P-1523.010 - 1 Lithographic Apparatus and Device Manufacturing Method The
present invention relates to a |ithographic projection apparatus
conprising: a radiation systemfor supplying a projection beam of
radiation; 5 - a support structure for supporting patterning neans, the
patterning means serving to pattern the projection beamaccording to a
desi red pRilb2}.OL0 a substrate table forl-holding a substrate; a projection
system for projecting the patterned beamonto a target portion of the

substrate; and 10 -LﬁhbgmﬂﬁcK?bafatﬁpﬁnmw_aeMﬂﬂnﬁétusﬂﬂgdwsmort structure
and said substrate tabl é. "The term "patterning neans" as here enpl oyed

shoul d be broadly interpreted as referring to neans that can be used to

endow an i ncom radi ation.beam.wth at t.er ned 1. - ' .

corr esoondi ng. t SePiss ahaRiaE e o Ralhbdl Bt SpoRiag tibbillng o ¢ pe
substrate; the jfaidMtiohisgittm\al MPplyiRda ploj@tibs be&RAf radidtiong cont ext .
Cenerally, the said pattern w Ip correspond to a particular functional

| ayer 3 n" a devi &euppertsifuetuesafos SuppeTtingpatigrieg means thepattedipgmaans sgrving to

integrated cirguit .qr.other device (se .Exanpl es of such patterning
means inB"ftffgé&efﬁoﬁa}gnn%%E ac%ﬂlg?%t%cae%’ts 9%4 8%1 eFrndsk s well known in

| i t hography, angsidstrateaiblels Hohdikg abypedtesuch as binary, alternating
phase-shift, and attenuated phase-shift, as wel]l as various hybrid mask
types. Pl acenent Piiecsign sydemdakprpisctipgthe patterned bease aptoadargssportign gtthey e
transm SSisu%rs]tréi natdhe case of a transm ssive mask) or reflection (in the
case of are tielecntlve mask) of the radiation inpinging on the mask,

accor gi ng- t o t hglipédr hedtor B0 mavidgeherdskid sippdriernecase and sad setskratettitde.suppor t
structure will generally be a mask table, which ensures that the mask can
be held at a desired position in the incomng radiation beam and that it
can be noved relative to the beamif so desired. A programrable mrror
array. One exanple of such a device is a matri x- addressabl e surface havi ng
a vi scoel asti c Thateral“phttgraingancing” asdfdreanplogedshohbise brobdly if@rppeted as

Phe' T ef | cEaFiHas o PeaRsalReh Derisiho BOAY A EHTIAE i R EE Gt RELTTHGr oac.
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r ef | ect edsitbeanne; the aarinit)i ghn b 3lve’ heanPloBR31s6d th 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 pattern

25 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-
addressable surface having a viscoelastic control layer and a reflective surface. The

30 basic principle behind such an apparatus is that (for example) addressed areas of the
reflective surface reflect incident light as diffracted light, whereas unaddressed areas
reflect incident light as undiffracted light. Using an appropriate filter, the said
undiffracted light can be filtered out of the reflected beam, leaving only the



diffracted light behind; in this manner, the beam becones patterned
according to the addressing pattern of the matri x-addressabl e surface. An
alternative enbodi nrent of a programmable mrror array enploys a matrix
arrangenment of tiny mrrors, each of which can be individually tilted
about an 3 ig%@ﬁhapplying a suitable localized 5 electric field, or by
enpl oyi ng g# ectric actuation meads. Once again, the mrrors are
mat ri x- addr essabl e, such that addressed mirrors will reflect_an incom

radi ati on beam dHfracted ilgbtrkeemndd iy s megrer. dhe breimibeconisg patterned according i 130

manner, the ref lf gés? ng pa 5§ thgﬁ%attl%l’ Q(?cH‘es% LG A, 51%‘13‘11&8'@ eﬁﬁﬁ nt of

pattern of the ﬁ% redsd MIrrors. he reqguire ri X a essmg

can be performed p@rﬁ!ﬁnﬂaﬁle&ﬁido&lfa}r@y empliyt @matrixeaitgenicnt 6OMMy @irrdrheeach of
situations described hereabove, the patterni ng means can,conpri se one or
more progr anmabMigh gande individyually Mﬁ?ceaboiuh%?% Y 8pplyimes suitable Jogalized as here

referred to can a

5, 296,891 and uéggt,’gztge?%)g,byan I %e%{&rg% t'uuggﬁ’ﬁ’g%asﬁg %%5%@%% and VO
98/ 33096, Wwhi chndfrBrsi 4 arapin-addeekshisie, Esuﬂh hat sdfressed adrrodsiwillFefléne an awemidg a
programmable mrror array, the said suPport struct re._nay b s enbodi ed as a

frame or tabl e, radgtiondsam ia a ifferent disptipn to ynaddreste S MARRLE PR, -
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reference. As ahddressableanirds. sﬂmaeqmralmamkudéresmg barsb s formey ulsnagenbodi ed
as a frane or table, for exanple, be .fixed or vabl e as

