LI THOGRAPHI C APPARATUS AND METHOD FI ELD [0001] The present invention
relates to a |ithographic apparatus and a method. BACKGROUND [ 0002] A

| it hographi c 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 patt referred to as a
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irradiated by scanning the pattern through the beam in a given direction (the “scanning”-

direction) while synchronously scanning the substrate parallel or anti-parallel to this direction.
[0003] Wires have conventionally been used to connect an IC to a board but this method
is increasingly being replaced with a method referred to as “flip-chip bumping”. In flip-chip
bumping a pattern is imaged onto a thick layer of resist (i.e. thicker than a layer of resist used
in conventional lithography) which is provided on the substrate. The resist is developed and
processed such that recesses are formed at predefined locations and solder is then
electroplated in the recesses. The resist is then removed leaving solder “bumps” projecting
upwards from the uppermost surface of the substrate. In general, the resolution of the
lithographic apparatus may be low, since the accuracy with which the solder bumps need to
be located is typically around 1 micron (this is a significantly lower accuracy than the
accuracy of tens of nanometers that is provided by high resolution lithographic apparatus).
[0004] Processes, such as flip-chip bumping, in which thicker layers of resist are
patterned typically employ higher doses of radiation to produce the desired pattern. However,

increasing the dose of radiation can lead to increased heating of the resist, substrate and/or



i ncreasing the dose of radiation can |lead to increased heating of the
resist, substrate and/or 1 substrate support table. For exanple, the
tenperature of the substrate in the vicinity of the exposed resist can
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passed continuously during exposure. Problems associated with this method are that it again
may require significant modifications to conventional lithographic apparatus, particularly the
substrate support table, and that it is complicated and expensive to design and manufacture
the support table so as to be watertight and possess the required flatness.

[0006] It is desirable to provide, for example, lithographic apparatus and a method which
obviate or mitigate one or more of the problems of the prior art, whether identified herein or

elsewhere.

SUMMARY

[0007] According to an aspect of the invention, there is provided a lithographic apparatus
that includes an illumination system constructed and arranged to condition a beam of
radiation, and a support structure constructed and arranged to support a patterning device.
The patterning device is configured to impart the beam of radiation with a pattern in its cross-
section. The apparatus also includes a substrate table constructed and arranged to hold a

substrate. The substrate table includes a substrate support plate that is in thermal contact with



radi ati on, and a support structure constructed and arranged to support a
patterning device. The patterning device is configured to inpart the beam
of radiation with a pattern in its cross- section. The apparatus al so

i ncludes a substrate table constructed and arranged to hold a substrate.
The substrate table includes a substrate support plate that is in thernal
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[0011] Figure 1 depicts a lithographic apparatus according to an embodiment of the

invention; and

[0012] Figure 2 depicts a more detailed illustration of components of the lithographic

apparatus of Figure 1.

DETAILED DESCRIPTION

[0013] Although specific reference may be made in this text to the use of lithographic
apparatus in the manufacture of ICs, it should be understood that the lithographic apparatus
described herein may have other applications, such as the manufacture of integrated optical
systems, guidance and detection patterns for magnetic domain memories, liquid-crystal
displays (LCDs), thin-film magnetic heads, etc. The skilled artisan will appreciate that, in the
context of such alternative applications, any use of the terms “wafer” or “die” herein may be
considered as synonymous with the more general terms “substrate” or “target portion”,
respectively. The substrate referred to herein may be processed, before or after exposure, in
for example a track (a tool that typically applies a layer of resist to a substrate and develops
the exposed resist) or a metrology or inspection tool. Where applicable, the disclosure herein

may be applied to such and other substrate processing tools. Further, the substrate may be



context of such alternative applications, any use of the terns "wafer" or

"die" herein may be considered as synonynous with the nore general terns

"substrate" or "target portion", respectively. The substrate referred to

herein may be processed, before or after exposure, in for exanple a track
(a tool that typically applies a layer of resist to a substrate and
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particle beans, such as ion beans or electron beans. [0015] The term
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to a device that can be used to inpart a radiation beamwth a pattern in
its croSsCUREMSn such as to create a pattern in a target portion of the
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beam w || correspond to a particular functional |ayer in a device being
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var i ouswitiydoriespamdsk atpgpeslar Amcaradiphyer of a devigy ngngaoneated én thertarget @ortiany

enpl oys a matrix arrangenent of small mrrors, each of which can be
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differ %8616‘? T ecAtI%a trérsrfing device may be transmissive or reflective. Examples of patterning
device include masks, programmable mirror arrays, and programmable LCD panels. Masks
are well known in lithography, and include mask types such as binary, alternating phase-shift,
and attenuated phase-shift, as well as various hybrid mask types. An example of a
programmable mirror array employs a matrix arrangement of small mirrors, each of which
can be individually tilted so as to reflect an incoming radiation beam in different directions;
in this manner, the reflected beam is patterned.
[0017] The support structure holds the patterning device. It holds the patterning device in
a way depending on the orientation of the patterning device, the design of the lithographic
apparatus, and other conditions, such as for example whether or not the patterning device is
held in a vacuum environment. The support can use mechanical clamping, vacuum, or other
clamping techniques, for example electrostatic clamping under vacuum conditions. The
support structure may be a frame or a table, for example, which may be fixed or movable as
required and which may ensure that the patterning device is at a desired position, for example
with respect to the projection system. Any use of the terms “reticle” or “mask™ herein may be

considered synonymous with the more general term “patterning device”.



