; e3¢: 667848 - 1Li t hogr aphi ¢ Apparatus and turing
I\/bt hod The ﬁﬁ@%‘ﬁum ntion relates to a I|thograph|(E:)j ‘@ﬂm@@” Eppar at us
conpri si ng: pation systemfor supplying a proje

radiation; - a &i¥ffort structure for suppojting patterning Wafs, the
patterning rreans serving to 5 pattern the projection beam accordl ng to a
desired pattern; - stra abl e for | di ng, a gubst.rate: - a

proj ection system forf‘%%'@ f%ép[’?fé‘t'bgaﬂd;ﬁﬁgﬁe @@d@%‘ﬁ%“&ﬁ%&‘ét portion
of the substrate; and - a positioning device for positioning at |east one
of sai d support structure and said 10 substrate table. The term "patterning
nmeans” as here enployed should be broadly 15 20 25 interpreted as referring
to neans that can be ed t 0 endow. an ncom ng radiation heamwth a
patterned cross-sectio e@&?%%ﬁﬁ%‘?rﬁ@ 4SS t%aﬁglﬁqgé‘i‘ﬁlimtli’f%ec?‘%“ P r eat ed
in a target por oﬁr . of t he substrate; the term"light valve" can also be
used in this context. Generally, the said pattern will correspond to a
particul ar functiondiatioaygsterh forssugplyingen frejebgorcbeant eftkadiatibiie t ar get

portion, such as an integrated circuit or other device (see bel ow).

Exanpl es of such ﬁo%HPP@FﬁPrH@u’f?éﬁh%“PPﬁBlnﬂd’é“eml% ReAR, the RAtCEHAE SRandseruingie k
is well kno types such as binary,

al t er nat :Sngvgbhtgglet%hp%]gt%gn an éejorggla é@gbi Sglgeg pgﬁgl%'t as well as various
hybri d mask typesa SLBls@ﬁelfmﬂ!éfdﬁfhoﬁﬁK‘gfh abelak; i n the radi ati on beam causes
sel ective transmssion (in the case of a transm ssive mask) or reflection
(in the case of & prejacten pyseenpiasipyojestingtibe paiternad keami opte A tarery pertiand thaask,
according tao P)Rgatg%]gern on the mask. In the case of a mask, the support
structure wil gefieral ly be a mask table, which ensures that the mask can

be held at a desidgsbitasnd devivel for parRidnieOAtIE8t brrbfahiddippsasiruchite ahdadid i t

can be noved relative to the beamif so desired. - A programrable mrror
array. fe eubsipAtetable.such a device is a matrix 30 addressabl e surface
havi ng a viscoel astic control layer and a reflective surface. The -2

basi c principle behind such an apparatus is that (for exanple) addressed
areas of the reflective surface reflect incident light as diffracted |ight,
wher eas unaddressed areas reflect incident light as undiffracted Iight.

Usi ng an appropriate fTheterm “patierning megiidias hergempdoyadgheuld ka beadty | t er ed
out of ther I t in
Chi s anner lﬁ{ ha?&%gg% SR tc?ﬁ'x‘éﬁ%%g%n%eﬁ bk G‘?ed5t8% E&@%ﬁ%@%ﬁ%@&m&%ﬁ é)@%ﬂét torn

of the mgtriwitag gﬁte&ﬁai%resssmﬁ@ﬁ @orré¥poadihg ltdﬂ@-})httﬁ@n €1 3o e Bfcateld iA a target
programuabl e mrror array enploys a matrix arrangenment of tiny mrrors,

each of whi dorémofishe Fmrr@ﬁed@altwl tlight é%lvaqutal eaispd irphisgepiext. ngenarally,
suitable lo | t.p on
reane. 10 Ot A8 B il cCrrtspBhdto Lhurtil BB AR A A% GEL bhifg 2R h
addr essed nith¢ aiget poition @ichas tn anegraed oiragt sesthatdeoite ameiow)aEgimpley et
direction to unaddressed mrrors; in this manner, the reflected beamis
patterned aéeﬁl?a@twgmpémq%s mgdessi ng pattern of the matri x-addressabl e

mrrors,gThe requ r r u
ol cetronle means P SR ot gRar ERRNER HATKRRPA By HLH RAId-SRLS
patterning nmeans t¢e3 sQEHEY blﬁﬁyoﬂ&nmtlng‘@h@semhﬂﬂraam&hﬁteﬂlphléﬁtr shaft] &ywell &Dr e
information on mrror arrays as here referred to can be gl eaned, for
exanpl e, from UnivesgushyrissmmkitepassPlacsmen of swh|a mak ingharadiagon eam amePCT
pat ent applicatiqn 33096 whi ch
herein by refer en8§°°‘\‘/¥% 82?41%&}%82%“ e&o&eg\%ﬁr% r éarlr]rsrﬁ% SEeH arS]r(o(r)r rﬁlr]?%lo Q e Cgiis|ed
support struct ur efaQefidyiveenRstdhefhdasion nfnbﬁ)gﬁlgfb’n thaklagk, af:airdmgaﬂﬂiee
whi ch maé be fixed or novabl e as required rogrammabl e LCD array. An
exanpl e28f such @aaewgnrtbema@h In ghefagenf ama@h|theeWps@@§@@ctw&t\@Htgewsally be a
5,229,872, which is ted h |n b r ef n t he support
structure in thi gn%sgggb e%cggf’é ﬂ( ?ﬂn}ﬁﬁ" gcfatt Q%F'é?dol?og UO&H ie, 25
which may be fi qucc%mﬁ?é’(ﬁm&] team’ §1‘i’d~'£h'éi3i‘i| 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



For, purposes of sinplicity, the rest of this text may, at certain

| ocations, specifically direct itself to exanples involving a mask and mask
tabl e; however, the general principles discussed in such instances should
be seen in the broader context of the pattgrning means as hereabove set
forth. 30 Lithographic projection apparatus can be used, for exanple, in
the manufacture OlIanCrHTﬁ]g{é)% ?gliﬁ:d Lehah %P}gfll’gﬁ% is d‘lgl (F&%Qar?lgfégﬁc?dre{sgc? areas of the
patterning neans may ‘generate a circuit pattern corresponding to an

i ndi vidual |ayer refledtive shifaceaBledt McsdePalififrad deraactee lich gaereadifhdardssdget
portion (e.g. conprising one or nore dies) on a substrate (silicon -3

waf er) that has baeas refdect énfident hghi ab apdiffrasted light.aUsing-ane@ppioprigte filter,¢hé sdid

ist). | l i.ngl f il t al whol t k, of
Al acent tar gt et Taed iRt e ratetiant p{BE S ede faliing SPne
projectign syst emgifffafeddehfbdHinge ngs ﬁlgﬁﬁde?%e BERAbLELIRes FABINEY b&@rding to

patterning by a nmask on a mask t’g%l , Istinction can be nade between two
di fferent 5 typeshotddresshignattednrofoiembayixeaddfeskatihagfaaphiAn aitenjatied i on
apparatus, each target gorti on is irradiated by exposing the entire S

nask
pattern onto t he SHAGHPCTE S @ PEETIAMERIE njEror amRherapoXhd HIHIX ATANgCEHhAS Hiny
referred to as a yald oahPRRRich bah B indhiRR1Z 0 aBRR 3h it Sy GOBITRA Y
referred to as a step-and-scan apparatus - each target portro S
irradi ated by pr ogitetdsiocaliyedsateonic fieldf drebynmgioyiag prroelecide acthftéonphegnect i on
beamin _a given reference 10 direction (the "scanni ng_‘r'a direction) while
synchr odBusl y scdfergainpibednigsrs ae Maprahpddressable) such Hrat addresspd mairors will o

