LI THOGRAPHI C APPARATUS HAVI NG A LORENTZ ACTUATOR WTH A COWOSI TE CARRI ER

BACKGROUND Fi el d [ 0001] The present invention relates to a
| i t hographi ¢ apparatus having a Lorentz actuator and to a Lorentz actuator
in general. Description [ 00021A |ithographic apparatus is a nmachine

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 manufacture of integrated circuits (ICs). In such a case, a
patterni ng ddJTHOGRMPHIC AP BARATHS HAMNGrALORENTL AGEUATOR WITH A

reticle, may be used to generat [ It n to be formed on an

i ndi vi dual Yayer of the ?C. Thigx%g?kgﬁﬁbé%%ﬁgi ransferred onto a target
portion (e.g. including part of, one, or several dies) on a substrate (e.gqg.
a silicon wafer). Transfer of the pattern is typically via inmaging onto a

| ayer of BAGIKEREHNDensitive material (resist) provided on the substrate.
In general, a single substrate will contain a network of adjacent target
portions that are successively patterned. Conventional |ithographic
appar at usFiehcc| ude so-cal |l ed steppers, in which each target portion is

irradi ated by sing an entire pattern onto the farget portion at once,
and so-cal | ed @Z)Eﬁ,@}%quﬁnﬂ,\;ﬁi‘/e&tl%ﬁeﬁ,at@aﬁ@@thtl&ﬁr@p@ﬁ 40P af ptyg diaxingga by

scanni ng £ henpPAdiRiid: bW AN AchBdbetd A iRGRALLL @ g ven direction (the

"scanni ng"-direction) e synchronously scanning the substrate parall el
or anti-parallel to this direction. It is also possible to transfer the
pattern fromthe patterning device to the substrate by inprinting the
pattern olﬁ{:%crf ¥lsubstrat e. [0003] A lithographic apparatus of the

type descri bEd[OﬂbﬂV&HﬁGg}eQM& BpPardid istaym@bhRCtHAL £5iek o aPQRdd hoRiRY 2
part of the apparatus. Such ac}t)uat ors are applied for positionihg a
subst r at eontalsl subsiraparasuelly antd 2 targetipoionof shepybsrgar A lidfographik! urmi nat i on

system Orap%)naxfat%tshc%ql bbe(’j‘{léeé),ffort Q)?anllri)ltet]{)ngtrh%pmhilr(fufggﬁl% %%Pn%égr\z/i\itlé[cp citrpliitss’(las)hi ghl'y
In such a case, a patterning device, which is alternatively referred to as a mask or a
reticle, 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. 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 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 acconplished
with the aid of a Lorentz actuator. [ 0004] A Lorentz actuator

i ncludes an electrically conductive el enment, such as a coil, and a magnet
assenbly. The nagnet assenbly produces a nmagnetic field which interacts
with a current flowing in the electrically conductive el enent to produce a
Lorentz force between the electrically conductive el enent and t he nagnet
assenbly in a direction perpendicular to the direction of the current flow
and t he magaettcrd atdtedpaitidniag ispdd siied, Whiihcialdeyi et dily avagnailisasd evithl the aid

i ncl udes af | east one set of magnets on one or on either side .of the

el ectri caPt § LOBSRIGACIALO%el enent to produce an approxi matel y uniform

magnetic fiel diggapad or&if- GeREkS htlideORAUGtQicalihé IRRGE ePéﬁ@rﬁ?%ﬁ(ch as

includes a back iron for guiding a magnetic flux fromone magnet to
anot her . Theilpawk aimagndtsist emibd Theons gn etedt sseidlly piaducks ghmaggetet field

saturation.and |s | ocat.ed on the outward sjde. of the nets. The back iron
o typl cabtihinlga R E sBRenChr tiadR e BlGioBly SREPT TPl eB Byt ant f al
part of tpediRes Dorehheforéd Vedwfenald dlSctAcARUTRIuefivd etn &t Bldftheiaeeti n
t he notor. [0005] Currently known short stroke Lorentz actuators use

t he back p#wmblytin @rdisection gerprndidrdanteghetdirectipmr! theorroans femgaed theo t he

ot her, bu uct. canlier. Far I S kno ack irons._are
const t uct B taSfe BRLuELRIH. Bonfat U meRR AP BPE” G 0 BRE S

