1 LI THOGRAPHI C APPARATUS AND LORENTZ ACTUATOR FIELD [0001] The present
invention relates to a lithographic apparatus including a Lorentz actuator
for providing a force between a first part and a second part of the
apparatus, and a Lorentz actuator. BACKGROUND [0002] A I|ithographic
apparatus is a machine that applies a desired pattern onto a substrate,
usually onto a target portion of the substrate. A |ithographic apparatus
can be used, for exanple, in the nmanufacture of integrated circuits (I1Cs).
In such a case, aLPBHOGRARHIGAPPARATHHS ANDLOQRENTAAGEUATOR erred to as
a mask or a reticle, my be used to generate a circuit pattern to be
formed on an individual |ayer of the IC This pattern can be transferred
onto a target portion (e.g. including part of, one, or several dies) on a
substrate (e.g. a silicon wafer). Transfer of the pattern is typically via
i mgi ng dAEdDa | ayer of radiation-sensitive material (resist) provided on
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|i t hogr apRivatciIpAsdviding 4 feddlstewsdr £ fitst pakt ahdR pesord phn ofticippenis, dmarget
portion is irradiated by exposing an entire pattern onto the target
portion dtorefe@ctuatell so-cal l ed scanners, in which each target portion is
irradi ated by scanning the pattern through a radiation beamin a given
direction (the "scanning"-direction) while synchronously scanning the
substrat BRGK@RE@IND anti-parallel to this direction. It is also possible

to transfer the pattern fromthe patterni devi ce.to the ,substrate by
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position a part e lith phic apparatus. Exanpl es of parts that may
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nmounts. The air mounts filter vibrations fromthe ground as. nuch as
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(resist) provided on the substrate. In general, a single substrate will contain a network of

adjacent target portions that are successively patterned. Conventional lithographic apparatus
include so-called steppers, in which each target portion is irradiated by exposing an entire
pattern onto the target portion at once, and so-called scanners, in which each target portion is
irradiated by scanning the pattern through a radiation beam in a given direction (the
“scanning”-direction) while synchronously scanning the substrate parallel or anti-parallel to
this direction. It is also possible to transfer the pattern from the patterning device to the
substrate by imprinting the pattern onto the substrate.

[0003] A lithographic apparatus of the type described above may employ a plurality of
actuators to position a part of the lithographic apparatus. Examples of parts that may be
positioned are the patterning device, the substrate, a part of an irradiation system, a part of an
illumination system or any other part of the lithographic apparatus including a metrolbgy frame
of the apparatus which is commonly connected to the ground by means of low-frequency air

mounts. The air mounts filter vibrations from the ground as much as possible and may include



the netrology franme fromdrifting. [0004] An exanple of an actuator for use
in |ithographic apparatus is described in EP 1.286.222 and US patent
publ i cation 2005/ 0200208, the contents of which are incorporated herein by
reference in its entirety. These docunent2 describe a Lorentz actuator
including a nmain magnet system providing a first magnetic field, a
subsi di ary magnet system providing a second magnetic field, and an

el ectrically conductive el enent. The main magnet system and the subsidiary
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and second magnetic_fie|d, erein a magneti zation direction of the
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carried by the electrically conductive elenment and the notor output is
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person skimagngt systennis psrnendisularior magnsHaatinndimesion ofthempgnats of theinainanagnet
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| naccur aciceadudtnieetemremesnd thamipeeticlBéldci enci es or i nhonogeneous properties,
such as materi erties. One of the ossi|pl e causes for thg nptor

posi tion depenﬁng@{lof@PwEm %@%fcmq@mcpe&?e%gxwmt%ﬂmaﬁ melh be
vari ati ongohfafPINR!hétof é(?iﬁ%ﬂ?&é’fﬁﬁgﬁ Pe1 2l B wEBANRSIoZ Blpldhd a motor output, and

direction/orientation of magnets. [0006] In this application the notor
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the name motor constant. However, in practice, motors exhibit a motor position dependent

motor constant, which can be divided into a constant average portion and a motor position
dependent portion. Thus, when a person skilled in the art assumes a constant motor constant,
he/she actvally assumes the mbtor constant to be the constant average portion. The motor
constant is motor position dependent due to for instance structural inaccuracies, tolerances,
and/or deficiencies or inhomogeneous properties, such as material properties. One of the
possible causes for the motor position dependency of the motor constant of a Lorentz actuator
can be variations in magnetic field strength and/or magnetization direction/orientation of the
magnets.

[0006] In this application the motor position is a relative position of different motor
parts with respect to each other, e.g. a rotor with respect to a stator. In case of a Lorentz actuator
as described above, the motor position is the relative position of the electrically conductive

element to the main magnet system.



[ 0007] The notor position dependent portion of the notor constant

i ntroduces disturbances in the Lorentz actuator, which negatively influence
the position accuracy between the first and second part of the apparatus.
This can cause overlay errors and/or inaying problens in the |ithographic
apparatus. SUMVARY [0008] It is desirable to provide a |ithographic
apparatus with reduced overlay errors and/or imging problens. It is
further desirable to provide a Lorentz actuator with reduced variations in
t he notor cons[naﬁﬂ] THOAO0@} péxitian dipegdérs partiomndfahié matdr comstztrhimﬁ‘oduemi on,
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substrate; a projection systemconfigured to project the patterned

radi ati on beamonto a target portion of the substrate; and a Lorentz

act uat or qtppihkgrRyed to produce a force in a first direction between a first
and a second part of the apparatus, including a first magnet assenbly and
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i n Hal bac tion to provide a nmagnetic fielfd of which at least a
part is héameasmomdoastamtadab syppont & Mesnng)ddﬂcﬂ, fleqrattoming deyidedieggcapable
actuator further inc el ectri cal condu t| ve .el eme at
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space betﬁé@tﬁnakﬁ&ufatertﬁﬁle b6kt 2eRANS hoRl IsubBEela Sobfcasn s J&ﬁbnﬁ&OﬁﬂgUHchduce
the force by interaction of an electric current carrie the electrically
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opposite to each other to the first part of the apparatus, the first magnet assembly including a
first main magnet system and a first subsidiary magnet system, and the second magnet
assembly including a second main magnet system and a second subsidiary magnet system, the
first and second main magnet system defining a space between them in a second direction
substantially perpendicular to the first direction, wherein the first and second magnet assembly
are arranged in Halbach configuration to provide a magnetic field of which at least a part is
directed substantially in the second direction, the Lorentz actuator further including an
electrically conductive element attached to the second part of the apparatus and arranged at
least partially in the space between the first and second main magnet system, so as to produce
the force by interaction of an electric current carried by the electrically conductive element and
the magnetic field, wherein the distance between at least a part of the first subsidiary magnet
system and at least a part of the second subsidiary magnet system is smaller than the minimum

distance between the first main magnet system and the second main magnet systemm.



[ 0010] According to another enbodi nent of the invention, there is provided
a Lorentz actuator for producing a force in a first direction between a
first and a second part, including a first magnet assenbly and a second
magnet assenbly each attached opposite tot each other to the first part,
the first magnet assenbly including a first main nmagnet systemand a first
subsi di ary magnet system and the second nagnet assenbly including a second
mai n magnet system and a second subsi diary nmagnet system the first and
second nmai N Mag0ei0]SASledihg tedrofticd gmdodinaaco Dbt Waentibheldre ik poddednlorentz
direction substantially perpendicular to the first. direction, wherein the
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system is smaller than the minimum distance between the first main magnet system and the

second main magnet system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] 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:

[0012] Figure 1A depicts a lithographic apparatus according to an embodiment of the
invention;

[0013] Figure 1B depicts a schematic view of a conventional Lorentz actuator;

[0014] Figure 1C depicts a simulated flux plot of the conventional Lorentz actuator
according to Figure 1B.

[0015] Figure 2 depicts a schematic view of a Lorentz actuator according to an
embodiment of the invention;

[0016] Figure 3 depicts a simulated flux plot of the Lorentz actuator according to
Figure 2;



[0017] Figure 4 depicts a schematic view of a Lorentz actuator according to
anot her enbodi nent of the invention; [0018] Figure 5 depicts a sinmulated
flux plot of the Lorentz actuator according to Figure 4; [0019] Figure 6
depicts a schematic view of a Lorentz actuator according to yet another
enbodi mrent of the invention; [0020] Figure 7 depicts a sinmulated flux plot
of the Lorentz actuator according to Figure 6; and [0021] Figure 8 depicts
a schematic view of a Lorentz actuator according to another enbodi nent of
the i nventi on [o0F] MigirP4 RBeSichk FthéiNafi©Gi2d]of ki Ignresiz bétuaoh ecoatdingtd gnothegpi ct s
a lithographi c apparatus according to one enbodinment of the invention. The
appar at usmbadimenief the imyentigtinat i on system (illuninator) IL configured to
condition a ragliah i (Lo i1af i i e

radi ati on), awplgﬁ t%ﬁ?ﬁg%ﬁ agselglghag%ofrjltﬁpfg?{ ﬁgﬁggﬂ%%?@%ﬁaﬁ?ﬁ%q%e g. a
mask t ablFégurd®; constructed to support a patterning device (e.g. a mask) MA
and connected to first pasitioning.devic M configured to accyratel

posi tion the ;5@\%9&1:%5%88%@@3? I l?ovﬁ%ﬂg%fwep & %aﬁc%a‘tngi‘é?'%rag‘?&e‘\{' he
appar at UgfbhaithdnP 6 thdesveatisibst rate table (e.g. a wafer table) W or
"substrate support” constructed to hold a substrate (e.g. a resist-coated
waf er) Wand ¢e0R0¢ Figue 7 depictserimulatesiofiot plohefithe deranteaqmgternsrorgingda t o
accur at el osition the substrate in accordance with certain paraneters.
The appatFig"Eg $% her i ncludes a projection system (e.g. a refractive

proj ection | engoz1y Figin 8 Bepiett dchiematk viewtejIanénta agaktopactotdingtd abther t he
radi ati on beam B patterning device MA onto a target portion C (e.g.

