt ke prmppls,

scannedpaeifig heRid, b@dh s A RBETaRENAbR fltfor aPaPo€s tipens beeftd o 4book.ect ed onto

a target portion C. In this node, generally a pulsed radiation source is
enpl oyed and the progranmabl e patterning neans is updated as required after

each venent. of the substrate table WI or .in between successive radiation
Ul ses GUPPRAtaRLAnd/pT VHiipLons on heiebaye d5isuibed PEKeT ahiedr PRGN G sl Fogey
maskl esgeal i ~utilizes programmable patterning neans, such as
a progr%ﬁr%ﬁ%wmgf%?bgﬁ ay of a type as referred to above. Conbinations
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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
V( 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 vacuum 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



use may al so be enployed. 15 The |ithographic projection apparatus of the
exanpl e i ncludes a vacuum chanber VC in which the beam PB i npi nges on nask
MA and subsequently onto the target area of the substrate W The vacuum
chanmber VC encl oses at | east one component selected froma group conprising
the support structure, the substrate table, the projections systemand the
reference frane. In the enbodi nent sho in Figure 1, the vacuum chanber
additionally may include the illumnator*1L, 20 the patterni ng neans MA,
the substrate Wand the sensors |IF disposed on the reference frame M- for
sensing the position of the patterning neans MA and substrate W
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30 shield is typically a plate without active tenperature conditi oni ntg, in
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controll ed nedia through channels in or on top of the plate, or by

pr old di nujess, il thevparticalar embodiment explicitly mentions a particular type. It has been found that

vibrations cause problems when one or more active heat shields are used. Whereas, 1t 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 expansion 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



10 cold nedia through the plates and actively controlled heaters at the
medi a 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 therno-electric (Peltier) elenents,
or by using heat pipes to control the heat shield tenperatures. In the
description hereinbel ow, when a heat shield is nentioned it may be passive
or active or both, 15 unless, in the pakXicular enbodi nent explicitly
mentions a particular type. It has been found that vibrations cause
problens when one or nore active heat shields are used. Whereas, it has
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cast or machined out of one block. Even though 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 attached
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



alternatively, it is not. It will be understood that the vibration
I sol ation system 13, 14 nay be realised in a nunber of alternative ways,
Wi th respect both to the nature of the system and the nunber and
arrangenent of 10 the system conponents. For exanple, the resilient nenber
14 may be realised for exanple, as airnmounts or other equival ent systens,
such as a nagnetic system a nechani cal ﬁgstenrconprising | ow stiffness

e

mechani cal beans, a piezo-electric syst a fluid based system or any
conmbi nati ons thereof, which provi de a resilient support for the reference
frame MF with a | ow stiffness. Is noted that the airnmounts are suitable
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transport capacity, typically the cooling capacity, requirements are

| ncr eas2@larelrhounsa] dethe bhseufitimé Bator tearefepgre dtanegvitit deplrat drewhethwethe siiehis,
which require exposure to take place under vacuum conditions, the heat

t r ans poPiovidep aetiveyor ipessivecshicidiag. Inle srh@tlm thabthe hephsbinld 30 is pravided wiith active
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e B, P 08 S I gl
ef fert BfF, lewbBad it alay\alsorbatr@ihtélich the badfrarhe€BF. IntBe slrmrtibn where heat shield 20 is
adapted to provide both active and passive cooling 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  include a 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 very well conditioned base frame wall surrounding at least a part of the view of

30  the reference frame.



