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

Manuf actured Thereby. The present invention relates to a |ithographic

proj ection apparatus conprising: a radiation systemfor supplying a

proj ection beam of radiation; a suppori-structure for supporting patterning
means, the patterning nmeans serving to pattern the projection beam

accordi ng to aLfifsgrphiQApparatis, Devica MandhetatiagtMbthodf sid Devide ng a
substrate; a projection systemfor projecting the patterned beamonto a

t arget pMianudactured Reergbpstrate; and F a Lorentz actuator, conprising a
coil arrangenent in thermal contact with at |east one cooling elenent. 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 inconm ng radi ati on beam
with a patterned cross-section, corresponding to a pattern that is to be
created i n a t&hgptesgndinvieptorrelat¢sdo aditkagsanhigprejectipieannaFas ¢angRIsINga| ve" can

al so be used in this context. Cenperall .he I .ern wll correspond
to a particul af AHHERS #SIFI)%’%VQPR?% aap%g\(/;ﬁ@%b%%ﬁgﬁ@traég ed in the target
portion, _such asufpdri sub@refop Sufpoftfid fatteinin hedns HBY bsteerfiinig ndant QtYing

Exanpl es of such 'patterning neans include: A mask. The concept of a nask
is well topowwer thelprajesigndemy aceprdingtto p dejiigd@otterask 20 types such as

bi nary, alternatin e-shift, an tt enuat ed phase-shift, as well as
vari ols hybrid® %a@%ég.for?ﬂc’ﬁ%ﬂ%s%ﬁ%uch a mask in the radiation beam
causes sel ect hpﬁ)jé&i%ﬂ%ya‘[éﬁlf&rpr jebtild e fASEn&S bend 6rdd & FirstipsidiBstiie OF
reflection (in the case of a reflective mask) of the radiation inpinging

;on the nadkiratecosk ding to the pattern on the mask. In the case of a nask,
t he support structure will generally be a 25 mask .table jch, ensures that
the mask” can b&LAEPH aualery I?régb“gp%%qlﬁrfﬁ?gpﬂgﬁﬁ%thepﬂ?:lodr%nﬁg W’Qﬁf‘a fiBn beam
and that g id.&RRoRenEved relative to the beamif so desired. A
programable mrror array. One exanple of such a device is a matri x-

addr &ssabl 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 {o a paitern 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.




-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 filtered out of the reflected beam |eaving 5 only the

di ffracted |i ghtic hehiprificiplbétindsurhnnapparitheishibar(fdrezampk) palresehadas

according to the addressing pattern of the matyjXx-addressable surface. An
al ternative endfdbs rsleetive susfaps elestineiend lightas %%Wgalém%ﬁsa matrix

arrangenment of_ti.ny m.rror . L SR i w i about
an axis by fapplfl}?fl?iéssaedsa&?atgz%flleg?ﬁ%éaﬁ I%‘:tjg%f ect ra”lg{c%dfl %gdegggg‘légpﬁé%ﬁﬂ ng
pi ezoel ectri c [, @elkbidtundifiiaaad ight@ag Be Afeded put dfthatafleoted basm, leaving

mat ri x-addressabl e, such that addressed minors will reflect an ci ncomi ng
radi ati on beanerlnthe difftactaddight behiedsin Brs magnes,the Beasd BecPmAsPPEFEd i n this

manner, -t he 1 ef Legted beam s patteLned sASGardl R ibid BerpE0ARSSI O

pattern of the mrrors. 1he required natrix addressing

can be perfor npg\SivBembeiihaik 6f £pRetdanitle MbedSarrayrenijdtys ahattike 15
situations described hereabove, the patterning nmeans can conpri se one or

o ][ e p (rj ogr ammatdAngementradtingminpss, edhrad whig il vighakly filtes abgpt aAXiHs here
referre to can be .gl ean or,. exanpl e, i . Patents US
5, 296, 801 and DEPRYESd SyEble IR el S b Mk A S 807 ana wo
98/ 33996, Whi Chhty AR nhdAeO DRERiREh, RS Binfbrdire heft@X-a0&RssabR, fikd tikase of a
programmable mrror array, 20 the said support structure nmay be enbodi ed as

a frame or t abidsiresbert mixarapiib refleghircincomingisediftiondepany inrodi Hipteat dikccemui r ed.

A progranmabl e LCD array. .An _exanpl e of such.a [ uct.i i I in
United Statest @‘%Fssﬂéngfrﬁ%%t ,mwléﬁhei rgﬂF%%gE%%? gétéeaggﬁ‘g!ri é?‘%hﬁlgé]
reference. As RY Sddredsli PHUBRASithSmatHk dddeesidbld MirFors ATRe FRYirbemantxodi ed as
a frane or table, for 257exanple, which nmay be fixed or novabl e as

required. For mldrpemgsanbe perfpiniediusing stitable elsetrasic mgpas. tlakpthaiyhe at certain
ol e, “BeshobE el BB R e YRR AR o,
et forth. 30 TR e o e be ed Cor enampo,
in the manuf actoume befgleaned, for example, from United States Patents US 5,296,891 and US
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 Litho graphic 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 2 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 dies) on a substrate (silicon wafer) that has been -3- coated with
a layer of radiation-sensitive material (resist). In general, a single

waf er Wi lcbated erthai laye ofiruliationescusitike mhterid] (aasett It gangwl, aingle safrvhlt are

successively_ irradiated vi .he rojection system one at a.tije. In
current &ppaEint WaOleaRPIEY Pﬁ@c% aeent Brot ReTUss thataie RUesReslvelirdiqieia they

di stincti t ; ; )
5| zfl Inlct :ﬁ,gcagago%%&eﬁa&?e Q%tﬂﬁ&%ﬂﬂeﬁh{)ﬁ%{ggﬂ%{@y&%ﬁ itefRENHPE makBoRRe type

