15 FEBRUARY 2007 LI THOGRAPHI C APPARATUS, LORENTZ ACTUATOR, 1ARBEBRENMRCE007
'MANUFACTURI NG METHOD BACKGROUND OF THE I NVENTION 1. Field of the Invention
[ 0001] The present invention relates to a |ithographic apparatus, a Lorentz
actuator, and an associ ated device manufacturing nethod. 2. Description of
the Related Art [0002] Lithographic apparatus can be used, for exanple, in
the manufacture of integrated circuits (ICs). In such a case, a patterning
devi ce may ILETHOGRAPFHCE APPARAKES; BORENTZA AGTUATQR; ANBondi ng to
an individual |ayer ﬁEWﬁEM@F&?f@mW[‘H@D i maged onto a target
portion (e.g. conprising one or nore dies) on pstrate (silicon wafer)
that has been coated with a layer of radiation-sensitive material (resist).
[0003] In general, a single substrate will contain a network of adjacent
target portions that argaEkSIROSINIS OF EHRANENTIONN | | t hographi ¢ appar at us
i nclude so-called steppers, in which each target portion is irradiated by
exposing an entire pattern onto the target portion in one go, and so-called

scanners i.C h target portion is irradiated by scanning the
pattern tlhrom&%%ﬁon beamin a given direction (the

Il el
‘scanni ”g{arg]r ec‘rhé’ émlﬁd%nnéﬁ( F&Qé@{b"%@%g}ﬁlﬁiﬂ&h@ﬂaﬁ@% BoRst RhGipar al | e

or anti - | el |s direction raphi c apparatus of the

type descundhﬁds@bmeﬂ@mbmnafaatwfnglmétuocbf actuators for positioning a part
of the apparatus. Such actuators are applied for positioning a substrate

t abl e, e1E)art of an irradiation system a part of an illum nation system or
any oth parmm_m&&}meﬁﬁ apparatus. -1 15 FEBRUARY 2007 SUrI\]/I\/ARY
OF THE |

appar at udPe oo keklgphic W AR s s, B B kReil, Wifhe' DoBipobdodisr  he

cont ent s igfegibddCdircaite (I03): dh Ba¢tah @ske, a patterning device may be used to generate a

desired 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 with a layer of radiation-sensitive material (resist).

[0003] In general, a single substrate will contain a network of adjacent target portions
that are successively exposed. Known lithographic apparatus include so-called steppers, in
which each target portion is irradiated by exposing an entire pattern onto the target portion
in one go, and so-called scanners, in which each target portion is irradiated by scanning the
pattern through the projection beam in a given direction (the “scanning”-direction) while

synchronously scanning the substrate parallel or anti-parallel to this direction.

[0004] A lithographic apparatus of the type described above employ a plurality of
actuators for positioning a part of the apparatus. Such actuators are applied for positioning
a substrate table, a part of an irradiation system, a part of an illumination system or any

other part of the lithographic apparatus.



herein by reference. These documents describe a Lorentz act L3FEBRESRPRDETY ng
a main nmagnet systemproviding a first nmagnetic field, a subsidiary magnet
system providing a second nmagnetic field, and an electrically conductive

el enent. The main magnet system and the subsidiary magnet system are
arranged i n Hal bach configuration. A magnetization direction of the nmagnets
of the subsidiary magnet systemis perpendicular to a mnagnetization
direction of the magnets of the nmain magnet system [0006] The principles of
the present invention, as enbodi ed and broadly described herein, provide
for an inproved Lorentz actuator. In one enbodinment, a |ithographic
apparatus incorporating such an actuator conprises an illum nation system

for providing a beam of kgiRIARY ORTEIHPROVENSIONt Ure for supporting a
patterning device, the patter n| ng evice inparting the beam of radiation

th a ts C a .substrate .hol der. f.or
Cubat cat 00T Ao bEaRidSidions 0t v B hhERE FaPars S iR AT
target  pop.iogp 209 ahJi'QJSSP'K%SPﬁ@t2©03@0§25ﬂ8Lﬂ{eedbh¥en?sC6Wh@h af@fncé’%;@fiﬁ'éd ng a
force between a first and a second part of the apparatus 7] The

Lorent z detreintbyrrefeompe.i Jhsseadaraimentsaigsaibesyborentz w;tuaanmmmmm nhafn rst

part of the aratus 5{3"‘ ?rowdlngfflrstb ggetlc field, subsi di ary
magnet sylgﬁ%ﬁp YSIEM BEON 1zsh mpepetic elog subsidi glagﬁga}yatpwroylg}ng& ovi di ng
a second JxpoHEt | %&Eﬁ nagnet
syst em bei ng argr1 ﬁgllé?eginagyﬁla%cﬁal con?ﬁ%ﬁ%ﬁ@g@r@nﬂlé i ca ly
conduct i vandehesubsitliagy magiee slystein sraiattasged dmHalbach conffi guheon adpmgmnzauOnTh e

el ectrically conductive el ement bein ﬁl% arranged so as . to produce said force
by i nt er atifscon g Hs Brageety jof g, b I%rmi‘@ﬁt [System; i PFPERdIcYar (tg a

he. secori*GieaRRh SEfich of GE HobhdPol WE xRkl S, TPOTEH T Conatct ve

el enent being | ocated between first and second nagnet system subassenblies

each conpiooeéjng erhe@hhmptestolﬁehenrpriegtenaIinsbeﬁuﬂsmiadief:nbyzsdmagalﬂatbr«fiebdflst geseribsther ei n
-2 15 FEBRUARY 2007 the Lorentz actuator further conprises magneti c
el enent eareindprayide fbs araﬁnprawecy Lpeen{zeastuater: eln medeé%bqﬁﬂm@mreaflnb@ar&mrd second

ragnet s Y& parn}ussli'rtljc%%p?o%gt*i)xllgl stich ant pc?uato 2 etp'rl esea!nelgﬁelﬁnatlon system for providing a

beam of radiation, a support structure for supporting a patterning device, the patterning
device imparting the beam of radiation with a pattern in its cross-section, a substrate holder
for holding a substrate, a projection system for projecting the patterned beam onto a target
portion of the substrate, and a Lorentz actuator for producing a force between a first and a

second part of the apparatus.

(0007} The Lorentz actuator comprises a main magnet system, attached to said first
part of the apparatus, for providing a first magnetic field, a subsidiary magnet system,
attached to said first part of the apparatus, for providing a second magnetic field, the main
magnet system and the subsidiary magnet system being arranged in a Halbach
configuration, and an electrically conductive element attached to said second part of the
apparatus. The electrically conductive element being arranged so as to produce said force
by interaction of an electric current carried by said electrically conductive element and a
resulting field of the first magnetic field and the second magnetic field, at least a part of
the electrically conductive element being located between first and second magnet system

subassemblies each comprising a part of the main and subsidiary magnet systems, wherein

-2.



guiding a part of the second magnetic field fromone of thel¥ FEBRUARY28@Cond
magnet system subassenblies to the other one of the first and second magnet
syst em subassenblies. [0008] A description of the Hal bach configuration can
be found in US Pat. Pub. 2003/0052548 and EP 1286222. The magneti c el enent
may conprise a material which is magnetically perneable or a materi al

conpri sing permanent magneti sm The magnetic el enent extends, on a side of
the first and second nagnet system subassenblies, between these

subassenblies for guiding a part of the second field (i.,e. the field
gener at edllﬁﬁoaem@ acglat%' F SOTRRIZSE  Maghgtis f)emsat spbend %Bbatwgﬁyawe%cond

magnet sy, | ' £l e h t hat
T operAFHdRY GRS AP ooniaer AR st e MARICLL BRABRHE", | Mo,
and seconghidingapirt sftht sstosdibagssitiiiel&orhoné bfthefieindseeof madiet §yistead  and
second magnet system subassenblies. The magnetic el enent thus effectively
short cisubgssembhesig the thergne of Eheofirgt andgaeandanagnst systensubagsemblies.of t he

addition of the nmagnetic elenment, efficiency of the actuator is increased

e LR B PR e T T L P

i Nncr ease due’to etic e oca t he

conduct i VE08/(DSBUS dnd EF1286222¢ dhe A& eléiferit Fii@arty%@ﬁ@ﬁiséla afatedial Whickfid | ci ency
can be expressed as an increase in steepness of the actuator (expressed as