5 The projection system PL maybe supported on the reference frane MF via a
support 11 and a resilient elenent 12. Al though, Figure 1 shows only one
support 11 and resilient element 12, a plurality of supports and resilient
menbers may alternatively be provided. The reference frame MF is at | east
partially surrounded by a heat radiation shield 20. The heat shield is
provided with a support 21, 29. The support 21 is nounted on either the
reference frame MF or 10 the base franel®F. The support 29 is nounted or
the base frame BF. \Wether the supports 21 and 29 are nounted on the base
frame BF or the reference frane will depend on whether the shield provides
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transport system 22, 24 is nounted on the base frane BF. In particular,

t he suppiojectipns sys@ucPL end/pi the sefeencoframe MIE du thie gmbediment obasembresens®E,. for n
a preferred . enbodi nent the active heat shield 20 [s integrated in t
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may1 Rl sgysten MMk detroMedbydegulating the temperature of the heat shields. This may be done by

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 altemmative 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



heat transport system 16, 18 for heat transport to or fromthe projection
system PL. The system nmay include a supply pipe 16 and an abduction pipe
18 which are nounted on the base frame BF. The pipes 16, 18, 22, 24 are
arranged to transport heat to or fromthe projection systemPL and 5
shield 20, respectively. Although the words "heat transport" is used

t hroughout for the fluid and the pipes 1 18, 22, 24, it should be

under stood t hat under nost circunmstances pipes 16, 18, 22, 24 serve as
cooling pipes and the fluid serves as cooling fluid, by renoving excess
heat through abduction pipe 18, 24. But it is also envisaged that the
fluid ndethits efthelhead transpottesystetmhfor ramspertingdieatsty ot dionPihe phsjedtivn systeerigned.. 10
frame NF at a higher tenperature t han normal |y when no projection beamis
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on which a sensor, for example, an interferometer is mounted for sensing the position of the

—pC

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



15 details of the heat transport systemfor transporting heat to or from
the projection system HT-PL. The heat transport systemfor the projection
system i ncludes a supply pipe 16 and abduction pipe 18 and a heat shield
17. The heat shield is described in our copendi ng European patent
application P- 1558, and is herein incorporated by reference. Fluid for
transporting heat to or fromthe projection 5 systemis introduced by
suppl y pipe 16, passes through the acti vk heat shield 17 and exits via
abduction pipe 18. To avoid any vibrations caused by the flow of fluid

t hrough the pipes, the supply and abduction pipes are nmounted on the base

frame | ' ddition, the heat shield 17
Blheftho nfeR&GEA GES ﬁ%ﬂs%@%ﬁertaﬁ:g %39163

is mounted by nmounting el enen ase franme BF at a |location. The
proj ection system PL may be nounted on reference frame M- by support
element 11 and resilient 10 neans 12. The projection systemincludes a
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structure. The support structure reference franme portion M- M is disposed

on t he pfopmetis oradopd Figares iand 2Thea defcapincef thosnmnifentntst her conpri ses a
substrate table reference franme &%rti_on M--WI on which a sensor, for
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portion of the ref'erence frane | the projecti system PL is

mount edabdistiordpipe 24 badowdstthe flaiidromn e systeinl Qusrwith thetheat treispore Systerh fathe MF
I's mounted on a base frame BF. The reference frane MF is isolated fromthe
base f r Bigiechen pystapm,rthe beay trapsfon systgm fonthegelesance fragp HEMF s3oupled te thediasgy at
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w nO”t['he(‘:] }Ilo:;/a? sliigliieZOtn(‘)layl l?e arranged to at least partially surround the reference frame. The shield 20
may be mounted on the reference frame MF. Altemnatively it may be mounted on the base frame BF.
It 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 polishing 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 shield 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



t her no- mechani cal deformations of the reference frame. Figure 3 depicts
further details of a lithographic apparatus shown in Figure 1. In
particular, Figure 3 shows details of the heat transport systemfor
transporting heat to or fromthe reference frane HT 5 M- and a heat

