10 OCTOBER 2006 -1 Lithographic Apparatus and Devi ce Manuf d&tQETABERZOOD
The present invention relates to a |ithographic projection apparatus
conprising: a radiation systemfor supplying a projection beam of radiation,;
a support structure for supporting patterhing neans, the patterni ng neans
serving to 5 pattern the projection beamaccording to a desired pattern; a

substrate tabl e forLitRbghapBiceA ppHiatissdirl Davieé MAafifactiring Methotdor proj ecting
the patterned beamonto a target portion of the substrate; and a
positioning device for positioning at | east one of said support structure
and said 10 substrate table. The term "patterning nmeans" as here enpl oyed
shoul d be broadly interpreted as referring to neans that can be used to

endow an incom ng r aphEpreint RaMionlelatdsith aaitwgrigﬂﬁ@ﬁ@j&ﬁ@ﬁﬁ Sahs on,
corresponding to a pattern that is to be created in a target portion of the
subst r at e;comtpeisinge m "1 i ght val ve" can al so be used in this context.
Cenerally, the sgi d lRatterg W | Il correslrf):ond Eo a {)arti.cu.l ar functional

layer in a devid@IRUPR YNGR LersyPPIy g ARIOECHeL Peagy Pt 5aditiots ok as an
integrated circu j t.erni ng
means i ncl ude: CéZJ%ﬁ) P Q%S%és?ﬁl.re fgj’ﬁ?@%ﬁ@%ﬁ“@ﬁ%ﬁ%@@? \L}\gel?ln &%r{gﬁhﬁg iQ%rK)ﬁ{g 6

| i t hogSaplpattemrttle ptojéatioh e anesdingtty pdesiredgiattern; bi nary, al ternating
phase-shift, and ttenua&egtd hase-shift, as well as various hybrid mask
types. Pl acenerﬁs“gﬁtr%‘ﬁ&’? Oﬁgg MgA WOsTHMEHi ati on beam causes sel ective
transm ssion (i . : RS bitferhB AP t -0 ] he case
of a reflecti ve%ggsl&gég%eﬁgfcﬁgg@g%ﬁ%kﬁ ?Pr%lféngl ng r(;xn&;[té]gfte{égétlgoﬂg%ré%ﬁtg% ng to

t he 25 patsubsttat9@randihe nmask. In the case of a nmask, the support structure
will generally be a mask table, which ensures that the mask can be held at
a desi red -posi t4 Rafitjopingdevicedeiopasiipningntdeasbangyefaid WRBOR fEyctire apd sailde noved
rel at ilbe tQbd geég [nif so desired. A programmable mrror array. One

exanpl'e of "suc evice is a matrix 30 addressabl e surface having a
vi scoel astic control layer and a reflective surface. The 10 OCTOBER 2006 -2

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

15  with a patterned cross-section, corresponding to a pattern that is to be created in a target

portion of the 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:

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

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

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



basi ¢ principle behind such an apparatus is that (for exanpll)OGHEPER 2000
areas of the reflective surface reflect incident light as diffracted 1ight,
wher eas unaddressed areas reflect incident |light as undiffracted |ight.
Using an appropriate filter, the said wundiffracted Iight can be filtered
out of the reflected beam leaving only the 5 diffracted |ight behind; in

this manner, thgaskeprindisie 0amAd heshtaarapparatis Gothei (For éxampld)adardicdssdan of it t er n
of the matri x-addressabl e surface. An alternative enbodi nent of a

progr anmabl e i refleeti versusfpcerebleesyincidentdight as diffragtegdighhtwhereasiungddressed or s,
each of which can be_indi vi dual tilted about .axis by applying.a .
st tabl e local | 98t nERar e Dghtas ippirBoe R B, Wik orbonptoriiby Moo sad on
means. 10 Once ganfihorddfphfdn B S EoltRf ot ALYE L BEAD 18aving Gty that
addressed mrrors wll reflect an incom ng radiation beamin a different
di rectiSon to undiffilactekleght elmod;sin this manhers theeheamrbecoines pafelredtaecordimgnoi s
patterned accordi ng to.the addressing pattern  of the matrix-addressabl e

mirrors. The re@EPA&EssRg Patlerofdie addypssplle surfacsy iyalipgnatiyesui t abl e

el ectroni c nmean [ i i 3
patterning manezn%%d?nmg@gn%raﬂggé%ﬁlgﬂgk%nﬁog%%ﬁ ggﬁ’%%%ﬁ%&%x %&ﬁ& g’% \rﬁg?/fst.gwwbr e
information on mirfdrefeadli bAWRicASamBé thdivelwillyailtc abs@mnlRish ng 4 OF

exanple, fromUnited States Patents US 5, 296,891 and US 5,523,193, and PCT
pat ent appl i catudtgblevgyatigedgsaric figld, WHVENRIRYYE PicdeElshtrigrastuaiemmsarsat ed

her ei by reference..In the case of .a _proaqr b irror array, t sai d
supporf structu BCEABA ebtglrg)%%rainéadrl)é-gggre?ﬁagﬁgsa%ﬁpggpg{es gtmlé%&sn‘ﬁﬁ . whi ch
may be fixed orreffBMaklifconfifig b K onBéamAn BIPEBATRRL Bot-f iRl iRYsedMneXR P! e
of such a construction is given in United States Patent US 5,229,872, which
i s incor por at edinlkis eiannkry thegkBeatertbeamiis patteme] accohding tpihe atdressingpattesn i n
this case may b nbodi ed (&S al?_%rarre o(L)[,Sht abl e, .for .ex& l e, 25 which may be
fixed or novabl¥t %“PEHUFq_%ﬁsa PP 8§e%lllre_§in?‘?ﬁ'l"1‘€_ @?Slﬂgﬁé‘“r st of this
text may, at CEeldRirled A6AE stifble SBRFInid MBAdsY LSRG the &ﬁﬁh{)ﬁsﬁeggm les

invol ving a mask and mask™tabl e; however, the general prin i scussed
i n sudb i nst andeseabbee)ltbe patesapg meand dan compaiseoncanhenctprograminebjeahireorni ng
nmeans as hereabove set faorth. 30 Lit hogﬁ;aphi g@pro'@grcti on appar at us_can be

used, for exanpAtEYSi NoremionRation oamuyTer Fraysis dgredetearedite e besgleamedy for| n such
a case, the patterni t [ ' ndi ng
Co an § ndi vi duaT Ty ot Offed Fked BRI (73 S 206 BOF dhd LRy a2 o Bhd PR
target portion faeng apslivaionsSWIQY98/B8S W andOV © 98/330960WwhithsudbBicopbeatddhdréiion

by reference. In the case of a programmable mirror array, the said support structure