requi F&d. For paribieelegionsg Wﬁ’r‘?%llf‘?‘)&’tﬁ‘? glptigh %F%qugl%f “ﬁﬁ\}e a}?ﬁ certain
| ocat ons. . spechlidgmdint 5 c?m%ﬁs%'ofnebfes ERlePtnrhiME hithrBfarke iR MordNd

mask table ver . "Ehe general ‘princip ussed in such’instances
shoul d be seen iinfotrhatidnoaderoramayeadt heoé reférecdratche ba ghegners dorsexasphes frembov e
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i ndi vi dual layer of the IC, and this pattern can I mged onto a target
portith (e.g. cdmyassdhypwgeanomalyionerrdi ss@y,msalwbpomatrect(l@lmalcm vvafer)
t hat has been coa 0O wi.th a | ayer. of radiati.gn e nmat
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adj acent target peifyons that are successively irradiated via the
projection system one at a tine. In current apparatus, enploying
patterni ng by aAmprogranmmableh&ID arsdyl. &n example of such a construction 1s given m United

States Patent US 5,229,872, which is incorporated herein by reference. As above, the
20 support structure in this case may be embodied as a frame or table, for example,
which may be fixed or movable as required.
For purposes of simplicity, the rest of this text may, at certain locations, specifically direct
itself to examples involving a mask and mask table; however, the general principles discussed
in such instances should be seen in the broader context of the patterning means as hereabove
25  set forth.

Lithographic projection apparatus can be used, for example, in the manufacture of
integrated circuits (ICs). In such a case, the patterning means may generale a circuit pattern
corresponding to an individual layer of the IC, and this pattern can be imaged onto a target
portion {e.g. comprising one or more dies) on a substrate (silicon wafer) that has been coated

30 with a layer of radiation-sensitive material (resist). In general, a single wafer will contain a
whole network of adjacent target portions that are successively irradiated via the projection
system, one at a time. In current apparatus, employing patterning by a mask on a mask table, a

distinction can be made between two different types of machine. In one type of lithographic



di stinction can be made between two different types of machine. In one type
of lithographic 11-1523.010 -3 projection apparatus, each target portion is
irradi ated by exposing the entire mask pattern onto the target portion in
one go; such an apparatus is commonly referred to as a wafer stepper. In

an alternatiye apparatus -comonly referred to as a step-and-scan apparatus
- each tatdé@30 rtionis irradiated- progressively scanning the mask
pattern under the projection beamin 5 a given reference direction (the

' scanni ngprofiictien Bppanyussatietasgat phrtionduitadiaehinnexngsing dhesertise maske patta ento

par al | el ant | raIIe to this directi.on ner

b of ect 1 offed PR i Sie.arg steM b praisy BimPoS Gyeinde BERES Sorey SWBagr I e
speed V ahp Widredlivieh@pardhist L adBmboali refened t§§ﬁ£§t@@-aﬂd-&&m®p@xaﬁ%€1—%hcm&gms
that at which the nask table is scanned. More information wth regard to
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using A | :'r-l tghv’en rfr:}(e::li_le.ngé) %1?%(:?@8[@&10nE%nB%l’ga?frgd’tﬁ)ﬂf%h {e h%[ﬁ'{&ﬂg@% r[nllﬂ%g K) is
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radi ation- sensitive material (resist). Prior |
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and neas unetreedard Repdographic alevicteas eagaicfibal cande. glanea‘,, far exaynpdé, famoTkSdur es

used as a _basis to pattern an jndividual |ayer of a device, e.g. an IC
Such 30 pabO8p184 Inesreoraled\rereid hY r¢fp§BF%Y0 vari ous processes such as et ching,
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whence the individual devicés can be nounted on a carrier, connected to
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for 20 several layers are required, then the whole procedure, or a variant thereof, w111 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 obtained, for example, from the book

25  "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.

For the sake of simplicity, the projection system may hereinafter be referred to as the

"lens"; however, this term should be broadly interpreted as encompassing various types of

30  projection system, including refractive optics, reflective optics, and catadioptric systems, for
example. The radiation system may also include components operating according to any of
these design types for directing, shaping or controlling the projection beam of radiation, and

such components may also be referred to below, collectively or singularly, as a “lens”.