radi ati on shield 20. Those conponents shown in Figure 3 having the sane
reference nunerals as conponents shown in Figure 2, are not descri bed
again with reference to Figure 3, referbhce is nmade to Figures 1 and 2 for
a description of those conponents. As with the heat transport systemfor
the projection system HT-PL, the heat transport systemfor the reference
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BF. It is possible to nount the shield 20 on the reference frane M- since
its thermal conditioning function is carried out in a passive way, that is,
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provi ded by a coating of a reflective material such as gold or nickel.
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I ncreased stiffness wt respect to ot her porti ns of the reference frane
MF, 1S0engtfledst @ ppreionaiflay uppanutihe ofisaidaateeshct frameaF, sbatonh flow it Q0dedngded to
the heat shield 20. Whereas with reference to Figure 2, the heat trans ort
syst em fusroupg at bﬁﬁjae@mwfs%/lgwgmuqﬁacppf said refergneedframg Mioand atheastons) side

ens, hle J ar}rratnrgt‘;,i(i1 R surround at least a side portion of said reference frame MF. In one embodiment,

the heat transport system 20, 40, 41 is arranged 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. Alternatively, other
materials including, for example, a volume of foam or other thermally insulating substance, may be
provided. 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 lead to thermal heat load
fluctuations. The heat shield may be closed at the sides, thus preventing 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



30 systemof the reference frame HI-MF is arranged to be in thernal
interaction with the heat radiation 17 shield 20 for transporting heat to
or fromsaid reference frame. In this way heat is transported to or from
the reference frane via the heat shield 20. As nentioned above,
alternatively, the heat transport system 22, 24 may, at least in part, be
integrally formed in the heat shield 20. As well as being disposed with
respect to the upper and | ower surfaces B the reference franme MF, the heat
5 shield 20 may al so be disposed with respect to that part of the reference
frame MF which interfaces wth the projection systemPL. In this

particu -%nggg' bt : ﬂﬁﬁﬁ 100 W A LLyaaf the
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further 10 enbodi ment of the present invention. \WWereas in vacuum

condi t i piates mayderpassiveser astive oppassize and psivecenditiongsle Inf Figree 4, apnowr Xillastraes a
in atnospheric ﬁondltions in addition to radiation convection is present.
To addr@@@ﬁﬁ%?é BYSWICERI™i n a particul ar enbodi ment, the heat transport
system gh.: : i . t p nJ P It - fi.shie
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surround 15 at least a portion of an upper surface of said reference frane
MF, a bietovenfibmw pl ate 20 arranged to surround at |east a portion of a

| ower surface of said reference franme MF and at | east one side flow plate
40 arranged to surround at | east a side portion of said reference frame M.
I n one enbodi nent, the heat transport system 20, 40, 41 is arranged to
substantially enclose a volune of a thermally insulating material between
the reference frane MF and the heat transport systemto act as a thermal 20
danper. In one enbodi nent, the heat transport system 20, 40, 41 is arranged
to provide a volune of gas. A gas, for exanple, air is chosen because of
its poor thermal conductivity. Alternatively, other materials including,
for exanple, a volunme of foamor other thermally insulating substance, may
be provided. In the enbodi nent where a volunme of gas is used, the

encl osure 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 frame MF is |arge enough, so that the gas enclosure may exhi bit
sone | eakage, the thernal danmper principle still functions effectively.
The thermal danper functions primarily by preventing gas from being
refreshed with fresh gas, since this would lead to thernmal 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 M.
The gas gap, for exanple, air, between the reference 30 frame M- and the
flow plate 20, 40, 41 functions as thermal isolation. Further nore, the
thermal 18 capacity of the flow plate itself functions as a thermal danper,
as nentioned. In this way, the dynam c heat |oad towards the reference
frame MF are danped significantly. FurthEt, the flow pl ates nay be passive
or active or passive and active conditioned. In Figure 4, arrow 50
illustrates a possible air flow direction. 5 Wile specific enbodi nents of
t he i nvepniAims have been descri bed above, it wll be appreciated that the

i nvention may be practiced otherw se than as described. The description is
not intended to limt the invention. 19 CLAIMS 1. A |lithographic apparatus
conprising: - an illumnation systemfor providing a projection beam of