20 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 example,

25 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



10 OCTOBER 2006 -3 wafer) that has been coated with a | ayerl0)CTOBER 2006
radi ati on-sensitive material (resist). In general, a single wafer wll
contain a whole network of adjacent target portions that are successively
irradiated via the projection system ong at a tinme. In current apparatus,
enpl oyi ng patterning by a mask on a mask table, a distinction can be nade
bet ween t i i . ki r I
pr of ect i on S e been oAU lafB AR ARGy FRRRN (Eb) PR B,
entire nmassngdaivafer wild sdmtainfewhele getwapk bf adjacenntacgee podions thaah a@suca@pgiaglat us i s
comonly referred to as a wafer stepper. In _an alternative apparatus -
comonl y rigpdipied ¥ig de projectionesystemeoORG 2R tHpd IR suIment appaatysaRpleYingor tion i s

i rradi at ed . pr.ogr i vel i NG the. attern. under t roj ection
beam i n a RGBT rLFRR P4 freif PRI AdiF APl A R SRR T
synchr gnougpes of eieRine dintdhe tpesTllitRdRapia®p®jecBoh appaeatus)eadak a@géﬁioh‘i‘é to
this direction; since, in general, the projection systemw I% ave a

magni f i catiitediated by expoding)dnentite| mask prjterntdngo thedarget\pagtiomin ate gohsuchudpst r at e
table is scanned. w | E'S{ aﬁfagttor Mtlnes th% at .which the nmask table is
scanned. NBPEAUSAGTIRTPEY et Or*ésgaa\"ﬁ%ef SEPRY HBGP AYRIMAYR MRS S her e
descri bed E3NED as eXA0 US W ce il at ed
her ei n by cgrbg%?nem?ef. I'n ésﬁgﬁl}%@{%?lﬁﬁp af)?ggcegcéajcﬁstiﬁﬁg a ?‘fﬁod&?%g{??%

proj ect i orpragrpssival yuscanming jtiet heaskrpafterngundentha pa@jsétjon leamniagegivemneferencsubst r at e
that is at least partially covered by a |ayer _of radiation-sensitive

mat er 18] (diksstiasn §the scangling diufeml%nhwﬂﬂé sygchepronsly ycanmipg therspbgratgiablender go
various pr . . Lesi st i . ter
exposr e, RFSIOb iRt 35 il difbch, %) Bl peperl, eyt Stidm Wl iyl 7

post - exposhighifivakien (RER)M (gelrylycpn e, speed¥rat wiidhah@sbstrate table is scanned
measur enment /i nspection of the imaged features, This array of procedures is
used as a 'wHdiea fagopM tmenthahat witich theupask tafle is ssannedgMpre mformagion yyith ¢ Such

a patterned s h . 0 Val: C t chiang,
on’ mpl anteeary B o BAEhk S viob e 9ok Bl G eSS Yol el e SR s
pol i shkng,6 ®465792, a{cbrﬂopdt&nﬁl@gint@ réfefdng®. 25 of f an individual layer. If
several |ayers are required, then the whole procedure, or a variant

thereof, wi |l have tlpapeanuégseuringcroenss Bsing a higdhographior projegton epparaius,an arr ay

of devices will be present. on the substrat wafer). These devi.ces .are then
separ at o0 PHEM GcnFBENar Byrest OFio TR Bab i o na G BRI G Bk ence
the indi vigtuaiatlbpViensisive AatddRl (FesR). 4o this ﬁ@argmggitep ARUBSE A6 a9 uRldge €t C.
Further information regardi ng such processes can be 30 obtained, for

exanpl e, fwadous precdsiunds, Suvhes priniing, Fesisticoatinigoand asofrbake. Afier agppsiee,ithe
|§3B1| ?gﬁ?ﬁéhgsrtratper r?lg)(? g Isurlgec’ted-rtr(l)I c{tﬁer%gégehgr%s, s%Xh aPse atl Sctr)st—\(ez)%lr)]os%?enlt)dke%he}éiw HiT

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.



Co., 1997, ISBN 0-07-067250-4, incorporated herein by refereHt@CTOBERZVOBER
2006 -4 For the sake of sinplicity, the projection system may hereinafter
be referred to as the "lens"; however, this termshould be broadly
interpreted as enconpassi ng vari ous tygg_s of projection system including
refractive optics, reflective optics, and catadioptric systens, for

exanpl e. The radi at I}IQ(% tﬁé’?ail]g%'gfmglﬁlit Oth{; gfdj%;ql%n%?ﬂpﬁﬁag;l?erglﬁgt{e?‘tbier}gtﬁ?rp%| i ng

according to any of ese desi gn types i'recting, shaping or ¢

the proj ecbiaghe 'hGRM Wwdvad it et shabld beUesadiPiRapRRSdsasBAYorAp ALINB Y afiBhLr T ed
to below, collectively or si rlgydl_arly, as a "lens". Further, the
128

| i t hogr apHiypesaqfpacjection systpmb reyipetiveanpiing refigstiye opties; endeddadioptrie t abl es
(and/or two or re mask ,hgebl gsh In such "mul.tiple stage" devices the

addi t | onal SYESBIoRr FERIE TRERTRHOR I By af5p nsIds RS CBREIREy b

carri ed O'a%fc?%‘rairglﬁ ah oPfheé@&&ién&?{)é%sfom&écﬁng,%aﬁhg'EPEShtFHﬂ?ﬁg thE?:gJ)j'é‘éticﬁf e

bei ng use xposures. Dual™ stage |I|ithographi C apparatus a descri bed,
f or exanplteam of ratBatiord) Gd duch conthoentd 81a4 Q10 be refierred tpbelawecblleetiedln oby
ref erence. ' The B’OSi tionin evi ces. that are used in conventional

a

d
| i t hogr apHiR8UBYaA%E LSDSt Supsheyihgdithegrapbic aRparaifamnke Pl yPe BBYIBE IO 8hd t he
substrate 43 Gbffhid BHRY E%d?&%'& Faard hak BT LchX mi b BE Sae OR
actuators conprise of copper col I's "att ache 0O one par or t appar at us and

a magnet ageeddiliynadtibleshagy bouselen Faﬂana, SrepavitofyRerRRRAY B8 dhsried@dbncone
current is passed through such coil the interaction of the current passing

t hr oud® t s ek tablegriwhilenenerpignere jother fables agebringnsed fpyexpesurendiual stagoduces a

force bet n t arts of the .a ratus.,. Th i C ' I

ot wat or s pae e B af e ErriBBRF e, 26 UL o b0 48 A R BB ooy i
fashi on. Rh&dp&ratedMerdihBy pgereiganyi ng drawi ngs depicts such a coil in cross
section. The coil 10 is ¥or med from copper wire 11 wound about a w ndi ng

axis 12. To prevent Bieqasitisningdevicep diaheievsedismeoyentionallithegraphic apparatuper
wire 11, the wi.re. is . encased in electrical |y .i nsul ati erial .12.
Tenper at ur'® PEHASTERES AR MPRR Sl R BN nish 8 syaiai bR B capiprisss
appar gkus §aguGs sRnAGTY" TRy athatblsToRPFEOS pEr N althGedRS ofd At HFthERY
cause damage to "~ conponents within the apparatus or the substrates bel ng

pr ocessed dpparatus angpanagnetsassémbly sittachied te fherothed pait rof esapiparatnsniWherea t he heat
generated withi.n the where this is not passible, renoye the

Genor at od HEET o PERSch BROECER Db Hhe HEFREOR BT fhercuon: Ry aR IFBIUHE fPlbduced
s o AT PR Y 2ot AR S0 MRS e
and nore hppiragsndhateils of conventional actuators are formed from insulated wire that is
20  wound in an orthocyclic fashion. Figure 2 of the accompanying drawings depicts such a
coil in cross section. The coil 10 is formed from copper wire 11 wound about a winding
axis 12. To prevent short circuits between respective turns of the copper wire 11, the wire
is encased in an electrically insulating material 12.
Temperature changes and temperature gradients within the lithographic
25  apparatus reduce the accuracy of its performance and thermal strains may cause damage to
components within the apparatus or the substrates being processed by the apparatus. It is
therefore desirable to minimize the heat generated within the apparatus or, where this is not
possible, remove the generated heat. The heat generated in the coil for a given force
produced by the actuator may be reduced by using a larger coil. However this increases the
30 mass of the actuator, resulting in larger required forces and more heat generated.