This di tion. s . . - . . | .
magni 11 cat i on § agF et pp PR Blaioh Begr i} iR Y ToMhadarbEnfirors,
tabl e i s scanned iwihik maaner, fhacéfuctdd Heanmes phthahe ddccuddingtotthe adiredsingpatt@ni s

scanned. More information with regard to |ithographic devices as here
described can be Qftenaix-addreseablgwireors s Thefeguaired magixgarkiressing camber por at ed
herein by refer e}%ﬁonhéh @siﬁ?ﬁh‘é‘ aﬁ%%&%kr@%c%&%&s%%?ﬁ B2 shgétib%?rd@si%%g
projection appardtus, a pattern (e.g. In a nas I'S I maged onto a substrate
that is1at |east Hesdaboad, the pabteigmbahs@ah ayprisef oneadingdre progeg@timiable viéirror
material (resist). Prior to this imaging step, the substrate may undergo
vari ous procedur €§2y% MRreiafospratipmgn Migay aitaye gshere gefared to wprbe ggegpagd, fof ¢ er
exposure, the 20 r j oS, amUsdir as a
post - exposur e bal?Z%é%B??&dlg@gﬁdggﬁgﬁtp{ﬁggg E};Sr%g%%ﬁgﬁé]nd 9%%%,1@%, and

measur enment / i nspgatenodppdicatids WOeRE3B50E ahd Ve 9833036, avliialy aefingorparedd hewin S
used as a basis to pattern_an individual |ayer of a device, .e.g. an IC
Such a patt er ned Byagerengagy I the fass 9f @ PERETYEMIablG dnisiop aay dke s sipRert stru¢prey

i on-i npbgntation ﬁp&j . I %rE?E- L i : i

pol i shi %g etc., ng I iéral'?aeor(li(lf[e%%?doﬂr I n|Hstﬁﬂgsﬁgkgﬁﬁalﬂgﬁqﬁg?@mwﬁggg%Ikl?ble
several |ayers anerequijad.red, then the whol e procedure, or a variant
thereof, will have to be r ed for each pew | gyer. Eventually, an array
of devices Will %pﬁg%?ﬁgﬁm@@’u&ﬁxé@@&%Paﬂ fOTHHEtéOIH'é\gP‘_}ééén Knged nen
separat ed {1 om ORG,ENPLATUPY 230 RIERMIGHR iflibordRa Hefehly Rfere A RYabglRenCe
t he individual devices can be nounted on a carrier, connected to pins, etc.
Furt her i nfor mat itlmsuppgsatuctgresn cliis pase mesyseenoz=diddens Adraint o tabld, fof example,

exanpl e, _fromthe hook "M c¢rochip Fabrication; A Practical CGuide to

Seni conddict or Pr Jeudymay ve fixed prymeyable ayreqwedoet er van zant, McGraw Hil |
Publ i shi ng vt ks L Q- 07= - i I i . ce.
T For the SakBubAer siicy he WAl Ehllictex: AR aPRAIFRURIE, Shobiih] e
referred toisslftdexanipdsinvelving\waissk,antl sk tablenhshevdritheqeherabshinciples
interpreted as enconpassi ng various types of projection system including
refractive @pepesed in gichdegtinges giopjdhe segmin tsbreadeheantext §f hegrpierning means

exanpl e. Th%shégﬁﬁbk%ﬁi%ﬁﬁte”]"ay al so include conponents operating 5
according to any of these design types for directing, shaping or

control Bpng the proj emh@?raplei@mé]éctrowppmmcaﬁaaumgfbr%@ampm,emttﬁe may al so
be referred to below, collectively or singularly, as a "lens". Further, the
| i t hogr aphi enanpfrstuae abintagyatedkcivfuity (IGspdnisaeh mepseaibe pattarping maahs maggeneraibl es
(and/or two or re mask tables).ln such, "nmulti age", devices the

d ¢ onal  A4HeBE PRAGT SerreD8ading o th Eidanual et Rafe Foiyhis PENER fag B
carried out ;00 @NedQ Rbet RFton @R ESmINIAE RS Rbre ML oRaEBstaBDISAR oA ©
bei ng used #orgexposure%?%%uaf(s?age p??ﬁ%%raphiéeapsgpatus %re %esgribed,
for exanple, in US 5,969, 441 and WD 98/ 40791, incorporated herein by

ref erence. The positioning devices that are used in conventional

| it hographi c apparatus to provide forces to nove the nask table MI and the
substrate table WI usually conprise 15 a plurality of actuators. The

e o . . . L o Y " e




|l i ne-contact with the adjacent pieces of wire, limting the area across
whi ch heat may be conducted. Furthernore, the material 13 used to
electrically insulate the wires 11 fromone 5 another tends to be a poor
conductor of heat further reducing the he transfer characteristic across
the coil as a whole. Consequently, a significant portion of the heat
generated on the |ower side 10b.of the coil js dissipated to the

O T onment WHOSGE BaReenGORER WA 1y of FRetioRm B g aer LI SRy
the coil 1O duflfe GARY WIS COUERENRold fetwbh bf adidbeAftalbl SiitioR hifife RicREQIVel
invention to provide a coll for an actuator or positioning device for use
in a |ithogrispdiaed piothe pidjenioappsemt ok 4t haime &s currgnt appadaths ainployangsf er
characteristics. This and ot her og%ects are_ achi eved according to the

i nvention i rPagemingiyc @ask on apesk Hbles 2 distingion qandg made brvesp NP different

par agr aph, I [ i t I I £ 1 oni. Vi I . a

pl anar mg)t oﬁp‘%g\?)? hgacgﬁgﬁgtogfkﬁ%d) fgﬁiogé%gféa‘%rég ?h%aep]p%faqgsa%%%st%&gﬁ@ss aid
transl ator GRABEEbYSxPosHe the GhreTBAR PhattérhOHE tHE €argdl Gokthtd iBlone goNuck ah d
stator and said translator conprising a plurality of coils that can carry

an el ectri c apparawsts casainonly s¢feged tonasra wafemstepper.dn eh ali¢roativei apphiausconduct i ve
sheet-material. 20 This provides a.coil with inproved heat.tr.ansfer
characteri stcpggn%%f? CTFRp aﬁéﬁ?ﬁ?“@'ﬁﬁﬂb?@ﬂ"é‘& “acti6s grgeﬂ_é’owod‘tlﬁlﬁ’df‘i‘%by
strips of elpgdiedstrly tamRhgHelhy®k paRealumdBl GE Eﬁiject%h!béamsn Qg%ﬁ'r&hﬁ:hce
because the electrically conductive material has a higher thernal

conduct i10i t ydirebtgon (the"scarmingltdiregtioratvdrileasynahsenpuisly scamimgnthi enbstratediable

