-1- Lithographi c Apparatus, Device Manufacturing Method, and Device

Manuf actured Thereby. The present invention relates to a |ithographic
projection apparatus conprising: a radiation systemfor supplying a

proj ection beam of radiation; a supportistructure for supporting patterning
means, the patterning neans serving to pattern the projection beam
according to a desired pattern; 5 - a substrate table for holding a
substrate; a prbhjthographicXppamnisoDepicejVentufaguting Methvdy meldDédean ont o a
target portion of the substrate; and a Lorentz actuator, conprising a coi
arrangenent in Mpoufggtured FherebXyi t h at |1 east one cooling el ement. 10 The
term"patterni ng neans" as here enpl oyed should be broadly interpreted as
referring to neans that can be used to endow an i ncom ng radi ati on beam

w th a patter nethe pieeds i1BeftidbroR]ateza6 heisigraihitoprbRciorpaipheitus dohmpirising: t 0 be
created in a target portion of the 15 substrate; the term"light valve" can
al so be used i n2tasiaiionsysterior wapkying 4 Rrojeptien kearmyofyadiede™h  will correspond
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portion, such as Integrate rcurt o evi

Exanpl es gf patteailthe pedjction bagm AB@RSing Beh Uelered ati@sK. The concept of a mask
is well known in lithography, and it includes nask 20 types such as

bi nary? att er nat pihytrpledatde hibpldingshepbatretenuat ed phase-shift, as well as
various hybrid nmask types. Pl.acenent such K| radi at i beam
causes sélecti@3“??%%§ﬁ¥%%?S%T%WﬁayﬁéL%ggéqﬁﬁ%gﬁh%ﬁgﬁ%ggﬁyggkgéﬁgﬂbr

reflecti ogunsiritel 48 case of a reflective mask) of the radiation inpinging
on the mask, according to the pattern on the mask. In the case of a nmask,
the support straborenty ashiatorgeamenrisinge ¢sél asrapgemen kn thepnd conapictitepideasts t hat
t he mask can bﬁ,heid aé a desired position in the incomng radiation beam
and that PR ©INBEMVed relative to the beamif so desired. A
progrggmable mrror array. One exanple of such a device is a matrix-

addr essabl e surface having a viscoelastic control |ayer and a reflective
surface.

The term “patterning 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 patteni 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, altemating phase-shift, and ﬁttenuated phase-shift, as well as

?an'ous hybrid mask types. Placement of suc_.h 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 so0
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.




-2 The basic principle behind such an apparatus is that (for exanple)
addressed areas of the reflective surface reflect incident light as
diffracted |ight, whereas unaddressed areas reflect incident |ight as
undiffracted light. Using an appropriate filter, the said undiffracted

light can be filitered out.qf,the, refl ected bea l.eavin on
il Piractoa i ondhEhft sttt poitf fhafaortul® flhan B2 k) R bsdd fens
accordi ng to thgr@derRegIErRad tfleft iRdiddl Bohlisdiffaaddlighs dMakRasur f ace. An

alternative enbodi nent of a programmable mrror array enploys a matrix
arrangenment of wiadgressedrapgas refeatincioentiight s waliffigeted nhahtvi&% myappreprigld about
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radiation beamin a different direction to unaddressed mrrors; in this
manner, the refheotding todlmaddsessimgipatteredf theamatdiagdressablelserfackdrdassi ng
pattern of the gﬁtrix-ag]gr&ssablémrrors. The required, matri x. addressing
can be per f or medtFAtNG cGPHRIMEOkA HOEREIRADISRYHY ATy eBBlaYs BMAE 15
situations desCﬁr&&ggnaﬁroﬁﬁgﬁﬁm&b@acmMafaﬂ'cagbeﬁﬁﬁﬁd&ﬁ@ tARARLLESNQRR OF
nore progranmable ™ mrror arrays. Mre information on mrror arrays as here
referred to cabyipphdheandthbldlocalexdaiptiec fietdor binempldyiBpaieseclPdatient s US
5,296,891 and US 5,523,193, and PCI patent applicatjons WO 98/ 38597 and WD
98/ 33696, whi chactualian MEaRT FORee agal e dFTOR)AT¢ Rl PepddsessibicsHeh thake of a
progr ammabl e M i Qlssfhidors Gl 1Mo il Mdiac R U & el SrelRACI ed as
a franme or table, tor exanple, Whi C may De fixed or novabl e as required.
A progranmabl e thGDadireayd méimor xiarnhis enahers thehreRectglishmiic pattamédsacgonderg | n
United States Patent US 5,229,872, which is incorporated herein by
reference. As aBdieaddressiazdaiiesn of thepajaxgdressablermisrogs skhergguitsd bdi ed as
a frame or tabl g i : I3 S
required. For p%irdﬁgggl{el%g%} Eés(ﬁérri(g:l@gﬁp@hg t l{e]'i%?/eeeg%%t%b f&tqﬂfl:alglg't g@t{&fr?rggfh%at certain
| ocatisons, speddifubi@isld¢satibee btreabdveetht phitereing Mpdags cdnvoalprisagnaonmsie and
mask table; hewever, the general principles . discussed in such instances
shoul d be seen RASEREABICIRHEY E8KT eregniorHaliqian BHFITFakpasiere éerfsdr eabove
_set forth. 30 Lt'otcla}l?g% Ql@gﬁe?i, Pc{r%kgﬁfafepﬁoﬁmea%%ﬁes%@elﬁﬁg55%6,&{9?%1&{%@l €,
in the manufacture o _