exanpl e. The radiation system may al so include conponents operating
according to any of these design types for directing, shaping or
controlling the projection beam of radiation, and such conponents nay al so
be referred to below, collectively or singularly, as a "lens". P-1523.010
-4 Furthef),1 gfﬁg}ithographic apparatu%_nay be of a type having two or nore
subst r at e’ tiapt- (and/or two or nore mask tables). In such "multiple

stage" devices the additional tables ma be used in parallel, or
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with a magnification o Is accel erated at about 50ms 2 in a known
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power f ul tors. I sting designs of.linear 15 notors, consisti
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heat generation. It is an object of the present invention to provide an
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appar at ustiRScaReed fpeed rdquirtHubeRanalnompas paverfill motdrar Bristing desigrisroftinedr:

said linear notor conprises first and second magnet plates, said rrggr}e%
Vab e

pl at e$5 bemetprs. FonypEselc Mmagtshalagistarrsy andyiaal bipc g@_ﬁslé@ir T BIRALUTTH |
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each wound™ about réspectivVv erronmag I'C cores, sal magn ates and

said coil unit being relatively noveable. The use of two opposed magnet

pl ates and an open coil unit, i.e. one in which there is no ferronagnetic

connection between the cores of coils of different phases, enables 30

ggnz ;r :J(rif:lr Ce)gsce)f 1t3s FPLQEUFEE DRV indRht8 B REvile 8 MRPtol AT Bfear MdeShatRy al so
20  increased efficiency and hence greater drive force without correspondingly higher heat

dissipation.
This and other objects are achieved according to the invention in a lithographic
apparatus as specified in the opening paragraph, characterized in that:

said linear motor comprises first and second magnet plates, said magnet plates being

2
w

opposed to one another, and an open coil unit movable between said magnet plates, said coil
unit comprising a plurality of coils each wound about respective ferromagnetic cores, said
magnet plates and said coil unit being relatively moveable.

The use of two opposed magnet plates and an open coil unit, i.e. one in which there
is no ferromagnetic connection between the cores of coils of different phases, enables
30  construction of a motor with lower volume for a given force. There may also be an increase
in efficiency of the motor because there is additional effective magnet material, and hence
higher magnetic forces, whilst the moving mass is reduced. At the same time, the normal

force (i.e. the force generated in the direction perpendicular to the driving direction) is



in efficiency of the notor because there is additional effective nmagnet
material, and hence higher magnetic forces, whilst the noving nass is
reduced. At the sane tinme, the normal force (i.e. the force generated in
the direction perpendicular to the driving direction) is P-1523.010 -5
reduced b¥132{ﬁ§{or of 500 to 1,000. This provides a substantial additional
advant age’ i ' the bearing requirenents are greatly reduced,
particularly where the notor is to operate in vacuum The ferronmagnetic

cores abotpdugasi e fagtor @b PP toal. 80GOS PrRYydes psybsiantiab additianp! advantagenn thabt 1y
as is co - aCt | ' PR ' : i_ment
of the p%gﬁgﬁﬁ%gﬁﬁ?%%{ts % llﬁg? %([gllyﬁjeﬁ%lte?’ conp?%rls)gvgﬂga}%gﬁq%rpgh?f f/{ao Ig%m

sets, eachacu@in. set conprising one or nore coils and a DC anplifier for
each coil set. The_ different coils pﬁ,r coil .set can he nected in series

: co
or in parall el . Thefememaspehaarss, oUW ich S %H‘lﬁg"ret?ieu Y 2159 PREARTSO & DC
anplif4 ertee{hhgs g%@m?&%% f?ﬁir&%“@l@%rﬁé’gﬂti okdrs. 10 phase AC anplifier.

In a preferré e Invention, the coll unit conprises three
coil sets, each aoithbsihentorfhd mresapt orventoon, therwilomit mpaises 4 hlueaditpor coil
anplifiers, one drjving each coil set. A three:phas C anplifier y al so
ber Used. | R GAHECH 15 BRBPRRRE SRR S011S s Pl RRAARTAYT SR PR Sebia,
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conduits provi ded BDet ween said cores and in thermal contact with said

coi | s. Theuppbohatie posrdby teans ef aBEhmpPifertbeteil sstaimep b pawered biyd meltig,

wat er, durjn e of.the notor and enable efficient cooling wthout an
undue !9 ncP'éaégés‘L&?fnp%?ror size of the noving mass. Efficient cooling enables

hi gher current Hﬁﬁ?ﬂe&‘é&a dnbddiiBerft O the ihPenionUBedoil ahik G¥hPHsadnhrcBesibaas i n
driving force. Preferably, the coolant conduits are forned 20 of a ceramc

mat eri al , ezchdbotlisetreipyprisingane as e coilsy apdthsee PEganplidiers ane duriag eagh goik sst.
eddy currents in a,gond ive teri Al so, the coils may be wound with
foil and f\htgfegﬁﬂ}laﬁea@ a&"‘ﬂﬁ&ﬁn}aﬁg?s@g{e u%%:)driduct ivity toward the cooling
condui ts. The uagodh afppéferré@emBodiRieng isOfe oMU ittica0rdsabomweliclp e4id ooileare

in other electromagnetic nptors where the coils are wound abqut a ,

f er r obfagnevied pwiest bewnd saigreilpgnd soalapisophuits preped beween gald soES ANH! t her e
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radi at i onwaensiuting@&se oBthe mabr and enable efficient cooling without an undue increase in
motor size of the moving mass. Efficient cooling enables higher current densities in the coil
to be used, allowing an increase in driving force. Preferably, the coolant conduits are formed
20  of a ceramic material, and thereby do not cause any power loss as would occur due to eddy
currents in a conductive material.