i ncl udi ngmbadingnt ﬁ%ﬂ’é IgNeagpn.of the substrate W [0023] The illumi nation
system may i nclude various types of optical conponents, such as
refractive, reflective, magnetic, el ectromagnetic, electrostatic or other

t ypes of DHTAKAED DESTRIAEION, or any conbination thereof, to direct, shape,

or control radiation. [0024] The patterni devi ce support hol.ds.the
patterning delPteliFrewe Erg‘r?ﬁé‘?m?tﬁ‘éﬁy dﬁ@ﬁ@ﬁggh?ﬁ{al_fm‘éa@?ﬂ?%ﬂ? AGPBHBC Wee
pat t er ni ngAGMIE of I EnHA8bA TR apph@s iR AR iemARASH 8fstsn (ifluminator) IL

configured to condition a radiation beam B (e.g. UV radiation or any other suitable radiation), a

patterning device support or mask support structure (e.g. a mask table) MT constructed to
support a patterning device (e.g. a mask) MA and connected to a first positioning device PM
configured to accurately position the patterning device in accordance with certain parameters.
The apparatus also includes a substrate table (e.g. a wafer table) WT or "substrate support”
constructed to hold a substrate (e.g. a resist-coated wafer) W and connected to a second
positioning device PW configured to accurately position the substrate in accordance with
certain parameters. The apparatus further includes a projection system (e.g. a refractive
projection lens system) PS configured to project a pattern imparted to the radiation beam B by
patterning device MA onto a target portion C (e.g. including one or more dies) of the substrate
W.

[09023] The illumination system may include various types of optical components, such
as refractive, reflective, magnetic, electromagnetic, electrostatic or other types of optical
components, or any combination thereof, to. direct, shape, or control radiation.

[0024] The patterning device support holds the patterning device in a manner that
depends on the orientation of the patterning device, the design of the lithographic apparatus,



and ot her conditions, such as for exanple whether or not the patterning
device is held in a vacuumenvironnent. The patterning device support can
use mechani cal, vacuum electrostatic or other clanping techniques to hold
the patterning device. The patterning devéce support may be a frame or a
table, for exanple, which may be fixed or novable as required. The
patterning device support may ensure that the patterning device is at a
desired position, for exanple with respect to the projection system Any
use of theardedth® cohditibfd, SuchPds fONBEKIpIGhEthSr ot BR patiemdiRivasd is Hela iy AoUS
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| i thography, and incClude mask types such as binary, alterna
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types. An exanpl e.of rQgrammmbl.e mrror arr enpl o [kX .
2 1 angemorie B iparia it BREREOR Sl i hor Bddly SRR, BB e prgesmin
as to ref lihstar@ poARABE BE substiaad, forexamplo if theGiattb@rigeludet phasd-slifihg fddieres or
tilted mrrors inpart a pattern_in a radiation beamwhich is reflected b
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and el ect rintepaitédecipiti cal systens, or any conbi nation thereof, as
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the term qauREEGkIAB nia%l@s?éa:&'@%ﬁfnﬁbl@%ﬁn%?anfﬁgﬁcﬂﬁrb%nﬁﬁaﬁé’ﬂw &. Makiks the

nmore general term“projection systent. 7 0028]" As here depicted, the
appar at us arswell kaown émbithiogeiplg ang peclyds. igaskgypdseyeings kinary, alternating phase-shift,

and attenuated phase-shift, as well as various hybrid mask types. An example of a

programmable mirror array employs a matrix arrangement of small mirrors, each of which can
be individually tilted so as to reflect an incoming radiation beam in different directions. The
tilted mirrors impart a pattern in a radiation beam which is reflected by the mirror matrix.
[0027] The term “projection system” used herein should be broadly interpreted as
encompassing any type of projection system, including refractive, reflective; catadioptric,
magnetic, electromagnetic and electrostatic optical systems, or any combination thereof, as
appropriate for the exposure radiation being used, or for other factors such as the use of an
immersion liquid or the use of a vacuum. Any use of the term “projection lens” herein may be

considered as synonymous with the more general term “projection system”.



transm ssive mask). Alternatively, the apparatus may be of a reflective
type (e.g. enploying a programmable mrror array of a type as referred to
above, or enploying a reflective mask). [0029] The lithographic apparatus
may be of a type having two (dual stage)? or nore substrate tables or
"substrate supports” (and/or two or nore patterning device support or mask
tabl es or "mask supports”). In such "nmultiple stage" nachines the
additional tables or supports may be used in parallel, or preparatory
steps may be J0028]ekk leumt depictodehoappapates isalflagsmemissiva pyrer(cg. wmployingwe or
nore other tables or sypport.s are being used.for. ex 030] The
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the il | umdieHse thd dumdrRaitdpeitired fiphojeiforgarntie I'Irhwérm ﬁnﬁﬁasmﬁebas fiset et ed,
may be referred to as a radiation system [0032] The illumnpator IL m

i ncl ude dﬁesaurjtmﬂmammﬂrﬁwbes p subsiipies musthe sybpgrasd in liguidJuit rather onlyy
di stribu egﬁs %ﬁﬁlpa ?ﬂo@atéoopa&r A giﬂgs&?dn stfzgltanh?ﬁeséubtslzﬁe QHtife %?%%‘BF

inner ra to a outer an
respectivel y) [011311] Refartih @ rskigyredi Atthe Dismioator Iinreaeivespa taduﬂtmné)earh fidmea

illum nator can be ad ted. In LI t.he illum nator L nclude
var | e ERRoR oS Shi e Seireh Ank g th o ST N HA D8 SERAIE YN e

|11 um napefmfieY¥ien the source is an excimer laser. In such cases, the source is not considered to

form part of the lithographic apparatus and the radiation beam is passed from the source SO to
the illuminator IL with the aid of a beam delivery system BD including, for example, suitable

directing mirrors and/or a beam expander. In other cases, the source may be an integral part of
the lithographic apparatus, for example when the source is a mercury lamp. The source SO and
the illuminator IL, together with the beam delivery system BD if required, may be referred to as
a radiation system.

[0032] The illuminator IL may include an adjuster AD configured to adjust the angular
intensity distribution of the radiation beam. Generally, at least the outer and/or inner radial
extent (commonly referred to as c-outer and o-inner, respectively) of the intensity distribution
in a pupil plane of the illuminator can be adjusted. In addition, the illuminator IL may include

various other components, such as an integrator IN and a condenser CO. The illuminator may



be used to condition the radiation beam to have a desired uniformty and
intensity distribution in its cross-section. [0033] The radi ati on beam B
is incident on the patterning device (e.g., nmask) MA, which is held on the
patterning device support (e.g., nmask tab8e) MI, and is patterned by the
patterning device. Having traversed the patterning device support (e.g.
mask) MA, the radiation beam B passes through the projection system PS,

whi ch focuses the beamonto a target portion C of the substrate W Wth
the aid ofpdedseesiastidiant tHdediod bt ViodRvEY\dadifbd Wdbirhitp Andbmsity diktribatign

an interferonetric device, linear encoder or capacitive sensor), the
subst r at e mdfslcgospiEeeion. be noved accurately, e.g. so as to position
different targe rtd ons. G . pat: e radi-at I QF

Simlarly, the #"."?glt Jr%%rsauﬁ{a%% :B‘Fnag“t‘ AT %trﬁ% 26 "3'}% 33’3"55@%?&%%%%%
(whi ch i s whichexidld 6h theypattepiind @slidesubprti (. lmAgk wBlR) MET, uad ik pavteaed byahel y
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or during : Eﬁ%@ ' | rt
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(coar se potarget poviting )C @fitbe sutshratctW sWithkbe adddltie fetombpgsitsiningddavivg)P Wwehi ch
formpart of .the fir osi t.ioning device PM Simlarl mov.enment of . the
subst Fat e R ST (C S bRt tioe. faganisaerdsh pf candoya ngadh the

| ong- st r okg LA IBIAWT GnHEMdved hEQKRINDEY! B as tyPbsition difBtchtdatee?portibfs C in

second positioner PW In the case of a“stepper (as opposed to a scanner)
t he patt erthe pathddhecradiatipp beam Be Synilariys khet fzist ms)snmnmmcgevu@ Mandenahert o a

short-stroke.,act uat or_, .onl. or sqay he.fixed.. Pat ni devyj ce . mask)
VA and subbeirssietbyn Rl i pord ety Aot i Fighf 8T ARSI E b ko
M, M andpdsitontthé@ptethihg Q8BES (el aSk)NA With redbédi @1 path tiseHadiatiah Beam B,
alignnment marks as illustrated occupy dedicated target portions, they ma

i

be | ocat eigiaites prekanieabraiaevel frampemagolibragys or duningsescare Ik gkl agovement o

| be-| ' _ i . . . ¥ " h
one di e | oo PeuRRTE PR ¢ 2 Aol MEnBl HRAORT A gifugiogior © thar
pat t er ni nglodg¥irclee mbdhyga (miatiserpasikionimgyariiea shottedtedte peddube(fink ipositdbrmg), WH3Y |

The depi ct gd t ld b d._i t. | t f.the foll
rodes: | [ OSBPAR oF s LergRvioabe AR AL amHRTY oo st Sl o etiels hIS L
table) M '%ﬁgstlta'ﬂa_esuggﬂgie'sﬁl\%ﬁ?)le rdafidlCustly £lon SHBRE hi¥USIcSHARhbIt-sAERe KidBkle,

essentially statio e an entiTte pattern inparted to the radiation

beam i s prehieb feth part of the sexpydposinmer BW. O thte casreofid stepper (as oppossil ity scanner)

static exnosut el Tne SUBSLEANE o ARG B may BEL AL PP Mok sthoke biEllor
only, or may be fixed. Patterning device (e.g. mask) MA and substrate W may be aligned using

—

patterning device alignment marks M1, M2 and substrate alignment marks P1, P2. Although
the substrate alignment marks as illustrated occupy dedicated target portions, they may be
located in spaces between target portions (these are known as scribe-lane alignment marks).
Similarly, in situations in which more than one die is provided on the ﬁatterning device (e.g.
~mask) MA, the patterning device alignment marks may be located between the dies.