Therefore, the coil 10 of the actuator is provided with cooling elements 14 which remove

the heat generated by the current passing through the wire 11.



Therefore, the coil 10 of the actuator is provided with coollOfCEPBERAS 14
whi ch renove the heat generated by the current passing through the wire 1 |
. 10 OCTOBER 2006 -5 However, with conventional coil designs made up of
orthocyclically wound wre, the heat transm ssion through the coil is |ow
Each insul ated piece of wire is only in line-contact wth the adjacent

pieces of wire, lim HB%vérh@‘fitﬁQ:Sﬁv&ﬁbﬁﬁ%oﬂ"@l@:ﬁ@nm&ie RS &ﬂwc%&ﬂﬂﬂ?%ﬁnd
Furthermore, the material 13 used to electrically insulate the wres 11 from

one 5 anotwire, thehelst ttaosrbissian ploonglcthe dod tiolowo fEdvb ansulated piece ofedline isnmly e heat
transfer characteristi cross, the coil as.a whol e. Consequently, V%F
he coil

si gni fi cankn ma%m@ftﬁ% Ada¢ROL Piegesf rire dimiting the arqaggEqss syhieh heghmg

is dissip t ' . i : bei ng
trans r e EREEPEeRMole e Rbert EHIEANT ARG e o BT, sblithen2 |
of the 3r egpiticr teidetd boOA pder gohdwdtoieofcheanfukthéraedadingittic lehtoransfer chaadtéiigiei ng

device for use in a lithographic pr Oi ection_ apparatus that has inproved heat
transfer civapsadhesaikas awholyh Congaquensiasignifjcapt portior obdiihegtgeneratedramithe t o

the inventjon i. | i thagraphi.c . ratus .as s ified in the openin

par agr aph, 05l 189 LS R Y siSorRBPR B ShvramrRt T alrfiiviothe BE R aLE .

pl anar not@hy BéKp BanderéPihtiughitBe Soil forfie badiRg cl@atPi4.sai d stator and said
transl ator conprising a periodic magnet structure and the other of said

stator and said translator conprising a plurality of coils that can carry
an elegtric current,_said coil conprise a.strip of electrically conductive
Sheet bt or i al | 50 TGRS QL PR MHEon ooy HULor 2 2Hber o

char act er i §fitfhiny heflise ifi @MitRSeripiAd fig4 $ ' fhehine
strips of %%{Sie}f(?t%%r%c%ﬁ%; consc?dctilve S eetﬁlfrcr)gce]ri gﬁﬁaﬁhﬁh&hﬁ? %‘&ceigé‘.eétr

because t heansfeecharactetisticsconducti ve material has a hi gher thernal
conductivity than the insulatin erjal used ig conventjonal coil. designs.
)

t
Preferably, thelldfaed pihene NI B dGRIey CSARIRE tod eFvanten e thegraphict he coi |
25 that C:ai)%l’rﬁﬁxtstﬁg Spétife&d i'h'tﬁ@!c))%eglf'ﬁgr C}%{P{a%gpi‘lﬂ_ﬁﬁbrﬁctgﬁield iR @5t 3ail t()%iﬁ?}li?l ace

filling f an’ conventl or exanpl e the spac i ng

fact or150f deviveicbmpeisesraiplagar intotdhhasingoa statog emea tranlatbd ohe ofigkid spsiorahdbaid 0. 8

in conmparison to 0.7 for conventional orthocyclically wound copper coils.

Thi s redudEsskeios comgrising @ Periadis agnst ARGt h@ﬁ@emef{ ¢iid stgtorapdsaidi | for a
iven act I (N . I . r ' hls are

19 ormed fr gﬁaﬁkglfﬁ)%%ﬁﬁ%h%ggggé)gqrgn’gﬂyed?icgwlg{hgﬁ%zf%&?’? ﬁ%%g*r a%vgﬁt’gglg%gpg coils

fornmed frQenpriseh Sirlprofictectdially cahduraug bhdebmaggitiuct i vity is

20 This provides a coil with improved heat transfer characteristics since heat
can be transferred across the width of the strips of electrically conductive sheet-material.
This is beneficial because the electrically conductive material has a higher thermal
conductivity than the insulating material used in conventional coil designs.

Preferably, the electrically conducting sheet-material itself forms the coil

25  that carries the electrical current. Such a coil has a better space filling factor than
conventional coils. For example the space filling factor of a coil according to this
arrangement would be approximately 0.8 in comparison to 0.7 for conventional
orthocyclically wound copper coils. This reduces the required dimensions and hence the
weight of the coil for a given actuator requirement.

30 In a preferred embodiment, the coils are formed from-aluminium sheet-material. An
additional advantage of coils formed from aluminium is that, although the conductivity is
lower than conventionally used copper, the lower density more than offsets this, resulting

in lighter coils. This advantage could not be realized in conventional wire coils as



| ower than conventionally used copper, the |ower density norld Q@REABER 2804 s
this, resulting in lighter coils. This advantage could not be realized in
conventional wire coils as 10 OCTOBER 2006 -6 alumniumis very difficult
to drawinto wires. This is in particul ag. advantageous in case the coils
are arranged on the translator of the planar notor and this notor is used to

provide bgthinfigh !iggé}ggﬁfﬁwﬁ gﬁ&a@nﬁtoweﬁéé. T8 i ﬁf;?ﬁﬁculér_rhd%kﬁ@%e%hﬁ MEREBRY »

the notor can easil used in vacuum applications since the vertical

f or ce can dods appErianged on theransiatr ofi thetplanas hetarans tliis omtortie usaogiroyilat e so
that it can npve frictionless in .the horizontal | ane, wi t hout t he

r equi r enrerfotiyhorizogtal forces gndpyertiqal, .rc‘?snﬂb%g aFF\%geER?Pb thg mofog canpasilybe o
vertical f i . i r.f ac fi & at e,
Ve wor gt Sef iy uaEbtidiont e e weARAY frddlanBiabiey O 1eViDRe AR

verticgl ffegns thelifsgricoplace forthat idledh mbvefritfionRessduthe kotidoatall prand vithopethat i on.
The use of light weight alumniumfoil coils is found to be advantageous for
10 such appiuitcmenbabe.gRmedivbeaping. Intcage the sratersis yegengraie a yertichldorasiin ordes

separated from each of.her ectricall on-c¢ ting material that is
i eqr al -t E AT E S Srtha o bf Fleedi R B Vel ER mieER Ghe Rentd "o
I's formed g a§PH§§'il§1b Yiflce s PdrA€dIThcd hhytoRprenas&td 0 %Wutp&RIe dail Of