Also, the coils may be wound with foil and thereby have a high thermal conductivity
toward the cooling conduits. The use of foil coils may also provide an improved performance
in other electromagnetic motors where the coils are wound about a ferromagnetic core.

25 According to a further aspect of the invention there is provided 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;

30 - 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; and



providing a projection beamof radiation using a radiation system 30 -
using patterning neans to endow the projection beamwth a patterninits
cross- section; projecting the patterned beam of radiation onto a target
portion of the layer of radiation-sensitive material; and P-1523.010 -6
di spl aci n? at | east one of the patter%l ng neans and the substrate using a
| i near dr23®War acterized in that: ~°said Iinear notor conprises first
and second magnet plates, said magnet plates bein posed to one anot her,
and an open coi {lispia¢ing Ableagiioge béthmﬁe@wgdnmgﬁe@grmsageéate gsipg f higeggamotor
specific referenc .be made in this text to the use of the apparatus
accor di ng (tt?{geﬁﬁcﬁ% |on I n the manufacture of ICs, it should be

explicitly unde£a$d fifhr inftabr cmheﬁﬁrsaﬂﬂﬂs’eabwmbg&tm&}s sdidh eragnergditid lesing
applications. For exanPI e, it may be enployed in the manufacture of
athg
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all  types ect romagnet | |nc uding ultraviolet radiation
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with reference to the accorrpanyl ng sc EITB.tIC drawi ngs in whlch Figure 1

depicts agd:netzti(qupmaskbr"a}betratﬂ mfh'ﬁmpfammo ctaspeiitivglyt o an enbodi nent of

the invention; 25 Fi IS ss-sect.i.on.t hra or

according to an[2 058 5 rt%’cm&eatt ﬁ‘gq?rﬂt}eﬁﬁ 1pen ﬁ-‘f‘g ?‘Qﬁ%a;lué hgi&tgﬁbgﬁﬂéﬁg%
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cool ant channel s

15 365, 248, 193, 157 or 126 nm) and EUV (extreme ultra-violet radiation, e.g. having a
wavelength in the range 5-20 nm), as well as particle beams, such as ion beams or ¢lectron

beams.

Embodiments of the invention will now be described, by way of example only, with
reference to the accompanying schematic drawings in which:
Figure 1 depicts a lithographic projection apparatus according to an embodiment of
the invention;
25 Figure 2 is a cross-section through a first linear motor according to an embodiment
of the invention;
Figure 3 is an enlarged cross-section of part of the translator of the motor of Figure 2
showing coolant channels;
Figure 4 is a cross-section through a second linear motor according to an
30  embodiment of the invention; and
Figure § is a cross-section through a third linear motor according to an embodiment
of the invention.

In the Figures, corresponding reference symbols indicate corresponding parts.




Figure 4 is a cross-section through a second |inear notor according to an
30 enbodi nent of the invention; and Figure 5 is a cross-section through a
third linear nmotor according to an enbodi nent of the invention. In the

Fi gures, corresponding reference synbols indicate corresponding parts.

P- 1523. 01 1—% ggpodinent 15 Figure 1_schematically depicts a lithographic
projectio 13 % atus according to a ‘gZFticular enbodi nent of the

i nvention. The apparatus conprises: a radiation systemEx, IL, for
supplying a projection beam PB of radiation (e.g. EUV radiation), which in
this particular case also conprises a radiation source LA, 10 a first
object table (mask table) MI provided with a mask hol der for hol ding a mask
MA (e.g. areticle), and connected to first positioning nmeans for
accuratelég@ éltlonlng the mask with respect to itemPL; a second object
tabl e (subZPPEYEM dple) WK provided with a substrate hol der for holding a
substrate W(e.g. a resist-coated silicon wafer), and connected to second
positioning 15 neans for accurately positioning the substrate with respect
to itemPL; a pFigphect sctbxnmysalbzrdeplcitsemhthpgmphlwrcgectwnmppmtusgncmr\dyngft@la

i magi ng an_i.rradiate 0 onto.a target portion C (e.
conpri si nf rBﬁ‘élaro‘?m @e&cglé%‘e Blf’e?tﬁ)él ?Eﬁ %/A%CWP%S ‘her e depi ct ed, tht(a J

apparatus.is ofa?adﬁﬁfoln%gstbﬁm@ YR Sfof SufplyiR@s pfbjédtioh Sehin\FB muiatloiﬂw@\mﬂv in
20 general, it may also be of a transm'ssive type, for exanple (e.g. with a

transmi ssiadéations hich ial thismpariculasicgse alspecoappisesa Lﬂshm sepise &rsanot her ki nd

et oriba To anovir phiCanflaes BRI NTERMENH Shallhflorler Bl Al |

source) pMUIUCES rBtifleRAhd 8dnrcordt & Figsd posttibrfing aRahs for amiuataltyqaoamnmg the
illumnation system (illumnator) IL, either directly or 25 after having
t r aver sedmedhdithiresmeeigo eBl: such as a beam expander Ex, for exanple. The