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




i-ntegrated circuits (1Cs). 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 dies) on a substrate (silicon wafer) that has been -3- coated with
a | ayer  ofo4adlividhia0Byes SR Aidldb ROk RVel ihteri 41 8RR In fdle witeSki0! €
wafer w | ICO cont aiang)é wnhol e 1netvaork or?étgdj g%glr%t) tzfr%geé'?ﬁggpgieoﬁ%ethat are
‘'successi vebytainra whidlanheivovk af ddi@entingeendrticns thytsremccanigckytirradibicdwia the
current apparatus, enploying patterning by a nmask on a nmsk table, a

di stincti i E%W?ﬁé“ﬁ‘ﬁq@%ﬁ%@%h’t SHETCBt $rPEraBH CRpigXE FRLFRIS D 1?1@%% Brfe type
5> of lithoaraphye a%s?h@ﬁéﬂ&Eb%%%%%%en%?Eiffe%rﬂé’gepf?fﬁhaﬂné.§nbﬁer at ed
by exposing the éntire nmsk pattern onto the target portion in oné go;
such afi apphthaptaphicprejoctivaripyatet cfatie thried poR®nas nafiatedtyeppesing the eatire
alternative apparatus -commonly referred to as a step-and-scan _apparatus -
each t ar g&taskgpiferp Antodhe faFged partien ihgngea; Shaisa; apapplus dnsmrAgnly efo

pattern o} ect i ' [ ' ion (the

P acanni ngt A0 g ARERS LR AR REE M Sk by IERGT, &1 LGB WD)
paral | el eppapattis - padohlthi@bt fobtidris Srrallifted b¥ Pidgressitelf scanhihgILO @AM patlehe
projection systemw || have a magnification factor M (generally < 1), the
speed V atn{gitesproisetianbepm mragivabicbrense dirastivadthyi"srenp@gs dire@ios) whig i nes

t hat i h k. tapl e,li ned, re.inf tkon.wit.h regard to
1t hogy ap ety SRR vy SROGRcSE e P BIATS el sige { o,
US 6, 046, #iBZenctalalé ﬁ@ﬁ@ti@ﬁsﬂ%neml Bwe i Ll 12806 BictdrM fgdiRllly ach)Uthe ng
process using a lit oa;aphlc projection apparatus, a pattern ge.g. in a
mask) is Preggadatoritieh Besubsitateatelle itwpannos vl beadeetonir titned thet o eby a

| ayer of _radjati.on-sensitive terial..(resi,st).. Prior to. this inmagin
stap themeablPlS R Nk SoffRh b R L BRI e RE okt o
resi st coadsdeABe®dfl 2 F&inkd, Fakeampld, %nﬁws@ws;emz,tih@o@&aﬁeu%wﬁﬁé% may be
subj ected to ot her procedures, such as a post-exposure bake (PEB),

devel bpneraferegeehar d bake and neasurenent/inspection of the imaged features.
This array of roced used as a,basis.to 8attern an_ i ndi vidual |ayer

of a devite, e B ARAlacidneproRess Sife & OGP R rORENe Y REATHIRPEE S ar i ous
processes(estGhla amsietis thigkd dnﬂﬁal édﬁﬁﬂrﬁ@ 1k ison Ieagtﬁil%&?dgl?')covéf@(ﬁ 8l hilAat bon,

oxi dation, cheno-mechanical polishing, etc., ended to fi'nish 25 off
an i ndi vi gdaltioh-ggwsitivelhatsaaldreaist)| Biyarts this enzaingstem the tubstrate aywhddreo
procedure, or a vartiant _thereaof, w.ll have to be repeated for each new
Cayer . EvURUS PI e apotiay R BV Pt sois wgd softabe s pxparrs oy r at e

(vaf ef) . dibssAe ARy HEaEhREEd i\ QRersRRRRE Subl XM FALE ANRLAMLBYPER),
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 gtching, 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 neﬁv 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 infonnation_regarding such processes can be
30 6btained, for example, from the book "Microchip Fabrication: A Practical Guide to
| Semiconductor P_rocessing", 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 obtained, for exanple, fromthe book
"M crochip Fabrication: A Practical Guige to Sem conductor Processing”,