orme the carrazbonfpsePiEafl Rt el apieon seadet diproshi woem Vifkave
bett er spacgnfgnifidafién FREGrM (ERMIGUVENeIsPER V aPWhRh tiOSubS¥ AT IR ik R anhedce
filling factor of a coil according to this arrangenent woul d be

appr oxi mat elwillbed factochiaes thenattwchich the fmmask tabhesisrscarmadi Moretinfsematiorcwith y
wound copper coils.. This reduces the required dinensions and hepce the
et gt ~of ¢ HESEbI BipGfrahiG Spbhesas it dSHied e SrElreneda g ot owp  Bper Vg
enbodi gt , ¢ due =R jng(,,?)bpatéd)ﬁgfgq tyr&@tepbdim ni um sheet-material . An

addi ti onal advantage of coils forfred fromalumniumis that, although the

conductivity is |ower Inhamnutacheing poocess ysinga Hthographic projaetidnoapparatisnsi t y

nore than offsets this, resulting,in lighter cojls,. This advanta coul d
not be real PR ECB/BR Sriaiobeg PRogct Py ke Hal 13t lend nir PN RPLATEpY T thver

di fficult tofeddudnieRsivhé MateriinirssistR Pridr RAthls iflabitg sgly BR saBRAUSmh VUSRS
the coils are arranged on the translator of the planar nmotor and this notor
is used to prYQRIotsiureshanch2s primiing, aesess soating anpd atspt dpkd. dvftes sxpasnres theh

arrangengnt, the nmotor can easily be used in vacuum |l ication ince the
ver ti caPdf o Bt haebe e gthed prackiet A Fa RGP i Rl IR, e gnet
plate so thaevélbpraait, MBMA bhké &id @BAsAESndnDirspectidalof aRNhakedlcai@esMIhi Abthy bhe
requi rement of e.g. an air bearing. In case the notor iS to generate a

vertical fomseceduresisdised apa basys toqratterpmnviadividuaklaydrad @ device.freg. #ndhetugblaat e,
t he wei ght of the

L [over is to gee gegrtlou%s I QW as ossitﬂl.ne since l%rgi S
vertical fobdlemEdIsE may feh Pndeiad Teror Forreates i BTG i P BPATR i on,
The use of IHghg)\VRleEiNizagibhlBxidaidh | QlemoCBbdhanical dolighitlg {€ic.DA1 AfdLABE ROBMNS
for 10 such applications. Preferably, the successive turns of the coil are
separ at ef f neiadi’yidnah@(yexbii 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.



el ectrically non-conducting material that is integral to the surface of the
sheet-material. For exanple, when the coil is formed of alum nium an

el ectrically non-conducting surface | ayer of A1203 can easily be formed on
the surface. This sinplifies the manufacture of the 15 coils in conparison
to providing a separate insulating |ayer b&tween the turns of the
conducting material. Furtherpore, the production is nore reliable since,
with a separate insul O sRke 6F simplicitheheprogctip system may hereinadter he taferrest

will be da I.Nn DEQ Lon j . ical, _short .circuits
bet ween r eggggg fh\? e I%ﬁ r glé %}Sf/ é)rt hh\é\mcegglswg égi%flof%ﬁ'h@e&%%g%?seng n%_faésééé V%lcf_uﬁ n
thick to ensypd AgRILHA sotea! incRaing refrhdtAkioptcs, PaRitivé opthe! £hd catadfiPeric
physi cal 20 damage to the Al203 |ayer. The strip of sheet-material nmay be
si gni fi cant Isystamsfonerample.al helradikiners systgint way alsa inodudestommonets pperating

per pendi cul ar_tq.the w ndin xis, than .t J.s in the width direction,.
oot ant pal et afy PEmEseRbieharied 1o itelif, BatiE ol tehisyipashf prdige
formed from@ahafr@sdilieidend Qfchicdhipenéits iA§ aRO 8 kefBRESTI Bllow dolBdtivelyor
becom ng bul ky whilst at the sane tine 25 providing good heat conductivity
across the wirularlyf ag h@ensdi Furthen, the litHogeaphmtapparatus maaygteenefrat type haying rwoeort
carrying coil is fornmed fromwre and the ' ectri,églﬁtlé%/e”c nductive

trjps of ele
sheet - mat er iMAPre sPRstaiRfablas (rndior fie opmoEe wask ta }FFPeB'SWé t TRl evices
efficiently Qﬁﬂh’ﬁ" i i i.qnlfi t
reduci ng thetﬁés)pace&fall Hglﬁsrs\g a%e?%%dg{p %rﬁlgel,gdgip}r&%é&gh gﬁeﬁ'gjeeéﬁ frgﬁ'a drrug;(/m e
ar r angedoOpergemae cabledrwhile dneer atbravothel ragiea dresbeing yrsad d61 exlpofioed. Maaldtagh Ng

axis. As before, in case alumniumis appli ghd.as tggﬁel ectricall

conduct i ve dJHeegraniit aFnagqus 4R describess fpngampim in BS G aleangrWrag 40791,
sheet - materi; - el ectrical insulating |layer to prevent the
coi l short-é?‘lfoc %@Sahﬂg&%g%g{)ﬁehg el enrent may be attached to a side of

the coil that forns a Tegsitipaingeiedicesdhar art asddia cohvaitiogaldithsgraphidiagasdtusan
edge of the sheet-mpterial is _in thermal on({%ct W th the cooling el enent .
F Meheng ReEH I

Theref ore t @ PHRYA{® IGERE FumQYe HiF ask tak) festrats; teblgi W ugeallyicomprist r ed
via a | t : Vi C I ] LHA 7

the amodht orbipae AREMElor i &Rldbrk CoptsfATERE cBIF Fhithed 1 el G1he
sur roundi ng apperatwwiahd a Riagheraaidnyblaattacipd ot thp odiee phiit ofitheeppattus s Wiiehached t o
a side of the coil that forns a pl,fne_ erpendirtcﬁl ar to the w ndi ng axis,
for exanpl e CUPRR IS BREY theoushqguchFoif He inigraction,of the Cpmentpassipg BRoUSRANCERIl i ng
el enent is Ricst g i f L ol i a
ol anar ot o e R IEId SrBRRAL At Hahel pHotRl] et b S ke
danmage t o t hppaaiuss Thé cellstoftcosyerftionalaatnaroeage fomadd frale imduldted Wwire Hanisor of

t he pl anar notor,.. The j t otection er may al so, isol ate.the coil

Fr oyt ey ertéian B prborS i BRI £ euha OB I ds SR Ay ey BEaCERicr RIch?
evacuat ed Sy3f1§trol&BERT The YAT £0 {58 froMbppet Wil ElwbiRIRHE VAT
the Al 2C3 | ayer woul d outgas gases that had previously been absorbed within

it. 15 I n a akisrtZhéfo pravémhusboroéirdilite berweenréspectivieharns of theicoppayuwick Bl thet wixe
ferromagneti.c core.. Thi if’ enafl es E.he constmj tion of an actuator with a

| oner vol umd® PR igiap giechriatly ngnlptine ARG fent mprovenent in the notor
efficiency. According ’Ite%;ﬁrd(n&'xretch%gt&%ﬁ@% fard R GrddIMROWIBM thpﬁfh%%aﬂ]ic

provi ded a devi ce manufacturing nethod conprising the steps of:

provi di 8§ a applratus a¢duct tmtaccwraey ofl isgetfopaandeant yharmabstednshyiayacdusy éamage to

radi ati on sensitive i rovi di nt% a ? oj ection ﬁam of radiation
FRY

materjal; -

using a r adicampeﬁergwftém the apparatle Peie & ABETRGSEAEIWE PN} Lt on
beam w th a ,paLfed Besirible 4S nfihifise t%@‘fx&ét%@hc};x%éﬂ'vvif?ﬁr?h%“agp&gtug e Ditkd B8 %ot
beam of radiation onto a target portiomr of the l[ayer radi ation-sensitive
material, 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.