[0034] The depicted apparatus could be used in at least one of the following modes:

[0035} 1. In step mode, the patterning device support (e.g. mask table) MT and the
substrate fable WT or "substrate support" are kept essentially stationary, while an entire pattern
imparted to the radiation beam is projected onto a target portion C at one time (i.e. a single

static exposure). The substrate table WT or "substrate support" is then shifted in the X and/or Y



9 direction so that a different target portion C can be exposed. In step
node, the maximum size of the exposure field limts the size of the target
portion Cinmaged in a single static exposure. [0036] 2. In scan node, the
patterning device support (e.g. mask talde) MIr and the substrate table W&
or "substrate support” are scanned synchronously while a pattern inparted
to the radiation beamis projected onto a target portion C (i.e. a single
dynam c exposure). The velocity and direction of the substrate table WI or

" subst r alggrestiPR that a'diff@khiMerget fortibeClRah be epdrgd.de vicp encilephe tax{meug sizews k
table) MI may be determ ned by the (de-)nmgnification and inpge reversal
char act etheedposurgfiieldlims Blestde of thesipeges ppign G inagedin agigle SEXRERITFum
size of the e re fi Wy “}é/jg l: %S ] ' i on)
of the target >ig@:‘rsﬁt]'lzgn iﬁl‘g"gs“.‘ﬁ%ﬁﬂ;aé}%am cﬁggé‘}d%u%%?oﬁgge[fgé%s t @g?gir%?ﬁf of

t he scanmhe\gibewitk Gible Wel & subketd fippbaf gitscfinedtsheclsassiynghitt a patteron)  of
the target portion. [{)0_37]b 3. .I'n anot her node, the%rfgtterni.n evi ce
support (epgtedigdhe radition begm isprojectnd e a el Rortiol G- AR Y IRTHG a
progra t ' | GRcti gbsiflte Qippott Relatiad €
supportm"T% ?é&%@égﬁ%&léggﬁ%\géﬁ %ﬁﬁl?ggfaﬂlgg?%?%t?%gy?gg fhcl)) St htg r%pdi ati ori beam
i s proj eab det tming devigeuppot (6. pmak tablel Milsmapbedetganiaediby thea pul sed

di ati . l d d.t g | .t ' ' '
Lpdat ed_ LSRR AR IS Y ShEE i et YR P ©
" subst r at g, KUIRIxImA iRt (Tehd\B§IdsSe FbS Rmite tHerdlida (i thembnsRannifig diragion)

scan. This node of operation can be readily applied to nmaskless |ithography
that ut iofithectarget peytiamimd binglsatynamisi exgosie, waereas tha lengthofthe srapningsneiion

mrror ar of t S ,referred.tq. Conbi nati ons and/ or
vari ati or?é?%ﬁn}cﬁg‘%ﬁ@ﬁ‘&é@%ﬁ%@ﬁ%ﬁ%&&@% \fg%eeé%%?g&rﬁn&?'el y different nodes
of use may al 90031 P! G adothEOE3M, thd Pintetnifg Bevlepiupportde.goinaskatble) Mkis of
a prior art Lorentz actuator. The prior art Lorentz actu tgr i.n Iudetﬁ a
first rmdeBtessenialpriptionsy halding apogrmmalls epticraug dsyieopy thepbstratetable o g
second " I " i iafiSh Béae a
l'ithogr gﬁﬁ?gotra%%gﬁgagtpﬁgp&%és %‘9?%‘?6%%‘%%&%%%) i ﬁgﬁﬁg‘gcgagl first main
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SRR TR TR NG VR R
205a, 2030 theERbstdl€table WT or "substrate support” 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.
[0038] Combinations and/or variations on the above described modes of use or entirely
different modes of use may also be employed.
[0039] Figure 1B depicts a schematic view of a prior art Lorentz actuator. The prior art
Lorentz actuator includes a first magnet assembly 203 and a second magnet assembly 204. The
first and second magnet assembly 203, 204 are attached to one part of for instance a
lithographic apparatus. The first magnet assembly 203 includes a first main magnet system and
a first subsidiary magnet system. The second magnet assembly 204 includes a second main
inagnet system and a second subsidiary magnet system.
[0040] The first main magnet system includes main magnets 205a, 205b, and the

second main magnet system includes main magnets 205¢c, 205d. The polarity of the main



second mai n magnet systemincludes nmain magnets 205c, 205d. The polarity -of
the main 10 magnets 205a, 205b, 205c, 205d is indicated by an arrow as
drawn in the respective main magnet. [0041] The first subsidiary magnet
system i ncl udes subsi diary nmagnets 206a, ®06b, and 206c. The second
subsi di ary magnet system i ncl udes subsidiary nmagnets 206d, 206e, and 206
In this prior art Lorentz actuator, the main magnets 205a-205d and the
subsidiary nagnets 206a-206f are arranged in Hal bach configuration. [0042]

The prior mbndt®2E5a} 20536 LOSY, 005d B i6AIBAteQbY 86l atrOwAS dRHAL i@ tBe felperEivlRaimyg a
direction as indicated by Figure IBfromleft to right or vice versa, in
t he pl ane BAg8A%e drawi ng. The force acts bet ween the main magnets

205a- 205d and a ?&I?ﬁ ond
part of for i ns iéfﬁﬂé ﬁﬁt %%S@gﬂgﬁgatgg%p qﬁahﬁi‘%%bg t gl%]tée%qér?ﬁ calTy
conduct i vearsl mnrhe%aomﬁmbaﬂmm ma@elrsgsstemamiudes sabsidiaymadness 2064 206aNand
electric e In one _part of the coil 202a h op osite. direction
than an e|?§(£6[f lﬂéhlé@rl%ﬁ'ﬁt Lppenizpstusitare the gagin magpefs ﬁ# 0wl the Sybsiditk <
reason, aﬁ%\g@n S opposite to polarity of
t he mai n 65%2025%5%%205 %%ggfab%g%g?? arl% Lorentz actuator further
i ncl udes a back[(lDdZJ]nTlﬁe(ﬂa)r aﬁdlbel&ﬂdctumngmetonﬁglﬁrbdmo gmedatmg fetehaninsa 208a,
208b, whi ch ext end. ut e f| I st et .as 203
and the s CURUORALROE A B FORYE SBITOT Bisin i ah QYIRS Yored dE Do B S Es
Lorent z actmsfoste a@fs betviiéh ChelmbBin ﬁ@e&tzos.aizo% gnd 4 é1P@8cA T)ﬁcdnﬂﬁét%teﬁhéw 2890.

The tangent of the lines 300 represents the direction of the nmagnetic
field, andtiapleddpgisgennd nastaideninaanercelithogiaphie aamamédné@%ﬂhg e}cen@lca&g ni t ude

of the ma n r el d
"n the ar SRRl 265pRRRS 650 LR oBa bofam el il A e
el ement  2Gskrt of thodoilZ0ZRBEVIAE WA opPdbits dtxescidﬂthanmalwmabmm nofheabthdfrpmaozb

constant of the prior_ art Lorentz actuator. [0045 0%ure 2 depicts
schemat i c Qfithraik Far thiyreazon, a@mﬁmﬁhw@@ﬂea&v@w & AbPRROTER O Rﬁialitmef

i nvention.; Jﬁﬁlﬂﬁﬁﬁ%zﬁt%dor I ncludes a first magnet assenbly 1 and a

second naghet asse attached opposite to each other to a first part
(not shown). TH@043] r’ﬁte prmlatt Irmgnth ectaatpofurfheninofudes 4 badkagmalac2®ibpadat us,

For exanplngaé[nggc lﬂlmtc go gp EHemer%E B@ﬁa?&“gb, whicl é}génn f}t\%ee@ l’tlerzresniles of the first
magnet assembly 203 and the second magnet assembly 204.

[0044] Figure 1C depicts the prior art Lorentz actuator of Figure 1B. Magnetic field
lines are indicated by 300. The tangent of the lines 300 represents the direction of the magnetic
field, and the distance between adjacent lines 300 represents the magnitude of the magnetic
field. As can be seen from Figure 1c¢, the magnetic field in the area of the parts 202a and 202b
of the electrically conductive element 202 is not homogeneous. This results in variations of a
motor constant of the prior art Lorentz actuator.