Third Edition, 0t . ] i shi | SBN
0- 07- 067250- 4, ?ﬁrgﬁ?%@{eg}t‘gﬁrqﬁgﬂ& tgé"é&i Bl hvitertHay Rk (Proterfed W g
si npl i i t yhe "1HQ"; MoQje®&! ihitey Sh@N BaYrdaglyentaptdtel admcombassingdatiousagpdshe

"l ens"; however, this termshould be broadly interpreted as_enconpassing
vari ous t ppemwiecton gistsims dndleding yeftastive ontish.ueiert ve epticictnd catashinnidesystems,

reflective optics, and . .catadi optric st for exanple Th I aton
Gyt em g rareBP i R AAEER SRR Pl SRR omoBhet B ety B cc
desi gns t y gehebctesibn Rk fRlHircshad isREpiRs orCRRirsBhl tHRCprbfRetiR daCoHfiradiatipam of
radiation, ~and such conponents may also be referred to bel ow, collectively
or si ngul ard suchgempondnéarnay als¢be refenred tohelow, collagHugifior sinppaintas e “leay’ be of

a type hayi t .Qr_nore substrate tahles and/ or two or r.e sk

Fabl os) - Pt e ol hea bRl M utr e T PR ok Hin ubPeg WTFE) be
used in pamaldr@he oPmoRS BRA ABIES)Y ISdueR SmiuRpIdAeageatEtiest 1A hd@foMRbRE DT e
tables 10 while one or nore other tables are being used for exposures. Dual

st age | it hmybapkiddin papfal; at psparerygspy miebk cafngd ax anpine or nerdJgbIgs 969, 441
and 98/ 4Q791, incorporated herein reference, commonl y .used
2Ctuattor  FRIE RSOT PERATiR HHie aro pene Sscip L GPGTrey. e uRe BRHRS  an
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current driven 15 through a suitably arranged coil. is generally
desi r abl eh¢grhmtbyaeferemtor s of this type are as conpact and powerful as

ossible. To increase the power and/or_incr e the size of orent z
gct uator, it is/® Vegé‘cﬁuﬁt@?' anbis flier*@‘séﬁ‘?f‘érﬁfltztf&ﬂ@ Ofyﬁisﬂg}fﬁ G | s.

However, g4 Mﬁﬁg?{&cs wdeﬁ%%ﬁ%ﬁ%&ynégﬁa%éwaésaaaﬁa%& N&tenBidaapat i on
whi ch is undesirable as hig operati'ng tenperatures reduce conponent
| i f etliresthanghraespitablguornigeddpack ik gdneat]y sesiableitha ac@6toconfibsdyiesare #nown

water | s CoTESH G SRR OB A POSHARYOr HEBRBREE RS | ow of
The. coi 1 - S o ok B T Bl P02 Loront 2
act uat or imareaseg 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,




i-nmproved thermal behaviour. This and other objects are achi eved according
to the invention in a lithographic apparatus as specified in the opening
paragraph, characterized in that said coil arrangenent 30 conprises: a
plurality of coils separated from each .t her by one or nore separation

~layers of hi ghBS/Qﬁfp'I@mg3£’ﬁﬂkthtj/ yf&ms %ﬁ&&hﬁaeﬁg@e&@% Qve?é‘%e cBi1grRd

thermal contact Wwth said cooling elene By enploying a plurality of
coi | s r at kention hemedacedi Tigd keotepmit Ite;m;tekEEma\dep@xgeondld raterap s8uchdmwet is oondusted

reduced. The ots ) ature de ends n the rate whi ch heat |s
conduct ed 2™ aNdH™y %ﬁ?lisﬁggc%? F%W%‘PB PHE BeHAT lifg %ﬁ@%ﬁéﬂlg‘ﬂ%ﬂpﬁ‘ﬁlq’ﬂg

~elenent. gpbEhbidQofs a?srtﬁ@teff@& ot inchddbife TR d88F B5RHakS daaﬁ sl Of
? dﬁIa tra par

i ncreasi ng the area of contact u0| ng the spa tion,
bet weef t hepacatiohsbedwekrithe cmmomdahe mpaﬂaametasém/mobﬁlr@elaheme'ﬁme rediieis raesul t IS

a nore efficignt thermal connection that conducts heat re rapi.dl
fromthe &¥¢s %%C{eﬁh@mllﬂl ARG HIe® takeARdEcth BEa Fsre FapipE AR R e, th ?ngﬁ

preferredy ?Egg?%gglﬁ%%ﬂm&ee@&%ﬁf& invention, a lithographic projection

appar at us rei Separation Iayers are parallel to the

pl ane of the colda préferad eabgdimnt ofihd prdaitenventits, adobbdraghiep@ietibni S
| ocated radially outward therefrom In a further%&éeferred enbodi nent, a
| i t hogr apAPRArasRsIs PEQvidad whiseindbqseppation lyera ate, Parqliet kocthe Phae af desailat i on