F2 / Pdss, megnstieally parmeatiie or @ maateripd semprisialg [pprmdnenbmagratism. The maggetic i s t he

di ssi patign by the.actuatpr e tq the.increased steepne e actuat or
can- o1t HOPmE eblEgEE Rbd SRl et dnd bt RS P SHEEREED i bdeHhence
resul tinghbd sabasd&RbEASBE g@8inga it JTABSsecCADREIMA(BE thé ﬁelu%feﬁaﬁfeubbwhe whi | e
mai nt ai ni ng di mensions of "'the actuator, to increase the Torce génerated by
t he act uatubsidiarymagrnen systens)ibetyveendlad fastanid sevondpmagnet systanesuhessembbes. Bhe h t he

actuator w thaout increasi.n I ssipation. [Q0101L .1t wil| also be eci at ed
that the Passle aﬁe&nwape%egf&% sperethaldt wws%tl%wlﬂm om e ssenddicdh of t he

magneti ¢ GLARROLS thE st afi@ SROhG hABndd s§éh MIRIRGIHICs RhE bl ond MY ALt 1N an
advantageousggn%ogine%t OF&%heh@ggeﬁ%ﬁon, a %ﬁita%ce Eetmeg% t he cgnductive
el ement @adketdinl magrekystene lsebmsdmblies sTid magrediit |efenhent teusfedfectiwdly singt t he
reluctance force of the -3 15 FEBRUARY 2007 . )

circuits a part of the second magnetic field. As a result of the addition of the magnetic

element, efficiency of the actuator is increased because the subsidiary magnet system is

better used. The efficiency is increased as due to the magnetic element, a field at a location

of the conductive element is increased.

[0009] The increase in actuator efficiency can be expressed as an increase in steepness
of the actuator (expressed as F2,/Piss, where F, is the force generated by the actuator and
P4iss is the dissipation by the actuator). Due to the increased steepness, the actuator can
either be designed smaller, leading to smaller magnet systems hence resulting in a
decreased actuator mass. Otherwise, it is possible, while maintaining dimensions of the
actuator, to increase the force generated by the actuator, thus increasing acceleration that

can be achieved with the actuator without increasing dissipation.

[0010] It will also be appreciated that the reluctance forces of the actuator may increase
by addition of the magnetic element, e.g. comprising a ferromagnetic material. However, in
an advantageous embodiment of the invention, a distance between the conductive element

and the magnetic element is sufficiently large for causing the reluctance force of the

-3-



Lorentz actuator to be I ess than 1% of a maxi mum Lorentz folZEEBRUAR¥ 2007
Lorentz actuator. As a consequence, the reluctance forces are that |ow that
t hese non-linear forces which change when the first and second part are

di spl ayed with respect to each other, only play a mnor role. As a further
positive effect, it has been observed that stray fields of the actuator are
reduced due to the magnetic elenment. A still further advantage is the
increase of structural stiffness of the actuator due to the presence of the

magneti c el ements in rticul ar en estahl i shi a frechani cal , connecti on
berween tEETT peaiaf e aess i el R dhoctna LT e LORRFRBHER ¢ i s
docunent £&f ebsehinle, thd luditfte T61ce are TRANEW ItKat th&k fon-1inB& Bkdek Wasknper son
wi || understand that these fields together result in a total, effective

field  ldhadgeiwhen thefistaaiscageinsst aredkplayddweitiarespeamyeativothen belypity a

enbodi nent, the netic elenent conprises a highly nmagnetically perneable
mat eri al IPIngr r%ie-na‘g&a? if%nth%mﬁlgeéff%weptaw@%@m fhyat fﬂ%ﬁe@a@ thes i ron.
The magnet | I r e i
subsi dr ari i aETERlecRUEC B A kel AR MG Ror b Bl ARRORRRMSe 1 a1y
opposi ng Enaichlir sy fBG Nt the Ravibiog dael s tiknpregdnty ofittid Pagatic lerp@itain sati on.
Thus, a short circuit between the fields of the mutually opposing

subsi di arBartigwdasatheniesfablishingcanaechppicalsonngction petwepmiha frst andygegnd magnet

Advant age | he netic elenment extends. between sides of 1h tually
opposi ng S&%@%&Péﬁmﬁ@%h‘g[tgo%gi‘ct@gﬁ? rug}ﬁnétﬁﬁj?%é Eonat ﬁrr?a?n@ sﬁséogn é?%gngéc ﬁ%lgy mai n
magnet  systieNtd fresvneviluddrdiand thabthedd Radd tyLet Rt Sultifla Ritall dTeecROfigHl ¢ fiel d
between the nutually opposing subsidiary nagnets and the nagnetic el enent.
10013] Further, in another advantageous enbodi ment the magnetic el ement
conpr i ses|0811]perlranadvantaggones; effective aell ¢asy toamipternent embadiment themgagaethol arity

i di ti f ] f.. the first d t t b bl i
Lo the ot FERSFETGHSRnE g migneri<el Aol Rater) L oA T JBE e An
advant age&ejapive Parneabiligy FRANGH hEirdP THEBapRa S Qfert PRreBBREnlL Bdtibefan be

added, which further i'ncreases efficienCcy of the actuatdor by increasing the
field at mhmallpoppdstng subsitlfaey omgoets comprisddandig subsldearyrogpgati systehg ent

advant ageousl| ext ends bet ween ts copprising a highly magnetjcally
per moab! ML PBROS R GES TRAGAJ hax e BHen Y R prlera0mey BB [ Vst and
second mMBgHGH Yt GERvEHPRS 3R o B8R mutually opposing subsidiary magnets is provided

in an effective manner.

[0012] Advantageously, the magnetic element extends between sides of the mutually
opposing subsidiary magnets faced from adjacent main magnets of the main magnet
system, hence providing an effective coupling of the magnetic field between the mutually

opposing subsidiary magnets and the magnetic element.

[0013]  Further, in another advantageous embodiment the magnetic element comprises a
permanent magnet (a hard magnetic material) having a polarity in a direction from one of
the first and second magnet system subassemblies to the other one of the first and second
magnet system subassemblies. An advantage is that more magnetic volume (causing the
second field) can be added, which further increases efficiency of the actuator by increasing
the field at the location of the conductive element. The magnetic element advantageously
extends between parts comprising a highly magnetically permeable material (such as iron)

adjacent to main magnets of the first and second magnet system subassemblies.
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-4 15 FEBRUARY 2007 [0014] The invention further conprisesl®FEBREARY 2007
actuator for producing a force between a first and a second novabl e part,
the Lorentz actuator conprises a main magnet system attached to said first
part, for providing a first magnetic field, and a subsidiary nagnet system
attached to said first part, for providing a second magnetic field. The main
magnet system and t he subsidiary nagnet system being arranged in a Hal bach
configuration, and an electrically conductive el enent attached to said
second p nd rrange S r odu id. far by _i.nt. ction of an
el ectri ca[@mﬁentrrh%alrnr Feﬁ)q'bflu%%l grl 8&%Bﬁsee§tar |i§5 yg%%%aﬁi?ri Qe d‘éélgérganfor%nd a
resul ti nghebtw&nG Mt 4ndQ sbédnItmevRBRYaHCthE TSt tAdtehatdt@ompeicy WmamGRpnec fiel d,
at least a part of the electrically conductive el ement being | ocated

bet ween fsystem, aftathed tosrid fisg mett, oy pravndivgbdustempgretis fielhendp sthsidiery

subassenbl i es, each ¢ rise rt of the.pain and, subsj.dLary net

Systens THERLDACTEHDrb s R Rartoir PV iR s TRt Y ABE BT errent
ext endi n PSy@BA 3hd YhO SuBERNANP Yhine 's§GEmObeihbCartdnp8d ANd Hapadd magnet
system s%gglg?gengﬁi es, the magneplpc e grresgt forelggi di ng alpart of the second
magnet i ¢ donfigarafiograndraa elcttidadlyfdonduictiva dlensant atiached go abid sgsdrelnpastudpals senbl i es
to the other ope of the first and_ second .nagpet . system subassenbl |es. -
[0016] StATAPEFATL 4elp, Prodhice SHY SRICP & TRIGTASHRS %eleﬁép CRTRR Aty By et hod
conprisi f@?ﬁtﬂ?éa‘ﬂ;{{'c%h&&ﬁ% SHATE FhEn rBUMHAE of R BisF iR PEATRE ﬂE]@d', ation
using an i1l'Tumnation system using patterning device~to Inpart the

proj ect i achriagdetib fidldpatleast 8 pard of the etsctRaly samucive elprentdeingrigedtdide
patterned beam of radiation onto a target portion of the substrate, and
produci ngpevesfast fngdrseeandanaggpebsygicspsubasampticnof t he beam and the substrate
with respect to each other, by providing a first magnetic field, providing

magnot 1 c PPEa. bt daremiBES e ot & B IPRPRHLY and S5 BE Aelief S ot oo

further c@semsSREergi e NGty Sdtead futhedon@iitised b Indiedd SleinehCalténding
conductive elenment attached to said second part of the apparatus, for
produci ncubstantiglkybgveen outer sides of the first and second magnet system subassemblies, the

magnetic element for guiding a part of the second magnetic field from one of the first and
second magnet system subassemblies to the other one of the first and second magnet

system subassemblies.