[0045] Figure 2 depicts a schematic view of a Lorentz actuator according to an
embodiment of the invention. The Lorentz actuator includes a first magnet assembly 1 and a
second magnet assembly 11 attached opposite to each other to a first part (not shown). The first
part may be a portion of a lithographic apparatus, for example the lithographic apparatus
according to Figure 1A.

[0046] The first magnet assembly 1 includes a first main magnet system, which
includes in this embodiment two main magnets 2, 3. The first magnet assembly 1 further



[ 0046] The first magnet assenbly 1 includes a first main nmagnet system
which includes in this enbodinent two nmain magnets 2, 3. The first magnet
assenbly 1 further 11 includes a first subsidiary nmagnet system which
includes in this enbodinent three subsidilary nagnets 4, 5, 6. [0047] The
second magnet assenbly 11 includes a second main magnet system which

I ncludes in this enbodi nent two main magnets 12, 13. The second magnet
assenbly further includes a second subsidiary nagnet system which

i ncl udes inclutlds sfigtrhhdidien indshetesystesw bdiich iacydesigribis entbédinddnt thrée suhsidiary
magneti c pol arization of the main and subsidiary magnets is indicated by
correspoﬁﬁ?ﬂ?&tsa‘ia)@s drawn in the respective main and subsidiary nagnets.

[0048] The fi gy SRBRTMCY adscABEY 1 DRCRAEON IR Afin ARSRITRYMerh Iwhich
t oget her defi[‘ge spacg 20 ?%{bgts\?\ee%the% in a di rectir(l)n |ndi%at ed b

arrow B. iheisdetanthie empadincptwemainooagrets B, 18 eBbe segophmagast amnéulseﬁm’r\'egz/m ly
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second pdPFlUdef 180 %@\é\{&f% n@gn%t SP’%FWO&'P&%HP%@?&&S@P %@b%%%é}h%% ri 2:a| ly
conduct | \é@bﬁhﬁﬁseﬂh%r?els 100l5U e A ABn@RY polarzhtion 8N thediaih an@ seiididtlyendgaesds r y

an electric current (not shown). In fact, the electrically conductive
el enent Jndicatpd by eprrespanding syows dravenial the respecive maie gnd sutsphiary magReSngi n

and subsi di ary, S oy o) i 11 are

arranged in I—lall()%ﬂﬁ%eo%rg { Iéltd att %%)Sﬁﬁjtﬁ)gﬂ grg%c\f;ﬁlgg@% magé%{ef %%?Ilﬁgpldl lgttég e?;lrst in

space 20.deflhe alspagt20dn parween thdohin amdigeiondndicaibdiby arrdwrRdhside uebpaatlial | y

in the directjon of arrow B. Preferably, . the ma%r]e Lc.f.ield between I n
lﬁ" Vefappent

t
magnet pdpsated aticashn gath gt aelscHanlly sagH 1 9hied is gitachey igp secon
subst ant il g éﬁog‘)ﬁgt’l‘giezs%d%fd‘i%rt'cgﬂ b€ %b%ﬂio%’cff%rllﬁﬁét%gﬁghifs AR "I%el%]?:'cﬁ{dally of

t he subsi‘di ary magn I's anti-paralle he polarity o
cor r esponondectivpphesidng 2 b inedudds svy patsgdlet and4b, dBh abk tamdrry ab steatrici cardent

per pendi cul ar to. th | grit.y .of the main magpets 2 L1213, The

Dol b 1ty P e i Aritigalf oonder e 2F seorfscnitia s sfonp! Ve o
magnets 3,c03- The main nmagnets are further arranged to be at | east
partially | ocated between two subsidiary magnets. [0051] The first nagnet

assenbl y 1 furl0fd8] Theohainend subsidiaryi magniep ofithe firshprdigscend maghat@ssembliss dnd

cubet S < JRSRHATh ol Lol PRSI b MNP E R M

t he back ledsoapat of the hagnelid fivdd is directed substantially in the direction of arrow B. Preferably,
the magnetic field between main magnet pair 2, 12 and between main magnet pair 3, 13 is
directed substantially in the direction indicated by arrow B.

[0050] The polarity of the subsidiary magnets 4, 5, 6 is anti-parallel to the polarity of
corresponding opposite subsidiary magnets 14, 15, 16 and substantially perpendicular to the
polarity of the main magnets 2, 3, 12, 13. The polarity of the main magnets 2, 12 is opposite to

| the polarity of the main magnets 3, 13. The main magnets are further arranged to be at least
partially located between two subsidiary magnets.

[0051] The first magnet assembly 1 further includes a back iron plate 7 attached to the
main and subsidiary magnets of the first magnet assembly 1 in such a way that the main and
subsidiary magnets of the first magnet assembly 1 are in between the back iron plate 7 and the
electrically conductive element 21. Similarly, the second magnet assembly 11 includes a back
iron plate 17 attached to the main and subsidiary magnets of the second magnet assembly 11 in

such a way that the main and subsidiary magnets of the second magnet assembly 11 are in



el ectrically conductive elenent 21. Simlarly, the second nagnet assenbly
11 includes a back iron plate 17 attached to the nmain and subsidiary
magnets of the second nagnet assenbly 11 in such a way that the main and
subsidiary magnets of the second magnet agsenbly 11 are in 12 between the
back iron plate 17 and the electrically conductive elenment 21. The back
iron plates 7 and 17 have two benefits: they guide at |east a portion of
the magnetic field and shield the Lorentz actuator from external magnetic

fields, i.RiwdBaGREbdck ifonPiAs 1PEhdihe dlcchially 65AdNIEGE dlembhe 1. BB bk on plaies
back iron plates 7, 17 also tend to keep the magnetic field inside the
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portions t | 3 ' i i fed A1X
Ui di ng- el esars b a8 17 SEMLERIN heprhE T el MR BRARR (o HheTY
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guiding elements 2 also tend to keep the nagnetic fi el d inside the
act uat or tshistatially betwsien gutehportiossetlihg firsyandofecontemagngtie psembiies. d he magnetic

i nfl uence ste ut si de.the actuyator,. Th t1 Gl ux ey I ts
o 55t B e e SEERE 2 ot Sort B o BB FRURT o chd il Bl OB S
si tuat i on thaMifshant sedBE@bEfet hisdmbiid i NGo EheedBed chedd the?Brst 4filSdndAnagnet
electric current carried by electrically conductive el ement 21 w
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| ]
interact agiembliend Hadnaddisionaldereiids hatthe maenstis Thixmydiag elements 42123 fugther
bet ween t he. | .0 ' 4

e oot cu BRI il B O AHORIA FR Sl il b SR
part 2la aoPpaiss teddiho keepsthibatagndticalidly insitepha attoatbatheteby trémcitigrtbe possitality

i ndi cat ed arr ows, nd.B, Due to the t yal | nti.- paral l.el. maghetic
fields be ficHC %ﬁ@gtﬂé‘i‘ﬂ‘t?&f"? systemsoutsy %Hﬁéfﬁlaﬁ’égmmﬁ%epc §,“Xﬁgl,d?‘33ne
electric %fégfe%&t , 28 aRBihGed t RRthedd FR1EihSide i Al rHlaBl SR Y Sinakib

anti - par al Thé direction of thée electric current and the direction of
t he magnewithofit mhgnatietfhxrguiting élemients2352%B is directed to the left or the

right in the pl[‘%g?&] %n ft:IQ&ric current carried by electrically conductive element 21 will interact

with the magnetic field between the main magpets 2 and 12, and between the main magnets 3
and 13 to produce a force in a direction indicated by arrow A. Preferably, the direction of an
electric current in part 21a and part 21b is substantially perpendicular to the directions
indicated by arrows A and B. Due to the mutually anti-parallel magnetic fields between main
magnet pair 2, 12, and main magnet pair 3, 13, the electric currents in parts 21a and 21b are
preferably also mutually anti-parallel. The direction of the electric current and the direction of
the magnetic field determine if the force is directed to the left or the right in the plane of the
drawing.

[0054] The distance between subsidiary magnets 4, 6, and respective subsidiary
magnets 14, 16 in the direction indicated by arrow B is smaller than the distance between the

main magnets 2, 3, and the respective main magnets 12, 13. This has the effect that the



drawi ng. [0054] The di stance between subsidiary magnets 4, 6, and
respective subsidiary magnets 14, 16 in the direction indicated by arrow B
is small er than the distance between the nmain nagnets 2, 3, and the
respective main magnets 12, 13. This had3the effect that the 13 nmgnetic
field between the main magnet pair 2, 12, and between nain magnet pair 3,
13 is nore honobgeneous relative to for instance the situation wherein the
di stances are equal, as in Figures 1 B and 1 C. A nore honbgeneous

magnet i ¢ rhagletlc fiekletwednthanit magea phiat 1 2reind betveren shan maghétgraatdy 13 is
decreasing the variations, of the notor position depe decpt not or const ant
and i ncriBeEibgogareoys Kl sHo ferinstarse tBEFW@é‘HntVﬁ@“FWﬁ?t ISEARCES 8EOTRIep AT 12
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field. A homogeneous magnetic field corresponds to a magnetic field having a substantially

constant magnitude. As can be seen, the magnetic field between the main magnet pair 2, 12,
and between the main magnet pair 3, 13 is substantially homogeneous. The design of this
embodiment makes it especially suitable for applications requiring a relatively small
positioning range and a relatively high positioning accuracy.

[0057] Figure 4 depicts a schematic view of a Lorentz actuator according to another
embodiment of the invention. The Lorentz actuator includes a first magnet assembly 31 and a
second magnet assembly 41 attached opposite to each other to a first part (not shown). The first
part may be a portion of a lithographic apparatus, for example the lithographic apparatus
according to Figure 1A.

