P-1521. 010 -1 Lithographic Apparatus, Device Manufacturing Method, and
Devi ce Manufactured Thereby. The present invention relates,to a

| i t hographi c projection apparatus conprising: a radiation systemfor
.suppl ying a projection beamof radiation; - a support structure for
supporti n§-193108Pni ng means, the pattertling neans serving to pattern the
projection beam according to a desired pattern; 5 - a substrate table for
hol ding a substrate; a_ projection _systemfor projecting the patterned beam

onto a target pbithpgiapyic Apparatpsy, DevigeManyfacturing Methnd, and eyics, |

conprising a coj AP tp thermal contact with at |east one cooling
el ement. 10 The%aﬁ%&gattegéﬁehg' nmeans” as here enpl oyed shoul d be broadly

interpreted as referring to neans that can be used to endow an inconi ng
radi ation beamw th a patterned_ cross-section, corresponding to a pattern
that is to be cTbapwsentnvention rlatesiora lithpgraphie projection apparptas eomphging.er m

"I'i ght valve" can @al.so be used in,this cont.ext. Cenerally, the said pattern

Wil corréspondafa(ﬁaé{mbla?ﬁtfﬂgﬁﬁﬁsr‘wpm%?Bﬁ?éei&lfnég?@m Pﬂraéhaéxgé' ce being created

in the target Qﬁ’liﬂfpioﬁrktruﬁﬁ‘i?&foﬁuﬁ:{brﬂiﬁg %ﬂi@@m@&ﬂs?ﬂieba%émﬂi{kﬂéaxﬁ%ﬂvﬁ% (see
mask.

bel ow). Exanples of such patterning neans include: - The concept
of a masktad pattgai the proyeationbenintaeoerdmghiy a dasitedipatteme | udes mask 20 types such

as binary, alter n@{é' n ase- stg('gft , %n#j att enuat ed phase-shift, as well as
various hybrid il f‘@ 5° ?5I}5’ Reft" T€ch a mask in the radiation beam
causes sel ecti yﬁrogé&iaﬁ B§6th 35 frbfechiiEthe PakerREd Bedni ST tBEVSorBS b1 the!
reflection (in the” case of a reflective mask) of the radiation i1 npinging
on the naslbstraterarddi ng to the pattern on the nask. In the case of a nask,
t he support structure will generally be a 25 nmask table which. nsrres t hat
t he mask tan be? Teﬁtza%c“&‘tﬂe%’?@?f"b%% £q!] yranermentdn thermaheomact 2athat 198t beam
and t hat 'Blltle &RARnPeiRyed rel ative to the beamif so desired. A
programmable mrror array. One exanple of such a device is a matrix-
addrepsabl e surface having a viscoelastic control |ayer and a reflective

sur f ace.

The term “pattemning means” as here employed should be broadly interpreted as
referring to means that can be used to endow an incoming radiation beam with a patterned
cross-section, corresponding to a pattern that is to be created in a target portion of the

15  substrate; the term “light valve” can also be used in this context. Generally, the said pattern
will correspond to a particular functional layer in a device being created in the target
portion, such as an'integrated circuit or other device (see below). Examples of such
patterning means include:

- A mask. The concept of a mask is well known in lithography, and it includes mask

20 types such as binary, alternating phase-shift, and attenuated phase-shift, as well as

various hybrid mask types. Placement of such a mask in the radiation beam causes
selective transmission (in the case of a transmissive mask) or reflection (in the

case of a reflective mask) of the radiation impinging on the mask, according to the

pattern on the mask. In the case of a mask, the support structure will generally be a

25 mask table, which ensures that the mask can be held at a desired position in the

incoming radiation beam, and that it can be moved relative to the beam if so

desired.

- A programmable mirror array. One example of such a device is a matrix-

addressable surface having a viscoelastic control layer and a reflective surface.



P-1521.010 -2 The basic principle behind such an apparatus is that (for
exanpl e) addressed. areas of the reflective surface reflect incident |ight
as diffracted |ight, whereas unaddressed areas reflect incident |ight as
*undi ffraci,_elgzh o Et. Using an appropriatg filter, the said undiffracted
i ght can bé 'i§ ered out .of the .reflected beam |eavin onl.y the

i 1 racted | gniMEERRmGe PHIGY Rkt ePPRABS Gl GovoapIe) st qreas
according to th@ftﬁ@?éffé‘éﬁ#ré‘ﬂu%&?ﬁ‘fe@t ﬁ%ﬁd&ﬁﬁigﬁ@% drferAddd E%%&bh&ea%urface- An

alternative enbodi nent of a progranmable mTror array 1oys a matrix
arrangenent of tnaddressaedravess, refiant mcodentlightlas oadiffrectédnidight Hisadglap apptopedteabout

i ezoel cotri b Moo et o ioasid ok 28 Dagiered auh el thers reledapm. leaving 0
mat ri Xc addr ess ) r ] lyjncom ng
r adi ai(sl on beama?rggghesl ?l?aé%ég?\l%gh é?ggé(?ﬁggq% glahu%é;rd 3 \ygéﬂéé{ ergngljflgsgéasn;% H}GH this
manner, the refh®otditk ahenddregsaip pittamcbfahe matxagidréssatilé eurdatdr Assi ng

pattern of the matri x-addressable mrrors. The required matrix . addressing
can be perf or metltamativg embodimant obp eragrapmablamirer airay @RRIAY LY MERE 15

si tuati ons desciied 06/ RO Serok B BAALEN 0 HESRER i FRlly BRIREOGE o8 B!