| ayer g, of ﬁ&%@m&@ﬁ%ﬁ%he?&ﬂ%ﬁ%ooﬁh%& V\ﬁ%ﬁ& Rt it &R&Qx‘dftﬂér@fr o the

pl ane of arrangéemnen fern eal d ensnt i s | ocated

axially above mra faxhal r¥feh%ﬂ @m{bﬁditrﬁn‘é;@lh&hc@fdp&waﬁen dgpataiusas povided,
further preferred enbodinent, a_|ithographic projection apparatus is

provi ded, Wigisiesai &,@aar@ﬂ@wafsrétof b}ghltb%wabccméwwz%natm@tarq peyRendicquipgfo ar e
parall el {hlggrarﬁ[% O?P%d%o l?!,l’.l'&l% en{:’ '(&1 AL Iﬁ‘”gﬁngr'h%gﬂggrpéﬁcé’f%mteé‘%%ﬁ t _hat are

per pendl cu ane Sal col alrran erelrn %al d

cool i ng eltrrent aﬁ@lm@b@isﬁs‘gaifdld’oﬁtan@_hwts | ocat ed radially outward from
said coil arrangenent and second e nts | ocated axially above or bel ow

20 sald coil arnargdnferber nrafered empodimgnt héthogra@h@rmemc@mmeﬁﬂs of the
Coor i ng chnnersMertilSdied i B FLTRpred Rulafbiinal & Byfel b Ris bl g
channel s. ofSaidkoflRtah Bém &N AND Séond B cRANA afe orReidaitldr 8 the pline@fkad ceil a
substantially rectangul ar cross-section.
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.




25 In a further preferred enbodi nent of the present invention, said
separation |layers are provided with cooling channels, a coolant fluid
being circul ated through said cooling channels. Said cooling channels nmay
have a substantially circular or substapgtially rectangular cross-section.

The ‘above emOd%ﬁ'@glﬁ%etgﬁﬁtéﬁrgaltﬂ%ﬁaﬁ 46 torexﬁ'i‘?ctﬁﬁg{ ?E}efn%vl: Wesilentiedral 30

resi st ance, pat separa ion Tayers an COO 1 ng el enment .

Thi s feat uf &phedtsof @iBLiheretdp@prabital 111n$ts ﬁ@n@u@iﬁmeeafeﬁﬂrﬁm&m tojchavay fromthe
coils by ensuring that the separation %wrs are kept at the | owest
t enper at uFEsts &k ssparationslayge ﬂﬂﬁé’iﬁ%bftt‘i"f@eﬂlﬁ el %hmﬁw&bldﬂnqe% flent z

act uat or ?luinrg%f (ﬂ%/e}_lc%tﬂtﬂaﬂggnerit r?ec C}{le %%Hg?le}{l%' (l)fh:oos guﬁ&#zéléctp‘gﬁer € are

practical TTmts gov I'rs

separ a i ORonrRYEi: ihdteRed Reth lﬁ@tﬂ@ﬁm bﬂ@thw SuRks tRichst oMmetaidcakt. it is mrnaas e
the volunme of the coil arrangenent. Second| y, the conplexity of the

requir ed &aéﬁﬁm@alpu@%mmmlﬁm@ﬂéa@wedmlﬁtw@ecoﬂﬁmber of coils, as

does the cost of, manuf oses an
optimal bal ance”f %Orgélﬁ éﬂﬁﬁﬁ?e %ﬂgo]inv%mm 313%?8%1?{8"@%(1 gﬁ?ﬁ?q her aspect
of the i nyRRtfeRrihd flethodoRipPiNind @k Aefd@)i ce  manuf acturing met hod
conprising the steps of - providing a substrate that is at |east partially

covered by a | agrevidofg & subisaatc gt is10 lsstsitisllyeoneeeby allayer ofyadiatidi-ng a
pr oj e&ﬁl on beam of. tradl ge rn using a radiation system - using patterning
neans to endow THEYPY B)PEEEon beamwith a pattern in its cross- section;

proj ecting the patidginestoReas Bdant @f’t‘aﬁifah@ﬂ‘uﬁﬂé PrAidtRhSQiteOr ti on of the
| ayer of 15 radiation-sensitive material; - operating a Lorentz actuator,

whi ch conpri sesusingpitiernang mngsrtennduwntlterpewn@;ion beomt veith a pattdmn it itd @asst  one
cooling element, characterized in that said coil arrangement conprises: a
plurality of co %Fg Leparated from each ot her by one or nore separation

thor mal oot act o e AR U TR B B B R o e Rl e oy
be matfe in t hi sratliesion-sasithe mmeiaf t he appar at us
- 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  inthe manufacture of integrated optical systems, guidance and detection paiterns 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

