LI THOGRAPHI C APPARATUS HAVI NG A LORENTZ ACTUATOR WTH A COWPCSI TE CARRI ER
BACKGROUND Field [0001] The present invention relates to a |ithographic
apparatus having a Lorentz actuator and to a Lorentz actuator in general.
Description [0002] A lithographic apparatus is a nmachine that applies a
desired pattern .onto a substrate, usually onto a target portion of the
substrate. A |lithographic apparatus can be used, for exanple, in the
manuf acture of integrated circuits (1Cs). In such a case, a patterning
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i ncluding part of, one, or several dies) on a substrate (e.g. a silicon
wafer). Transfer of the pattern is typically via inmaging onto a | ayer of
radi ati Oﬁ}ﬁ,eﬁ?}il#dﬂfﬁD material (resist) provided on the substrate. In
general , "a single substrate will contain a netwrk of adjacent target
portions that are successively patterned. Conventional |ithographic
apparatus_ include so-called steppers, in which each target portion is
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or anti-parallel to this direction. It is also possible to transfer the
pattern fromthe patterning device to the substrate by inprinting the
pattern ggg&ipgihﬁ substrate. [0003] A lithographic apparatus of the type
descri bed above enploys a plurality of actuators for positioning a part of
t he appar at us[0082LA lidloemapthér apparatusap pIniasting drat ppisliasiaclesingl pattesugo pat e
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aid of a Lorentz actuator. 1 [0004] A Lorentz actuator includes an

el ect ri ca¢vice, sdirdue pltsraatbiebmghreddn e a awsly oppraticle, may be used to generate a

circuit pattern to be formed on an individual layer 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 imaging onto a layer of radiation-sensitive
material (resist) provided on the substrate. [n 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 employs 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. With this, a highly accurate relative positioning is desired,

which is generally accomplished with the aid of a Lorentz actuator.




and a magnet assenbly. The magnet assenbly produces a nmagnetic field which
interacts with a current flowing in the electrically conductive elenent to
produce a Lorentz force between the electrically conductive el enent and

t he magnet assenbly in a direction perpendicular to the direction of the
current flow and the magnetic field at that point. Typically the magnet
assenbly includes at | east one set of nmagnets on one or on either side of
the electrically conductive elenent to produce an approxi mately uniform

magnetic fi el r d the electrical conductor. Th net assenbly.
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the expansion of the iron when heated, because the motors heats up, is undesirable,

SUMMARY

[0007] It 1s desirable at least partly overcome the above-mentioned effects of
conventional actuators, or to provide a usable alternative. More in particular it is desirable to
provide a lithographic apparatus with a Lorentz actuator having a reduced mass but no loss of
performance of the actuator.

[0008] According to an embodiment of the invention, there is provided a lithographic
apparatus including an illumination system configured to condition a radiation beam; a
support constructed to support a patterning device, the patterning device being capable of
imparting the radiation beam with a pattern in its cross-section to form a patterned radiation

beam; a substrate table constructed to hold a substrate; a projection system configured to




project the patterned radi ati on beamonto a target portion of the
substrate; and an actuator constructed and arranged to produce a

di spl acenent force between a first and a second part of the apparatus to
di spl ace the first and second apparatus parts relative to each other, the
actuator including at |least a first nmagnet system subassenbly, attached to
one of the first and second part of the apparatus, configured to provide a
magnetic field substantially perpendicular to the direction of the
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material, thé carrier including at |east one
actuator including; at least a first magnet system subassembly, attached to one of the first and
second part of the apparatus, configured to provide a magnetic field substantially
perpendicular to the direction of the displacement force; and an electrically conductive
element, attached to the other one of the first and second part of the apparatus and placed near
the first magnet subassembly, configured to produce the displacement force by interaction of
an electric current carried by the electrically conductive element and the magnetic field, the
first magnet subassembly including at least one set of at least two adjacently placed magnets
oriented such that their magnetic polarizations are substantially mutually opposite, and a back
mass made out of a magnetic flux guiding material and connecting the magnets to guide a
magnetic flux there between, wherein the first magnet subassembly furthermore includes a

carrier made out of a non-magnetic-flux-guiding material, the carrier including at least one

recess in which the at least one set of back mass and magnets is embedded.




recess in which the at | east one set of back mass and magnets is enbedded.
3 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010] Enbodi ments of the invention
wi |l now be described, by way of exanple only, wth reference to the
acconpanyi ng schematic drawi ngs in which corresponding reference synbols

i ndi cate corresponding parts, and in which: [0011] Figure 1 depicts a

| it hographi c apparatus according to an enbodi nent of the invention; [0012]
Figure 2 shows in a schematic cross section the configuration of a Lorentz
actuator according to an enbodi nent of the invention including the nagnetic
field lines calculated for this configuration; [0013] Figure 3 shows in
per spect BRER RESEBRIVEIPS SIH TBRER ABUNGS back mass and magnets of Figure 2;
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Figure 6 shows the magnet system subassenbly of Figure w th added sub-

carrier ynbgkcpdigaiscerrainondiag parib@ad ievwhichf t he i nvention; [0017] Figure 7
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shows a megtiengew of the magnet assenbly of figure 7; [0019] Figure 9 shows
a Cross sectiﬁn al ong line E-E in Figure 8 in accordance. with an
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subassenbly with onposite carrier carryling seve the sets of
Fi gur e Jrakmbdeddfonthis cordiputdtien; enbodi ment of the invention; [0022] Figure
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magnets of Figure 2;

[0014] Figure 4 shows a magnet system subassembly with a compostite carrier
carrying several of the sets of Figure 3 in accordance with an embodiment of the invention;

[0015] Figure 5 shows the carrier of Figure 4;

[0016] Figure 6 shows the magnet system subassembly of Figure 4 with added sub-
carrier in accordance With an embodiment of the invention;

[0017] Figure 7 shows two magnet system subassemblies of Figure 6 placed opposite
one another in accordance with an embodiment of the invention;

[0018] Figure 8 shows a top view of the magnet assembly of figure 7;

[0019] Figure 9 shows a cross section along the line E-E in Figure 8 in accordance
with an embodiment of the invention; and

[0020] Figure 10 shows an enlarged view of the detail F in Figure 9.

[0021] Figure 11 shows a magnet system subassembly with a composite carrier
carrying several of the sets of Figure 3 according to another embodiment of the invention;

[0022] Figure 12 shows two magnet system subassemblies placed opposite to one

another in accordance with another embodiment of the invention.

DETAILED DESCRIPTION




4 [0023] Figure 1 schematically depicts a |ithographic apparatus according
to one enbodinent of the invention. The apparatus includes an illum nation
system (illumnator) IL configured to condition a radiati on beamB (e.qg.
UV radiation or any other suitable radiation), a support structure or
support or pattern support (e.g. a nmask table) MI 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
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‘the orientation of the patterning device, the design of the lithographic apparatus, and other

conditions, such as for example whether or not the patterning device is held in a vacuum
environment. The support structure can use mechanical, vacuum, electrostatic or other
clamping techniques to hold the patterning device. The support structure may be a frame or a
table, for example, which may be fixed or movable as required. The support structure 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.”

