-1- METHOD AND APPARATUS FOR COCLI NG A RETI CLE DURI NG LI THOGRAPHI C EXPOSURE
BACKGROUND OF THE I NVENTION Field of the Invention [0001] The present
invention relates to heat dissipation froma reticle in an extrene ultra
violet lithography tool. Background Art [0002] In advanced opti cal
l'ithography, a master pattern on a substrate, referred to as a reticle, is
copi ed ont o a METHOIbANI APEARATIISIEOR COOLANG ARBTICLEBDYRINGht t hr ough,
or reflecting extrene ultraliTHOGRAFHIQEXPQRUR® f of the reticle, and

t hen passing that |ight through imaging optics on to a wafer. The
requirenent to copy on to the wafer sub-mcron features requires the wafer
and reticle be held in a precise relationship with respect to the inmaging

optics. In the case of BARRGROENBOE BERINVENIGONaPhY tool the reticle is
usually held to a reticle stage by vacuum but for an EUV tool, where a

vacuumis required for EUV transm ssion, electrostatic force is used in
pl ace of vacPu%ig\ -trl{éﬁﬂ m;lchani cal interface between the reticle and its

stage is cal k 05 3'a 0[10003] In general, the reticle is heated by the
exposure illumnation and as a result the reticle is distorted. For nost

DUV to he retj,cle substrate ig |ow  expansiagn fused silica and the
t enper gbﬁqlé rise RIRREN} Jpvieption relates [ heay @?‘Hﬁ‘é‘ﬁ? from 3 1eielf M@Bhani sns

enhanced by é}(ﬁﬁméhl@asﬂbféfﬁtll}\ﬁygrabﬂfbol.he resulting distortion is kept to
acceptable levels. For a EUVtool, however, where features smaller than 30

nmw || be inmaged, and where the heat |oad on the reticle is higher,
thermal di st@yckinQdnd dr@ 9reater problem EUWV reticles are typically near
Zero expansi on terials such as Utra Low Expansion (ULE) glass. Even
with this advantage, given the vacuum environnent, and low infrared
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referred to as a reticle, is copied onto a wafer by projecting deep ultra violet
(DUV) light through, or reflecting extreme ultra violet (EUV) light off of the
reticle, and then passing that light through imaging optics on to a wafer. The
requirement to copy on to the wafer sub-micron features requires the wafer
and reticle be held in a precise relationship with respect to the imaging optics.
In the case of a DUV step and scan lithography tool the reticle is usually held
to a reticle stage by vacuum, but for an EUV tt.aol, where a vacuum is required
for EUV transmission, electrostatic force is used in place of vacuum. The
mechanical interface between the reticle and its stage is called a chuck.

[0003) In general, the reticle is heated by the exposure illumination and as a
result the reticle is distorted. For most DUV tools the reticle substrate is low
expansion fused silica and the temperature rise of the reticle is limited by heat
transfer mechanisms enhanced by the atmosphere so that the resulting
distortion is kept to acceptable levels. For a EUV tool, however, where
features smaller than 30 nm will be imaged, and where the heat load on the
reticle is higher, thermal distortion is a greater problem. EUV reticles are
typicalty near zero expansion materials such as Ultra Low Expansion (ULE)
glass. Even with this advantage, given the vacuum environment, and low
infrared emissivity of the reticle, thermal distortion requires more attention to

cooling.



2 [00041 In a typical EUV chuck design the reticle is held by electrostatic
force against the pinpled surface of an electrostatic clanp. Gas may be
injected between the reticle and clanp to pronote good heat transfer from
the reticle to the reticle stage. Further cooling fluid may be circul ated
I n passages in the chuck behind the electrostatic clanp to limt
tenperature rise and resultant distortion. The electrostatic clanp is
attached to a rigid, near zero expansizen structure that al so holds the
nmetrol ogy references for the reticle stage positioning system [0005] To
achieve the required accuracy the reticle stage nmay incorporate magnetic

| evi t atfogeu)t 0 2al IIQW WhicEPEBVRBUSE ISR the retRie 1A BY blebodpfiRt! thicen-  The
magneticall'y levitated portion of the reticle stage is referred to as the

short strolegagstatie ringlddssurfade of mnoflecirostatic elqpem SGasnmay iblef injectedct ur e,

force actuat,ors trolo ef erences, ang.t reticle chuck, The short

St oke. nodulr e BErota ot olobor oGRS (e R het SSlen EpmBR EECR Bing e
scanni ng axithe rdtitfe SALE.IFurfhlef Q4Slingt AGIA RAN bH Rird@iaicd A hatdaghs ANtHent egr al
chuck, or a separate chuck nodule the can be renoved fromthe short stroke

structure. |dhuek ppkind dhe elecirestatie clamgHpyliris Sempgratara ose and resyltantqui d on to

the short styqgke. becaus he viQrati.on, introduced by the fluid flow and
the dynari o Gfaior 3P ERekaat hb if rashP g8 WalE a8k 4 coriabpe

posi tioni ng sactitealiat &1R6! hdlds fthe!if&rals®y referdnbed [for It Getidlé rsddeR stage to
cool actuator coils and because of the high degree of isolation provided
by magneti c ROSIONHE yFeWause no significant problem [0006] FIG | shows a

convent gl - SYSURIN.IA0.J Bl Wit caRR B! AR A A0Gay ARLGHACLOZ. The

short stroke stage portion 1 I nclude I'n front
pl ate 106 ofmagneticdéviation cariilostuliva precise lconesit of the Setiviel pasiddn. THee two
bei ng separated hy p 106. Water flows through a heat renpval

as g
section 110 IBB%}CE‘F‘E}%@ ""tﬁté&(ﬂﬂ}’t‘an%@eﬂ%?l% stagg 15 pRlpded foat ﬁ_Peeﬂ’GFal section
110 there i sgRks tsfagé aid [sURhdE & dd10W e@&?ﬂ&ﬁ%sﬂ&%?ﬁot@ﬁdnﬂt@rs}04 I'S

pl aced on a reticlé stage that 1 nclude e short stroke
metrology references, and the reticle chuck. The short stroke module reacts

against a long stroke stage that moves along the scanning axis. The short
stroke stage can be designed with an integral chuck, or a separate chuck
module the can be removed from the short stroke structure. In either case, it is
highly desirable not to run liquid on to the short stroke because the vibration
introduced by the fluid flow and the dynamic characteristics of the connecting
hoses reduce pattern positioning accuracy. Cooling fluids are run to the long
stroke stage to cool actuator coils and because of the high degree of isolation
provided by magnetic levitation cause no significant problem.

[0006] FIG. 1 shows a conventional system 100 including a short stroke stage
portion 102. The short stroke stage portion 102 includes a reticle 104 and a
thin front plate 106 of a chuck (a combination of elements 108 and 112), the
two being separated by a gas gap 106. Water flows through a heat removal
section 110 positioned “below” front plate 108. Below heat removal section
110 there is a stiff structure 112 of the chuck.

[0007] Reticle 104 is placed on a reticle stage that includes the short stroke
stage (interchangeably referred to as short stroke stage or SS throughout) for
fine positioning and a long stroke stage (not shown in this figure)

(interchangeably referred to as long stroke stage or LS throughout) for coarse




stage (interchangeably referred to as short stroke stage or SS throughout)
for fine positioning and a | ong stroke stage (not shown in this figure)
(interchangeably referred to as |ong stroke stage or LS throughout) for
coarse 3 positioning. Typically, these stages are connected together and at
| east one is cooled using a flowing fluid. In nost cases, optics are used
between the reticle and the wafer to reduce the pattern before exposure
and to conpensate for any distortion3of the pattern. Exposure is done for
a series of patterns to fabricate the various |ayers used to form

el ectrical devices on the wafers. In order for the fabricated devices to
wor k proper | positivfingatTypidatlyihede duced e donhectedvidgbthenind &lle@hbne/Rri ati ons
fromideal. This is even npre_inportant in extrene ultra viol et (EWV)
systens becdi#® twg:ﬁaﬂ%msrfitgqlu clndmﬁ‘@n‘éﬁs%é’r’&ﬁs fffeusedhatveen Bisi ng
fabricated ?%Faw t Even a
shift of IeglgH E n%ﬁ%ﬂoorﬁqﬁgce %ﬁl{?’gé)g% ?g%la‘ﬁ%gglcéﬁg)m %e each

| ayer of thefopahy drstm-timanf ﬁmrpiﬁEmalEx;iob\&edeuoneﬁ)rQrBeﬁewaf pattemmsoabl e.

opti cal ol erehieraleRrpla By b RTgHecties) oLl e rvalsSor Bkt on
effects 'nﬁlﬂﬁéf}ﬁﬁmﬁi@evﬁ%’&?ﬁéﬁ [ e ﬁ?ﬁ?&% a
reflective reti cloe IS use An EUWV rretllﬁ-g e%yp[ﬁgﬁﬂl mr ef ectsgﬁess t han
about 60 perwéhpnlorfshgmmamnscﬁaom iddayhThis Thevenmiwe auportamt of extteene i ght wit h
t he reticle e _actinic at .l oad). rai,ses the t erature of
the reti ol o, Uia; BARERTHDS P hethf B8 chardfihisded Fafmeis SEME L hus < he
copi ed pat t edd¥sced beingerabfdabédScan By 6n athicale WftleaNthind S0RaorhétersnAgoNe in a
EUV system because, as di scussed above, there is very little tolerance
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t hat operat V. SSI ve reticles,
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devel oped to conioensate for I ngreases in &en'gerature caused by
exposure to ?RiEa] elgments py syellas byownbing %‘?st hee sorption effects

in EUV, the exposure process is performed in vacuum and a reflective reticle
is used. An EUV reticle typically reflects less than about 60 percent of the
incident light. The interaction of the light with the reticle (also called the
actinic heat load) raises the temperature of the reticle, which can distort the
patterns on the reticle, and thus the copied patterns on the wafers. This
distortion is more troublesome in a EUV system because, as discussed above,
there is very little tolerance allowed during the copying of the patterns. Also,
although other systems that operate at longer wavelengths than EUV use
transmissive reticles, which are far less sensitive to distortion, they cannot be
used with EUV light due to complete absorption.

[0009] Cooling systems have been developed to compensate for increases in
reticle temperature caused by exposure to the light. Typical cooling systems
run a liquid through channels in the long and/or short stroke stage to keep the
stages cool, which also cools the reticle on the short stroke stage.
Unfortunately, the cooling systems vibrate the stages because of the constant
flow of liquid. The vibrations can blur patterns being exposed on the wafer,

Even if the cooling system is moved to the long stroke stage, vibration may




run a liquid through channels in the I ong and/or short stroke stage to keep
the stages cool, which also cools the reticle on the short stroke stage.
Unfortunately, the cooling systens vibrate the stages because of the
constant flow of liquid. The vibrations can blur patterns being exposed on
the wafer. Even if the cooling systemis noved to the |ong stroke stage,
vibration may 4 still be transferred through physical connections between
the long stroke stage and the short -sktoke stage. [00101 Therefore, what
is needed is a system and nethod of controlling thermal distortion of the
reticle in an EUV tool without utilizing a liquid cooled reticle chuck.

[00111 Ther edtill s tritdfdrreki Shidh 50 pRRAAE EorinSctfons Wetvidth ARCIoRB 6k ftdge Provi di ng
enough surface area on a radiative coupling device of a short stroke stage

to allow fognddhe ghart siokesBet i ve heat transfer froma reticle and through
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the short stroke stage to be connected to the |ong stroke stage to reduce
unwant ed vi bfepledisticle ghigke SUMMARY OF THE | NVENTI ON [ 00121 Enbodi ments of
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connected to the long stroke stage to reduce unwanted vibrations.

BRIEF SUMMARY OF THE INVENTION

[0012] Embodiments of the present invention provide a system including a
first stage including a radiative coupler and cooling portion and a second stage
that is radiatively coupled to the first stage. The second stage includes a
substrate receiving device, a uniform heat removing portion coupled to the
substrate receiving device, and radiative coupler coupled to the uniform heat
removing portion.

[0013] Other embodiments of the present invention provide a method of
dissipating heat from a substrate. The method transfers heat from the substrate
to a substrate receiving device. The method also transfers the heat from the
substrate receiving device to a uniform heat removing device. The method
also transfers the heat from the uniform heating removing device to a first
radiative coupler. The method also radiatively transfers the heat from the first
radiative coupler to a second radiative coupler. The method then dissipates
the radiatively transferred heat with a cooling system.