[0058] The first magnet assembly 31 includes a first main magnet system, which
includes in this embodiment two main magnets 32, 33. The first magnet assembly 31 further



part may be a portion of a |ithographic apparatus, for exanple the

| i t hographi c apparatus according to Figure IA [0058] The first magnet
assenbly 31 includes a first main nagnet system which includes in this
enbodi mrent two main magnets 32, 33. The flarst magnet assenbly 31 further 14
I ncludes a first subsidiary magnet system which includes in this

enbodi nent three subsidiary magnets 34, 35, 36. [0059] The second nagnet
assenbly 41 includes a second mai n magnet system which includes in this
enbodi mentintNBedBfiRt SBIARS nthénetdFsterhh ShiBGAdIGd¥aE fé ebsdifiehythfaerstibgdiary

I ncl udes a second subsi diary magnet system which includes in this
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part of the magnetic field is directed substantially in the direction of arrow D. Preferably, the

magnetic field between main magnet pair 32, 42 and between main magnet pair 33, 43 is
directed substantially in the direction indicated by arrow D.

[0062] The polarity of the subsidiary magnets 34, 35, 36 is énti-para.llel to the polarity
of corresponding opposite subsidiary magnets 44, 45, 46 and substantially perpendicular to the
polarity of the main magnets 32, 33, 42, 43. The polarity of the main magnets 32, 42 is opposite
to the polarity of the main magnets 33, 43. The main magnets are further arranged to be at least
partially located between two subsidiary magnets.

[0063] The first magnet assembly 31 further includes a back iron plate 37 attached to
the main and subsidiary magnets of the first magnet asserubly 31 in such a way that the main
and subsidiary magnets of the first magnet assembly are in between the back iron plate 37 and
the electrically conductive element 51. Similarly, the second magnet assembly 41 includes a
back iron plate 47 attached to the main and subsidiary magnets of the second magnet assembly

41 in such a way that the main and subsidiary magnets of the second magnet assembly are in



the main and subsidiary magnets of the first magnet assenbly 31 in such a
way that the main and subsidiary magnets of the first nmagnet assenbly are
in between the back iron plate 37 and the electrically conductive el enent
51. Simlarly, the second magnet assenblt® 41 includes a back iron plate 47
attached to the main and subsidiary nmagnets of the second nagnet assenbly
41 in such a way that the nmain and subsidiary magnets of the second nagnet
assenbly are in 15 between the back iron plate 47 and the electrically
conduct i VRiedcaBEback lron Piite BREHK] ihe@lechicllg Tondikttias dleméntBiv ht backieseplates :
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[0065] An electric current carried by electrically conductive element 51 will interact

with the magnetic field between the main magnets 32 and 42, and between the main magnets 33
and 43 to produce a force in a direction indicated by arrow C. Preferably, the direction of an
electric current in part 51a and part 51b is substantially perpendicular to the directions
indicated by arrows C and D. Due to the mutually anti-parallel magnetic fields between main
magnet pair 32, 42, and main magnet pair 33, 43, the electric currents in parts 51a and 51b are
preferably also mutually anti-parallel. The direction of the electric current and the direction of
the magnetic field determine if the force is directed to the left or the right in the plane of the
drawing.

[0066] In this embodiment, the distances in the direction indicated by arrow D 'between
the subsidiary magnets 34, 35, 36 and respective subsidiary magnets 44, 45, 46 are smaller than
the distances between the main magnets 32, 33, and respective main magnets 42, 43. This has



preferably also nutually anti-parallel. The direction of the electric
current and the direction of the nagnetic field determne if the force is
directed to the left or the right in the plane of the draw ng. [0066] In
this enbodi ment, the distances in the direction indicated by arrow D
between the subsidiary magnets 34, 35, 36 and respective subsidiary
magnets 44, 45, 46 are snmaller than the distances between the nmain magnets
32, 33, and respective nain magnets 42, 43. This has 16 the benefit that
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first magnet ,assenbly 61 includes a first main magnet system which
i ncl udes  irplativglE highogitioB e acf2Mhi n nagnets 62, 63. The first magnet

assenbly 61 fu r[hﬁ@f] Figure 6 depicts a schematic view of a Lorentz actuator according to yet another
embodiment of the invention. The Lorentz actuator includes a first magnet assembly 61 and a
second magnet assembly 71 attached opposite to each other to a first part (not shown). The first
part may be a portion of a lithographic apparatus, for example the lithographic apparatus
according to Figure 1A.

[0070] The first magnet assembly 61 includes a first main magnet system, which
includes in this embodiment two main magnets 62, 63. The first magnet assembly 61 further
includes a first subsidiary magnet system, which includes in this embodiment three subsidiary
magnets 64, 65, 66. |

[0071] The second magnet assembly 71 includes a second main magnet system, which
includes in this embodiment two main magnets 72, 73. The second magnet assembly further
includes a second subsidiary magnet system, which includes in this embodiment three
subsidiary magnets 74, 75, 76. A magnetic polarization of the main and subsidiary magnets is

indicated by corresponding arrows drawn in the respective main and subsidiary magnets.



I ncludes a first subsidiary magnet system which includes in this

enbodi nent three subsidiary nmagnets 64, 65, 66. [0071] The second nagnet
assenbly 71 includes a second main magnet system which includes in this
enbodi ment two main magnets 72, 73. Theldecond nagnet assenbly further

I ncl udes a second subsi diary magnet system which includes in this

enbodi nent three subsidiary magnets 74, 75, 76. A magnetic polarization of
the main and subsidiary magnets is indicated by corresponding arrows drawn
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[0075] The first magnet assembly 61 further includes a back iron plate 67 attached to

the main and subsidiary magnets of the first magnet assembly 61 in such a way that the main
and subsidiary magnets of the first magnet assembly are in between the back iron plate 67 and
the electrically conductive element 81. Similarly, the second magnet assembly 71 includes a
back iron plate 77 attached to the main and subsidiary magnets of the second magnet assembly
71 in such a way that the main and subsidiary magnets of the second magnet assembly are in
between the back iron plate 77 and the electrically conductive clement 81. The back iron plates
67 and 77 have two benefits: they guide at least a portion of the magnetic field and shield the
Lorentz actuator from external magnetic fields, i.e. magnetic fields originating from outside the
actuator. The back iron plates 67, 77 also tend to keep the magnetic field inside the actuator
thereby reducing the possibility of the magnetic field to influence systems outside the actuator.
The back iron plates 67, 77 also increase the magnetic field inside the actuator relative to the

situation without back iron.



71 in such a way that the main and subsidiary nmagnets of the second magnet
assenbly are in between the back iron plate 77 and the electrically
conductive el enent 81. The back iron plates 67 and 77 have two benefits:
they guide at least a portion of the magrnétic field and shield the Lorentz
actuator fromexternal magnetic fields, i.e. magnetic fields originating
fromoutside the actuator. The back iron plates 67, 77 also tend to keep
the magnetic field inside the actuator thereby reducing the possibility of

the magnetic fimods} AniclkklritcneRnsystialby auttstaly dopduabicwiingint 81 Wik iaakt
iron plates 67, 77 also increase the magnetic field inside the actuator
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increased motor constant also has the benefit that the design can be made smaller for generating

the same force.

[0079] Figure 7 depicts a simulated representation of the magnetic field in the Lorentz
actuator of Figure 6. Figure 7 is made with a finite element modeling program and shows flux
lines 84 that represent the magnetic field. It is noted that only a few flux lines are indicated with
reference numeral 84. The tangent of a flux line 84 represents the direction of the magnetic
field and the distance between adjacent flux lines 84 represent the magnitude of the magnetic
field. A homogeneous magnetic field corresponds to a substantially constant magnifude. As
can be seen, the magnetic field between the main magnets 62 and 72, and between the main
magnets 63 and 73 is substantially homogeneous in the area between mam magnets 62, 72 and
63,73. The design of this embodiment makes it especially suitable for applications requiring a

relatively small positioning range and a relatively high positioning accuracy.



lines 84 that represent the magnetic field. It is noted that only a few
flux lines are indicated wwth reference nuneral 84. The tangent of a fl ux
line 84 represents the direction of the magnetic field and the distance
bet ween adj acent flux |ines 84 representi® he nmagnitude of the magnetic
field. A honpbgeneous magnetic field corresponds to a substantially constant
magni tude. As can be seen, the magnetic field between the nmain magnets 62
and 72, and between the main magnets 63 and 73 is substantially
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assenbl y shbdidiapchdgess B055e0end nmai n magnet éyst em which includes in this

enbodi nent three main magnets 112, 113, and 114. The second nmagne
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pol ari zat'ion e maln an subsidiary gnets is indicated by,
cor r espongdicngbla fiirthes irsbhales aisecont subsidipgomagret sysitemabich snchuledimys magnet s.