[0026] The term “patterning device” used herein should be broadly interpreted as
referring to any device that can be used to impart a radiation beam with a pattern in its cross-
section so as to create a pattern in a target portion of the substrate. It should be noted that the
pattern imparted to the radiation beam may not exactly correspond to the desired pattern in

the target portion of the substrate, for example if the pattern includes phase-shifting features




pattern inparted to the radi ati on beam may not exactly correspond to the
desired pattern in the target portion of the substrate, for exanple if the
pattern includes phase-shifting features I 5 or so called assist features.
Generally, the pattern inparted to the radiation beamw || correspond to a
particular functional layer in a device being created in the target

portion, such as an integrated circuit. [0027] The patterning device nmay
be transm ssive or reflective Exanpl es of patterning devi ces include
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considered as synonymous with the more general term “projection system”.

[0029] As here depicted, the apparatus is of a transmissive type (e.g. employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g. employing a
programmable mirror array of a type as referred to above, or employing a reflective mask).

{0030] The lithographic apparatus may be of a type having two (dual stage) or more
substrate tables or "substrate supports" (and/or two or more mask tables or "mask supports™).
In such “multiple stage” machines the additional tables or supports may be used in parallel, or
preparatory steps may be carried out on one or more tables or supports while one or more
other tables or supports are being used for exposure.

[0031] The lithographic apparatus may also be of a type wherein at least a portion of
the substrate may be covered by a liquid having a relatively high refractive index, e.g. water,
so as to fill a space between the projection system and the substrate. An immersion liquid
may also be applied to other spaces in the lithographic apparatus, for example, between the

mask and the projection system. Immersion techniques can be used to increase the numerical




the substrate may be covered by a liquid having a relatively high
refractive index, e.g. water, so as to fill a space between the projection
system and the substrate. An immersion liquid nmnay also be applied to other
spaces in the |ithographi c apparatus, for exanple, between the nmask and
the projection system |nmersion techniques can be used to increase the
nunerical 6 aperture of projection systens. The term"i mrersion" as used
herein does not nean that a structure, such as a substrate, nust be
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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 uniformity and

intensity distribution in its cross-section.

[0034] The radiation beam B is incident on the patterning device (e.g., mask) MA,

which is held on the support structure (e.g., mask table) MT, and is patterned by the

patterning device. Having traversed the patterning device (e.g. mask) MA, the radiation beam

B passes through the projection system PS, which focuses the beam onto a target portion C of

the substrate W. With the aid of the second positioning device PW and position sensor IF

(e.g. an interferometric device, linear encoder or capacitive sensor), the substrate table WT

can be moved accurately, e.g. so as to position different target portions C in the path of the

radiation beam B. Similarly, the first positioning device PM and another position sensor

(which is not explicitly depicted in Figure 1) can be used to accurately position the patterning

device (e.g. mask) MA with respect to the path of the radiation beam B, e.g. after mechanical

retrieval from a mask library, or during a scan. In general, movement of the support structure




(e.g. an interferonetric device, |linear encoder or capacitive sensor), the
substrate table WI' can be noved accurately, e.g. so as to position
different target portions Cin the path of the radiation beam B.
Simlarly, the first positioning device PMand another position sensor
(which is not explicitly depicted in Figure 1) can be used to accurately
position the patterning device (e.g. mask) MA with respect to the path of
the radi ation beam B, e.g. after nechanical retrieval fron1a mask |ibrary,

or during a scan..| ener.al t.h rt. stru pre 7 (e.g

skt abitel: TR ) B T e STt o 0 G b MORME Y modul e
(coarse ]gmgnﬁﬂg%h@g)shﬁ«ngtrﬁceﬁh@ddle ?ﬁrfe%%nﬁﬁﬂh %ﬁéﬂ fb@m&ﬁ%‘éf't%@g) whi ch
formpart of the first positioning device PM" Simlarly, novenment of the

substrat Eosntamllr@ daFiaeP M stibslarlat mosamad of the snlsjratectable AV T pe Hsubsiraig support”

| ong- strok e, and a sho e nmodul e ich rm.part of the
second o6 PP BHrSLRHE flepRRLESERAE RP SafstieSRon b JuRE b reprghner
the supp@eiecostl hositithied POR. B theBsk of ablefper s dPp¥sddao caq,-eﬂﬁféf)eﬂe §p8rt
short-stroke actuator only, or may be fixed. [0035] A long stroke drive

nodul e LrucEretn g dnasy t%bl@Mﬁanasmﬁ@Irmeqt@irtowﬁﬁfsgok%cma@rs@ﬂymmy&e\m
01/189441 4 magnet plate MP is fixed to a machine frane of the

| i t hographi ¢ apparatus and the |ong stroke drive nmodule LS is provided with
a first set of0035oi l(ﬁngBl)ké hﬁtfe 1@6&1@& asds molved be a phaar moto Heataniple, aent
through the coils SP I % IeV|tate and nove the | ong stroke
drive no%fiﬁprébq@sn Y80/ lﬁﬁé‘* n%awgfletm aie MRS fixpf & 8 Mashipgiiamerdfice Wr i s noved
W th resj ent z

Act Uat or B e B R, e i AL A st OF e
t hr ough ¢chils SP3 ékm:gdnarm]e la 12 vdleh(arouﬁelmtay sdne thgengr tht edilb®R mdda ferbecdrong

trok S,and ded to th b table WI t
i nely plswle i Phee R wole Bhy alopye LRAOSE s et A e bt
noved upable WiXs fegEPRah edspbdteedRMb troXe nfoduRZirinRY SRt B0 aid ¥F Lirch@Spect
to the long stroke drive nobdule LS. [0036] Patterning device (e.g. mask) MA

and subsactutas Wehdyngoesesbnd patSES bivbp maghet M. |I§ﬁ renent prasekbthigugh e and
substrat cdt d r‘ir’g%ij}t fg% a)Pﬂ;'? %S%Faatéfd %{E\%g WPI long s?r%ﬁé dﬁve mo ule?g@ca t marks

as illus occupy Ica ed in
spaces bﬁhgmeMSt @ogided ﬂmhte ls@wwra(ettbnﬁs @Vﬂcﬁﬁﬁﬂ@pﬂsm@n ﬂﬁrsub@rateataele avT grpent

marks). s%lbstrate tabf(e WT can be moved up to six degrees of freedom (X, Y, Z, RZ, RY and RX)
with respect to the long stroke drive module LS.

[0036] Patterning device (e.g. mask) MA and substrate W may be aligned using mask
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 patterning device (e.g. mask) MA,
the mask alignment marks may be located between the dies.