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




according to the invention in the manufacture of 1Cs, it should be
explicitly understood that such an apparatus has many ot her possible
applications. For exanple, it may be enployed 25 in the manufacture of
integrated optical systens, guidance ang. detection patterns for nagnetic
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etc.  The arttsan w apprectate that, int context of such

al t er nat i ekca@pbdéap@t i ons, any use of the terns "reticle", "wafer" or "die"
in this text should be considered as being replaced by the nore general
terms "mask", "substrate" and "target portion", respectively. 30 In the

present docunent, the terns "radiation" and "beanmt are used to enconpass
all types of electromagnetic radiation, including ultraviolet radiation

(e.g. ith a waExdbangnk cIithadbentidA8yill 193, beldedcribed |ROwiNRf exathplldaly,ext r eme
ultra-violet radiation, e.g. -7- having a wavel er&glltlh in the range 5-20 nm, -

as wel | a¥ithgeferance tybg pecompgaying schemalio dumangsrin wdidiet r on beans. 5

Enbodi nent s of i hyent.i i |1.now.he. de i - 0 e only,
with reference %%{ehfe]&e ééct%)gr%gh\rgﬁ aﬁlglﬁspé?f grpaqt%i ai’géfra gl\?\ngﬁcgotsggllnm %ﬂﬁ |gI{lJtr el
depi cts acfihthe@haghi ¢ projection apparatus according to an enbodi nent of
the invention; Figure 2 depicts the coil arrangenent of a Lorentz actuator
accordi ng to thBigprd decpiagthgropil appggamenBoitelbirents agtuator hccarding@dheptionf a
Lor enw act uator accor ding to a preferred enbodi ment of the present

i nvention. Figure 4 depicts a coil arrangenent of a Lorentz actuator

according to a Figitd®depidts £E6I hesheMbR ME e adthRoPdces@Rlg th AReEken. 15
Figure 5 deg{;ﬁgts a coil arrangenent of a Lorentz actuator according to a

pref er r edembedindinihafrihe pfesahénventewent i nventi on conprising two cooling

| ates. Figure f. depjcts . a coil arrange t of a.lqorentz actuator., accordin
Pocthe present FRRGEhTGR BAc) Briepmanet st Ry -arte Hamndes O 0
cool i ng chanpelembol e of tHeQRdsehtSneentiBh! arrangement of a Lorentz actuator

according to the present 20 invention conprising three coils separated by
four tooling plEges.S depicthecdl guangsmentofiad opantcacieptensdceerdingdo gypmdfeired

i ndicate corr spon(%i arts. Figure 1 schematically depicts a
|1t hogr apfitRoF BT aU PORPRsh I guRs SPEEI b oo e 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 arrangcmeht of a Lorentz actuator according to the present

20 invention comprising three coils separated by four cooling pllates.-.
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;




25 particul ar enbodi nrent of the invention. The apparatus conprises: a

radi ati on system Ex, IL, for supplying a projection beam PB of radiation

(e.g. DUV radiation), which in this particular case also conprises a

radi ati on source LA, a first object tahke (rmask table) MI provided with a

mask hol der 1 or , Bej;cliag sGotelT R ML Ge. 8. 2 RARIVE FrRhyst@if s ARRGaE &d tO first

posi tioni ng mean? f] 1aggsuerﬂzitrtlel M?B So‘glatl oni ng theysfms Wi tﬁﬁr espect to

item PL;, arskatedporabp efthenadak MAmbsat mgicepdrtibh €)(e W cqnridiniechevar nfora

substrate hol der for holding a substrate W(e.g. a resist-coated silicon

vafer), aﬁt?sl:%ﬁﬂ%‘*eé"tbéﬂat?avsecond posi tioning neans for accurately

p03| tioni e t fAts SEPE qﬁr@ n system
"l ens") &%h%& de.f’ﬁgeﬁf{e gg:}[ﬁ‘la ﬁrens é‘IFSI‘%IEISEIPE)@ (E%rr%las%ntréﬁl(;sllgﬁslgirvrgadd @t ed

portl of oﬁ{ot»heercrﬁsgen&ﬂél @hay slsd BE gEA r@l@étﬁﬂe@;?pe@fc(r@xgnplec(agr with agefteogveor nore
dies) of the substrate W As here depicted, the a J)paratus is of a

transni ssmAskk ﬁtﬂi@ﬂe@\f@y theapparatisnay iy angthenbind of nadgayes meqns, yehas al , it
may al so g. with a reflective
mask) . ?g’r r‘% Ve enﬁ %@%%@3?’%%95#35@% %ﬁggnot her kind of patterning

nmeans, such as The wu@@rmmglﬁdiurﬁ@ﬂas@f)rpaoﬁueés FbdalPef ragdiati6, histtatnds above.
The source LA (e. an exci ner | aser) groduces a beamof radiation. This

beam i s f@dniomﬂ@mmatm@msm (lﬂﬁmsr}ﬂéq . eithar diveethit @rafter havieg trasesesedi rect | y