radi ati bn: Alﬁ%ﬂﬂ'ﬁ?@@ﬁ%‘é%@'lsmﬁ: supporting patterning neans, the
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sensor sthe@tojettidnceam witle a phttaiditpadokssattiog neans and sai d substrate, and

sai d_ projection systemare |ocated; and - a further frane on which said
ref e¥ ence f#byhstrpis tale fardwldipgiapuhisiraleni d further frame is 10 provided with

a vibration isolation.systemto.prevent vi ations in said.further frane
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trans pombmimdrsaifdrsmmme,Iaﬁasiid@ﬂgeafon%gétanmeioe@tbﬂ;%dsyst emand said 15
reference frame; and in that said heat transport systemis coupled to said
furt her- f r agdfurther frame on which said reference frame is mounted, wherein said further frame is
10  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

15  reference frame; and in that said heat transport system is coupled to said further frame.

2. A lithographic apparatus comprising;

- an illumination system for providing a projection beam of radiation;

- a support structure for supporting patterning means, the patterning means serving to impart
20  the projection beam with a pattern in its cross-section;

- 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; characterised by a heat transport

25  system, in thermal interaction with said reference frame, for heat transport to or from said reference

frame.



2. Alithographic apparatus conprising: - an illum nation system for
providing a projection beam of radiation; - a support structure for
supporting patterning means, the patterning nmeans serving to inpart 20 the
projection beamwith a pattern in its cross-section; a substrate table for
hol ding a substrate; - a projection systemfor projecting the patterned
beamonto a target portion of the substrate; a reference frane on which at
| east one of position sensors for at | et one of said patterning neans
and said substrate, and said projection systemare |ocated; characterised
by a heat transport 25 system in thermal interaction with said reference
frame, 3or RemfogdriphiSRPatatisacObrdidgdBchind , WhbRiP S iR %Qieﬁne least a

| i t hographi ¢ apparatus according to claim1l, whereln sal urther framne

def i nespat of evhura chpabér iafwhiclyatdedstond Giaky projectibn §f3tent addesd redsenceffrfnd d
projection systemand said reference frane are located. 5 4. A

| i t hogra&tplcetedppar at us according to any preceding claim further conprising
a vacuum chanber encl osing at | east one conponent selected froma group
conprising said support structure, said substrate table, said projection

system and | . B, ' | at us. accor di to
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shi el d, cHaftfbRE Gt1dsthd AUGHSESRE confdhertaeicafet Font  gRlupicoRiprising sgidsupporbahlenat, a
surface of said reference frame. 6. A lithographic apparatus according to
any pr esagtisubgtratk &abig, saideraiectionaystemenant] saildirefecence framer anged to at | east
partially surround said reference frane. 15 7. A |ithographi c apparatus
according to any preceding claim wherein said shield is nounted on said
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heat shie
reference frame.

6. A lithographic apparatus according to any preceding claim, wherein said heat shield is
arranged to at least partially surround said reference frame.

15
7. A lithographic apparatus according to any preceding claim, wherein said shield is mounted on

said reference frame.

8. A lithographic apparatus according to any of preceding claims 1, and 3-7, wherein said shield

20 is mounted on said further frame.
9. A lithographic apparatus according to any preceding claim, wherein said heat shield is a plate.

10. A lithographic apparatus according to any preceding claim, wherein said heat shield comprises

25  at least a partially reflective surface, arranged to reflect radiation away from said reference frame.