[0014] Still other embodiments of the present invention provide a system for

receiving, holding and controlling temperature of a substrate. The system



al so transfers the heat fromthe uniform heating renoving device to a first
radi ati ve coupler. The nethod al so radiatively transfers the heat fromthe

first radiative coupler to a second radiative coupler. The nethod then

di ssipates the radiatively transferred heat wwth a cooling system 100141
Still other enbodi nents of the present invention provide a systemfor

recei ving, holding and controlling tenperature of a substrate. The system
-5 includes a rigid structure having-substantially zero coefficient of
thermal expansion (CTE) that constrains the substrate. The system al so

I ncludes a heat renoval portion having a |arger CTE and thernal

conducti vi t yintliadk tNeeif i & r V, S fromthe
substrate. 'Ilﬁe syst gﬁlgl%g&uf%%?ﬁggguﬁggﬂ@yo?a?h@r%@% (?:fog% |EHg t he
substrat e t ccxiphusidore@TE)dhal cahstrapsithe aubstraibe Thy systam alss incluidek adest neans for

thermally isolating the heat reno portion fromthe rigid structure. The
syst em al so ROV oR:havdng Brlarg?Fe%ﬁ%r?PgéW“ﬁPal: ueHyity thad taengide noyi ng

portion Lo tdichird iyt Sefidbd!efeesd et H6R B aieDC!ﬂQeéyfgeg%fsu ve means

for renmoving excess heat fromthe heat renoval portion. An
advant age ofintlndesabeans dorbtdetimaliy soupinghtiic sublstatantoi Hiel heatl demiolal  power

absorbed by the subhstrate (e g.., approximately 12 .is _renpved. [00161
Another _adAPaYS ot Meteah e BB Mepirs [rshemaaly elGaBats JF | o

mai nt ai ned alendvAgTIi®ffrRARe b hiE. € ThE shtom ARBIiRNLAR das 4 ©) - [00171
A still further advantage of the above enbodinents is that in-plane

di st orti on ohechanigaily ceuplingtthe heatirempwing postion toethe gigid stmeurehkhet he reticl e

pattern, is i mted.t desi.red tol erance (e.q., less.th m (Il nm =

D 1060 1 = sYxtelf 4 iefdps B E i T iyt Shoesn 3 AR e Lbove
embodi ment s defmolvhigior@st. - of - pl ane distortion of a reticle if the substrate
Is areticle, and thus the reticle pattern, is |imted to a desired

tol eran®@Rle. g., fegdvanizge otheApove gmbodiments: is| thatr spbstatialbdslhtheage of the
above enbodi M%é&bém th8Rutiate (@.lg., approximately 12 W) is removed.

[0016] Another advantage of the above embodiments is that the substrate is
maintained at a desired mean temperature (e.g., approximately 22° C).

[0017] A still further advantage of the above embodiments is that in-plane
distortion of a reticle if the substrate is a reticle, and thus the reticle pattem, is
limited to a desired tolerance (e.g., less than 2 nm (lnm = 1/1000 mm =
1x10° m)).

[0018] A still further advantage of the above embodiments is that out-of-plane
distortion of a reticle if the substrate is a reticle, and thus the reticle pattern, is
limited to a desired tolerance (e.g., less than 50 nm).

{0019] A still further advantage of the above embodiments is that an initial
bowing of the substrate is flattened (e.g., from a 1.5 mm bow to approximately
a 50 nm bow).

[0020] A still further advantage of the above embodiments is that the systems
and methods are compatible with a high vacuum environment.

[0021] A still further advantage of the above embodiments is that the systems
and methods accommodate relative motion between the short stroke stage
(e.g., the precision or fine stage) to which a substrate holder (e.g., chuck), is
mounted and the long stroke stage (e.g., coarse or sub-stage), which levitates

and propels the short stroke stage.



bow ng of the substrate is flattened (e.g., froma 1.5 nm bow to

approxi mately a50nnbow). [00201 A still further advantage of the above
enbodi ments is that the systens and nethods are conpatible with a high
vacuum envi ronment. [00211 A still further advantage of the above

enbodi nents is that the systens and nethods acconmodate rel ative notion
bet ween the short stroke stage (e.g., the precision or fine stage) to
whi ch a substrate holder (e.g., chuck)g-is nounted and the |ong stroke
stage (e.g., coarse or sub-stage), which levitates and propels the short
stroke stage. 6 100221 A still further advantage of the above enbodi nents

IS that Syst eRs.; gﬂ]ﬂh Jnfi | ' tween the
short s!@gg]e staggssgrlll t%‘eidhp%ﬁég%%ﬂrtg%%ﬁ cgeage f‘ ferﬁégﬂ is\gﬁ?/\gﬁ%(lk glgsgp, gap,
etc.) to be andimsthodsiabove famthe rel¢tivegmoti@phsteremticashyrt ktrokenhgd ad

|'i t hographic_tqol design. [0023] Fyrther enbodi pents, features, and

advant ages o\‘heﬁﬂ’ég 5?@%69%5{83 (18 hFPEBHRE B3R SR qtc.ggo E’?\é %ﬁr@fﬂéﬁ'&a@%nd
operation of (& heaabdifuRieihasi : nt invention, are

descri bed i n( et a?if’l%beﬁgfﬁﬁﬁhﬁ?gﬁlg%@h%gg?lwggﬁgccorrpanyi ng draw ngs.

BRI EF D923} PTI ONF@rhef HEmbRAWENGS/ fehBURESarid0 0flantTgre adc depaprgsenty dr awi ngs,

whi ch are incorporated rej,n and forma part of the specif,cation,
illustrate tH‘ge'chg’ée?ﬁW%ﬁ%hﬁ %HC%?HE ?ngﬁq’r?gr"f}kf‘? R qe e“g’é’glf?’r%i i on,
further servef e Fé@hinvehtih, Rk BEIcAbES iPHethil BeloRV ithi referéiee thQhe €nabl e a
person skilled in the pertinent art to make and use the invention. 10025]

FIG 1 showsaeompandng deawangs: eti cl e hol ding system [00261 FIG 2 shows a
reticle holding systemaccording to enbodi nents of the present invention.
[00271 FIGs. 3 and 4 show grid patterns for protrusions (e.g., burls) from
a reticle holding BBEEREEE&WE&NQRTHEDMWWtO enbodi nent s of
the present invention.

[0024] The accompanying drawings, which are incorporated herein and form a
part of the specification, illustrate the present invention and, together with the
description, further serve to explain the principles of the invention and to
enable a person skilled in the pertinent art to make and use the invention.

10025] FIG. 1 shows a conventional reticle holding system.

[0026] FIG. 2 shows a reticle holding system according to embodiments of the
present invention.

[0027] FIGs. 3 and 4 show grid patterns for protrusions (e.g., burls) from a
reticle holding systefn that contact reticles according to embodiments of the
present invention.

[0028] FIG. 5 is a heat flow diagram of heat generated from light absorption
in a reticle through the reticles and a portion of a lithographic system
according to embodiments of the present invention.

[0029] FIG. 6A, 6B, and 6C show cross sectional views of portions of a reticle
holding system according to embodiments of the present invention.

[0030] FIG. 6D is a heat flow diagram of heat generated from light absorption
in a reticle through the reticles and a portion of a lithographic system of FIGs.
6A-C.

[0031] FIG. 7A is a cross sectional view of portions of a reticle holding

system according to embodiments of the present inventton.
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[00281 FIG 5 is a heat flow diagram of heat generated from i ght
absorption in a reticle through the reticles and a portion of a
| it hographi c system according to enbodi nents of the present invention.
[0029] FIG 6A, 6B, and 6C show cross sectional views of portions of a
reticle holding systemaccording to enbodi nents of the present invention.
100301 FIG 6D is a heat flow diagramof heat generated from i ght
absorption in a reticle through the-rfeticles and a portion of a
| i thographic systemof FIGs. 6A-C. [0031] FIG 7A is a cross sectional
view of portions of a reticle holding system according to enbodi nents of
the pr I Nvend P . ' ' of heat
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di agrans of heat generated fromlight absorption in a reticle through the
reticles andfl&-B&¢tion of a lithographic systemof FIG 9A. [0038] FIG
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[0036] FIG. 9B shows a radiative coupler structure in a portion of a reticle
holding system according to embodiments of the present invention.
[0037] FIGs. 9C and 9D are heat flow diagrams of heat generated from light
absorption in a reticle through the reticles and a portion of a lithographic
system of FIG. 9A.
[0038] FIG. 10A is a cross section view of portions of a reticle holding system

according to embodiments of the present invention.

[0039] FIG. 10B is a cross sectional exploded view of portions of a reticle
holding system according to embodiments of the present invention.

[0040] FIG. 10C is an exploded perspective view of portions of a reticle
holding system according to embodiments of the present invention.

[0041] FIG. 10D is a zoomed in view of a portion of FIG. 10C.

[0042] FIGs. 10E, 10F, 10G, and 10H are a cross sectional exploded views of
portions of a reticle holding system according to embodiments of the present
invention.

[0043] FIGs. 101 and 10J are heat flow diagrams of heat generated from light

absorption in a reticle through the reticles and a portion of a lithographic
system of one or more of FIGs. 10A-10H.
[0044] FIG. 11A is a cross section view of portions of a reticle holding system

according to embodiments of the present invention.
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hol di ng system accordi ng to enbodi nents of the present invention. [00401
FIG 10C is an exploded perspective view of portions of a reticle holding
system accordi ng to enbodi mrents of the present invention. [0041] FIG | OD
is a zoomed in view of a portion of FIG |10C. [00421 FIGs. 10E, 10F, 10G
and 1 OH are a cross sectional exploded views of portions of a reticle

hol di ng system accordi ng to enbodi nents of the present invention. 100431
FIGs. 10l and I Q) are heat flow diagrams of heat generated fromlight
absorption in a reticle through the reticles and a portion of a
Iithographic system of one or nore of FIGs. 10A-1 O—l [0044] FIG 11 Ais
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to enbodi nents of the present invention. 100461 FIG 11 Cis a heat flow
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reticles and rti.on of ith aphi. system . of FIGs. |
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nunbers indicate identical or functionally simlar elenments. Additionally,
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to the enbodients of the present invention. is to be appreciated that
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stroke vaf erggf 4gRaehi | € the wafer is

DETAILED DESCRIPTION OF THE INVENTION

Overview

[0048] Throughout the specification, a reticle is described as the element
being cooled by the systems and methods according to the embodiments of the
present invention. It is to be appreciated that the systems and methods can
function to cool a wafer held to a short stroke wafer stage while the wafer is
being exposed. This is done in the same way the systems and methods cool
the reticle held to a short stroke reticle stage being used for exposure. Thus,
throughout the specification the term reticle can be interchanged with the
terms wafer or substrate without departing from the invention. Merely for
convenience, most of the description of the systems and methods of the
present invention will refer to a reticle.

[0049] Systems and methods of the various embodiments make it unnecessary
to circulate a coolant within a short stroke stage. This eliminates vibrations
produced by coolant fluid flow through the short stroke stage. Vibrations are
detrimental to lithographic performance of a lithographic tool during overiay
of patterns on a wafer. In addition, the systems and methods of the

embodiments prevent changes in thermally-induced distortion of the short



bei ng exposed. This is done in the sane way the systens and net hods cool
the reticle held to a short stroke reticle stage being used for exposure. |

Thus, throughout the specification the termreticle can be interchanged
with the terns wafer or substrate without departing fromthe invention.
Merely for conveni ence, nost of the description of the systens and net hods
of the present invention will refer to a reticle. [00491 Systens and

nmet hods of the various enbodi nents nalge. it unnecessary to circulate a
coolant within a short stroke stage. This elimnates vibrations produced
by coolant fluid flow through the short stroke stage. Vibrations are

detri nent al i g |- a_lith | C;: . during
overlay of %l%tk% egrt%%é éﬁ%ﬁl&%@ﬁ@é %ﬁ%gﬁr%n ah ‘Jtl ﬁ'e}%gé@ﬁlg%mdl%ﬁﬁh hods of
the enbodi nwithia the eh@hbtrakeastgpSconttaht@pairdieky of BdineeHedilGddointidem of the

short 9 stroke stage by nmaintaining the tenperature and tenperature
di st ri but i on®® @ THFlS, @hwakshoek asyubsikate.st Hiys. embedimants efdheiipeessntof actini c

heat | oad i ngi | : er t
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st age, V\hilererrqi afairl_é/la ge actini thernmal | oad fromthe
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(3) using coansértingheatrfiora tho shérhgtrekesstagn tooa diors stpakteestigeatand (3 t he | ong
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stroke stagestrakertag evayabietgyis 0o physidabpentact, hutéhd long seeleoitagedt age caused
by the 11 owi gq.colont. L0501 THEoUEhow, {8, SPEcLilGationp L] o be

appreci ated any use o bove, d,” or any
ot her dir ect ployaialiy adgtaagey ithe long stroke stage, the short stroke stage is not

affected by vibrations in the long stroke stage caused by the flowing coolant.