[ 0006] Howkwedgndts 0A ode @ISEifietsidnal theadlédttallibé@iduative sldneémtoand | eads
to heavy actuators, which |eads to | ess accel eration and thus |leads to a

| over t hr BRRgHSEEN FRIFPRSARY ainifor ragenaticciald permey tharrdectirl woduetey of
t he k“O‘AﬂTﬂgl&Jﬂgagn;t%& %s§é}981ry§nﬁgdé£fafbga‘éﬁqrmﬁo§ggfdgﬁa%ﬁé{?@ﬁﬂ%mfﬁ&n%def on when

heat ed, beca he noto ats up, is und [ 0007]
It is desiaghketoaindthas Thpdrdckyiraaviefoaned fibe alhmter alewith bighdneghedd s of
conventional actuator or .to provide

: a .ysahl e alternatjve. re.in
parti cul atdtPEatos Qi‘éjsﬁsri%%tédt"&}t P OPHErSiflf © H&r@aspewaabsﬁl&&ggr% ih a
Lorent z aghpaliplarB@¥é Plevint ST LGRS itUbhsiRtd L3 SubltaRBAI Y MBPER Rhsd he

actuator.
of the actuator and is a source of loss of efficiency in the motor.

[0005] Currently known short stroke Lorentz actuators use the back iron not
only to guide the magnetic flux from one magnet to the other, but also as a structural
carrier. For this known back irons are constructed as substantially flat iron plates with
magnets glued thereon.

[0006] However, iron as constructional carrier material is heavy and leads to
heavy actuators, which leads to less acceleration and thus leads to a lower
throughput. Furthermore, the dynamical performance and accuracy of the known
actuators should be improved. Also the expansion of the iron when heated, because

the motors heats up, is undesirable.

SUMMARY

[0007] It is 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 enbodi nent of the invention, there is provided a

| it hographi c apparatus including an illum nation system configured to
condition a radiation beam a support constructed to support a patterning
device, the patterning device being capable of inparting the radi ati on beam
with a pattern in its cross-section to forma patterned radiati on 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
t he substrat e; [G008] Ancadingaoan embstinuaited thathvantiamgtedrd o povidedea a

di spl acenent force between a first and a second part of the apparatus to
di spl acenﬁﬂil@gffm@% appgratec e diphan diupanphen 8y stemagqnfiguresl WM HiHe? . t he

actuator | adi t,l ' t I to
one of thEFH Tk Be 4 SEBRE b gte MR SEpp o 3 AR NAERRE TR e BRI
magnet i ¢ fleekd bsulgscamblabf impetipg bl cadiatort bedrhevidi a patteoningfs ¢roes-

di spl acenent . force: and an electrjcally conductive elenment, attached to the
ot her - onesBitiqrH e Tpim & bafiangt Eiptiihbe i SonbSlplicrBlc e fi B Haar « ne
first magpelstrdibas pesfetiion $RMEMBInEGuid ﬂ%{jﬁ@}&?tﬁe‘”‘ﬁat@érﬁ@ﬂ A@HEGH bEemce by
interaction of an eléctric current carried by the electrically conductive

el enent anator htargagpertips of iled substiate;f and an paraéer nstrasEdpind amangel fy at

| east one_set qof at ] east adj acent | | aced magnet s, ori,ent ed such that
their magRaiiue® dofiapleaiiesh thef PeBTEGt aXiel e sERART b5 ShpEthiEer3ton
back nassdipHReqkt fipdt andR@oatiapphakatys purdiremtivetCendh ottd, GRMBEAIoRY t he
magnets to ?uide a magnetic flux there between, wherein the first nagnet

subassenbinglyding peleast & firsi apagnes system pyleesseady.caftached 4o one of the first and
€ y T e . e ) _
oceae i nidgtiid piiz 8P AIRAS, LR OF (FBITIEL 2 IMELHACHUE D SRRRRNS