[0016]  Still further, the invention comprises a device manufacturing method comprising
providing a substrate, providing a projection beam of radiation using an illumination
system, using patterning device to impart the projection beam with a pattern in its cross-
section; projecting the patterned beam of radiation onto a target portion of the substrate,
and producing a force for causing a displacement of the beam and the substrate with
respect to each other, by providing a first magnetic field, providing a second magnetic
field, wherein the first magnetic field and the second magnetic field being arranged in a

Halbach configuration.

[0017] The method further comprises guiding an electric current via an electrically
conductive element attached to said second part of the apparatus, for producing said force
by interaction of the electric current carried by said electrically conductive element and a

resulting field of the first magnetic field and the second magnetic field, and guiding a part

-5-



by interaction of the electric current carried by said el ecl? FEBRU¥RY 2007
conductive elenent and a resulting field of the first magnetic field and
the second magnetic field, and guiding a part -5 15 FEBRUARY 2007 of the
second magnetic field fromone of a first and a second nagnet system
subassenblies providing the first and second magnetic fields to the other
one of the first and second nmagnet system subassenblies. [0018] Wth the
Lorentz actuator according to the invention and t he device nanufacturing

nmet hod ac in o th nti on Ilﬂ| ffects a

advant age %E#W%gﬂ?ﬁ Qg\é\%ﬁ%mﬁo aqerftl%ge ei?%ﬁ? ‘&3‘3581"3??\59 to the
inventi Of'prowﬁﬁl%]t% 1Pt (RQ WetbnANRESHetiE ffeﬁfs% Qﬁ@@th@iaéﬁ@omg%r!;tnantdmeéoﬂc?m to
the use of lithographic apparatus in the manufacture of ICs, it should be

under st ogdagretisystenesubassembpliephi ¢ apparatus descri bed herein may have ot her
applications, such as the manufacture of integrated optical systens

gui dance det atterns for etic d mai n_Menor i |d crystal
5ol ays (OBEW ) ¥ibn . EBrenigmalr oo fot B0 MHEMKR ARGahs: 64 wi )
appr eci atﬁaﬁd?@&unﬂg‘méﬂb‘a 58I 19Tthe mnﬁtﬁ Cthe o RRthildr AftRRSan Ny USE
of the terns "wafer "die" herein e consi dered as synonynous with
t he nore xmgleasagds ateaaohnexféd; abwithahealithographlaraglmratuq;)mcbrdmg to the apeationel y.

[ 0020] The substrate referred to herein naybe processed before or after

exposure, in exanpl e rack (a too hat_ .t plca |y applies a, layer of
resi st tdoal%ubsérla&%héml &re&m%w'a&%dggas gbiodhy UgsrotAitheeranbiogy or

| nspect | O%Phﬁﬂk @Q aga[uﬁa%ﬂlré GEYs St sﬁoﬁﬁlq‘yuﬁﬁ ﬁlat, tH\?Lﬁbgrugﬁ%@@a‘?ﬁHJ led to

such and e processing to may be

pr ocesseddeibriedthdsin dagRavelottier apsiivatiens, such a@hﬁé miafufactariof idegrated bpticayer |1 C,
so that the termsubstrate used herein may also refer to a substrate that
al r eady coysteBisnguidance iapd deteghiqcralicas forpagretic/doorin memeries ligid-erygiaht i on”

and "bea I iation,

el udi ngichery B 8 Birchi g icsos 48ghekiteR G AT ARE e BREYEG5 "

193, 157 e cdmbxt'df¥hctPalbritve Qﬁiﬂlddhbﬁsaaxvy HeSf tﬂeﬁ%s ﬁﬁﬁbﬂ’tdro‘ﬂle( @efbin havi ng a
may be considered as synonymous with the more general terms “substrate” or “target

portion”, respectively.

[0020] The substrate referred to herein may be processed, before or after exposure, in
for example a track (a tool that typically applies a layer of resist to a substrate and develops
the exposed resist) or a metrology or inspection tool. Where applicable, the disclosure
herein may be applied to such and other substrate processing tools. Further, the substrate
may be processed more than once, for example in order to create a multi-layer IC, so that
the term substrate used herein may also refer to a substrate that already contains multiple

processed layers.

[0021] The terms “radiation” and “beam” used herein encompass all types of
electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a wavelength of
365, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation (e.g. having a
wavelength in the range of 5-20 nm), as well as particle beams, such as ion beams or

electron beams.



wavel ength in the range of 5-20 nm), as well as particle bedHFEBBUSRYZ80Y on
beans or electron beans. -6 15 FEBRUARY 2007 [0022] The term "patterning
devi ce" used herein should be broadly interpreted as referring to nechanism
that can be used to inpart a projection beamwith a pattern inits
cross-section such as to create a pattern in a target portion of the
substrate. It should be noted that the pattern inparted to the projection
beam nmay not exactly correspond to the desired pattern in the target

portion e bstrate. Cenerally, th attern.j rt to th rojection
beam wi | I()[f()g%ﬁr espn§™o p&“%@@i (geﬁ’fc\ér ufffﬁk *Bh Ouicggg?’r‘?aﬁ?ya"g@{egeéi 2i ng
creat ed i@ferfiflerolAEARAIsRARAL AR be BSI0@SpaR a bRIj é‘cgfoﬁtb%ﬁlm%ﬁ}%'*)éttenﬁ s3] .
Patterni ng devices may be transm ssive or reflective. Exanples of patterning

devi ces imadstadetionasich as po ogatarapaitem imiartarget portiay of thersubgrate) lashoabl ke LCD
panel s. Mas are well  kno in Iithography, and include mask types such as
D hary, el ek b gotiosm SBEEN P the ot bt o e S Ao M | e
various | int i Sub ' gy enploys
2t x AR B e B BT, st B A e O Yl Ty
tilted sopragctien beafn weitlcoarspandoora pgticwali fahétmmaleysrin adedickbeing bteatedir ect i ons;
in this manner, the reflected beamis patterned. In each exanpl e of

pat t er ni e taygssiperion; suchas ap antegrated GHeWk-e naybe a frame or table, for

exanpl e, which maybe fixed or novable as required and which may ensure that
t he patt h£1 jce | ' . I L far Lt h.respect to
t he proj :@tﬂ ?@n glia\sﬂtegrg’?é i%@éelﬁ%gg?é {r%gn}léé'?‘fres&'xrggﬁu&gg%ﬁwpi m&nﬁﬁ ein may
be consi déggvids Siyohadeyfiasls, prdgharhiebletiierod afeysiland PrograpaiabRy DCDYpandBVi ce” .
[0024] The term "projection systent used herein should be broadly

i nt er pr et Masksare wall bneyam &1 Wgograpine aad inglds negsk pynsp siechias hingyys aliggnating | udi ng

refractive qpti.cal syste refl.ecti I St e cat adihoptric

opti cal s@%atsgﬁ%lﬁ %néi %tﬁﬁ?%%drﬁ’hélts %gl}lgr ése‘i%%ﬁé“?@rhy%ﬁén aregg ngg%n %él p(!ﬁ ion

bei ng usegka RbgraffmaldRirrdragiagcipleisa marik Aftahieneat ofdindlIA@ESk Qach bpi d - or

the use of a vacuum Any use of the term"lens” herein may be considered as
which can be individually tilted so as to reflect an incoming radiation beam in different

directions; in this manner, the reflected beam is patterned. In each example of patterning
device, the support structure may be a frame or table, for example, which may be fixed or
movable as required and which may ensure that the patterning device is at a desired
position, for example with respect to the projection system. Any use of the terms “reticle”
or “mask” herein may be considered synonymous with the more general term “patterning

device”.

[0024] The term “projection system” used herein should be broadly interpreted as
encompassing various types of projection system, including refractive optical systems,
reflective optical systems, and catadioptric optical systems, as appropriate for example for
the exposure radiation being used, or for other factors such as the use of an immersion fluid
or the use of a vacuum. Any use of the term “lens” herein may be considered as

synonymous with the more general term “projection system”.