projection apparat us, ortioh 1s irradiated

by exposinigk titde, andistinetiomeskbenaadecsetw e tovotdiffereatriggds of ardchime. nronertgego;

such an apparatus. is commonly referred to as a.wafer stepper. |n an
Sligph h

al t er hat o Sthogpmbistrig ectéomppATasy ered ipgel ROFHOLSIS FTadigpd RREXeHIs hepbif at us -

each 1 ar gelRoflhed fe Lk Boflfdn B BOARER 7 Ll MSIER 1y RferfBAY

pattern “under € projection beamin~a girven reference direction (the

" scanni ngs ahaf@ctdpp). I Aleerddlive yppdinanousinymadg rsfemel tohs astdpsindadeen t abl e
parallel or anti-parallel to this direction; since, in ener?I , the
proj ect i 6APHYYE emeadll teragbrRastian Hegadiricd Dyisreresatebrschg Heaskpaters)  t he

speed V ALaihe Bl difioR BORA P kR PAiEich S ARRADEELY e A BROA WA | MTEs

that at WA e®1's scanne e Irnformatton w regard to

li thogr aragxh&xr&ﬁmhlgasmsngmé gubstlesasblbaskaiaror heti-ghadsled thit dircgicnyphes, from
US 6, 046, 792, incorporated herein by 15 reference. In a manufacturing
process usgengral, the phuestiaplyeepolldere smagpifisptinnfactopMygereplly <ld.the in a
mask) is | dopntp.a s tr that i +1al by a
| ayer of Sp‘?%gngeﬁE ngr?ﬁgéens E?%ﬁ%%kget%rs (l%a e‘?‘r"’gﬁslfés??a.%{oﬁra?g@e? ct)ljl a?‘ ﬁf‘gﬁﬁha% ng

step, thenaKRMIE AlsBariRY. MBEEhAPmaied itH FedaFORAIHS @ aphis UeHca s hetem ng,
resi st coating and a soft bake. After exposure, the 20 substrate may be

subj ect edesasibed har bpgloedufos sxanaplefrers US $844, 7% insomasatpd Rererng) |
devellgprre%t a hard bake and neasurenent/inspection of the inaged features.
Thi s arrd e’E?‘I“ce‘procedures is used as a basis to pattern an individual |ayer

of a device, elganfufaGiurialphocdss Baid LHMBgaplEY pfojétton tappatatundesgervar i ous
processes such as etching, ion-inplantation sngp'l ng), netallization,
oxi dat i offe.gcihermaskp tstiznagehdnip elsilkditatathaids et leagh partiny eeneeed o2 Fyeiafh 25 of f

o Sl Syl S G PP ALY Db U A,
layer. Evenbualbdodufl, fich Y pinifhe Ydsie Sodtinklan®@ sod bai&se Alftep Bxpdigresthst r at e
(wafer). These devices are Fhen Separated from one another by a
20  substrate may be subjected to other procedures, such as a post-exposure bake (\i’EB),
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, cormected 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 crochip Fabrication: A Practical Guftde to Sem conductor Processing",
Third Edition, by Peter van Zant, McGaw Hi |l Publishing Co., 1997, |SBN
0- 07- 067250- 4, Fortbosakerodsiplivey cthe ptojeotion eystens enay-hereinedier b esfermdddo 68

sinplicity,, the projection syst ereinafter be referred to as the

"l ons < Ibuasrat IORRY S i AR h Brons B YT by S el BAS BroB Rt g
vari ous - | egdid it el | ¥Rad3BthE

reflecti ég@gﬁc}@sﬁge%%gﬁgg% ?&?&?ﬁ@ %ﬁ)}is&t§ ’eljﬁg%dﬁg? g?ﬁisggﬁrgpl eé %e Elgisct:lein}asf i on
syst em oy eahsplei Tind radation systere niay atsoenclodampmpooeits pperating ansprdngip anhiese
design types for directing, shapjng or controlling the oj ection, .beam of
radi ati oﬂft?‘e%ﬁf%s%éweéé Ieetng s n?a‘i’rs‘i?nggl_rllflgiﬂéer 815’_"?%‘9%%4%5\#38]8??%& ively
or STNGULA buth cBfipBnent sy also BEFEHRL (0 bBRw), LMaGLAR ! GingRRAY A US1aRY e of 2

t ype havi ng L%éwo oP nmore substrate tables (and/or two or nore nask tables).
| n such Yuonhdr] the dtteigaphic appwiatasndyte ofddimd lowalg tvaliir esore sehstibie taldesd i n
parallel, or preparatory steps may be carried qgut on one ar, re tables 10
whi | e on€ngfor i a1 BeFanagkipbley- %%Cﬁeﬁnﬁg‘p&&%ﬁgef g‘F“& EG@%&‘F’“ 1S5t age

| i t hogr aphi r ' EXALPL G onl dhe WP dBBI441 and WO
98/ 40791%5’?1’88?%%?5{%33&ﬁéﬁe@ﬂ%ﬁ@@%&erﬁlz‘é%%. A com*(r)ll)lnlg used actuator in

t hi s1d i eltlile 5né femberindrzatdes arabeing ubed ouetpoaurde \Dheb stagalithagtapliti ng f or ce
is derived fromthe magnetic field assocjiated w t rent driven 15

h
t hr ough aPRAANSHF fesgribathdeiexapiple, Inslg S Y6dHd aad I%pe‘)%(@%rg&tlﬂﬁqrﬁ?@te re used

to provi VI means between the substrate or nmask stage and the
mrror bﬁ%g%bygﬁfe\\fé%@g.h the substrate or mask is nounted. Large current
densities are pegdini@dy isedaka@tor imthiy fiald dethe Eofehizcdcantdry sk aidetvicgnd

conpact actuators, which |eads to signifjcant djssi p_gééihve heating wthin
the coil 81 acagingfgresiedasived oghthe stagnefioficld awerated W iomeiEes dBVEY ates are

{1 oulhg. THOBHY ol Wbl L, ShE BB LOARPLL TR et DR over,

during opgviakin®Ané baweé iheiseayteadr nidik stagonedithe ndabeblook, dnswhichiteed by eddy
currents induced in the body of the cooling plates b tine-var%ing

: . S DYy ]
ext er nal suhstyatstor ek i raeuntadh L argeguentiensitesarg sy red By oFder ©aWeNiBt ors (i . e.