[ 0009] | nperlp@hﬁ'ﬁ:lulzﬁgb@ld% deadticaf oi}jthe displeaéﬁmem, fotcrldeeraiadim aeowifcdmzl aB

actuat or constr.uct an arrange to roauce _a is acenent orc etween a
first andc%fl‘g’é%ﬁ&?%?‘?t» aftaghe Wpf&reaﬂtggr oe gf s é&é&“@_ ée‘%‘-’tnrd_si’aléﬁgﬂ?econd
appar at userl]lgj_?efrtaﬁlsr @A(ﬁéfa\é@d B%ﬁﬁfl’%ﬁl%{ Hﬁ{gﬁle{ b&b z?‘s%te%l?,rcdn'ﬁ%#l% f&%rog{lcé RSt a

first mag syst em Subasse attached to one of the tirst ‘and second
part of tdisplappareat fixce bynitiegantien dfanpelevirdevaremhgaetddchy thel dlestubsliyant i al | y

per pendi cul .0 the directjon of the.displacenment force; and. an .

B eotr catiylueliauc b b oea oo duEnBoBY et tairse BP WELiRBEt and
second pafehsOfnd H&t &pﬁ%é’stt‘fy%oaa'@lﬁjao%'nﬂ%ﬂ‘a&%ai'ha%ﬂ@tsfdr[e?ﬁted@ﬁé}%ha% whassenbly,
configured to produce the displacenent force by interaction of an electric

current capghelc bylarinetiel searterJubatdntially meutorily eped steeand ankla dkhm asngretd ¢
field, the first nagnet subassenbly.including at |.east one set.of at |east
two. adj actidy BrABER Mub RECE PR Ldn FoRPErdte IHiaRReREs Bude o

pol ari zath@phetdd Sub tHegt Bt &b, YwhereipthleiroPRagh éesubaRdem bBpfistheBRsrdrBde out
of a magnetic flux quiding material and connecting the gggnets to guide a
magnet i ¢ fFlydes Wecraénsletrméém,utwﬁerrannmtaﬁeem-ﬂgx-gmgm@maé sHengsrgier

furt her mogg. el HAES. @ CALLESE L IRARHYL 91cA 090 TRGPRLLE e au ding.

mat eri al Frier 1nc g a east” one recess in I'ch™t éast
one set of chesdddwdss and nagnets is enbedded. BRI EF DESCRI PTI ON OF THE
DRAW NGS 0010] Enmbodi nents of the invention will now be described, by

way of exanpl d080Fn agpther eapbadimeat phtheHav erttnpergilh graddehaniactuntani ngs
i n which . ngdi oh-S..i.ndj r [ ris, and
i i oh: S REOH Gk ol ROGRARKE A0Sl DEERN BrEPBeErRad g AT DG
to an enbedomdnpamiofbheppavans te@displace the@R2dndsgpond dhiraws patsarelative
schemati c crgézyﬁection t he Qoafiguration of, a Lorentz actuator according

to an entBdAfEMneh hhaciairsinsladingnal kashg firfanasfievsien sepeas samply,
cal cul at eg;fcREdkhione e B Ahi¥tcond 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



[0013] Figure 3 shows in perspective the above positioned set of back nass
and nmagnets of Figure 2; [0014] Figure 4 shows a nagnet system
subassenbly with a conposite carrier carrying several of the sets of Figure
3 in accordance with an enbodi mnent of the invention; [0015] Figure 5 shows

the carrier of Figure 4, [ 0016] Figure 6 shows the nagnet system
subassenbly of Figure 4 with added sub-carrier in accordance with an
enbodi ment of the invention; [0017] Figure 7 shows two nagnet system

subassenbbtesndpartiofthreapp phtsethdplaosd neaotie Husottagnet sulzassenddynce with an
enbodi ment, of the invention; .. 0018] Figure 8 shows a top.view of the
mgnet | asSeRyrad 10 Arlics Bt diumiacmedhres © bRenstar of o8 IS PEASH ong
the |ine Eakiddbyih@udlectchlly @&ﬁﬁfcﬁa@%ﬁexﬁutmmmmagﬁmemft_htehﬁ_stl MY eREH ON;
and [0020] Figure 10 shows an enlarged view of the detail Fin Figure 9.