11. A lithographic apparatus according to any preceding claim, wherein at least a part of a surface

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

30 12, A lithographic apparatus according to any preceding claim, wherein said heat shield is



10. A lithographi c apparatus according to any preceding claim wherein said
heat shield conprises 25 at least a partially reflective surface, arranged
to reflect radiation away fromsaid reference frame. 11. A |ithographic
apparatus according to any preceding claim wherein at |least a part of a
surface of said reference franme has a at least a partially reflective
surface. 30 12. A lithographic apparatus,according to any preceding claim
wherein said heat shield is 21 arranged 2o shield a part of said reference
frame which exhibits a stiffness which is high in relation to another part
of said reference frane. 13 A |lithographic apparatus according to any

pr ecedi agangeditoshiviiarpartrofsaiddefatsnte frame K exditsitsartiffhessSwhich lishlﬂ?ﬁﬂ{ relation
interaction with said heat radiation shield for transporting heat to or

f r om satocrnother pud atenid referencs famseii d shield. 14. A lithographi c apparat us
according to any preceding claim wherein said heat transport system
conprises a supply elenment and an abduction el enent for supplying and
abducti ng, ' ui o f % t t
oast ong o TMESENE ey ecbidibelo R phisBBBE Rl nERplthel] wrifBh Bstem

| i t ogr RehilfenARPAteRicHSn MGEOJacH Mat Fi-0Y sRieRCRE traskpehigMeatMdr o said heat
shield is provided with at | east one of a therno-electric elenent and a

heat i ngref¢remerftamewiesadshedd.d heating el enent conprises a cold nedi um and
a heat pipe to condition said heat shield. 15 16. A lithographic apparatus
according to claim 14 or 15 when dependent on claim1l1l, wherein at |east
one of I d I .abduction, therno-electric and heating. gl enentss_ ar
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wherein said plurality of heat shields include 25 a top flow plate
arranged to surround at |east a portion of an upper surface of said
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frame.
element comprises a cold medium and a heat pipe to condition said heat shield.

15
16. A lithographic apparatus according to claim 14 or 15 when dependent on claim 1, wherein at
least one of said supply, abduction, thermo-electric and heating elementss are mounted on said

further frame.

20 17. A lithographic apparatus according to any of preceding claim, wherein said heat transport
system comprises a plurality of heat shields arranged to surround at least a portion of said reference

frame.

18. A lithographic apparatus according to claim 16, wherein said plurality of heat shields include
25  atop flow plate arranged to surround at least a portion of an upper surface of said reference frame, a
bottom flow plate arranged to surround at least a portion of a lower surface of said reference frame

and at least one side flow plate arranged to surround at least a side portion of said reference frame.

19. A lithographic apparatus according to either claim 17 or 18, wherein said heat transport

30  system is arranged to substantially enclose a volume of a thermally insulating substance between



19. A lithographic apparatus according to either claim1l7 or 18, wherein
said heat transport 30 systemis arranged to substantially enclose a vol une
of a thermally insulating substance between 22 said reference frane and
said heat transport systemto act as a thermal danper. 20. A lithographic
apparatus according to any of preceding clains 17-19, wherein said heat
transport systemis at |east one of passive and active conditioned. 5 21. A
devi ce manufacturing nethod conpri sing tHe steps of- - providing a
substrate; - providing a projection beam of radiation using an illum nation
system - using patterning means to inpart the projection beamwith a

pat t er nsdidrdférenéd Pific MRFidi®Reat fatkposQystemtOh8ClsianBerhde dRgpLer ned beam of
radiation onto a target portion ofp thé substrate using a " projection
system - providing a reference franme for supporting said projection
system _- mounting said reference frane on a further frane, wherein said

f ur t her 2¢-r afdithegraphic; ppragatyd aqgording torny of preceding alaimsn 1 Ty 8+ wherein spidheatt

vi brati gns ilg ) id.retfer nce frane fr(fm.affec%w%psaid 15 reference frane,
char act SP1S0RY SpRfem i gLIgAsh ane of pasyiye end astixe con ‘| east one of said
projgction systemand said reference frane using a heat transport system
arranged to be in thermal interaction with at | east one of said projection
system 2nd Aaledice efaniepaeinkmitRod eitpriding theewps bfig sai d heat transport
systemto said further frame. 20 22. A cFevi ce manufacturing nethod