[0025] The illumination system may also encompass various types of optical

components, including refractive, reflective, and catadioptric optical components for



synonynous with the nore general term"projection systen. 19BEBRUARE2007
illum nation system may al so enconpass various types of optical conponents,
including refractive, reflective, and catadioptric optical conponents for
-7 15 FEBRUARY 2007 directing, shaping, or controlling the projection beam
of radiation, and such conponents nmay al so be referred to bel ow,
collectively or singularly, as a "lens". [0026] The |ithographi c apparatus
may be of a type having two (dual stage) or nore substrate tables (and/or
two or noje nask table

ln.su "multiple s age". machj nes the additional
bl o5 et esnne. i bonielite BF s Dot BT ACE b PPt o one
or  nore hAPY&ShMAdrRd2D Beldw, BRIt LI BF s1h§1‘ﬂhﬁ§ 28h®1dygr ng used for exposure.
[0027] The 1ithographi c apparatus may al s6 be of a type wherein the

substrate is immersed in a liquid having a relatively high refractive
i ndex, e.[§026]at efhe lghographio apparitusmimay paoé abmwbwmgtm (dhalztage) enmnte of t he

projection,system and the substrate. |ds rra,y a applied
{o ot her %IE%%E% taplgs ?ﬂ@qrit‘cvﬂa??mwe%taﬁglfr@wh IS e mAhBRdEn | he

mask an r r i ques
e el 1 e o R el oy D Y b (B0 OFE

pr oj ect i anos\tailes®hildEhtictdr ndr&CHRePTablas aEFbe'ﬂrﬁuslBWéﬂ@Ssdr@OZS] Enbodi nent s of
the invention will now be descri bed, by way of exanple only, wth reference
to the accoqﬁanylng schematic dramnn s in which correspondi ng reference

synmbol s i[883Qat éﬂt,eomhegraalwauaﬁgaramst@ay alse berofumtyns: whergmothe psubsirate  depi ct s
a "thogfgﬁﬁl&r&dﬁﬂpﬁ{ fif Ravifl g@ggﬁé@ﬁ%’%@%f@%&ﬁne Cw %F%B%%&'ﬁu[ 00301

Figure 2 icts a c 055 see orent Z5actuator- accordi i ng

the i nvesphdzsalsbtw[aaﬂﬁxk]ﬁrﬁl gletment3ef the prabctidapystemf drdl ttle sutserate0 Immegivat i ¢
fields in across sectional view of a Lorentz actuator according to the
state of liqwidsangy alse by applieshioothertspagesrin sieclithagiaphic @pparatus; foy exampla; and

between the mask and the first element of the projection system. Immersion techniques are

well known in the art for increasing the numerical aperture of projection systems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Embodiments of the invention will now be described, by way of example only,
with reference to the accompanying schematic drawings in which corresponding reference

symbols indicate corresponding parts, and in which:

[0029] Figure 1 depicts a lithographic apparatus in which the invention can be
embodied;

[0030] Figure 2 depicts a cross sectional view of a Lorentz actuator according to the
invention,;

[0031] Figure 3aand 3b depict field lines of magnetic fields in a cross sectional view of
a Lorentz actuator according to the state of the art and a Lorentz actuator according to the
invention; and

[0032] Figure 4 depicts a cross sectional view of a part of an alternative embodiment of

the Lorentz actuator according to the invention.



[0032] Figure 4 depicts a cross sectional view of apart of &HFaBREAR¥ER00E
enbodi nent of the Lorentz actuator according to the invention. -8 15
FEBRUARY 2007 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Li t hogr aphi ¢ Appar at us
[0033] Figure 1 schematically depicts a |ithographic apparatus 100 accordi ng
to a particular enbodi nent of the invention. The apparatus conprises:
[0034] an illumnnation system (illumnnator) IL: for providing a projection
beam PB of radiation (e.g. U/ or EUV radiation). [0035] a first support
structure (e.g. a mask table/holder) MI: for supporting patterning device
(e.g. a mask) MA and connected to first positioning nechanism PM for
accurately positioning the patterning device with respect to item PL;

[ 0036] a substrate table (e.g. a wafer table/holder) W: for holding a

substrate (e.g. a resi er) nd..conne second

posi ti oni ng nmechani iﬁﬂwlfclgﬁ e a Qﬁv& T HE &mﬂg@ubstrate W th
respect to itemPL; and [0037] a projection system(e g. a reflective

proj ecti ens PL for inmaging a pattern inparted to the projection beam
PB by pat L t onto a target portion C (e.g. conprising one or
more di esy b t us is of
ar eflectl gS’j{ ype ?ué;l %}{ﬁg{agﬁﬂ (ﬁe%(?ér%g]ca 1@%?4?5;1& %gﬁr%gqgoglrag%rraa%nafﬁe mrror
array of mrtiouber eatod et bédletlmveemhowel‘he #ipastusatompeisys: t he apparatus may be
of a transmissive type (e.g. enploying a transmi ssive mask). [0039] The

illumnator IL receives a beam of radiati froma radiatiaon. source SO The
source and the | 19938hr a i U?“é(ﬁﬁ‘gf%’t’t Eﬂé‘t%)ﬁlg@’%?fdrgt ef%érﬁrPYl € 3for exanpl e

when the -9 projection beam PB of radiation (e.g. UV or EUV radiation).

[0035]  a first support structure (e.g. a mask table/holder) MT: for
supporting patterning device (e.g. a mask) MA and connected to first
positioning mechanism PM for accurately positioning the patterning

device with respect to item PL;

[0036]  asubstrate table (e.g. a wafer table/holder) WT: forholding a
substrate (e.g. a resist-coated wafer) W and connected to second
positioning mechanism PW for accurately positioning the substrate with

respect to item PL; and

[0037]  a projection system (e.g. a reflective projection lens) PL: for
imaging a pattern imparted to the projection beam PB by patterning
device MA onto a target portion C (e.g. comprising one or more dies) of

the substrate W.

[0038] Ashere depicted, the apparatus is of areflective type (e.g. employing areflective
mask or a programmable mirror array of a type as referred to above). Alternatively, the

apparatus may be of a transmissive type (e.g. employing a transmissive mask).

[0039]  Theilluminator IL receives a beam of radiation from a radiation source SO. The

source and the lithographic apparatus may be separate entities, for example when the



15 FEBRUARY 2007 source is a plasna discharge source. |n siXKEBREGARY 209
source is not considered to formpart of the |lithographic apparatus and the
radi ati on beamis generally passed fromthe source SOto the illumnator IL
with the aid of a radiation collector conprising for exanple suitable
collecting mnors and/or a spectral purity filter. In other cases the source
may be integral part of the apparatus, for exanple when the source is a
mercury |l anp. The source SO and the illumnator IL, nay be referred to as a
radi ati on t. The i ] I | I | chani sm
For adj usiiss f Rplagha diknatdE stuoud ThIRL Cosesr TS RRTP bl nBdbiS o bl 20 O 2

| east t hepaptudfethe it gpdphidfisfardtéard] thethdiftion bé Ditnkrall9fpakde@drdm tis 6- out er
and 6-inner, respectively) of the intensity distribution in a pupil plane

of the i |dourseiS4} lortheillumiraterd] wethetbe aittioba radiation eeltestor poraprisirasforexaopdii t | oned
beam of radiati Teferred as_t rojection beam PB, havin desired
ani for i 134 cSetBpERED s and Br FRreRah e FiE: O obe et Al The
proj ect i oRteBRAPAEES the appaetAe ’r (RBmbREVHERTKe d¥irce i fmlrdudy Bfpd TRRsd& Mask
table MI. Being reflected by the mask MA, the projection beam PB passes

t hr ough t3f@ ahétie ill@hinatwhilcmiybecésralie abe satidivneystemar get portion C of the
substrate W Wth the aid of the second positioning nechani sm PW and

posi tion nsor J.F2 (e.q. interferonetric device .he. substrate table
- can belidiled Heatigiti L may cSpmscadistipSuithotifor plibaing gt
POrtions e (gj&i@triBﬁfi&h Of tht Beark € &n &5y, 3t [EhdtMd Surerl B/ ok ik rdips lekieRN N9
mechani sm PM @nd position sensor |F1 can be used to accurately position the

mask MA wicbinfoabpefsiret o ddteoutepintd ®inmet) eesheaiveRBof the interaity distritraioain cal
retrieval froma mask |library, or duri n% a scan. In general, novenent of
the obj ect Purdkilage ofithe Hlnviratay ¢an becadjustad; Adg ilpminaton groyides gicoaditionedy- st r oke

nodul e and _a ort-stroke dul.e, which .far rt. of the positianin
Techani o SRS e B A b AP Rab ing 5 0 eI BLARY ,

scanner) ih@sity@stibuabn i iMlcroBysebgorconnected to a short stroke actuator
only, or may be fixed. Mask MA and substrate Wnmay be aligned using mask

alignment marks ML, M2 and substrate alignment marks P1, P2. [0042] The
depi ct ed WP#Hr at The prajectien besoPB is indident on thewnask MA evlich ssdekderethe mask

table MT. Being reflected by the mask MA, the projection beam PB passes through the lens