11 um nator 1L MR ohRBRIcaGhAShISLLAIBAT AT ARG Rl and! or

i nner radial erre outer and u-1I nner

respect i Vebldingaf subkieate W eNg. id&s@i—cﬁiatadwidoﬁIWafen)l, dnlleobsaned tbrsecuohdipositioninigt
will ?eneral |y conprise various other t%nents such ]gs an integrator IN
and alTonHéarshor murqtﬂqupglowthqwstﬁggml gespeht RdieRyPbn t he mask MA has a

a projection system (“lens”) PL (e.g. a mirror group) for imaging an irradiated
portion of the mask MA onto a target portion C (e.g. comprising one or more dies) of the
substrate W.

As here depicted, the apparatus is of a reflective type (e.g. has a reflective mask). However, in

20  general, it may also be of a transmissive type, for example (e.g. with a transmissive mask).
Alternatively, the apparatus may employ another kind of patterning means, such as a
programmable mirror array of a type as referred to above.

The source LA (e.g. a laser-produced or discharge plasma source) produces a beam
of radiation. This beam is fed into an illumination system (illuminator) IL, either directly or

25  after having traversed conditioning means, such as a beam expander Ex, for example. The
iltuminator IL may comprise adjusting means AM for setting the outer and/or 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

30  desired uniformity and intensity distribution in its cross-section.

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 LAis a

mercury lamp, for example), but that it may also be remote from the lithographic projection



30 desired uniformty and intensity distribution in its cross-section. It
shoul d 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 LAis a nercury lanp, for exanple), but that it may al so
be renote fromthe |ithographic projection P-1523.010 -8 apparatus, the
radi ati on"tdeat¥Vhich it produces bei ﬁ&‘r ed into the apparatus (e.g. with
the aid of suitable directing mrrors); this latter scenario is often the
case whenappaeatesthegediarion beam whishdi predues being lathinte therapperaius e gt Wish therdd

Cl ai n8 encpnpass both of . th - nari os. . b Ya
nter cept & TRATRARC U inhgHER S FRRF o s SReR SRR E U YERE LA fran,
sel ect i vebytimef lagg! Bk QitrenbiveRsdn A, Clhing deampilB bodsstibedehcongiost he | ens
PL, which focuses the beam PB onto a target portion C of the substrate W

Wth the aid of ThthhecamsBBshbscgnantly isieroegisiraamask Mqy winelistheihom g agk table

measurj ng : a | g.
2o a0 1 o NSl teep pABTVeRT 1Bl Ea bOM it MATThetafDME RadEErAleR o 1 0
Si mi | ar | yPL}WBich ifécisesrhs btarn PBnghtore sargetpantidreC of € substeate W. 3V eth yhepod bf then

the mask 10 MA wiith respect to.the path of the beamP .g., after
mechani capecpid pesiveiing mepnsapg yuer OmFVEW%?SH%%&mF?Ib?IENﬁe g.}bsgattcitﬂ:ae ¥Ecan.

I n genera h ' : | : ; ' wth the
aid of a !:aélnggg?ﬁs{t r orgec'cgrr%%ftlﬂ %%Eggggoeﬁ %gg’?ﬁlggrfﬁtgrggnﬂé&gogfgrlﬁ?gpr%gg%%%mduI e
(fi ne posb¢dnoRBn§imilanlyi the farsteposionaguhéans thrybahesid o ecburatelyippaition the Haskever ,

Lhe itk MibPERtE, O BB e eI ekt iy mOSRBER SHRES IS RATGPIA )
may be fixef , fh& 1%9595#&'@%@&% gefftal erdveRini oF the\ebidid e eMT, wrlesn 1.

In step node, the nmask tabl i's kept essentially stationary, and an
entire mabkrealinalgeith shemidpbe tong-stnoke medyls (¢dures pesitgining)and gshettrsirolnt o a

t t ti . The.substrate tabl W i t.hen.shift ' . /
i r oot | onEodg e fas PR, WhieRaLs Heexpli BPERH if Fisn 6 HERRE I 4B e v
beam PB; 2fa hdfes @@Ppé}qg@@pﬁﬁé@md fh-ind-519n SppR B AMa itk B4H MISmap HEEhs

that a given target portion Cis not exposed in a single "flash". Instead,
the mbsk tetivieetefiio a sharbstetkie@ciuatos, qyimastbe fxadecti on (the so-call ed "scan

direction", e.g..the. L rection) wth e )at the projection
beam PB i s causgh‘3 F%Pléff‘gﬁp%a\%t}ls %%s‘%e??r’aé‘&ﬁgfgﬁ%ﬁﬁg% ‘ly, the substrate
table WI' 25 is Hiditf indB€QHS hivskRBRMITTs kéjft esRiBally stathmasy, afd di estdeinoskat a
speed V = M/, in which Mis the r_ragfnj‘ficgtion of the lens PL (typically, M
= 1/ 4 or im&eis pipjeagdsinmmagenie & singlatilashi)onte p getingrtin Cobhe subsirate BRI be

exposed, -+ QL. DA H he xGRERE 9'&&1%&091@ s6 R0 h Ui bhe target portion C can be
20  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 the

projection beam PB is caused to scan over a mask image; concurrently, the substrate table WT

o
(o2

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.