nore programmable~mrror arrays. ormation on mfrror arrays as her e

referred to caby &]ﬁ)lﬁhga@ﬂﬂablé Ricalied ERictric fidldnor Uyichgloybh@prgodtaient s US
5,296,891 and US 5,523,193, and PCT patent applications WO 98/ 38597 and WO
98133B6, whi chactugtionimeans.pEOinae egith dhesnirasy ajeanatfismddressable, pechdhale of a

programmable mrror arra 20..t ai d support. structure be .emhodi ed as
B ame or ¢ ap) edPesgfl btors o v 81 Bty RRaaiaRb & e e 4 FRRRT o
- A programmabl @ JHaitiREded YnirrOis; SXAh SR, thé/fdfledted BBSH idiSdtieBitdiascdttlingn i N
United States Patent US 5,229,872, which is incorporated herein by

reference. As atocheaddressingspationy of the matrixsaddresaableymirrerss d haugquiied arayaxli ed as
a frane or table,, for 25 exampl e, which be fixed or ahl e, as
required. For ptﬂ’dﬁ%s@é@ 8f gp%‘?mﬁv}n&%ﬂﬁﬁgg@cﬁmf megnﬁ‘er@t\ﬁoﬁh?/{tﬁst certain
llocatjpns, speciifiiafighd destib@tereabbv& e fadte@iRbAR dah ¢8MPHEDore dFafdreand

mask table; however, the general principles Tdiscussed in such instances
shoul d be seen progtanenileadeor aays.e Moroinforlmationoneninion grraysasdereasfamed eabove

set forth. 30 Li{hographic, proj ection apparatys, can be WS 8hos /8l LS4 3P ©
5,523,193, and PCT patent applications WO 98/38597 and WO 98/33096, which
are incorporated herein by reference. In the case of a programmable mirror array,
20 the said support structure may be embodied as a frame or table, for example,
which may be fixed or movable as required.

- A programmable LCD array. An example of such a construction is given in United
States Patent US 5,229,872, which is incorporated herein by reference. As above,
the support structure in this case may be embodied as a frame or table, for

25 example, which may be fixed or movable as required.

For purposes of simplicity, the rest of this text may, at certain locations, specifically direct

itself to examples involving a mask and mask table; however, the general principles

discussed in such instances should be seen in the broader context of the patterning means
as hereabove set forth.

30 Lithographic projection apparatus can be used, for example, in the manufacture of
integrated circuits (ICs). In such a case, the patterning means may generate a circuit pattern
corresponding to an individual layer of the IC, and this pattern can be imaged onto a target

portion (e.g. comprising one or more dies) on a substrate (silicon wafer) that has been



integrated circuits (I1Cs). In such a case, the patterning neans may
generate a circuit pattern corresponding to an individual |ayer of the IC,
and this pattern can be inaged onto a target portion (e.g. conprising one
‘or nore d{l’eﬁél%ﬁ 02 substrate (silicon fer) that has been P- 1521.010 -3

coat ed er, of ation-sensitive mat , |,
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current apparatus, enploying at er by a mas
di stincti pm]mnnlsgstmpmmamcmhtmm bfparatud, enppeéngpatientitiz bea niatskOﬂa type
5 of | |thograﬁ@| C projection apparatus, each target portion is_irradi ated
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pattern under the projection beamin given reference direction (the
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by ect i of kL Bl rBet AT s bl BRor SoRER s nR R R oalifh |
speed V aiindWitidprbjeetiGnbein ﬁiaﬁgﬁrétbfﬁ@‘erbﬁcc&ﬁﬁﬁﬂ@ﬂ(tm tdcatfing' dieetion) Whitd mes
that at which the mask table is scanned. Mire information with regard to

litholfap mhwgwshescaasmgeth%sumw@ tatibeparakig] %éntgperaﬂeldo thig direstiamy biace,f r om
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process u %&eﬁ’mﬁ? Erorahgms%s %'?3“ 11&%\«3 ?lmrﬁ%blﬁf‘éﬁ gfactgr ggtgtenﬁ?r}ﬁﬁ %eﬁdh in a
mask) s kxRaSMatGMieh ale%ubﬁtat@tasletlbeéanhéd w1 b flotd? M s Itat GOWRICRdhDY a
| ayer of Tradiation-sensitive material (resist). Prior to this inmaging

step, themssibtableds ecamayt: Mgengfonn?mn wilk rqgatd:teduhcﬁgaplsudmw as hierei ngb
[ Al 20
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devel pprepltreacdnar d bake and neasurenent/inspection of the |maged features.
This array of procedures is used as a basis to pattern an individual |ayer

of a device, e. Lpamlanufﬁctuﬁngproaesspmﬁtg@rlithogrhld;ieprquiontappmamd,enmtenari ous
processes such as etchi ngérijl I on- i Iant ti.on Hﬁ ation,
oxi dat i on{C-& AR ASIATELS 4mp °“;5‘?.)PF drigat leaaslt Refete ‘f MFSH 25 of f
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procedure, or a varli ant ave be repeate for” each” new
| ayer. Evemidiglprotedanes,auclays pxtmdgyfesmswahhg ahda sgft baenidfienexpsueythet r at e
(VR el - hatrate Toay be subjocted to other proasdures. such 2 a post-ckposure bakd (FEB),
development, a hard bake and measurement/inspection of the imaged features. This array of
procedures is used as a basis to pattern an individual layer of a device, e.g. an IC. Such a
patterned layer may then undergo various processes such as etching, ion-implantation
(doping), metallization, oxidation, chemo-mechanical polishing, etc., all intended to finish
25  off an individual layer, If several layers are required, then the whole procedure, or a variant
thereof, will have to be repeated for each new layer. Eventually, an array of devices will be
present on the substrate (wafer). These devices are then separated from one another by a
technique such as dicing or sawing, whence the individual devices can be mounted on a
carrier, connected to pins, etc. Further information regarding such processes can be
30  obtained, for example, from the book "Microchip Fabrication: A Practical Guide to
Semiconductor Processing", Third Edition, by Peter van Zant, McGraw Hill Publishing

