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generally to sem conductor processing equipnment. 5
More particularly, the present invention relates to a
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motion of the stage and a table, e.g., a wafer table, which is a part of an overall stage
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generate heat. The heat generated by the coils may be

relatively significant, e.g., significant enough to
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Fig. 1 may be controlled. Controlling the tenperature
of a heat source may be critical, as 35 many systens
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e.g., the surface 2 WD 2004/ 109757 PCT/ US2004/ 016495
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Since the surface area of condenser end 304 varies as
gas front 342 noves, the thermal conductance of heat
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the tenperature associated with the heat pipe is not
at a desired level. Changing the pressure within the
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heat pipe to 30 change. In one enbodi nent, the heat
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evaporator end. When the temperature of the evaporator end is the desired temperature



the desired tenperature for the evaporator end.
Adj usting the pressure causes a boiling tenperature
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that a tenperature of the evaporator end is adjusted.
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transfer nmediumcirculating within the flow passage.
I n one enbodi nent, changing a 25 state-shift
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the heat transfer nedium |n another enbodi nent,

changi ng a state-shift tenperature includes changl ng a
pressure w thi BRIEE DRSERIBFIION(RF THE BRAWHGZe with
yet an | flption
T or R e e Rl T oty
t rtalesfie pormppmrawmlsthp Aedopgarying dravings @ Wedt 30
transf gf, medj M?@rﬁ‘ﬁl&%{‘reﬁregén@dw&)@ﬁa?élﬂl@erﬁﬂgal%'eit%eat i ng
the heat” frans medi um wi t h he fl ow passage. The
f1 ow p&tsAder dipgpmpakic rspisesatation of zeonvatiead hsy@RsHuth is
adc‘ﬁgrlrggaq,gees of the present invention will becone
apparent upon reading the follow ng detajled
descr i [ig 3his aglipgrammaigirerieseniationofiagas lqapeg, v ariablsr copgpstance
drh@g\a . 6 WD 2004/ 109757 PCT/ US2004/ 016495 BRI EF
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whi ch: Is a diagr ammat i ¢ representation of a
cé?ﬁﬁ’é’ﬁti onal heat pipe. 5 Fig. 2 is a diagramatic
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varl ablqaeéonduct ance 10 heat

36 copaped S PRS Rrasn A g fateeryBidn arayaRp bt be,
C@P&anslﬁrenn@ectl on. Fig. 4 is a di agr ammat i ¢
represent

T i e R e S Tl
t fmeatmi}ﬁ&es&tnbil}m{ afolédin acdordpncSwitls axaerdbcalgnartnﬁthp present invention.

repr eSE 213 a ﬁ%%?%flﬁ eatre&an{%ﬁon oft at et Wﬁé &lnh R ﬁfét%?l%h?c}l serves

may on ‘a
aas e petasueeconirdlier and amhtcmahempemfuret fe@sor a;ssendance with an

i nven ock di agram representation of
agF{% él thft}hegpresemlf?ve te(ﬁl a piston of a heat pipe

ass eangg 8 & anbageainmaticaepreredtatioreofs contreldoenisbidh menbe vied to
t I'c]:gntpol %%%?érﬁé{r% %éh hea %Pe n ac&o??]eﬁ'xcg LAl LA d]lq:lﬁnt of the

representa of a pe wt pi ston
s@resgg inV2tias a pressure controller and an internal

: ﬁgpgﬁ g} :?} fs afpﬁé%gsr ﬂd@dl@&gﬂrﬂﬁaﬁﬂué’ﬁa&@ oROmMEMBOEF EHRARbILAL the
temperature in a heat pipe by adjustmg the pressure in the heat pipe in accordance with an

embodiment of the present invention.

Fig. 10a is a diagrammatic representation of a piston which is actuated by a voice
coil motor in accordance with an embodiment of the present invention.

Fig. 10b is a diagrammatic representation of a piston which is actuated by an air
bellows in accordance with an embodiment of the present invention.

Fig. 11 is a diagrammatic representation of a photolithography apparatus in

accordance with an embodiment of the present invention.



Fig. 8 is a diagrammatic representation of a control
| oop which may be used to control the tenperature
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the present invention. 25 Fig. 9 is a process flow
di agram which illustrates one nethod of controllin
the t Eigpé? atarecesnflay Hiegrampihich iHysteattis ttstapg asspeiated with
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a%&%;t%{,eggo nar bellows in accordance with an
ment of the present invention. Flg 11 is a
di agrammatic representati on of a photolithography
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el & PGP olrdfug bS5 BRF R pr g Wbl (BEPBERE Wi
anméfehompanturoib rdited, aspfommnple ifrowenddsed teDpaiAfutedthe range of

DESCRI.PT e L.
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e agprpxxatatel)o%toabbrommfamiy 41 @g@edévlsm;e Often, haat S"éwhmqﬂﬁgted by