[0050] Throughout the specification, it is to be appreciated any use of
“above,” “below,” “forward,” “backward,” or any other directional language is
only in reference to the figure(s) being described, and not a limitation as to
positioning of any aspects of the system.

[0051) Throughout the specification, as best seen in FIG. 6B and 10C, short
stroke stage (or SS) refers to a stage that does fine positioning of a wafer or
reticle during exposure. The SS levitates with respect to, and is “controlled”
by, a long stroke stage (or LS), also best seen in FIGs. 6B and 10C. The LS
performs most of the cooling afier heat is transferred to it through various
devices associated with the various embodiments of the present invention.
The LS is also responsible for coarsely positioning the wafer or reticle during

exposure.
A. Overall System and Method

{0052] FIG. 2 shows a portion 200 of a lithographic system according to

embodiments of the present invention. Portion 200 includes a substrate {(e.g., a



only in reference to the figure(s) being described, and not a limtation as
to positioning of any aspects of the system [0051] Throughout the
specification, as best seen in FIG 6B and 10C, short stroke stage (or SS)
refers to a stage that does fine positioning of a wafer or reticle during
exposure. The SS levitates with respect to, and is "controlled" by, a long
stroke stage (or LS), also best seen in FIGs. 6B and I OC. The LS perforns
nost of the cooling after heat is tram8ferred to it through various

devi ces associated with the various enbodi ments of the present invention.
The LS is also responsible for coarsely positioning the wafer or reticle

during equ%?glg oFa tv}{la?é hghla é%?:ﬁﬁg‘hﬂﬂﬂnc%ﬁ{aggsu{ag@&%] evicEor oftftaVs a

portion 200 o graphi ¢ system ac I ments of the
present i nvefetg.,om chvk, tamociedfb@tatmdhuclesa ag&hhtsaatmrbeo( ¢heglike)a2041@ reticle or
a wafer) 202, supstrate hol or consjraini.n ce or _portion

p
(e.g., a chdHR%“an A JEPPHIL A ‘-’1"&9 BRITIOR €igy; g&"ﬁ L orof Weple | ke)

204, a uni f groghea Pla’ié}”ﬂ)ﬁ NEhdOg h@aH A 1&@0@3&& Br - am?u&he @.gsShyeader or a
heat spreading plrate) 206, and a radi at1i oupl I ng devi ce of portion

(e.g., a radintiveeogpep!208) IOsome embodmnentsh dbireras & shemtad ceuplinga t her nal

and chuck oG hesh A ot 2o epetaipaiin AR Byithen ° ° °

extension (exw. , masorﬁbe&hbcﬁﬂki&its(}{eaﬁﬂﬁ&ﬂéihoéé& RO&! dnl @&dionN(ed) Ppeni ng 214

(e.g., an elongated openi nS% f'ormed t hrough short stroke structure (not
shown in t hikeaf s@uﬁ@rashnm) 12rmnqmétmgemmms@15>(eabs@rﬁpngﬁc%f 1§ ght

and passed 1 PR o5 HioBHC i aibte, Bk IRECARVRY LB RBRSCCN, “°°

transferred Dhus; amsthdav gerepatpd by aBdBpticn fight tifat redleetsfroag eet{choZ0Shown i n
this figure), w thout entering short stroke structure. 100531 In_ various

embodi ment s~ HasHermlyFrrad Sy dwatpreader 209candmassedite shunt 212 inyelopgated ho| di ng
devi ce can Nhgy&isdbRUAR! b tddlatRElPraRitddChy® Mdidtive LddGpIRR208 to long

stroke stage (not shown in this figure), without entering short stroke structure.

[0053] In various embodiments described throughout the specification, a
substrate holding device can have substantially zero coefficient of thermal
expansion {CTE) and a heat removing device can have a much larger CTE and
more thermal conductivity than the substrate holding device.

[0054] In various embodiments throughout the specification, substrate holding
device 204 can be manufactured from low expansion glass or ceramic, such as
CORNING’s Ultra Low Expansion Glass, SCHOTT’s Zerodur, or
KYOCERA'’s Cordurite Low Expansion Ceramic. In various embodiments
throughout the specification, heat removing device 206 can be made from
aluminum nitride, silicon carbide, aluminum, copper, silver, or materials with
similar properties.

[0055] In various embodiments throughout the specification, thermal coupling
means 210 can be a fluid, such as a gas, that can be pressurized to a pressure
higher than ambient pressure of gasses surrounding the lithographic system.

[0056] FIGs. 3 and 4 show portions 300 and 400, respectively, of chuck 204
according to embodiments of the present invention. During use, reticle 202

can be held electrostatically on chuck 204, while resting on protrusions (e.g.,

pins, pimples, burls, etc.) 302 or 402 located at an intersection of support




expansion (CTE) and a heat renoving device can have a nuch | arger CTE and
nore thermal conductivity than the substrate hol ding device. [00541 In

vari ous enbodi ments throughout the specification, substrate holding device
204 can be manufactured from | ow expansi on glass or ceram c, such as
CORNING s U tra Low Expansion d ass, SCHOIT' s Zerodur, or KYOCERA's
Cordurite Low Expansion Cerami c. In various enbodi nents throughout the
speci fication, heat renoving device 29¢_can be made from alum numnitride,
silicon carbide, alum num copper, silver, or materials with simlar
properties. [00551 In varlous enbodi ments t hroughout the specification,

thermal cou n be, a fluid, such as that can be
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di fference between portion 300 in FIG 3 and portion 400 in FIG 4 is the

grid design, as«mﬁ@%fmmgnmmmwmg@m forming a square grid desi gn
and port 400 %alfi 1&8430(2 ?netdrﬂag Hﬁ%r chfrécpm%ﬁﬁﬁtﬂﬂ jn 00571 A

pitch o Is 30 et er hi ned bas on a desired nmaxinmumin- plane
di storti on. plahe distarfien.s Pitoh rbfersdiosthanriistarive tbaeedenadiij aesburbu3ds o802 or
402. For scaph) NG| scaming Mhographic. systems, eticle 305 3¢ aceeleraed i a o ' " @ Y

direction (e.g., perpendicular to the page in Figure 2) up to 6 G’s to achieve

high throughput, Reticle 202 is electrostatically clamped to chuck 204 with

force in Z direction (e.g., vertical with respect to the page in Figure 2).

Friction can provide force in the Y direction to hold reticle 202, but because a

high friction is needed a high clamping force is needed (e.g., approximately

10Kpascal clamping pressure). This high clamping pressure causes reticle 202

to sag and distort between burls 302 because there is no support there. This

sag may cause reticle 202, and therefore the pattern on reticle 202, to exceed

allowable distortion limits. Thus, these conditions dictate positioning of burls

302. In some embodiments, burls 302 can be spaced 8.5mm apart for a square

grid of FIG. 3 or 12.5 mm apart for a triangular grid of FIG, 4.

[0058) When reticle 202 is unconstrained (i.e., heated up, but not clamped),

the thermal expansion of reticle 202 would exceed most design specifications

by three or more times the tolerance allowed. Ideally, reticle 202 would be

clamped with infinite friction to a perfectly rnigid chuck 204 that does not

expand, then the thermal expansion and distortion would be approximately a

quarter of the tolerance allowed. Unfortunately, ideal situations are only

theoretical Therefore, the following discussion describes several



direction (e.g., perpendicular to the page in Figure 2) upto 6 Gs to

achi eve high throughput. Reticle 202 is electrostatically clanped to chuck
204 with force in Z direction (e.g., vertical with respect to the page in
Figure 2). Friction can provide force in the Y direction to hold reticle
202, but because a high friction is needed a high clanping force is needed
(e.g., approximately 10Kpascal clanping pressure). This high clanping
pressure causes reticle 202 to sag apg.distort between burls 302 because
there is no support there. This sag may cause reticle 202, and therefore
the pattern on reticle 202, to exceed allowable distortion limts. Thus,

t hese condit] .dictate.pesitigni f .burl 302. 1n .sonme odi nent s,
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apart for a #igidpwhichady tomcliePis dddeas possitlO iR idedhsituatiohl cl e 202 is _
unconstrained (i.e eat ed upﬁ@gut not cl anped), the thermal expansion of
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having a reticle 202, as shown at 502. Heat is transferred from reticle 202 through gas
gap 210 to a chuck front plate 504, which can be part of chuck 204, and
though a thermal conduction network 506. Thermal conduction network 506
can be any known device or structure that transfers heat away from chuck
front plate 504, such as extensions (e.g., element 610 in FIG. 6A and element
650 in FIG. 6B), or the like. Thermal conduction network 506 is usually part
of or coupled to heat spreader 206. After passing through thermal conduction
network 506 the heat is radiatively transferred at 508 to a radiative coupler
510 (discussed in more detail below) coupled to a long stroke stage (LS) (not
shown, but shown and discussed in more detail below). Radiative coupler
510 transfers the heat through the long stroke stage using convection at 512.
The transferred heat is cooled via a circulating cooling substance (e.g.,
coolant) at 514, which circulates through the long stroke stage.

[0061] In practice, radiative heat transfer rates are generally low, so to

compensate for this radiative surface area can be increased. The surface area
needed to remove the heat from chuck 204 that is generated by reticle 202
during EUV light exposure via radiative coupler 208 is based on a “folding
factor” of radiative coupler 208. The folding factor is defined as:



wavel ength greater than 157 nnm. [00601 EUV light reflected fromreticle
202 causes heat to be absorbed by reticle 202, as shown at 502. Heat is
transferred fromreticle 202 through gas gap 210 to a chuck front plate
504, which can be part of chuck 204, and though a thermal conduction
network 506. Thermal conduction network 506 can be any known device or
structure that transfers heat away fromchuck front plate 504, such as
extensions (e.g., elenent 610 in FIG 1$A and elenent 650 in FIG 6B), or
the like. Thermal conduction network 506 is usually part of or coupled to
heat spreader 206. After passing through thermal conduction network 506

the heat is F(ﬂgfngtﬁa}f%%y transferﬁaqﬁla a?%- Sr 159915 LVEVE upler 5 10
(di scussed in no dt bel o M‘Wﬂ@?%ﬁ%tgage (LS) (not
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is an interl eave ncou er ‘system™ whi
in FIG. 6A). Therefore, the interleaved flat fin coupler system easily produces

large radiative surface areas even with fairly large gaps (e.g., gaps greater than
1 mm). Another type of radiative coupler 510 is a pin fin-in-hole coupler
system, which is equally and highly sensitive to gap increases between
couplers 208 and 510 in both the X and Y directions. It is harder to produce
large surface areas with the large gaps required to accommodate the relative
motion between the long stroke and short stroke stages with the pin fit-in-hole
radiative coupler system. However, the pin fit-in-hold radiative coupler 510
can be made more compact, lightweight, and may be easier to manufacture as
compared to the interleaved flat fin coupler system. Various embodiments
discussed below use one or the other of these types of couplers 510. In
practice, which embodiment to choose for a specific apphcation depends
mostly on heat load, allowable thermally induced distortion, and allowable
lower limit for coolant temperaturec. The embodiments below are listed in
order of increasing thermally induced distortion suppression performance, heat
load capability, and efficiency, which in general coincide with increasing

complexity, weight, and cost.




e

sensitive to a gap increases between couplers 208 and 510 only in the X
direction and very insensitive to relative notion in the Y and Z directions
(i.e. in the directions parallel to the depth and length of a flat fin,
e.g., element 610 in FIG 6A). Therefore, the interleaved flat fin coupler
system easily produces large radiative surface areas even with fairly

| arge gaps (e.g., gaps greater than | nm. Another type of radiative
coupler 510 is a pin fin-in-hole coupier system which is equally and
highly sensitive to gap i ncreases between couplers 208 and 510 in both the
X and Y directions. I's harder to produce |arge surface areas with the

| ar ge gaps rgquir datet e rel ative | bet ween,the | ong
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system However, FFfECtHshoTt stioke stage COMRISNyi ati ve coupl er 510 can be made
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ws

FI G 6A sho Cross se ona vi ew of portion 600 of a short stroke
stage ([B8§Sland a Fiih@hs shiovksea s'tdag.ee\(r loS)portrona620| ﬁM)gmh@bypbnmln Gilﬂcor ding to
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be forned ipRish@RKEeINP aﬁﬁdh@&ft&%eﬁ-od?%'ide' r) 5@9 sﬁbﬁ%tx’ol@&'stdﬂ@%za short

stroke stage radiative coupler's flat fins 610
Reticle 202 can be temporarlly coupled by using an electrostatic clamp (not
shown) built into short stroke stage 626. A gas can be introduced at low
pressure between reticle 202 and the electrostatic clamp in order to improve
thermal conductivity of the physical interface between them. One example of
the gas can be argon. In some embodiments, heat is added to short stroke
stage 626 at a rate that varies opposite to an actinic heat load. This is done so
that the total heat load, defined as the sum of the actinic heat load plus the
added heat load, is always substantially equal for every reticle 202 and
iltlumination condition. The total heat load is conducted through a thickness of
short stroke stage 626 and transferred from a backside 628 of short stroke
stage 626 to a long stroke stage 630 using a radiative coupling system 632.
Removing the total heat load transferred through long stroke stage 630 by
convection at 633 (FIG. 6D) is done by circulating a coolant fluid 634 through
passages (e.g., ducts, tubes, channels, or the like) 636 in long stroke stage 630.