[0037] The depicted apparatus could be used in at least one of the following modes:

[0038] 1. In step mode, the support structure (e.g. mask table) MT or "mask
support” and the substrate table 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 direction so that a different target portion C can be exposed. In step




in situations in which nore than one die is provided on the patterning
device (e.g. mask) MA, the nmask alignnent marks nay be | ocated between the
dies. [0037] The depicted apparatus could be used in at | east one of the
foll ow ng nodes: [003811. In step node, the support structure (e.g. mask
table) MI or "mask support” and the substrate table WI or "substrate
support" are kept essentially stationary, while an entire pattern inparted
to the radiation beamis projected onto a target portion Cat one tine

R S R g R T e R S o B e

t ar get mmaﬁﬁgeghﬁ@aqﬁ@m@xposed. In step 8 node, the nmaxi mum size of the
exposure field limts the size of the target portion C ig@&ed in a single
static exposul08392039]in scan rodss Ki¢ suppist sttuvdrs (pponaskdetleidYldoe "pesly. nask
tabl e) w (A, | " [ tr

suppor t " 5pirt HHe RUBRR bl B0l NERSHRPLEBLE: HE R Bl Mo HRS) RS
radi at i opattessimpasted toofhe edddationricamas prjgedd s b kepetGoftioneC (id. akinglee dynami c
exposure%. The velocity and direction of the substrate table. W or

" subst r e ppdesure) dingvelpsity and diesction pbihe sabstigtatable W'E of 'subigate t abl e) MT
or "mas ' ~ ] - 5 1i d i mage
Fever sal " BROF aor Y 8 Sugort BT AL ikt W) NIF o SRAIT B ARy BEC, 1o
maxi num ditareindd tyrthe édcpmsagnifichiied ahd inrdgt sevichsal eliatdtdher{stios ¢fitbe progastistanni ng
di rection), of e targe ortion in.a single dynanc.exposur, whereas the
engt h GPUERES EEAHTEO o TTedh GBS DY FRORUP giLe LA LRe St fnihg
directi q;&l-@ﬁnﬁi@dﬁ@e&ﬁﬁ%oﬁa@ :E\}ahr_gé? RortldAQA A 53eld Byt B§JosiBIPhertfnS UPPOT t
structure (e.?. mask tabl e) or "mask support" is kept essentially

st at i ondeysthef tengaraing wgtemdeienmdngsdhe beipht{in de veanaingahvtction of theitstzett e
tabl e WL io"substrate support" is noved or scanned while a pattern
inpartedm{orfhe radi ati on beamis projected onto a target portion C. In

this node, geoue4@isly alpuh@be maid fleisopporsaticage {Sg enRk @Re MTGr 'ihask
progrannablelpatterning device is updated as required after each novenent
of the sUBBYFdf keptgpscaligfy gationapphqldiae @ psemspamablegratipmingedayienansifbe essi ve
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devi ce, radiefioralseaa spogecodrattbe taiget mortiar €aln thfs raodey penerally a pulsed radiation
source is employed and the programmable patterning device is updated as required after each
movement of the substrate 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.

[0041] Combinations and/or variations on the above described modes of use or
entirely different modes of use may also be employed.

[0042] Figure 2 shows a cross section of the actuator according to an embodiment of
the present invention. The same actuator is partially shown, in perspective, in Figure 3. In
use, the actuator generates a force in a first direction (or its opposite) which may be used to
drive a short-stroke drive module for positioning the support structure (e.g. mask table) MT
or the substrate table WT, or a lens element, or a wafer gripper. In Figure 2, this first

direction is a horizontal direction within the plane of the Figure. The actuator includes a first

magnet subassembly 1, a second magnet subassembly-11 (MS in Figure 1) and a coil 21 (SP2




as referred to above. [0041] Conbinations and/or variations on the above
descri bed nodes of use or entirely different nodes of use may al so be

enpl oyed. [0042] Figure 2 shows a cross section of the actuator according
to an enbodi nent of the present invention. The sane actuator is partially
shown, in perspective, in Figure 3. In wuse, the actuator generates a force
inafirst direction (or its opposite) which may be used to drive a
short-stroke drive nodul e for positioning t he support structure (e g. mask

table) MI _.or t strate t ble WI, .or or.a wa )
o pper I EiEme o BRIRS et ong] Supdise BRUFL. 4 ERRG b e biice fegno
Wi thin t Reedah@aRcon! f@p&ddadtin 8 1o TeSIrACirREO. Thaeh#BeSs Redibd £ thisipalaet
subassenbly 1, a second magnet subassenbly 11 (M5 in Figure 1) and a coi

21 (SP2 9 i n 043k Ehergombimgsiohiof gte fémbhnsi@cmm mneﬁubgumbb@rﬂblll dormis,a 11

defi ne a en them reﬁ?io r to the
first dire ﬁ%ﬁgg% et%%$ (%Tkﬁonﬁg &ﬂeﬂﬁg% @ﬁﬁ% pﬁﬁﬁgg *ﬁg

conbi nat inagk @blej M fol He&inv@ﬂ@yﬂ@&@ﬂﬂndfmﬂﬂkﬁémﬁubﬁSﬁ&ﬁMdl &ﬁhéionglstrt)@é ms a
magnet assenbly that is nounted gn the substrate table WI or the support

st ruct ur@ogyl eémt{sho‘ﬁ%)s% b sl 2 sepnoet sHPEn ey manle tahke) BAT of 2 wifee coi | 21
t
support - SenRRadfurh e flok AT iR 0NN, Bbeoriblh IR0RERRE R0,

does notpmmneﬁafhmugwihm@béﬂmu@pheﬂ@as described above) on a fixed

portion (or f of the apparatus. [0044] Although the nagnet
assenbly may @ﬁ?@ qu‘gE #@@gﬁ)ﬂﬁi?@ lygpax Hieriasngly berpREEdRIGIE ngnd t he

coi |l on $thie stHsld Mgnd &bl &h e sﬁlgk@raﬁ%ﬁigle bAReSnask Q?)l@ rtﬁéfr@gen? 9(5]‘]‘{1&9%%5' on

is preferred since it facilitates t provi si on of powe ing to the
coi | . [ OBp&iterThksifideris faciinagpethe pubasiseofpower and codimgds €t wil. a first nagnet 2

and a second The ond et subas 11 correspondi ngly
has a first n@%?ﬁfﬂﬁﬁ{aa@e Hl%ﬁggﬁe@fm??sedsw%rr@?%ﬁéﬁn‘igf%‘?ﬁ%nent
the mgnﬁa@qeavermemﬂeﬂtgmmtsembiﬁ%@néé ily hixea TRORGEn UbasS bl i es
1, 11 has a back mass 6, 16, respectively. each subassenbly 1 11 the

back nas¥ced magnes 11.d atnsefenpd e goniet ﬂ@m@i@n@is arheermaped tagnest he s pace
e 1 e AR RAR 15, O BTSSR RP Lo 19
subassendakly subasskinbdnd 1p e rchbhags 6, 16 is located on the other side of the magnets to the

space that is defined between the magnet subassemblies 1, 11. The back mass 6, 16 adjoins

each of the magnets 2, 7 and 12, 17 respectively in its subassembly 1, 11 and preferably

entirely covers the surfaces of the magnets 2, 7 and 12, 17 respectively. The back mass 6, 16

preferably tapers, at least partly, in the direction away from the space between the magnet

subassemblies 1, 11. The back mass 6, 16 is preferably formed from CoFe, but may also be

made out of any other magnetic material.