in this manner, the reflected beamis patterned. [0017] The support
structure holds the patterning device. It holds the patterning device in a
way depending on the orientation of the patterning device, the design of
the lithographic apparatus, and other conditions, such as for exanple

whet her or not the patterning device is held in a vacuum environnment. The
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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 system. Immersion techniques are well known in the art

for increasing the numerical aperture of projection systems.

[0022] Figure 1 schematically depicts a lithographic apparatus according to a particular

embodiment of the invention. The apparatus comprises: an illumination system (illuminator)

IL to condition a beam PB of radiation (e.g. UV radiation); a support structure (e.g. a support

structure) MT to support a patterning device (e.g. a mask) MA and connected to first

positioning device PM to accurately position the patterning device with respect to item PL; a

chuck CH incorporating i) a wafer table/substrate support table WT for holding a substrate

(e.g. aresist-coated wafer) W, and ii) a mirrorblock connected to a second positioning device

PW for accurately positioning the substrate with respect to item PL; and a projection system

(e.g. a refractive projection lens) PL configured to image a pattern imparted to the radiation

beam PB by patterning device MA onto a target portion C (e.g. comprising one or more dies)

of the substrate W.



al so be applied to other spaces in the |ithographic apparatus, for exanple,
between the mask and the first elenment of the projection system | nmersion
techni ques are well known in the art for increasing the nunerical aperture
of projection systens. [0022] Figure 1 schematically depicts a |ithographic
apparatus according to a particular enbodi nent of the invention. The
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illuminator provides a conditioned beam of radiation PB, having a desired uniformity and
intensity distribution in its cross-section.

[0026] The radiation beam PB is incident on the patterning device (e.g. mask) MA, which
is held on the support structure MT. Having traversed the patterning device MA, the beam PB
passes through the lens PL, which focuses the beam onto a target portion C of the substrate
W. With the aid of the second positioning device PW and position sensor IF (e.g. an
interferometric device), the substrate table WT can be moved accurately, e.g. so as to position
different target portions C in the path of the beam PB. Similarly, the first positioning device
PM and another position sensor (which is not explicitly depicted in Figure 1) can be used to
accurately position the patterning device 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
device PM and PW. However, in the case of a stepper (as opposed to a scanner) the support

structure MT may be connected to a short stroke actuator only, or may be fixed. Patterning



(commonly referred to as 6-outer and (7-inner, respectively) of the
intensity distribution in a pupil plane of the illum nator can be
adjusted. In addition, the illumnator IL generally conprises various

ot her conponents, such as an integrator IN and a condenser CO The
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struct ue29T may benconngol€dhd Quppos bRUttuRIVTkad aled ddkddte cablleyW Todremay be

fixed. Patterning 6 device MA and substrate Wnmay be aligned using

pat t er ricagnedesyndeorguslyriniit a paiteks iInypartef/go ﬂ)&rma@l@ﬁrmm@cf&d ogterfeiateetrar ks P1,
P2. [0027]. The. depi.cted appar at us be.used i.n.the f oW, n referred
modes: Tt & P dsPRBR e e e B AT RaBLE f ot o
tabl e WiTBtRi%ER) the @85 diflchute RBLI RRARMhed MY the(RDnSRhifl 8t PRbdehmhgenpar t ed
to the beamPB is projected onto a target portion Cin one go (i.€. a

si ngl e svatdl chax@esstios of thElpeojeutist syateen Plalihecambde, txemaxishini sieelof thet he X
and/or Y direction so that a different target portion C can be exposed. In

step rid@esure Aeldhunitnilimvdithdingthe npe-seapping deectip of the frges periendy 2 8ingle t he
target day%erlr%icoe@(pcc):sdrga Vgl?ecrieasitﬂe l%ngtihn(g lt}?e sscEir?rgllng moioR defefmines the height (in the
scanning direction) of the target portion.
[0030] 3. In another mode, the support structure MT is kept essentially stationary
holding a programmable patterning device, and the substrate table WT is moved or scanned
while a pattern imparted to the beam PB is projected onto a target portion C. In this mode,
generally a pulsed radiation source is employed and the programmable patterning device is
updated as required after each movement of the substrate table WT or in between successive
radiation pulses during a scan. This mode of operation can be readily applied to maskless
lithography that utilizes programmable patterning device, such as a programmable mirror
array of a type as referred to above.
[0031] Combinations and/or variations on the above described modes of use or entirely
different modes of use may also be employed.
[0032] Figure 2 schematically represents a preferred non-limiting embodiment of the
wafer table WT forming part of the lithographic apparatus depicted in Figure 1. The chuck
CH depicted in Figure 2 comprises a mirrorblock 1, which supports a substrate support plate

