P- 1522. 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 yi ng ?%; ﬁct i on beam of radiati o:][; - a support structure for
supporti ns?lp??r té ning neans, the patterning neans serving to pattern the

proj ection bearrL%cordi ng.to a desired pattern; 5 - a substrate table for
hol di ng a subst gegraphic Apparatus, DayicedanyfacturipaMethnd, apd Deyiceer ned beam

onto a taf\ﬂﬁfuf?&ﬁ“cpfh?nfeh he substrate; and a Lorentz actuator, conprising
a coil arrangenent 1n thernmal contact with at |east one cooling elenent.

10 The term "patterni ng neans"” as here enpl oyed shoul d be broadly

interpreted as referring to neans that can be used to endow an inconi ng

radi ati on beamwi th a patterned cross-section, corresponding to a pattern
substrate; the term

that is to be c Nl .ar get rtion of .the.l )

rght “valver ol pieeg Bubalidh R Elntenic iR 4PRaretis Fomblfb Dot er n
wi |1 correspond, tRliRioRalite®UbAsupblitd 4 prafectibRBEIm bralifARy! ce being created
in the target portion, such as an integrated circuit or other device (see

bel ow). Exanpl essupfpostistiuctupator enprongngmedtemingunkantethe patterning Mbascevogpt  of
a mask is, well known.in. lithography, and i.t includes mask 20 types such as
bi nary, af%RAHGEYS ﬁ@r%%’é’é.@ﬁ‘?‘fgaﬁ?&gﬁﬁ t%la(t‘jiéﬂ{f’gtpége’ﬁ‘hase-shi ft, as well as
various hybrid paskibhdie fd?'h%‘ftﬁﬂ%ﬂ& RtragUch a mask in the radiation beam
causes selective transm ssion (I t‘he case of a transmissive mask) or
reflection (in &pmjedtianaysdém dormbjeeting the patakgd bdant butoraztaiigat partion afhagi ng
on the mask, according to the pattern on the mask. In the case of a nask,
the suppoP4Ps¥REL@ure will generally be a 25 mask table, which ensures that

t he mask can be esl : e ' | ) hadk | beam
and that it cana Eg}eg%vegﬁa F(gf (Zc}(nﬁ@%n%?%%e eg%m%ﬁqgéﬁ&@gg%dr}gaﬁ th%& tedkt
pr ogr anmabhecodling element.ay. One exanpl e of such a device is a matri x-

10

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 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.



addressabl e surface having a viscoelastic control |ayer and a reflective
surface. P-1522.010 -2 The basic principle behind such an apparatus is that
(for exanple) addressed areas of the reflective surface reflect incident
i ght as ﬂifféiﬁ ed light, whereas unaddressed areas reflect incident

| i ght as Adi cted light. Using an appropriate filter, the said
undiffracted light can be filtered out of the reflected beam |eaving 5

only the diffradbebasiq pmcipleisehiad speh anapparstisiethat tfaeesamie)nddesiad arcas
patterned accopfhbiedditd Qufddransi ﬁgidgﬁgigglégsa@%%{%egdl t e Bgr essabl e

surface. An ernative e nent o rrorarray enpl oys

a matrix arrangeiddpdssedl arkdseflebt incRlent ligeh uﬁaifm&ut@dﬂlégﬂ.nmﬁlg!dﬁ ipptopriatel ¥
tilted about an axis by applfﬁg‘?g a suitable localized electric field, or by

enpl oyi ng pi ezolterctheisaid undiffracted lightrcambe ddteredruit ofithgireflectésdcbaain; leavingar e
mat r i Xz addr essabl.e,, s t dressed mrror i ||l .reflect an incom ng
radi ation beam ?Wyy%‘?{%ﬁeﬁl{%& BEi B AP waﬂﬂ%{qﬁlﬁggwd’eﬁww&emeﬂ this
manner, the ref Lealdsh RARILAdeRRd RiRRbARC A/ dréRat b Surldr @851 Ng
pattern of the matri x-addressable mrrors. The required matrix addressing

can be perf or neatamsitivg embotimidng ofh prtgrammeblemdnsr array dmployd miatrix 15
situations described hereabove, the patterning neans.cap c,i)}n&pri se one or
P

more progr ammeHFEERRERAE thy i, fivelieh say hegAdiyiduaily figed abqulga 268 her e