'he goner 4o P08 3as ShibFEar G, KR Teac I R A R S paly Flale T
t he act ugii@in @B dolld €odBEOEleMERSE consisting of thermally conductive plates are
20  conventionally provided on the top and bottom of the coils, with water flowing in built-in
water channels acting to remove the heat. However, during operation the efficiency of the
Lorentz actuator is limited by eddy currents induced in the body of the cooling plates by
time-varying external magnetic fields. Materials that are good thermal conductors (i.e.
metals) are also good electrical conductors. Damping forces arising from the generation of
25  eddy currents degrades the dynamical performance of the actuator and the associated
dissipative heating degrades the thermal performance. Materials with lower electrical
conductivity but acceptable thermal conductivity, such as ceramics, suffer less from eddy
current heating than metals but it is found that machining of the cooling channels in these
materials tends to introduée micro-cracks and imperfections that reduce machine reliability
30 by increasing the risk of coolant leakage and mechanical failure. In EUV systems, the heat
sensitivity of critical components is such as to place severe constraints on the amount of

heat that can be allowed to radiate from the coils to the mirror block. In these types of




di ssi pative heating degrades the thermal performance. Materials with |ower
electrical conductivity but acceptable thermal conductivity, such as
ceram cs, suffer less fromeddy current heating than netals but it is
found that machining of the cooling channels in these materials tends to

i ntroduce mcro-cracks and inperfectiogs that reduce nachine reliability 30
by increasing the risk of coolant | eakage and nechanical failure. In EW
systens, the heat sensitivity of critical conponents is such as to place
sever e ceypghnsahapdoren codfiguanas of coofing fieasre nbianificant thadeadatetivwedtrelo r adi at e
frpmtheth% énlnseratn?reE - J,por block. In these types of it 5 systens, the
prior art configurations of cooling plate are not sufficient to adequately
control Ittife dhgurpefitt presentafventive teppyide 2 Larejtsacptopbjtercdussd t he present

| nvent | 0Budy QuRERYLARodhink QESLK ZnAGhHBhEob I e LARUERLGEA LU ihRRlis ihd 2
cooling element. This and other objects are achieved according to the

i nventi ohtHOErthu}pI!OICﬁG@lﬂawmﬂ@ CPRDIEEE | on apparatus conprising; - a radiation
system f o pr ovlaliigds Rl ff 561ikARa BERRRAhchAdl AR, - a support structure
for supporting patterning means , the patterning neans serving to pattern
the proj ecti of SkRpafsENSEET 83Ifﬁ@P?@ﬁépﬂé@iﬁgé%Fa%tﬂf@aﬁfmmg Re¥bstrate table for
hol ding a subgty; t%;paﬁen?-thpfn%%e nlbRdn SY&LERM haldede®dpsetat Ng the patterned
beamonto a target portion of the substrate; and - a Lorentz actuator,
conprising a @&#sdf AR deniiting ArbHaFal contact with at |east one cool ing
el ement, -\é\'her @'pﬂ}'jecriorpﬁﬁmﬂrforrﬂ%j&:ﬁiﬁk tHe pataiRd PEMY lofked tdrget Sa@iich «faiad subigrate] arent

, arranged so as to increase  the electrical. resistanc f eddy current

pat hs, char aclaéfP’l’eﬁtéGC‘B%;mf THPPHEPE L HHSTPasemg™ ‘8616?"?%60%?%%%%?@63% "&gr at ed
with thg sl it soolifg Seiadnt awhtegin:as to provide a plurality of parallel paths
arranged to reduce flow i npedance, .and_ forned w thi he, Lhg el ement.
The slits in PR B0 fgﬁsgarggreor‘f@ﬁ‘fmtsﬁggo%lp CAVRL ’Eé%atng%ssg Bar ?Ilg)cgéragéqf or the

c: rcul ati ng eddylectical entsence obbldy girregt padtem t o t ake pat hs of hi gher

el ectrical resistance. Thi .1.he effect of reducing the size of the
eddy currents?haf?ﬁ%gze?eb &éhgrgcgglg?r%l ng forces and the | evels of dissipative
heati ng. Accos@iingchaancls preafasd methl thenbio di mshte way helo ravids a glueligif¢fanged to be
parallel to e Lt ERGPHEALSSNA bR iedely. current
D i o hg'cﬁ%lsei ggggﬁ%gng oSebd AR RITRMcE bR Tbieslely

‘The slits in the cooling element thus provided act as barriers for the circulating eddy currents,
obliging them to take paths of higher electrical resistance. This has the effect of reducing the size of
the eddy currents, thus reducing damping forces and the levels of dissipative heating.

According to a preferred embodiment, the slits are arranged to be parallel to each

other. This arrangement encourages a uniform eddy current flow, which helps reduce

uneven temperature distributions within the cooling element.

According to a further preferred embodiment, the slits are arranged to be perpendicular to the
direction of the induced electric field. This arrangement is particularly effective in increasing the
resistance of eddy current paths and reducing thereby the level of damping and heating.

According to a still further preferred embodiment, the slits are arranged to be substantially parallel or
at a substantially oblique angle to the direction of the induced electric field. This arrangement can be
more efficiently integrated with certain device arrangements and remains effective in increasing the
resistance of eddy current paths and reducing thereby the level of damping and heating.