[0066] As will be discussed below for several embodiments of the present

invention, it may be necessary to provide heat to certain portions of a
lithography system. In operation steady state is never reached, and it is
important to control the behavior of a chuck/reticle portion of a system. This
will allow for minimization of distortion during transients. To do this, the

temperature or the chuck/reticle portion is maintained at a constant heat load



[ 00651 FIG 6B shows a side view of portion 620 that includes portion 600
according to enbodi nents of the present invention. A backside 622 of
reticle 202 is tenporarily attached to a front side 624 of a short stroke
stage 626. Reticle 202 can be tenporarily coupled by using an

el ectrostatic clanp (not shown) built into short stroke stage 626. A gas
can be introduced at |ow pressure between reticle 202 and the

el ectrostatic clanp in order to inproys. thermal conductivity of the

physi cal interface between them One exanple of the gas can be argon. In
sone enbodi nents, heat is added to short stroke stage 626 at a rate that
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actinic heat exanp e reti1cles aré béing nged) .
use feed forward methods, which include: (1) measuring actinic power

incident on reticle 202 using sensor 642 to detect EUV light intensity; (2)
measuring or reading from stored data in storage 644 an average absorptivity
of reticle 202; (3) calculating the actinic héat load by multiplying the actinic
power times the average absorptivity; and (4) adjusting the heater current
based on the calculated actinic heat load. In other embodiments, electrical
input to heater 638 can be controlled by controller 640 using feedback
methods, which includes using at least one temperature sensor 642 mounted
on the short stroke stage 626. In still other embodiments, controller 640 can
be a HEATERSTAT-type controller 640, made by Minco Products, Inc, that is
described in “Builetin CT198”, copyrighted Minco 05/2000, which is
incorporated herein by reference in its entirety. The electrical input to heater
638 can be controlled by HEATERSTAT-type controller 640 and heater 638
(e.g., a foil heater) can be used for both heating and temperature sensing. In
still further embodiments, controller 640 using a combination of feed forward
and feedback methods can control the electrical input to heater 638. In still
further embodiments, no heat is added to short stroke stage 626, so the
temperature of short stroke stage 626 1s allowed to vary with the actinic heat
input,



[00671 In enbodi nents that include the added heat, a heating device (e.g
an electric heater) 638 coupled to short stroke stage 626 can produce the
heat. In sone enbodi nents, electric heater 638 can be a film heater
substantially of the sanme dinensions as a footprint of reticle 202, that
I's located near front surface 624 of short stroke stage 626 in close
proximty to backside 622 of reticle 202. In sone enbodi nents, electrical
i nput to heater 638 can be controlledghy a controller 640 coupled to a
sensor 642. The controller 640 can wuse feed forward nethods, which

I ncl ude: (1) measuring actinic power incident on reticle 202 using sensor

data i nlD8 tagE”Z%h*hg%%gb@%gS%e%ﬁ%e fvé@lﬁv S

cal cul ati ng fifke fingibd ildte fﬁﬂﬁthabﬁh}da Jplatd DAY iahd at ﬁlﬁra%i@)l; lofiffns ggQer tines
t he average absorptlwt and ad usting the heater current based on
t he cal cul at RAIPERdiqulgr msed@aobm ] 3@1 fé§. Einpedipase 646 ivteupded tal i nput

to heater 6 t 640, U ck nethods,
whi ch i ncl ug%scﬁgge ﬁﬁs 8? E\forrpét{&gne g?r%eglg{ha&&e %oélﬁé%r%bg%f ﬁﬁ‘?é;aa on the
short st rokesmmgﬁmﬁa’a@latbmsssmahhg@mﬁnnemaﬂﬁlsmetgsoms@mg fitst Ghn&0 can be
a HEATERSTAT- té{ﬁ%ﬁ control |l er 640, nmade M nco Products, |nc, that S

descri bed i nPiSf40e Whichas cogpled MFPPW@%@MH@BBGWMC 39 chhe s

I ncor por at ed ‘f*ﬁfg @@ b T l4 1 nput to

heater 638 ‘(::Jait?\ﬁ eal?i((:)g)rél’tf'réﬁlfl 'B‘g@ “H@l\‘%‘@gz -tg%)éta%%ﬁﬁ) } %M%%% and heater

638 (e.g., sl:rdkmdtageefﬂtﬁem)suchra m thae finé (ﬁ:mrbﬁrsm ahéatcong farmad tpdateer at ur e
enbodi. ments, ,controll 640 u g a conbination

i o il th
3fe nfs Iegg fop mg”?édm ﬁ?f&u'Feéa%ePE'aelw #eerﬁsf&%ave%wt 69%?'&%1&%%@6? rical input to
heat er g)%g In stiid. 6d &Hmefiné@g?% BB by or W5 2NR8drding B eaREdinRentOr t st roke

stage 6 so the tenperatur short stroke stage 626 1s allowed to vary
wi th the act#hthe presgnt invension, Fultﬁfd[nlﬂesﬁ‘lﬁfﬁi?neatbnmlndn athermhkbrelinte to FI G

6B, radiati V%cﬁgﬁl kfr egffprgn l Ud og%84 anrdsg'm ];elecrtll %69' %n%ng‘é:?mﬂ&‘” ng a base

pl ate 648 an ura
thermal relief section 662 has pins 668. Thermal relief section 662 can be

coupled to SS structure 626 or LS structure 630. Thermal relief section 662

helps reduce thermal strain due to material mismatch. For example, thermal
relief section 662 allows a low coefficient of thermal expansion (CTE) short
stroke structure 626 to be attached to a higher CTE coupler 646 flexibly
enough to avoid excessive thermal strain due to the material mismatch, a heat
spreader section 664, and fin section 665. A tip 668 of each pin 662 can be
coupled to a respective stage 626 and/or 630, which can be accomplished
using thermal epoxy. In some embodiments, finned plate 646 and/or 652 can
be coupled to respective stages 626 and/or 630 with a compliant material, for
example with a soft polymer. In other embodiments, finned plates 646 and/or
652 can be attached to respective stages 626 and/or 630 via deformable soft-
solder columns. In some embodiments, finned plates 646 and/or 652 can be
made of aluminum and coated with a material having high infrared emissivity.
In other embodiments, finned plate 646 and/or 652 can be made of carbon. In
some embodiments, a footprint of both finned plates 646 and 652 can be
approximately the same (e.g., about 200mm x 200mm). The dimensions of
fins 663 ¢an be about 200mm in length X 25mm in height X 1mm in thickness.
A gap between adjacent interleaved fins 665 can be 0.1mm to 2mm. To



per pendi cul arly di sposed on base plate 648. Finned plate 646 is coupled to
backsi de 628 of short stroke stage 626. Radi ative coupler 632 al so includes
a second finned plate 652 having substantially the sane geonetry as first
finned plate 646, which is coupled to a front side 654 of |ong stroke
stage 630. The <configuration of structure 620 maintains |ong stroke stage
630 aligned to short stroke stage 626 in such a way that fins fromfirst
and second finned plates 646 and 652]7respectively, are interleaved

wi t hout touching each other. [0069] FIG 6C shows finned plate 646 and/ or
652 according to enbodi nents of the present invention. Finned plates

646/ 652 eachyLack Lef 4id30 headrinse! g section
664, and fin g@%‘#%ﬁ@%@‘@%ﬁ%’ﬁé&%ﬁ?@e% t efrﬁrlgﬁorrs’el ?ﬁer%@g’eﬁ‘?on 662 has
pi ns 668. Thaositiin serdor ¢Hat areatsed forGeAcrabstageepositionjgenid igoidaficestantbet ure 626 or

LS structure 630., JThernmal reljef section.662. hel ps, reduce thermal strain
due to mater‘i‘sgﬁ' mrlgﬁr& . n?oarddgwgﬁbloé,sf’ﬁﬂg'r Alignmenl | deyices Perifr %gz all ows a
| ow coef fi ci RicuRf 63 EdaBs bEX@RASI on (CTE) short stroke structure 626 to
be attached to a higher CTE coupler 646 flexibly enough to avoid excessive

t her mal [0870ki n duBEIG. 6Tx showisthcatr flaw 670 dwenghha systeane tncludsng paatiens &¥ct i on 664,

and fin sectio 65. ti.p 668 .0of ea In 662 can b upled to a
respective s?rﬁg%z 658 H‘&/@F‘"@%‘fne\ﬂﬁ%(’gﬁheg e ‘%’Eﬁtb%ﬁgﬁgﬁm Elaélls?’lsg t her nmal
epoxy. |n songtasbwdiabdmbed af i6TDESY peRle 2046 The/1at 65 radaferredebycoupl ed to
respective stages 626 and/or 630 with a conpliant material, for exanple

with a soft pidyetion thraugh heticle AfBdisrendy, ehugkclion) nlats 6826 chwd or 652
can oe 20t achfilyldhg SORSHIGNE: 81200ef SNAEL R R0 ndlEpaIa e sort

sol der colums.~“Tn song enbodi nerit's, 2 can be
made of al un{eng SR conpleHd Next,thiugh raliatiin 418676 hgathis ghansfefred freth
emssivity. _In ofther enbodinents, finned plate 64 nd/ 652 can be made
of carbon. IﬁnedsBHE Afhi9dtons strake ﬁa@)(}tnssrr? Uy C‘H'l??eﬁa(ﬁgn%%’lpﬁﬁ)es 646 and
652 can be m;ﬁm'isattﬂougﬂ BshvediBh 4t @39, heaPRAho v R thEABEIroke NE

di mensions o Ins 665 can be about 200mmin Iength x 25nm’in hei ght x | nm
i n thi cknessstageré Py trmlantépd.adj acent interl eaved fins 665 can be 0.1lmmto
2mm To

C. Reticle holding system using honeycomb ribs to directly radiate heat to
long stroke stage coupler

[0071] FIG. 7A shows a cross sectional view of a portion 700 of a short stroke
stage (bottom, crosshatched portion) and long stroke stage (top, non-
crosshatched portion) in a lithography tool according to embodiments of the
present invention. Portion 700 can be a radiative coupler or a pin fin-in-hole
radiative coupler. Portion 700 includes a front plate 702 having protrusions
(e.g., burls) 704 and extensions (e.g., ribs) 706. In some embodiments, ribs
706 can be formed in a honeycomb-type configuration. Portion 700 also
includes a long stroke stage radiative coupler 708 having extensions 710 {e.g.,
long stroke stage (LS) pin fins) and passages (i.e. ducts, tubes, or channels)
712. A cooling substance (e.g., coolant) 714 flows through passages 712. Pin
fins 710 can be positioned in square shaped holes 716 that are formed between
ribs 706.

[0072] FIG. 7B shows heat flow 720 through a system including portion 700

according to embodiments of the present invention. EUV light causes heat to

be absorbed at 722 by reticle 202. The heat is transferred by conduction




-17 maintain alignment between stages 626 and 630, notors, bearings, and a
position sensor that are used for general stage positioning and gui dance
can be used. Therefore, no additional or special alignment devices
specific to structure 620 need to be added. [0070] FIG 6D shows heat flow
670 through a systemincluding portions 600 and 620 according to

enbodi nents of the present invention. EUV |light causes heat to be absorbed
at 672 by reticle 202. The heat is tragsferred by conduction through
reticle 202, gas 210, chuck front plate 602, chuck honeyconb 606,

I nterface 674, which includes pins 662, and fined plate 646 (e.g., SS IR

ol are 6o t dhiough MRl 38 210, huk ﬁ%éfg@%a*mc%aipﬁﬁki G MR ol o)
652. Final ylwnbj?(rdmlgh mqwn@gnmnﬁmﬁ&imh&aﬁ is SransFemaE ol ity 106e | ong
stroke stage 652 coolant 634. C. Reticle holding systemusing honeyconb

ribs to dirdetloys ﬁﬁakeaﬁteg%éb‘%) radiative cgualer (e, R squplebufiBer Finellnl] FIG 7A
shows a Crosrﬁr@ oﬁO@Jnoi{'a‘%V‘h)%, p@%h%id@r m [l}ealoﬁg kétsfagk%y stage
C I on on non-

(bottom cros ort

crosshat checcoptant 7o) in a Iithography t ool accord| ng to enbodi rrents of the
present_ipvention, Portiogn 700 can be a radiative coupl er or

fin-in- W'B? r adi 3QME draw rmomqslﬁn%@slpm UHELGS, 7 3y %P%@te 702
havi ng pr ot rygi ﬂﬂ%fﬁcﬁ&mgls ' ihélo B Qo‘} &ﬂ@u&Mt 'h%ﬂ?r ﬁ,g%bs foPR) 706. In

sone enbodi ments, ribs can be ' forned In hone -type
configurati ogtmeﬁd;rlmtemls? ﬂﬁmdlte bavé load GUBEswhich aregsustablelfer becmingadi at i ve

and” passages ey SR SRR adch a5t iy iol aBazhe st SR St ance

(e.g., cool afry 10w thekmVéonkilitRASHRARS RHE theria): coRﬂﬁbtlvitg@&uﬁ&& an be
positioned in _square shaped holes 716 that are forned between ribs 706.