5266, 501 and (8 APIEHETRERIC ReaBEA T AET B T ERENTREEST 2nd wo
98/ 330®6, Wwhi chactidtidnimens.pOndé Sehin) elicemirrdry arcahftriR addresdabld, bechoste of a

programmable mrror array, 20 the said support structure nay be enbodi ed as
a frame or tabl @dressed myzers Mall reflget amingaruingaradiatienibeam iy diblecenh direddigni r ed.

A progranmabl e rray.. An_ex l e of h pstIuct | | Lven in

Ui ted States PArafirefet sl HBiping FErRebEl B Pl afbasgine
reference. As aRQueaddrbdiehSpHreR ¢f thé AdfixiRirésaBlPhir6RS ThERYquUARd diHdg€i ed as
a frame or table, for 25 exanple, which nmay be fixed or novabl e as

requi red. For paldpessing caf bs performsidtusingtsuisable sleciodnic means. elatbotlngf that certain

K TP ST P HC MR SR e YA g
shoul d be seen jRotReniHIOARRr £PIVE EXfor® InfbratitiBAToh ShitloR GrriRaR here referred
to can be gleaned, 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 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



as hereabove set forth. 30 Lithographic projection apparatus can be used,

for exanple, in the manufacture of integrated circuits (1Cs). In such a

case, the patterning neans nay generate a circuit pattern corresponding to

an indivi gylaslnlog er of the IC, and this.,pattern can be i maged onto a target
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procegkir esfarspleh as a post-exposure bake (PEB), devel oprrent a hard bake
and measurenent/inspection of the inmaged features. This array of
procedures is ubedimasufactbasg processpatrigerlithagraphic projettiah apparatus.of patterievi ce,

e.g. an IC. Such a _patterned | aye t.hen under vari ous processes such
as et chi n-& ilBAMasH) 15 Hnagsdamto ea@ﬁrrﬁtg)ﬂ\{atﬁie#alﬁsf mlg&co‘@m et of

chemo- mecpAMk6AlseRRiteShidfal Féststy. PAbE to' RisGAdgAg sRp! ih8isibhtrate may undergo

various procedures, such as priming, resist coating and a soft bake. After exposure, the

20  substrate may be subjected to other procedures, such as a post-exposure bake (PEB),
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.



25 off an individual layer. If several layers are required, then the whole
procedure, or a variant thereof, wll have to be repeated for each new
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within the coils. Cooling elements consisting of thermally conductive plates are
20  conventionally provided on the top and bottom of the cotls, 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 introduce 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




Lorentz actuator is limted by eddy currents induced in the body of the
cooling plates by tinme-varying external magnetic fields. Materials that
are good thermal conductors (i.e. nmetals) are also good el ectrical
conduct or?._lslggrgibng forces arising fromthe generation of 25 eddy currents
degrades the dynam cal performance of the actuator and the associ ated

di ssi pati ve, heat.,i ng. degrades the thernmal performance, .Materjials wth | ower
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ceram cs, t&qgﬁlﬁ‘gm{&@&tﬁleggﬂ@ddy current heating than nmetals but it is
found that machining of the cooling channels in these materials tends to
I ntroduce mcro-cracks and inperfections that reduce nmachine reliability 30
by increasing the risk of cool ant | eakage and nmechanical failure. In EUV
systens, the heat sensitivity of critical conponents is such as to place
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syst ens, tdidy quricots iartcockny ¢lgmentt i ons of cooling plate are not sufficient

to adequately control the tenperature of the coils. 5 It is_ an object of
the present invgﬂ‘lsia% ofhsr phistts aes aﬁl@&%?ﬁcfr%s todhe invgption inglithagraphig gy
currents | | Sy qa)] t | r '
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openi ng pproagted i said baslag) démadartangbdsd aspendreaseBiccelédtiit sl révitanceloPeddied in
said cooling element, arranged so as to increase the electrical resistance
of ede/ QoI Pathht paths. The slits in the cooling el enment thus provided
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di ssipative heating. 15 According to a preferred enbodinent, the slits are