In this embodiment, the mask table MT must perform a reciprocating motion for
successive scanning exposures and to maintain a relatively high throughput must be
30  accelerated and decelerated rapidly. A powerful motor having a relatively long stroke to drive
the mask table in the Y direction is therefore required. According to the invention, a linear

motor 10 as shown in Figure 2 is used.



In this enbodi ment, the mask table MI nust performa reciprocating notion
for successive scanning exposures and to maintain a relatively high
t hroughput nust be 30 accel erated and decel erated rapidly. A powerful notor
having a relatively long stroke to drive the mask table in the Y direction
I's therefgr uired. According to the invention, a linear notor 10 as
shown in ﬁg%&@ﬁb I's used. P-1523.010°-9 The |inear notor 10 conpri ses
opposed magnet ﬁlates or tracks 11, 12 and a coil unit (translator

T

armature) 13. Thee hegsnetoten ki cosprises apposeshispgres plasiaai@aks h’adﬁ@@éafaﬁrua!%,
al ternat eb}’ang@oggg ﬁﬁndr\trhaxggg% .Srﬂé’hl%gxg& Sllﬂ&ul t g4l c&?lgﬁsét)[ﬁeghaaﬂérﬁ% Brs 14, 15

Opti onal | s can aced’between per manént nagnét s
14, 15. Ngteendtbigtorienley Niafb$ pokfupeaninted oh atback phagaes. lptibealy] Haltkehi s

shown, the length of the nmagnet tracks will be nmuch ] onger and detﬁrnhned
by the deBjpRds s¥ykaddaced hepesnghe permprentapagnets iy 15_-3Nel?§i~§?ti°§é%a PRt PhYaS

exanple 6 [ 13- ' i h)
Toa o SLFE gty 1P 21 SLAHE thd BRRAGEINKA] RARARAN U o ic 4Rl
coggi ng adacrtised by heidasiced stivke ofittermotert Thel®ihmit 1 bepmspréses th this éxlampld & om
the other cores than the spacing of the other caore d al so b

| arger, depiisnidirg SHdasnd reRseis e&famagnetlﬁwgr%&eé@)339433\'%}% 8 1 for

| am nat ed - N NN OfB kviddd. Obhe Atdrt&dB W kg y( not
shown) horﬁgat ﬁ&ggPP@&?ggﬁ?gg?ﬁgﬁ g%%%gctsg?ﬁgh%&%d unft ggtthe drigen
obj ect. Thesmicad funihles frafahé otheecgreolipe the spgeinp of thepthenceresiand arayalspdd set s

- 17a_and 17d,,17b ., and 17e and 17c.a 17f. The three,sets.each _conpri,se
one. - Hhas BHEG APRIRG DB RHATGAT (81 HESoTSS Y YeOBRRGP RONTRE POROBY
each coi | oS&flidiifondr! /eEmYgrietid an@ﬁpﬁq%dlﬂ@vdm(@mh&%momﬁhewnm prhaisdAC
anplifier may al so be used and the coils can be connected in other

conf i gur atorowets shecdilasnistodhe daedntebjept. | ndependent. The gaps, Gl, @&,

bet ween the tee 18a-f d.t he magnet pl ate ‘ t er m nepal
forces exerted EHG PR &OUS %E‘i’ﬁ?rg gi%‘?p%ag()%ﬂ?ﬁ?ré&’ﬁ%e]uﬁtg%l r%%‘%&%&&_es tafg{'gqgg’pgb

shoul d beagP1 784 1gdWal 1 77 OTIRY @rdedbets@actOédiiprise @6 Eplidse'ao s imicest, togph t ude,
e.g. for bearing purposes or gravity conpensation, the sizes of .the gaps

Gl, G5 cathersissetinigmalieasincetinn andcsaalnFeihset icdivengas argsperiivaddC awplitien gher
linmt to the si . t ef i MRAS] f th
roror i1 IEsSEE AR hRinE ISy Al e fiRiahg WRISIS Birubin b aB iz ofiee, OF | e

The coi | scdnfipubativhy sth dsuce, dditaco pipendene or may be wound of 25 foil

(e.g. Cu or Al) enabling a filling factor of X0.8. If the nagne itch is
12nm (N-S), t heThests: bitln baaesy ﬂtehteetbﬂﬁ%f AR thegragnskplales HZ{ QZ det &itg

the iron gore: FGeLdx3MEd ¥n B WHnkture 13. To ensure no normal forces the gaps should be

20 made equal. To provide a normal force of a desired magnitude, e.g. for bearing purposes or
gravity compensation, the sizes of the gaps G, G can be set as desired. Mechanical
considerations may set a lower limit to the size of the gaps.