Co., 1997, ISBN 0-07-067250-4, incorporated herein by reference.



t echni que such as dicing or sawi ng, whence the individual devices can be
nmounted on a carrier, connected to pins, etc. Further information

regardi ng such processes can be 30 obtai ned, for exanple, fromthe book

"M crochi P 1cF;.%l?rol Sat ion: A Practical Gui q‘e to Sem conductor Processing”,
Third Edi £7 ,'é%ageter van Zant, McG.aw Hi || Publishing Co., 1997, ISBN
0- 07- 067250- 4, F sefrepfstmpisie; eppoipeion sysem may heroinafiercbe rafeprsd tq #e sake
of sinpli gitya.nci. ' ' ' I : t he
M ense hoicp st 1Rl B R ohyial RERENL IRl RRY L lninf L RE Vol
vari ous t yppejectibn pysognedheloding ysfrative bptidspicbifloctivesfptias, tand @ atagiop R, systems,
reflective optics,_and catadioptric systens, for exanple. The radi ation
syst em maforgrawpienThe mdiationsyren mayAlke melude coppaeatsRperabing dgcosdige e ps e
designgty LT i - Shapi : ' LGt je00;: m of
radi ot oot etdHesfn s e, il of iRl AOplchcBh BRI 0.
or si ngul afid sich@smpondmiay alsbbe réferred folteldw tdoligetehy ¢r sipulirBi bsa Meys”be of
a type having two or nore substrate tables (and/or two or nore mask

tables). F cihe lithagraphiccapparies maely fastypnbavingliwg ofapresibsteate tapley be

used in parall r S ' t . Qn r.nore
{2l s 1o &g TP FBACALRRL T hERT niMp 8 S E o B e ichlfllen ™ 1
stage |it haghsRbédin pARRL, dk Brepafatord 8RpE A e chdied QXOSMDOR orl oldPable 69, 441
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act ual®r iwhile pigof inefedother tables arg beimgased: fon gxpasuresnDyalskagg lidhographic  an

t uat i f i s deri f h ¢, fiel jated wt
cur ot QPR S AR 1ot SRy T it 48 VORI, Battoksd
desi r abl ep¢lpibyaetepdicer s of this type are as conpact and powerful as

possible. To increase the power and/or increase the size of a Lorentz
actuator, it isAmvousenlypsadacthuatorandus fibld istherlomnentz aetuatoy I puchredayisiel s.
However, increased current .densi,ty |eads.tq incr ed, heat di ssi pation
Wi oh | s haeuRREPwedS S TR InelpadiBts s S Et i dgotet i sRont

L fetiqesppdnPaidbldraReRlAC ANE gHRANIVIRERINE Wt actatERBIAMIE Bips ard GOWN
desi gns of Lorentzl a tuat%r are cogl ed t}ﬁ%ﬁcool I ng ?)I at es, thr(%)gh whi ch
wat er i s compast ahdpowefilas ipessitle. Tdincreasd the pSvemdngd/driueresssitingsizeel € | ow of

coolant still leaves . undesirable variations in tenperature t he body of
the coi| . lognizaciuator it iy necessagrtogpereasp ePh‘i}'é'ﬁ]gYnB"rf £ Goily &ﬂ“ﬂ"é(e‘é Lor ent z

actuator Bavia8gH current density leads to increased heat dissipation which is undesirable as high

operating temperatures reduce component lifetimes and may disturb adjacent heat sensitive
20  components.
Known designs of Lorentz actuator are cooled by cooling plates, through which
water is circulated, attached to the coils. Simply increasing the flow of coolant still leaves

undesirable variations in temperature in the body of the coil.

25
It is an object of the present invention to provide a Lorentz actuator having
improved thermal behaviour.
This and other objects are achieved according to the invention in a lithographic
apparatus as specified in the opening paragraph, characterized in that said coil arrangement
30 comprises:
- a plurality of coils separated from each other by one or more separation layers of
high thermal conductivity material arranged to be in good thermal contact with said cooling

element.