[0047] The coil 21 (SP2 in Figure 1), having two sides 21a and 21b (as shown in

Figure 2), is located between the magnet subassemblies 1, 11 (MS in Figure 1) and is

included of orthocyclic windings. Other kind of coils are also possible, like for example foil

coils. The coil 21 is arranged such that, where it is located between the first and second

magnet subassemblies 1, 11, the wires that it is composed from are perpendicular to both the

first and second directions defined above. As shown in Figure 2a, the wires are oriented in a

direction perpendicular to the plane of the Figure.
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entirely covers the surfaces of the magnets 2, 7 and 12, 17 respectively.
The back mass 6, 16 preferably tapers, at least partly, in the direction
away fromthe space between the magnet subassenblies 1, 11. The back nass
6, 16 is preferably forned from CoFe, but may al so be made out of any

ot her magnetic material. [0047] The coil 21 (SP2 in Figure 1), having two
sides 2l1la and 21b (as shown in Figure 2), is |ocated between the magnet
subassenblies 1, 11 (Msin Figure 1) and is included of orthocyclic

wi ndi ngs. O her, kind of coi.l e also possible, .l1ike for exanple fojl

cor 15 “The cotlobiiesReaEfip B it ot Rel teboes T B b A BRS¢ he
first an@hoﬁ@l@e@'ﬁfhmﬂ?ﬁﬂ@?oﬁﬁ@ﬁﬁﬁ@@lﬂe%stlmag%ﬁM’tﬁe\fiﬁt%?agh&asﬁlbéskedﬂﬁ qqgposed
fromare perpendicular to both the first and second directions de?ll ned

above. Agarglidithicmndeinglis eolaazativhef tierfust ragmmenl? efthe dedond magdétrsebasianbly

per pendi - to.the plane of .the Figure 10 [.0048] ,The magnets in.the
first angpélgj(;lg Gt H%]eﬁg?\rg?erg%%dg%u%aer f}ieefggtlcﬁreﬁo%bggﬁ ey ‘é’dlm% C%&I?%]%{Cu?&ﬁe
magnet i ctoptht diréczioh o0t fofcelgberbiicd B thR@ARtor2Thdsdeb®l fbafifdis TERIGNEE

subassenbly 1 is parallel to the magnetic polarization of the first magnet

12 of th@e erigpigthitch dhas Shedrapwgnptic pelagpaiions ae narallet to ane apethpesnd antit ar t o

the firsg, di I i s endi-cul irection

of the. {Eraul EERL Mhenlf bd e O BE Lk REL BT R sR pel IS

pr ef er abinygmet cenfigachtous Whidhatre aghatizodgmdt b emal laagle ZRiriteRao@rieispaoatibel to

one anot her g{;ﬂ anti- parall el i%f t he magnfeiztic pol ari zations of the first
el

magnet s 1,usgSlallihac glaglle‘gf)top‘&?&? thepppepstie figldgnet confi gurati ons which are
magneti zed un ; : e bd o 1S ' e
g [é@@]afh%rf_@éulltn@}ﬂ]bﬁletlg WeldNBLITRIE %of%]?gglralcﬁ'{]%rgﬁ’ﬁﬁeg%ﬁ sﬁ&vﬁ'a ting

Hal | -bach magnets to intensify the magnetic 049 e res
magnet i cFigiel2d inchules tdgians od npprgrinetdlp nnijorodme getic &l diayween the twd gairseof2,

i ncl udes_regqgio f appr axi mat. iform netic fiel etween the two
pairs ofmaﬁ%&niﬁ%&oﬂg‘%%t%F%E}slyao?{h frs l%cgﬁqﬁ%leﬁ? reﬁi%lsgpg‘f’?@i’:ﬁ 4% n these
regi ons. cutkanis passedl @EblidiCthe 64il D €Nhe btﬁrd’ﬁ@ﬂ@ﬁdhﬁolﬂ%ﬁ) HEhwhhReles 8F the2dil 2t he
current flow through the two sides of the coil 21 1is in opposite

di r ect i ORSPPIREdEREHeS. Eharefors, Haceithediritioms obmagagfivelidld if the lhgo ragiarisen t wo
9100 R0 A0 48 1908 95 58 Bhytg R, B LSSRLER ST 120,
di rect i omwo(sids pétheicoill2aris tnothbedrhe tine:tion grepdndidul e ke bathdhe nbgnetid feRNdndf | ow) .

the current flow).

[0050] In Figure 2, each magnet subassembly furthermore includes a carrier 25 which

is made out of a material not guiding magnetic flux. With this, the set of back mass 6 and

magnets 2, 7 is embedded in a recess 26 in the carrier 25. The carrier 25 extends both at the

backside of the back mass 6, but also extends along side wall parts of the back mass 6 and

magnets 2, 7 up till the level of the front faces of the magnets 2, 7. Because of the magnets 2,

7 being embedded in the carrier 25, and because the carrier 25 is made out of non-magnetic-

flux-guiding material, it is possible to use the available space around the magnets 2, 7 as

carrier structure. The stiffness of the magnets 2, 7, and back mass 6 contributes to the

stiffness of the carrier structure. This design leads to a higher natural frequency of the

actuator. The subassembly of carrier 25, with embedded back mass 6 and magnets 2, 7,

forms a stiff construction. The stiff construction makes it possible to make the carrier 25 out

of a light weight material. This saves weight particularly with respect to the state of the art

embodiment wherein the back mass also needed to perform the carrier function and thus
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[0050] In Figure 2, each magnet subassenbly furthernore includes a carrier
25 which is nade out of a material not guiding magnetic flux. Wth this,
the set of back mass 6 and nagnets 2, 7 is enbedded in a recess 26 in the
carrier 25. The carrier 25 extends both at the backside of the back nass
6, but also extends along side wall parts of the back mass 6 and nagnets
2, 7 up till the level of the front faces of the nagnets 2, 7. Because of
the magnets 2, 7 being enbedded in the carrier 25, and because the carrier

25 is ma f nan- netic- flux-guidin terial, .J,t is passibhle to
doe the. oo Peo SRR Biar ired, kel Fpofieh ap bearReREREGRE. | The
sti f f nessefack hRsIBEIGNSedd to Covéarltie RAGketNBSS afd GADEAH Bikh8Se fathel Bender,
stiffness of the carrier structure. This design | eads to a hi gher natural

f r equency&di thigsaves geight ovhiclrrads tehislke ppssjble peestarations apd thuaileads tnbiglded
back mas : o) 14 f nstruction. The stiff

const r ueb St JRADES i henork TRyt per GANRLE Y54 byacl iFcdhidetapty

wei ght matgoved.. This saves weight particularly with respect to the state
of the art ephodi msipt wherein the back nass_al sg needed to performthe

carrier funct ["Rlkgrahbs thecadede mads opeolddiir Feietosed st mateiahdn
Accor di ngaigu BB RLinRfcddG ok RRRMGI LIKERRODie Sﬂilaﬁhnp@&lﬁlidp(gﬁj)%rom y
us e rat her sl ender’.