characterized by passing an electric current through a coil in an actuator,
producing a force between two conponents in the device manufacturing
apparatus; wherein said coil conprises a strip of electrically conductive
sheet-material. 30 Al though specific refergnce may be made in this text to
the use of the apparatus according to the invention in the manufacture of

I Cs, it should be expligcitly understood that .such an a arus. has;, mn
ot her possible applica P‘S’ﬁgé./r’ }_ygr RS P%‘%l Clo{l dﬁ%%“%’gadgﬁ%p ‘%rfé@“’%dﬁ‘é‘/ Wodnd
manuf act ure @frel it B4t B RBLH Elbu Sy e RDR is 1BW. d2RE SnsBltkddSERU VAR is onBLin
patterns for magnetic domain nenories, |iquid-crystal display panels,

t hi n-fi | m neljmecontach @atdisthe edjecenThreceskaflwied] liariting the awialacroap ptheshi lebemaynbe , i n

the context of such alternative applications, any use of the terng
"reticle", "Wadestedofurthgrmors, thepp ‘§“i‘1e1§t“5§‘l'11HIﬁIBCtB%aT'ddPﬁélif‘%%p@d”‘é%s Ifrorg one

repl aced sby rr@cq_jé r 1 " ot
portion” ,5 reés%gz:e??{?gf ?}& B‘?é\a{?ﬁa&%gﬁcé%nt gtcfﬁﬁtﬁa%??&lﬁﬁ 'P %ggrréé tr,aﬁlg%?g}[air%cﬁqnsgﬁd
"beant are ugkecksithe @iLagpabsleaConiegpestlyoh sehiidanoporgeresd the healigahéraed on the
including ultraviolet radiation (e. % with a wavel ength of 365, 248, 193,
157 or 126 nigyvenside Blvof el edisyipated (A the ervirosmesnt | Dtraungingith eqily ragher
wavel engt h i - , el rd ans, such as ion
beans or 10 t@?’é?@?%ﬁgﬁ%gﬁ%c?&%&pﬁéoﬁr@ tg? g(?%g@ieﬁlé\?gér? |%§ will now be

descri bed, by Way of exanple only, with reference to the acconpanyi ng
schematic drawi ngs in which: 15 Figure 1 depicts a |ithographic projection
appar at U9 accordi ng t oltanarceRiesdiohEgtpresent insentipnda prayide Fgailios ap agBypeels, i n

cross sectiaon,.. n [ cQiky  Fl gL ' ' rs i a
coi |l accor dilsr%’gsnﬁ’(’)l ael&ﬁclc%:efg{:e]n © llﬁﬁ\}}é}?’l %E %J[%?lcrﬁogeﬁggl?h%@gaﬁ?gctﬂgﬁﬁsﬁ gfoté'ﬁaxﬁ/f’aetw, a
coi | accor ditaghsted chdractprigient i nvention; and 20 Figure 5 depicts the coil
of Figure 4 across the section AA. Figure 6 schematically depicts an

arrangenent of di THigpethethenphjeainpreachieved arcanglingtotthgeingetiomnin ajlishegsiephdh. | n

t he Fi gures, ndi.ng, ref e s indicate.cqrrespondi. 5
par t 5. Erbod AR 1o S0 al PEPGOERRE AR il i O FREEOLARnE
proj ectiign aRpreabuprisesCoplahd gndtor Ravie 4 itarot add £Thdiiodie of said@atbNMRIaidN.
The apparatus conpri ses: i
translator comprising a periodic magnet structure and the other of said stator and said
translator comprising a plurality of coils that can carry an electric current, said coils

comprise a strip of electrically conductive sheet-material.

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



-9 .. aradiation system Ex, 1L, for supplying a projection beam PB of

radi ation (e.g. EUV radiation), which in this particular case al so
conprises a radiation source LA, . a first object table (rmask table) Mr
provided with a mask hol der for holding agrask MA (e.g. a reticle), and
connected to first positioning neans for accurately positioning the 5 mask
W th respec 11e S e . ODb] |

provi ded wi ]l‘%}ngm{s]h“olgvr%i dé%%ﬁﬁ? or ‘Elgﬁg%r?tg}‘?sg‘sgﬁééﬁ?@%’re%@?géggd“@é“ nge the
resi st - coat egllssirt ngapedainanq tradfdorIReplasa rhelosARIANK B&SH isiveed Roprowiaes for
accurately positioning the substrate with respect to itemPL;, . a

proj ection S89gtbthenzgrtpkiosces apd vereicq] forees. dip puchrapiapgerpant, thermgitereangasilyrbedi at ed

portion 10 of .the nask MA onto a target .portion (e.q.,conprisi,ng one or
Tore dies) BrdnaaSumsERelicato et M riERreeetm bl prlph EHapHL e teGc?
reflectiye fypanhé agnetRse 3o iRt [1Rah MO MG IGhiesSINRY Bbrizdntal $eHe WAthout the TRY
al so be of a transm'ssi've type, for exanple (e.g. with a transm ssive
mask) . Al t ereqatrementyof etgien ajypaaririg. in cray thenpotoy isdn geterate livedical fopet inerderng
means, such as .15 rogra ble mrror grray of .a type as referred to
Above. The lenaritale sdvedhiSiriier ot e massatRlat. We Wt AL EQIch R bedepi)

produces a l;b)%ﬁif‘Lﬁssibﬁdéiﬁéegﬂﬂ-veﬁ[&kﬁoﬁ%% itéb{]gx\‘l}.vidaa Qe 2700 %%gﬂ%& Bkimy St em

(illum nato , elther directly or atter ing traverse I tioring
means, suchopesationbTherusxpdighe wekght aliintiniemafiofllceils Eifeund fobe adabmagebus fary
conprise adjusting neans AMfor setting the outer and/or 20 inner radial
gxtent_k%onﬂﬁhlayph’ﬁ‘@f’?'gd to as 6-outer and 6-inner, respectively) of the
intensity distributi Oﬁr&&aﬁlgﬁRPQ%ssi% tﬁﬁl‘é'off'tt%rt?ofl' e a}at&ﬁ?@%héﬁ’otg%ﬂ%f' S€
vari ous other conponents, sdach as an integrator and a condenser .l n

t his way, téecthediy feR-conduct@igngaterialttha isvmsdgradifo Hesusfactesfi the shagnnfacarial. t Forand
intensity distribution in jts cross-section. 25 It should be noted with
regard to FPEHIR Vhendbe eqibisdermedeor 2 mw%@nﬁ?qcm%ﬁmenﬁe cHye sfrfacke