PL, which focuses the beam onto a target portion C of the substrate W. With the aid of the
second positioning mechanism PW and position sensor IF2 (e.g. an interferometric device),
the substrate table WT can be moved accurately, e.g. so as to position different target
portions C in the path of the beam PB. Similarly, the first positioning mechanism PM and
position sensor IF1 can be used to accurately position the mask MA with respect to the
path of the beam PB, e.g. after mechanical retrieval from a mask library, or during a scan.
In general, movement of the object tables MT and WT will be realized with the aid of a
long-stroke module and a short-stroke module, which form part of the positioning
mechanism PM and PW. However, in the case of a stepper (as opposed to a scanner) the
mask table MT may be connected to a short stroke actuator only, or may be fixed. Mask
MA and substrate W may be aligned using mask alignment marks M1, M2 and substrate
alignment marks P1, P2.

[0042]  The depicted apparatus can be used in the following preferred modes:

-10 -



-10 15 FEBRUARY 2007 [0043] step node: the nmask table MI abSIFERRUsBRB200%At e
table WI are kept essentially stationary, while an entire pattern inparted
to the projection beamis projected onto a target portion Cin one go (i.e.
a single static exposure). The substrate table WI is then shifted in the X
and/or Y direction so that a different target portion C can be exposed. In
step node, the maxi num size of the exposure field limts the size of the
target portion Cimaged in a single static exposure. [0044] scan nobde: the

mask table MI ang t substrate table e .scanned. s nously while a
pattern i rrp_artedﬂ{oégfhes’fﬂ @f@%ﬁ’i‘%‘ﬁ*aﬂ%&%@ apgd _ﬁ]eégggﬁt%%gg\&&taé? get portion
C (i.e. a singl e{c/%%”&@%rﬁiaﬁ%%@ﬁ}bhﬁﬂy; wiiIR ay @hffe k/ié’t]_te?ﬂ‘qﬂx%hﬁé‘&_ttb%o‘c the
substrate table relative to thé mask table is determ ned by the
(de-) magni fi cat i projehidn ibemmds pevjectedhbntochtarget pperticat Cds onf gohi@epa oj ecti on

system PL. In scan node, the maxipum, size of the exposure. field limts the
width (in the noﬁng]@éFﬂﬁ‘Fﬁép‘Eﬁ“Fn%ctT%ﬁ)‘bStféﬁet?'ﬂéwléﬂ% ns‘aﬁ#f:&&hhﬁ a single

dynam c exposur eanm‘aﬂﬁ‘ftm%!tﬁﬁgt{fﬁf&tﬂgtﬁ?%?ta@g@é}p%%?fg Bpg{p%?%(g%er m nes the

hei ght (in the scanning rection) I on. ] other

nmode: the mask t gbp tolll, the meripture size ol ihelekyosatefidl@ Nigditg thekelofithe
aprogrammabl e patterni ng device, and the substrate table WI is noved or
scanned whil e a [agateprionfpimaged in d sigle statisjeXpesueh beamis projected onto a
target portion C. In this node, generally a pulsed radiation source is

aier each movenkRitpr STRETRT B MEICRAENIT Hhe B SRR IR T2 Ve

aftgr _each nove : e su . . ween succes;ive
radi ati on pul sesschuhéd@nehrsf@isly whilca papieeh ifpartePRIEé projeci@ibdam is eadi | y

applied to maskless lithography that utilizes programmable patterning
devi ce, such as propciagrentoraiargetinortian C 4r.¢. aysingle dynamic exposure). The
velocity and direction of the substrate table WT relative to the mask table
MT is determined by the (de-)magnification and image reversal
characteristics of the projection system PL. In scan mode, the maximum
size of the exposure field limits the width (in the non-scanning direction)
of the target portion in a single dynamic exposure, whereas the length of

the scanning motion determines the height (in the scanning direction) of

the target portion.

[0045] other mode: the mask table MT is kept essentially stationary
holding a programmable patterning device, and the substrate table WT is
moved or scanned while a pattern imparted to the projection beam is
projected onto a target portion C. In this mode, generally a pulsed
radiation source is employed and the programmable patterning device is
updated as required after each movement of the substrate table WT or in
between successive radiation pulses during a scan. This mode of
operation can be readily applied to maskless lithography that utilizes
programmable patterning device, such as a programmable mirror array of

a type as referred to above.
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a type as referred to above. -11 15 FEBRUARY 2007 [0046] CU»BEBBUARYI2007
and/ or variations on the above descri bed nodes of use or entirely different
nodes of use nay al so be enpl oyed. Enbodi ments [0047] As noted above,

| it hographi c apparatus 100 enpl oy actuators for positioning a part of the
apparatus, such as positioning a substrate table/hol der, a mask
tabl e/ holder, a part of an irradiation system a part of an illum nation
system or any other part of the |ithographic apparatus 100. [0048] Fig. 2

shows a ¢ sectional. view of a lLorentz actuator 200, in accordance wth
o enbod 0361 orComBngtansantloPrRHoRLT b R e SR T MOUEsAloRe AL es A
first ac A medRATSeORaY aRBbe 3RBIRegECONd actuat or subassenbly 202, which
i s novabl elﬁ\?\nltetﬁm respect ta%at heefl s('?es'ubassenbl y 201. The first actuator
subassenbly 201 conprises a first and a second magnet system subassenbly

203, 204,Embsgimdntyel y, conprising a main and a subsidiary magnet system
The main and subsi di ary magnet systemare attached to one part. of the

i t hogr apl®047]appas Beted abays. lithagraphic Apnashe !t V0spanlayretudprs forosHignngmgnet s
205 a, T | arity, i 05b, 205c
and 205d 7's Ofitﬁ%? a‘i‘{%g’?g‘&‘: %}ogfr&ro g{n élssugértgl\t}\%@%ﬂ%%@%%%@%@%%ﬁgrragnet.
[ 0049] Thearef atpireadiafiof shstera0n bing Wf el ilhimigetie afsteng drangetiapan®fahgi rection
as indicated by Fig. 2 fromleft to right or vice versa, in the plane of

t he dr awi i§ograplic pppasetusit®®s  bet ween the main magnets 205a-205d and the
second actuator subassenbly 202, which is attached to another part of

| it hogr apfiGo@PPar 100._The nd_actuat or . assenbl 02 _conprises an
el ect 11 olOPgBEorRket s sinbh B Hiend SL X Eofn RESHRL J00 B aocRRIREL 565
this enmbgih MRNEMBRARM&GRVTIthe pfdsORSInG@RIohOTRE LbtedYY Sdtustof Bdrhpri® acfiRet ri cal
current in one part of the coil 202a having an opposite direction than an

el ect ri cadctuatorsgbass¢émbly B01 andhasecpud actatsubassembly 203, whiclFsmmavabls widlason,
Pn(;: ﬁr Irr;[aé n‘%%%gcgﬁég?h%é gﬁ:%gs%}n%lyz P&a Thg rSS(f hct{lgtoro J)u%gsssle}n%l};[ é)Olpc%lm%rrfng/ a ﬁr%{ the

and a second magnet system subassembly 203, 204, respectively, comprising a main and a

subsidiary magnet system. The main and subsidiary magnet system are attached to one part
of the lithographic apparatus 100. The main magnet system comprises main magnets 205a,
205b, 205¢, 205d. The polarity of the main magnets 205a, 205b, 205¢ and 205d is

indicated by the arrow as drawn in the respective main magnet.

[0049] The actuator 200 is configured to generate a force having a direction as indicated
by Fig. 2 from left to right or vice versa, in the plane of the drawing. The force acts
between the main magnets 205a —205d and the second actuator subassembly 202, which is
attached to another part of lithographic apparatus 100. The second actuator assembly 202
comprises an electrically conductive element, such as a coil. In fact, the parts 202 in this
embodiment represent a cross sectional view of a coil, an electrical current in one part of
the coil 202a having an opposite direction than an electrical current in the other part 202b
of the coil. For this reason, polarity of the main magnets 205a, 205c, is opposite to polarity

of the main magnets 205b, 205d.