[ 0083] The fitrst magnet .assenbl t he second magnet.asse 111
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electrically conductive el enent” 121, which is attached to a second part

(not shownbsidithemegmathd part can be a portion of a lithographic apparatus.
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current (JRehe &196MW8)120 in between them in a direction indicated by arrow H. Inside the space 120 is
located at least a part of an electrically conductive element 121, which is attached to a second
part (not shown). The second part can be a portion of a lithographic apparatus. The electrically
conductive element 121 includes in this embodiment four parts 121a, 121b, 121¢, and 121d
each able to carry an electric current (not shown).
[0084] The main and subsidiary magnets of the first and second magnet assemblies are
arranged in Halbach configuration to provide a magnetic field at least in space 120. At least a
part of the magnetic field is directed substantially in the direction of arrow H. Preferably, the
magnetic field between main magnet pair 102, 112, between main magnet pair 103, 113 and
between main magnet pair 104, 114 is directed substantially in the direction indicated by arrow
-H.
[0085] The polarity of the subsidiary magnets 105, 106 is anti-parallel to the polarity of
cotresponding opposite subsidiary magnets 115, 116 and substantially perpendicular to the
polarity of the main magnets 102, 103, 104, 112, 113, 114. The polarity of the main magnets



[ 0084] The main and subsidiary magnets of the first and second magnet
assenblies are arranged in Hal bach configuration to provide a nmagnetic
field at least in space 120. At least a part of the magnetic field is
directed substantially in the direction @& arrow H Preferably, the
magnetic field between main magnet pair 102, 112, between main nmagnet pair
103, 113 and between main nagnet pair 104, 114 is directed substantially
in the direction indicated by arrow H [0085] The polarity of the

subsi di ar y10mg0£t192106 is bgﬁosht% t@ tHel pomwbmb thin bl@n@el1 63,1113, Dhe subsidiary
correspondlng opp05|te su diary gnets 115, 116 and substantlally

per pendi cuagnetpare ferthes grranged o b¢ at lﬁ(?sSt partiellydepateddetpeen twesnanlwgnejqz 113,

L1t e Pl oty HORTRLRPRARGAS 0 il i iy ngraRASE o

the pol arity of mai n na € su
further arthangssatdsubeidairy hegﬁéts phthe ifﬂétlmagnecmaﬂblban\hmmdawmhm thegraid S.

0086] The f t t 101 furth | ud bac | 07
Lt ached rand sphud w%gﬁﬁa%séfﬁ%ﬁyr@am%ﬁ@% 7 I bwrer g Drkgrn Pl 0 h
101 in such.ge ﬂg&ndﬂﬁﬁve’%&ﬂ ntane. SHPS g'tﬁgxeaaﬁ@ Fﬁe’[% eﬁﬁb‘?yiilri?&luﬁ@sg@et

assenbly are in I ron plat 7 and ectrlca
conductiv ebzekenmr]ﬂat& 217 at8ichied trthy manmmcbﬂﬂamddlrym@gmts aftbe séxdopd hiagnétncl udes

a back iron plate 117 attach o the nd subsi di ets of the
Second magSTRtgddhs fuch i e e sl sy Badar bl s Hrkaf,

magnet s Ofastsé}ﬁb@%f@ia(fbew&ﬂ%e bé&ﬁﬁiﬂ%lé‘tee}'i@ahd‘t}ﬁ%%’&%l kRendiRGike blreﬁﬁnpi Ate
117 and the elecCtrically conductive el enent 121. he back iron plates 107

and 117 halke bagh ilparpddtes K7 anddyl 7 @amj@vcaberleﬁsss they gpzsietart trastaf pariien offlignet i ¢

field and shiel.d ct or. f.rom ext f.i el e.
manet ¢ RS a5 e et Pt Srart GRS S mnBRORShbGs Fepniussle
pl at es 107Geldddrigih@mgt ol olitdide EidPachizeor. mmmfbnfpmbsﬂomrnas@ fbﬁda@kd-.b@ttbé
t hereby reducing the possibility of the magnetic fjeld t i nflue

syst ens ounagnescdisld igside &Wtuaméh%%kreﬂ%% Hwa%%blil@vof tm magn%tt? ﬁfﬂé f®ase
t he magn%@gg@%&ﬁeﬁyﬁ{gg@e&&e&a&w Y bdcR'i gogl%is‘te; o7 he7 mst Hﬁ?éréé%@ t hout

back iron ric current carri étrically con ctive
el ement 12hagietit ficht iaside the achiator réleti veagribe szmatmn dthbet baek ironhe mai n magnet s

102 and 112, be n the nmain magnets, 10 a 113,, and betwe t he. mai n
magnets 104 andﬁﬁgﬁ %F%Hd@%m%§&¥ﬁ?kby e%nﬂﬁbﬁE?¢Wﬂ“?ﬁgP¥§?ggl“ﬂ§“@??ﬁw
G Pref er apiy theldMpndid ﬁélH'b@Hve@ﬁ ﬂféﬂnzﬁh%?atghé@ 102 EAEND, béwiak iR rddd thagredd P03

121c, 121d is substantially perpendicul"ar to the directions indicated b
arrows A amd IB3, dddetweeniize matnundgngts 104 and 114 to produce a force in a direction indicate

by arrow G. Preferably, the direction of an electric current in parts 121a, 121b, 121c, 121d is

substantially perpendicular to the directions indicated by arrows A and B. Due to the mutually
anti-parallel magnetic fields between main magnet pairs 102, 112 and 104, 114, and main
magnet pair 103, 113, the electric currents in parts 121a and 121d are preferably mutually
anti-parallel to the electric currents in parts 121b, 121¢. The direction of the electric current and
the direction of the magnetic field determine if the force is directed to the left or the right in the
plane of the drawing.

[0088] The distance between subsidiary magnets 105, 106 and respective subsidiary
magnets 115 and 116 in the direction indicated by arrow H is smaller than the distance between
the main magnet pairs 102, 112 and 103, 113, and 104, 114. This has the effect that the
magnetic field between the main magnet pair 102, 112, main magnet pair 103, 113, and main

magnet pair 104, 114 is more homogeneous relative to for instance the situation wherein the



anti-parallel magnetic fields between main magnet pairs 102, 112 and 104,
114, and nmain nagnet pair 103, 113, the electric currents in parts 12la
and 121d are preferably nmutually anti-parallel to the electric currents in
parts 121 b, 121 c. The direction of th&lelectric current and the
direction of the magnetic field determne if the force is directed to the

| eft or the right in the plane of the drawing. [0088] The di stance between
subsidiary magnets 105, 106 and respective subsidiary magnets 115 and 116

in the didigsicesreicqdhlca SdwaYinPigiew 1B hsd SOBAIesre hbavgti@us impacticefididt ween
the main magnet pairs 102, 112 and 103, 113, and 104, 114. Tt}is has t he
ef fect t Hmagults fiza mesgernsiapt mokr gopEticbareby decrgrsingiligriariations,of fkpmotof s nyjn
magnet paj f.: |shnt SROR ' iti ey Bt G eOHRIRHERIMS
relative to(E)m?) g;ae? erjfllé? rgr@@g{ E@S%n% uat1 gltnea%gheei]l%%?’f%]a%ﬁﬁr%cl sttaﬁces are equal ,
as shown se¢ondipgttres 1 B and 1 C. A nore honogeneous nmagnetic field results

I n a nore cons not oy, .constant, thereby decr Lng the variations of the
notor  positi dh@ép@h%‘g{woﬁ?gg@?&%bﬁéﬁ%‘? *}%ﬁ@@é@‘%ﬁ PSP SHPAS
accuracy (gl yeemqtig, ;13& shd 204 11986 RRARA, therd)AR&badiio ﬁa@t‘e‘.tetegﬂmbfﬂ@nef i t

is that the nmagnetic field between the main magnet pairs 102, 112 and 103,
113, and Ii@ehtz dduatos The trcessetimoton eprsiant alse hasdic gnafli shat theedepigs sapbe made

Lor ent z acta@gr'rtfr. The.ir}grease 1rrré)tor constant al so has the benefit that
the desi gRACENOpESHEHEE BREFTLIf%r generating the same force. [0090] The

enbodi ment  of [5ogDyr@e@nitRdihdif ofBiutd PRAlthdaRBhddal blwiit itat tam beextuidedded
in longitudinal direction, thereby allowing for instance the use of a

t hr ee- phdergitidingbdisectionobereby THewingJoringases thease elbBure e agRatar- L or ent z
actuat or have (bl AHABb st e diifodts KPL 1B ad b B o EADI LA

of less than e average notor cons 7 onogenity
of the maghievd £viristiod iotheyndwesonstapisiléss trinr(yl Yol e avbrage wertal consthhtidvetier s.

[ 0092] Al though specifijic refergenc be nade.in this text to the use of
[t hogr ahf BNOREEHHEa14h% HABIRSC LY NP B icaune panee ALtvarab mnibelets: oo
that the lit hc[@(ﬁ r}il‘&loﬁﬁgéér%ﬁﬁ@refé}&%%a% ReEESNhTaYxNe R Rk Belithographic

applications, such as t nufacture of’ integrated optical systens,
gui dance appataths iretheinoamufeture of §CH, dtrshowdd iretunderdtood ithat teeithpgrephit lapparpi@ifel

O P et b 45 BoSBBL B Foen Kb BePREB b St o

al t er nat isyQe@RRIvidRLE MMBdetadiionpaferd foriBagneidBomuial Bémofiés, flat-panel displays,
liquid-crystal displays (L.CDs), thin-film magnetic heads, etc. The skilled artisan will
appreciate that, in the context of such alternative applications, any use of the terms “wafer” or
“die” herein may be considered as synonymous with the more general terms “substrate” or
“target portion", respectively. 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), a metrology tool and/or an 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.