A1203 can easily be fornmed on the surface. This sinplifies tHe nmanufacture

of the 15 aperatisn.i Thecuseé tightomeight gburoiniatnhigil eoitsaip fouaddo baadvatigegud foyer
bet we?n the turns of the conducting material. Furthernore, the production
i s norl r SPELMNPLCRUONSe  with a separate insulating material, there is the

sk that the | nsul el koD CAURERtint P Be Q8 Sl @ailttom TR bsayt 0

el ectrical short circuits between respective turns o

A1203 i s ehdctricallg hob-cpnducting akatdrinl dras isriategchd euht sudheeaif thecsheeti-material. | For,
even if there is sone physical 20 danage to the A1203 |ayer. The strip of
sheet - mat expaplepghenthesol s farmsd of gluprpinpyan eleptrigallyperk putducting susface on,

cot - m _ ARy ATl on,
LTt on et of R1:E% P E4P e kétnledonthe ke St i ihified the b fichiiFobnd| |

coi | 49 beoflomtenfatiesh o providéng Nsephiate idbulhtiigiayabetwi@nshefimyfttRe i al
wi thout it becom ng bul ky whilst at the sane tinme 25 providi ng good heat

conduct i vicopdugting sxateripd. pghasmere, theprediqtioninmeare igliakle smee.veitha sepagaserent |

t he current [ ryi . GOkl _i.s..fQr fro i . f.ri of. .

el ectri call?sg'zlfazﬁgﬁél?fg&l@bthgﬁégmennas eﬂal‘té#e g{rs %Ya%ﬁgvéggg&l&@%ge@hlg p\?m&%ugtlg?)iwlh.thhe
sheet - mat gfdyakadeiofeldoidl kiorEEIREHits betwidlh réupadtiveulirn® bf tHeeoflo TidalNithd!ALD,
significantl'y reducing the space filling factor of the coil. The

sheet - mat as atdéastBynbthick toangad agequateradéatdad instlativheeven if there is some physical
20  damage to the Al,O3layer.

The strip of sheet-material may be significantly narrower in a thickness
direction, substantially perpendicular to the winding axis, than it is in the width direction,
substantially parallel to the winding axis. This enables the coil to be formed from a large
number of turns of the sheet-material without it becoming bulky whilst at the same time

25  providing good heat conductivity across the width of the coil.

In an alternative arrangement, the current carrying coil is formed from wire
and the strips of electrically conductive sheet-material are embedded in the wire coil. The
sheet-material efficiently conducts the heat out of the coils without significantly reducing
the space filling factor of the coil. The sheet-material may be arranged perpendicular to the

30 winding axis or parallel to the winding axis. As before, in case aluminium is applied as the
electrically conductive sheet-material, the AlO; layer on the surface of the sheet-material

forms an integral electrical insulating layer to prevent the coil short-circuiting.



30 winding axis or parallel to the winding axis. As before, 1hOca®8ER 2006
alumniumis applied as the electrically conductive sheet-material, the
A1203 | ayer on the surface of the sheet-material fornms an integral

el ectrical insulating |layer to prevent t_Jg_e coil short-circuiting. 10 OCTOBER
2006 -7 A cooling elenent may be attached to a side of the coil that forns

a pl ane er pendi cul ar_ tp the w. ndi i uch.th an . of th

shget - mat gri gl is i ngtcﬁgﬁ%%]em‘é\%nr{lég% %ﬁf %’(f e eo(?f?thﬁc%fa&‘%gmnps?ﬁi%f ore

the heat Qg%(&j‘ﬁé’n@k%%b&tﬂehﬁinéwgraﬁﬂtsublﬂtﬁahﬁl &ddlelof th dheetifatefialn§ irftheRfalvi @ a | ow
condu

t her mal ctivity path to the cooling elenent, mnimzing 5 the amount of
heat that dostactiwithitleeicamling eleshent. eBhareforentbe beatigenerated by she cuoremtlinthe cbid coi | .
Preferably i npagt protection nmenber i.s. attached to .a sjide of .the coil
that for r?ﬁﬁ]]g’epﬂ' termsd ViR WcﬁPFﬁPnﬁtCSmﬁ"r?é‘VW H?f%ﬁ%a%ﬁog}‘% Bﬂe"’éﬂbﬁﬂp’é‘}lzk“ﬂe
opposi ke s t bl . Yol i i:
ot ached, tpmBpn fbcathyip KRR GO AR WA EHERTRE OF

mot or, since the inpRefersblpheimpaenprossetion menber s atlachedeo anideldt thkaetibdat 0 t he
coils should they for ag% reason collide with the stator of the r?I anar
notor. THermyppEpe peperdicylantotihyadingaxis ferexagple the enpesitoside of thencothe

r emai nder t he Us. 1: t y-he .located in vacuat ed
Gyotem g oo UEEh He Dol BehEht RaiolHy TRE 1 BRHEM bk RR I 205
layer woul@ilqstigasin @@3afr Mobdr, dick BE arpay proteddion tnendths Ml tnihikdhdy i t. 15 In
a further variant of the invention, the coil is wound about a ferromagnetic
core. 19hi glagngplederchds shoukt thay fargny sfasemcellide with thepstator af themanawmbtore for a
gi ven for .and a consequent i nprovene in the notor efficiency. According
Do a furt RO IRORUAroFuaTBEPRTHEY G (PRt sot Froft B gerimatiig e

manufact u ra'pP&afﬁ%.t RE a6QR0F il BE 13RS GR EvRuated QysterR! THERFGE, Wers WRSLJIRL ©

that is at 'Teast partially covered by a | ayer of radi ation- sensitive

mat eri al ; not polteddirory the yacojme the Al Qelaperofould diighs gasesithahadoprewidingdy ibeen
system - usi g%%@akl.t erning means to endow the projection beamw th a pattern
inits crdo¥dr fthdt. 257~ proj ecting the patterned beam of radiation onto
a target portion of mg%uhﬁéf%rafi%t of R AEAtfOR; BeTeal1tid ﬁ@uﬁﬁiﬁlﬁﬁ't Alerromagnetic
characierized by passing an electric current through a coil I n an actuator,

pr oduci ng card. (Fhieendbidsulecorstoctimmfan antuator withreelotley velamedorid given forog

apparatus; wherein said coil . .
and a consequent improvement in the motor efficiency.