[0050] The first and second magnet system subassemblies 203, 204 further comprise the
subsidiary magnet system comprising the subsidiary magnets 206a, 206b, 206¢, 206d, 206¢

-12-



[ 0050] The first and second nmagnet system subassenblies 20315 FEBRUARY 2607
conprise the subsidiary nagnet system conprising the subsidiary magnets
206a, 206b, 206c, 206d, 206e -12 15 FEBRUARY 2007 and 206f, which are in
conbination with the main magnet system In one enbodi nent, the subsidiary
magnets 206a, 206b, 206c, 206d, 206e and 206f are arranged in Hal bach
configuration. [00511 The actuator 200 further conprises a back mass 207a,
207h, such as aback iron. According to the invention, magnetic el enents

208a, 208b .ar rovi ded which extend between outer sides, .e.g. edges of the
Lo g8 R R OB AiRR i Las BB B e e bl eembriaant 4B S o ¢ he
magneti c , i Ph A r ig. 3a
and 3b besﬁgvﬁvaﬁ%%gg?égizgag)’g%%ngb?:(‘?gz.ogg’bb?ee&ﬁl gtﬂ}[éﬁgh: ?_g.trer %%egnglglf%lg?@r as
descri becconfigtiratied.erence to Fig. 2, however in Fig. 3a (opposed to Fig.

3b), the magnetic el enents 208a, 208b, have been renoved. In Fig. 3a and
3b, field lines of the first, main magnetic field are indicated _by 300

whi | e fi el0851]; nekheqctuatns 20@ Apthar capasesn back mpass ARTa, 207, @iich agp backii@icat ed by
301. As W ih re e i 3 | diary
magneti c ‘?‘%f‘ﬁ% ?%rﬂn{étlﬁ&éé&g)ébéﬁgﬁ%r%yelénrg%ﬁée? 283238%@3%2&56@{5(1 }&tsh?%lﬁ%?ﬂ(gl rcuited
by the nageédnCotbesided, e288alges O @3 firdt 208 vdndethe asepdidt 20 niagRetssyeehdi ary
magnetic field originating fromthe subsi di ara/ magnet 206c and 206f is
short - ci redpssegbliss: Yiecliach aE thecmagnetie elenpengn208as 288k wilk be gaplamed Wity eof , a
field at pwgocagign ﬁﬁaﬁig%gégl 202, near the coil 202 is increased in Fig.
3b as conpared ¢ o'eF %J a. Yurther effect is that the magneti c el enents
208a, 208b shield the actuator from possibly disturbing external nagnetic

fields. Tioeszpan@Ebi Sa fIdEFBMbL &Ré the BOBAtzGRhatoR AP Heskeibad withQBfefdncdfy Ot her
hi ghly magneticall'y perneable nmaterial, having a relative perneability > 1.

[ ﬁ0541 Thﬁgg%g:gmeivcr ieIFéwrént(?llamsgi foskyg. 1H)dhwaggmticoﬁ¢mgnt@a®8ma@$te have gr i al
. i i di 206a,. 20
b o SRR A et B BN R B SR o

magnet s hgyidiowRidedd theoitie second, subsidiary magnetic field are indicated by 301. As
can be seen with reference to Fig. 3b, a part of the subsidiary magnetic field from the

subsidiary magnets 206a and 206d is short-circuited by the magnetic element 208a.

[0053] Likewise, a part of the subsidiary magnetic field originating from the subsidiary
magnet 206¢ and 206f is short-circuited by the magnetic element 208b. As a consequence
thereof, a field at a location of the coil 202, near the coil 202 is increased in Fig. 3b as
compared to Fig. 3a. A further effect is that the magnetic elements 208a, 208b shield the
actuator from possibly disturbing external magnetic fields. The magnetic element 208a,
208b can comprise an iron or any other highly magnetically permeable material, having a

relative permeability > 1.

[0054] The magnetic element comprises the magnetically permeable material that
extends between mutually opposing subsidiary magnets 206a, 206d comprised in the
subsidiary magnet system, the mutually opposing subsidiary magnets having substantially
anti-parallel polarization's. In an advantageous configuration, the magnetic element extends
between sides of the mutually opposing subsidiary magnets 206a, 206d faced from adjacent

main magnets 205a, 205¢ of the main magnet system. A distance between the magnetic

-13-



anti-parallel polarization's. In an advantageous confi gur at IS FEBRUSRWR(OEt | C
el ement extends between sides of the nutually opposing subsidiary nagnets
206a, 206d faced from adjacent main magnets 205a, 205c of the main magnet
system A distance between the magnetic -13 15 FEBRUARY 2007 el enents 208a
and the conductive elenent 202a is that |large that a reluctance force of the
actuator is less than 1% of a Lorentz force of the actuator. The rel uctance
force decreases when the above distance increases. [0055] In an alternative

enbodi nrent of the Lorentz actuator, in accordance with the ‘gresent

i nvent i orflemgnts 245 apd heondertive elemest &M%t tiat largeithat azelueiapeg fopeot ter ¢

Lher eof . a'f: rzlj's leé{}gglﬁ‘%' O%LilL%FCIﬁPR)%C &Qf?e Ma@oﬁggﬁthfc%%%ﬁforgﬁgec%ag&r t of the
ack nmss a‘1n 'S “'exanpl e conprising an iron. In e enbodi nent as

descr i bedyNdntthe sfverdeiterRe irédses. 4, the nmagnetic el ement 208a (conprising a
per mmnent magnet) extends between highly nagnetically perneable parts (the
part 206a being shown in Fig. 4) adjacent to the main nagnet (the main

magnet 208853 ei Ay asrbermptivg embedimepisef the horatartnaterg Heaccatdgnemyith the

subassempl i es.. [ 0056] The nagnet.i c..el enent in this odi onpri ses
o de nagfetting oLy B EE R R P hNe SR B S S one ot
the second gaRenelr shywt eHe maDAREAAI058SaridOa phe JTHHE ballh thabN 20RO this

Advant ageously, a polarization of the magnetic elenment 208a is opposite to

a pol ar i zxainpke cofnpmigingtaperonnin theembediment as degBibed avithghfsvance to FiEi 4 thed) and
205¢c (not shown in Fi 4 The magnetic el enent 208a in Fig. 4 forns part
o0 0 o Rtr Al d 05E (omPERRE o pereent PhARaE) ienida AV esTyER of & oot

as the nﬂﬂﬁg@feyeauy?de_ e PR IR YAZRR b@ﬁg%ﬂ&@()ﬁ' irl Fig':hﬂadggceﬁm C}Eé fraim3b, as a

same effect” of guiding a magnetic field Between 206a a 206d 1's achi eved.
In Fig. 2Z2mnagmt fhg.m&Bh mdghets2@fa kabg skowgcdti the dastbandasavand etagoetpobstan zat i on
of the subsidia magnets 206a and 206d, while in Fig. 4 a sane or simlar
effect s i’sé?ﬂ‘é]éesby a magnetic polarization of the nmagnetic el enent 208a.
[0057] In Fig. 4 only a part of the Lorentz actuator is shown, i.e. a left

upper par[‘)Oﬁ’é] t Pfhe magnetic element 208a in this embodiment comprises a side magnet, the
side magnet having a polarity in a direction from one of the second magnet system
subassemblies to the other one thereof. Advantageously, a polarization of the magnetic
element 208a is opposite to a polarization of neighboring main magnets 205a (as shown in
Fig. 4) and 205¢ (not shown in Fig. 4). The magnetic element 208a in Fig. 4 forms part of
the subsidiary magnet system, and in fact has a same or similar effect as the magnetic
element 208a and 208b as shown in Fig. 2 and Fig. 3b, as a same effect of guiding a
magnetic field between 206a and 206d is achieved. In Fig. 2 and Fig. 3b, this effect is
achieved by a magnetic polarization of the subsidiary magnets 206a and 206d, while in Fig.
4 a same or similar effect is created by a magnetic polarization of the magnetic element
208a.