[0072] FI G ¢fBeishexavhie ased tooirarmefey hent suphhasals dhes easmwitle radiftivg fimsr t i on 700
The low fin efficiency requires high folding factors to achieve sufficient

radiative area, which results in a heavy construction. Further, there is a high
sensitivity to a gap 716 (FIG. 7A) between the short stroke stage and the long
stroke stage because of the use of pin fins 710. Thus, due to poor overall
efficiency, these embodiments may require very cold coolant temperatures to
dissipate a possible maximum 12W of power absorbed by reticle 202 based on
EUV light reflecting from reticle 202, In addition, because the heat travels |
through the short stroke stage, a temperature gradient (i.e. higher temperature
near the reticle and lower temperature near the coupler) is developed, which
causes unequal distortion, bowing, and warping. Therefore, the thermally
induced distortion of the reticle may exceed acceptable limits due to the
distortion of the reticte holding device.

D. Reticle holding system using hollow heat shunts to directly radiate heat
to long stroke stage coupler

[0074] FIG. 8A is a cross sectional view of a portion 800 of a short stroke
stage and a long stroke stage in a lithography tool according to embodiments
of the present invention. Portion 800 includes a front plate 802 having
protrusions (e.g., burls) 804 and extensions (e.g., ribs) 806. In some

embodiment, ribs 806 can be in a honeycomb configuration. Portion 800 also



according to enbodi nents of the present invention. EUV |light causes heat to
be absorbed at 722 by reticle 202. The heat is transferred by conduction
-18 through reticle 202, gas 210, chuck front plate 702, and ribs 706
(e.g., chuck honeyconb)- Next, through radiation at 724 heat is
transferred fromribs 706 to |ong stroke stage (LS) radiative coupler
(e.g., IR coupler) 708. Finally, through convection at 726, heat is
renoved fromthe | ong stroke stage by jgcool ant 714. [00731 Sone drawbacks
for the enbodi nents showmn in FIG. 7A and 7B are that fin efficiency is

| ow due to poor conductivity of honeyconb ribs 706 In general, materials

found to hav ' .table for, f Igatin hermal | y

stable str ucﬁlﬁirugw%%ﬁs}é% ﬁZB %ﬁl‘glre? L{gta%ﬁtgs%?agﬁ]é?ﬁéﬁ@ eﬂoé‘gleaé%h@“i o have

very | ow t heplatl 8020 Rixitdri 80Ct farthbleivicRged @%n@@%ﬁ@htag@ﬂ%}?ﬁhﬁf& ge.g.,e_sul tsin
e case

low effici enciﬁlv\h?ﬁg lfsed to transfer heat, such as Is W th

radi ative fi#sIR copplen) §}2thayingrextensions (.2 &Si IRseouplegtpin ding) Skp raktors to
achi eve suffjcient g Al | L LGheesul ts in g heavy construction.
Furt her, their)e f‘ég a ?.ﬂg‘}r%ﬁéé}ef%sl.ﬁ‘tg?@?%‘%m?%‘%ﬂgi’bﬂ ti%o“(gkl%afm?A) bet ween t he

short sl003&k st agElChr8B shvevsl lenap flowt $3kdosingeyheaandadial dogmigsn of pin
fins 710. Thus ue to poor overall efficiency, these enbodi ments may

require very* €8T ssmabadiments of thepressnt iventiars BVAY dight eavses Iigabtoraxi mum 12W
of power absgy eqq e | f]ectd from
reticle 202. | E&gé%“t iﬁtosﬁjf?Bgégtgé%@?%éd};@égpeﬁﬁgv@gﬁ}?ﬂfb u‘g%“d%‘ﬁ%’“s hor t

stroke st agethreughaeetinde 202 1ges 31 G aehuck frént plate B0 et speender S04 heaear t he

imequal dr st URPRQE” SRR Abroue B ibionion 554 hirs kwlered s Rotal 08, | nduced
g: :E g” : 82 gﬁo ?Eg Sir&g{(di: gilage E%?)d%mgvc?ggﬁpgégkglﬁ: dgﬁgkﬁoﬁﬁntgﬂ?ygfem usi ng
hol | ow heat Fwghscongeationeatt§36, haati istremoged frono theo hmgsdtrobk estaeatye coupl er
[00741 FI G &éﬁlﬁ8?8’%%3&3@%&%%%. view of a portion 800 of a short stroke
[0076] Portion 800 is quite compact and light compared to other embodiments
described above and below, but good thermal performance may be difficult to
achieve. Heat spreader 810 provides excellent contact between shunts 808 and
front plate 802, and also enhances thermal stability of front plate 802. This
configuration results in a very high sensitivity to a gap 820 (FIG. 8A) between
the short stroke stage and the long stroke stage because of the double use of
pin fins. For working gaps of less than 1.5mm, 12W of power absorbed by
reticle 202 based on reflected EUV light can require fairly cold coolant
temperature.
[0077) This embodiment improves on the embodiment shown in FIGs. 7A-7B
by replacing the conductive ribs with even more efficient shunts for heat
conduction across the thickness of the short stroke. This embodiment also
diverts most of the heat flow away from the honeycomb, which greatly

reduces its temperature gradient and consequently its thermally induced
distortion.




stage and a |long stroke stage in a |lithography tool according to

enbodi nents of the present invention. Portion 800 includes a front plate
802 having protrusions (e.g., burls) 804 and extensions (e.g., ribs) 806.
In sone enbodinment, ribs 806 can be in a honeyconb configuration. Portion
800 also -19 includes heat shunts 808 coupled to a heat spreader plate 8 10
coupled to front plate 802. Portion 800 further includes a | ong stroke
stage (LS) coupler (e.g., an IR coupR@r) 812 having extensions (e.g., LS

| R-coupler pin fins) 814 and passages 816 having a cooling substance 818
flowi ng through them [00751 FIG 8B shows heat flow 830 though a system

i ncluding poE!i orR&QMe hatding diyRem! @siapbReli n@nhe oat the iaag)%ﬁ&émi vention.
EUV |ight causes fifghedtd a fRfht plafor bed "at 832 by reticle 202. Thé heat is
transferred by conduction through reticle 202, gas 2 10, chuck front plate
802, heat _spreader 8 10 and heat, shunts 808, Next, through radiation at
834 hea 0i7§| t r anst &k PAdS Bregnss seationyign of a pertion RY0of ashert strokpestiges)

radi ati ve coup gl r .Ei_nal rough convection at
836, heat i gﬂrﬁe%ﬂ\l/{éa@? otr%oF ﬁ?#@hg %’t ?’é %d‘gteékge&%@‘? é%?ﬁ“gﬂ{“’%’%gf‘- as is
descri bed abBartion PODiEIdes & tfronnpBRRI02shayifiph Rotaiigiaqk. g bakrls) gk aronpar ed to
ot her enbodi nent s descri.@sd %g e and bel] ow, but _good t her mal perfornmance
may be diffi NS (egoniits) 0 sepecepediments, By P0fecanchedn laent cont act

bet ween shunfiche$&Qnt ] %21 I
stability of ffont pﬁgiﬁegi%%izah ?ﬁ?ﬂs&l con l?ﬁ@?%‘?}*%ﬁeaﬁ@%@fg@% lie\r/a'gry hi gh

sensi tivity twofrentgelpte8202. PRortRi) S0k fusthen indlidesshehdrt strokek stage €§%) and t he

| ong stroke stage becau of oubl e use of in fins. For_working gaps
of less thancsofp_g’ﬁ]%'g'lfﬁjgfcoﬂgffgreg@b@gﬂ’ FEignggns ('eeﬁpa @ﬁ‘teé’ﬂ? lgas@tﬂseon
reflected EWmbdditnts ain 4166l iclRlefadbhg Yral@! Qﬂhamadiattﬁ%%gﬁ&#m [00771
Thi s enbodi nent j nproves on the enbodi nent shown in FIGs. 7A-7B by

repl aci ng t heCRVNEFYstFReay dessribgd andshewnmbeee and badpwnbutgietishawtd ir  heat
conducti on a@ﬁs%@uéﬁﬁcgmm«gés of the short stroke. This enbodi nent al so

[0079] FIG. 9B shows a configuration 920 for fins 922 that can be used in
various embodiments of the present invention. When fins 922 are used at least

for the embodiments shown in FIG. 9A and FIGs. 10A-G below, and possibly

other embodiments, depending on a required gap between a short stroke stage
and a long stroke stage, a resulting resonant frequency (e.g., approximately
1kHz) for straight, flat fins may be too low. To increase stiffness and resonant
frequency (e.g., greater than 3 kHz) fins 922 can be formed in a zigzag design
920 and free ends 924 of fins 922 can be “boxed” by a device 926.

[0080] FIG. 9C shows heat flow 930 through a system with portion 900
according to embodiments of the present invention. EUV light causes heat to
be absorbed at 932 by reticle 202. The heat is transferred by conduction
through reticle 202, gas 210, chuck front plate 902, heat shunts 908, and
coupler (e.g., SS IR coupler) 910. Next, through radiation at 934 heat is
transferred from coupler 910 to a long stroke stage (LS) radiative coupler
(e.g., LS IR coupler) 936. Finally, through convection at 938, heat is removed
from the long stroke stage by coolant 940, as is described above.

[0081] One shortcoming of portion 900 is that limited contact area between
individual shunts 908 and front plate 902 may cause excessive thermal

resistance and poor in-plane temperature uniformity (i.e. cold spots where the




di verts nost of the heat flow away fromthe honeyconb, which greatly
reduces its tenperature gradi ent and consequently its thermally induced
distortion. -20 E. Reticle holding systemusing heat shunts that are

i ndependently attached to a front plate [00781 FIG 9A is a cross section
view of a portion 900 of a short stroke stage in a |ithography tool
according to enbodi nents of the present invention. Portion 900 includes a
front plate 902 having protrusions (e2¢-, burls) 904 and extensions (e.g.,
ribs) 906. In sone enbodinents, ribs 906 can be in a honeyconb
configuration. Portion 900 al so includes heat shunts 908 coupled to front

plate 902. Pﬁl{lﬁxks%bugfé%fﬂ%ﬁ&ﬁ[?léet?c'm&eﬁ tﬁ%gg&&#ﬁg%gﬁ%g&@%%@ coupl er

(e.g., an IR coupler) 910 wt f ensi ons These
enbodi nent s budorating comrale demtured omg cksile of fiage platd POR andrdiatdhinge coupl er

and a cooling syst as descr. ped shown above and bel ow, but not
shown in th?@‘@%@ﬁ?ﬁ@??ﬂ%ﬂﬁx@ﬁﬁgﬁﬁg&[ 0079] FIG 9B shows a configuration
920 for[082F 922 FIGtoDahoRs HEIE oW 95y A gf @@?ﬁghewmnﬂjaga Hodifiéa Present

|

invention. Wen fins 922 are used at l[east “for ments shown in
FIG 9A and Paten 900 dret Gapalhesiingadryigeaes. binyeledtit deateny195@iimentsler dependi ng

on a require : en hor.t roke stage ..and L. ong stroke stage, a
resul ting reggﬁ%’? Pcﬁ%ﬁougﬂ@iﬁflg}t .0?&15%%95%;‘ H&EEP?/“' ﬁaeﬁ% 9‘?‘6‘?3 g'%(zr ai ght ,
flat fins nmayanbfincsien sdwlarflotol Reatifia Serfidrit fd38e®&h A0 co R MaGthods ALquency

(e.qg., greatg,r than 3 kHZ'%lgfi ns 922 can be fornmed in a zigzag design 920
and free endSisessedybove yathoregards to FEGs.fA6D: B Valight\causesdrat to100801 FI G