The exact materials and dimensions of the motor will be determined according to the
use to which it is to be put. The coils 17a-f may be made of copper wire or may be wound of

25  foil (e.g. Cu or Al) enabling a filling factor of >0.8. If the magnet pitch is 12mm (N-S), the
tecth pitch 16mm, the thickness of the magnets = 4mm and the iron core teeth 6mm x 55mm x
38mm, the motor can provide a drive force of about 670N.

To provide a greater drive force, the number of coils may be increased. A second
example is shown in Figure 4. Motor 20 shown in Figure 4 has 12 coils 17 wound around

30 iron teeth 18 and again two outer teeth 19. If made of the same materials and dimensions as
the first example, a drive force of 1340N can be achieved.

As shown in Figure 5, representing a third example motor 30, the height of the coils

can be reduced, and the current density increased to provide a driving force of 1800N.



38mm the notor can provide a drive force of about 670N. To provide a
greater drive force, the nunber of coils may be increased. A second
exanple is shown in Figure 4. Motor 20 shown in Figure 4 has 12 coils 17
wound around 30 iron teeth 18 and again two outer teeth 19. If made of the
sane nate i*g%é laond di nensions as the ﬁérst exanple, a drive force of 1340N
can be achi % As shown in Fi gure 5, representing a third exanple notor
30, the height of the coils can be reduced, and the current densit

i ncreased to pr&oree the epijsyimyrangementas shgwpap Figuissd may g employrd. Hsbyesne
coils, angar i I QU . I .

Coetn 162 E1HEN SpaAgD i Ry SRy ROl il AR AR OB kB W probiata |
40 i s proYheladert 40 hes iwisendundd4 hedthini albowidy iatcoolt, wigt hiater] tb balciroulated a
coolant, e.g. water, to be circul at eg_la around the Cﬁi] s. The inserfsﬁég}ay

i nst ead haipEnGHE cgHs-nbheinserhmayiasteadhave pre pramerefonfuifs that age goctaneulagiy i o

Becausge t | j r: 47 i : I eddy
cur et s. DErgaraoly BRedie AR i bR 1R HRHARSs IPESF MM ot bt h
18a, 18b buttentdheFigsarBeshaws junsy ewmenoils Kapt thvardatieir respetive déeth hda,d8p bubbe ween
teeth. Whilst the illustrated .enbqdi nent has two all el magnet plates, it
will be SRR UEANSERANYIARIOVY lﬁﬁgﬁb? t ?5%@3’8%@8tg"3{'- be parallel. If the

plates are incl{ied: the iliEratd RINREIEENt his RS SRalf) FGAaPlaBE ipeNtbCul ar to
the bisector of the angle between the plates is produced. This force nmay

be cont r ohppeecistgd that thiergagnietpletsametdanat br paridicle [&ghsi platgs arg inglmed ¢ pfeer ent

phases_of the notor. 15 Wii] st specific .enbodj nent,s of.the [nv, i .have
been i%sc?'i“ﬁ}g‘ﬁ’ %B’(S%?OWQOW{ Pery lcé%aﬁrt%g]e %ealotrﬁgiheﬁqgleﬁ%%ﬁﬁ tggbir’?gé; lge
pract i ced,Rlh&ddNiTHfs fRe mas beesirdiRa By varyimatht icemtinaitaticnhagldapplied tBthe be
used to drive the substrate stage of a |lithographic projection apparatus or
in any otitisreraphisceaf thematbere a | arge drive force is required. Al so, one
of the magnet plates may be 20 forned as a sinple iron plate, with no

per manent magnets. The description is not intended to limt the invention.
Al so, the aforenentioned use of foil coils wound around a ferronmagnetic
core should not be limted to the specified enbodi nents but may result in
an i mp¥oved performance in other el ectromagnetic notors as well. An

o oo o BRI b PR s
conpri si ngp@edhtag ket trerinoamigneidycheqnaaiced vihegviae (Hanraaldescyibed. Iheartsokgribe i c
teeth andm%tor may be used to drive the substrate stage of a lithographic projection apparatus or in any
other application where a large drive force is required. Also, one of the magnet plates may be
20  formed as a simple iron plate, with no permanent magnets. The description is not intended to
limit the invention.
Also, the aforementioned use of foil coils wound around a ferromagnetic core shouid
not be limited to the specified embodiments but may result in an improved performance in
other clectromagnetic motors as well, An example of a motor that might benefit from foil
25  coils is a linear motor comprising of a single magnet plate and a coil unit, the coil unit
comprising a single ferromagnetic core having a plurality of ferromagnetic teeth and a
plurality of coils each wound around respective ferromagnetic teeth. As yet another example,

the use of foil coils may also lead to an improved performance of reluctance motors.