According to a further aspect of the invention there is provided a device
manufacturing method comprising the steps of:
20 - 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;
25 - projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material,
characterized by passing an electric current through a coil in an actuator, producing a force
between two components in the device manufacturing apparatus; wherein said coil
comprises a strip of electrically conductive sheet-material.
30 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



conprises a strip of electrically conductive sheet-nateri al .130CAOBRR2(06
specific reference nmay be nade in this text to the use of the apparatus
according to the invention in the nmanufacture of I1Cs, it should be
explicitly wunderstood that such an appagat us has many ot her possible
applications. For exanple, it may be enployed in the manufacture of

integrated aptical syst. ' C td =R 2006 - 8
e ot e B S R MDA, PR R P GO pes®
thi n-fil myzagy)eici The HERES artisdCwiliTippredidtt e intHe coatexnbf ucBRRESGI® € that, in
the context of such alternative applications, any use of the terns

"reticle",applications, apy uselpthe karms fiesictet x'twalért of tdip'ein thisnextsbowld bas bei ng
repl aced by t.ge re .general terns "nmask", "subgtrate, and "target 5

bort on" . PRSHRES iy BHE MARcER LY et ecaal KB meske, epHEte B A ERn" and
"beant car 0] npass all types of electromagnetic radiation,

i ncl ud?ng%gﬁcglavl%eg?egﬁog diation (e.g. with a wavel ength of 365, 248, 193,

157 or 126 run) and Ikthé fresdnt doament,the termb Etadiatidh’adndfbeam” gre udeddo ng a
wavel ength in the range 5-20 nm, as well| as particle beans, such as_ion
beams or eneorapass el §ypep oA plsctranigngtipEatiations inchdinglEariplshragiation{eg: with a

descri bed,_Dh f | V19MM in
scnermt i c Rt ARN 3. 137t 128kl BN RS EeR R REGRNARE B, o,
appar at us 1aoiigadvdveldngtiain therangel5Perim)0hs Wik aé paticleibeains Fubl!a€iod Rk 6f S, | n
cross section, a conventional coil; Figure 3 depicts, in perspective, a coi
accor dDng elestrohbegnesent i nvention; Figure 4 depicts, in plan view, a coi
according to the present invention; and 20 Figure 5 depicts the coil of
Figure 4 across the section AA. Figure 6 schematically depicts an
arrangenment of different coil units according to the present invention. In
the Figures, correspondi ng reference synbols indicate corresponding 25
parts. Enbodi nent 1 Emigpdiinguts ef thesuvemtian vaBnby Walesaritedaby wvay of exaniple

broj ect on, appataLye. according L0, R ARRLLGH 21, SI0G0LRRE of Cheinvention.
15 Figure 1 depicts a lithographic projection apparatus according to an
embodiment of the invention;
Figure 2 depicts, in cross section, a conventional coil;
Figure 3 depicts, in perspective, a coil according to the present invention;
Figure 4 depicts, in plan view, a coil according to the present invention; and
20 Figure 5 depicts the coil of Figure 4 across the section AA.

Figure 6 schematically depicts an arrangement of different coil units

according to the present invention.

In the Figures, corresponding reference symbols indicate corresponding

25  parts.

Embodiment 1
30
Figure 1 schematically depicts a lithographic projection apparatus according

to a particular embodiment of the invention. The apparatus comprises:



10 OCTOBER 2006 -9 a radiation systemEx, IL, for supplyi ngl®OpcTOBERR2DOG
beam PB of radiation (e.g. EUWV radiation), which in this particular case
al so conprises a radiation source LA, a first object table (nask table) M
provided with a mask hol der for holdi ng_g mask MA (e.g. areticle), and
connected to first positioning nmeans for  accurately positioning the 5 mask

o espect Lo A Bhiodh BT Sl SR Behotal! B ARk UE, oy o 9o

with a substrate® 1 ¢Evat ed

si i con WafieV kadiativh) CRRIOR 61 ik pRtEREQASE alD®Ebrhpiddls AFadIB@dISsoufde 1agCur at el y
positioning the substrate with respect to itemPL; a projection system

("lens") PL (e.afirshobjeattabde Gogsk taikle) Mo vidediwithrarmabkatodder fenholding antaskf t he
mask MA onto a target portion C (e.q. conprising one or nore dies) of the
mubst r at o Mgy g8 riele) i conaer ed @ EATRIS Pems for AR BB be o g
has a gef 'xﬁé‘sﬁc@’iﬁu’é?ﬁéﬂtoi@ﬂ"@fﬁer’ in general, it may al so be of a

transm ssive type, tor exanple (e.g. with a transm ssive mask).

Al ternativel y, dseeomigigecatabde (sapstanpiable) WD provideldi wich ofulpattedohidenformeans,

such as 15 a programrable mrror arrga/,o,f a type as referred to above. The
sour ce LA holdipg a gubsgate W e ganEcstit-eoated siliensy yafepy andeonpected to segerttiuces  a

beam of radiation. Thi j ] i a8t )

(1 um natpopE e for 163l feSftchetn Rt Pes Bl BYBME R ¢ 01 g
means, such as sgprbRaotdresRRRfeTens), PIf @1g. nfixdfBiotp) fofemhgihy Bh ieddeited porfiBH
conprise adjusting neans AMfor setting the outer and/or 20 inner radial
ext entl0( c oftherngskr Mpeonte d targetportionyy e g. comeprisingoneror maese dies) oithe gybsrtet he
intensity distribution in the beam In addition, it will generally conprise
vari ous other conponents, such as an integrator IN and a condenser CO In

this way, ANRrOSRES thé MPaPAHE o A rélRtiVEBlpe Wé\gh?a% a3eAQSIVE Gthsk) iHoWeNtL, K and

intensity distribution in’its cross-section. I't should be noted wt
regard t o ifFgenerd, it mayaisotbeeofadransmissixe hype, fe ewampler(e.gt wishladtassmipsivk t he

o0 Dt LSS, PR B Sl e O B i % PRI,
e TS RS s P pe o Rk e WLl | o ouces
m nors); this | atterfscomarild (eg. aflisenptddecabordalisdharge plashtasosrwa) pwdhdesi s an
g)éging\reir 0!5 %Sb%;fn o-ilzrlla6digtl1'lornr. Ef'li])}s liegr\ﬁeig édoi?ltoaar;)dlllgljm?rilartrﬁ)n%gsctgnq%ﬁ u?nigz?tE)S Hoj eithtep ese
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 o-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



The beam PB subsequently intercepts the mask MA, which i s hdl0OGROBER 2@
table MI. Havi ng been selectively reflected by the mask MA, the beam PB
passes 10 OCTOBER 2006 -10 through the lens PL, which focuses the beam PB
onto a target portion C of the substratggVN Wth the aid of the second
positioning neans (and interferonetric neasuring neans |IF), the substrate

table W éﬂ{bu@ﬁ tﬁ@néﬁgﬁﬁ%h%ﬁtfééuxcs ffie Beard ngﬁg F;ﬁ@?@hﬁhr@ioﬂlﬁrsﬁﬁéué@wet

portions n~the path of the beam PB. Si st positioning
neans can Withubeaidiof tite second pdsitionippmedrisqand ineerfeacrkethdd méatiringempamstF),o t he
path of the beam PB, e.g. after mechanical retrieval of the mask MA from a
mask | i br ahg substragg fablg 39’5 car hpymoved aeeyEately, e-8-e\is HRpesityn differephlaggat t abl es
MI, WI wil r ' ' Rdcof. ar.l - St . |

posi 1 oni TSI 3 Bt heki Bl by, B RminiBifehsf cof 8L 8815,

expl i cist | yacd@atedy pébitich the gnusk MA wighvygict tol the bt of @scbeain PB V&S 8ifteBt epper (as
opposed to a 10 step-and-scan apgg{at us) the mask table MI may just be
connect ed mechanishbetrieyak ofithe magk Yeh &rom amaskaljbiewy, pr saring asean dlorgenerst