or after trayer sed, .10 condl L means pander
2 " Sainhidd RESOREn of SRR bR £F AFRaR P HRE Ry RaBE RGP A
setting t B@nﬁhﬁe&iﬁjxﬁﬂﬂé Rleak AR fof §c§it1ﬂé tk@bh%ﬂhnd/@rqu}h&ﬁal &@&R I(d’oﬂﬂndlﬂ’y as
(7-outer and a-inner, respectively) of the |nten5|ty distribution in the

beam | n rdfddidtbens- -qugengintl [o- gaﬁer%ptthcbmffths anteraity disgritottienin thebpondnt s,

ol ngi ng Nl d Gentl Senar e RoBHo e SPPBHT YR BTy d

O ootk OB, 5S4 i 1R LR gt a1 £ oure
proj ext i oum&ppnmyaudlmt@rwstyldsndﬁttm mhtecmsecmmen the source LAis a nercury
pr o) ot on appalt ShR B¢ peeT N <EBHeAHPEHNT ErOaCE VI AEd | nt o
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| atter scenario ten th ase e source LA is an exciner |aser.
The currea merduvye}amlaoforaminﬂealmmlmhﬂ amyass beotrhoteffrom the lithographic

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 M A, 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 amask 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




these scenarios. The beam PB subsequently intercepts the mask MA, which is
held on a mask table MI. 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 Wth the aid of thegsecond positioning neans (and
interfero r noved
accur at el GE % ed.f(gl @&SSH%IP ?ﬂa%@lﬁe%ﬁ)ﬁt%;?@cﬁ%ﬁ%@ﬁ&&u@ﬁ% ﬁaﬁ%ﬁ%%{[?%%aﬁe pat h
of the be@mb@&m&mt@ﬁbn@n dtfoke hétosbr, @ﬁﬁiaybeﬁbca@ means can be used to
accurately position the mask MA w th respect to the path of the beam PB,
e.g. after mechdh¢ detictedapnasateg ca@fbetqﬁ@imwdnﬂf@rsmm@% a mask library, or

duri ng a %C?E th-;st eneralthexinas\;k Es% ﬁ%Qﬁtfa‘fl& sEa?igh%g %{Eanv%lr Asi( be

realized w ong urse ioni n
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in Figure 1. However, in the -9- case of a wafer stepper (as opposed to a
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short str uﬁ%@gb r@y be fi xed. The depicted apparatus can be used
in two di M step node, the nask table MM is kept

essentl al by statﬂ @aﬁthmeaéagielﬁawﬂfelsme@@eﬁhno Bl BGS kst tRit Qig@Rdnestebin ONe go

(i.e. asingle "flash") onto a target portion C The substrate table W is
then shi f pedion € ismet sxmset! iora singlé ¥idash’ dnseaslothemﬁtskaalﬂq: Mleisemvablgriget

porti C can,. be.irradi at by the am PB:;, 2 an..,node, .ess tlaIIy
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gi.ven direction (the so-called "scan direction” ) hey direction) wth

a speed vfaboWihasimuiengous]yeoo vadnin HeasmmeBr ioppasite slerdcttcm a eapedvier My, mask
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magni fi catdiieRf lateR@ark&Poriidn é%&pb@@)lryo)!ed WifRodd kflavﬁfgtélcgﬁl ronfisd &t s manner, a

relatively large targéet portion C ca exposed, W thout having to
conpr b seesolmtid®h resol ution. A Lorentz act uator relies on a magnetic field

to apply the ac iatl n% force, which is gfell alli/)BPLoduced b dnwg% a
d

current  t hr ough*a%€git a%ﬂ""i‘t%ﬁgﬁ%?ﬁ a magpatic 9 actyating fyreg, whi
cross sec t r t cut by
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| nevi t abl ml(gféalercais&deﬂmat dews of 0011 arrangements 1 for a Lorentz actuator cutbya
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




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 arrangenent 1. Here, a single coil 3 is
provided in contact with a cooling el ggent of high thermal conductivity.
For a ver LhealthRaRAbA San bd LAy Bnppéled &Y sphitiB@iiebatdif c6@idto 8 nisibéhgrect ed
into the page on the right of the figuré and out 25 of the page on the |eft
of the fi guaker cAds § bachtsepgrated by reemirationdayeo b lof Bighitbareal besluctititweaterial, of
the coil 3 intg,the cooling e]enment..The cooling.el enent, ich is this-
exampl e, BBTHEC SO INEOOO Il GIGRLHIO a1 K96 Cqunggirat TR by a
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between the center of the coil 3 and tge cooling elenment, leading to
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at | egst i - (eDqNn I | ayer
o o The BMECD Nt B Mcal (NF SOOTRaf B cfth diE AERABIR A, 2
pat hway t Biyédeoricnedd radiaky, g estan theatehh@dvoliagprhahtiradiafly adivends frdatie of

whi ch encourage a rapid flow of heat away fromthe coils 5. According to a
further aspBctndine piid the saparation dpehe poFOWE i s possible to inprove the

e oot act A RERIRER, ey SRR B0 RaP AL Dy epl B

| ocating them n I'ne eac en a

conf i gur awhaeinssephnascollpatof deifiriigeadil are 16tafeld @ue vithin Mo Xier Withwepadeiin cal
coils 5 are |l ocated adjacent to each other with a separation |ayer 6
ori ent®ed lexgticgrieptediperjesdisalarly e thegdancof theecodls 81 it ifgmearcaisative tadedata the

out war ds éoro i]ls in_line.wth,the arati b.as _shown.