L nproved thermal behaviour. This and other objects are achi eved according
to the invention in a lithographic apparatus as specified in the opening
par agr aph, characterized in that said coil arrangenment 30 conprises: a
'pl ural i tyPQthSZ?%iI{)S separated fromeach gther by one or nore separation

| ayers of |ghB herrlml. con@gqtiv' t‘é gﬁberihal arr%n%eldthto be in .Pood
thermal cont act PWicFRIVAREA BB §T callsdpthrt thama swgle @ilgtheverase fif 0fhg a
pl ural itysQfioh N ledudeat i ' hds ont itl; :
section is reduced. Theﬁig(%tggdgtta?lzéﬁ%g}rﬁcg%dsdogptgﬁa@ygﬂ@ﬁ%ﬁ%tlséeﬁaﬁ%?ch

heat is cewaufromdhe asws/infor thens¢faeatoailiyers antdeobheg slepant Spbttingayparant anitl
cooling elenment, Splijfti arent coil. into,smaller cojls has the effect
of i nor ealihgneher et hashe eBui o icress e haaict RECaIRSLApATTIOmS e AL | on.
bet weeg t iohSbedEert tRE eSS SpalAbR 15/eRAYoliRg efthfRE Nhe rdsif i§ gSUl t i
a nore eF%iagdlﬁen’t t her mal cconnect?gﬂ)tﬁt gndugtlsgﬁeat rmrgrrapildﬁy away
fromthe owmrd efficiehtthernhallcphmgrtibo that deraiact diestoodretrapiibrantayrfesm thecodls, thus
preferred, enpodi nent of the present invention, a |ithographic projection
appar at ush?lglnﬁﬁ%ﬁdg‘éﬂh%@té?rﬁpqrﬂ@r§epar ation layers are parallel to the

pl ane of the coj r ' ' I PRI

| ocat ed radi al I{/A%%%\?c\}an%g t ergg?ér}%%ﬁﬂ%r‘)\i\%%ﬁw%&e&raﬁb%g@gﬁgﬁﬁn%gtﬁor#ent , a
| i t hogr apbppargraois pedvidet whgramahel sepiafatiph dasietiede paralieineitie Hancbftkpeasit i on

| ayers of high thermal conductivity material are perpendicular to the

pl anel®f awpgemen and whengia taseooding clgmenbisdocigdradisly putvasd Biessffoms | ocat ed
ial | b ' | i i . st
e praoue: B Bthe Y bR DB ol b ORepRE T Rion WipldngShl e,

provi ded, whbiredaid Sopahtivn RaiertdfOigh tysid condueiivitemhaterial aﬂe?}tﬁ}feﬁdfbﬁ]&f toar e
parallel to the plane of said coil arrangenent and second | ayers that are
per pendi ctiieglancofspid cpil arangsmend ped wherein sgid eoodjagslemenhis 19\%?%4’?\31%i d

cooling elenent co ises first el nts located radially outward from

said coil a}éorvrgé’ﬁajéwgﬂ)elg‘ﬁasaéde odtad-ra_é'ggﬁ%'ht s located axially above or bel ow

20 sajsl coil armangRMRRther r@fe@re&feiﬂbbdfnhﬁnt,fhﬂ[th@%rﬁﬁlﬁé bﬁﬁe&i@'ﬁ%ﬁpifﬁﬁ% iof the
pl at

present invention, the cooling elenent is a e, in whichis forned
cool i ng chevidsdswheremaeidgeparaiion thybrsicampuosg fixst lyerd that areopagalled 20 thepdasei ng

channel s. o gaii coi a(.)rlraln%gm%gtaa?l eslegonmee?Sa that de %gr?acsalg(ﬁ%liaratlol the Siaﬁg 8}‘ &lid S @
arrangement and wherein said cooling element comprises first elements located radially
outward from said coil arrangement and second elements located axially above or below

20  said coil arrangement.

In a still further preferred embodiment of the present invention, the cooling
element is a plate, in which is formed cooling channels, a coolant fluid being circulated
through said cooling channels. Said cooling channels may have a substantially circular or a
substantially rectangular cross-section.

25 In a further preferred embodiment of the present invention, said separation layers
are provided with cooling channels, a coolant fluid being circulated through said cooling
channels. Said cooling channels may have a substantially circular or substantially
rectangular cross-section.

The above embodiments ensure the shortest, and therefore lowest thermal

30 resistance, path between the separation layers and the cooling element. This feature helps
ensure that heat is conducted efficiently away from the coils by ensuring that the separation

layers are kept at the lowest temperature possible.



substantially rectangul ar cross-section. 25 In a further preferred

enbodi nent of the present invention, said separation |ayers are provided
wi th cooling channels, a coolant fluid being circulated through said

*cool i ng I Sald coollng channel _may have a substantially circular
or substaﬁh%QF% 18,

ti a | ar ss-section. The aboye enbodi pents ensure
t he shortest, &L?Wé’rtgg F‘ Y10HH renlg aF‘é‘é‘ﬁ"H%ﬁH’é‘?"‘%&[{% R38R t he
separ at i ogféﬂmﬁﬁ 8 hg, t LS ure that
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-6 Although t he therrml behavi oyr of a_Lorentz, actyator .is inproyed through
the use &plumedf thegqtkarageement 5?6091%1&@6&9@19 of |re(awﬁdteée°ﬂw¥ govern
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|nd|V|dua S un esirably increase t une o € Col rrangenent .
Secondl y, thahforaeanyipaxpdsys af optineal baktice Bdckibesd witle abo Eomsonnect i ons increases
with the nunber of coils, as does the cost of manufacture. is found

that for many pAeeRsdig taa farther aspechel the dwentionbiteds proviedi? tiqmeco. |'s.
Accor di ng taguﬁcwhégﬁliho th@gt Jygention there is provided a device
onpr i |nggt e e'jf

manuf act ufi ng C stepS of providing a substrate that is

at |east parti aployidify sttt thatliopdeasopartially @iviepsdbyldlagansirddiseonrat eri al ;
providing a projection beamof radiation using a radiation system using

patteWn ng neangensisivempseiabhe projection beamwith a pattern in its cross-

of the | aber of PolRIEPATRn S B O o e a by 2 UG oty

actuator, _whic huéiﬁ)gTF ttePiifig e@fd to cMdbRNBEPMDIYCtibn bédhe withl a paitefif inGts orbdsh at
| east one cooling el enent, characterized in that said coil arrangenent

conprises: a plsactpmty of coils separated from each ot her by one or nore
arran%(?d to be

Peper o oD, | 2 chling % ok A ERB RS TP b U150
15 radiation-sensitive material;
- operating a Lorentz actuator, which comprises a coil arrangement in thermal
contact with at least one cooling element,
characterized in that said coil arrangement comprises:
- a plurality of coils separated from each other by one or more separation layers of
20 high thermal conductivity material arranged to be in good thermal contact with said
cooling element.