O, 80y SEG s K0TSR w8 SRR e 2
proj ected | J } . " : Gt : -' The
bt r at e " Kefifselosionfe? bRER Mo RS o iR g oL

a di f f er endxplieitlgelepiotedtin Figuee ¢adowber) intlxdéaae efla byfer keppadas éiposéd tdan scan

node, essentially the sane scenario applies, except that a given_ target
portidf C st@-mscaaagaéauw@a%aﬁlﬁ&%@Wﬁragww lrer&qn@aﬁ?g faeshogistrokepl e MT i s

novabl e i i i jon (the so-called "scan direction", e.g. they
directi on;hc\;a]\na{cﬂ’ gﬁgaeté%ﬁ\gé,d'so that 20 the projection beam PB is caused to

scan over a mask i neDe depivtalidppartthsycantbe aissdintivoatifferehioibdes\VI’ i s
si mul t aneously noved in sane or opposite direction at a speed V= M/, in

th ,
which Misl-the Iﬁﬁ&ﬁim‘i’%ﬁhecemas(lfftal?lﬁé/lT éﬁqlseppesse@tﬁéwéaﬁpp?rymnﬁl afyentige masks) . | n
t hi . i . i i.t hout
s g R bl R0 SARSIR0 (A G Bodn VISt MO0

coil 2B aagsle WTgs then kilifte® it Xt and/vt §Mlifebtions sbBatGQifferdt tafpef poriod d E0mM an
el ongate strip 21 of electrically-conductive sheet-material or foil wound
about a wibediradiatgdiby thobeapi BBre 4 depicts the coil in plan view. As shown

tsgﬁ a(r:ce)i : n r’%% agglf‘%{ﬁ%glgﬁé‘?’ ﬁésréBHa?l&a@g aglg‘le gc?e%)gr?ct) ia;\)/pel{e\é,’ exiccteptr{ﬁélt abge1ve[net(z:utrg"ila{1 gular or

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 3 depicts, in perspective, a coil 20 according to the present invention.
The coil 20 is formed from an elongate strip 21 of electrically-conductive sheet-material or
foil wound about a winding axis 22.

Figure 4 depicts the coil in plan view. As shown the coil may be elongate in

shape. Alternatively, it may be rectangular or square in shape, depending on its use. The

30 thickness D1 of the sheet-material is minimized in order to maximize the number of turns
that can be arranged in the maximum external width D2 of the coil. This will be
determined by the space available for the actuator within the lithographic apparatus. The

width D3 of the strip 21 from which the coil 20 is formed is then determined from the



30 thickness DI of the sheet-material is minimzed in order WOGEORER 26 o
nunber of turns that can be arranged in the nmaxi mum external w dth D2 of
the coil. This will be determ ned by the space available for the actuator
within the |ithographic apparatus. The -midth D3 of the strip 21 from which
the coil 20 is formed is then determned fromthe 10 OCTOBER 2006 -11
requi red GeQSifedc6dsiseétdinabire@obthe st iattiinetetminedTrohe Ry el iied déched he
required electrical resistance of the coil. The coil is preferably forned
f rom al uniresistancstafithescail-t h a t hi ckness DI preferably between 50 and 150 pm

In a preferred configurati.on the . stri re approxi.mately 60. pmthick. The
W deh D8 of the. stritPesPIiBpElrY FanEA LS A AR SET PRI ) 5
to 20 nm ni4 afd i - rd p. of  al um nium
is appr oxiﬂlggte%bg}r %@%ﬁeﬁEﬁhﬁcm ' %gpﬁ%%ﬁggﬁg%@&%iﬂﬁfg%ﬁsﬁ% 300 turns

and hage ailpﬁﬁ?kiirﬁhtelyfﬁ(l i@ lick Wk WidoR D¥ ofahe steipiofaiasdrial #Cpreferablyibéwedxi mum
ext er nal ength D4 of approximately 350 nm_The coil may al so be forned

f r om ot herappraxgmatelyal myn tb20comd Ja @ipreferred eenfigusationdhe widih péthesimipedf i nt o t he
requi red shape, such as .coppe In order.to prevent . el ectri.cal [t
circuits lf‘i‘f'ﬁ@gﬁn P&é’é’é‘&?&‘?\?@& {Jorwgl‘o]fg‘)acg"rfé’ﬂ rﬁ@lpcfo,mpé'fsggf’i"’\'egﬁllbg aﬂ%ﬁaﬁﬂﬁﬂ%cti ng

material miathafies RaRhtR dxRReialRedth ioEof dﬂbﬁﬁqimﬂ%%ﬁm)h 81 a indxinfifn EREMPT @

separate insulating layer bonded to the strip 2I of electrically conducting
mat eri al Beign B4idf approwonatelyi3h0 enrh hEhecaoil msialpe be Firsfed fadmh ptheheleetvieally-as
shown .in Fi ggre, 4, 15, h@ strip 21 of, eltgctri cally conducting material has
an i ntlgr £ONCYgive Mmatesials Gatrag bgloymediinto e sequited shapg. $IGR.28 6ARRSEL i ng
mterial . Wen the gbig %x’&en‘f‘@fé@ﬂ‘ic’aﬁﬁfbﬁéﬁ?uﬁﬁb&tw@&?ﬁ@ echi0€ rurfit GEE! Cal 1y
non-conducti ng surface B events el ectrical Short of rouits. between
respect i veoil} eleaiscally nonecondudting\ateridl meust be pravideddetvestnfthotarad. UMisniagmbet he
integral surface 25 may be, forned of A1203. This can preferably be forned

by anodi zilﬂghetfﬁé?é.’f aseRAsHe dsulating layerbonded Y thy siip thebglectricallysopdugingor by
exposi ng ¢ %g?#rgegogggﬂé)w%%ﬂﬁ?q thI'&S{lgﬁ@%%%&grabe&iﬁgg&er%y 0 ﬂ‘{ﬁ“ﬂ" gequsty

be controlrﬁl uce'a u orm €SS 0 oh the surface of the

al um nsumesd §tﬁg 22 bf elReeicall pbdndut i inbietiNRS anhtefiabsuifadd 35 lfendd drsit of | east
approximately 5 jun. It has been found that the risk of short-circuits

bet ween dielectrically neureprducting materiabi When thegjripa is wewnsh inteythe coilabanenthég of
(1, 20 STy ol URRL S5 W BAPRG Sl S 1
teLgng glt | 3(23%@@ /@f the R8N WhenRth@ b6iER fermédfrdm dlsmitfidrahe thtd@all SuefabdPSma§ibde Of
formed of Al,Os3. This can preferably be formed by anodizing the aluminum or,
20 alternatively by chemical processes or by exposing the surface to oxygen. The anodizing
process may, advantageously, be controlled to produce a uniform thickness of Al;O; on the
surface of the aluminium strip 21. Preferably the thickness of the Al,O; layer is at least
approximately 5 pm. It has been found that the risk of short-circuits between different turns
of the coil during manufacturing or machining of the coil is much less for aluminium foil

25  coils compared to e.g. Cu foil coils.