According to still further preferred embodiments, it is possible to optimise the

integration of cooling channels with the slits of the cooling element. In particular, the

lengths of the slits can be limited so as not to extend across the entire length of the cooling

element to allow more room for cooling channels to be arranged in an efficient way. As an




uneven tenperature distributions within the cooling elenment. According to a
further preferred enbodi nent, the slits are arranged to be perpendicular to
the direction of the induced electric field. This arrangenent is
particularly effective in increasing the resistance of eddy current paths
and reducing thereby the | evel of danpgng and heating. According to a still
further preferred enbodinent, the slits are arranged to be substantially
parallel or at a substantially oblique angle to the direction of the

i nduced edaeplerddiacént ditgimayTbd ssranger &ngreame fibmopppsivesidenof the efofingi ent | y

i ntegrat it ; 0. ' r s r | f ive in

i ncr easi ﬁ%n%éﬁd{r%gé%@tlgﬁ%ge\%&q%@%ﬂ}ﬁ%%ra@%%ﬁglg %g' aa%%&{r% EE:QI lﬁgé t hereby the

| evel of mdléiplpipargllch pathivelzrévagposside dihibmgthe dlest df| redfcutitedlowpr ef er r ed

enbodi ne Ll ' L. - ' cool i ng

channel s%'%ctiaﬁk%tﬁ}é)ﬁ%lf@?gdogk Efﬁ@ne@%ﬁz%ﬁt&g}a@%ﬁ gigl%%ﬁ%%}rat%?gﬁ{ear, the Ilengths
of the stdhieveddamihdpemeiprassueerigerenss. yghermpreexmern dymapstorbnati@k ent i re | engt h of
the cool yng 1k GRMved Qov@Jalgé)éﬂ’tlﬁ@fo@liﬂg@gmeﬁt_(?ﬁusq’xQ?Ao{fiHchghﬁ%ﬁﬂt}soft o be arranged
in an efficient way. As an 6 exanple, adjacent slits may be arranged to
ext end fhemolippesice sides of the cooling element. Additionally, it is

pr ef er abhg.otdiatio b B8 £ARIHRG&h 3RRSISrANR BihRR8ediI&R0aSwt 0 have nultiple
paral | el paths wherever possihle. This has the effect of reducing the flow
i npedancECEHIBIN RS PatPBhannel network, thus allow ng | arger flow
rates torReboRGRHEYAENE MdschfRempatdnpt @Sl Gadi iheteiteesdiur t hernore, a nore
symetri cal netvgr k. allows f8r Q. ore even cov ra&ell of.. thg cpol ing el enent
thus i npitdUPRYLRBPERPTBYRT [PIed heipet EUBTHE POowera! AdaLy F"ﬁg to a still
further pretandaghaniadivasanpordehe skhiat the miryor bcl, iahd @ducsdacamick 0 pr ot ect
from out gassitg\% fromthe coi If§.t. The Iabol\{e F{cnbodi nment s Q(gs%.rt.lesbe i nprovenent s
to the LBPRAYL HISTHCEC IRt SHoRE PR s My S ST ey IB8Si our, reduced
hot spot Aenpigrgat ufieseampkconfeircahtentiadhat isprovidev eflevicet 0 surroundi ng heat
sengtiv:%an%?a%%rr}gel?%tﬁods&) ri%ﬁ {hQFte ijgor bl ock, and reduced actuator mass
and vol une since e nore ertective cool i ng allows for increased current
densities. Ascotig ngbsimtahfiiy 4t frest parsplboiovand yladajenefapdijtion-senbigivemiterial;

provi ded. a deyhG&nd PR eafdnbeid Of ABRAAsiEOMRELSIGsdhe steps of 1 - providing
a substrate that 1S at” | east partially covered by a | ayer of )

radi at i on- sensingipgienig Beanglo endew e pjceigagean pithp axteroh itheaseftiopadi at i on
using a radi gihiedling 2 p&MWBrned bbhh B ad@loh 8hi0l REIBANSn droh-andOyy t he proj ection
beamwith a pattern in its cross-section;

radiation-sensitive material; and

- operating a Lorentz actuator, comprising a coil arrangement in thermal contact with at least
one cooling element, wherein
one or more slits are provided in said cooling element, arranged so as to increase the
electrical resistance of eddy current paths, characterized in that cooling channels are
integrated with the slits in such a way as to provide a plurality of parallel paths arrémged to
reduce flow impedance and are formed within the 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

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

"o

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.




- projecting the patterned beam of radiation onto a target portion of the

| ayer of radiation-sensitive material; and - operating a Lorentz actuator,
conprising a coil arrangenent in thermal contact with at | east one cooling
el ement, wherein one or nore slits are7provided in said cooling el enent,
arranged so as to increase the electrical resistance of eddy current

pat hs, char act &1 ihe@eesent ddeatmentpthleitérgnsC aitatens and Ebeamitaeguseti do emdonipatdhe
slits in such a_ way as to proyide a plurality of parallel paths arranged to
reduce fRBWRCHBEasHERN2EEtiGFadiatignpipaludingpiltaviolet radigtiomby-&Matight . Al t hough

speci 1 ¢ \J,LehaNGea8RBe) GBeer by ddHid) LS| Qlind S8 QfoldiEARARL AL US

according to the 1nhvéntion Tn the nmanufacture o

expl i ci t hyviigderavtieagthti ée raggech2@AmARE aradlt 4pahiivte voams, aichas iqndsainsloe
applications. For exanple, it may be enployed in the manufacture of

i nt eg? at elgcispn beaans. syst ens, gui dance and detection patterns for magnetic
domain nenories, liquid-crystal display panels, thin-filmmagnetic heads,
etc. The skilled artisan will appreciate that, in the context of such
alternative applications, any use of the terns "reticle”, "wafer” or "die"
in this text should be considered as being replaced by the nore general
ternms "mask", "substrate" and "target portion", respectively. -7- In the