Although specific reference may be made in this text to the use of the apparatus
according to the invention in the manufacture of ICs, it should be explicitly understood that
such an apparatus has many other possible applications. For example, it may be employed

25  in the manufacture of integrated optical systems, guidance and detection patterns for
magnetic domain memories, liquid-crystal display panels, thin-film magnetic heads, etc.
The skilled artisan will appreciate that, in the context of such alternative applications, any
use of the terms "reticle", "wafer" or "die" in this text should be considered as being
replaced by the more general terms "mask", "substrate" and "target portion", respectively.

30 In the present document, the terms “radiation” and “beam” are used to encompass
all types of electromagnetic radiation, including ultraviolet radiation (e.g. with a

wavelength of 365, 248, 193, 157 or 126 nm) and EUV (extreme ultra-violet radiation, e.g.



Al t hough specific reference may be made in this text to the use of the
apparatus according to the invention in the manufacture of ICs, it should
be explicitly understood that such an apparatus has nany ot her possible

'applicati§§§ ﬁ%@Q exanple, it may be e oned 25 in the nanufacture of
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dormi - roltyNEE wavpENeth i1 Rissage %2@5@3335 Fartals beams, Mcheasien PETRIds,
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alternative applications, any use of the terns "reticle", "wafer" or "die"
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I n which: "Figure depl cts a lithographic projection apparatus according to
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Lorentz actuator according to the prior 10 art. Figure 3 depicts a coil
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act uat or - accor df e bk e HeR Ana R o BlepsRo Ry S5 ing 1o F ek

i nvent i onembadifricfté Rhd pitaditGhventiogoi | arrangenment of a Lor entz act uat or
according to a preferred enbodiment of the present invention conprising
two cool i ng pl aF@gre Filepicte agoil eprangement et Lognizagtietns accasding te a figther

act uat or i.or g@odo tr& ﬂ?’? esent |nvent|on wherein the separation |ayer
al so corer’i' Rodigentof ffresenHYERION, qepicts a coil arrangement of a
Lorenjg act uat OF;ARCPHEHIAS atcglltaﬂﬁng%h%ﬁ?ma L&szwﬁatdrqac&@mg% & phdertd ee
coils separated by four cooling plates. In the Figures, corresponding

r ef er enceembodiolest ofithiée presentauventiop condpmsing twa eooling plates.

Figure 6 depicts a coil arrangement of a Lorentz actuator according to the present
invention wherein the separation layer also comprises cooling channels.
Figure 7 depicts a coil arrangement of a Lorentz actuator according to the present

20 invention comprising three coils separated by four cooling plates.

In the Figures, corresponding reference symbols indicate corresponding parts.

Figure 1 schematically depicts a lithographic projection apparatus according to a
25  particular embodiment of the invention. The apparatus comprises:
a radiation system Ex, IL, for supplying a projection beam PB of radiation (e.g.
DUV radiation), which in this particular case also comprises a radiation source LA;
a first object table (mask table) MT provided with a mask holder for holding a
mask MA (e.g. a reticle), and connected to first positioning means for accurately
30 positioning the mask with respect to item PL;
a second object table (substrate table) WT provided with a substrate holder for
holding a substrate W (e.g. a resist-coated silicon wafer), and connected to second

positioning means for accurately positioning the substrate with respect to item PL;



Figure 1 schematically depicts a |ithographic projection apparatus
according to a 25 particular enbodi nent of the invention. The apparatus
conprises: a radiation systemEx, IL, for supplying a projection beam PB of
radi ati onp( DWV radi ation), which |n thIS particul ar case al so
conprises’ a‘radjation sourc ect t abl eeén ktable Mr

provided with a2 H’é)é"??uﬂﬂls&%?mf(tlFﬂ gﬁi (ﬁé aare AELYE Igps et , and
connect edjtRidiéd $drtiOR8F the PR MARARS: { et?@ﬁiéh@(f‘é [ cBfhip HQ&FBhQBfﬂﬁré he mask
with respect to itemPL; a second objec abl'e (Substrate table

provi ded dles}ofathtswbstratat‘?é hol der for holding a substrate W(e.g. a

resi st-coat S on waf er and,. connected to 05|t|on| n rreans
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depi cted, the apparat us is of I;al transm SS|ve type (e.g. has a transm ssive
mask). 5 ﬂammabﬁnggﬁéwawo 3 typeps wfarsdie abdves reflective type, for

exanple (e.g. W[E dﬂmgee%é?%% %%xcffﬁ&ﬂserﬁr&@ﬁ:@?ﬁ 'bgﬁh\l)f ratdtﬁﬁlo?lpgﬁl@%[aﬁﬁ ifray