2 with a thermal conditioning plate 3 interposed between the mirrorblock 1 and the substrate



[0029] 2. In scan node, the support structure MI and the substrate table W
are scanned synchronously while a pattern inparted to the beamPB is
projected onto a target portion C (i.e. a single dynam c exposure). The
velocity and direction of the substrate table W relative to the support
structure MI is determ ned by the (de-)magnification and i nage reversa

h i Sti f.th j PL. | . od h ' [
of the SesEpoatiRe 2 7oy el PR RR ATt providse RORRlBR Rt Ee B Fhn) o

the tar getsup@fdid aq)tp'bﬂ at& b M@ lvahindy frRIEmeNBP M RratWe e5RR_D fahRmbi @netis-of the
scanning notion determ nes the height (in the "scanning direction) of the

t ar get pbha tnacnine [DQRHItu. setpoindheinp@scdiode pattivelas upgetien @ypicdiyithe skl i s kept
essentiaLI{_stationar a progra bl.e patterning, device, and the
bt

hal di n ¢
subst r aP@n @F@Wli%%rﬁ?v%@)&ngé]éeé?m’el&mtm psaragledagreaseh 1 the SERGAHE Hhe

beam PB_i roject ef. [.on: G- ' rally a

pul sed ?g@?ﬁ?@g§%é§%?§§£sg%éﬁg#giédﬁgﬁﬁh%ﬁgﬁg 5392%#§€ﬁ§g§3€%%@%§é§ devi ce
i's updgi@dedperfitrik@taaf foebxRASH, reRNEMBRtexfbsurd® thelhpheadRes ablagiaWdnor in
bet ween successive radiation pulses during a scan. This node of operation

can be empldiy¢d/ingpptdseds, sushma dligd-esp bumipittg gr wbieh thiblear lagterd ofzesistpregr ammabl e

patterning devjce, such as.a progra ble mrror _ arr af t ype.

referr eEP“%Ble btﬁ%@he{fé@?f]ﬁ%%g Hgﬁtt‘? ﬁgmaﬁa?S&rti%%l &?‘i‘(ﬁﬁ%‘“% %Fﬂéghﬁgg%

descri b ' - di e S be
%%[ng%&&l u? gﬁ(gzw@gwoﬁ ¥Vhl(ﬁlll, M G Qkoﬂm&ﬁngﬁuﬂd §ud C J)l

enpl oye enBtically represents a preterred non-1initing
enbodi meaxer, &f pdsb&l. Thafwekertiapleferddly ket agprpiniatad tHehamleitéhpgamphasthe
apparatus depicted in Figure 1. The chuck CH depicted in Figure 2

conpr i sepoantitmperiroekthe maghinehA dleppista for theswiier faperoxippehO.pfate 2 with
a therg?éyconditifni g plate 3 interposed between the mrrorblock 1 and the
subst r at' ?HEHHBBG?EB1ate 2. The thermal conditioning plate 3 is provided

to mainpgsd) h%i%@%@%%&a?@huck%%ﬁﬁ%& g%ﬁfi'ﬂgfc?:ﬁé %lfgn@ﬁteco%si_%@ oiat hin a

predet erm ned tenperature range of around a machi ne
t enper ahitroebleek pad atutseheGupsettablrineorpaating wh ategrgenwaditioningteygmen) thy, the
set point is around 21.5 to 22.0C), and thereby |imt undesirable
i ncr easdyck fH efethe pregent anvpnbonincorposatesar addifiqnal gpmransst the theypadf Figure 1;
not s h%\ggdiitignﬁg%ﬁla{tg 3,2 i)n wieR ﬁ{etc%gdiggmtngeeléanlleantt % pzr'ovided. By providing two

separate plates that are in thermal contact in this way, the substrate support plate 2 does not

have to be modified to incorporate the conditioning element. The conditioning element can

instead be provided much less expensively and easily in the conditioning plate 3, which can

be formed from a material which is more amenable to processing to provide the conditioning

element than the types of material conventionally used for substrate support tables. Moreover,

the structural integrity of the material used to form the substrate support plate 2 is not

jeopardized by processing to incorporate the conditioning element. Furthermore, where

problems arise in the conditioning element, such as leaks or fissures, only the thermal

conditioning plate 3 would need to be repaired or replaced, and not the substrate support plate

2. Additionally, by providing the thermal conditioning plate 3 in between the mirrorblock 1

and substrate support plate 2, the mirrorblock 1 is used to directly support the thermal

conditioning plate 3, interferometer mirrors and imaging sensors but not the substrate support

plate 2. Consequently, the mirrorblock 1 does not need to be provided with such a precisely

engineered flat surface to support the substrate support plate 2, and so the cost and

complexity of manufacturing the mirrorblock 1 may be reduced.