L atgré ags)ég thé r\&ﬁthgirs?a%g ﬁé\'lcetéggsep file '&sﬂ{b%p&%pgatureltg bk Bfsed. The

stag rom sed rest errors
0 lactuatots s alstve ncmpsseraﬁ'ystavatt Shwathonicalthat haat eeil (eepsiysigpend

ﬁgﬁe?ﬁﬁoﬁegﬁ%d a%e&%ﬁ éfﬁjt {ﬁﬁfjcoldﬁérﬁgs \tvﬁﬁ th%tﬁ@g Sad %Vée?n@raté’ff@x@e In

ture 1s ral sed as for exanp
f oler t e thschmicantior sl e pmbiepideTpgTgfuregs raised by actuators such

aQPﬁ&?&t BBoR o midlods %tﬂ%@&&h{gﬂéﬁd %ild ﬁlegte;g,;e% @Shdablraiskts

enperature in range proxi mately 30 to
apmﬂmtw}maé by ugky t e:gryé@gt a@@vﬁoasthe Glftt“é?ffs thest Slt}tﬁ.ﬂat a‘?Sbe the
gepgrated by 15 actuators associated with a stage
devi ce causes the anbient tenperature to be r
ﬁ(khglﬁtsurface

The atYrieallyr keabripes{abheat Hans PRRATAUY predised igen
S @i eBhurt BPS cdiBS g2 a€Hil bf 4 ERBAHEHA b@lﬁ@lmtagﬁa efaa;taetscular
heat and a secon gart that (of0]0} er at es, Wth ﬂ

p&AMPeEadrg SHBag £QoNt PpErature Althopi) 2 B3t Pig 5 Sang- E‘/ ‘-‘éﬁﬁh‘ﬁtm
b¥arm £heat feayidth BRlcoll SR "tl&ttétﬁﬁbrhtﬁreraaw&ftﬂ albyat plpe operates to
actuators such as linear

e rapster saigay ffromctps il is t@étnqb&ﬁégl? Y adte CPV%{\ §ytfpiensly, and
APHREAJASH HERY: sRfoufia thocoilandycali@ahe sivviybefheqiad tigand, hence,

actuators to heat sinks at absorh the
interfere with the measurements made by sensors such as 1nterferometers
By controlling the temperature of a heat transfer medium, e.g., a fluid, within a
heat pipe (heat transfer apparatuses), the temperature at which heat is removed from a
heat source such as an actuator may be controlled. In one embodiment, the temperature
of the heat transfer medium, particularly at an evaporator end of a heat pipe, may be
controlled by substantially controlling the pressure within the heat pipe. Controlling the

pressure within the heat pipe enables the boiling temperature of fluid within the heat pipe



heat. Typically, heat pipes (a heat transfer
apparatus) are used to enable the surface tenperature
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mai ntained at a particular tenperature such as room
tenperature. . Although a heat pipe is generally
ei(f IfscdointrelleidnwRibh eﬁafcltlyelm gnabia theasagerftuo wf thesvamwrdtor epthehthe
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o gt ebytiol BERC RS i Buord R Sant ARt ARl Thea
apipadatiosdsy thetemoqhewp@ iseMagied Htﬁ appareths mexbe wsgd isdroy ed
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%1 ?%asathg nBI1RGs in 'ﬁ@éfgrg%d sERBbF Qbdissthls, to which this
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pumnat@oﬂtapmqamgls epRliedgieEsdure within the heat pipe
enabl egythg, Q@gldﬂ]ﬂatk@%ﬂ?@s@ﬁﬁﬁﬁn%f Qhhedtlptedyivdin Whidh pie€sure may
heat pipe 8 WD 2004/ 109757 PCT/ US2004/ 016495  to he
cbmqn@p leskin aggerdancey it en gkodimenhaifhe presgnbinyention: Atlgpiepipe

Ofo4 Rgy @evﬁﬁg%sl‘lt&fw&ﬁq neft sbit€e 418eak., RdaPgerletiBE coils of an actuator,
contr ol h
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CARBR S oniea ot SRAI et et Pie AU APt <P meelpaiym 424,
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n
0y oy, NS 900 s o
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of evaporator end 408 and, hence, the temperature at which heat source 416 may be

maintained may effectively be changed, since heat source 416 is generally in



pi pe 404 to be varied. Pressure control nechani sm 424
may generally be positioned 20 substantially anywhere
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pressure control nechanism 424 may be a piston which
IS subjected to a control force, as wll be described
bedosvpupication Wi evaporatyr Fidyt085 By|vay o g¥Aneplg avhen the pressure within
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rrp erature heat |
s bsteampistah [5Y4 @r&heptmpfei% i sheulg pe gm?%at%doth@tra@plymg a control
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With reference to Fig. 6, the actions which occur when a piston of a heat pipe

assembly is moved will be discussed in accordance with an embodiment of the present



a control mechanism is applied to piston 514, piston
514 may cause a pressure within heat pipe 504, i.e.,
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Piston 514 may cause the pressure within heat pipe