needs to cover the magnets 2, 7, "and t can be nm
Agai n t hidumgiawes Oweled Al,OswHihthprbeidds for @ highgltidihepossitihe witle sdasrmable@nsts.and

thus le hi gher 0ssi bl e.throughputs.. Furthernore, .the dynam cal
per f or nnaﬂﬁ%hg‘?{ﬁngg%ﬂrpg%}aie 40 B%tﬂg’izaélﬂeg%‘%‘esﬁ IWF%VEdLreFWW nesitoaingphem ¢ e
carrier hfdhiedenayh Plafsti@mfa{eb@r infaipatiat @REotRInA Rt dferMB@hER! thelchrriePRMhideu! ar

a carbon fiber reinforced epoxy material or ceramcs like Silicium Carbide
(Si O) oroutAf amairiprhokng e demitydy er tibn thapelohe ek hass neatériagHFwthicfrhorestsis

conbi ned_wi.; costs. The fibers nmake it possible.to optimze
the sti f]?arllgiglusois]3 1{5?@%@23 %Bjégth |C§Iel.éetri03h%fe%'§/‘a%8§]lﬁfaivgﬁ ﬂawtcﬁgﬁmi?ﬁ?ﬁ{hrﬁ@& ional in
pl asti c emaedibmlThidleadssp ¢k Heordhti @6 dud o thefnaloREBOdicRRhtor MEicEarrier is

made out of a material having a density |ower than that of the back nass
mat er i al SthEWHIHEPHS have resylted ipg¥ariaylasst o manuf acture the carrier out of a

material havi (4952 i tﬁ98£:1fki rﬁ%sg%ls nogx; ate R Bl e fgggﬁ%olgﬁ@mm%%oﬁ@ LESS

def ormati ons due to therm t he “act ua otherw se woul d
have resmhgretitd anothee ndjagent omgnet] SQERY ndbhacetotpeefohaalcarris siastion)it ®8re only

there to guide the magnetic. fl.ux fromone. . .
po Sible tousca ma?ena} WEICL is exceflent for guiding the magnetic flux, for example cobalt

iron. This guides a magnetic flux up till 20 % better than normal iron. This in turn makes it
possible to make the back mass even more slender and to save upon the back mass material,
leading to lighter actuators, leading to higher throughput. For example, a more than 30
percent lighter actuator light may be achieved having almost 30 percent higher natural
frequency. The fact that cobalt iron is harder to shape is no longer a problem since the back
mass only needs to cover its magnets, and does not have to take the difficult shape of a
carrier.

[0053] Each set of back mass and magnets is glued into its corresponding recess in the
carrier in an embodiment of the invention. This provides for a simple and solid connection.
Furthermore the glue is able to fill up the entire space between the recess walls and the set of
back mass and magnets, thus making the entire magnet subassembly stiffer.

[0054} An embodiment of the present invention is particularly beneficial where

several of the sets of back mass and magnets connected thereto are positioned adjacent and or
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magnet to anot her adjacent magnet, and do not have to performa carrier
function, it is possible to use a material which is excellent for guiding
.the magnetic flux, for exanple cobalt iron. This guides a magnetic flux up
till 20 % better than normal iron. This in turn nakes it possible to nake
t he back mass even nore slender and to save upon the back mass material,

| eading to lighter actuators, |eading to higher throughput. For exanple, a
nore than 30 percent |ighter actuator |ight may be achi eved havi nghal gost
30 perce ' r t ural .. frequen The fact that . cqobalt. iron is, harder

" to ghape'alfogg F\Og oaﬁlgg‘F Ha{ﬁﬁlruo%ﬁ ?%ygﬁlaﬁ%gha% ﬁgs%saegﬁ(are ﬂ%‘ssé’o ﬁfrflulﬁeélewgh 5N cover

I ts magnetity, eoshsd ofthenatrichdyiag e akeoftthendh-fifik GudinshaReaDAntexample’ | € .
[ 0053] Each set of back nass and nagnets is glued into its correspondi ng

recess i M 1S shop g Figusesshy 1 @B derisadigtires An embodimeahel omagmes sebasreablyiss f or
a sinpl e gng ' i t [ | e. t.0 fill up the
entire Spant Rl BRANBELI 3B of b Mho LY Bl 7'ad s il g e
magnet s, emheddedakiomespetie/cantdsses 4069 aebmpobirgtaabhaped cakieesl. WAREA, ehth

nbodi f, t t. ion i articularly beneficial where
e i B8 33 ok ASCLA ok hobubi e S s e T
posi ti onggriadi PEEIM is3RMHedut oﬁaznﬁ-ﬁﬁguétg—f?mﬁfﬁﬁgig% E{‘Hteri T hbesDR 4QRPL €CT at e

that these sets are not short circuite ot her, because of the
carrier Blipagcomplemsutaryoto ththehaponf fhicurt afitiadk myssvakleniglets, paetiaitglsech

i .| i .4-10.,. In th fi nbaodi t . of
manet . s s OGSy Vel P iR i otshReD stihe Tedteigp atidnd 6 and
magnet s the nfagaStsNO\WRer theiF At Redh il @IS o tietdht RSPl HEcRCEESES 40
in a corrposmeﬂgl ate shaped carrier 41. Wth this, each of the double sets

1 i s bei Ff§eFraterhrammye arasush et theeanies avtaial alBo efveanthie bodeides of thansglse.

The caryj | 0.l de out of a non-magnetic-flux-guiding material.
The recefs}ggé{sck Sgg@&gﬁgﬁeﬁ conplementary to the shape of the set of back

mass and magninss) Heepasd the ebapositecdarridr hadetteh evithahe bbediall badkagéssof back
delimting the recesses 40 coyer _the larger part of the side faces of the
magnet s PassAngyaenetsdhereignbeneciglly frmsasolis prd stHE strusfer comstiugiedppént f ace

of the npenRRLS 1Ne thd BEEIRERK o W%Qﬁe@e{n% b%elsg@ggfgg.cﬁkﬂéa&se%ﬁﬁ&%idﬁre s

materi al al so covers th es o e sets mass and :

- [ 0055] Hearder laddsdo alhtudurepoit 4 bigbarmaten! fragetdewhich tdditdedy ectived detie packages
of back accuracy of the wafer stage, mass table or other part of the apparatus to be positioned. This
leads to a better overlay performance of the apparatus during a manufacturing process.

[0056] Figure 6 shows that the subassembly also includes plate shaped sub-carriers 60
which cover a large part of the front side of the carrier 41 with the embedded sets of back
mass 6 and magnets 2, 7 therein. The sub-carriers are also made out of a non-magnetic-flux-
guiding material, preferably the same material as the material the carrier is made from, that is
to say a fiber reinforced plastic material, more in particular a carbon fiber reinforced epoxy
material. The sub-carriers 60 have the benefit of adding stiffness to the subassembly.

[0057] The fibers of the carrier and/or the sub-carriers may be oriented quasi isotropic
or unidirectional, for example along the respective bisector 43 of the triangular shaped
subassembly or perpendicular to these bisectors.