Such tenperature rises can, for exanple, result from exposure to the higher
doses of radiation enployed in processes, such as flip-chip bunping, in
whi ch thicker layers of resist are patterned. The thermal conditioning
plate 3 conprises a thermal conditioning element in the formof a channel
(not shown) through which, in use, a conditioning fluid, such as cooling

ter, i . The water .i feraply kept, at imately th
r e PTG he! SRRl Ch P R SR R b 7
Egﬁv\gﬁz i@%pr?glh t@ﬁﬁtr DXATRE §hY110w RyfiRiricat rbfedlifn b FoPbEfiRhNiEd co{n%%?éméé?i le a
uck incorporating a conditioning elenment consists of a

m r r or btdokrizaldeeess alisfineat ey theppootblédkbl. 8'hie nolatiaerapporgphate 2, nhagradl
conditioning elenent, the chuck CH of the present invention incorporates
an addi SPHEMIRHMAGEHeHd mineblpgle b gea conpeied 1o Bisiangthet B asesies o PiRki(RH t he

condi ti gni .S RLOVi ded. . By- provi di te tes that
are in %@?ﬁhﬁecpn@gvc ﬁllngﬁg% ing_] g%ﬁf)% 5t ﬁnegasc hgg@%ﬁ %B%kuiggﬁegﬁ 1Y Eéglz does not
have t oghenr®dtdriredift@f b PEOHAGK Pincatfts R HHctdpertiB Y, SlefRptrturéBeefined
conditioning elenment can instead be provided nuch [ ess expensively and
easi | y inthe Herdnohditioningglaié 3t te aB,apattirely dedimed b a flexibembugmgahings EG,i al

BRI S e BSGes g 2Pl DYL A A ol L Tl el ST
tabl es. T}')é’%iﬁ?%ﬁfch aEsht‘Br@%lgﬁé éﬂe%rés%teﬁ?%d }%%’1 trhgfn%ﬁéﬁgﬁ%% EhdPhe UG Q1 k& J.97 M

t he substrate support p 2°1S not 0 i y processing to

i ncor podrabk@atided s6 @nel bd LNifMgiet! EFRMAe fréth iEdYRFJFOpEioMBETHR substeit & er@lti Se i n
the conditioning el ement, such as |eaks or fissures, only the thernal

condi t i westigeted &p@l ®fouowtidn néd substisée indpeaivicendtyon! thejorget pertioanidringt t he
substrate.s r{, plate . Additionally, b rovi dj t.he thernal

condi + b AP st forn Bianl b i G 1 S e b PR s uppor

pl at e Il I I t i te t :

Condi t 1on En e o AR @ 0 B el R % PR oy

t he subséveriant suigoddfornpltiah ®y2xpdsiwemdentcbytradtibg offtersappdro platel2, daesdnot
need to be grovided with such a precisely engineered flat surface to

suppor toyttheheatis eftgeteof sagsdietiop beare, iy uneggictad bytibe pins twhaghohold dipl exi ty of
e 8 PSS Q58 5 PR B PR TS M o ook 1
between the plates 2,3 may be advantageous in certain applications, such as flip-chip
bumping, since it tolerates minor structural deformations in the substrate resulting from the
increased heating effect of higher doses of radiation. It will be appreciated that such minor
structural deformations in the substrate are not problematic in applications, such as flip-chip
bumping, because the patterning resolution needed in these applications is lower than in many
other lithographic processes.
[0035] The exemplary embodiment of the present invention depicted in Figure 2 further
illustrates three sets of holes 12, 13, 14 defined by the substrate support plate 2, thermal
conditioning plate 3 and mirrorblock 1 respectively. The holes 12, 13, 14 are configured for
receipt of E-pins (not shown) to facilitate lifting of the wafer W after exposure.
[0036] The substrate support plate 2 and thermal conditioning plate 3 are arranged in the
embodiment depicted in Figure 2 such that they are separated by an air gap where the average
separation between their facing surfaces is approximately 0.05 mm. In this embodiment, the
heat conductance between the substrate support plate 2 and the thermal conditioning plate 3

will be approximately 0.025 W/mK.



support bl ock 4 defines a hollow cylindrical projection 5 for location in a
conplenentary cylindrical recess 6 defined by the mrrorblock 1. The
substrate support plate 2, thermal conditioning plate 3 and mrrorblock 1
are connected to one another by a series of pins (not shown). The holl ow
cylindrical proj ecti on 5 on each support block 4 defines a central

t SO T fr.omth t
anapor 131 5 dBFFRER o yEneis PTR Bbials Comry BT e 3 Y GRPaRE: {ur o