conpri st ng preEldsngpsnbsirate; provi ding a substrate; - providing a projection

beam of radiation using.an illupgination system - ysing patterning neans to
"mpart The BRSO 7 BROBLIRPER Al Eiption dFERR INBnalOR MLt [ on; and 25 -
projecting ﬁ;ﬁ%ﬂﬁ&ﬁﬁgﬁ%ﬂ%%@%%ﬁ}&&& OO Pwath b HaBER iR kR8s tiohD nd
substrate usi a projection syste
10 - projecting the patterned beam of radiation onto a target portion of the substrate using a
projection system,
- 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
15 reference frame, characterised by
- transporting heat to or from at least one of said projection system and said reference frame
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.

20

22. A device manufacturing method comprising the steps of:

- providing a substrate;

- providing a projection beam of radiation using an illumination system;

- using patterning means to impart the projection beam with a pattern in its cross-section; and
25 - projecting the patterned beam of radiation onto a target portion of the substrate using a

projection system,
- providing a reference frame for supporting said projection system;
- characterised by:

- transporting heat to or from said reference frame using a heat transport system arranged to be

30  in thermal interaction with said reference frame.



- providing a reference frane for supporting said projection system -

characterised by: - transporting heat to or fromsaid reference frame using
a heat transport systemarranged to be 30 in thermal interaction with said
reference frame. 23 23. A lithographic apparatus conprising: - an

I 1lum nation systemfor providing a projection beamof radiation; - a

support structure for supporting patterni ng neans, the patterning neans
serving to inpart the projection beamwh a pattern in its cross-section;
5 - a substrate table for holding a substrate; - a projection system for
projecting the patterned beamonto a target portion of the substrate; - a

referengg fhg | ﬁ@ﬁ;- e of position sensors for at |east one
of said %atteﬁ?ﬁgbﬁ%&g# als(lf%ubstrate, and said projection system
are | ocat edan ithatiagionrsystes foypvivesd a f)ﬂ‘o?déﬁ@ﬁ) bkam ¥ fdd@fion N t her nal _
interaction with said reference frane, tor heat transport to or fromsaid
reference dSufpodrsiructdre foAstpportog pattemingympansathe pattemmy) eéany servirggto impart

illum nation systemfor providing a projection beamof radiation; - a
supportﬂl@tnrwe?tmnebep@rwghmaeﬁtftmh@ﬁwpﬁ%ﬁﬂlﬁ@ means, the patterning neans

serving to |npart h 0] ect.ion beamw th a pattern inits

cro s-sécti%H{Fbs&agﬁ%bg??%ﬁ’@ﬂ'&%?@tfsg?tehol ding a substrate; - a projection
system for ect.d d I ¥ .
SUbstrate TRGECh Ml agRok e b PR ADb A o BB e RILOPOL B 0B L o

a group- conprdfereng: fBanélon sdijuhait least orieaif position o bsitedseoiedll saidaputterfing
projection system and 20 - a base frame on which at |east one of a
pl ur al i meaesf andsaidanbsirate, anhd said prejpgsmnsysismane osatedycharagtesisedrby # beat dranspoat

to be generated in said apparatus, i.s nounted,. characterised [ n that: .said
base 1 - StEhds threab i sradieh e reffredls Bach o et R 16 9rhibm i ferciénc
10  frame.

24. A lithographic apparatus comprising:
- an illumination system for providing a projection beam of radiation;
- a support structure for supporting patterning means, the patterning means serving to impart
15  the projection beam with a pattem in its cross-section;
- a substrate table for holding a substrate;
- a projection system for projecting the patterned beam onto a target portion of the substrate;
- a vacuum chamber enclosing at least one component selected from a group comprising said
support structure, said substrate table and said projection system; and
20 - a base frame on which at least one of a plurality of components of said apparatus which may
cause motion or heat to be generated in said apparatus, is mounted,

characterised in that: said base frame defines at least a part of said vacuum chamber.
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