enpl oy anot her rning neans mrror

array of gdtiypendtumafadon egstém (ilomiator] e, eethelfdlmctlﬁof &ﬂ@ hagingeraversed | aser)
produces a beam of radiation. This beamis fed intg an illum nation system
(i || Ul nas@iytioning meansesuchias abepm cxpanger Ex, ﬁqmwl@ rHv-'é} g@epa@dL may
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i nner r adiefrrPtb QB b-MEGERAY-Inef, eés@eawél}@) of B 1ﬁteﬁ$ifyﬂﬁstﬁﬂdt1@r inth€beam. In
respectively) of the intensity distribution in the beam In addition, it
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Soul 05 beffihy s inEO8/ i FErci@ clocialionhe Source LA may be wi thin

t he using of "the |lithographic projection apparatus (as is often the case
when t he sourceItIleoulébeaotvdmﬂrlysghrdrmFlg‘uwl&)aaﬂplse)u;celiu’tmahbe“ﬂtlnrnﬁly al so
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projection apparatus, the radiation beam which it produces being led into the apparatus

20 (e.g. with the aid of suitable directing mirrors); this latter scenario is often the case when
the source LA is an excimer laser. The current invention and Claims encompass both of
these scenarios.

The beam PB subsequently intercepts the mask MA, which is held on a mask table
MT. Having traversed the mask MA, the beam PB passes through the lens PL, which

25  focuses the beam PB onto a target portion C of the substrate W. With the aid of the second
positioning means (and interferometric measuring means IF), the substrate table WT can be
moved accurately, e.g. so as to position different target portions C in the path of the beam
PB. Similarly, the first positioning means can be used to accurately position the mask MA
with respect to the path of the beam PB, e.g. after mechanical retrieval of the mask MA

30  from a mask library, or during a scan. In general, movement of the object tables MT, WT
will be realized with the aid of a long-stroke module (course positioning) and a short-stroke

module (fine positioning), which are not explicitly depicted in Figure 1. However, in the



the source LA is an exciner |aser. The current invention and C ai ns
enconpass both of these scenarios. The beam PB subsequently intercepts the
mask MA, which is held on a mask table MI. Having traversed the nmask MA,

t he beam Fﬁlsg %i;ﬁs through the lens PL, \which 25 focuses the beam PB onto a
target po t.r?E‘ ?f the s bstrat&éqw W'tgh the aid of the secqnd

posi t i oni FFCREANRISTSHPPETEE PPRASEHER ? PIEPRR%SCAN aRgarRRISh e mas tahle MEay r at e
tabl e WI w ) position different target
portions @QI{‘%@ﬁ]ng&%é(?ﬁ,% t %Og(gécrﬁugtag.oré?dﬁaé 9 the first positioni ng
means can be us®He tigpicted apirsthy candsd dsed in twediffesskt MBdessi t h respect to the
path of the beam PB, e.g. after nechanical retrieval of the nmask  MA 30 from
a mask | i brary, oftepimefedhemagaigble MTdekent gpsentig bestdinnans apdhan gjremask ap| es
|V|T, \M- 1 | Z- | . : | 113 3 : e
posi t1 o ageeppluponbieb ik AR Blspd, oS Eb PRI M DERHAST
expl i ci t | yabteWTCik ®ekni shiftdddn tige 1 andAovedigdctiondsd thet Pdiffercht Gikfet pPOrtivasEcai a
waf er stepper (as opposed to a step-and-scan apparatus) the mask table M
may j ust beurasiaiedy b beamdBshort stroke actuator, or may be fixed. The
depi cted apparatus _can be used,.in two different.. nodes: . l.n_step. node,
the ok Zabi e 2 Sogare ity Seemafio SRRYG, Xovat A kP B¥ktok 5

i mage is Eéﬂbﬁ@ RGhot ExpoR&l B dihgl€ “flashS] ISR, thd R8sk thbRMP i@mboR4t€tn HoOr tion
C. The substrate table W is t%en shifted in the x and/or y directions so
t hat 30 di given directioar(fetsopatled SscacdirestionBer. §. theyy diseasipnh yithiasppedamspthat 2. | n
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table MI %1 WMERsEnt1BnBoushPmBl&ER tHE §a%d brppbditadifRti6R bl £6beed $aNMy, in

directiorf', e.g. the y direction) wth a speed v, so that the projection
beam PB i swhxhuM esitheonagnificatioe of theesiPL tygueallycbire Uidrarit'$)y In thissmanisstar at e

table WI i s sipultaneously noyed in the sang or, opposite direction at a
speed V. ~THHVeRHargg{gRt AATHIEN Lifan e GRRMSPL AN TSt BVIRG P SARIOBISE @y pi cal [y, M
= 14101 Jlohtiohh this manner, a relatively large target portion C can be
19 tion. : : .

exposed, wthout having to conprom se on 15 resolution. A Lorentz actuator
relies on a magAdidrentt iaetugtot celizpph ¢ nidgaeticcfieldto agply drecaetuatihg ¢dree, svhich is
typically produced by driving a current through a coil _arrapgenent. _Each of
Fi gures 2typiraliypepduced by dnyag asumentdhrongh a soil agmngeaient. karhp B2 ? ror a

Lorentz agf YRLQ crodsWecthafviews of coil arrangements 1 for a Lorentz actuator, cut by a

vertical plane passing through a diameter of the coil(s). Heat is inevitably generated due to
20  the finite electrical resistance of the coils 3,5 and needs to be conducted efficiently away if
the coils 3,5 are not to overheat.