9 defi ngdmby @Mdfahaxih&t HP}?&BE hMoPédﬁ%@rt%chksMHl%h%é té L@kl f)arﬁ@&i%' ved in a
conpl enmentary recess 11 defined by the substrate support plate 2. The pins

whi ch pamﬁlcamm Uib plds 22 pendyusespa@tddrogdink ypproeriate distartek aok mhy anchay et t wo
pl ates 2, are arranged so as to be a sufficient distance fromthe target

porti onlI]@%u 138 aH @3Bt &t%eﬁeae%raﬁﬁte digfapceseparatingdhe dacing W@@Sr@‘tth%wa@ﬁ t he
substr LI the t )t Lon rin nb t he
radi at f‘%ﬁg qun hﬁ" fu# %ﬂré%dq{to r(ralmszl g teerrsegﬁmgrgglm? gftﬂé(IE Efa (% %her maly

condi t i QpkRedyHneiSgaprd of 1 i MMcmpf@m%& gHeftRoAdudiahcber adoig€by7expardi ng”
i.e. any localized novenent and/ or" def or nat i on by expansi on and/ or

cont r actdtencrothe phagessifpdin & figtler elt@natwaaﬂelﬂ)dnbyntt the shsitatagipeéitt pbite dis t he
radi ati on beacgl %s unrestrlcted b |ns ngch hbgld t he m rorblock 1
and pl afowgegedio the theapl corfitioRingg’ %teﬁ Y g ¢ adhsPiye; Eh Abd ervent

bet vty Bhat 85 Gock Y ol @H%ﬁ%%ﬂ?eo‘rﬂe SHARERABRLLEAL QNS osuCh as

since It tolera r structur ormations in the

s u bst r girevide shd I*elllﬁigadfthéﬁ’ﬁaﬂ benducct ebaedegRisupibreplhect ardlf cohﬂ@bﬁfngqﬂaes of
radiation. It will be a [)prem ated that such mnor structural defornmations

i n the Suabdfor it prowide thegtesiseddégremet ftexibiliapstwesatthe nkfesudhWasrer4 thpredli p
Coner " s RGP RRee taetfq%t%ﬁa i . proeeeeBe s pOCETSTHE. BRRFrery .
embodi nRRte Qfeﬁ}zﬂ@s P@%@Q%pa b E'Ir%%p'#&@%r?é] f&f;ﬁa&yﬁtﬁ@amected

r ne y t

illustrates three sets o es 1 e substrate support

pl ate 2y dohppropiiateaherdial st @y Pk atRrdedbguptd arotid dekn Iwkies p@lﬁﬂlp‘l/@hd{e The
hol es 12, 13, 14 are configured for receipt of E-pins (not shown)

faci | i tadteat ¢andpetarcesil approxixagtely O/ 3¥/mdt. Thepoenisecheal w@eytaweeexwgt@d Métﬂe
amboa ASR SR oty G ERTGar E%s el Rt o I EuBleh 2T 3B an i ¢ gap
wher e &l i@ %té%%sed%@ﬁé&tthé’ BlaRggen i ﬂ%fe"rrefi Gt ik 154F EARRStah& between
approximately 0.05 nm In this enbodi ment
the plates 2, 3 is up to around 2.5 W/mK.
[0038] The substrate support plate 2 further comprises a substrate support surface 15,
which defines a plurality of surface deformations, preferably burls, (not shown) which are
arranged to contact and support a substrate (not shown) located on the support plate 2. In a
preferred embodiment of the apparatus shown in Figure 2, the surface deformations are
arranged so as to contact up to approximately 20 % of the area of a surface of the substrate
which contacts the substrate support surface. It is preferred that the contact area is equal to or
greater than about 10 % of the substrate area. In further preferred alternative embodiments,
the contact area between the surface deformations and the surface of the substrate is around 5
to 20 %, and more preferably 10 to 20 %, of the area of the substrate surface. It is generally
preferred to employ larger contact areas than in prior art systems to ensure a sufficiently high
rate of heat transfer from the substrate when required.

[0039] The substrate support plate 2 depicted in Figure 2 is relatively thick when

compared to many conventional support tables. This is to provide the support plate 2 with a
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heat conductance between the substrate support plate 2 and the thernal
conditioning plate 3 wll be approximately 0.025 WnK. 9 [0037] In
alternative enbodi nents of the apparatus depicted in Figure 2, any
appropriate nunber and arrangenment of pins and/or support bl ocks can be
used to suit a particular application. The plates 2, 3 may be separat ed by
any appr t.e di tanead no t is

o o of e et FesP aF S0 Bk ClniStaREhien gt B Rl B s Rl L e

2, 3 ischid bh@r&@é‘%s@iar@é upsl tRerbfal anfmhnh@e@?ﬁu&f&fa%%ﬁﬁﬁt@mg&ihﬂ'@ﬂt t he
pI ates 2, 3 are separated by an air gap of 0.1 mm which provides a heat
conduct ﬁh@mpq»brt@ﬂa:wadeplc@ﬂ iMFrgdre B besvetinckinbss qf Iaapmxlrﬁateliy 5 tm. &n fugthether

alternatiye enb d| ment, the substrat su% t pl at e é connei:t ed to the
t her mal PESHELCEMBRIHECT Siesuppeyy tab! 9%13%?3 fekgess greaig) t afé%ﬂi’é%’ﬂi?’éte)é &las a