504 to change by effectively appl %I ng a control
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counterpart U S. Patent No. 5,668,672, as well as in
Japan Patent Application D sclosure No. 10-20195 and
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30 Isolaters such as isolators 54 may generally be
associated with an active vibration isolation system
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While a pressure control mechanism such as a piston has been shown as being

positioned near a condenser end of a heat pipe (heat transfer apparatus), a pressure control
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limted to, wafer dicing processes, bondi ng processes,
and packagi ng processes. Finally, the conpleted
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fromthe spirit or the scope of the present invention.
By way of exanple, although a heat pipe (heat transfer
apparatus) has been described as including a pressure
controller which is a piston, a pressure controller
may be substantially any nechani sm which enabl es
pressure within the heat pipe to be controlled. In
other words, a pressure controller on a heat pipe
(heat transfer apparatus) may not necessarily be a
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25 piston. A heat pipe with an internal tenperature
whi ch may be controlled by controlling the pressure
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different application. For instance, as described
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posi ti oned PAGakiAing FREEMS RinpeRthrOsséeilteplitR iR edthiRtis at a
transfer apparatus), a pressure control 19 WD

20 girefideyel 2ndCT/ US2004/ 016495 mechani sm may general |y

be positio naﬁangmgﬁ tofdurvtin ARMONG R Whdnhit i @&tB@ihed tBat the
the heat pipe. Pqositioning the pressur congrol )
METRRATFEIn agsosksieA vt the heahRiBhis @pt 4R desied sfw&la frhegen chpnging the
WHir&sbur€ Qith il tRShdiPBipt Yaud@Shddempértfesassdthyedaritthe héaf fipe to
pressure control nmechanismto be nore readily

achtigeed. However, the pressure control mechani sm may
instead be 5 | ocated near a mddle portion of a heat

pi pe, or closer fo an evapprator end. of .t he heat Ipe
in some enbodi me s}T.‘eﬂEﬂﬁiéﬁ Qﬁﬁ’éﬁt“ﬁgreﬂlr%g%?%&ﬁﬂeﬁ?uﬁe ‘gltﬁn the
haht ppeifcl(des aicrdaking Be @iesapPaithih i) heBplpe toldawse i temperature

cases, gause appr eci ahl e change in the interior
vaFirate W”%ﬁ@%%@HEE%Fﬁgfm versely, changing the
interior volune of a heat pipe may lead to a change in

pressure within the 10 heat.pipe. As,such.. it u
be appr eci a%'ed t Hat™ ]ﬂﬁoél Oﬁﬁ{ag'?%gv?’er\%q thiecab pref hné:ﬁﬁg%% fhessure
picptratmyechaishe ahd dehying the preasuyedithie tigp. heatpipainslplaopergting the
a piston of thqlhe%t pi pe, to cause a change in

p ‘?gﬁ?%ﬁhf% FRATRE heat pi pe that |eads to a change

in the boiling tenmperature of fluid in the heat pipe.

I'n gener al 4.?: he te%?e%ho%‘%%gﬁlfgg Wﬂel\éﬁnt tHe é}{ggsufgeéom?gismé%ﬁanism

t he present i nventi on may vary w dely. Steps may
benchdided pistoprasseedlly, anld chpreging thepressans widhie theicatiparetincludes

d ' LI e of the present
i%6@2%?g%?m%gggk§%%5?§#ﬁgi%@g€%§§m§?9gontroIIing t he
tenperature within a heat pipe (heat transfer

apparat us) y ifelARd cla® 2 $helE! thOPisoR his¥mbly is actuated by
determining a desired tenperature wthin the heat

piap electrrmageticcasfualpr, aé ceanging thegpressere iithindhe bespaipaingudes
Waf)];lkﬂgtalegnma fREPS the|5abn 45 Bin AP dleaikdtsdgneitakhafor.
20 changes to requirenents assoclated with an overal
stage apparatus to be accounted for, as the contro

force appligd tonR nRigtddR cRfm # whERIn thé PiStoh B&Bhbly is actuated by

transfer apparatus) may be . o .
an air bellows, and changing the pressure within the heat pipe includes applying a

controlled force to the piston assembly using the air bellows.

21



adjusted to conpensate for any change to a desired
tenperature. Therefore, the present exanples are to

WO bw4/e@nisi dered as illustrati ve and not restriBiT/US004601d495
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the invention is not to be limted to the details

given herein, but may be nodified within the scope of
the 25 appefded Elll"dp?fEOd ol(slapp Lovisryin peasyring the temperature