[0057] InFig. 4 only a part of the Lorentz actuator is shown, i.e. a left upper part of the
cross sectional view as comparable to the cross sectional view of the Lorentz actuator of
Fig. 2. It will however be clear to the skilled person how a remainder of the cross sectional
view is constituted. As an alternative to the configurations as shown in Fig. 2a and Fig. 4,
the magnetic element 208a, 208b can extend from any side of the part 206. Thus, in the

embodiment as shown in Fig. 2, the magnetic element 208a can e.g. extend from sides of
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cross sectional view as conparable to the cross sectional vigWesRuARE 2007
Lorentz actuator of Fig. 2. It wll however be clear to the skilled person
how a remai nder of the cross sectional viewis constituted. As an
alternative to the configurations as showm in Fig. 2a and Fig. 4, the
magneti c el enent 208a, 208b can extend from any side of the part 206. Thus,
in the enbodinment as shown in Fig. 2, the nagnetic elenent 208a can e.g.
extend fromsides of -14 15 FEBRUARY 2007 the subsidiary magnets 206a,

206d facing each other, while in the Lorentz actuator as shown in Fig. 4,
t he rragnet{q? éu%ﬁl@ﬁréfﬁpa%@g%an2%dg§acwﬁteé?m0 bep A ilecindae iprqnweafﬁa%@r %06a and

206d (not t N 4Fhd. - G adj j; and
205c¢ ress&é%%gf%‘ 4 ’ %&%‘eqﬁglkﬁgrgt};ﬁn@g‘ Cglll(;"tg '&é%é?l&ggérg%l%g@ggﬁ %%élg%\?enti on
can be appldi 206df(act dhoghl i Figce)ufasing feomil Ao adjsiepemainimegost 2068 ahd apfd | cati ons
with a short stroke in a direction of the force, such as stages and optics
in the | iIF?RS?ﬁ%FﬂY}i c apparatus. 100591 Wil st specific enbodi nents of the
i nvention have been described above, it will be appreciated that the
inventio b r [ce erw ri . . . e
descri pt %’Ws ﬁlélfe ?ﬁl_{e}é% egﬁ#‘% ﬁéqr)ntsdfng{ ﬁgﬁeﬁ\ﬁ‘éﬁl lﬁ)gnd.agﬁﬂeea@glﬁgﬁéﬂp? ?)tc])n, _
oper at i Ofaccavatt and@iradthgdratafe driiRaPippHiestions WiBNY $HRt stdke Regairé@mpardfied Wi th
the understanding that nodifications and variations of the enbodi nents are
possi bl e, forgdeysushtan stapesvanid opticeimtthé lithograpbierappsretuei n. Thus, the precedi ng
detail ed description is not nmeant or intended to, in any way, limt the
i nvention..-kather. 1t he .sco f thed.nventi.on,is .defined. by .the. nded
ol o o -DBS415" BethedshEci 5 BB ey iR B e B R o B PRRE D et s
conpri si ngs appreciatddtihttRé inQBntforSthSbd Sraic@d bHRr?ish BRMa tiedcaiBbdt A@Sicha support
structure to support a patterning device, said patterning device

the description is not intended to limit the invention. The configuration, operation, and

behavior of the present invention has been described with the understanding that
modifications and variations of the embodiments are possible, given the level of detail
present herein. Thus, the preceding detailed description is not meant or intended to, in any
way, limit the invention - rather the scope of the invention is defined by the appended

claims.
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capabl e of inparting a desired pattern onto said beam of r adi EEBRIARYA2007
substrate holder to hold a substrate, a projection systemto project the
patterned beam onto said substrate; and an actuator to produce a force
between a first apparatus part and a second apparatus part to displace said
first and second apparatus parts relative to each, wherein said first
apparatus part conprises at least a part of one of said illumnation
system said support structure, said substrate holder, and said projection
system and sai d WeRXIhIS €ppdMEDES part conpri ses at | east another part of

one of said illumnation system said support structure, said substrate

hol der, and said projection system said actuator conprising: a first

magnet system subas sithdplaphia appatateecmipdisitggnet syst em subassenbly that
conprise a main magnet system configured to provide a first magnetic field

and a subsi di ar yanTR@HREtiGYSERM t6 PvidguRemodradidivhde at | east a second
magnetic field perpendicular to said first magnetic field, said nmain and

subsi di ary magnef suppyft@iEua iAkperttopatifng idewte, aRBpAtcuTing Aetice AN

el ectrically conductive elenent configured to produce said force based on
an interact i eapatjepfiimparting eflesired pattep omte srid besrt ofgadiporsaj d el ectrical ly
conductive elenent and said first and second magnetic fields, said

el ectrical |y cortubstrajeholddréerbeld agubstiatéed to sai d second apparatus part and
at least partially interposed between said first and second nmagnet system
subassenbl i es; apioctinugysiEindo pfaeek e patiareaddieag onirbspidasubsteate; yndet ween out er
portions of said first and second magnet system subassenblies, said
magnet i ¢ el enentancashfaiqgue edoduce adfoicd detvepw at firsinapparagisi pprtsadonsecardynet i ¢

field fromone of said fi.rst an n n S ies to the
ot her one of 4 Sfl?arrtstto ‘%’Fﬂa"s‘? esggdnﬁl%?rgréﬂ%etcg&g?lﬁaéaﬁn‘yss %gps%(}aﬁr?g? ;%;g? J-h16 15
FEBRUARY 200vherdin Sdi€ fidst Apgrratpdipartagmdiratdl sit déasClaaipait lof wherdi saidai d nai n
magnet systerﬁi and . . . .
illumination system, said support structure, said substrate holder, and said
projection system and said second apparatus part comprises at least another part of
one of said illumination system, said support structure, said substrate holder, and

said projection system, said actuator comprising:

a first magnet system subassembly and a second magnet system subassembly
that comprise a main magnet system configured to provide a first magnetic field
and a subsidiary magnet system configured to provide at least a second magnetic
field perpendicular to said first magnetic field, said main and subsidiary magnet

systems attached to said first apparatus part;

an electrically conductive element configured to produce said force based on
an interaction between an electric current carried by said electrically conductive
element and said first and second magnetic fields, said electrically conductive
element attached to said second apparatus part and at least partially interposed

between said first and second magnet system subassemblies; and

a magnetic element extending substantially between outer portions of said
first and second magnet system subassemblies, said magnetic element configured
to guide a portion of said second magnetic field from one of said first and second
magnet system subassemblies to the other one of said first and second magnet

system subassemblies
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sai d subsidiary magnet systemare arranged in a Hal bach conl$ §&BRUABK 2087
The lithographic apparatus of Caim1l, wherein said magnetic el enent
conprises a highly magnetically perneable material. 4. The |ithographic
apparatus of Claim1l, wherein said nmagnetic el enent extends between

mut ual Iy opposi ng subsi diary magnets conprised in said subsidiary nagnet
system wherein said nutually opposing subsidiary nmagnets have substantially
anti-parallel polarizations. 5. The lithographic apparatus of Caim 4,
wherein said magnetic el enment extends between sides of said nutually

opposi ng subsidiary magnets relative to adjacent main mnagnets of said nmain
magnet system, Ghe Tidgrdphitofppaniistofaripiad &t wikersih seddahii naghliesydtem aai d
magneti c el ement conprises "a pernanent magnet having a polarity in a

di r ect i orsaid subsidisey miagres sybtém arst arngedimaddalbachenpngurstien.em subassenbl i es to
the other one of said first and second nagnet system subassenblies. 7. The
| it hographi c apparatus of Caim®6, wherein said nagnetic el enent extends

bet ween parts ¢ hSd : i i : ial-Locat ed
ad] acent o o e SR st
subassentd higbly nagndtieallly ipthogpblphateridlppar at us of Caim 1, wherein a di stance
bet ween said conductive elenent and said magnetic elenment is sufficiently

| arge to cause a reluctance force of said actuator to be less than 1% of a
maxi mum force p ' . 3 3

actuator for e4|c')r gggglﬁlﬁép‘gh?g#gﬁgp 3%2{}‘1‘“:} ’?Ni:h gge?%agcgﬁgg?égon ‘fj)nére tgte{lé:qui spl ace
one of sabeiwédn miutuatld dpposifigl spissidiaryr mbgets eorprisel dn Ghatdesubsidigqimadnet st and
second parts, said actuator_conprising: a first actuator subassenbl

conpri si niystemg whgltelwgmvtugl}ssqm@&m@mmgneaﬂwvas%@ewlwgﬁ@fal@ist em
subassenbl(%{ariz%gi Sls first and second magnet system subassenblies conprising a
mai n magn% Sy ?%m configured to provide a first

5. The lithographic apparatus of Claim 4, wherein said magnetic element extends
between sides of said mutually opposing subsidiary magnets relative to adjacent main

magnets of said main magnet system.