[0093] Although speéiﬁc reference may have been made above to the use of

embodiments of the invention in the context of optical lithography, it will be appreciated that

the invention may be used in other applications, for example imprint lithography, and where



"die" herein may be considered as synonynous with the nore general terns -
"substrate" or "target portion", respectively. The substrate referred to
herein may be processed, before or after exposure, in for exanple a track
(a tool that typically applies a | ayer of22resist to a substrate and

devel ops the exposed resist), a netrology tool and/or an inspection tool.
Where applicable, the disclosure herein nay be applied to such and ot her
substrate processing tools. Further, the substrate may be processed nore
than once, tht @bntB¥AMBWS, ik RotAiHREd tb%pﬁ&ﬁ@itlﬂ)g@ﬁﬂﬂ)” I inlpR€lithoraphiPa tdﬂ&@i'aph? &
term substrate used herein may al so refer to a substrate that al ready

cont ai ns nqmttemleg dWQﬂ:@f@éﬁthle @9@@ crqataio] a bstrasegiiespeearephy of dhepatinmingray
have been de a odi ti |

Context - or i bt sd Ml IS Pt T AT g bt oo f St B o

may be usedmmbpa;iwlngﬁlebnrmag@ﬁs radigtfong ke ressifEriaombifidtiog eRevf, Tﬁend
where 22 the context allows, is nhot Jimted to optical Iithography.

i nprint | i RANSEHREIGVIGE if BonEd apif thewesist [saying A mpfigmde tiadisr H’éffF-ﬂ%éS %tﬁ%d
pattern creat edgo ngar&%gﬁﬁg %flau&{*ﬂanh@lﬂ%ﬁ J&ghgfelﬁ Eﬁco m i[yggs s o evi ce
nt e e

may be pressed l'ayer of resist suppli to t pstra er eupon

t he resi steledroncagnetit damaampllmlmgnghhmm«bet@f\@lmchatucar{e@ having heavelepgtbofar e

or a conbinat her pat.t er,ni ng deyi ce ed out of the,resist
eaving  patt S 2 188, L7k 26 g e e Sl gle (90U fadion o prrving
"radi ati onyaRRG RN rasEe8r 9180 Gl r\?&ﬂ&%ﬁﬁu@lb beahﬂ@%ﬁclpefs iof b8&hd ABELAShI C
radi ation, including ultraviolet radiation (e.d. having a wavel ength

of or abdlmm:SﬁS 248, 193, 157 or 126 nm and extrene ultra-violet (EW)

202 on (o ol B B S5 05 o

"l ens” Wv@nbﬁlﬁyﬁé&rﬁ tlc@llcbﬁ\psﬂeﬂmyndlﬁhﬂg rdfiRcBe, réMR10¢, hapnetigat i on  of
various types of optical conponents, including refractive, reflective,

magneti c, cletemagashspndiclestrasiaticoriiel epnpaneatsopt i cal conponents. [ 0096]
Whi | f
w11 o appr BTGV HChRe e dulbARUROL: B0 NBMTDRRE HIGPALLAGH BB I whE

descri bed.befappreeiossdpthar, the hahenmm\/xﬁmgt b@pranmedtcalkeewideehéxmrﬁeeérﬂ&dcﬁasmmple
pr ogram cogt ai ni ng on guences of nachine:-readable instructi ?ns

descri bi ngNGIERHEI tag? Q}ﬂ BB‘%‘E“"%P“’&‘ AL PORIRIPHIZANE OF FRAIF BFAVERCCY ©
sem conduGhghid¥ERRdable 1H§tﬂib%h§dé§[:r19i% laGAdth6l 2Kdisd1886ABow! OF a AaaQETRAL"

medium (e.g. semiconductor memory, magnetic or optical disk) having such a computer
program stored therein.

[0097] The descriptions above are intended to be illustrative, not limiting. Thus, it will
be apparent to one skilled in the art that modifications may be made to the invention as

described without departing from the scope of the claims set out below.



program stored therein. [0097] The descriptions above are intended to be
illustrative, not limting. Thus, it will be apparent to one skilled in
the art that nodifications may be nade to the invention as described

wi t hout departing fromthe scope of the 238 ains set out below. 23 WHAT IS
CLAIMED I'S: 1. A lithographic apparatus conprising: an illumnation system
configured to condition a radiation beam a support constructed to support
a patterning device, the patterning device being capable of inparting the
radi at i ompppEMISMCI A TMBIRIS:ern in its cross-section to forma patterned

radi ati on beam a substrate table constructed to hold a substrate; a

proj ection syst§n1configured to project the patterned radi ati on beamonto a

target pokt | pnA FhQQ@i%%fW@mwgén actuator configured to produce a
force in afi raﬁhuq}nﬁﬁﬁﬁ)hgpstaﬂ%ﬁﬁgu@dw EGifdifddifh AdiatBa®Rgmpart of the
apparatus, the actuator conprising a first nagnet assenbly and a second
magnet assenbl asuppott canstacteddo oppost 4 pattefming devicotthepatteming device beinpart  of

th tus, the fj. t nb i Sj first '
Syt om ardPabl o Sopactibe hg AT R Bt WAy SHER A REE R TG & PRI b) y

conpri si ngdRtis£6eMet Mai n magnet system and a second subsidiary magnet
system the first and second main magnet system defining a space between
themin a secohsiibdirate tableoepnsurbeted in helfl pysubgeatgsendi cul ar to the first

direction, wherein the fj nd - I L

i bach CoPPTSTiFA Bt podd e O REANE pIRARC ARREH Reln 3o S @RGEMOnoE

is directdsutstiagt adt i al |y in the second direction, an electrically

conductive el enent attached to the secgnd par{ of, the %Bg)?r afq&s te%gd

arranged at | eEsiciysgrconfigyred fo preduesa furce iy airshdirsptiop beayeed 3dUsigidd nai n

nmagnet s : interaction of an electric
ot SBba poe 1P a2 thE Rl BRI

current carri ectri cal e elenment and the magnetic
field, wherein the adfistmagecthstembinand a keeast nemgpelrdssaniibly lkachf attachedsepipositd ar y

im; g 2 rer;[al F)ét?)tee%tﬁgegr taitﬂm tlﬁgtri.iﬁsq%tl cg' art a?aftust 9166 f?rgtcn?ggqle§ éé?&hﬁy%ﬁmp%%%%tﬁr?é’rﬁéiﬁ m

magnet system and a first subsidiary magnet system, and the second magnet assembly

comprising a second main magnet system and a second subsidiary magnet system, the first and
second main magnet system defining a space between them in a second direction substantially
perpendicular to the first direction, wherein the first and second magnet assembly are arranged
in Halbach configuration to provide a magnetic field of which at least a part is directed
substantially in the second direction,
an electrically conductive element attached to the second part of the apparatus
and arranged at least partially in the space between the first and second main magnet system, so
as to produce the force by interaction of an electric current carried by the electrically
" conductive element and the magnetic field,

wherein the distance between at least a part of the first subsidiary magnet system and at

least a part of the second subsidiary magnet system is smaller than a minimum distance

between the first main magnet system and the second main magnet system.

2. The lithographic apparatus according to claim 1, wherein the first magnet assembly
comprises two subsidiary magnets of the first subsidiary magnet system and a main magnet of

the first main magnet system, the main magnet of the first main magnet system being located at



between the first main magnet system and the second nmai n magnet system 2:
The |ithographic apparatus according to claim1l, wherein the first magnet
assenbly conprises two subsidiary magnets of the first subsidiary nagnet
system and a main magnet of the first m@&4n magnet system the mai n nmagnet
of the first main magnet system being |ocated at 24 |east partially
between the two subsidiary magnets of the first subsidiary magnet system
and wherein the second magnet assenbly conprises two subsidiary magnets of
t he secondeadi phiafly BedveeB SEtvos bl @AM t18S the Mo REBsiAArytrigneeSRfReh, ABE N
magnet system the main nmagnet of the second main nmagnet system being

| ocat ed atwheseigithe sgephdimagndiasseadly eqrapiises twe gesidia magngigweé the sseondhe

second subsidi,ary. nmagnet S i i pol ar.j i f the
Suber di arJubSREY eSS Tima BleER o AR mBRCLLSRRL IRl
subst ant i ahhghepof the Bekond Infdin hghdieysEmrtringd opmédat 24t partially bétheenrtie two

magnets. 3. The lithographi c apparatus accordin o claiml, wherein the
part of t rubgdiasy mag%ﬁ% 9P the serpud shRRdIaTyapzgnet %}ﬁgqmai%heaffmgw@%gqeﬁ% he space

bet ween t } i . i | S t he
O oo PSR O S BSBat B O eFph
per pendi cuubstattinllyherfendenlaa teiths acgneticdpoladzation of the. mdihendgnetsogr aphi ¢

apparatus according to claim1l, wherein the first and second main nagnet
systens each conprise at | east one magnet that is oriented such that its

magnetic ol arfgAtthSfapific appeitadidcaldivg REIRENH! Ghdréih thpdrhér thé EREtrically
direction and substantially ‘parallel to the second direction. 5. The
| i t hogr aphiondagpyerciement that tsragianged in the spage betwebe thei first and seeomgitmain goagaetond

T« e SR BATRE S5eulbf 8 USSR B IR RhRuRBIST o

Iithograpt}jegpe@ﬁmra@rtme&ﬁg%disagmﬂ@h@btajﬂg] 1, wherein at | east one of the
first and second magnet assenblies conprises a back iron, |ocated such

that the at | east one of the first and second nmagnet assenblies is |ocated

bet ween t ba i | G : j t
l'ithograp %c agiglée rlgﬁ%gég% %ﬁg@%% if '!r%y cﬁﬁﬂp\/\ﬂﬂa‘#&rﬁﬁ% egﬁlg{giﬁ{lﬁlasteg(?ndf I?J;}r&lt er
conpri ses maneagRinscath vamptisectit kgstdremaineethheizdiriegted w that itsahbgneliet ween

outer portions Qf the first and second net..assenbly, . the, net.ic f] ux
gui di ng elpé’%é‘r??tl%ﬁfspﬁﬂ%@ily @ergr)&p%gular 1;9&&? ?1535 djgction and substantially arailef:to e

second direction.

i

5. The lithographic apparatus according to claim 1, wherein the first and second main
magnet systems each comprise a first and second main magnets oriented such that their

magnetic polarizations are mutually anti-parallel.