ther mal Iax%?e?ébq Of{q%é‘u;%%q tg%t 2§ QR UGTL Y t{%}%‘ E’PFax%h <?StJE§Pﬁﬁ’ Ve can be

sel ected so a rovi e requi re COI’] ucti vi ween t he

suppor t prefeadigy # a8 darpeReiindGNbNO mhate 3, and/or to provi de the desired
degree of flexibility between the plates 2, 3. Were a thermal paste is

enpl oyeld0dble sdharsabstere wppe elapﬂ %@@SPIZSCS 3 nan&iélaVlbgta high thetmalecessaril y,

hi gh h wh h ed F
exanpl ongupie: srs pieGRY T T e ed (MY oL A OB L RaF AR Bast e
™y be BEPaALEd0 Wne hkeh Al mmmbﬁ&hcﬁgﬂyﬂlﬁleqxrig%%ro ah%ab 250

conduct ance of approxi'mately O. nmK. The precise heat conductance

exhi bi twimW, hid mdeea@drabposronmhyo ti fSoewank. Thstiodssirabraindiingotlde
separation of the plates 2, 3 and the mediuminterposed between the plates

2, 3. Ieciligigthersidien dissipationel keaafropghe sersaniednplethpman to 'ihﬁéh@ﬁllné]t es 2, 3is

up to aro 38 The su strat .Support

conpri deaddouisialt fer HDR e SHP R8N TiGHER e BT APy o
surfac E‘caﬁﬁﬁ@(sm@) Oﬂﬁsalteﬁfaﬁ@@ﬁx%'?érb’ed%ﬂo%hmérﬁ%théxhﬂ‘é@nalé’“éxfcﬁ a8kficoRbdrBiaged to
contact and support a substrate (not shown) |ocated on the support plate 2.
In a peeEfenrtedilenheyberesed. of the apparatus shown in Figure 2, the surface

deformatlons are arranged so as to_contact up to_ approxi mately 20 % of the
area ofl %ls]urf?a{beﬂefrn@lrf@nék@@gtne&tlaée 3\%9‘@%5@&%&&@@5’ lﬂlﬁegeet%sqorraﬂtrlée%%pport
surface ref redfth

bout - 1brReeRdf ot et LR O6% pEheq comafPliBeatfe oy RpBRLET 1M
enbodi RBLHEmore metals (e.g. steel, titanium, aluminum or the like), non-metals and/or ceramic
materials separately or in any desirable combination, mixture or alloy.
[0042] It will be appreciated that an important function of the conditioning plate 3
incorporating conditioning elements is to maintain the chuck CH and thereby the
substrate/wafer W to within an acceptable temperature range under typical processing
conditions. Furthermore, it will be understood that an important reason for using a
substrate/wafer W contact area which is preferably higher than normal and/or a substrate
support plate 2 which is preferably thicker than normal is to maintain the substrate/wafer W
to within an acceptable temperature range during exposure.
[0043] While specific embodiments of the invention have been described above, it will be
appreciated that the invention may be practiced otherwise than as described. The description

is not intended to limit the invention. The invention is defined by the claims that follow.
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t he contact area between the surface deformations and the surface of the
substrate is around 5 to 20 % and nore preferably 10 to 20 % of the area
of the substrate surface. It is generally preferred to enploy |arger
contact areas than in prior art systens to ensure a sufficiently high rate
of heat transfer fromthe substrate when required. [0039] The substrate
support & depi .in Figure 2 is relatively thick when conpared to
many co i t tables. This is to provide the support plate 2
with a 10 relatively large thermal mass to prevent undesirably high gl obal
tenperature rises, which could otherw se cause |arge global thermal drift
during exposure of alithagstphatpphatusadingtising: The support plate 2 depicted
in Figure 2 has_a thickness of aPproxinater 5mm In further referred
enbodi nents, fREIEREeR systelt eonstrpgied ang HraigRe Escydingr baapsef rafglﬁ%% mat el y

5 mn Prefer I i e W .range of
oround 5 to 20 mport SgtHERaLlnb@RbE frlifRaf, MISHIGERGh ARIEAES O )
The subgitfeatifz 86MABObdin® L@ifBudediOMRPAS Bfe ReafBd f@hdiatiowith Agaferhiif its thes-al
conductivity. It is preferred that the material has a thermal conductivity

of equasection;or greater than around 50 WnK, nore preferably a thernal
conductivity in ther e around 50 to 250 nK, _and st preferably
around 50 to i%bs\?wﬁ%%&%ﬁ%ﬁwtegéggﬁ’%‘?@ dp H\éb 4 %ubétlﬁ%fﬁlr{ge S bégiatieit‘f@?e t he
efficie [ SS) i rom: & . o the thermal
conditig%wﬁg *g$%k§&e$ﬁgngﬁ%?%P§?3¥§§%%§?§E%?%?é&gpi?éﬁﬁﬁﬁ%%&@°%%%prises