[0058] Figure 7 shows the complete assembly of a first and second magnet
subassembly 70, 71 corresponding to the one shown in Figure 6. In between the two

subassemblies a central star shaped distance holder 72 is provided (see Figure 4).
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mass and magnets therein, beneficially forns a solid and stiff structure
constructed and arranged to hold the separate packages of nagnets and back
masses. The use of this type of <carrier leads to a structure with a higher
natural frequency which is directly related to the accuracy of the wafer
stage, mass table or other part of the apparatus to be positioned. This

| eads to a better overlay performance of the apparatus during a

manuf acturi ng process. [0056] Figure 6 shows that the subassenbly al so

i ncl udes_pl ate shaped sub-carriers 60 _which cover  a Iarge part of the

front si HEISTMORROTERF LYBFTSAT th RN Sapelrybesssapliestil: pherinerbsblacking
magnets 2g , _;%‘%'\ﬁggd \glaiicgﬂ?geﬁiépmriﬁﬁeﬁﬁéesa];ﬁn SEJBR: Qrlier@hredible

£ O
non- nagnet i c ing material, preferably the sane naterlgi as the

mat er i al corvectahe subasseinblinmeréh fadngthemeithdus hating ®gyowdé ilveadsnieilrfanced

| astic materij.agl re i rticul ar a. carbon fi ber. rei nforce (0)'4
Port o el @R SR rle B s eRin e aF he i Rliat rsgoghis FsdBens ¢ he
subassenp| Yy [PRedd fidh& i BeERIIBEtITE ntRhE RbaRBEHLRNis Eﬁlﬁvn%ﬁex?ﬁ%ﬂe@[] s may

be oriented quasi isotropic or unidirectional, for exanple along the
r espect i geuhls sptcelorbagl nufss gempgreghapuhawn sih Blgott 3 siglsadsdddsl iptogespective

per pendi cul ar . these hisectors. {0058],.F,gure. 7 shao t he. caonpl.ete

Pesbnbl v r ks Pt B ERBlRG o bRl R Y e OB BB AT ng 1o
the one bélauplaball Hbgteh Gidelof aBeinee The RErriend] 2Sdi asEaiedut 852 aogentral star
shaped di stance holder 72 is provided (see Figure 4). 13 Furthernore on the

cor ner s BRgRes-hghdos artaiadognrs d B sbeentheicesplets asyamply o da fitshamd| ocks 74
are prOV&QS&&%@%&Qs@ﬁ%ﬁ%ﬂﬁ%?&Lﬁh interfaces 75 in the respective carriers
co e

are able to nec subdssénblies with each other without having to
provi de t hr eafl®60jBdshies daranmtedimerntd San, Atng xanpltearefpossilsitNeor ceadpditiient  of

the invention is shown in the Figures 11-12. 1In these fjgures an
erbod meRYeB P ey Aae eﬁl&@@% HESWheT IEFTFsEHP R caderiney Yebed of a

back masg1 ARG JFBRAMEL HaRD EEINAL hilhades AHABr Rafids. @HQ%Q\QA?)GS&ME S RECLH Ve
recesses 40 1n a conposite plate shaped carfier 41. th this, each of the

doubl e skack nlasses anf eaggetp f@abecbmakdnd wethche sirder iofanethtrr way Jbrexafipte gar ri er
41 again_li

1 209 Dl TS, 0L BB PR RN S L N0 R S L 12
71 006@lidiﬁg%ﬂ&ﬁl,&hﬁm@ﬁﬁﬂ@béﬂﬁﬂio&n@t@ﬂ&ﬂike@@Y)r WO, 3R carbdh EibPORfifRced  For
exanpl e épfg)iy material with metal stiffeners. The fibers of the fiber reinforced variant may also be

made out of another material, for example glass fibers, Kevlar fibers, High Strength fibers or

High Modulus fibers..

[0061] Besides being used in a lithographic apparatus, the actuator according to an
embodiment of the invention may also be used for other purposes, like for example pick and
place applications, wire-bonding, E-beam applications, electron microscopes, etc.

Furthermore the actuator may also be used in a linear drive type Lorentz actuator, and in
single sided actuators, wherein two opposed magnets (north and south) are placed adjacent
one another on a back mass embedded in a carrier according to the invention, and wherein the
magnetic flux bends from the one magnet towards the other.

[0062] Although specific reference may be made in this text to the use of lithographic
apparatus in the manufacture of 1Cs, it should be understood that the lithographic apparatus

described herein may have other applications, such as the manufacture of integrated optical

systems, guidance and detection patterns for magnetic domain memories, flat-panel digplays,
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several parts of the actuator may have different shapes. The recesses in
the carrier may enbed a larger or smaller part of the back masses and/ or
magnets. It is also possible for the sets of back nasses and nagnets to be
connected with the carrier in another way, for exanple by neans of a form
connection. The carrier may al so be made out of another non-nagnetic-fl ux-
guiding material, for exanple ceramc material like SiC or A12G3 or carbon
fiber reinforced epoxy material with netal stiffeners. The fibers of the

fib d t d t of t ,
exampl o HRASS U SR PR, B madhGh: bt AR BURL sBher Wi Nooul us
fDers. . apflGAk dRShURSRRLAGE YRBAlbMatvd AIIEAIARNG RPBRAR s e or

act uat or accordlng to an nmbodi nent of the invention may al so be used for
ot her puf¢iesberein hkebd mnselﬁmdmls eypinykicanwithphameregepkiat tetne Hatbstrate” or

W re-bondin E- be,am a a ron rosco es, etc urt hernore

the act uaPB R o8 e oBasbE ahe ARl P e bR Gy | and
in  si nghRerSdx@oshraGh ﬁﬁteﬂmﬁplevgrt%ﬁl(mdomap%%ﬂﬁ aﬁﬂ&@%tl%/& Bprdht @nd sout h)

are placed adjacent one another on a back nass enbedded in a carrier

accor di ngpbstaterad davadonsitbhiexneaed whigh et metrplesy rmgmeci/mcarlf ingpechemtdol. befmat he
one nmagn ough s ref erence
made in %ﬁﬁlfo g gfi }ng{%ﬁe lljlgreemo%a}’l % ﬁiregg |'g°h a‘élgﬁareé TSRS HRESHES Cture

of 1Cs, Fﬁn}sdapuhbdulmamd@metmdessmomﬁaﬂ bridaOF apmhsle appdesfouseatdgscri bed
herei n may_have ot her aﬁ@llcatlons such as the manufacture of jntegrated

opti cal MflayeslC, g0 thib Hisderamenbguate deedepa mayrahy e EF ihashstrpte o plipaly
nenorlesmnﬁ&ﬁgnﬂﬁggigggégé gmﬁlt 14 liquid-crystal displays (LCDs),

thin-fil mmgneti The skilled artisan will appreciate that,

| n the cont exi0068] Ahbdughlspwﬁatafmn@pphj hatkibeasmadnybaveeo tfe usbef t er ns

"waf er" wdie" ein ma consi der ed nonynpus th the

gener al ?EPWEHEQEEE§¥EP@“H@ in the gogiext F%ﬁﬁﬁ eﬁﬂ@@g%ﬂpm?ﬁéwgaﬁgtrate

ref er r edihkQnt@Ii6h tha %Q&@e&h%l?e?%ﬁﬂhcaﬁ@ﬁ@ T@r éiﬁmpﬁflﬁﬁhnﬁl’fﬂ%éﬂéfaﬁy ah@ whefe
exanple a track (a fool that typically applies a layer of resi’'st to a

subst r at GezadteyicalloMepis nphbmetﬁ«i)bsqdlcalelsthsgr)iphsa Inmesaprot Gigho gtapdly acgeopt/goaphan
LTt G AP By R S Y PR 7
pr ocesseghtidBiifg Hhate BAE Be pleddedaxtanhgeriofi r@ist Qpplied & 8 k@hstrate whereupon

the resist is cured by applying electromagnetic radiation, heat, pressure or a combination

thereof. The patterning device is moved out of the resist leaving a pattern in it after the resist

is cured.