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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] 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:

[0011] Figure 1 depicts a lithographic apparatus according to an embodiment
of the invention;

[0012] Figure 2 shows in a schematic cross section the configuration of a
Lorentz actuator according to an embodiment of the invention including the magnetic
field lines calculated for this configuration;

[0013] Figure 3 shows in perspective the above positioned set of back mass
and magnets of Figure 2;

[0014] Figure 4 shows a magnet system subassembly with a composite 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;




[0021] Figure 11 shows a magnet system subassenbly with a conposite carrier
carrying several of the sets of Figure 3 according to another enbodi nent of
t he invention; [0022] Figure 12 shows two magnet system subassenblies
pl aced opposite to one another in accordance wi th anot her enbodi nent of the
i nvention. DETAI LED DESCRI PTI ON [0023] Figure 1 schematically
depicts a |ithographi c apparatus according to one enbodi nent of the

i nvention. The apparatus includes an illumnation system (illumnator) IL
configured to 8] Figore 8 shawisat toprvibeafitle: e gyet Bvs emabliyatfifignrof; any ot her
sui tabl e radi atj . a SHppart structure or. suppor.t pattern support
(e.g. a mask tLdDOquiFII%ﬁlr%gns ract %r&)sfSegﬁ%rb@rotnggﬁﬁgflfg’ﬁilﬂgl%@i c® (e.g. a
mask) MA agebrdenteaitBichd Omdolini&it ofe1sd inveniio® 4ryvi ce PM configured to
accurately position the patterning device in accordance with certain

par anet ers. ThH03BbBigyre 0 shewsiancenlawsdavigwipdthadetaildbineFigarey?. a waf er
table) WI or " . " trate .g. a
resi st-coated &g? Zﬁ‘%\%a?&geggﬁﬁé‘c‘?’ggﬁ%‘{)%@gc%%&g%r&b&Vg‘lrt:‘?%gc © é)volsé:tg PW
conf i gur edarrier asevihgtselvygrgesilid oststdfFigitbt 4&doeding tacaotitkrremeboditnencef t ai n
par amet era}. .The apparatus further includes a projection system(e.g. a
refracti vE'SIFSP™4 Y on | ens systen) PS configured to project a pattern
inparted to th i34 i i t
porti on C (. g PEEH U AL SEaMS B in Bt Sy ReR s PRl e A Pob HE'o
proj ect i oongysoier RBaceordappowitbcnotha ane @disreme of thentav &ftion. [ 0024] The
illum nation system may include various types of optical conponents, such
as refractive, reflective, nagnetic, electromagnetic, electrostatic or

ot her typpsTaLEDIDEQCRIPIRMQENt S, or any conbi nation thereof, for
directing, shaping, or controlling radiation. [ 0025] The support
struct ure hol d9023idigare bsphergateallyakepiots a lithegrap hichap adefue rrdsonting he

B N N R ST

pat t er ni n@luheivibee) ILscdiflgird NtAcHRRET @AFLTiON B A B (88, SNPARN dtio sruaiyr e
can use nechanical, vacuum electrostatic or other clanping techniques to
hol d t he Yfher eyiabheralivlien), a THEP ST FHUCUrs 1Or SEPNPE of@pttB sulfirahte. &ra a

table, f i e fixed vabl e . [equire upport
structur grhﬁg%(/@c{eggé)ﬁi‘rdg%%put e tléastupg)éﬁi anggtaée}gllm%eé?evs}ge;{e'g %gg}@%%%g?t ion,
for exanpdennwictdil toes fiest pobidiohing duvigeePM edhfipsé® o adniratébepoditibhend er ns

"reticle" or "mask" herein nay be considered synonynous with the nore
gener al tRANFMIZGdeN}Gs ingpcgeid dee with certaipguyametyrs. The apppteepliong devi ce”

used her gLa,gboYyl FivkE R QRN gq[ Fné Wa?érettaﬁgl) ﬁ’?groggﬁﬁgtﬁge tsQP d " dSvReddhat

can be used to inpart a radi on beam w ernin Cross-section
so as to torheht e sabpahtesfeng.i nrazistangedd wafdr) Bhand coheestelisé madezontdt shoul d
o the radiation bsg]%m may, not exactly