siliconplaegdasi | i con carbide (SiSIC). In alternative preferred enbodi nents
other materials, such as silicon carbide (SiC) or the |like may be used.
[ 0041] The t heprra¢ctivontstemeansigcsidand agasgrdvin psebe e pasterned beammifgure 2

conpri ses. stainless steel ..In other preferred enbodi nents, the thernal
conditﬂBﬁ@ﬁ%PBWﬁ@gmﬁﬁép H%Pfgﬁsmﬁﬁgﬁbr nore metals (e.g. steel, titanium
alum numor the like), non-netals and/or ceramic materials separately or
in any desirable conbination, mxture or alloy. [0042] It will be

appreci at ed 2. hat Hie lithpgapliiotppdiatas oO¢laiad 1t wikereiarnhk substrategupoat lats

i ncorporating conditioning elenments is to maintain the chuck CH and thereby

the sueEwrisees sbswatc wrreriEfachthahdeftics ppirléty 1od rpdcatdsfematipriearianget
typi Calto RODS&3R4 rs]gpport the substrate.

3. The lithographic apparatus of claim 2, wherein the surface deformations are
arranged to contact up to approximately 20 % of the area of a surface of the substrate that is

arranged to contact the substrate support surface.
4. The lithographic apparatus of claim 2, wherein the surface deformations are
arranged to contact equal to or greater than approximately 10 % of the area of a surface of the

substrate that is arranged to contact the substrate support surface.

5. The lithographic apparatus of claim 2, wherein the surface deformations are

burls.

6. The lithographic apparatus of claim 1, wherein the substrate support plate has

a thickness of at least approximately 5 mm.
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conditions. Furthernore, it will be understood that an inportant reason for
using a substrate/wafer Wcontact area which is preferably higher than
normal and/or a substrate support plate 2 which is preferably thicker than
normal is to maintain the substrate/wafer W to within an acceptabl e
tenperature range during exposure. [0043] While specific enbodi nents of the
i nventi on have be scri bed above, At .w. | .be. appreci ated that .the
vent | on may be prsLTREKTE wer Se el Tab gt PRBER S EPaut Bl b Ton i s

not i nt 85EeAsdsQ rhatBlidl hali@giatNGHal BShdudid@ty SYRRAl 18R bfeafte tHaR@PpRXihi8IyC] ai Ns
that follow 11 WHAT IS CEAINED I'S: 1. A’'lithographic apparatus conprising:

an il lufd¥amkn system constructed and arranged to condition a beam of
radi ation; a support structure constructed and arranged to support a
patterning device, the patterning device being configured to inpart the

beam of radi ati ony. . t LN et 8. CrHOSS-. . .8ecti on., tabl e
constructed g'n d a?ﬁ%%glé) gm?)g}chagﬁ)%agﬂ S Eggd%rﬁ z%t g?eﬁeﬁle&% Sgt;sgit i gets}':aﬁH ? %%P%Ttee

Conpri st@@prses dbsdtéradl SclsetBPabin thb atoRiptddadisting dMiliddarcamides iNt@GkLedMilibora
thermal conditioning plate; and a projection system constructed and

ar r angeeprbidepnéjlediket he patterned beam of radiation onto a target portion
of the substrate. 2. The |ithographic apparatus of claim1, wherein the
substrate support plate conprises a substrate support surface that defines

a plurality gf su > ' i [ e : t he
Substrate "3 The Tt Fo PR B e oA R A B e e
def or matdndprise b enatéfal sdlgeel fromaba @ copsidthgafprmethlranehyne?d), Seabmid)e area
of a surface of the substrate that is arranged to contact the substrate
suppor tansialfoxe and wixtmige thergdiogr aphi ¢ apparatus of claim 2, wherein the
surface deformations are arranged to contact equal to or greater than
approximately 10 % of the area of a surface of the substrate that is

arranged to gpnt agfe (NEgaPRE bpHirfus BPAM 1 SWhEBGRhe thermal conditioning plate

comprises a thermal conditioning element arranged to maintain a temperature of the substrate

support plate to within a predetermined temperature range.

11.  The lithographic apparatus of claim 10, wherein the thermal conditioning

element comprises a channel arranged for the passage of a thermal conditioning fluid.

12. The lithographic apparatus of claim 11, wherein the thermal conditioning fluid

comprises water.

13.  The lithographic apparatus of claim 1, wherein the substrate support plate is

flexibly connected to the thermal conditioning plate.

14. The lithographic apparatus of claim 1, wherein the substrate support plate is

connected to the thermal conditioning plate by a layer of adhesive.