Figure 2 represents a prior art coil arrangement 1. Here, a single coil 3 is provided
in contact with a cooling element of high thermal conductivity. For a vertical magnetic
field, a current flow in the coil 3 is directed into the page on the right of the figure and out

25  of the page on the left of the figure. As the temperature of the coil 3 rises, heat flows out of
the coil 3 into the cooling element. The cooling element, which is this example, comprises
a cooling element plate 2, is cooled in turn by a network of cooling channels 4, running
through the cooling element plate 2, within which a coolant, such as water, is circulated.
The problem with this arrangement is that there is a relatively poor thermal contact

30  between the center of the coil 3 and the cooling element, leading to hotspots that can
damage the coil arrangement 1 over time or thermally disturb adjacent heat sensitive
components.

According to one aspect of the present invention, which is illustrated in Figures 3



vertical plane passing through a dianmeter of the coil(s). Heat is

I nevitably generated due to 20 the finite electrical resistance of the
coils 3,5 and needs to be conducted efficiently away if the coils 3,5 are
not to ov§[1@?:f1 10Fi gure 2 represents a'P(é\'/: or art coil arrangenent 1. Here,
a single co'4 ‘E |.?l{ rovi dgd I n conta% | .h.a$ool i ntg el ement of hi_gh
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cooling elenment, leading to hotspots that can damage the coil arrangenent
| over time or {ReardwEty adurtheyaspestiplibe presend nveatipnilt ispessiblgip yppave the
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it is possible Abeinafively.evhenadoptieg sednfiguratioosudiersibatdepintedsiggigure don
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separation” layer 6 oriented radial I's best to | ocate the cooling
el ement r eatilmiglcharowl alovdr belom thh eoilchitl lineSwitin tHei saparafiiarhlayéred assshawat i on

| ayer 6 as showp. Alternpatjvely, when adopting a ¢onfigurgtion such as that
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per pendi c y to the plane I's nore effective to | ocate
t he normally provide greater cooling. In any case, the cooling channels 4 normally represent

20 the coolest portions of the cooling element and are therefore best located to be as much as
possible in line with the separation layers 6. The cooling channels 4 may be substantially
circular or substantially rectangular in cross-section, each having certain advantages with
regard to ease of manufacture and arrangement. When adopting a combination of the above
two configurations, a more complex arrangement of both cooling channels 4 and cooling

25  element may be desirable in order to position each to be as much as possible in line with
the separation layers 6.

An alternative arrangement is shown in figure 5 comprising a coil arrangement of
two coils 5 enclosed by two cooling plates 2 provides with cooling channels 4. In between
the two coils a separation layer 6 is provided. Thermal contact between the cooling plates

30  and the separation layer is provided by the elements 7 that are made of a material with a
high thermal conductivity. It should be noted that those elements may also be provided
with cooling channels.

In a further embodiment, the separation layer 6 is also provided with cooling



cool i ng channel above or below the coils 5in line with the separation

| ayer 6 as shown. For each of the above two configurations, it is possible
to vary the nunber of <cooling channels 4 within the cooling plates 2. A

| ar ger nugﬁgﬁ Eﬁocooling channels 2 w | normal |y provide greater cooling.
I n any casg, d coqling channel s 4 nornally represent 20 the cool est

por t1 ons SHAHS 4 ETTONE 18 EAEnE. The 6ol AEaRerEicat SIawTyRamPTSE RO bo as
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coils 5 enclosed by two cooling plates 2 provides with cooling channels 4.
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el enent s are e a eri ernmal conductivity.

It shoul dmiagin@h @low it tdnmsaur) Ailégilsmay al so be provided wth cooling
channels. In a further enbodinent, the separation |layer 6 is also provided
with t®oling P- WEalst eoificembodimemerthe invaatiembame biepn flesguibed ghovehieweldi |

arrangenept sho ises two coi.ls 5. enclosed t conl i pl at es,
ol Tar B g ReE P e3fenitR ribros busbishl SRRk Phn o BBl A6 T
connect t B&cAPRdd RGhoPIndrRIed eNliltehOiventssh. of the coil assenbly with the
i nner separation |ayer provided with the cooling channels. The arrangenent

shown in figure 6 5 can further be expanded to coil arrangenents wherein
t he nunber of coils is larger than 2. Figure 7 shows a coil arrangenent
conprising 4 cooling plates 2 enclosing three coils 5. The nunber of
separation |layers (or cooling plates) nmay be determ ned by the thernal
requi rements of the application, i.e. the anmount of dissipation in the
coils and the maxinmum allowable tenperature of the coils. 10 Wil st
speci fic enbodi nents of the invention have been described above, it wll
be appreciated that the invention may be practiced otherw se than as
descri bed. The description is not intended to limt the invention.