corr ggggrpy;ﬁ_ﬁwngr;;ggd der Pol Jﬁgﬁgﬁfﬁeﬁdtpt&%@t?larwﬁ%ﬁhﬁ SRt CaEtATCAt €,
nasi ot T e, T s P e B B w1
cor r espondfractive pajedtionllens system) Fratonfegeed ito peojdetvd pattdraiimpactedad éhle i n
the tar g%tadi%gg}l ib%gfn ﬁ"{)cyhpﬁ?er%ﬂlgi (Petv? erlefAegnt%i ar galil'iggt' portion C (e.g. including one
or more dies) of the substrate W. The projection system PS is supported on a
reference frame RF.

[0024] 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, for directing,

shaping, or controlling radiation.




[ 0027] The patterning device may be transm ssive or reflective. Exanples of
patterni ng devices include masks, progranmable mrror arrays, and
programuabl e LCD panels. Masks are well known in |ithography, and include
mask types such as binary, alternating phase-shift, and attenuated
phase-shift, as well as various hybrid mask types. An exanple of a
programmabl e mrror array enploys a matrix arrangenent of small mrrors,
each of which can be individually tilted so as to reflect an incom ng

radi ati on beamlQ025HTh¢ enpport dirnetwré bokls tib@attetrtieg davice on 8 mapeertthat patt ern

in a radiation beam whi.ch i.s reflected b he mrrqr matrix. .. .0028]
The t er m SpPETaEER e SERalitn GE i RafSnedi G he derERatyt Hibeemeieq as
enconpasshpgaafys, tavideothér f5iie6ds, @AcKH %S tfeNex dnhglleUph dtflef 8f AG¥Ghe YRtterning
reflective, catadioptric, magnetic, el ectromagnetic and el ectrostatic

optical s§8viemss held indyvasanpl paYirummenel Bofsuppert sppeope can aisponeeltnaical,
e € P R I8 e S N LGB0 (REBRPRALTSHEE, oh, "

i mersion [iquid or u roj ection
| ens” her &ho sopponstruonst dedeble asra&onYTAbIE, Mridx ablite,Whieh geaebalixtébm
"projection systeni. 0029] As here depicted, the apparatus is of a

transni ssfpya [ ede il oG TiastTHCARIS N K e 8UtPediR} theapatearaiaei dedise ist he
appar at us (Y ebge dho ];iﬁﬁft}o?%ﬁhﬁﬁgbé%flﬁréﬁjeg:tt IR S0 dioR BSQH BTPRLE of 1T or

array of a type as referred to ove, oOr nﬁfoyl g a reﬁ&ectlve na§§).
[ 0030] Ththel tiette§retjmhd’ cordimpaskitiies eimay a i & e afonai diey i s uaon yngo uswwith duamost age)
or nore substrate tables .or "substrate supports" (and/or two or nore mask
t abl es orge%ggﬁugﬁbﬂHWFgm?gdFN“@uch "nul tiple stage" machines the

addi ti onal tabjo@36ThSHRROF RN e RRvIERe skl HR2LiR! dhBlild BE bRS RIPA[ALPEYedt EPS
may be carried out” on one or nore tables or supports while one or re

ot her t abteseloring foport devagethneicay besex df torimgapios tadéation beam[vifB4 pafthm

| i t hographi.c apparatus m | so he of t ype ,wherein. at ast . a portion of
the subet PretRES Bebd TR pedo §eale o e ib g e h ppBich oV /BF yunfghe I "
refracti vehduld®¥.ndted thddh&hatts@ iafarRditolthe 2aGRASE bREMNREY nohex HEtR) ecti on
system and the substrate. An imrersion liquid may al so be applied to other

spaces i ncamespondHedhedhbicedpptemtinghe tangeeramionef the sukgnatehior pastopdnd t he

projectio rsion teshniques can be used t.o increase the

nuner | cal R ind P % B e B BB R PR G el

herei n dote pwterirg@paittddito theStadimtion s ans welhc@Se pondst 4 phiculi Siindd@nal
subnerged in Jliquid, but rather only nmeans that a liquid is | ocated between

the proj e@¥fion sgetieembsig ensatesiipdhe srgetineitiog, sxgibasea integrated circuit.