d h ' adi at  on" " heary
Bl types of crabeBRaTethe AR o7 RE e oA E Bt BRGSTO0

(e. g910W blithaeferiiée teimgtabeddipadfidg sdftbatit Ydawibhyin0rhid6 nm) and EWV (extreme
ultra-violet radiation, e havi ng a wavel ength in the range 5-20 nn), as

wel | as parti cFm&hd@pictgégiﬁh%anhmrbiﬂaﬁ@l anparaussiceendmgrio lga smbodimbdi nent s
of the inyggtionfmjjl now be described, by way of exanple only, 10 with
r ef er enc&8 1§ T8 "8%conpanyi ng schematic drawings in which: Figure 1 depicts

a |ithographi criyed 2atiion aaRRAISH USths akphetidWsémblgToebadntRbtuatopl t he
invention; Figure 2 depicts a side view of the nagnetic assenbly for a

Lorent z slawiag dre coglhvith atacherbcasding elgmentsat t ached cool i ng el enents; 15
7 Qugs S e ki L OB St B IR, RSLAEY Ot BB
actuatoremﬁganﬁﬁphgﬁg el ement show ng
Figure 4 depicts a top view of a Lorentz actuator with cooling element showing
portion susceptible to eddy currents;
Figure 5 depicts a top view of a Lorentz actuator with a slitted cooling element
20  according to a preferred embodiment of the present invention;
Figure 6 depicts a top view of a Lorentz actuator with a slitted cooling element
according to a further preferred embodiment of the present invention;
Figure 7 depicts a top view of a Lotentz actuator with a slitted cooling element
according to a still further preferred embodiment of the present invention showing the

25  complimentary arrangement of cooling channels with the slits.

In the Figures, corresponding reference symbols indicate corresponding parts.

30 Embodiment 1

Figure 1 schematically depicts a lithographic projection apparatus according to a

particular embodiment of the invention. The apparatus comprises:




portion susceptible to eddy currents; Figure 5 depicts a top view of a
Lorentz actuator with a slitted cooling elenent 20 according to a
preferred enbodi nent of the present invention; Figure 6 depicts a top view
of a Lorentz actuator with a slitted c8oling el ement according to a
further preferred enbodi nent of the present invention; Figure 7 depicts a
top view of a idoidition sgstemdixiL, bt supalyiig 4 prefpcdonbéany PBlog mahationdegor di ng t o

a still her .preferred enbodi nent of the present .ipvention show ng the
55" compl ERShESIOR: PRamARE POl BoR ot ASHREIS AR B A 1 P he

Fi gures, .corre ' 8HC8 | 108 LG@t gatdMgnparts. 30
Enbodi-nent 1 F?ggsr@gbj?&stgﬁ%?n%lt | cajlolﬁg de ?g%dg&lgqiﬁia?ﬁg%{%(%ﬁ?c pr oj ggt I on

appar at umaslcMbX (i q reticle), apdedrinectedto Bybpeitrommntg roeartsHer doourtedy on. The
apparatus conprises: -8- a radiation systemEx, IL, for supplying a
pr oj e%tiB?Flfb@%sﬁ‘le%@kr"ﬁﬂﬁféfl-‘rf‘ﬁhto(l@fg?fﬁuv radiation), which in this

particul ar casg.al 5@ oﬁggﬂé\gﬂ?ﬁﬁ)b@trét@fgbﬂ%:\/gg Pméa%ﬁ-}f‘a sbstiafeHoldfPkgct table

(mask tabl e) provi de a mask for holding a mask MA (e.g. a
reticl e) holding ccxabsientt §(d @ afresisitcoptedistlicomiwater)yead sorfrercted de secand| y 5
positioning the mask with respect, .to itemPL; a second obj1 ec(tjD tabl e

I

( subst r apesttiemngmeyps 197 asruersely Resifonng thssubstrats Wb arspest s Rdiei ng a
substrate W (e -3 eS]S1 - Y - naf ; +® second
posi tioni ng rre%ﬁtsoj%(?? ﬁgtsg%?gﬁgx}s??ggg%fagﬁﬁ% gﬁ?ép) gﬁggltaggl?e% \(/imﬁ%%ar espect to
i t em@®L; partioh of Geirhak Mysinei: (drke psitjonRL (€ compdsing bneor goaudiys)obthei magi ng
an irradiated 10 portion of the mask MA onto a target portion C (e.g.
conpri si AEPsHAE Wr nore dies) of the substrate W As here depicted, the

appar at us, _i,S. 0 [€ | . . refl ' ; er,

I n gener as,h%{etJeH%Fdamg g‘%ééer\'i%ft%&far %ﬁgc%vse Eﬁ\%e(@'tgy%%, a%f%g%&gf gﬁrr% pe }%"E”%g@/w th a
transm sgi ¥eralasihy aldd bebNatranshiysivd fype, dppadaaiples(en@yvitnplraymissoeher ki nd
of patterning neans, such as 15 a programmable mrror array of %&Lype as

r ef er r edmagklabdomatively theapnacatesmepeyploy anefberkipd gERAtCHIBE Mepe HICHGE pl asma