plurality of coils each wound around respective ferromagnetic teeth. As yet
anot her exanple, the use of foil coils may also lead to an inproved

per formance of reluctance notors. P-1523.010 - Il CLAIMS: 5 1. A

| i t hographi c projection apparatus conprising: a radiation systemfor

suppl yi ng jection beam of radiatipn; 10-a support structure for
gisiid oF

supportin ning nmeans, the patferning neans serving to pattern the
proj ection beam according to a desired pattern; a substrate table for

hol ding a substrate; a projection systemfor projecting the patterned beam
onto a target portion of the substrate; and 15 - a linear notor for noving
one of said support structure and said substrate table; characterized in
that: sai dLWAIMSar notor conprises first and second magnet pl ates, said
magnet plates being opposed to one another, and an open coil unit between
said magnet plates, said coil unit conprising a plurality of coils wound
about gespective ferromagnetic cores, said nagnet 20 plates and said coi
unit being relatively noveable. 2. Apparatus according to claiml1, wherein
said coil block conprises three coil sets, each coil set conprising one or
nore coils. 25 3. Apparatus according to claim1 or 2 wherein said coi

unit further conprises at |east one additional ferromagnetic nmenber having
no coil und t ' 8he: Oout ermost one of said

coil s. 4$@ﬁppargﬁﬁgﬂggggggﬁﬁgm?g%gﬁggﬁf%@ﬁgh%%iB, wherein the ferronmagnetic
cores project 3tdmiporsgstemeornipplyingap]etion bdar o€ mdiatiett; a cool ant condui t
is provided between said corgs and.in thermal contact with said coils.

b 1528010 - 12 & PRGHAYHENES BF supherting A eHILS WA RaiAL BB sFR i o
condui t i garfeps méq,r@ﬁ%ct@orp[%aﬁm(gordi@%@rﬂ dsiredPpattdppar at us according to claim4
or 5 wherein the coils are wound of foil, e.g. Quor 5 A foil. 7.

Appar at us- accor gsuhgtrats tablg forwlding a Bebsieigcedi ng cl ai ns wherei n sai d magnet

plates a projection system for projecting the patterned beam onto a target portion of the

substrate; and
15 - a linear motor for moving one of said support structure and said substrate table;
characterized in that:
said linear motor comprises first and second magnet plates, said magnet plates being
opposed to one another, and an open coil unit between said magnet plates, said coil unit
comprising a plurality of coils wound about respective ferromagnetic cores, said magnet

20  plates and said coil unit being relatively moveable.

2. Apparatus according to claim 1, wherein said coil block comprises three coil sets,

each coil set comprising one or more coils.

25 3 Apparatus according to claim 1 or 2 wherein said coil unit further comprises at least
one additional ferromagnetic member having no coil wound thereon and being spaced from an

outermost one of said cotls.

4, Apparatus according to claim 1, 2 or 3, wherein the ferromagnetic cores project
30  beyond the coils wound around them, and a coolant conduit is provided between said cores

and in thermal contact with said coils.



conpri se Hal bach magnets. 10 8. A device manufacturing nethod conpri sing
the steps of: - providing a substrate that is at |east partially covered by
a layer of radiation-sensitive material; providing a projection beam of
radi ati on using a radiation system using patterning neans to endow t he
projectioB g§§51mdth a pattern in its_cross 15 section; projecting the
patterned o % radiation onto a ta %ét portion of the |ayer of

radi ation-sensitive material; and displacing at |east one of the patterning
nmeans and3t he s&bRarpts ecepsding taiclning d yyherrin s#id ceolantropduit isdgrmed efpgeramy -

sai d Ilne%&w%2£or conprises first and second nagnet plates, said nagnet

pl ates being opposed to one another, and an open coil unit between said
magnet plates, said coil unit conprising a plurality of coils wound about
respective ferromagnetic cores, said nmagnet plates and sajd coil unit

bei ng rel &t i vel \rParatus aegasdingdo daimg ox 5 ayhesein shegrodls afF VeundRf foaHee 1LY te
precedingAfhﬁ'nB wherein said first and second magnet plates are not
nutual?y paral'l el and further conprising nmeans for varying the comutation
angle applied to coils of said coil unit. 30

7. Apparatus according to any one of the preceding claims wherein said magnet plates

comprise Halbach magnets.

10 8. 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-

15  section,

- projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material; and

- displacing at least one of the patterning means and the substrate using a linear motor
characterized in that:

20 - said linear motor comprises first and second magnet plates, said magnet plates
being opposed to one another, and an open coil unit between said magnet plates,
said coil unit comprising a plurality of coils wound about respective
ferromagnetic cores, said magnet plates and said coil unit being relatively

moveable.
g, Apparatus according to any one of the preceding claims wherein said first and second
magnet plates are not mutually parallel and further comprising means for varying the

commutation angle applied to coils of said coil unit.

30