Figure 5 shows the cross section AA, marked on Figure 4. A cooling
element 30 (not shown in Figures 3 and 4) is attached to the upper side of the coil 20. A
flow of coolant is provided to an inlet 31 and extracted from an outlet 32 to remove the
30 heat absorbed by the cooling element 30. The cooling element 30 is in direct thermal
contact with the top edge 21a of the strip 21 of sheet-material from which the coil material
is formed. Therefore, the heat generated in the coil 20 by the current passing through it

may be transferred directly from the strip of sheet-material to the cooling element 30



flow of coolant is provided to an inlet 31 and extracted er%%(hT%‘iﬁlﬁ?éqo%z
to renove the 30 heat absorbed by the cooling el enent 30. The cooling
elenment 30 is in direct thermal contact with the top edge 21 a of the strip
21 of sheet-material fromwhich the coili2raterial is fornmed. Therefore.,
the heat generated in the coil 20 by the current passing through it may be
t ransf er r eglitlbuk Beihg yrahstorred hossta dignifians bextion whisuiatihg matdrize (cthid laper ofl enent
30 10 OCTOBER 2006 -12 without being transferred across a significant

secti on ofinsuldingapatapal Aaayebs léﬁceisarwbﬁ?\ﬁeqné%wp(ﬁdge 2ha of e isuip ofhestimateridly be
necessary between.: e he.Str] f_sh -materi,al .and the
cool i ng elagﬁélﬁet Cog’b‘h? gle%r?egn\t/gqg %‘ﬁ%? S@% (Ezlgﬁlt?bﬁle e\ﬁgéﬁsisgt?ﬁetc |S\?£Id}aéuci'oﬁl' of the
coil). A plate 35 ofA pla@d 39 65staifileSitedMaylR atthélRas thel Ioweh&ideBlof gistge 21 b
of the 5 strip 21 of sheet-material to prevent damage to the coil from any

i mpact 5 Thtrip 2 oksheeteinalerigl toypsexfent damagedo theecotldirom any impacts his asespeciallpf a
pl anar notor_jn which case the coil npust be rotected from danpge caused
by, Tor exafHl SnCC e CPU PBRDe ed a1 st O ARIghar JHOIPHE RIS SHSe hrptaup tust be

Pr ef er abl I t pl, one

i ate 35 IPBFArREIARRCRy, FELRImAE RIRGOR VN fooAS SV fiher, £0r
each coi | .mder. Preferablepivhen tHeeactifdtqrloa natorroimptisesmorectiir osecal, oae pAgdY pl ate
and a nmover conprising.different coil units, _ each coil _unit conprising a
pl ur al i ty sbeuld pyes allsols Fathes thankaying 2 sappspteRiptedpreash sed shspexample, the of

h =) .. i - .
- epr ea0nt Sl Shor i eoRRARE s B nlefictHiedk dfig TRl et SFREARLATENY
t ransl at oreaéf coil it (Unaptdving@pRitality oSEHRNBiglead $chemhatcallycidpieys dZossibld S

arranged in 4 coil units (50, 60, 70, 15 80), each coil unit conprising
t hr ee coi |layousof such pipnar metpr3The magnet plags ofithe mebardA0) iasehemptisallt i s wel |

suited to be us i N, vacuum | i cations since the tor can generate. a
nor i ont arereiea g RN BRF o Rine Bl e ats Bistnay br BE0HRH &
force to ligyplhmdrendtBeis soRenRitichnPaegieted ergqm RbilPArddmRed t 4 B& uhits GON6ATIOE
frictionless in the horizontal plane. herefore, a separated bearing is not

requi n&éd. 80h eactseoil imit eronprisingthres apils €Yt .e50:2, V013 i Sueh azfarfapmugor n or der to
| evitat b t he. f th t pl ,..the.weight of th i
o' be-kepanatsorasnt vl 5feg e v PireRiAr urd aftyicaupriy e o inoRer B EodiRRE T e

at a 100 %ydpb¥ntalibfdeSofldick RentRAGNA e eratlE bUEAsOh vEiig Al fo¥eRitd dvidiethe ni um
foil coils is found to be advantageous for such applications. Further

i nf or mat i emovenfrencthe plagnetrplatesothst teyn bwve fivctmohléss inbe hdtizgaalplanenhi ch i s
i ncorporated herein by reference. The plate 35 may, 25 alternatively, be
for med 1 r SHBEESHeTEr ShRFISCLHEGHg i BB ThiGaseo e Mok T b BT ob Verdiby an
act uabgr Fodt Af oddBEo TN ilke above the surface of the magnet plate, the weight of the mover is

to be kept as low as possible since this vertical force has to be provided at a 100 % duty

cycle during operation. The use of light weight aluminium foil coils is found to be

advantageous for such applications. Further information on such planar motors may be

found in WO 01/18944A, which is incorporated herein by reference. The plate 35 may,
25  alternatively, be formed from other materials.

In order to improve the force provided by an actuator and/or the motor
efficiency, a ferromagnetic core may be added to the coil. For instance, the coil may be
wound about the core which, in this case, will be centered on the winding axis of the coil.
The core may be formed of laminated, powdered or solid iron or ferromagnetic alloy.

30 Where more than one coil is provided (for instance if the actuator has more than one
phase), each coil may have a separate core or the cores may be connected.

In a variant of the present invention, a wire coil as used in conventional coils

is used but with sheet-material embedded within it. The sheet-material has little impact on



efficiency, a ferromagnetic core nmay be added to the coil. Iigro‘%(%]?%%%q(sthe

coil may be wound about the core which, in this case, will be centered on
the winding axis of the coil. The core may be forned of | am nated, powdered
or solid iron or ferromagnetic alloy. 36l3here nore than one coil is

provided (for instance if the actuator has nore than one phase), each coil
may have ahéepiee fillingfacer of theleeil bot providey divect cisrmatpahls thfcugh thacoibmmt of t he

present invention, a wire coil as used in conventional coils  is used but
Wi th sheetemaveheai|gcacrpied dathinitt Injapreferred gmbediment. the shepamalesial Ysedds e i npact

on 10 CCTQRER..200Q6. - filli f : t i des
direct t hg%i) Wﬁm%’g? H¢ eﬂtﬁl}agggﬁéﬁaﬁgﬁ%loc%obh%%ﬁgrp g%\%cs%égtanS)éﬁdérlg)fegggnwg{sﬂy rl?gl t.
In a pref epfhd RO irtRBto ploRRie e bicalBiselatioh freffle icils. dhe fdehatitgiynce it
has good thermal conducting properties and an oxide | ayer can easily be

f or med Son stiosg ssnjation layer formed by the dvminivey oxidesaduges the riskavhinswdationi | s. The
nmechani cal 5 rong i nsul.ation | ayer, formed by the al um ni um oxi.de r,educes
The ol aage ciie e e gnsy e MR o il o ha Wite p WomdIB AU Becrus cor |
as the wrgui B i I terial
roy be ar r Ok Sr MR of el hidferf3Pirlay be BREnd HERLGn MR o B nHACEt 02

sheet - mat esoilalich thaptheheatincatéréal id perpéralimilaxdo g windingadxig dfehe coil. .