I'i thographi g, ro‘?JAElzc(?;!c%ﬂ e%%tfea%o}iﬁ%c(&?t}{ﬁ%uﬁ%e?“rtﬁé‘ﬁ?@ﬁﬁgs &(@%nh?a%@%fﬁ: LA
is a mercury l'anp, “for exarple), but that 1t may also be renote tromthe

| i t hogridphi eviBlinfenparisonap peoviding a sépaeate adulating aytretstwedn thé turhs pf theuces
being led into the apparatus (e.g. with the aid of suitable directinq
mrrors); tfrdustingaptedals fRrthgrmare.dhe prodpeiionds orgraiablssincrevihaserardty i s

an exci mer : : 1 I i %ﬁﬁ\, - 0f i hese
scenari os. J{lﬁgs%%gaﬁ?ggﬁgﬁ %ﬂ%dgﬂ%‘ﬁg&?ﬁiﬂ%?@gﬁﬁé@@eﬁgﬁ , rglgé:érqlo?sw tﬁuﬂfd

-on a mask tmby Eadfo elektvicalgshbe encws betweenetspecevd tentsed thwycdihddeallykhd/Al,Qzhe

beam PB passes -10 through the | ens PL, which_ focuses } he beam PB onto a
target por tis@hleastorip RRick henspreiadeqyatqplegiricaldnsilaliops eYend! YIgkois dOHE ShYSGHhi ng
means (»and &dﬁ&%@ﬁﬁﬁfé%&@%ﬁ geasuring neans |F), the substrate table WI' can
be noved accurately, e’g: zo as to position different target portions Cin
the path of the beam Hi stSpwt bleet-shateriabmby bs tigpiikant yomiriugvereaa shiclaesde used

to 5 accurat,eI%/_ position the mask MA with respect to the path of the beam
PB, e.g. afdigctigpenbsipntiallynsinendigalar torthe pandipg pxigpthan i s in thewidthdpediop, or

during a sc q J I i e
roal i od w TReehTuGTARIM o FENARRRL oL THE REbREhe BRNEbe Mimelhlh 4 lurfl
short - st r oksunmbet of eirgd ofitke pleet-iriacemiahgjthowttit bdroarieg dky evhjlbt atithd sandapnet ed
in Figure 1. However, in the case of a wafer stepper (as opposed to a 10

st ep- arfd- scIRYVEpIBg0R6 he§t qomdusHydty acteps e widthef the,edil pe connected to a short
stroke actuator, or \V '3 het 1G n two
di fferent nodes: 1. In%agt egmﬁgg‘g@% gm?}glgL}&t%gﬁegp%ﬁﬁ?{ﬁélgg?%@%gﬁ@gﬂl@

st ati onary, andnhe stripeof ¢élearioaiBkcontt@iveishedqdmitertil @tk émbedded gothé iwie. col. Ihegl e
"flash") onto a tar.qet portion C. The substrate 15 table WL is then shifted
in the x antedrmgiedalcdieippifscangduety the heatpytiof thepoils yvthent significanlycedusinge

irradiated by the PB: | n. tially t . i
ot oo, - o BEptHeE (EFRLTRER; of e DU ERR SR B AP G bR BB PR e
"flashp | ngin@afd axid\§ pabdlel tdk @ilding 8xidDX8 bR, in BasdiaBRintlinh RCippABd &4 dhe
so-called "scan direction", e.g. the y direction) with a speed v, so that

20 the pr ojdedtiicallylsondnobBe iskeet-mptartal.tithe 4&6h lapee pn thesusfiace ofethe sheet-material
concurrently t he. sub tﬁate gablﬁ.vwlis sinultaneoualﬁ moved .in the same or
opposi te difPEBE pbipicgral glecyicalngulating layer to prevent Y coll SRIHIEHIPE cat i on of
the lens PL (typically, M= 1/4 or 1/5). In this manner, a relatively large
target portion C can be exposed, w thout having to conprom se on
resolution. 25 Figure 3 depicts, in perspective, a coil 20 according to the
present invention. The coil 20 is formed froman elongate strip 21 of

el ectrically-conductive sheet-material or foil wound about a w nding axis
22. Figure 4 depicts the coil in plan view As shown the coil may be

- . Al 2+ - e I



required cross sectional area of the strip in turn determned fromthe
required electrical resistance of the coil. The coil is preferably forned
fromalum niumstrips with a thickness D1 preferably between 50 and 150
~.un. In a preferred configuration the stups are 5 approximately 60 um
thrck The width D3 of the strip of rraterral IS preferably bet ween

on.the width of the

ly 3 20 f
Strip of alum nimfgﬁaﬁ?ﬁm el e 5% reened ana s P ool eSS Beeen
100 d 300 | 40
And_ 300 L HERSCARCII 6y R TNk 08k 1 A Fh@%g%ieﬁ%?%r PhRLE! Y

mm and a maxi mexterna approXi mat el'y e col

al so be for oestadtrvarn e hebh@ aehentc Jheefor® tiediedtgdneate ML BE cafrénttimée AN be
formed into the required shape, such as copper. In order to prevent
el ectrical ¥nibbe tansfened wia Eé@Wb@%@éWW%’ Ra teghe coaling edesnent, minimizing

| ] i ded b h
electri c4 ¥hea (hu%?nfd HEL lt}}aglsngélgted% con cte?i IHnﬁe nv1r§rérpe %‘éﬁgl%l({l%eW%gogtr| p

Thi s may” be Porm of" & '§€par & insu

21 of el ectrl cal |y compgsfetablyGin Eecrtlpadne&ﬁj‘n%anbéns BAVREED 4 16O of tAE c6DkHat
shape. Preferably, however, as shown in Figure 4, 15 the strip 21 of

el ectri cal | forasridtiens mgperrrdtcera‘rén thna@n@mg|am8efgararamrel¢,ftheeprz$1t¢ sidaefi thereoilt  of

| ect || dyct t | 21 d tp th
cor | shape, (& 18 Oaf SR MACAIF SOk ihens s fivghel T i Rsscip bRt W@iﬂ%&ﬁ? | cal
short circuhipisaRbdRENpIaBRREGDE, ‘éﬁlcé el 1‘p(gét ﬁrBf‘ect%H mem¥&aRiIt AfhimPelan