9C shows heajn Qw039 Bﬂ%&ﬁ%@ Sy ff‘egtigl\ﬁapls%ﬁ%& *gg’&o:?&%ﬁm? t?lﬁ'ﬁ%&l ng to

enbodi nents of the prese I'nvent i on. uses hea be
absorbed at S8i2lelP2y gasi Hi0ecHRR frofihplae202, heattshenits 008, ad dovplep (wgict i on

t hrough reti 202, s 210, chuck front plate 902, heat shunts 908, and
coupl er (e. g§§ @Pﬁegg‘{}& é‘ro‘ﬂmgli’éﬁmﬂé:ﬂ‘?ta?tmﬁé‘l’ﬁqs slectici hsaten 533 heat s
positioned near or in coupler 910. As discussed above, heat is added inversely
with respect to the absorbed actinic heat. Next, through constant radiation at
956 heat is transferred from coupler 910 to a long stroke stage (LS) radiative
coupler (e.g., LS IR coupler) 936. Finally, through constant convection at
958, heat is removed from the long stroke stage by coolant 940, as is described

above,

F. Reticle holding system using a heat spreader between a front plate and
heat shunts

[0083] FIGs. 10A and 10B show a cross sectional and an exploded cross
sectional view, respectively, of a portion 1000 of a short stroke stage in a
lithography tool according to preferred embodiments of the present invention.
Portion 1000 includes a front plate 1002 having first protrusions (e.g., burls)
1004 and second protrusions (e.g., a reticle to chuck seal plateau) 1006.
Portion 1000 also includes a uniform heat spreader (e.g., a heat spreader plate
or a heat spreading device) 1008 having holes 1010, Shunts 1012 are coupled
to heat spreader plate 1008. Portion 1000 further includes a honeycomb
structure 1014 having first extensions (e.g., bosses) 1016 that are positioned in

holes 1010 and second extensions (e.g., a honeycomb to front plate seal

plateau) 1018. Honeycomb structure 1014 also has a groove (e.g., am




transferred fromcoupler 910 to a | ong stroke stage (LS) radiative coupler
(e.g., LS IR coupler) 936. Finally, through convection at 938, heat is
renoved fromthe |ong stroke stage by cool ant 940, as is descri bed above.

[ 0081] One shortcom ng of portion 900 is that |imted contact area between
I ndi vi dual shunts 908 and front plate 902 may cause excessive thernal

resi stance and poor in-plane tenperature uniformity (i.e. cold spots where
the -21 shunts couple to the front plape). However, this shortcom ng can be
mtigated by form ng concave features on a backside of front plate 902 and
mat ching convex features on an end of shunts 908. [00821 FIG 9D shows

neat 11 ow 9S00 Byl AR hed TRY Stk 48R (0 20Gsdbiat, has @

heati ng devi ce ., an el'ectric heater) n cou
embodi ment s sAl)tleR2 pHekding devisesfé.gQ bapsyieods ag compled & Rindycoia 16nct i on

simlarly to hgalti n? .elegent 638 with al|] control nethods as discussed
above with rigBeldsresiljent| dgviceg (e gp, coppressigRt SPEREDe0X0car shuntpel012hsor bed at

932 by retic : heaty o £ err. [ t-hr reticle

202, gas. 2100 ehaenoT \BrnES 1028 EIRSRERYAE Ik SDBRHE 100 B Y (L7

SS | R coupl eprpxidi€y tol dront plitenil 0021 arocahprassed exgalinbtoedensidmscl02i8cthheat er 952

Is positioned near or i.n upl er 910. di scussed above, heat is added

i nversely ﬁ’&?‘f@?ﬁé‘&‘t‘mf 68%@’%{’0%’6‘?’5%3@6?? ﬁF@ 3PS 19t A cpwplefugh

const ant radm&gnﬁeaﬁoao%@oﬁﬁaﬁed f héanRhGg 8&vitd @mmrghfofv 9Gpgot o a long
) e.g., LS pl &r S

stroke stage (L radi ative coupler . R cou 36. Finally,
t hr ough cons€eunletcbase adate dA3@ tinclabs extensions 4032 (og.e8S IRamwuplee finghg st r oke

stage by coo 940,. .as_ .S scr.i be bove. .F. Retjcle hold] system
using a heatJh%%;%“eca%sgf1 tﬁéﬁ%gggﬁeélgifﬁoghﬂlep% S StRe é‘ﬁdﬂ’t’% S#&%BBl FI Gs.
| OA and | OB sthgew a cross sectional and an expl oded cross sectional view,

respective%jf/, of a portion 1000 of a short stroke stage in a |ithography
t ool actO9BH ng t oFiSrselel and 18Rshaw maerploded view andaszaemedrin exploded

view, respectively, of portion 1000 and a portion 1040 of a short and long
stroke stage system in a lithography tool according to preferred embodiments
of the present invention. Portion 1040 includes coupler (e.g., LS IR coupler)
1042 and channels (e.g., coolant fittings) 1044. These elements absorb the
radiated heat and remove heat from the long stroke by convection to the fluid
circulated through channels 1044. Honeycomb section 1014 includes holes
1046 that receive shunts 1012, springs 1026, and caps 1024. Also, FIG. 10D
shows how bosses 1016 are received by openings 1010 and a counter bore
1048 for caps 1024.

[0085] As seen in FIG. 10E, there are five main interfaces A-E that must be
coupled together, while taking into consideration distortion caused by unequal
material properties (e.g., CTE) of materials being coupled and other
limitations. Some or all of these interfaces and ways of coupling them apply
to other ones of the embodiments discussed above and below. The elements
are not numbered in the figure for convenience. A first interface A is between
heat spreader 1008 and shunt 1012. In some embodiments, a high temperature
braze or solder can be used to couple these elements to achieve a stable bond
impervious to temperatures applied in subsequent bonding steps. A second
interface B is between front plate 1002 and honeycomb section 1014. In some

embodiments, a medium temperature solder can be used to couple these




Portion 1000 includes a front plate 1002 having first protrusions (e.g.,
burls) 1004 and second protrusions (e.g., areticle to chuck seal plateau)
1006. Portion 1000 al so includes a uniform heat spreader (e.g., a heat
spreader plate or a heat spreading device) 1008 having hol es 1010. Shunts
1012 are coupled to heat spreader plate 1008. Portion 1000 further

I ncl udes a honeyconb structure 1014 having first extensions (e.g., bosses)
1016 that are positioned in holes 1823 -and second extensions (e.g., a
honeyconb to front plate seal plateau) 1018. Honeycomb structure 1014 also
has a groove (e.g., an -22 el astoner seal groove) 1020 that receives a

seal i ng devi i BlcHR L e 0 . e.g.,
caps) %024 arelgn{ggtlfg?éhgﬁg% hon%ycor‘rrtl)gﬁlgeﬁ#e%‘b%ﬁgf@q#l%m ?§§_¥B§§'§?£es (e.qg.,
conpr essi on bprdyagmp seo@@ dAl4hondtcap 1023, AGainp ﬁm%nﬁn?rﬁbdidiﬂﬂllitséIQZEOBgr

mai nt ai ni ng heat spreader 10 in close proxinty to front plate are
corrpressedgafgnglalm TRENEESR ei%g‘f Hsed toéi?f‘%]ﬁ ?ﬁeﬂ?ﬂrﬁﬁﬁﬁi’gﬁm.@ when
springs 1026tia'samlhétebystépiat koA i L fo i

pgsi tigoned to hol d(y;eal i n% devi ceésllg%ﬁ?ﬁgg?{){)\?@ﬁi@fo.@é%é%g%g'reérgase pl ate
1030 i ncl udeBonsycambidgvise 10BPandecoyplesBagerplate UpB@r Irf sorny embbdimeatse used t o

radi ate heat f hort,stroke stage ,to the |long.stroke., stage. [0084]
FIGs. 10C and lé‘ggcéﬂgrv@%%rﬁ SQUAST OB ROBY &P ifq v IE‘zt(S’oFr‘t‘J'g’l"r ﬁﬂeé‘ﬁrﬂlﬂﬂ"é'ﬁsg vi ew,
respect i vel ywithbutpdfetiingpréGidfsia fetnid ppveithced ALBMGak, @ short and | ong
stroke st system.in a |lithography tool according to preferred

enmbodi n@’r@gf of t Nethrederenge iOng ilﬁﬁrlﬁbbrmdmnm?omrnfcmmwoﬁGmT ﬁr (e.g.,
LS IR coupl e : 0. 0 i11i.ngs) ,10 ese

el enent s gbsl(i)?%’ %ﬁgﬁ 1?%&]:1%{%35‘%%{&@” nt %‘g%géqgeadp?%r#f%gal ﬁﬁla stroke by
convection t Whehmsfalluprdvions imterfte doughe dikg madriined. g, 1G4 CTH IR RMEOND

section 1014 _.incl ydes les. 1046 that receive shunts 1012, springs 1026,
and caps 1022&% %&E&%m?@&%@em%m@ dissymileypatenda(s@d by

openi ngs 101{vwAldEAcHueR Hof pRY @ hig€aH Rlat SpREde) 2for this interface, a

coupling material must have high thermal conductivity, while allowing

expansion at different rates.

[0087] FIG. 10F shows gas being used between front plate 1002 and heat
spreader 1008. Although gas can be used, it has several limitations: (1) gas
requires very flat (e.g., flatness within 5pm of ideal) mating surfaces for good
thermal performance; (2) gas provides no lubrication under static conditions,
so surfaces may stick together and drag on each other as they expand, causing
distortion; (3) elastomer seal 1022 is indispensable to keep the gas from
leaking to the vacuum; and (4) gas pressure is sensitive to temperature and
variations in gas pressure may cause chuck 1002 to distort.

[0088] FIG. 10G shows a viscous material (e.g., a liquid or a paste) being used
between front plate 1002 and heat spreader 1008. Liquid or paste is slightly
better than gas because: (1) they require only moderately flat (e.g., flatness
within about 50pm of ideal) mating surfaces for good thermal performance;
(2)they provides lubrication under static conditions if sufficiently
viscous/thick (e.g., no micro sticking); (3)elastomer seal 1022 can be
eliminated if sufficiently low partial pressure liquid/paste is found (e.g., high
vacuum grade grease); and (4) there is negligible chuck distortion due to

changes in chuck internal pressure.




[0085] As seen in FIG 10E, there are five main interfaces A-E that nust be
coupl ed together, while taking into consideration distortion caused by
unequal naterial properties (e.g., CTE) of materials being coupled and
other limtations. Some or all of these interfaces and ways of coupling
them apply to other ones of the enbodi nents di scussed above and bel ow. The
el ements are not nunbered in the figure for convenience. A first interface
A is between heat spreader 1008 and-gWunt 1012. In sonme enbodi ments, a

hi gh tenperature braze or solder can be used to couple these elenments to
achieve a stable bond inpervious to tenperatures applied in subsequent

bondi ngjgikeps. A | | . and
honeyco!rb s]gct [ onf'iflﬁ(%cl)lr}fj.ii F%ﬂ%ﬂéﬁ&g@%ﬂ%@ﬁ{ éﬁ&gb%g%ﬁt’%ﬁg@% e sol der
can be used 1@2candphcat sprester 1008, eThershries isvelighthy betedftRat gazgliguidsbi ng

interface A/ Athird interface Cis between honeyconb section 1014 and cap
1024. Agai n, P3IF E‘Eﬁ?ﬁseemairﬁ%‘meé y moderataly fabhmaling swrfacss des geath be used

to coupl e t hasfindl ARLERIEY, DhitndsS witth SBABORIR G IdcaBl 89 ffith, C et es

interface B. A fourth inte e D1s between "honeyco 014 and

coupl er basestjskingeis 108@n idsne sione steebeill rasilysieform Wwithouteappbyiing large sol der or
epoxy can be

sed .t o couple these el enent i t hout aff I ng previously
f or med inter“ageé sdRg forg d°&.£l'fo'6‘§%‘] pWT’h&r)_egyléﬁ‘t%’i‘?E"e sg3) iﬁ%"%m@f 10H, and
conti nui ng r gifineRAE(4) Ihdik B littlk QEnodidtdrtibl duB kG EhAGEs f dnacRehcdgan front
plate 1002 and heat spreader 1008. Whereas all prévious interfaces couple
| i ke mat er i aP§ssuee; gnd ($)ohtheshest ds banded ETEontrplate dAOCTE todieht speal?iE) |

interface E SH4P .di ssim| terials (e.qg., ,low CTE chuck front plate
to high CTE ﬁeaf Lg r"glejga%g?’)rp‘.)g%errpﬁ F%mfgﬁtagﬁgfﬂgec,ange eﬁIWEfdng mat eri al nust
have hi gi#9oher mal FIGNMI Ghows hyat 4w [1@6GR HEWEHNS systeRavi pértiohs 4p6d er ent
rates. [0087] FIG_ 10OF shows gas bei ng used between front plate 1002 and

heat spread®d if@erccopdingdiagricigaed empodimentsend the prepesd inventiem| EUVi t at i ons:
(1) gas reqyglgggueeematftb BL abfribbd at 108 BERRicl IR e is hdfi@bred® | NY

surfaces for

by conduction through reticle 202, gas 210, chuck front plate 1002, heat
spreader 1008, heat shunts 1012, and coupler (e.g., SS IR coupler) 1064,
which includes coupler base plate 1030 and fins 1032, Next, through radiation
at 1066 heat is transferred from coupler 1064 to a long stroke stage (LS)
radiative coupler (e.g., LS IR coupler) 1042, Finally, through convection at
1068, heat is removed from the long stroke stage by coolant 1070, as is
described above.