arranged ebredecipgthg)sizgl ofithe edsyieurrentscthus redueing dampige fenses andctbeleyglsofa

uni form egldé/. GUIT egﬁnf | ow, which hel ps reduce uneven tenperature

di st ri but FGHE* M tl}‘?l &he cool i ng el ement. According to a further preferred

enbodisrent, theAstdriiingds & pafemet&abdimem, theQliRenshralgad té Be phralélith esdnl on of
t he induced electric Fl el d. This arrangenent is particularl 20 effective

i n i ncr easthay Thisearrapgéementeoeoushges ddwiform eddn Ctpmhﬁownwhicéduﬁisnghtcher eby the
| evel of

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
20 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

25  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

30  element to allow more room for cooling channels to be arranged in an efficient way. As an
example, adjacent slits may be arranged to extend from opposite sides of the cooling
element. Additionaily, it is preferable that the cooling channels are arranged so as to have

multiple parallel paths wherever possible. This has the effect of reducing the flow



danpi ng and heating. According to a still further preferred enbodi nent, the
slits are arranged to be substantially parallel or at a substantially
oblique angle to the direction of the induced electric field. This
arrangerrep;lﬁgqj&ge more efficiently integrated with certain device 25
arrangenents and renai ns effective in increasing the resistance of eddy
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cool i ng channel ggetwor K, us allowi.ng larger flowrates to be achieved
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enbodi mentg surteending heatsaysithe: donpgonents sudhsastthe mixiartedk, hfid radacédapsatdgrg from
the coils. The above enbodi ments descri be inprovenents to the Lorentz

act uat®r m4ss andseolume singe thepners effeetigsoalingalpns for increase eustenhdensiiss.
tenperatures and overall radiation levels to surrounding heat sensitive
conponents such as the mrror block, and reduced actuator 10 mass and

vol ume since thaceordingad b Eaither @speeodf the irfehtinbthbRris prsddedsedevider r ent
densities. According to a further aspect of the invention there is provided
a devi ce mapwiastEngmethpdraonssingdhesteri ¢fy t he steps of providing a

substrate that s _at |east. parfially cover. by a l.ayer of «radjation- 15
sensi tpve- mt er Py Rin €8RS i & e R0 Rle B B utiog ity
radi ats on syst egansiivk Rehtddlt €r ni ng means to endow the projection beamw th

a pattern inits cross- o . o
- 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
20 radiation-sensitive material; and
- a Lorentz actuator, comprising a coil arrangement in thermal contact with at least
one cooling element.
characterized in that one or more slits are provided in said cooling element, arranged so as
to increase the electrical resistance of eddy current paths.
25
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 pattems for
30 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.



section; - projecting the patterned beam of radiation onto a target portion
of the layer of 20 radiation-sensitive material; and a Lorentz actuator,
conprising a coil arrangenent in thermal contact with at | east one cooling
el enent . ?hﬁéz%srized in that one or m),re slits are provided in said
cooling ele t, "arranged so as to incréase the electrical resistance of

eddy current paths. 25 Although gpecific reference may, be made in this text
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for 30 magnetic domai n, nenories, liquid-crystal display panels, thin-film
magneti c A®YBg2 W@Felﬁngﬂm%ﬂvgwamgee%ﬂémsaaﬁv as|paginle ; suchistion bepmsis
cont ex ogwﬁgﬁphé$kernative applications, any wuse of the ternms "reticle"
"wafer™ or "die” 1nthis text should be considered as being replaced by
the nore general ternms "mask", "substrate" and "target portion",
respectively. P-1522.010 -7 In the present docunent, the terns "radi ation”
and "beant are used to enconpass all types of electromagnetic radiation,
including ultraviolet radiation (e.g. with a wavelength of 365, 248, 193,
157 or 126 nm and EUWV (extrene ultra-violet radiation, e.g. having a