formed fromalumnium the integral sur may be formed of Al2 3 Thi s
can pr ef@r abamageetoftior eaeld shguld tlwayifor arq mawna:bl]rdervuth the staR® ofikheeplarer mveory by
chem cal progesses. or 0Ssi n surface to The, a i Zi ng
process nayf%ﬁ%m}%a}‘ff%)é%%@ "ﬁ@ 8@ fSBI’f(gﬁefo ‘rﬂ‘lofoﬁ‘ﬂl%gheareﬁﬁmdﬁr Pﬁo'gﬁr ckness
of Al1203 ong ﬁa@atﬁyrﬁ?ec&t&ftortxh@y@lu@atéu mn%wablpatedlsys@ﬁﬁfﬁre?ab% Were thokgikness
of the A120 | ayer is at |east” approximately 5 dun. It has beén found t hat
t he ri sk of nethselated froputhe yadramwalen ABOR flayee wouldoutgas ghses tleat had prectiquistycbeen
manufacturr Qti‘ hrntrng of the coil is much less for alumniumfoil 25
coils corrpa? egvé'ﬂﬂ Cu foil coils. Figure 5 shows the cross section AA
marked pn Figure 4. AnfoRlrihedv 808 the 3 chiion, tMSI%UEHgHélﬂ% f3rrémdgrblic! S
attached to the upper side of the coil 20. Aflow of coolant is provr ded to
an inl et 3lcerad Thistenakleethefcpustiugtiomat areactmoxt\wth e hover vohene3for hegitendber bed

by the cooli (g el enent  30. The oo%gg nt 30 is in direct thernal
cont act vut?P %%OVS%ICBH’&W?&C"&C UPE ST HCBECYt sheet - mat erial from whi ch

the coil material is heEdrBfhg td A ashect HENE BRenGSN@ERLIS PrdviiddedevRle! 20
by the current tpassr ng through it my be transferred directly fromthe
strip of sheenu engarethoricpmrlemglthmgem@rrent 30 -12 without being
transf ed across._a.si n|f a nsuI atl mat er.i a a thin

| ayer gd’l nsul at Prr% drlr%ﬁ F"fbg ratﬁghﬁtbsa %aéggag&?v %ovte(ﬁg lﬁ%ert (gﬁaJé%f 221 a of
the strip of sheginsifigt efdi@lal.and the cooling el enent 30 to prevent short
circuits between respective turns of the coil). A plate 35 of stainless
steel may be attBiENEdNg dprojrstipyiesm eﬂgv@ha@pnbrsmrg atrhéiagors system; 21 of
sheet-material to.pr nt. danage to coi l an

copeci a1y usef uftit REERiRE AEBR orelgbRin Boiecibf Bt Yo B ibtsians: 1 »
whi ch case the cgictiosrust be protected from damage caused by, for exanple,
collisions with the stator of the pl anar notor. Preferable, when the

act uat & or- not oprojestipg thegattenned bedna of mdiationionto plaeged bertion 3 theHaydrdf cover
all coils rather_than havin arate plate for each coil. As an exanple,
the 10 pl anar motPSFURR ?e%sétﬁ%r %tgr’%f a magnet plate and a mover conprising
di fferent CeHakackitized by passihgC dleciid éuxfé?ﬂf@frb@élﬂagcé}l il dnlddtulafof, Sod&@hg & force
Figure 6 schematical |y depicts a possible [ayout of such planar motor. The
magnet pl at}@tweerthe)mmnenmd)) theslesmhemufacairing appprwsembadinisgiddod di agonal

lines formng a. pattern o uar es. ver or, translator of the planar
motor is sc‘FPg’FHfSFEéFtI“P Qféiﬁcf,‘fq:é Bﬂ}“dff“?i‘b? egt- %areé‘ﬁ ed in 4 coil units (50,
60, 70,3915 80), each RRhJ}ugg‘l‘r%EcrﬁQP&?&'e ¢d¥hat BE BfadE H ths texfothe o F the>0- 3)
Such a planar notor arran s we e used in vacuum
appl i cat i ongpparangseactdreinmgtt okie mamtgmnarlﬁmamfhannemrl(:aht $houkkbd explicitly

accel eration and decel eration, but also a vertical force to levitate the
nmover from $IKETsteashat srsrla@réawr%twalraslmaltyamhcrrmraémblﬁlaephmpé%£or gxanple, it

the motor i°f B GmARSEFLLE PR ERRE BuPRsPRRY o) R, Eiceald otBeld e

surface of the magnet plate, the weight of the m)ver is to be kept as | ow
as possible since this vertical force has to be provided at a 100 % duty
cycle during operation. The use of |ight weight alumniumfoil coils is
found to be advant ageous for such appl i cati ons. Further |nf or mat i on on such

. o R r Ad~N 7/ A A LSNPS A A RN I - T Y 1




the space filling factor of the coil but provides direct thermal paths
through the coil to renove heat generated withinit. In a preferred

enbodi ment, the sheet-material used is alumniumsince it has good thernal
conducting properties and an oxide |layer gan easily be formed on its
surface to provide electrical insulation romthe coils. The mechanically 5

strong insulation.layer fornmed by the alumniu xi.de reduces .the risk of
Tnsul at i on BAELICr HENSHEHR AT Ioes b Y ALO P EE PRS- DR B8Rty r o
| s wound tohéﬁsf@t{:.hﬁnecs%ﬂeda i n%illrégﬁx%?ila@/tﬁét,singﬁe §$}ﬁ€)&'o'f'§ﬁ&1rﬂ@¥na'ﬁ%¥ be
arranged between layers of the turns of the coil such that the

sheet - mat er applicationse amensti of wheaterrho'reticde M 'wdfieriorddies irothid taet should be
Alternatively and/or additionally, strips of sheet-material may be provided
paral | el tocensiderssl a5 heinmigplasedsbistiie mare genesal dermst magk’}, Ssubsrpehand liarget to a

pl ane that | L& . er pendi cul ar to the winding axis. Such strips are
| ocat edf]saf opgﬁﬁgt’éﬁ%g&?‘beﬁmen sone turns of the coil (inner turns) that

are closer to the w ngi g presest ddeameht) eSOt raddtRIn" ahd ABshnB R ubedrtds t hat
are further away fromthe winding axis (outer turns). The strips may
conpri se subseommpapsdll types eflepiomagaeticaiadiaton, spdedingriktzaviodgt radiatinn (ego mithias e

sections that cur i t.he £l 15 bef the strjps.qf sheet

mat eri al mﬁ' aﬁée%ﬁﬂ&‘%g&y‘? b19§’ 1%70% rgP)ngéﬁ:tEﬁv l(ﬁ(%eggeeultr I ]cgftrrf’%lgn%ﬂ’ “Sheet
materi al ar gaghoY mwe@%\m tiRlrad g 2@ i), ivedl @ pafticRf bdahif, Sihlas idbeams or
results in an inproved behavior Wth respect to Eddy currents. A reduction
i n EddylGur eleetren beaisy esult in an i nproved dynami ¢ behavi or of the actuator
or notor. Wilst specific enbodi nents of the invention have been descri bed
above, it 20 will be appreciated that the invention may be practiced

ot herwi se than as described. The description is not intended to limt the

i nventi on. - | 4 CLAIMS 1. A lithographic projection apparatus
conprising: - a radi aEmhodigyenteofthomventen willepvabpdescrbed, by vy afendimple
radiation; - a s rt strycture for .supportij.n atterning nmeans, the

pat t er ni ng IR ETGRencs Ldhs asPupRryiRe S E Bras g da i or di ng o a
desiredipattern; - a piRsd I adficts alkogrhidboficigh appardiss 48bRling todin .