[0091] FIG. 10J shows heat flow 1080 through a system with a modified
portion 1000 and 1040. Modified portion 1000 includes a heating device 1082
coupled to or in heat spreader 1008, where heating device 1082 is similar to
that discussed above with respect to FIGs. 6B and 9D. Also, the heating is
similar to the discussion for FIGs. 6B and 9D. EUV light causes heat to be
absorbed at 1062 by reticle 202. The heat is transferred by conduction through
reticle 202, gas 210, chuck front plate 1002, heat spreader 1008, heat shunts
1012, and coupler (e.g., SS IR coupler) 1064, which includes coupler base
plate 1030 and fins 1032. Compensatory heat is input at 1084 using heater
1082 to maintain the heat spreader at a constant temperature. Next, through

constant radiation at 1086 heat 1s transferred from coupler 1064 to a long

stroke stage (LS) radiative coupler (c.g., LS IR coupler) 1042. Finally,



t hermal performance; (2) gas provides no |ubrication under static
conditions, so surfaces may stick together and drag on each other as they
expand, causing distortion; (3) elastonmer seal 1022 is indispensable to
keep the gas from |leaking to the vacuum and (4) gas pressure is sensitive
to tenperature and variations in gas pressure may cause chuck 1002 to
distort. [0088] FIG | OG shows a viscous material (e.g., aliquid or a
paste) being used between front plates1002 and heat spreader 1008. Liquid
or paste is slightly better than gas because: (1) they require only
noderately flat (e. g , fIatness Wi thin about 50m of ideal) mating surfaces

for good thepml (2) e r.Q\l br| at; on static
conditions i Lﬁhfl Cl en ?/tllosnc%tulsqétgh%‘g@ l?erhgg‘%dn ﬁ"F 10% @13%19) (3)
el ast oner sesihge]W@aorhmlb’ﬂ) asls desdtitied dbde. suf f i ci ent I y low partial pressure

| iquid/paste is found (e.g., high vacuum grade grease); and (4) there is
negligi bl e chuck distortion due to changes in chuck internal pressure. -

24 100891 FRG 1 b
s 1001 SISO AP SRS 10,

liquid, or past e ecause: es only rmder at eI y flat mating
surfaces for good thernmal performance (e.g., flatness wthin about 50mm of
i deal ) ; [0092] mi cr oFIGs iltAiand 1B shotv axossi saslﬁmlashmteqﬂdsthﬂtcrmislsbctﬁ:ﬁﬁl I y def orm

wi t hout appl l.ar f.orces .on the other arts

el ast oner seé’lewgﬁ gﬁ}?"b@tosxﬂ? ﬁ‘ﬂ {ToKe giage IPﬁe‘FtE ography; top @CBF{‘%

di stortion dueefBodiRRABEST ithe HRUEH in%ﬁt{d?aa' PoBicS § 466 maﬁﬁek(é)héi the sheet
is bonded to front gl ate 1002 and to heat spreader 1008 eepl ng them

t oget her, t hepregsier plgpte b2 haaing @MSIbBS@gmlmatsédHO{ @gbidled{e@®., il shows

heat row 10 r S Wi 000 and 1040 rding to
preferred e e% u}l Cl%%?e%g ?‘% boH géh{%a Qéﬂct\’%%%oﬁf)(?onﬁ ﬁﬂ’t"“’éﬁii‘g@ heat to
be absor bed ﬂiat E&Gélobghtéceﬁieﬁibersmao vﬁhﬁmﬁtﬁaﬁ%g Sour SR 31 2 b Butemorg ONduct i on
through reticle 202, gas 210, chuck front ate 1002, heat spreader 1008,

heat shunts &m,zretlak@cc@ﬂﬁk s9al plategn) 1544 | OC-QXP}QFI& }10Boglsp has groove
(e.g., a seal receiving grove) 1116 that receives a sealing device (e.g., an
elastomer seal) 1118 and extensions (e.g., blade coupling devices) 1120 that
are coupled to blade flexures 1122. Blade flexures 1122 are also coupled to
‘ extensions (e.g., blade coupling devices) 1124 that are coupled to a coupled
base plate (e.g., SS IR-coupler base plate) 1126 and exteﬁsions (e.g, SS IR
coupler fins) 1128 extending from base plate 1126.

[0093] FIG. 11C shows heat flow 1140 through a system with portion 1100
according to embodiments of the present invention. EUV light causes heat to
be absorbed at 1142 by reticle 202. The heat is transferred by conduction
through reticle 202, gas 210, heat spreader 1102, heat shunts 1104, and
coupler (e.g., SS IR coupler) 1144, which includes coupler base plate 1126
and fins 1128. Next, through radiation at 1146 heat is transferred from
coupler 1044 to a long stroke stage (LS) radiative coupler (e.g., LS IR coupler)
1148. Finally, through convection at 1150, heat is removed from the long

stroke stage by coolant 1152, as is described above.



whi ch includes coupler base plate 1030 and fins 1032. Next, through

radi ation at 1066 heat is transferred fromcoupler 1064 to a | ong stroke
stage (LS) radiative coupler (e.g., LS IR coupler) 1042. Finally, through
convection at 1068, heat is renoved fromthe | ong stroke stage by cool ant
1070, as is described above. [0091] FIG 101 shows heat flow 1080 through
a systemwith a nodified portion 1000 and 1040. Modified portion 1000

i ncl udes a heating device 1082 coupl@d-to or in heat spreader 1008, where
heating device 1082 is simlar to that discussed above with respect to
FIGs. 6B and 9D. Also, the heating is simlar to the discussion for FIGs.
6B and 9D. Ebhhdidssdy causes heat to be absorbed at 1062 by reticle 202.
The heat is transferred by conduction through reticle 202, gas 210, chuck
front plate 1002, heat spreader 1008, heat shunts 1012, and coupler (e.g.,
SS IR cl¥Q¥fler) 10Whilewwariusi erobedimentsoobitke fressnt iptention 103@ hemh fins 1032.

Cbnpensatory ¢ 108 h 082 to |nta|n t he heat
spreader at aegglggnegtaz’m’e t%ﬁdﬁel}w ersfqga?hatﬁ}wg]&m% CEOPNEERISE Y ¥Yat i on at
1086 heat i Softdfxaﬂtpieediﬁlsldarfdrlwﬂlﬁﬂtﬂﬁbﬁr ILQffbs Qp[f’a.rélﬁ'w peébﬁé)h&uéi age (LS)
radi ati ve coupler (e LS | R coupler) 1042. Finally, -25 through constant

convecti on afe rejgeant Héa‘@lati varjogpwhanges in farhand detail san bk enadstthereinby cool ant

ol ate and sy R REAAE RS i o O B Tl LA BB | 0021

FIGs. | | A amddcbpd ofths ipeeventriasentivfGhowld abt wﬁnﬂ&@bpdﬂﬁ of fifesdbogect i onal
views of a p rtlog 1100 of a short stroke stage in I|thography t ool
according t cﬁxﬁﬁ’maé'yﬁfnb%‘@eﬂse?éhﬁhoplﬁ\ﬂ%@qm °PbHD| ggondang0 i ncl udes

a heat spre@ﬂ@ﬂwgbggﬁl ¥ﬁﬁn@§ﬂdﬂﬁu%%ﬁﬁ@ﬁh@”s (e.g., shunts) 1104 and hol es

(e.g., burl receiving holes) 1106. Portion 1100 al so includes honeyconb
structure 1108 that has eIongated menbers | 110 with ends (e.g., burls)
1112 and extension (e. g., reticle to chuck seal plateau) 1114. Honeyconb
1108 al so has groove



(e.g.', a seal receiving grove) 1116 that receives a seating device (e.qg.
an el astoner seal) 1118 and extensions (e.g., blade coupling devices) 1120
that are coupled to blade flexures 1122. Bl ade fl exures 1122 are al so
coupled to extensions (e.g., blade coupling devices) 1124 that are coupl ed
to a coupled base plate (e.g., SS TR-coupler base plate) 1126 and
extensions (e.g., SS IR coupler fins) 1128 extending from base plate 1126.
[00931 FIG | | C shows heat flow 114Q7t-hrough a systemw th portion | 100
according to enbodi nents of the present invention. EUV |light causes heat to
be absorbed at 1142 by reticle 202. The heat is transferred by conduction
through reti ¢fifa . heat spreader 1102, heat shunts 1104, and
coupler SS IR coﬁg$é¥%9§a 4?SMhich i ncl udes coupl er base plate 1126 and
fins 1128. Next, through radiation at 1146 heat is transferred from

coupler 1044 to a4l ong,s e. st (LS) radiative coupler (e.g., LS IR
coupler) 1148. Fll'nal I?,S&%tgﬁocﬁﬁ%%ﬁﬁwmi on at 1150, heat is renoved from

the long stroke stagealiyngaedk@nitagklincRdingSa ralidRedoupRe a8 Q¥6ling 26
Concl usi on [00941 Whj |l e various enbadi nents of the present invention have

been descr i POHOBLBifcooling Berign demeving biext Siopowid leag strolesstagey endbeen
presented by way of e%fsﬁgﬁescﬁ%ﬁé%tatg@'}ﬂ?ﬁgtraﬂdlaﬁbélgtéo%ﬂlcﬁq' fo X‘Ai!i!logge appar ent

to persons skilled in rel evant ar hat varrous ahges in Torm and
detai |l can bstrokedeage saidshort swokéistuge mlelndinigt ng fromthe spirit and scope of
the invention. Thus, the breadth and_.scope of the present invention should
not be limted by any of th&SUnsBdETecseans feydcs thaldipldsa spbetitiedinesit s, but

shoul d be defh BaehsORInYodels ARIARLITRMEFes Mt forh ABidls@hdeQN N9 clai ms and their
equi val ents. - WHAT IS CLAIMED I'S: 1. A system conprising: a long stroke

stage including a radi ati veacunifirex heaid remmovinggportion coupled to said
substrate receiving device, said uniform heat removing portion removing heat
transferred from said substrate receiving device, and
a radiative coupler coupled to the uniform heat
removing portion, said radiative coupler radiatively transferring heat from said

uniform heat removing portion to said long stroke stage.

2. The system of claim 1, wherein said short stroke stage further
comprises a heating portion that maintains said short stroke stage at a constant
temperature,

3. The system of claim 1, further comprising a heat control device

coupled 1o said heating portion.

4. The system of claim 3, wherein said heat control device is a

feed-forward heat control device.

5. The system of claim 3, wherein said heat control device is a

feedback heat control device.

6. The system of claim 1, wherein said short stroke stage is spaced

from said long stroke stage.



portion, said cooling portion renoving heat fromsaid | ong stroke stage;
and a short stroke stage that is radiatively coupled to said |ong stroke
stage, said short stroke stage including: a substrate receiving device that
hol ds a substrate during an exposure process and that renoves heat from
said substrate, a uniform heat renoving portion coupled to said substrate
recei ving device, said uniform heat renoving portion renoving heat
transferred fromsaid substrate recei-28Ag device, and a radi ative coupl er
coupled to the uniform heat renoving portion, said radiative coupler

radi atively transferring heat fromsaid uniformheat renoving portion to
said long stroke stage. 2. The systemof claim 1, wherein said short stroke
stage further conprises a heating portion that maintains said short stroke
stage at a constant tEhpeysiemref claim Thewhsreinesaidfshottastrokt, sthger isher

conprising a_heat. rol device coupl.ed to said heating portion. 4. The
syst em of C|lgﬁgﬁegly%n%ygqtﬁc?gg}uaesng%&mgﬂﬁ?qr@stragwteg,i s a feed-forward heat
control device. 5. The systemof claim 3, wherein said heat control device

is a feedback heat control device. 6. The systemof claim1, wherein said
short stroke stag® i s Thaewtem fof whaigal dwhemip stid okaling partion -dfSail  The

system of cl g wher ei ai d, short stroke,stage is magnetically
| evitated w @hgn P%%lbeeséi‘gctlgag‘iﬁs glcg't#gf %ﬁ%‘k% %{]‘éfaé’ﬂc'él?u%g’s temof claim 1,
wherein said cooling portion of said |ong stroke stage includes at |east a

portion of a fluid circulation system 9. The systemof claim1l, wherein
sai d substrate redeivi hae sstencef Claine 1 ywherein saidsibsisata receiving dovice

includes a front plate section.