wavel engt h i n t Bmbbangtdofdfe HivkntiGbwilbidw B d@Rtibéd b§ WasdTRxafiplelonfs | On
beans or 5 electron beans. Enbodi nents of the invention will now be

descr 1®edwithyelgrgpcoto thr apqonepasyiing schenmatigidrawings mrwhiel t o t he acconpanyi ng
schematic draw pgs _in.,which.. Figure 1 depicts a. lithographic proj.ection
appar at us accor MGG | SEPIHS & s spis protsplion eoharasis cc S0 0NN 1 s
si de vi ewppfhetiki@ntiB@neti ¢ assenbly for a Lorentz actuator show ng the coil
with attached cooling elenents; 15 Figure 3 depicts a top view of a Lorentz
actuator with cBigureddepieisasids vidvoof thg magretjc assemblytfor 3 borentz actuator

showing the coil with attached cooling elements;
15 Figure 3 depicts a top view of a Lorentz actuator with cooling elements showing
eddy current flow;
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:




Figure 4 depicts a top view of a Lorentz actuator with cooling el enent
showi ng portion susceptible to eddy currents; Figure 5 depicts a top view
of a Lorentz actuator with a slitted cooling element 20 according to a
preferredpendgdigent of the present inv_%[ltion; Figure 6 depicts a top view
of a LorentZ actuator with a slitted cooling elenment according to a
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25 conplinmentary arrangenent of cooling channéls with the slits. 'In the
Fi gures, correspéirdiohget iabler(ensletablardEl pravidiidositiea sk beldenfr holdpgra s. 30

Enbodi ment_ | Figure 1 hematical ly depicts.a |ithographic projection
appar at us“ﬁ'ﬁl&mrﬁ atr8§§1[e)’ﬂﬁ F?‘H{?Féfl t‘éﬁffba‘?%‘?ﬂm%meg‘i‘ﬁet%rﬁ tel¥n. The
appar ag USpGQH&[ihéﬁ%mfsk%ﬁ%?re@é&t thitan Ppdi ation system Ex, IL, for supplying
a projection beam PB of radiation (e.g. EUV radiation), which in this
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(rmask tab with g mask holder for holding a mask MA (e.g. a
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(substrat Egilg(ﬂﬁ%%smo%%c&gagagﬁﬁ %’ﬁhgmg g@g%sﬁg§%ﬁ%§ﬁgg§%fa§? b ?%{-).-1 II(‘1]?’ng a
substrat e- W ( e. gprajedtionisgdtern gélersl) BLI(¢.gonmivedregrdup) docintapivipest iddiateds econd
positioning neans for accurately positioning the substrate with respect to
i tem BL; BOTHeBjoé thejmaask VA qale o targst postion C (eg.Fomprigingase of mnpilies)ot tfl)ffragi ng
an irradi ?llb%gat portion of the mask MA onto a target portion C (e.g.
conprising one or nore dies) of the substrate W As here depicted, the
appar at us Ak siefdepicked] tiRGippatisYPEf { Rfgctiveaspe (el hheLdféetivEankdk). HONENE ,
in general, it may also be of a transm ssive type, for exanple (e.g. with a
t r ansmi ssingenerghdlanay alse be ha fravsnyissivhpe,dpaexample (g vaHp? gynsaristiveer ki nd
e as

o 0oL g GRS o SAOQTRRbe Do R B, e
sour cgy Pk pEbEeRAmable mirror array of a type as referred to above.