proj ection systemfor projecting the patterned beamonto a target portion
of the subsembedimentef the invpuiéins i oni ng device for positioning at | east one
of said support struciure d.ﬁng substrate tablq cranﬁcterized in that
sai d positioning devi guﬁeoﬁg?ﬂlgﬁ’ﬂaCﬁosﬁrs%cﬁlgp’ Het s F%i\? od’a stator and a
translator, one of sapghusd REYictdNA peRpéLtive aNEdiPAcRbrda Btheprager irhRhtisi C
magnet structure and the other of said stator and said translator
conprising a plurali t¥igufe €depies.tinptancaew cagailacaprdaigdothd presant inyventiors and
coils %Tpriseastri . of electrically nduct i n heet. - rial. 2. A

| i t hogriaphi c projecti glrgugp%g?pé‘ftlsj €2l loorfg:i(? uée 1? 8¢ atl?’&sicfuo%&ei n said strip
of electrically condupfguies sihegiaticaliyQiepitts dnSari@bétferit o UiffeReicBiuffls axi s to
formthe coil for carrying said electric current. 3. A lithographic

proj ecti on 2spwking toghepresemiinugntion.cl aim 1 or 2, wherein said electrically
conductive sheet-material is alumnium 4. A lithographic projection
apparatus according to claim3, wherein successive turns of said coil are
separated from each ofn@e Fibares, b@ye@ﬁomin%m&éﬁdecsginwlsri@cncﬁ@e@w bAding\l 203
that is integral to the surface of the sheet-material. 5. A lithographic
proj ect3%on B#sar at us according to claim4, wherein the thickness of the
A120 layer is at least 5 prn thick. 6. A lithographic projection apparatus
according to any one of clains 2 to 5, wherein -15

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

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



said strip of sheet-material is significantly narrower in a thickness
direction, substantially perpendicular to said winding axis, than it is in
a wdth direction, substantially parallel to said winding axis. 7. A
| i t hographi c projection apparatus according to any one clains 2 to 6,
wherein said sheet-material is between approximately 50 lun and 150 humin

t hi ckness in the thj.ckness, di n st anti al | e ul.ar. to said
wi nding axis. 8. 2R ‘i’tE(Wosd'Ftﬁﬂhé’é%[J @’j"é'fﬁﬂ Bhe A pFArd %I)Bg’ Q‘B?gfaﬁcﬁ@a{%“g% one
claim 2 toﬁbv wha t8hf) AR Hart BR1£ ehedlaldooRpsexd PRI sGitclMIAL N
thickness in the t (ness direction substantial'ly perpendicular td said
wi ndi ng axis. 9. aﬂritldbymgraamﬂnmsbtab]eE)MTpmVquavm almasic holdeli fog hbldirgrymesie

of claims 2 to 8, wherein the width of said strip of

el ectri cal | M4 énaurcielicle). @nd 6punested o Hrst PPsitigning pisaps fon acqupaiely posidppipg the
par al | eI5to a@l‘?w‘{‘fh’}gé @&t@’fe?hPLs bet ween approximately 3 mmand 20 nmm 10.
A l'ithographic proj ecPtl on apparatus according to any one of the preceding
claims, wherein gaedbnllodfeet tabll (Qibsiritettitde) WargRbvides wth @aabitige Bol@erEot
attached to and in thernal contact with the electri cally conductive

sheet - mat er beldingiaisubgirate ¥ 6¢yg apiapist- Qﬂﬂtqdédtqoonvaéfrﬁ»aﬁndtcesne&wdpdmgdt o any
one of the precedin further npri ses an
“pact prot Beutgr s oRRenflel BpdudRng f SPE R afepdATe Lot ane
per pendi cul ar t 0alpRgedMondiytemaXiesis”) PR (eA. ﬂnhﬁél%b@i)ffbﬁmfhrgﬂig%hh@ﬂha%ﬂ%ﬁﬁhﬂs
conprising: a rad| ation systemfor providing a projection beam of

radi ati bh; af heppeskM4tontra target portiondpfreg- comgripiag oae af mgrandianof thehrubstrate
pat t erni ng R%ans serving to pattern the projection beam according to a
desired patt a substrate table for holding a substrate; a projection
system for psQeRddpitted, BR HPhladisNESf @&@l@bt%&?p@(et%hgﬁé rePREGVeORadkh). HbRever,
substrate; and an actuator for producing a force between two conponents in
the appar at irsganieah itinay alsp be ofip rtremmlnssv?)wgefer cmmnlg(e a vith 4 trmsmlsﬁeve
actuator; char kitl‘l zg qht hat al d cai dvSind % ? about .a

wi ndi ng axi &% ?’Cdy’ ¢ 18Pt “Se’i”éEF?’PkaYﬁ"? S P?/‘ée"%‘ﬁéé‘?"a%ttsg?‘l%ﬁ is
embeddegs i nabﬁ%r%ﬂﬁbl@%ho?ﬁﬁﬁyé & bs feferfeidt6aBiNd. al |y parallel to the

wi ndi ng axis of  the coil. 13. ographi c projection apparatus
conprising: a radi at| The swt:@hﬁ(gg plagerr-pipdvred Opdtﬁpb@m plastha aenres) produces

L:S ![ 2}, Imoz 9 ﬁ@&?{g pg ?I I LT%]‘QI rbgar];x % fed ulptg%gtilllu inB8 (t)rg seyrs ”thﬁr%?n% or) fL ¢ither

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 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



pattern the projection beamaccording to a desired pattern; a substrate
table for holding a substrate; a projection systemfor projecting the
patterned beamonto a target portion of the substrate; and an actuator for
produci ng a force between two conponents i,j the apparatus when electric
current is passed through a coil of the a'(lp'uator; characterized in that

said coil is_a wre.coi und,. about wi nding axis and .a rd . p of

2 un ot um sEBRE e LFRAL- O ToReRRSche bRt Rt el Porafi Tt e Figratpi o
proj ecti on apRRYRLAMS oﬁﬁﬁ%wnag)ofsmoﬁingInsea?a@f]an\em&%ﬂanﬁtﬁ@%easuﬂﬁ flespd 1mcal Iy
non- conducting Al1203 that is integrall to the surface of the altm nium sheet
mat eri al i s tliosubswate rabld ¥ canf Barovedaccukalely, laggs@phtiopopition différem tagetar at us
according to claiml4, wherein the thickness of the A1203 |ayer is at | east