[0064] The terms “radiation” and “beam” used herein encompass all types of
electromagnetic radiation, including ultraviolet (UV) radiation (¢.g. having a wavelength of
or about 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.

[0065] The term “lens”, where the context allows, may refer to any one or
combination of various types of optical components, including refractive, reflective,
magnetic, electromagnetic and electrostatic optical components.

[0066] While specific embodiments of the invention have been described above, it

will be appreciated that the invention may be practiced otherwise than as described.
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multi-layer 1C, so that the termsubstrate used herein may also refer to a
substrate that already contains nultiple processed |ayers. [0063] Although
specific reference may have been made above to the use of enbodi nents of
the invention in the context of optical lithography, it will be appreciated
that the invention may be used in other applications, for exanple inprint
| it hography, and where the context allows, is not limted to optical

|l ithography. In inprint |ithography a topography in a patterning devi ce
defines the p eated on a substr 0 aof t

patt erni ng def/‘f"ézfﬂ%?/ GSErIIoRS 2hoy e 4t gt g%‘? ﬁ tf%é'% ‘Pé%‘BBPg ejﬁh‘ts it he
subst r at @iNMBe bEABaN to SKIIRSI S thd &t Gl @OdiBYaaRR Ini/dy'lﬁ BiRab HRATREAR,h Gs

radi ati on, heat essure or a conbination theredof. The patterning device
is anedd@ﬁﬂbptwﬂﬁ@Hﬁégﬂﬁﬂgﬁ@@Mhﬂgﬂ@epéﬂﬁpﬂmnmﬁﬁmmthﬂowr the resist is
cured. [0064] The terns "radi ati on” and "beani used herein enconpass al
types of electronmagnetic radiation, including ultraviolet (UV) radiation
(e.g. having a wavel ength of or about 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 beans, such as ion beans or

el ectron beans. [0065] The term "lens", where the context allows, may refer
to any one or conbination of various types of optical conponents,
including refractive, reflective, nmagnetic, electromgnetic and

el ectrostatic optical conponents. [0066] While specific enbodi nents of the

i nventi on have been descri bed above, it w/ll be appreciated that the
invention may be practiced otherwi se than as described. 15 [0067] The
~descriptions above are intended to be illustrative, not limting. Thus, it

wi || be apparent to one skilled in the art that nodifications maybe nade to
the invention as described wthout departing fromthe scope of the clains
set out below. 16 WHAT IS CLAIMED I'S: 1. A lithographi c apparatus
conprising: an illum nation systemconfigured to condition a radiation
beamn
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a support constructed to support a patterning device, the patterning device
bei ng capable of inparting the radiation beamwth a pattern inits
cross-section to forma patterned radiation beam a substrate table
constructed to hold a substrate; a projection systemconfigured to project
the patterned radi ati on beamonto a target portion of the substrate; and
an actuator constructed and arranged to produce a displacenent force

bet ween a first and a second part to displace the first and second parts
relative ﬁﬁﬁ Iéhe actuator conprising: a first magnet
subassenb Po one of the first and second parts, and configured
to prOV|de a nagnetlc field substantially perpendicular to the direction

of the displacenent force; and an electrically conductive elenent, attached
to the other bne of litheerahicippamies corEBIdeharts and pl aced near the first

magnet subassendl vay, SthieRnbi-OuERLoh Q- PEOR GRS  SaRLAREAEN! for ce by

interaction of an el 6ctric Current c r|ca y conductive
el enent and t he na;gmgmm cbnm‘udtedmazﬁplort&tpam@mdesw&aﬂleepaﬂﬁérym(gmmfcbsi ng at
| east ong set o | east two _adjacently placed magnets oriented such that
thei r maBFBE PRl ol mPaRng e aﬁ@tl%la%mtbaHagﬁemﬁﬁetaamsvswaaéf? f@mand a
back nas mﬂ§g§hﬁamﬁbﬁ@aﬁ@tlc flux guiding material and connecting the
magnets to gui de a nagnetic flux there between, wherein the first magnet
subassenbl y conpr|@sémamcamﬂaenmwmneialmbhamﬁmgmet|c flux- gU|d|ng mat eri al

the carrier conprisin | east o cess .in whi ast one set
of back nass and ﬁﬁ@ﬁ%?@m?§me%gage © 01%@???%%@% Pémﬁﬂ Oni#or di ng
to C|alnﬁﬁgﬁpb@%ﬁbﬁﬂkh@bgﬁﬂémgﬂ conprises a plate in which the at |east
one recess is arranged. 17 3. A lithographi c apparatus according to claim

1, wherein the at newfiatarenygaictegfand praneoadds praivde adignleceménd fete¢ betiveerl by
carri er %&slt affl gegcoi%~| b&]? toaghsl.lﬂgc?e c 5O §hd B&bhd Bsrtstrgfétnsfé go eac}f1 e es f the

magne
actuator comprising:

a first magnet subassembly, attached to one of the first and second
parts, and configured to provide a magnetic field substantially perpendicular to the direction
of the displacement force; and

an electrically conductive element, attached to the other one of the first
and second parts and placed near the first magnet subassembly, and configured to produce the
displacement force by interaction of an electric current carried by the electrically conductive
element and the magnetic field,

the first magnet subassembly comprising at least one set of at least two
adjacently placed magnets oriented such that their magnetic polarizations are substantially
mutually opposite, and a back mass made of a magnetic flux guiding material and connecting
the magnets to guide a magnetic flux there between,

wherein the first magnet subassembly comprises a carrier made a non-
magnetic-flux-guiding material, the carrier comprising at least one recess in which the at least

one set of back mass and magnets is embedded.

2. A lithographic apparatus according to claim 1, wherein the carrier comprises a

plate in which the at least one recess is arranged.
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4. A lithographic apparatus according to claim1l1, wherein the at |east one
set of back nmass and nagnets is delimted by carrier wall parts which at

| east cover part of the side faces of the magnets over substantially their
entire height. 5. A lithographic apparatus according to claim1, wherein
the at |east one set of back nmass and magnets is delimted by carrier wall
parts which extend to, substantially, a front face of the magnets. 6. A

| i t hographi ¢ apparatus according to claiml, wherein the at | east one set
of back mass and magnets is delimted by carrier wall parts which at |east
cover nore than half of side faces of the magnets. 7. A |ithographic

appar at us accyr di nglﬁl@gﬁé;ﬂhﬁdﬁ;%araﬂ%@[a@érﬂiﬂgh@ chahrll, @heteth the enehgehecktlo® cover
at | east part of a backside of the at |east one set of back nmass and