15. The lithographic apparatus of claim 1, wherein the substrate support plate is

connected to the thermal conditioning plate by one or more flexible connecting blocks.
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5. The lithographic apparatus of claim2, wherein the surface deformations
are burls. 6. The |ithographic apparatus of claim1l, wherein the substrate
support plate has a thickness of at |east approximately 5 mm 12 7. The

| i t hographi c apparatus of claim1, wherein the substrate support plate
conprises a material having a ther mal conductivity of equal to or greater

t han apprOX| t el e i hIC s _of im1,
wherein t he Jbet 14t BholkiBieDamlS orchiigr: SBgtD FEREMT W el S om ¢ he
group Cengiesfel ARl th&hial %ﬂltﬁﬁ’ﬁx@[ ﬁl@te dde%qs mo%@éoﬁfebﬁrﬁgoaocmmm@reand the

i ke. 9. The lithographic apparatu c aim1l, wherein the thermnal

condi t i emampgd gb as ® bmmﬁﬁéisﬁsﬂmﬁamtfmm e tsxgleemmdn of tanstbstragr toppravnsi st i ng
of a netal a ceram ¢, and allqys and m xtures thereof. 10.

The i twar@?taﬁwagmgg%fp%ajson&rf thq subiirate inhsvésiRitE pehe HEESRPTEINBoNI ng
pl ate ﬁ%ﬁpartmfi%?sﬁ‘ldtr (gwgarj?e%gpdl tioning elenent arranged to maintain a

tenperature o support plate to within a predeterm ned
tenperature range. 11. The |ithographi c apparatus of claim 10, wherein the
thermal conditioning elenment conprises a channel arranged for the passage
of a ther nal 1'tondiTh¢ bhoggphicapparatug of Then IliWh@ginatbhia‘ceragmp@Itatjsn bétwekmi m

11, wherein t ethrmal condltlonl ri ses wat 13. The
lit hogré&l’?ﬁé pYar fh.?SW firatg SPRPH P &F\é‘i‘(ﬁihﬁ ﬂﬁcﬁ’é‘ crgttioning éﬁtﬁﬁﬁ)rt plate is

fl exi bl y conReies ot ¢ he thermal conditioning plate. 14. The lithographic
appar at 5&? cféfm 1, wherein the substrate support plate is connected to

the thermal conditioning plate by a | ayer of adhesive. 15. The |ithographic
apparatus of claim1, wherein the substrate support plate is connected to
the thermal bondi Theolithagaphiaeepasgtusntcleim owkertingke sibstratsshprart plgtendcks .

1
3 thermal conditioning plate are arranged such that the thermal conduction coefficient between

the plates is approximately 0.07 W/mK over a distance of approximately 100 pm.

19. The lithographic apparatus of claim 1, wherein the apparatus further comprises

a mirrorblock upon which the thermal conditioning plate is supported.

20. The lithographic apparatus of claim 19, wherein the mirrorblock is connected
to at least one of the substrate support plate and the thermal conditioning plate by at least one

mounting block.

21. A lithographic substrate support table comprising a substrate support plate that

is in thermal contact with a thermal conditioning plate.

22. A lithographic method comprising:
projecting a beam of radiation beam onto a target portion of a substrate; and
supporting the substrate on a substrate support table that comprises a substrate support

plate, the substrate support plate being in thermal contact with a thermal conditioning plate.
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16. The lithographic apparatus of claim1, wherein the substrate support
plate is connected to the thernmal conditioning plate by one or nore
connecting bl ocks which are arranged so as to be a sufficient distance
fromthe target portion of the substrate to permt unrestricted |ocal
deformation of the substrate in the vicinity of the target portion during

irradiation sai di at lith aratus of claim
1, wherein t?% avgg%8§“§%ia ?ﬁ gh%%ﬁ@%%?\#ég?ﬂ %gggggapfc?ﬂ%nsubstrate
support ﬂ'te@ﬁﬁg@f%etaﬂﬁ)ftr@(ﬂﬁm wﬁﬁ'aq)'a&érﬁ% ng cmsag&u'oﬁ arARbRYiNEhel y 0. 05 mm
18. The l'i t hographi ¢ apparatus of claim 1, wherein the substrate support

pl at e apdterndigrennl ofcadiatidn @t tig tptgat pzoraomoﬁﬁueanlmxdtes uch that the thernal
conduction coefficient between the plates is approximately 0.07 WnK over
a distance of approximately 100 m 19. The |ithographic apparatus of claim
1, wherein the apparatus further conprises a mrrorblock upon which the
thermal conditioning plate is supported. 20. The I|ithographi c apparatus of
claim 19, wherein the mrrorblock is connected to at |east one of the
substrate support plate and the thermal conditioning plate by at |east one
mounting bl ock. 21. A lithographic substrate support table conprising a
substrate support plate that is in thernmal contact with a thernal
conditioning plate. 22. A lithographic nethod conprising: projecting a beam
of radiation beamonto a target portion of a substrate; and supporting the
substrate on a substrate support table that conprises a substrate support

pl ate, the substrate support plate being in thermal contact with a thermal
conditioning plate. 14 23. The lithographic nmethod of claim22, wherein the
met hod further conprises patterning the beamof radiation with a pattern
inits cross-section; and projecting the patterned beamof radiation onto
the target portion of the substrate. 15
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