6. The lithographic apparatus of Claim 1, wherein said magnetic element comprises
a permanent magnet having a polarity in a direction from one of said first and second
magnet system subassemblies to the other one of said first and second magnet system

subassemblies.

7. The lithographic apparatus of Claim 6, wherein said magnetic element extends
between parts comprising a highly magnetically permeable material located adjacent to

main magnets of said first and second magnet system subassemblies.
8. The lithographic apparatus of Claim 1, wherein a distance between said

conductive element and said magnetic element is sufficiently large to cause a reluctance

force of said actuator to be less than 1% of a maximum force produce by said actuator.
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magnetic field and a subsidiary magnet system configured tolpFEBRUAR¥R0DE st
a second nmagnetic field perpendicular to said first nmagnetic field, said

main and subsidiary magnet systens attached to said first part; a second
actuat or subasselbhy a@B‘%ﬁ‘rﬁ%PWé“%’i‘g efosgerhepwasn ayfirgt 3pdi a 885004 PAT tent

confi gured taisgna%%f§ﬁaﬂrsfteﬁdzg%c&ﬁﬁﬁﬁspaat@e_t& MESIRELS Qi ARt Maen an electric
current carried by said electrically conductive elenent and said first and

second magnegcprd pares) sagd actimbat celnpusing:cal | y conductive el ement attached to
said second part and at |east partially interposed between said first and
second magnet sysfismactuatbnsebessomblyscommding avfingh siaguet shsiere subassanaiyi ng

substanti al | et ween out er rtions._of. saj. ISt net system
subassenbl i eé‘ngf%mﬁa%?%ﬁ Ségge%fne%rllge%ﬁ?se@%m is%glgrﬁer%t Jn?oseg(ﬁll%dlzlgé%gg St%?lgn of gai d
second nagnetibasseindlick Eomyrisigea Ghais ahagnét §ystemabchfpacdntd prowigeet fissyst em
subassenblies to th ther ope of said first and second ne system
subassenbl i e&agaghc ﬁelz%g a’é‘i?tﬁé‘pﬁﬁhaﬁ’f magnet §yseem §3’i‘f?ﬂ“ﬁ% 9 H‘Qgﬁgtatéiﬁéttém and said
subsidiary §REAEmasHStcERRIPPeRRndibRIANDEhid firs? ninBRC Rel@0bdill GhdiRtah@n. 11. The
actuator of Claim9, wherein said magnetic el enent conprises a highly
magnet i cal | y syhsidinsy plagnaisyséamsattached to sdfigstpasait or of Cai m 9, wherein said

magnetic el enent extends between nmutually opposing subsidiary magnets
conprised in sai dsesoivbaciaorypubsseanehly corperising angliestrédaly sendyctivealemdny opposi ng

subsi di ary hav S i al | ant i - p. - i zat . -18 15
FEBRUARY 2oggél{1%;.ed@egr§§#ua%ag‘?tféc’ffa‘é dpssd s 0 %ggr"éu&lh bgg{’%ﬁ rfég%lgﬁlﬂg el enent
ext ends bet wearens icaleisd bl saml eleatidalig| doyduepipo siemgntsandsiaitl firsy andhgevehd rel ati ve
to adjacent main | ts.of sai mai n _magnet syst 14. . The actuat or of
G a0, whe MBS S S elep oo fRHPCB prreol SRa b b apoond par

and at least partially interposed between said first and second magnet system

subassemblies; and

a magnetic element extending substantially between outer portions of said
first and second magnet system subassemblies, said magnetic element configured
to guide a portion of said second magnetic field from one of said first and second
magnet system subassemblies to the other one of said first and second magnet

system subassemblies.

10. The actuator of Claim 9, said main magnet system and said subsidiary

magnet system being arranged in a Halbach configuration.

11. The actuator of Claim 9, wherein said magnetic element comprises a

highly magnetically permeable material.

12. The actuator of Claim 9, wherein said magnetic element extends between
mutually opposing subsidiary magnets comprised in said subsidiary magnet
system, wherein said mutually opposing subsidiary magnets have substantially

anti-parallel polarizations.
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magnet having a polarity in a direction fromone of said fi ISFEBRUAB¥2OA{
magnet system subassenblies to the other one of said first and second
magnet system subassenblies. 15. The actuator of Caim 14, wherein said
magneti c el enent extends between parts conprising a highly magnetically
perneabl e material |ocated adjacent to main magnets of said first and
second nmagnet system subassenblies. 16. The actuator of Claim9, wherein a
di stance between said conductive elenent and said magnetic elenent is

sufficiently Jarge to cau a reluctance,force. of said actyafor 1o be |ess
Than 196 of 3 VadtearpEreECiafe b oo St iiidisHesnent ex@ide bibHen siods
menuf act Ud o BRABEH -5 RIRIE stbfiary PhSYdHeliva 1S Mialdnp il Rhgndd ofsait!bSt r at €
hol der; providi ng fy%eam f ra riag{i 0 usieng an ?‘{BI urlrli na%i ongréys(t)er?]

i mpar t i ngmaindeagneesyseatt ern onto sai d beam of radiation by a patterning
device supported by a support structure; projecting said patterned beam of
radi ation onto a target portion of said substrate via a projection system

produci ng a0 &l uiho? Bt Gfin . hdih SARAMALNIARG ARG 35k ANhAPPar at us

part relative to eac%bggﬁer, ahereln sa Irst apparatus part conprises at
| east a pabgnedhavinga pofarigginch ditdction fain @R of\ssiddirst adisdecandpnagriet syistedct ur e,
said substrate holder, and said projection systemand said second appar at us
part conpyubassemhlies te kg othernneed spid firstand second mragaet sysfied subpssgmmbles on syst em
sai d support structure, said substrate holder, said force producing
conprises: -19 15 FEBRUARY 2007 generating a first nmagnetic field froma

main magnet sysst@idabfua®dr bf CRim MRINRIeif ¥4l RiNchRAIGRIR bxteAdbebvéRpansl magnet
syst em subassenbly, said nain magnet system being attached to said first

part; genesmaprising ahigldy oragneticgiepérmenble matqrial locatdd adjreant toonsiaimhghets of

magnet 1o (Lehd, 14 g R4DR Sl IBRslyiRyst em of sai d first and second

16. The actuator of Claim 9, wherein a distance between said conductive element
and said magnetic element is sufficiently large to cause a reluctance force of said actuator

to be less than 1% of a maximum force produce by said actuator.

17. A device manufacturing method comprising:
providing a substrate held by a substrate holder;
providing a beam of radiation using an illumination system;
imparting a desired pattern onto said beam of radiation by a patterning device
supported by a support structure;
projecting said patterned beam of radiation onto a target portion of said substrate
via a projection system;
producing a force to displace a first apparatus part and a second apparatus part
relative to each other, wherein said first apparatus part comprises at least a part of one
of said illumination system, said support structure, said substrate holder, and said
projection system and said second apparatus part comprises at least another portion of
one of said illumination system, said support structure, said substrate holder, said force

producing comprises:
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subassenbl i es, said subsidiary magnet system being attachedl3 BEBRUARY 2P87
part; producing said force based on an interaction between an electric

current carried by an electrically_ conductive elenment and said first and
second magnetic SepPiBlinga figshmagesticdield fiom pynain magrst sypéene et M3gRshg at t ached

to sai d_secong R @BfiblyAind £&EEnd Rk:Plister] HbSHOABROAE LIRS Mo d 111 st

and second nEgnet system” subassenblies; "and guiding a portion of said
second nagnesystenf bangiatfached toneid ditst pait,d first and a second nagnet system
subassenblies to the other of said first and second magnet system
subassenbl i es. I1&neffhting deediond mmagneticaletldipérpendaauian del sad Gt anagndti fielher ei n t he

first magnetic field and t nd tke. field r In a
Hal bach COﬂ%rlmgg%lU raafulbglrc]lfﬁ?}_/ Ztapﬁlets es%%em OPIAG" fifst Tan§' &cSiF ﬂ@%g$SQeﬁ
subassemblies, said subsidiary magnet system being attached to said first part;
producing said force based on an interaction between an electric current
carried by an electrically conductive element and said first and second magnetic
fields, said electrically conductive element being attached to said second part and

at least partially interposed between said first and second magnet system

subassemblies; and

guiding a portion of said second magnetic field from one of said first and a
second magnet system subassemblies to the other of said first and second magnet

system subassemblies.

18. The device manufacturing method of Claim 17, wherein the first
magnetic field and the second magnetic field are arranged in a Halbach

configuration.
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