PGEL IO AE AR pip¥ i TudbsSmédsdidR R leSiperhturdatiTRd dvaporhtor end.
controlling a tenperature associated Wi th a heat pipe,
the heat pipe being arranged to contain a fluid, the
heat pi pe hgvi ngTR maHEPEcRiAI7 vHeebin mb@emremnemamd at the
end being arranged to be in the vicinity of a heat

s ORYRRAtor 1id 1% PFIHRE SMRLANFY %flt]ilFQHUI(IHTE asuring the
tenperature associated wth the heat pipe; determ ning
when the tenperature associ ated with the heat

at a desiréd | edaetho gr‘f‘&‘ PEEHRS :ﬁbexgo%llree@gagagl \RFT’ﬁﬁlsﬁngthe
t hgeth&Pfor RinpollnE &R tehpdrstudefelfia ned that the 10
tenperature associated with the heat pipe is not at a
desired |l evel, wherein changing the pressure within

the heat pipe camaeﬂloﬁffamﬂﬁmnaib;weinasﬁﬁghﬂbsdavwth

\M@P@?ﬂlt gﬁ Sﬁ’rﬁ%ﬁ val tgfé ﬁhotolﬂ (Egﬁap‘imy Phocess f&llﬁes r(lltle rBet}Ifl’Od of

[ r@bﬂdeganmb@&samgrauﬂsefﬂam%ure within the heat pipe

to cause the tenperature associated with the heat

pipe to be raised. 3. The nmethod of claim1l wherein

t he heat pi be i n&metied for makaspsuwafer widining dthe mesbérbefioperpting an
and chaen argtus Pcl;P egﬁsure wi thin the heat pipe

ineé‘P%F(% pera |ngmt 20 pressure control nechani sm

4. The method of claim3 wherein the pressure control
mechani sm clu senbly, and changi ng

t he pr essurie?vvl t'ﬂﬁﬁat?wg ﬁ&gﬂsl ‘pe includes applying a
controll ed m@s}s@mterm ng the piston assenbly. 25 5.

The nmethod oh.gl Agm 4 wherein the piston assenbly is

act uat ed by an e ectroma netic actuator, and changi ng
the pressurepmsuty aentrplandshanisnywheraimibr presire eqppplmergamnsm is
c t {1g tdrferature of the
o Pl H o PR R b o BIR ey
whbridisghanged.pi st on assenbly is actuated by an air

bel | ows, and changi ng the pressure within the heat

pi pe i ncl udes applying a controlled force to the
pi ston assehbly |hﬁ©t pinseof glapm h2 vbepgin the pressure control mechanism

is arranged to change the pressure by increasing the pressure such that the boiling

temperature of the fluid is increased.

14.  The heat pipe of claim 12 wherein the pressure control mechanism
includes a piston arrangement, the piston arrangement being arranged to apply a control

pressure to change the pressure within the heat pipe.

15. The heat pipe of claim 14 wherein the pressure control mechanism
further includes an actuator, the actuator being arranged to apply a control force to the
piston arrangement such that the piston arrangement applies the control pressure to

change the pressure within the heat pipe.
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21 WD 2004/ 109757 PCT/ US2004/ 016495 7. The net hod of
claim1l wherein neasuring the tenperature associ ated

wowbishoeie heat pi pe includes nmeasuring the tePpPEUSLOOH/E@16495
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at the evaporator end. 8. The nethod of claim?7

wherein the tenperature neasured at the 5 evaporator

end is a boiling tenperature of the fluid. 9. A nethod
for operatig anmeiRagifeofalfalatvisreahqpresiegoiithe mechanism

nmet hod. for, controlling th e rature of claim1l. 10
Ui s PHEEA T AR AEF P05 L otiog e ARt el a

p hehfdehichg apRh yhepbAEd pEessurb@robarnpe tvepresant elithirhtbghap piye.
process utilizes the method of operating an exposure
apparatus of claim9. 11. A nmethod for making a wafer
utilizing tie neTheddatpipeapelamt ihfréer indibdisgposur e
apparatus of claim9. 12. heat . pi pe ¢ rising:, .a
evapor at or %‘i’?ﬂl,pergmfef wree tg?ﬁgm%m%l?eps%ésso% g?leg gon crgc%)fo iithsure
meled wilirgrempdagneiof tHelfmidpr essure control nmechanismi s
arranged to change a pressure within the heat pipe

such that a boiling tenperature of the fluidis
changed. 1318. TheTHadadt pipepé cloim &1 whereih 2havherswicd boiking
pressure contr.ol chani ' n

Figars fbita FERIARAT kol hRaBREA BERR P IRREE

b @idchamism beamgraTaaged te chdnge He pidssiirelby an dmaembdeiermined psing the
The b im12 wherein the pressure control
nenéeﬁghﬁ?%sbﬁ'w%%ﬁ%r%%%g%a pi ston arrangenent, the piston
arrangenent being arranged to apply a control 30
pressure t ha - ar et L BE;

5 The: heat” p; paE SpH R oEe B £ hérn e CRpoiedl: Shsis
comengod arthe panprater efidyr t her i ncl udes an actuator, the
actuator being arranged to apply a control force to

the piston arrangenent such that the piston

ar r angenent20applTihe §eatpipe obpleynp] 2 Hrtberdpgleding 35 change

t he pressurfopiddtrtnti hehei8Rthe PrlSire dohtr¥OndMRdibh @Ppiifioned
PCT/ US2004/ 016495 16. The heat pipe of claim 14

wiegr dheropdraseread efthe hedbpPEol nechani sm furt her
i ncludes an air bellows, the air bell ows being
arranged to cause the piston arrangenent to a

. |y .the
control predsur &hebetpipsgEclpm pyaden he URRORFRY Gfjds artanged to
h@apodtidABd near an external heat source. '

22. The heat pipe of claim 21 wherein the external heat source is a coil

of a linear motor within a stage apparatus.