P- 1521. 010 -12- CLAIMS: 1. A lithographic projection apparatus conprising a
radi ati on system for providing a projection beamof radiation; - a support
structure for supporting patterning nmeans, the patterning nmeans serving to

pattern tpié?g%gction beam accor di ng t?%_a desired pattern; 5 - a substrate

table for a substrate; a projectfon systemfor projecting the
patternedC nto a target portion of the substrate; and - a Lorentz
actuator conprising a coil arrangenent in thermal contact with at |east
one cooling elenent, 10 characterized in that said coil arrangenent
conprises: a plurality of coils separated fromeach other by one or nore
separation |layers of high thermal conductivity material arranged to be in
good thermal contact with said cooling elenent. 15 2. A lithographic

proj ecti on appar at us | cl-al 'Jlééau-a In.said separation | ayers
are paral IrP'eI to the pﬁgf\t%%?ﬂg%b%'l%‘%% rat%gérrg#?s@%d wherein said cooling
el ement is | ocah edlidtideisgstey forproaiding 4 projeztionl beam bf Adliaiogement . 3. A

| i t hographi c projection apparatus according to claim1l, wherein said 20
separati on | ayef SURDOE SHEEWEET sUpportingPAgERg meanse thegalterning means serviigrent
and wherein said ¢ | . t 1S | Lally ve and/or axially
bel ow sai d coi I%djra?tglﬁng@grg%fgaﬁ)g b&l’"?‘i%°§°§g‘§‘§g%?)§°%}rcgjpé‘§?ﬁ?‘on appar at us
accord§ ng-to cl akiBsirateWhitsle Grhotdhgla swmarteat i on | ayers conprise first |ayers
that are parallel to the plane of said coil arrangenent 25 and second

| ayers that ar eapmj¢ssindisgsiem fon projeptngthapatigned bgam erfola targetprytipaf thand
wherein said co ltfnt? elderrent conprises first elenments located radially
outward from saf?5Ed+i @ %rrangement and second el enents | ocated axially
above or bel ow §abftnEOickuatér RRAGRRRRBLa col- arAnkdrhdR S ARRNS ddhRkcewith @llleast
apparatus according to any one of the preceding P-1521.010 -13 cl ai ns,
wherei n the sai dnceowlingglesieatrent and/ or said separation |ayers are forned

of steel. 6. A lithographic projection apparatus according to any one of
t he pf@peﬁi‘?ﬁ‘iﬁta@eﬁi‘ ,atgaﬁ%P@?ﬁ“h@“?a{]%PﬂgﬁﬁPﬁ-ng el enent and/or said
separation | aygpfurdlit§ of 86i18pAhated from each other by one or more separation layers of

high thermal conductivity material arranged to be in good thermal contact with said

cooling element.

15 2. A lithographic projection apparatus according to claim 1, wherein said
separation layers are parallel to the plane of said coil arrangement and wherein said cooling

element is located radially outward from said coil arrangement.

3. A lithographic projection apparatus according to claim 1, wherein said
20  separation layers are perpendicular to the plane of said coil arrangement and wherein said

cooling element is located axially above and/or axially below said coil arrangement.

4, A lithographic projection apparatus according to claim 1, wherein said
separation layers comprise first layers that are parallel to the plane of said coil arrangement

25  and second layers that are perpendicular to the plane of said coil arrangement and wherein
said cooling element comprises first elements located radially cutward from said coil

arrangement and second elements located axially above or below said coil arrangement.

5. A lithographic projection apparatus according to any one of the preceding



5 ceramc. 10 15 7. A lithographic projection apparatus according to any
one of the preceding clains, wherein said cooling elenent is a plate
containing cooling channels, whereby a coolant fluid can be circul ated

t hrough sai ing channels. 8. A lithographic projection apparatus
Brs2iad) If

according It m. 7, wherein said codfing channels have a substantially
circul ar elims, y{hsin Hhe;sald gpolipg glepsyt Andfor spidsepayatian lapers gre farmed plogiesdphi ¢
proj ection apparatus according to any of the preceding clains, wherein

sai d separation |ayers contain cooling channels, whereby a coolant fluid

can be cipcul ated thr gughogapitic pRpddtiod aphranis hécordiflg tofarene &F tigptbdedaiour | Ng

met hod corrg_ri sing the steps of - providing a substrate that is at |east
parti al | ycleone whgraiythe spishcoeling elemgnbandi saigoepasption Jayers gee formed of -

provi d%ng earﬁlglrcoj ection beam of radiation using a radiation system - using
patter in(f; dhs to endow t he projection beamwith a pattern in its cross-
section; projecting the patterned beamof radiation onto a target portion
of the layer of 25 radiation-sensitive material; - operating a Lorentz
act uat or, 7whi ch conpr Adébkograpiué projection gppasatus pegordieg ivedny cmémg detprogedingat

| east one cooli

el enent ... characteriz in that said coil  arrangement
compr i Sest I R 1ol FEnGh s BEELoP BN SO B Rarme WBRETSA mor e
separ at i 0fyd1au Fuid &4n beXrchiatdd thRREARAIdCOOREdHahdly Material arranged to be
in good thermal contact with said cooling elenent.
10
8. A lithographic projection apparatus according to claim 7, wherein said
cooling channels have a substantially circular or a substantially
rectangular cross-section.
9. A lithographic projection apparatus according to any of the preceding
15 claims, wherein said separation layers contain cooling channels, whereby

a coolant fluid can be circulated through said cooling channels.

10. A device manufacturing method comprising the steps of:
- providing a substrate that is at least partially covered by a layer of radiation-
20 sensitive material;
- providing a projection beam of radiation using a radiation system;
- using patterning means to endow the projection beam with a pattern in its cross-
section;
- projecting the patterned beam of radiation onto a target portion of the layer of
25 radiation-sensitive material;
- operating a Lorentz actuator, which comprises a coil arrangement in thermal
contact with at least one cooling ¢lement,
characterized in that said coil arrangement comprises:
- a plurality of coils separated from each other by one or more separation layers of
30 high thermal conductivity material arranged to be in good thermal contact with said

cooling element.