0L BRGSO pRglfgahig Lo o0 o
traversed condiThé St A€aRSa laSdtGod@Redobéiathageassmes somce) pmiduces a
beam of radiation. This beam is fed into an illumination system (illuminator) IL, either
directly or after having traversed conditioning means, such as a beam expander Ex, for
example. The illuminator IL may comprise adjusting means AM for setting the outer and/or
20 | inner radial extent (commonly referred to as c-outer and c-inner, respectively) of the
intensity distribution in the beam. In addition, it will generally comprise various other
components, such as an integrator IN and a condenser CO. In this way, the beam PB
impinging on the mask MA has a desired uniformity and intensity distribution in its
cross-section.
25 1t should be noted with regard to Figure 1 that the source LA may be within the
housing of the lithographic projection apparatus (as is often the case when the source LA is
a mercury lamp, for example), but that it may also be remote from the lithographic
projection apparatus, the radiation beam which it produces being led into the apparatus
(e.g. with the aid of suitable directing mirrors); this latter scenario is often the case when
30  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 been selectively reflected by the mask MA, the beam PB passes through the




exanple. The illum nator IL may conprise adjusting nmeans AMfor setting the
outer and/or 20 inner radial extent (commonly referred to as a-outer and
a-inner, respectively) of the intensity distribution in the beam In
addition, it will generally conprise v&ious other conponents, such as an
I ntegrator IN and a condenser CO In this way, the beam PB i npinging on

t he maskicyAPhawhizh desiséseitle beadirh PBromrty a aangkt ipottendd ofthe sslistratetlVi Bhthithei t s
cross-section. 25 It should be noted vvitlh regard tao F:l#;ureﬁé tghat t he

sour ce Laidpdjhasscond prsHiongeg mepss SFilgnisriciometis MREYFEE HTRHd; Bt i on

appar at us S i t.he AL S AT B, , for
exanpl e) ?Ub%%?tctt%gw’f&n%ﬁ& %ﬁg%deag\é\ﬁ’rﬁ%%? 2 ?‘f%yn%(a? ﬁ%alﬁ?):l ta ﬁgﬁ? ap hg%{ ﬁbgﬁogijggct I on
appar at ugin iy atiagf tk bedn PBABInirh thet firprpaditioaimglmdang careld: asetido t he
apparatus (e.g. with the aid of suitable directing mrrors); this |latter
scena¥ i oadesrasdly pasitioretheaask WA vigorespest toghe pahoAthebeam BB Grgfel aser. The

current invention. and LB ] i The beam
PB subs eaﬁw??feﬁgeévra%é:{tﬁg Waﬁgmn‘g?%%ﬁiﬂ%ﬁ%rﬁ&f glt e %%g‘g'% g e M.
Havi ng bggResehaFihe/sdjyet tdsaarewbyill hereabed Wit the ARl dfedonPBrgasses

through the -9- lens PL, which focuses the beam PB onto a target portion C

of the suivdtiedterst pasitining)end askprostrokseneddo e pesitionisa) Ngishen8°( and

interf fr /| LE), . | g
e oL AR NS ) e T S Mt Toved
of the DeRMaRBscad Pph@hlsy heBk iAHISMIPOSY JusOR agincRad® Ldrideroksed to 5

accurately position the mask MA with respect to the path of the beam PB,
e.g. aftectwatmpohanydbalfixeétrieval of the mask MA froma mask library, or

during a scan._] n.general novenent of the.eobjec bles MI, WI will be
realized with th‘éd%lﬁ%ﬁp%?fﬁ%&“s “r'ok ln%diﬁﬁgk%c%%éegé posi tioning) and a
short - st joke npdylermbché NEe RAS labRNIMI keptbiseitiallyatafioharyatidl dncintiteymakkpi ct ed
in Figure 1. However, in the case of a wafer stepper (as posed to a 10

st ep- andimagers appentat inneghél. m§k1&1%‘ﬁl3§h’mpntmaytafgj:§ po@@n&%ﬁg@p@&a@o a short
o 0 £ B i e RO i e gl e R B REh esF BPR S8 21y
stati ona[,girra%@ge@gy #Rtehe PERSk image is projected in one go (i.e. a single
"flash") onto a target portion C. The substrate 15 table WI is then shifted
i n the x2and/ ofn scadnrcde; ¢seengiallp thetramescatiafio eprlies, exaerjdhat g YandAreet can
portion C is not exposed in a single “flash”. Instead, the mask table MT is movable in a
given direction (the so-called “scan direction”, e.g. the y direction) with a speed v, so that
20  the projection beam PB is caused to scan over a mask image; concurrently, the substrate
table WT is simultaneously moved in the same or opposite direction at a speed V= My, in
which M is the magnification of the lens PL (typically, M = 1/4 or 1/5). In this manner, a
relatively large target portion C can be exposed, without having to compromise on
resolution.
25 Figure 2 depicts a side view of the magnetic assembly for a Lorentz actuator. In a
typical application, the coil unit, which consists of a coil 3 and cooling elements 1 is
connected to the long stroke of the substrate or mask stage (WT or MT), while the magnets
4 with back irons 2 are connected to the short stroke of the mirror block, on which the
substrate W or mask MA is mounted. In operation, changing magnetic fields linked by the
30  conductive material of the cooling elements 1 cause eddy currents 5 to flow in the cooling
elements 1. The sense of these eddy currents 5 is shown in Figure 3, for an increasing field
directed into the page. The creation of eddy currents 5 provides a drag or damping force

that opposes the actuator and reduces its performance. In addition, heat dissipated by the




be irradiated by the beam PB; 2. In scan node, essentially the sane
scenari o applies, except that a given target portion Cis not exposed in a
single "flash". Instead, the nask table MI is novable in a given direction
(the so-called "scan direction", e.g. ike y direction) with a speed v, so
that 20 the projection beam PB is caused to scan over a mask i mage;

concur r erircMatibdheurfdnbsiciades thet effek ivafifss of the cosdlihg ekaieat §. Tiiy tattet effdcheansane

or opposite direction at a speed V= M/, in which Mis the magnification of
the | ens bpma(ttoy}:arlaaﬁmgmw&E%Msxﬁtenls/\sl)qre # fumherofcampenentyareighdy j ve| y
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Lorentz aehmgtor. In a typical application, the coil unit, which consists

of a coil 3 and cooling elements 1 is_ connected to the |ong stroke of the
substfate or nddk asgaLoef thewoddingpiates Wilial is pertisulerly means to £2ddy eHTeRie R1d ilons 2