the C ; . n_haye
Alternati$es 1;/{% Cl\l;&lllélﬁl a%ag% Pr5below the C(%ILS sl 1ind iR TR ?_lepara?lt:q‘_lI (l,ljlaty%rg as schtoga. in

a i Ng a configuratron suchtas depi

Fi gure 4, vvherf&irragcmmtﬁ@@tﬁov@qﬁ/bs;oﬁﬁgzﬁatﬂiné,fiﬂsigagsim@% vargftge gt ed one
within the other with a separation 15 |ayer oriented perpendicularly to
t he pl anecosfing pleansels Hgvithin the qogling plates £f Adargerenuneber of aedingivdansts 4 il

(S:Egc\;_el at?o%%ll)(/) ﬁro?/%e()g\f\éattgr%ogﬁrilé. In gnji/ Qasé,itﬁ'ee co"éﬁi%@ clt‘lzpn%elsse Ilac{n%tah)? pepl’e%grﬁr 6 as

- 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




For each of the above two configurations, it is possible to vary the nunber
of cooling channels 4 within the cooling plates 2. A larger nunber of
cooling channels 2 will nornmally provide greater cooling. In any case, the
cooling channels 4 normally represent 2Q.the cool est portions of the

cool ing el a : f ; possi bl e
1 ne wrTERe Sh h A € The LT el snkin damdRaRehl B8 Do

subst ant i ahdlysedbiyrteulcaslingy pisted) straiier it@fifgyre ISebi saniy uh anarngement) §sagect bon, each
havi ng certain advantages with regard to ease of nmnufacture and

ar r angeme BECESTAREH coaBAL theroglinppiaien g thpussidg %féh%‘anﬁéssemm \‘GH@F §WeRt i ons,

_ . . c
o1 ement - oy "po P BETRR xRl HRLNGE Rt IR e la R FReg
possi bbe ki further b dxipandddeo seip afr@igempnts ahefein the nbmbat dfuoilais Mgeathaadgenment
is shown in figure 5 conprising a coil arrangenent of two coils 5 _enclosed
by two coblgurfy’ phoytsescopl Brangeaes coprsies o croliediaaneé paclasing threscoileen  t he
t il i i i T th

oot Fou o7 PR SEABHh  BARELTEED ISRl S5 RS | 1

cooling plates ron i S provi ments 7
that are pR@dBe@bntdoffc@bpldativhlilR. the aftofht dﬂﬁ@srsgﬁtioﬁﬁﬂtdbl%iils\/irﬁ)the It should be
noted that those elenments may al so be provide with cooling channels. In a
further emssanueatlowstle tesesaatureiodhelcgiler 6 is al so provided with cooling
-11- annels 4 shown in figure 6. The coi.l arrangenent sho nprises
two cSiTe s entTERLFeRY ottty R SulS ey h W P OR A DL
an arr angp&Bitreciitbd fHRYthRQkvdaGon RAG B8 E?&Wcéd%tﬁ&ﬁrﬁk%%&rid&&le&ﬁ@eﬂﬂﬂwm ates on
the outside of the coil assenbly with the inner separation |ayer provided
Wi th the desetiptian ismahmédnded hlemid thednygattent shown in figure 6 5 can further
be expanded to coil arrangenents wherein the nunber of coils is larger than
2. Figure 7 shows a coil arrangenment conprising 4 cooling plates 2
enclosing three coils 5. The nunber of separation |ayers (or cooling

pl ates) may be determi ned by the thermal requirenents of the application,
i.e. the anmount of dissipation in the coils and the maxinmm all owable
tenperature of the coils. 10 Wil st specific enbodi nents of the invention
have been described above, it will be appreciated that the invention may
be practiced otherw se than as described. The description is not intended
tolimt the invention. 12