magnet s. bak mass ppdggeaginisdelippiad Ay Gamige well geriy whishet lpshcevenpaaradithe g
carrier ks .iBdR. fhefetsfiber reinforced plastic material. 9. A | i t hogr aphic
apparatus according to claim8, wherein the carrier is made of a carbon
fiber reinforced epoxy material. 10. A |lithographic apparatus according to
claim1l, wherein the back mass has dinensions substantially correspgndi ng
with backsi de$ of Qﬁ@%@h&@pﬁw@%@zgﬁ&ég clagrg daBeigin the aylgast gne sct of

l'i t hogr apmkqna%pe% ﬁfagﬁeltﬁmﬁgﬁte@b&emﬁe%ﬁ artYRBIR 101 b B0 PAU RS dige MRAE

i
of cobalt i1ron. hographi T apparatus according to claim 1, erein
t he car r fages dfghe mogidtgovas dubtstantially theatentizdstighthr ee sets of a back nmass and
magnets, each set being placed along a respective bisector of an isocele
triangle. 13. A lithographic apparatus according to claim1l, wherein the

set of back mmss @ﬁ%d@@mﬁi%pb@uﬁlau&ﬂdin@tt@cﬁahﬁ 1C¥hEeR thé BOBSS ond ébt oA
| i t hographi c apparatus according to claim1, wherein the back nmass is glued

ont o t hebaskgiass and magerinisclelmited by carrier wall parts which extend to, substantially, a
front face of the magnets.

6. A lithographic apparatus according to claim 1, wherein the at least one set of
back mass and magnets is delimited by carrier wall parts which at least cover more than half

of side faces of the magnets.

7. A lithographic apparatus according to claim 1, wherein the carrier is
configured to cover at least part of a backside of the at least one set of back mass and

magnets.

8. A lithographic apparatus according to claim 1, wherein the carrier is made of a

fiber reinforced plastic material.

9. A lithographic apparatus according to claim 8, wherein the carrier is made of a

carbon fiber reinforced epoxy material.
10. A lithographic apparatus according to claim 1, wherein the back mass has

dimensions substantially corresponding with backsides of the magnets the back mass

connects.
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15. A lithographi c apparatus according to claim1, wherein the actuator
conprises a sub-carrier configured to substantially cover a front side of
the carrier and the at |east one set of back mass and magnets. 16. A

| i t hographi c apparatus according to claim 15, wherein the sub-carrier is
made of a fiber reinforced plastic material. 17. A lithographic apparatus
according to claim 16, wherein the sub-carrier is nmade of a carbon fiber
rei nforced epoxy material. 18. A |ithographic apparatus according to claim
16, wherein the sub-carrier is nmade of a ceramic material like Silicium
Carbide (SiC). 19. A lithographic apparatus according to claim 16, wherein
the sub-carrier isa |fiRd@aic B@YcCordBleqb IcBlim1i kB I

(A1208). 19 20. A Iithogggbhﬁgﬁapparatus agg%%gﬁﬁgﬁfﬁmg%g?%%%%?%ﬁﬁg%g?n t he
sub- car r pEeobil ironade of a carbon fiber reinforced expoxy material with
metal stiffeners. 21. A lithographic apparatus according to claiml1,
wherein the actuator further conprises a second magnet subassenbly, the

el ectrical ly tonduglitvgrahen@iparadl dtgordin!ie cReE adwhelene@s chdiier fsi r st and
second magnet subassenblies. 22. A lithographic apparatus according to

cl ai m 1, coppigiesdrio caay af leed threasatyof acmel geass ord wpenaiheaghsehbeing placgB. A
l'ithograph J 4 im1l, wherein the first part is
coupl ed Bpgggﬁngﬁ s¥%§?§9?2%1%8%%@¥%%g§Upport and the second part is
coupled to a long stroke nodule or a frame. 24. An actuator constructed

and arranged ;0 produce a_displacenent force between ~a first_and a second
part to di splhte tfhgit qgraphicappaeBissserpnede claands Wsére%ndh@a%wféwépas& he

act uat or 5, LONPEeR {9 Blued ifth R ¢ glegsubassenbly, attached to one of the
first and second part , and con?igured to provide a magnetic field

substantially perpendicular to the direction of the displacement force;
? In (rj s? : aﬁlject £ al lzf}( li(f‘l'loorg];(rjalf)%}cl a}/p%al% %%ggrdin%tt}) C apn? , &,Ber%{?ﬁhg %Qc?(rmgsrs]?s &Ee& he

onto the magnets it connects.

15. A lithographic apparatus according to claim 1, wherein the actuator comprises
a sub-carrier configured to substantially cover a front side of the carrier and the at least one

set of back mass and magnets.

16. A lithographic apparatus according to claim 15, wherein the sub-carrier is

made of a fiber reinforced plastic material.

17. Alithographic apparatus according to claim 16, wherein the sub-carrier is

made of a carbon fiber reinforced epoxy material.

18. A lithographic apparatus according to claim 16, wherein the sub-carrier is

made of a ceramic material like Silicium Carbide (SiC).

19. A lithographic apparatus according to claim 16, wherein the sub-carrier is

made of a ceramic material like Aluminium Oxide (AlL,Os).

19




second parts and placed near the first magnet subassenbly, and confi gured
to produce the displacenent force by interaction of an electric current
carried by the electrically conductive elenent and the nagnetic field, the
first magnet subassenbly conprising at |east one set of at |east two

adj acently placed nmagnets oriented such that their magnetic pol arizations
are substantially mutually opposite, and a back nmass made out of a
magnetic flux guiding material and connecting the magnets to guide a

magneti c qux her et we rein t e fir ghet subassenbly .conpri ses
a gar rier ’ﬁ%%f H%écg‘??é’f’{a@lschﬁ% E’ﬁlt@idrs?ﬁ”ggt‘@h?rﬁllnt % PHO-CRRHEL I

conpri si ﬁﬁd@@)f A @eﬁ‘@én The rélﬁf’(ﬁ"@eﬂ dxPoXPhafribNGitRinctf 3fffencpf® St of back mass
and magnets is enbedded

21. A lithographic apparatus according to claim 1, wherein the actuator further
comprises a second magnet subassembly, the electrically conductive element being

iterposed between the first and second magnet subassemblies.

22. A lithographic apparatus according to claim 1, wherein the electrically

conductive element is a coil.

23. A lithographic apparatus according to claim 1, wherein the first part is coupled
to the substrate table or the support and the second part is coupled to a long stroke module or

a frame.

24.  An actuator constructed and arranged to produce a displacement force between
a first and a second part to displace the first and second parts relative to each other, the
actuator comprising:

a first magnet subassembly, attached to one of the first and second part , and
configured to provide a magnetic field substantially perpendicular to the direction of the
displacement force; and

an electrically conductive element, attached to the other one of the first and
second parts and placed near the first magnet subassembly, and configured to produce the
displacement force by interaction of an electric current carried by the electrically conductive
element and the magnetic field,

the first magnet subassembly comprising at least one set of at least two
adjacently placed magnets oriented such that their magnetic polarizations are substantially
mutually opposite, and a Back mass made out of a magnetic flux guiding material and
connecting the magnets to guide a magnetic flux there between,

wherein the first magnet subassembly comprises a carrier made of a non-
magnetic-flux-guiding material, the carrier comprising at least one recess in which the at least

one set of back mass and magnets is embedded.
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