23.  An exposure apparatus comprising the stage apparatus of claim 22.
24. A device manufactured with the exposure apparatus of claim 23.
25. A wafer on which an image has been formed by the exposure

apparatus of claim 23.
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5 17. The heat pipe of claim14 further including: a
tenperature sensor, the tenperature sensor being

wo asmamgyet to neasure the boiling tenperaturePOlf/USTIO4/016495
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fluid. 10 18. The heat pipe of claim17 vvherein t he
measur ed b0|I|ng tenperature i s provided to
pressure coHtrolA metRdrsantreling afFBRLEHpE Qgéﬂf‘?tb?tor within a

NRERE A fAnREihD Sta g Jp@ﬁ‘tgﬁlg béiflg HNRARGRIntcASOK @S Slidvapsiitonend of a
anmount det erm ned ‘using the nmeasured boiling

t defdings the @ethpd caoprisite heat pi pe of claim 17 wherein
the tenper adelthrn%lﬁﬁg’hs&rsuécstem shRROBAthahethdier; eyapor at or
end. 20. The_heat pipe of c iz further.includi ng: .
a condenserad#sting %\H@?}E‘Pﬁmt"ﬁlg‘“bpmé %P@eé%?fﬁ“ieé’leacormp ng
MRAe RN it Petaturd Qstialst QA G the Bet@de, Whtkeif adjdaing elic @ewthaniim

L esea i rranira d AaiBh TEsS g B FDBN e R e

aerfpekR6r0 aF thh Gattios RUHRLted 25 22. The heat pipe of claim
21 wherein the external heat source is a coil of a

linear notor within a stage apparatus. 23. An exposure

appar at us cumpr iThe RgtHod@f Slalg26 ﬂlﬁpanﬂﬂmtﬁng)f clai m 22.
30 24. A de |ce. nman facture wi.th

appar atus O termining thecorrespon }Qg\ﬂgsflrgé teérH)er r% Eorefhe slectmé'neusmg

has deedd téopamaelyr thhactetgrosur e  apparatus of claim

23. 23 WD 2004/ 109757 PCT/ US2004/ 016495 26. A nethod

for controlling a tenperature of an actuator within a

st age appar2st us,Tht hetistafclamppawbdreis adjesting thepressure within the

t ﬁgqu ﬁ&eﬁrghldg%?ﬁvg\ﬁ)}ng% £ Qon {%%e%&g&irs? 5‘1901%1& tch %igtgﬂtarng@ﬁent of

ermnin
drqjeatartlpu; @hérein thd‘lce)naol foee of the fimdi a@mad Jlsugxapgﬂ;i tg cause the piston

rr?llgrlgl‘la g%n%lrlp éo clliangé1 th% ?%s%&@&ntﬁh% }Ie éﬁ[?eg leve a

corr eratur r a section of
t he heat pi pe V\,her ein adj usting the nechani sm causes

a boi l'ing tﬁnper’[ﬂz:wt f@laﬂﬂ%ﬁnﬂémﬂlﬁhlﬁ%‘e heat pi pe

to be adjusted suc at a erature of the section
i s adj ust eoﬁeten@mmgwméhmmn@eltu@fofé}eaﬁmozes thg desiigd temperature

| Gl diicPhn, @ﬁér@ﬂh Hah s BAENERA" RS BR AR 68 Dk IR dection is the

tenperaturé for the section using the desired
t égspr@fl tempeeatifre) for theeseetion, the gpntrol force is maintained at the first amount.

30.  The method of claim 29 wherein when it is determined that the
temperature of the section is not the desired temperature for the section, adjusting the
pressure within the heat pipe to achieve the desired temperature for the section further
includes applying a control force of a second amount to the piston arrangement, wherein
the control force of the second amount is arranged to cause the piston arrangement to
change the pressure within the heat pipe, the second amount being different from the first

amount.