6. The lithographic apparatus according to claim 1, wherein at least one of the first and
second magnet assemblies comprises a back iron, located such that the at least one of the first
and second magnet assemblies is located between the back iron and the electrically conductive

clement.

7. The lithographic apparatus according to claim 1, wherein the actuator further comprises
a magnetic flux guiding element extending substantially between outer portions of the first and

second magnet assembly, the magnetic flux guiding element configured to guide a portion of



25 the second magnetic field fromone of the first and second magnet
assenblies to the other one of the first and second nagnet assenblies. 8.
The |ithographic apparatus according to claim11l, wherein the distance
between at |east a part of the first sdBsidiary magnet system and at | east
a part of the second subsidiary nagnet systemis at |east half the

di stance between the first main magnet system and the second nain nagnet
system 9. The lithographic apparatus according to claim 1, wherein the

di st ance theteserhmagndtiedsdld fronpametofdhe fitseaind second utagnetiaaseynbiigs trethe oiher ¢ and
at | east ogél?a t of, the £econ subsi.di ary magnet systemis at |least 1/3 the
di st ance handsgcond magnel peMRlf%t system and the second main  magnet
system 10. The |ithographic apparatus according to claiml, wherein the

actuator is substantially symetrical with respect to a plane extending in
the first8.dir cdweiliographidanparates ascerding toslaim; lnyhereinibe distange pgtween at least a

per pendi cul ar. .to.the fitst and se i j E” :

pr oduci nd’ag qfél?ec%rSPWbﬁlde g}aga?trsggt? ?‘gaﬁ%baéf%{e a gdli[}jg @gﬁggg@%@?g{lﬁé%lg}t ,
the act ualyaEmGoRIIEAsE halg theliftaficitbetmgitathe figs emdih ynagnet sgstewcmnd dhersgoed main
assenbly each attached opposite to each other to the first part, the first

magnet adRampl§ys€Bhprising a first main magnet systemand a first

subsi diary magnet system and the second nagnet assenbly conprising a
second main rmagnet system and a second subsidiary nmagnet system the first
and secord maiThelBlgpedphicapremsietonringgoalapdc whheintbe distaneerbétween sideashal

1ot an@ogos g immapbelidny sBanryvare o gtie pirt SEpE seRn ORI (o
provi de %g&@tg €hi 16ach 1 B e QfstaMol Botwakn HRABE: MaRBhigres sfitdne ShE the SEdyndandinal | y

in the sécond direction; and an electrically conductive el enent attached
to the seuagndt gyatem.and arranged at |east partially in the space between
the first and second nain magnet system so as to produce the force by

interaction of an electric current carried by the electrically conductive

el ement gpd t MhedfhogiiHiChprardtieicdordiielonildint hevitbrsihameatinesie subsaintinlipst a
part of the first subsidiary magnet system and at |east a pgrt of tbhe
second suspeimsirga) withgepectlp srrianc extending iathe Hesh dirpetionanf g fhird direction being

substantially perpendicular to the first and second direction.

11.  An actuator for producing a force in a first direction between a first and a second part,
the actuator comprising:

a first magnet assembly and a second magnet assembly each attached opposite to each
other to the first part, the first magnet assembly comprising a first main magnet system and a
first subsidiary magnet system, and the second magnet assembly comprising a second main
magnet system and a second subsidiary magnet system, the first and second main magnet
system defining a space between them in a second direction substantially perpendicular to the
first direction, wherein the first and second magnet assembly are arranged in Halbach

_configuration to provide a magnetic field of which at least a part is directed substantially in the

second direction; and

an electrically conductive element attached to the second part and arranged at least
partially in the space between the first and second main magnet system, so as to produce the

force by interaction of an electric current carried by the electrically conductive element and the



di stance between the first main nmagnet system and the second mai n nmagnet
system 12. The actuator according to claim1l, wherein the first magnet
assenbly conprises two subsidiary magnets of the first subsidiary nagnet
system and a nmain magnet of the first nmami2s nmagnet system the nmain magnet
of the first main magnet system being |ocated at |east partially between
the two subsidiary magnets of the first subsidiary magnet system and
wherein the second magnet assembly conprises two subsidiary magnets of the
second subgh&ieat YielP9MABein ﬁl)ésﬁseﬁﬂca Betvkel Bl RafRgRGTofYhe HRESHRRNIF niRh&
magnet system the main magnet of the second nmain magnet system being

| ocat ed atsyslemsindplenstal payt (fdhaveesand sbsidiasy suignétclystem lsrﬁgaiéqréha@fth@ ménimum

second subsi,di ary. ma ste rei,n the.magn oarl 10NS of the
suber di ary o e RIES R B hre T e o PSR G RO T e anc
substantially perpendicular to the nagnetic poI ari zat| on of the main

magnets. 1B3. Thﬂlmtuaairfabcc&dmgrtd chfmtle, wherein the firstheigestrastdneblp aomprfesttive
el ectricall conductl Vv E;mant that is arra"lged n the space T?}gt ween .t he
mﬁjﬁ% I 12

first and SBugig wagnst rst subsidhary, magngt st ends, i magnet ALtheifirs 1p3ig
of the el ggf, e‘c:s %%%gafm&lﬁ%a&g& hd first Daid @{‘sty’sﬁ‘:H a/eup@roeﬁeaimqeasaﬁammy

the first an recti 14. The actuator "accordinhg to claim1l
wherein t He:t\ireemshe edsubsicliaTd meghets nﬁgledirs@;absldmsy megi Sgderps andewlaﬂremélatst

st bR e G ek VR bl BB o e P o
paral | el tQsfeheindeGRnd m@hé?&tth@gbcoﬁ@maMa A Uph@n, tﬁeﬁﬁwmagnét of fHeakeeantil,

wherein the first and second mai n magnet Stens each conprise a first and
second rraurnamwe@t so*sﬁe@rheertg lgg@nd @Haast parsially heftyisen the tyolsabsidiary oagnetspfdhe
mutual ly a Da 1 t wherein
at | east orfl:‘téon Su@ ﬁ(el A rs a seton Q% tﬁgﬁﬁggn&%}%%{ZHQOﬁScooﬁrri}:l)%dsﬂgéd a” back

iron, | ocahghetughoridiaéd dubstantiallyaastualty antbparaliel aht sebstanidll pepandiculmgoahe
assenbly i s |located between the back iron and the electrically conductive

el enent . ﬁagmﬁép%ﬂ%ﬁépéﬁfé@c@ﬁ‘&lWE claim 11, wherein the actuator

further conprises a nmagnetic flux guiding elenent extendi ng substantially

bet ween outer portions of the first and second magnet assenbly, the

magnet i ¢ fl3ux dihedichgtos Iaemrdnhgctm nlairgd i peh¢reinghé part af qhe eldcoivally comductisecond

mRAnet i C fehh il D 208 o0 it S sfdck B RGP IR RS SRR L1
oriented such that the direction of the electric current carried by it is substantially perpendicular

to the first and second direction.

14.  The actuator according to claim 11, wherein the first and second main magnet systems
each comprise at least one magnet that is oriented such that its magnetic polarization is
substantially perpendicular to the first direction and substantially parallel to the second

direction.

15.  The actuator according to claim 11, wherein the first and second main magnet systems
each comprise a first and second main magnet oriented such that their magnetic polarizations

are mutually anti-parallel.



the first and second magnet assenblies. 18. The actuator according to claim
-11, wherein the distance between at |east a part of the first subsidiary
magnet system and at |east a part of the second subsidiary nmagnet systemis
at least half the distance between theZ¥irst main nmagnet system and the
second main nagnet system 19. The actuator according to claim1l, wherein
the di stance between at |east a part of the first subsidiary nagnet system
and at |least a part of the second subsidiary magnet systemis at |east 1/3
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magnet system 20. The actuator according to claim 11, ei n,the
act uat or assemehiiss camprisgs|abagk wapilpcated Suc\bﬁtgzﬁ the.afJeast 09%0%tw§?%ﬁé'ﬂé§?°é’ﬁdi ng in

the first_dir ' ' i ' ' y i .
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17.  The actuator according to claim 11, wherein the actuator further comprises a magnetic
flux guiding element extending substantially between outer portions of the first and second
magnet assembly, the magnetic flux guiding element configured to guide a portion of the

second magnetic field from one of the first and second magnet assemblies to the other one of

the first and second magnet assemblies.

18.  The actuator according to claim 11, wherein the distance between at least a part of the
first subsidiary magnet system and at least a part of the second subsidiary magnet system is at

least half the distance between the first main magnet system and the second main magnet

system.

19.  The actuator according to claim 11, wherein the distance between at least a part of the
first subsidiary magnet system and at least a part of the second subsidiary magnet system is at
least 1/3 the distance between the first main magnet system and the second main magnet

system.

20.  The actuator according to claim 11, wherein the actuator is substantially symmetrical

with respect to a plane extending in the first direction and a third direction being substantially

perpendicular to the first and second direction.