Al ternatively and/or addit]j 'On;l:ll y,.strips of sh?et -mat eri.al maylﬁtfe t)r ovi ded
paral | el tAterpativelyoang/orgddiionaliy skipsiof shest-material gayibs pravided prssliel fathsr to a
| ane ;tyhat_ . £, i r i Ny i . L] re
Pocar a uinbiiakis ScPHBERM it Aipchitnaiclific 1 flaRIuBKl e i bEibefidibhP e ©

are cl oserthé indugg wtindSuth seipssart hevatednfor sisetice Bt weenalon@toms @fithetdsiins t hat
are further away fromthe w nding axis (outer turns). The strips may
conpri se dinper aums) Ahdt gre clesentayihe WBding akis thyn the shaet-matesial and spmargnsibatpr i se

ator ol it e ERDld e ok s Tt A P i B b, SRRE G

mat eri al  agBight Q¢tigRfomhealhabriilorinies ddnipeise Sectivhs that cire wemithe cdihi Asresul ts
in an inproved behavior with respect to Eddy currents. A reduction in Eddy

currerbs rhefore.gbebtrips phsheat matgrialmay b eennceted éhavoaingsfernent. Iacaseathe strips

not or. Wi l_s eci fic enbadi pent f the i.nventi have ,been descri bed
Above, 1t ot Steeharersl s i agt ol e FinaiE Rta Fdne FHP BEEEH AL

ot herw se iin??&'eé%eﬁiﬁﬁ&f\hilﬂ?%sp&@% Ed@p&irtents. Avellgctidatin HALE Batechts Mal kdbult t he
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in an improved dynamic behavior of the actuator or motor.

Whilst specific embodiments of the invention have been described above, it
20  will be appreciated that the invention may be practiced otherwise than as described. The

description is not intended to limit the invention.



1. A lithographic projection apparatus conprising: a radiatil8rfOCSTRBER29Q
providing a projection beam of radiation; a support structure for supporting
patterning neans, the patterning neans serving to pattern the projection
beam according to a desired pattern; a substrate table for holding a
substrate; a projection systemfor prgyecting the patterned beamonto a
target portion of the substrate; and an actuator for producing a force
bet ween two conponents in the apparatus when electric current is passed
through a coil of the actuator; chaChXIMS zed in that said coil is a wre
coil wound about a winding axis and a strip of electrically conductive
sheet-material i s enbedded. in the wire coil, such that it is substantially
paral | el to the [Pl RIRICCtiRy apPRAIS SPIPTISING A | t hogr aphi ¢ pr o] ecti on
appar at us_ conpj {3{alen systén FRPrMidiAR a PHojcth b&Im Bf @Q¥ialbMY a proj ection beam
of radiation; a suppor}t/ structure Tor Supporting patterning neans, the
patt erni ng meamsuppertwirngjuretfor gypperting patiesnipg wicanst he Patieraing a0y WIVIGE t 0 a
desired pattern;.a su 2 for i .Substrate; a projection
system fo%’%astg?]eﬂ& Prr?be%ﬁ %ﬁeg‘%oag’? %%?Jhdz%tgéléi?h%e%tpggg%t arget portion of the
substrat e; anda aubstatt tebloofor holdingraodbstarey a f orce between two conponents in
the apparatus when .electrig¢ current is ass(iad t hrough a coi|l of the

act uat or : - char ABPBCHIR B o REoiehng thegaicmed beagg prio & Grpet gt Akt a

wi nding axi s agfbhs@ate:Shi p of al uminium sheet-material is enbedded in the
wire coil. 3. Alithographic projection apparatus according to claim]l1,
wher ei n a-| ayean sstuates| fecprofdecing 3 fonesrbebired we comypoxEaBan theapparatus mhegr al t o
t he surface of ;the al um ni - terd ' ormed on its surface. 10
OCTOBER 2006 913%“%8“%‘%?t%ggég?g%ﬁ?%h%&)(ﬁlje@é@ %%éag%par atus according to claim
1, wherein thecHardcekizesth thit saidv@il A2 Gde kaly @bundatdlut 4 @aslindaxi® dddiack. 5. A

| it hographic projection apparatus accoyrdin oclains | or 2, wherein said
act uat or FHEHPIhElECEGHpGoaductiye é%??F‘Pﬁ&“é{‘éﬁ@g?éd&Ei thPRedra lsHeD At ¥ Ker nal

contact WlRhfAly bl fo thdWinai R Githe &isheet - mat eri al .

2. A lithographic projection apparatus comprising:

- a radiation system for providing a projection beam of radiation;

- a support structure for supporting patterning means, the patterning means serving

to pattern the projection beam according to a desired pattern;

- a substrate table for holding a substrate;

- a projection system for projecting the patterned beam onto a target portion of the
substrate; and

- an actuator for producing a force between two components in the apparatus when
electric current is passed through a coil of the actuator;
characterized in that said coil is a wire coil wound about a winding axis and a

strip of aluminium sheet-material is embedded in the wire coil.

3. A lithographic projection apparatus according to claim 1, wherein a layer of
electrically non-conducting Al,O3 that is integral to the surface of the aluminium sheet-

material is formed on its surface.



6. A lithographic projection apparatus according to any onelBfOGTRBER 20065 1
or 2, wherein said sheet-material is between approximtely 50 mand 150 m
in thickness. 7. A lithographic projection apparatus according to any one
of the clainms | or 2, wherein said sheet-material is approximately 60 min
thi ckness. 8. A lithographic projectiofpsapparatus according to any one of
the clains 1 to 7, wherein the width of said strip of

el ectrically-conductive sheet-material, in a direction substantially

paral lel t4f the thgliaplj]lc@de&tloh&pﬁmhMEMOEiﬁrmtO)claimtleWyiet%irntm: dnickn2és ofm 9. A
devi ce manuf acturing. nethod conprising the steps of. - providing a substrate
that is atthe 8k&ks lfﬁ’ﬁftslaélelaV SoHBEHE by a |ayer of radiation- sensitive
material; - providing a projection beam of radiation using a radiation

system - using patterning neans to endow the projection beamw th a pattern
inits cross- selithographic ppojejtiva tappayatuieccpalingetoretaimbéanlofhereidisaitli on onto a

target portion af the |ayer of iation- sitive materi al acteri zed
by pass) ng R EET FamBties & poliTaRTgi BB 4 SRR S0 gRe BOHRC g a
force bet vg@dﬁlctah%&mmgeghga_mggeﬁae devi ce manufacturing appar at us;
characterized in" that said coil is a wire coil wound about a w nding axis

and a strip of electrically conductive sheet-material is enbedded in the

wre coil 6 uch /£. ﬂfh gllabhllc%rc%y&i%h%%érgthg chgﬁfuﬂ tlo%Lly oﬁé)olttjﬂg chrﬁ'éji ngZ,aXi s of the

coil.
wherein said sheet-material is between approximately 50 pm and 150 pm in thickness.

7. A lithographic projection apparatus according to any one of the claims 1 or 2,

wherein said sheet-material is approximately 60 um in thickness.

8. A lithographic projection apparatus according to any one of the claims 1 to 7,
wherein the width of said strip of electrically-conductive sheet-material, in a direction

substantially parallel to the winding axis, is between approximately 3 mm and 20 mm.

9. 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,

characterized by passing an electric current through a coil in an actuator, producing a

force between the components in the device manufacturing apparatus; characterized in

that said coil is a wire coil wound about a winding axis and a strip of electrically

conductive sheet-material is embedded in the wire coil such that it is substantially parallel

to the winding axis of the coil.