.ed. ke of .th ' . | G
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l'inked by khers9iRRRAEEhIW 8ddPERIdn® 5 Ahy bbcotRNkd Agoediagenths plese@use eddy
currents 5 to flowin the cooling elenents 1. The sense of these eddy

cur r ent s iBvengios hpwmradacifg glits € 18 the enoliag elemerehSiimng the eststangs paessdbic i nto t he
page. The.creation aof .eddy currents 5.provides a drag or danping,force
Phat " oppolibs Pratintiy iy tutare gadused LS HER aPwil Rle s BT tR " hea

di ssijgat edele t38s-seblondt iafea U@Ly ARty ABtRrdiedUe@Rl U &f hetddramarss of
the cooling elenment 1. This latter effect can be particularly damaging in

EUV syst eesstaiverod the addyrioerrent pathoromdsaipatedt cahvagies ps theesquineiod ghe augrenther nal
expansi on, ;whjch_can be({ ndpyced tggdr adi ation fromwarnmer elenments nearby.
b

5 The ar &89 GFrefoe 2lsg srdunes AF 5188 J4MPHEIOCE particul arly prone to eddy

currents, and iyhe sWhhgdhent i IighfRSt coRfchSsikds ¥Pa h@thbPpRtredRMb dirRer ONhE Ol
eddy currents 5, is indicated in Figure 4. Figure 5 illustrates how eddy

current s ifvemtipn bderstmthe slits§ciraparallei tn gathoothéreThis egengemenhisdentionalby
the. T8I 0E0HSE & TEBRBOTE Wi GR™ Y FURES aresq BrLEa e ehpearef B%eding
oot et AT OB e R Sy curr ent
pat hs. Tiperpghdisilentoatle bddit cuvani Bow dspicted is bigares3. dhis dreangemeriris desamablei s
therefor %egzlussg itris(:a Séjrﬁc‘?u él‘l}? esfféc%ivg E]ne ing%gaing gnefrgsrigtgﬂce of eddy current paths.
Alternatively, it may be more desirable to arrange the slits to be parallel or at an oblique
20  angle to the induced field in order to more efficiently coordinate with surrounding device
components and to reduce manufacturing costs. These alternative arrangements can also
achieve satisfactory increases in the resistance of eddy current paths.
Figures 6 and 7 depict an arrangement of slits 7 according to a further preferred
embodiment of the present invention. Here, the slits 7 are reduced in length in order to
25  accommodate cooling channels in a more efficient manner. Although it is not essential for
the slits 7 to cut completely through the cooling element 5, it is preferable that the shts
penetrate through a major part of the cross-section. For cooling channels & of reasonable
cross-sectional area, therefore, it is necessary that they avoid the slits 7. Additionally, for
optimal cooling and reliability, it is necessary to achieve a rapid and maximally uniform
30 flow of coolant through the cooling element 1. An example arrangement for achieving this
is depicted in Figure 7. For a given pressure gradient driving the flow of coolant, the flow

rate depends on the flow impedance of the cooling channel network. The flow impedance

of the network depicted in Figure 7 is kept low by using short sections of cooling channel] 8




The arrangenent in Figure 5 corresponds to a further preferred enbodi nent
of the invention wherein the slits 7 are parallel to each other. This
arrangenent is beneficial 15 because it favours a nore uniform eddy current
flow, so that induced tenperature incrblases are spread out and reduced in
magni tude. The slits are also arranged to be largely perpendicular to the
eddy cur r:emtecﬁsd MgedmpmparalllelnAﬁJoghngtosthe Tmplsmntaamgengwstms thbeobnd| e F
because i} artlcular ef f Cth incre the resistance of eddy
current ﬁ'é%“ﬁ A(P’t‘lé]imﬁ’gt"‘l f\’,lé%tgnth ly g arb%r arﬂ%@”%@&%ﬁ‘ﬁ?@“ﬁ% CHSP ARG "t he slits
to be parall el yaf;pl eg{:ﬁccgﬁhﬂoﬂﬂﬁ nt<L6r 1BO fventish AR beBfGBlibdd Mlode, il der to
nore efficiently coJ) surroundi ng device conponents and to
reduce nmheupmedisted tigit desheentibhasy belpratioat othervdse thag endsstsbatiaithal so

achi eve satisfactory.incr ases in the resistance of eddy current paths.

Fi gures HessRBtion gayy EFmHW £ P desderention. | i ts 7 according to a further
preferred enbodlnent of the present invention. Here, the slits 7 are
reduced in length in order to 25 acconmopdate cooling channels in a nore
efficient manner. Although it is not essential for the slits 7 to cut
conpletely through the cooling elenent 5, it is preferable that the slits
penetrate through a major part of the cross-section. For cooling channels 8
of reasonable cross-sectional area, therefore, it is necessary that they
avoid the slits 7. Additionally, for optimal cooling and reliability, it
IS necessary to achieve a rapid and nmaximally uniform 30 fl ow of cool ant

t hrough the cooling elenent 1. An exanple arrangenent for achieving this

is depicted in Figure 7. For a given pressure gradient driving the flow of
coolant, the flow rate depends on the flow i npedance of the cooling
channel network. The flow i npedance of the network depicted in Figure 7 is
kept | ow by using short sections of cooling channel 8 -11- connected
together in parallel. According to the inplenentation in question, the
cooling channels 8 may have a substantially circular or a substantially
rectangul ar cross-section. \Wilst specific enbodi nents of the invention
have been descri bed above, it will be appreciated that the invention may
be practiced otherwi se than as described. The 5 description is not intended
tolimt the invention. 12 CLAIMS: 1. A lithographic projection apparatus
conprising; - a radiation systemfor providing a projection beam of