5 |un t hi ck.PoLEns A nitheByh op thecbeamdi B Yimiarinshafirst nesitiening mears qeB bawsedige

ol eront 31 t ALbRe oaRian HE PR NER bR REpHA Glna b ey SOPECER, A Let T ve

sheet - mat er infdcharlidal rériey 100 e kCMPI fogr @tnAAR 1DRARS dldusing a@odm Ingerlefal ANY
one of the clains 12 to 16, wherein said sheet-material 1s between

appr oxi mat elmovsmept efrthe abjeqtzables MT, WT wiild fop seadized with shq 3id joh g dangttioke
projection a Q. di. t Q of | (0B, . 0, erein
R T L R e A R

l'i t hogr aphi explidilgeadiend apPiaaat L However, 6 1he chee dFraywaoestepet 8 oppéiedBo 42 tO
18, -17 wherein the width of said strip of electrically-conductive

sheet - mh0 er istep;anidrscan efipaeates) dhe I@G&&s@blﬁtM’EM%‘/ jpdbalcpanected to hshowt ptaokeg axi s,

i s between aﬁtg]roxi mateIQ/fS and 20 mm 20. A device manufacturing nethod
conpri si ng £HEAQhHMIe 3x°g1novi ding a substrate that is at least partially

covered by a |ayer of TadepictedppaaschyBe BRUSH hRb differdtt Mdddi:ng a _
projection beam of radiation using a radiation system - using patterning
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be irradiated by the beam PB;
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 V = Mv, 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



between the conponents in the device manufacturing apparatus; wherein said
coil conprises a strip of electrically conductive sheet-material.
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15  the strip 21 of electrically conducting material has an integral surface 25 formed on it of
electrically non-conducting material. When the strip 21 is wound into the coil shape, the
electrically non-conducting surface 25 prevents electrical short circuits between respective
turns of the coil. When the coil is formed from aluminium, the integral surface 25 may be
formed of Al,03. 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,O3 on the
surface of the aluminium strip 21. Preferably the thickness of the Al,O4 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
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insulating material may be necessary between the top edge 21a of the strip of sheet-material
and the cooling element 30 to prevent short circuits between respective turns of the coil).

A plate 35 of stainless steel may be attached to the lower edge 21b of the

5  strip 21 of sheet-material to prevent damage to the coil from any impact. This is especially
useful since the coil may be used as part of a planar motor in which case the coil must be
protected from damage caused by, for example, collisions with the stator of the planar
motor. Preferable, when the actuator or motor comprises more than one coil, one plate 35
should cover all coils rather than having a separate plate for each coil. As an example, the

10 planar motor may comprise of a magnet plate and a mover comprising different coil units,
each coil unit comprising a plurality of coils. Figure 6 schematically depicts a possible
layout of such planar motor. The magnet plate of the motor (40) is schematically
represented by the diagonal lines forming a pattern of squares. The mover or translator of
the planar motor is schematically depicted by 12 coils arranged in 4 coil units (50, 60, 70,
15  80), each coil unit comprising three coils (50.1, 50.2, 50.3). Such a planar motor
arrangement is well suited to be used in vacuum applications since the motor can generate
a horizontal force for acceleration and deceleration, but also a vertical force to levitate the
mover from the magnet plate so that it can move frictionless in the horizontal plane.
Therefore, a separated bearing is not required. In case the motor is to generate a vertical
20  force in order to levitate 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
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coil such that the sheet-material is perpendicular to the winding axis of the coil.
Alternatively and/or additionally, strips of sheet-material may be provided parallel to the

10 winding axis such that each strip is perpendicular to a plane that itself is perpendicular to
the winding axis. Such strips are located, for instance, between some turns of the coil
(inner turns) that are closer to the winding axis than the sheet-material and some turns that
are further away from the winding axis (outer turns). The strips may comprise substantially
straight sections of sheet-material or may comprise sections that curve with the coil. As

15  before, the strips of sheet material may be connected to a cooling element. In case the strips
of sheet material are provided parallel to the winding axis of the coil, this results in an
improved behavior with respect to Eddy currents. A reduction in Eddy currents may result
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.



1094 " 109%&' ()-90m 109%& ()-F. " 109%& ()-- 109%& ()- 3+

10%: () -) 109%&’ () - F(GeGGH HHHHAE: / 10 10< " 10%&' ()-F: ! 10% ()- 8-

10%&' () - F63" 109%&' () - @L0%&' ()-3 10%& ()- HHHB| JIBKKXY: / 10, "10% & ()-
"10% & () -t 104 & ()-L&T10% & ()-t!10% & () -f 109% & ()- 1OKKK/ LwLLLdE: /

109" 1 10% & ()- 10% & ()- FM 10% &' () -1 10%1& )-910% & ()- Y- 10% & () - LM MVWNZN
dE: /

109, 10% & ()-) 10% & ()-9' 10% & () - 3@8{IARI}) - 95109 & ()-9"s10% & () - ZNdNg
Nt NNOCO OdYNC 10 10( 10( 10(F: f 109% & () - &810% & ()- 610% & ()-s@10% & () -

1 10% & ()- O0OPQ RKSzX6YNC

10! NY$SL109&' ()- !\ Y$10%&' ()- ! NY$10983& ()- ! aY$10%& ()- ! XY$SL0%E& () -

109! () - KSSTOUHVVX} A <YNC

10! N! p390#10%=&' () -: 3' S$10%& () -! p3' s$10%=& () - 35109 () - ! p3$10%=& () - Y$

109%8&' () - X S109%&' ()- 10 10
L Y Y RS R A g o ) 10
kY$10% & ()-!a SPd94tion)syitem for providing a projection beam of radiation;
&$109%&' () -! S$10%&' ()-! S‘V&SlO%\/IV& ()-_J_{ GaaRcScTczXJ<C 10! T 10 10
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
- a positioning device for positioning at least one of said support structure and said
substrate table, characterized in that said positioning device comprising a planar
motor having a stator and a translator, one of said stator and said translator
comprising a periodic magnet structure and the other of said stator and said

translator comprising a plurality of coils that can carry an electric current,

said coils comprise a strip of electrically conducting sheet-material.

2. A lithographic projection apparatus according to claim 1, wherein said strip of
electrically conductive sheet-material is wound about a winding axis to form the coil for

carrying said electric current.

3. A lithographic projection apparatus according to claim 1 or 2, wherein said

electrically conductive sheet-material is aluminium.

4, A lithographic projection apparatus according to claim 3, wherein successive turns
of said coil are separated from each other by a layer of electrically non-conducting A1,O3

that is integral to the surface of the sheet-material.

5. A lithographic projection apparatus according to claim 4, wherein the thickness of

the Al,O3layer is at least 5 pm thick.

6. A lithographic projection apparatus according to any one of claims 2 to 5, wherein
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thickness direction substantially perpendicular to said winding axis.

8. A lithographic projection apparatus according to any one claims 2 to 7, wherein
said sheet-material is approximately 60 um in thickness in the thickness direction

substantially perpendicular to said winding axis.

9. A lithographic projection apparatus according to any one of claims 2 to 8, 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.

10. A lithographic projection apparatus according to any one of the preceding claims,
wherein said planar motor further comprises a cooling element attached to and in thermal

contact with the electrically conductive sheet-material.

11. A lithographic projection apparatus according to any one of the preceding claims,
wherein said planar motor further comprises an impact protection member attached to a

side of the coils that forms a plane perpendicular to the winding axis.

12. 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
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- 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.

14. A lithographic projection apparatus according to claim 13, 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.

15. A lithographic projection apparatus according to claim 14, wherein the thickness of

the Al,Os layer is at least 5 um thick.
16. A lithographic projection apparatus according to any one of the claims 12 to 15,
wherein said actuator further comprises a cooling element attached to and in thermal

contact with the electrically conductive sheet-material.

17.  Alithographic projection apparatus according to any one of the claims 12 to 16,

wherein said sheet-material is between approximately 50 um and 150 pum in thickness.

18. A lithographic projection apparatus according to any one of the claims 12 to 16,

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

19.  Alithographic projection apparatus according to any one of the claims 12 to 18§,
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- 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; wherein said coil

comprises a strip of electrically conductive sheet-material.