31.  The method of claim 26 wherein the section is the evaporator end.

32. A method for operating an exposure apparatus comprising the

method for controlling the temperature of claim 26.
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28. The nethod of claim 26 wherein adjusting the
pressure wiwthin the 15 heat pipe includes applying a

woceantiowls7f orce of a first anmbunt to a piston PCT/US2004/016495
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arrangenent of the heat pipe, wherein the control
force of the first anmobunt is arranged to cause the
pi ston arrangenent to change the pressure within the

heat pipe. 29. T, ARG R ingGh dbjEtARchdind 8¢
i ncl udi ng: %3(9) de@glremsgi ng V\hnegn thje&te er%tur_aesztaof t he

. : np .
s @botobhogrephytisoagess (hesgingt dithperaphy piocesh tilizes thegppthod of
W&g&%ﬁ wh&Bodute dppari@t 6 dlineR that the tenperature of
the section is the desired tenperature for the
section, the control force is maintained at the first
anount . 30. 34The ARLMBE fRimakingla W48 uNShe the Wi dfbopérsting an
determ ned that the 25 tenperature of the section is
n&kpashe ageasatpeef dadpPér at ure for the section, adjusting
the pressure within the heat pipe to achieve the
desired tenggrature for the section further includes
appl yi ng a tont rbmethgd £ coptrollingAt5mpeTakis i an pgUqipevithin a
p is§%@§3p@faﬁﬁpﬁ@ BRgH appvR@E Biflg intddmnfidithfic witlodrc&apdratohend of a
secon

anount js arranged to cause th i ston C
ameRmgenRbeat gre @slidyge atm%mb?fé@%ﬂ?@t’ﬁ% ‘ﬁf“ﬁ"‘lo FARTSNE:
pi pe, the seeemchimywdRiredeinpgatlicf bethe aétudtoromd he fir st
30 amount. 31. 'Th§ net hod of cl ati mh26 \I/I:gec%:ej n tt he ture for a
section is AHistRgNEpIion grrangspent 1§ achicye {hg desieq inpera
op&stioh bN@e Bnt PIPPOSItEn A PAInA thepitanprangénngt tauses3thoiling

met hod for .contralli t he. t erature of. claim2
DEBesaaf 4 09y heab o R Teraes Sy o g RrsgRns of e
medtiog issshardefiect i ncludi ng at | east a photolithography
process, wherein the photolithography process utilizes
the nmethod of operating an exposure apparatus of

claim 32. 33634. Themethodaf Elaim dpfarther isclydiiigr utili zi ng

t he net hod 21 gt | - - :
clai m 32, SRl S BoinEURASY [(RrBRRAL R S shion ying the
oflesnred amipeethwoe forithetictvater.10 st age appar at us, the stage
apparatus being in comruni cation with an evapor at or

end of a heat pipe, the heat pipe including a piston

ar r angement37. t hdhegtethod of eainr $£W§f§¢m adjastangthapipign grrangement
dﬁr?t'leSQ%dAl?sﬁﬂg Lt bREsutd tl?e,cﬁe'étaﬁi?é' fo cRitEe A Spdritdre of the
the piston arrangenment to achieve the desired

t esnplenat ure for a section of the heat pipe, wherein

adj usting the piston arrangenent causes a boiling 15
tenperature of a fluid within the heat pipe to be

changed suc¥$- t hdhe sethodperlam 3 xwhgreip gdjustigdhg Rjsfon arrangement
c lﬂﬁﬂ@@@adjusﬁng an internal volume of the heat pipe to change the temperature of the

section.

39.  The method of claim 35 wherein adjusting the piston arrangement

includes applying a control force to the piston arrangement.

40.  The method of claim 39 wherein applying the control force to the

piston arrangement causes a control pressure to be applied using the piston arrangement,

25



36. The nmethod of claim35 further including:

determ ning a correspondi ng desired tenperature for
WO tdoe/1®est i on using the 20 desired tenperat ureCT /08200416495
actuator. 37. The nethod of claim 35 wherein adjusting
the piston arrangenent _includes adjusting an jnter.nal
pr B8 SUN! pEssufsdegarangep & f%lsecﬁ%ah@'g% ngpﬁfgwlbf‘e?fjé{;%ﬁlad by be
t h@ans@ction. 25 38. The method of claim 35 wherein
adj usting the piston arrangenent includes adjusting
an internal volune of the heat pipe to change the
t enper at ur e40f t g m&R&d dfeMhim30 wdRreinlthe se¥tbid @headvaporator end.
cl ai m 35 wherein adjusting the piston arrangenent
i ncl udes applying a control force to the piston
arrangenent 42.40. A Meghodgbhupdratifig 1l @iposusOapphiugicomprising the

appl yi the contraol force to th pi ston arrangenent
cdﬂ%‘ﬁ%‘l]%r EBWer e ﬂ’r?rt‘é’ggelﬁt}éretogc%gn g%pl i ed using the
pi ston arrangenent, 25 WD 2004/109757
PCT/ US2004/ 01649 he .cont.rol pressure.bei rranged
to cause th 3‘L‘boi i"}?g’oﬁé%g?ké?%@e(’bbefﬁqltnﬁlgdlf] f ﬁthgas? b beg

10 choatithoghphy proessyethbreth thé phdtelithogddphyipercess ntitizes the method of
sect%l?n is the evapor at or, en 5 42. A nethod for
o BFRHTRY KROBKHBL S 8ppalatls conprising the method
for control #4.ng A hettod fpenaking ewakr wilizingitiBSmeth@l of gperating an
nmet hod forara Iéipcqai%rhzobj ect including at |least a 10
pHEPOT S WBYF ApRY” Process, wherein the photolithography
process utilizes the nethod of operating an exposure
appar at us oj. cl aj d for making a wafer