radi ati on ,




a support structure for supporting patterning nmeans , the patterning neans
serving to pattern the projection beamaccording to a desired pattern; - a
substrate table for holding a substrate ; - a projection system for
projecting the patterned beamonto a target portion of the substrate ; and:
- a Lorentz actuator, conprising a coil_ arrangenent in thermal contact with
at | east one cooling el enent, wherein: 2 one or nore slits are provided in
said cooling elenent , arranged so as to increase the electrical

resi stanggaffg.€ddy current paths, characterized by further conprising:
cooling channels integrated with the slits in such a way as to provide a

plurality of Rapghhflic Rebln affat-ARIGHNdher €duce flow i npedance, and forned
within the cooling elenment. 2. A lithographic projection apparatus

accor di ng to TRARFANEYsteR derareyidinge mpipqtion heag: ofgpdiitied to be substantially

paral l el . to eagBpdtdi8etureor shppottinh PaHeRRY Feald QhEGHkERMe RAAN at Us according to
any one of the preceding clains, wherein the slits are arranged to be

subst ant PFEVPY oREIER HEPEURCHPn b8t 35e0rdirg A ediFd @ He i nduced el ectric
field. 4. A lddubogt-aind or@blajngekiRiat@ppar at us according to any one of the
preceding clains, .wherein the slits are arranged to be substantially

paral | el or %REUH %{eah?qrafw%h Pf&&‘nacﬁbﬁa , ontq %taf%‘?bp"&ioﬁlé’ibﬁeé‘ﬁsﬁte t¥rd

i nduced el ect § Lereiti &duthtor fcomfriding hafirapitepefrio jieahdl oshtappat atleast according to
any one of theeQr gp%kﬁ%nﬁlq$p§_ wherein the slit lengths are limted so as
not to ext end”dci0¥% enttre-length of the cooling elenent. 6. A

| i t hogr aphi c qregyr eotd stits @ppavigdtdis s@d coliol ¢lgménd, arygaine aoh ifcdresegphedeadioal

cl ai s Ln jacent sli t rom ite sides of the cooling

el enent ¥@§éﬁe9f%£*%F%@&F%%ﬁ%%aﬁégfggﬁ%8%”§%R§§§¥Us according to any one of
t he precedi ngeoolied arsnnelghintegitnd witloihe plgs chaminevay @rtepravidanpiedlifyef parallel paths

subst ant j A LG Abe S [CHRRETNa I & 1 coverage of the
Arfah%eé #t?%/ 'Em%tﬂf k‘i{a}) d'é‘&femg EQII‘ITIQd PhAY hde 1fﬁ§'e1 kAN

cooling ele t hographi ¢ projection dpparatus according to any
one of the preceding clains wherein the slits are filled to protect from

out gassifng fromubAepESrhieRioh apiaMhs cdtRitis 8 et 1, RlerBR iRQEsCRAPr i sing the
steps of: providing a substrate that is at |east partially covered by a
| ayer of arpaRgdae oy bstantially parallel to each other.

3. A lithographic projection apparatus according to any one of the preceding claims,
wherein the slits are arranged to be substantially perpendicular to the direction of the

induced electric field.

4, A lithographic projection apparatus according to any one of the preceding claims,
wherein the slits are arranged to be substantially parallel, or at a substantially oblique angle,

to the direction of the induced electric field.

5. A lithographic projection apparatus according to any one of the preceding claims
wherein the slit lengths are limited so as not to extend across the entire length of the

cooling element .

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

wherein adjacent slits extend from opposite sides of the cooling element .




sensitive material; providing a projection beam of radiation using a

radi ati on system ; using patterning neans to endow the projection beamwth
a pattern in its cross- section; projecting the patterned beam of radiation
onto a target portion of the layer of radiation-sensitive material; and
operating a Lorentz actuator, which conprises a coil arrangenent in thernmal
contact with at | east one cooling el ene , Wherein: one or nore slits are
provided in said cooling elenment , arranged so as to increase the

el ectrical 1ﬁ§4g§f§ U5 Rl AN EHLL sva&gpc%p%neﬁmw&%&ﬁéasqls'n that cooling

channel s are 1 nte |ts in “suc way as to provide a
pl ur al i tyhesdin pepling ¢be1meba4rhsrrmg?fhlngé@bStaethﬂédn@eetlfwabwtwriséﬂ@rﬁ‘éée and are

formed Wibhhh Bvbls G dobshoaitgnt . ABSTRACT Li t hographi ¢ Apparatus, Device
Manuf acturing Method, and Device Manufactured Thereby. Lorentz actuators

generate heat due to electrical dissipation in the field coils. As the

field wghroudlindhghie phdicri&Ghapaess a&%%g%ﬁn&%%&t@p@ede&lﬂé‘&ﬁ%s' n cooling
el enents | eading to undesirabl e danpi forces and heating. The present

i nvent i o T:fF‘B\P‘i‘%fB? i} lm?w&atfrfa%g?t%ﬂ%&%qm%aﬂbes eddy currents by
incorporating slits in the cooling elenent. Slits are preferably
perpend CU|%ﬁEtO t he .induced electric field nd parallel to each other, and

reduce ~ t he Arfisyiis PerEBE FEDRYERPPLSPE BREEPYRY forcing them to take paths of
hi gher el ect rireading 4 abitsiteath@es atfe:gt partially covered by a layer of radiation-

sensitive material;
- providing a projection beam of radiation using a radiation system ;
- using patteming 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; and
- operating a Lorentz actuator, which comprises a coil arrangement in thermal
contact with at least one cooling element , wherein:
- one or more slits are provided in said cooling element , arranged so as to increase the electrical
resistance of eddy current paths, characterized in that cooling channels are integrated with the slits in
such a way as to provide a plurality of parallel paths arranged to reduce flow impedance, and are formed

within the cooling element.