10.  The system of claim 1, wherein said substrate receiving device

includes an array of protrusions for contacting a surface of said substrate.

11.  The system of claim 10, wherein said array of protrusions is

formed in a square grid pattemn.

12. The system of claim 10, wherein said array of protrusions is

formed in a triangular grid pattern.

13.  The system of claim 1, wherein said substrate receiving device
includes a front plate section coupled to an array of protrusions for contacting

a surface of said substrate.

14.  The system of claim 1, wherein said uniform heat removing

portion includes ribs coupled to said substrate receiving device.

15.  The system of claim 1, wherein said radiative coupler of said

long stroke stage includes fins.

16. The system of claim 1, wherein said uniform heat removing

pottion includes a heat spreader device.



10. The systemof claim1l, wherein said substrate receiving device

i ncludes an array of protrusions for contacting a surface of said
substrate. 11. The system of claim 10, wherein said array of protrusions is
formed in a square grid pattern. 12. The system of claim 10, wherein said
array of protrusions is fornmed in a triangular grid pattern. 13. The
systemof claiml1l, wherein said substrate receiving device includes a
front plate section coupled to an arrgg.of protrusions for contacting a
surface of said substrate. 14. The systemof claim1l, wherein said uniform
heat renoving portion includes ribs coupled to said substrate receiving
device. 15. The systemof claiml, wherein said radiative coupler of said

| ong stroke stage includes fins. 16. The systemof claiml, wherein said
uni form heat renoli.ng Thosystamn of RtdimdEswherbiataid phiaae hegleren®@ing 29 17. The
systemof claiml1, erein said uni formheat renoving portion includes a
heat shunt deSFPeRInchugles sheatshpuntdeayigs. claim 1, wherein sai d uniform heat
renoving portion includes a heat spreader device and a heat shunt devi ce.
19. The systemof claim1l, wherein said radiative coupler of said short
stroke stage inclliles Thesyst@h .of Themsy,swherednl said aniform helteregiovingsai d
substrate recei.vin evice includes a fr né | at e;. and sai d uniform heat
renovi ng por¥? ﬂ“f‘%@‘\ B8 8eaf spre “%W&%E‘Efa @\F;'r"]&‘é‘,tde\%ﬁ%rei n said front plate
is coupled to said heat spreader device with a liquid material. 21. The
systemof claim1l, wherein: said substrate receiving device includes a
front plate; and 19.  The system of claim 1, wherein said radiative coupler of said

short stroke stage includes fins.

20.  The system of claim 1, wherein:

said substrate receiving device includes a front plate; and

said uniform heat removing portion includes a heat spreader device,
wherein said front plate is coupled to said heat spreader device with a

liquid material.

21. The system of claim 1, wherein:

said substrate receiving device includes a front plate; and

said uniform heat removing portion includes a heat spreader device,
wherein said front plate is coupled to said heat spreader device with a paste

material,

22, The system of claim 1, wherein:

said substrate receiving device includes a front plate; and

said uniform heat removing portion includes a heat spreader device,
wherein said front plate is coupled to said heat spreader device with an elastic

material.

23.  The system of claim 1, wherein said substrate is a reflective

substratc in an cxtreme ultra violet lithography system.



said uni form heat renoving portion includes a heat spreader device,
wherein said front plate is coupled to said heat spreader device with a
paste nmaterial. 22. The systemof claim1, wherein: said substrate
receiving device includes a front plate; and said uniform heat renoving
portion includes a heat spreader device, wherein said front plate is
coupled to said heat spreader device with an elastic material. 23. The
system of claim1, wherein said substBéte is a reflective substrate in an
extrenme ultra violet |ithography system -30 24. A nethod of dissipating
heat froma substrate conprising the steps of: transferring heat fromthe

substrate to a supstrahanétR6®of dRSipaIHE k&t fonPASUBstfatd SorhPigsinE e from the
substrate receiving device to a wunhiformheat renoving device; transferring

the heat fro#WeRstRE: uni form heating renoving device to a first radiative

coupler; radiatively t ferrin h at . fromithe first radiative coupler
to a second radiative %%@%ﬁ"g‘?é, hgﬁdﬁ?rg’n@\%i éﬁ‘é’msag? C}Braaa\l%%“ia efeﬁe’tv%sferred
heat with a deidet ng system 25. The nethod of claim 24, further conprising
the step of heating the subhstrate receiving device to maintain the

substrate at a const anffansfesrpg the heab fropp therspbsirate Heerivng dexiomt®®  f urt her
conpri sing t&ﬁ o%tn%aﬁfe Ogﬁ.%tqeg{cgj ng said heating step based on feed-forward
F1 6d o B¢

control . 27. e met alm 25, further conprising the step of
transferring the heat from the uniform heating removing device

to a first radiative coupler;

radiatively transferring the heat from the first radiative coupler
to a second radiative coupler; and

removing said radiatively transferred heat with a cdoling

system.

25.  The method of claim 24, further comprising the step of heating
the substrate receiving device to maintain the substrate at a constant

temperature.

26. The method of claim 25, further comprising the step of

controlling said heating step based on feed-forward control.

27.  The method of claim 25, further comprising the step of
controlling said heating step based on feedback control.

28.  The method of claim 25, further comprising the step of
controlling said heating step based on feed-forward and feedback control.




controlling said heating step based on feedback control. 28. The nethod of
claim?25, further conprising the step of controlling said heating step
based on feed-forward and feedback control. -31 29. A systemconprising: a
first stage including a radiative coupler and cooling portion; and a second
stage that is radiatively coupled to said first stage, said second stage

i ncluding: a substrate receiving device, a uniformheat renoving portion
coupled to the substrate receiving ddvice, and a radiative coupler coupled
to the uniform heat renoving portion. 30. A systemfor receiving, holding,
and controlling a tenperature of a substrate, the system conprising: a

rigid structure hayi ngasulst Bibakhy: zero coefficient of thermal expansion
(CTE) that constrains thg substPatleg' a heat renoval portion having a | arger

CTE and thermal conduca fivst tstage tilchndisg i dadiatiyedcomplen ahd rceolifppportieipves excess
heat fromthe substrate; neans for thermally coupling the substrate to said
heat renoval df)orti on; neans for thermally isolating said heat renoval

portion fromsaid rigigsecsid &Qé%ﬁﬁismﬁref ouﬂ%ﬁ E'%gf’i‘ilﬂt)éta guald ng_said

heat renoval portion to said Igid structuare; iativeé neans for
renovi ng exc¥senhgage ielodingai d heat renoval portion. 31. The system of
claim 30, wherein said rigid %t{IL{cture.i s, made of
a substrate receiving devme,
a uniform heat removing portion coupled to the
substrate receiving device, and
a radiative coupler coupled to the uniform heat

removing portion.

30. A system for receiving, holding, and controlling a temperature
of a substrate, the system comprising:

a rigid structure having substantially zero coefficient of thermal
expansion (CTE) that constrains the substrate;

a heat removal portion having a larger CTE and thermal conductivity
than said rigid structure that removes excess heat from the substrate;

means for thermally coupling the substrate to said heat removal
portion,

means for thermally isolating said heat removal portion from said rigid
structure;

means for mechanically coupling said heat removal portion to said
rigid structure; and

radiative means for removing excess heat from said heat removal

portion.

31.  The system of claim 30, wherein said rigid structure is made of

ultra low expansion glass.

J2.  The system of claim 30, whercin said rigid structure 1s made of

low expansion ceramic,



ultra | ow expansi on glass. 32. The system of claim 30, wherein said rigid
structure is nade of | ow expansion ceramc, -32 33. The system of claim
30, wherein said heat renoval portion is made of at |east one nmaterial
fromthe group consisting of alumnumnitride, silicon carbide, alum num
copper, and silver. 34. The system of claim 30, wherein said neans for
thermally coupling conprises a fluid confined to a narrow space between
the substrate and said heat renopval -partion. 35. The system of claim 34,
wherein said fluid is a gas. 36. The system of claim 35, wherein said gas
is pressurized to a pressure higher than an anbi ent pressure of gases
surroundi ng the system 37. The system of claim 30, wherein said neans for
thermally isolating conprises at |east part of said heat renoval portion
t hreaded though 3a3. | eflbe¢ systean bbkhim 305 ahdrein ghidl heitrréiovileporfién isThe system

of claim 30, _whergin said nechani.cal .coupling , neans conprises at |east two
f1 exures. 39@34’?18{3%\?]&53@8@%%?%0%?‘% ‘FHaF‘ﬁ’s’asHP%I °§ alnypym ditkidan s
conprises a ghebredarbife, Gliiing, béppbt dhdGitverf i rst portion coupled to a first
stage and a second portion coupled to a second stage. 40. The system of

claim 39, wherein said first and second portions include interleaved fins

that are substantjally at . 41 . The stemof claim39,. whereipn said first
portion includes %1' Iﬁééstsy%?ﬁrg ?)fl Hai ?%aﬁv}egeéﬁl Fad.m5an B‘Hrg’ieﬁﬁalg’onpri ses a

bl ock with halupting compeis@anfliidtohfinédAd h@tew @pacetetwdtin thé isistrate33 42. The
system of cl aldm 30, wherein said heat renoval portion conprises:
and said heat removal portion.

35.  The system of claim 34, wherein said fluid is a gas.

36.  The system of claim 35, wherein said gas is pressurized to a

pressure higher than an ambient pressure of gases surrounding the system.

37.  The sysiem of claim 30, wherein said means for thermally
isolating comprises at least part of said heat removal portion threaded though

at least one hole in said rigid structure.

38.  The system of claim 30, wherein said mechanical coupling

means comprises at least two flexures.

39. The system of claim 30, wherein said radiative means
comprises a radiative coupler including a first portion coupled to a first stage

and a second portion coupled to a second stage.

40.  The system of claim 39, wherein said first and second portions

include interleaved fins that are substantially flat.

41.  The system of claim 39, wherein said first portion includes at

least one pin fin and said second portion compriscs a block with holes

corresponding to locations of said pin fins.




a planar heat spreader that is substantially parallel to surfaces of the
substrate; and at |east one heat shunt substantially perpendicular to said
pl anar heat spreader. 43. The system of claim 30, wherein said rigid
structure has at least three protrusions for contacting the substrate at
predeterm ned points. 44. The system of claim 42, wherein said heat
spreader includes holes corresponding to |ocations of said protrusions.
45. The system of claim 44, wherein sggd heat spreader is coupled to an
el ectrostatic chuck that includes holes corresponding to said |ocations of
said protrusions, said electrostatic chuck pulling the substrate agai nst
said protrusions. 46. The system of claim45, wherein said electrostatic
chuck is a thin-filmstructure fabricated on a surface of said heat

spreader facing t4mar d¥he tshitert WFSéliad 80, %ereTlh%ajaw%a?%xﬁEwa&'npﬂnﬁBrM, wher ei n
said heat spreader is coupled to an electric heater to maintain a constant

t enper at ure FYPPRSEFd heat spreader. 48. The system of claim 47, wherein

said electric hea ' t hi f resi r, fabrjcated_.on a_.surface of
said heat sprea de% ff)'iadaF héat sBl'e'ﬁaer thjatnfs s‘ﬁgétgﬁt%lly paralie??o Surfaces of he

substrate; and

at least one heat shunt substantially perpendicular to said planar heat
spreader.

43, The system of claim 30, wherein said rigid structure has at least

three protrusions for contacting the substrate at predetermined points.

44.  The system of claim 42, wherein said heat spreader includes

holes corresponding to locations of said protrusions.

45.  The system of claim 44, wherein said heat spreader is coupled
to an electrostatic chuck that includes holes corresponding to said locations of

said protrusions, said electrostatic chuck pulling the substrate against said

protrusions.

46.  The system of claim 45, wherein said electrostatic chuck is a
thin-film structure fabricated on a surface of said heat spreader facing towards
the substrate.

47.  The system of claim 44, wherein said heat spreader is coupled

to an electric heater to maintain a constant temperature for said heat spreader.

48.  The system of claim 47, wherein said electric heater is a thin-

film resistor fabricated on a surface of said heat spreader.