1. Alithographic projection apparatus conprising: a radiation systemfor
providing a projection beam of radiation; a support structure for
supporting patterning nmeans, the patterning nmeans serving to patter the
proj ection beam according to a desired pattern; a substrate table for
hol ding a substrate; a projection systgmfor projecting the patterned beam
onto a target portion of the substrate; a Lorentz actuator conpri sing a
coi | ar dangeAdfthographiderpivalioncapneraes covhpiisiag: | east one cooling el enent;
wherein said €Qi At £l : .ality of coils separated
from each (%t dga?fohﬁ%gnngfl%%wnﬁ%nég% pg’rcg 1?%%&%} %Ifgélg‘m&]f hi gh thermal
conduct i vi b yuppettetricthredor sapgretng mutleming memodhé fatcihg Romisacivingitd pateai d
cool i ng .el enent char acé.eri zed jn that separation |ayers conprise |ayers
r

that ar BFEPISFYoBbepTy ap4PEdiBE o AASSHEARA G e 0i | arrangenent. 2. A |ithographic

proj ecti ong gpaastatdbke @pg&aﬁ? Guits@agl @i m 1, wherein said separation |ayers
are parallel to the plane of said coil arrangenent and wherein said cooling

el enent i s2 Proisstiersysieguioaprojecing thapattdresihegal agtacialgehpartiogeftbsubsizate,A

L1t hography £oith0l:EhloPLorARRALAL A AGEAALNG il AnflodyidhAGERL Bac@bftn
separation layers are perpendi cular To the plane of sard col'l arrangement
and wheelemenisai d cooling elenent is |ocated axially above and/or axially
bel ow sai d gjoi | %Han%rﬁrlent . ff A Lithographic projection apparatus

accor di ng 0 cTRIH L WHEFETH SUTR*§¥Epar ati on | ayers conprises first

| ayers that panglitpar &lilsebpabed fiém pha#h@by9aé 6 H6lel seprAtRMIBRRANI hathd second
| ayers that are per pencﬁ_cul ar to the plane of said coil arrangenent and

wher ei nthsand ceiciivly matemd grangsd fpbs Bevod thegnal spataetytith saiskogobes elewend) | y
out war deifa QM58 fh (G iskpaioR MIRARBM AN 5& ! i@l 1y
above o? bel ow sai d éol?l grr ngerrerqt. §'§ %%q?%rﬁgé?g%%@eﬁ?agﬁgég?c}l%?\dlﬁ
appar at arsangeoordi ng to any one of the preceding clains, wherein the said
cooling elenment and/or said separation |layers are fornmed of steel. 6. A

| i t hographi c projection apparatus according to any one of the preceding

cl ai ms, 2. wWharng@hsgriphe Gajeclicti0pbirigs edcor®iy toaMihal whaleth ssRIRpRE@NajeRyer S are
formed of ceramc¢. 13 7. A lithographic_ projection apparatus according to

any o _nei_irBf”‘rtaJrll"e1 t?)Fbéd’éad‘ieﬁé siql gihranggipent andh wheen sgdoophies derasi it lopadeds pl at e
cont ai Ni,AgE 0/WaRIRGRINASLS arr38HERY @ coolant fluid can

3. A lithographic projection apparatus according to claim 1, wherein said 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
comprises first layers that are parallel to the plane of said coil arrangement and second layers that
are perpendicular to the plane of said coil arrangement and wherein said cooling element
comprises first elements located radially outward 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 claims, wherein

the said cooling ¢lement and/or said separation [ayers are formed of steel.

- 6. A lithographic projection apparatus according to any one of the preceding claims,

wherein the said cooling element and/or said separation layers are formed of ceramic.




be circul ated through said cooling channels. 8. A lithographic projection
apparatus according to claim7, wherein said cooling channels have a
substantially circular or a substantially rectangular cross-section. 9. A
| i t hographi c projection apparatus according to any of the preceding clains,
wherein said separation |ayers contaiqs cooling channels, whereby a cool ant
fluid can be circulated through said cooling channels. 10. A device
manuf act uri ng met hod conprising the steps of: providing a substrate that is
Jmaterial ;

at | east, part,iall overed.by a |ayer of radiation:sensitjve
or ovi di o' oy et ThESot el oo 8 g e PLBP AR Gy L g
pat t er nivigrefiegandcdoling Sldmwnttih e platejof@ini cob bRt hanhdls, avHRRbLY @ kfolhdt fiuidcan

Cross-s ctiqﬁ; roj ctﬁng it he gﬁfferned beam of radiation onto a target
porti on°6f'¢ @aigyﬁkﬁé?'F AmgehgieSsensitive material; operating a Lorentz
actuator, which conprises a coil arrangenment in thermal contact with at

| east one cooling el ement; wherein said coil arrangenent conprises: a

pl ural i 8y of Addhogsapdequrpigetenn Ppuniue achrdndiorcidip Tondewn sisreobrpedrandon

vaver s fhvdl @8l BRbu SR tkb )y WBLELhAl AL LaRgRd Lo be i h good

t hermal contact w sal d cooling elenent; characterized in that

separation | ayers conprise layers that are parallel to the plane of said

coil arran t. . . . . . .
5. ggqﬁﬂographlc projection apparatus according to any of the preceding 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-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 radiation-
sensitive material; |

operating a Lorentz actuator, which comprises a coil arrangement in thermal contact with at
least one cooling element;

wherein said coil arrangement 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,
characterized in that separation layers comprise layers that are parallel to the plane of said coil

arrangement.