The source LA (e.g. a laser-produced or discharge plasma source) produces a
beam of radiation. This beam 1s 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 [L. may comprise adjusting means AM for setting the outer and/or

20  inner radial extent (commonly referred to as G-outer and o-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 It 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



beam of radiation. This beamis fed into an illum nation system
(illTumnator) IL, either directly or after having traversed conditioning
nmeans, such as a beam expander Ex, for exanple. The illum nator IL may
conpri se @giﬁ§t0ilﬂg means AM for settinggthe outer and/or 20 inner radial
extent (conmmonly referred to as a-outer "and a-inner, respectively) of the
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Simlarly, positioning means can be used to 5 accurately position

the mask MA witThé égieted appardthecandieused i the diffeitnfiBodés: 9. after nechani cal
retrieval of the mask MA froma mask library, or during a scan. |In general,
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the mask table MI may just be connected to a short stroke ~“actuator, or nay

be fi xed. berireadintgs byt & bappdBat us can be used in two different nodes:

2. In scan mode, essentially the same scenario applies, except that a given target
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 ¥ = 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. Ina
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



1. In step node, the nmask table MI is kept essentially stationary, and an
entire mask inmage is projected in one go (i.e. a single "flash") onto a
target portion C. The substrate 15 table W' is then shifted in the x and/or
y di rectigpl%lzz%%@hat a different target portion C can be irradiated by the

beam PB; an node, essentially tH& same scenario applies, except
that a given . target I on I.s not exposed i.n a single "flash",  |nstead,
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cooling elenents 1. The sense of these eddy currents % I's shown in Figure

3, fot0 anavyenegesaesisrigetianal area.diddycugdnts Atare thiaesfora geducghducioghe insreasdd eddy
currents 5 ovid a.drag or ing.for that. o ses the.actuator and
Foduces | Teslare 8 el Aheahafe TR dissidated heatiabia? BOTRauire oplesdRedt 0" 1o
circul ati g RYhdrRtSaliSRUEER, bR RS dRedihy &i16ss of the cooling el ement 1.
This latter effect can be particularly damaging in EUV systens where a

nurmber of conpohbaarsangement igtigure Sengispionds totofurther praferres panboiament ahtheh can
cool i ng. pirsebiorvheian e Sy T CEraial P BB ol DaRES B LEGA o whi ch
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cont r ol | esreapread ditapdtreduded ipmageinidei Theslits ane alsp armangatiediedgrgslyits 7 in the
cool i ng eijgrggnndticujlér tc? itﬂ]ecgddtyrcl:ﬁrr[eﬁstjlosut/ Qp(igteg ?nrlg‘)iglsretf%his arrangement is desirable
because it is particularly effective in increasing the resistance 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 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 maximally untform
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



slits 7 is extrenely high, currents are forced to circul ate around | onger

paths of smaller 10 average cross-sectional area. Eddy currents 5 are

t herefore reduced due to the increased resistance of the eddy current

pat hs. Th fy ated heat varies as the square of the current and is
Bl Eb

t herefore
5 corresponds tqQ.a furtheraﬁre%err nt of. the invention mhereln
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Al ternati 0 arrange the slits to be parallel
or atngn g%%%BU&{ gﬁgggggﬁ@Eéhﬁ§%P% ce1 ield in order to nore efficiently
coordinate with surroundi ng device conponents and to reduce manufacturing
costs. These alternative arrangenents can al so achieve satisfactory
increases in the resistance of eddy current paths. Figures 6 and 7 depi ct
an arrangenent of slits 7 according to a further preferred enbodi nent of
the present invention. Here, the slits 7 are reduced in length in order to
25 accommodat e cooling channels in a nore efficient manner. Although it is
not essential for the slits 7 to cut conpletely through the cooling
element 5, it is preferable that the slits penetrate through a najor 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 maxi mally uniform 30 flow of coolant through the cooling elenment 1. An
exanpl e arrangenent for achieving this 1is depicted in Figure 7. For a

gi ven 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
cool ing channel 8 P-1522.010 connected together in parallel. According to
the inplementation in question, the cooling channels 8 may have a
substantially circular or a substantially rectangul ar cross-section. 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