15 utilizing t%}sé W%E%(ﬁ%ggé‘égee@ﬁ%%gan exposure '
appar at us of het piperhaiing anGend Hortian ¢l isiarrgnged v¢ bein vicinity of a heat
cQupLising: a heat pipe having an end portion that is
arranged to be in vicinity of a heat source; a fluid
that is cont8hiddkptisrontainedhsthe htappipe;id a pressure
control nMechanism HRMNGECRshi? cdlectbeRlhdieREpipd, BR pressure

pressure 20 control nechani sm being arrang

rranged to
20 clvanigd mechinisssbring aFaneRdio chingna RTesPTwitip iy hepfqrpesuch that a
b@ot1ing YerhyebRGE BF the BuReis Ed@gdd. Ui d s changed.

46.  The cooling device of claim 45, wherein the heat pipe has an

evaporator end and a condenser end, and the evaporator end is located on the end portion.

25
47. A heat transfer apparatus comprising:
a flow passage;
at least one heat receiving section where heat is transferred from a heat
source, the at least one heat receiving section being disposed on the way of the flow
30  passage;
a heat transfer medium filled within said flow passage, the heat transfer
medium being circulated within the flow passage; and
a temperature setting device connected to the flow passage, the
temperature setting device changing a state-shift temperature of the heat transfer medium.
35
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46. The cooling device of claim45, wherein the heat
pi pe has an evaporator end and a condenser end, and

WO tdoe/1@rspor ator end is | ocated on the end porrdDUS200£6 6495
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47. A heat transfer apparatus conprising: a flow

passage; at |east one heat receivi ngl section where
heat is trad8f er Teaheat Eansisr anpatatus 9bplaapd7, prkgreny the egpprature

0ns%ttﬂ%@l%v&@&ﬁh%és%%oﬁﬁgtténﬂféralﬁﬁé BOthe h&a aERekradilae Wy
of the flow 30 passage; a heat transfer nmediumfilled
within said fl ow passage, the heat transfer nedium

be' ng circulgt edrnd fehi tunkfdLagph@Wws RASIEADAET, whBfirAthe temperature
ngerature setting devi ce conpected to the flow

ing devipgghanges gpEssspre, VEIIE e H{aNPasea8Fce changing a
st ate-shift tenperature of the heat transfer nedi um
35 26 WO 20Q4/ 109757 PCT/ US2004/ 016495 48 The ﬁ
transfer app@r at [ hspt EansferapparatuGREGiam 47, pheren ‘the fiat source is

t enfaer FlaH hQuatsebitling sgyvdpparauhanges a boiling
tenperature of the heat transfer nedium 49. The heat

transfer apparatus of claim47, wherein the

t enper at ures1.5 sgh tipdgure @ppatRuscmpe€ing the pragssipamtus of claim 50.
within the fl ow passage. 50. The heat transfer

apparatus of claim47, wherein the heat source is a

part of an &zt uahteatwahdférnpparsttagenmipipar at us. 10 51.

An exposure aratus conprising the stage apparatus

of claim 50?%gg'i’assﬁgeheat transfer apparatus

conpri si ng: atdedst aw pays@iying mtldneads:te Igatis trewsferred from a heat
receiv

eat.. f
he&gpree, fgeg%tzeiﬁst Oéle li#%@ecg*wqg esgcstltono nnelg ﬁﬂgésgé élg g‘le \)\Faﬁ%]f fhe flow
S @atdagaardahalradsospodenig dispashe withip tof flavn eassaggwmdp assage

o e Ve Sl DA, VRN B e

passage; and "% tran n sal
flrmaditpmbsagelrcmh@ wigan the flawphesage. medi um bei ng
circulated within the fl ow passage. 20 53. The heat
transfer apparatus of claim52, further conprising

t enper at ur eSset t Thighealdwaingfer apprrae pERIaimS2; ﬁ’g?hﬁll @Wprlsmg a

Pg ?rﬁ re sgt@m% ﬁm&rcghﬁgc{%d %(?FhE hGG pg@.‘%ec fhe t&hRHIRetBing device

st at nper at ur e heat transfer nedium
54:ham fh‘é%t@ shlﬁameéaturapﬁﬁlﬁ améra@srfercveélmw ‘52, wherein
the tenperature 25 setting device changes a boiling
t errper ature of the heat transfer nedi
54.  The heat transfer apparatus of clalm 52, whereln the temperature

setting device changes a boiling temperature of the heat transfer medium.

55. The heat transfer apparatus of claim 52, wherein the temperature

setting device changes a pressure within the flow passage.

56.  The heat transfer apparatus of claim 55, wherein the heat source is

a part of an actuator within a stage apparatus.