duced, as is the danpl force The arrangement in Figure



5 description is not intended to limt the invention. P-1522.010 -12
CLAIMS: 1. A lithographic projection apparatus conprising: - a radiation
system for providing a projection beam of radiation; a support structure
for supporting patterning neans, the patterning neans serving to pattern
t he projegﬂﬁggoﬁgan1according to a desirt&d pattern; 5 - a substrate table
for holding a substrate; a projection systemfor projecting the patterned
beam ont 0oCAAIMSyet portion of the substrate; and a Lorentz actuator,
conprising a coil arrangenent in thermal contact with at | east one cooling
el ement, 10 characterized in that one or nore slits are provided in said
cooling elenent, arranged so as to increase the electrical resistance of
eddy current paths. 2. A lithographic projection apparatus according to
claim1l1l, wherein the slits are arranged to be substantially parallel to
each other. 15 3. A lithographic projection apparatus according to any one
of the préceding cl ai ﬁ“sl}thoml"%?‘i?l?"itien§P1P¥%tu%$‘§n%!i‘§*%$iged to beg g

substantially p?fﬁ%g’#l;sgﬁ% fgp%‘%g@ti‘?%% &gﬁgﬁgﬂ Pgmtl BPraditdiced el ectric

field. 20 4. A I'C proj aratus according to any one of

the precedi ng chsippert strobifeion sipportald pabteming meaNgRPattorniie; medisisarvirgal | y
parallel, or at a substantially oblique angle, to the direction of the
i nduced el ect ri © Hattemmghe projection bsagrasemtingbe adesreddattempar at us according to

any ong of the pr i l.ai.ne.. 2 rein the slit lengths are limted so
as no?seto extengélgbgﬁgtgggqlggg}ﬁqw%éF%&?_ >of the cooling element. 6. A
l'i thographi c pr@prgddien s?d@é}ﬂrfaﬂpiﬁje@ﬁ?ﬂhé ipAGerh &l Béivn &M aQhrgbhforRbe6£MHE N
claims wherein adjacent slits extend from opposite sides of the cooling
el ement. P-1522subs@atel®d7. A |ithographic projection apparatus according to
any one Of the E igl%%tdzl ar(]:gla%r?cl:orrrgprisingacoil arrangement in thermal contact with at least
one cooling element,
10  characterized in that one or more slits are provided in said cooling element, arranged so as

to increase the electrical resistance of eddy current paths.

2. A lithographic projection apparatus according to claim 1, wherein the slits are

arranged to be substantially parallel to each other.

15
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.

20 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
25  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.



wherein cooling channels are integrated with the slits in such a way as to
provide a plurality of parallel paths arranged to reduce flow i npedance. 5
8. A lithographic projection apparatus according to any of the preceding
clainms wherein cooling channels are arranged in a substantially
symret ri cBH38&OMrk to provide uniform%overage of the cooling el ement. 10
9. A lithographic projection apparatus according to any one of the
preceding clains wherein the slits are filled to protect from outgassing

fromthe goil. .. A device. uf acturin t hod conprising the steps of. -
bt vt ding 7o sub8ithpEaRts ProjEEHap apiardis Ahordhae o AegTE AL PaFee g

radi at I oy ndiiafitink kR ¢ inilgrated WAMRCLINGiPouRh A1A! Q8 pRAAIE luraliy

radi ation using a radiation system - using patternin meahs 10 endow t he
proj ect i onf paralhel pathk acangedite reduce flovvimpedsse. section; - projecting the
patterned beam of radiation onto a target portion of the layer of 20

radi atf on-sensitive material; and - operating a Lorentz actuator, which
conpri sesga coil ﬁ{p&iﬁ S LR ] : ne_cool i ng
el enent char actéa?lﬁ{zhrggﬁ?n t E:;I]tel:lj(;)br{lte"ﬁ)g)r rrgrag&gal gag}r{\g’eggrhgélr%ggﬁkﬁ&gglsd

cool i ng ewhsRii cooling ahgtllssee asanged in M suteadtallngnaheeicsli ethorkas padvadeice of
eddy current paths. ]
uniform coverage of the cooling element.

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

wherein the slits are filled to protect from outgassing from the coil.

10. A device manufacturing method comprising the steps of:
- providing a substrate that is at least partially covered by a layer of radiation-
15 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
20 radiation-sensitive material; and
- operating a Lorentz actuator, which comprises a coil arrangement in thermal
contact with at least one cooling element
characterized in that one or more slits are provided in said cooling element, arranged so as

to increase the electrical resistance of eddy current paths.