57. An exposure apparatus comprising the stage apparatus of claim 56.
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55. The heat transfer apparatus of claim52, wherein
the tenperature setting device changes a pressure

WO 2ouho9151 he fl ow passage. 30 56. The heat tr apcT/E82004/016495
apparatus of claimb55, wherein the heat source is a
part of an actuator within a stage apparatus.
exposur e appér at franeghogddern C@P‘ﬁ‘@}hF&‘éteglp@@@feaﬁﬁ%ﬂaa?%‘glﬂb? heat
Clt?dngfelszﬁyparat?uz HOBO4 L HRREmE: PCT/ US2004/ 016495 58. A

met hod for controlling a tenperature associated with a
heat transf eFculgsipasie §an5lffﬁé“eﬁlé‘l"h‘é'ﬂ ig 3rilow Repsage, the flow passage
CiihQbdiRS AtNEhsPorlR@Rit rédeRilinfs8tioRREHe el ib Brhnbfetrell W a heat source;
passage, the flow passage including at |east one heat
5ré'<§1€|V|ng section where heat is transferred froma

heat sour c€ghanBin@RetafehBiFglemPeratufel TR 181 tdnsfeLRBE AUt Eating
of the heat transfer nmediumcirculating wthin the

f 16 e 992588 The nethod of claim 58, wherein
changing a state-shift 10 tenperature i ncl udes

changi ng a 0|I| e of, the heat trapsfer

modt am > 60 Thel Mt sl L ek S SRR e hSBREHG! ng
10 A tethpbr&n® hrhcfhldes tienpiag aboiliag teApktadesothahat fighsfer medium.

pressure within the flow passage. 15 61. A nmethod for

operating a stage device conprising the nmethod for
control I i nged. he Theniehodtoficlrind 58, ethatein aﬁngiﬁga statersbifhod

T/ Lt PTG R L CBe SIS ORFeE] A m 55, 20

63. A nethod for making an object |ncI uding at |east a

phot ol i t hog aphy wherei n the t r
15 process uh% Z od Fnﬁ: I&ﬂ?ﬁr og%fam}gasta&g%e}ngg gongdds}ng% rﬁ@(ﬂ(yd for
appatrdlingsthofempeaiue G21ai@5864. A net hod for nmaking a
wafer utilizing a nmethod for operating an exposure
apparatus of claim62. 65. A nethod for controlling a
t enper at ur e62ass ok imathed faxiopératingraaikposurezappdratus comprising the

apRal tféilrscfon%g'lﬁ%m gﬂ? FS§hingsg 30 filling a heat

trans ow passage, the flow
20 passage i ncluding a heat source; and circul ating the

heat transiey Mogbbikd MallinkOf obje QAR GeasD.  The
met hod of claim65 further conpri SI ng changing a
sphotelitypgraphy process, wherein the photolithography process utilizes the method of

operating an exposure apparatus of claim 62.

25 64. A method for making a wafer utilizing a method for operating an

exposure apparatus of claim 62.

65. A method for controlling a temperature associated with a heat
transfer apparatus, the method comprising:
30 filling a heat transfer medium within a flow passage, the flow passage
including a heat source; and

circulating the heat transfer medium within the flow passage.

66.  The method of claim 65 further comprising changing a state-shift

35  temperature of the heat transfer medium circulating within the flow passage.

28



35 tenperature of the heat transfer mediumcircul ating
within the fl ow passage. 28 WO 2004/ 109757

WORQH/1082004/ 016495 67. The net hod of cl ai m 68CTmISE002i015495

10

15

20

changi ng a state-shift tenperature includes changing a
boiling tenperature of the heat transfer nedium 5
68. The nethod of claim66, wherein changing a

state-shift., t elmg%{%la%f'%lgﬁ %’dﬁ@?‘ﬁ%ﬂ I AstRESHRUr €

within the 6f7r ow passage. or operating a
s teaperatizy inckdeoahpnging abpilitatemperpwey of dhe heglormplsr mpdigm.
the tenperature of claim65. 10 70. A nethod for

operating an exposure apparatus conprising the mnethod
for cont rol68i ng Thamethedpeelaim Gte wherep) chpnginpa statg-shift

| ' it i@ palsaeast a 15
gﬁ%‘?’gﬁt‘{rﬁ@é@p J&Q%Pﬁ%iéﬂ;&ﬁf%&g?ﬁ n the p?jhsg% ol i t hogr aphy

process utilizes the method of operating an exposure

apparat us Qb cl aj .04 fof EperAingBlsRes afvete JoRIPREg Bhe\WekIRN for

utilizing a nethod for operating an exposure
apptoHing shegpmpgrafurp ofglai §5.29

70. A method for operating an exposure apparatus comprising the

method for controlling the temperature of claim 69.

71. A method for making an object including at least a
photolithography process, wherein the photolithography process utilizes the method of

operating an exposure apparatus of claim 70.

72. A method for making a wafer utilizing a method for operating an

exposure apparatus of claim 70.
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