[0027] The patterning device may be transmissive or reflective. Examples of
patterning devices include masks, programmable mirror arrays, and programmable
LCD panels. Masks are well known in lithography, and include mask types such as
binary, 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.

[0028] The term “projection system” used herein should be broadly interpreted
as encompassing any type of projection system, including refractive, reflective,
catadioptric, magnetic, electromagnetic and eleétrostatic optical systems, or any

combination thereof, as appropriate for the exposure radiation being used, or for




[0032] Referring to Figure 1, the illumnator IL receives a radiation beam
froma radiation source SO The source and the |ithographi c apparatus nmay
be separate entities, for exanple when the source is an exciner laser. In
such cases, the source is not considered to formpart of the |ithographic
apparatus and the radi ation beamis passed fromthe source SOto the
illumnator IL with the aid of a beamdelivery system BD i ncl udi ng, for
exanple, suitable directing mrrors and/ or a beam expander. In other cases
t he sour cethrayfadsersasudchnasepeals epafr an mimehsgon liqkidgr dphuse ap paragtum, Ahgruse

| e whep the source.i | anp. Th SO and th
11 umi nat 8F e tSro BEREIOTIRR BREF b B Wo vy <dya SomsMas Buiied, nay

be I’efel’I’ﬂd)rE%eﬁéra@.té[ﬁﬁi‘ﬁb_;éyﬁoﬁ)@g%”. [0033] The illum nator IL may
i nclude an adjuster AD configured to adjust the angular intensity

di stribution of00RALAS heradepiatade i amearatus isf adrarserissive epeo(e&r and/ or

i nner radig| referred to.as, a-quter and a-inper .
oapect | vErPSHE FusSATERE AR} SRR S BBh e i B OEF Fefsstive

i 11 um nat gypeqarly. kenmdyidg taeskogtamaddld iddor 4@y bf 4 Wpead Adfetrbd BRYbOVE | drde
vari ous other conmponents, such as an integrator IN and a condenser CO. The
i || umi nat BMPR¥NSE redesdiveanedildi tion the radiati on beam to have a desired

uni form ty andyg i £ | ShE i Nl 085S~ i 4]
The. radi ati on MOOFER Eofl ki LM Aok R G ORDIRIEhe (dnal staglBF
whi ch i s imelrel sobsttdte tshippor t'swistiate suppdres"dandfvasko toalbh@l Mlsk abtes er
patterned, by the patterning device. Having traversed fhe patterning device
(e.qg. nasl%}lgm,S“HFEPé'tsr)a&‘iléP&bnmb‘it}iﬁ? Btaﬁéséfé%c}]ﬂﬁso@@kﬁqcﬁ'ém}ﬂ?&}}%ﬁ Pbn system
PS, whi cheffed#8ema} Be RRAThPU A SB35k RONILORs faSfhd BERHRR bAlgh Wy WL
the aid o? t he seg%nd posi t?%ni ng d%f/i geraPV\;,an posa?/ttl’ on sensor TF (e\é¥rg. an
i nt er f er omere tablekevi seppdrisnehile ene oderorentivapablesiorssuppngsye being wuddst r at e
table WI' gan_be noved accurately, e.g. so as to position different target
portions C'iAPPHE®path of the radiation beamB. Similarly, the first

posi tioning dejioge Fd mﬁegaawm%paeﬁistmgp aBRBOLST o M SHhefein @l 1@%Phi Citly
depicted in Figure 1) can be used to accurately position the patterning

devi ce (epeftiopmsie sbsifate mashecoversdithyea hawid hafvinghe relatively hegh tefaetine

e.g. after chanjcal retrieval from.a mask |ibrar or durin scan. In
General | VEER WERx, FERE IS D reRF R ATREN 1 B Hiction sttty MiRemy be

real i zed wishratdAmirimefsién lighig-Hhy ako uY hyslioddWiBed §RAesan @RSI ti oni ng)
and a short-stroke nmodul e (fine positioni n%zq, which formpart of the first
posi t i oni HBogr@phiceammaratyspiqr gxiapl epchasyrepn thy mask andoderpipiection sEstem. or
"substrat y j i - st I

short-stro @&ﬁg u{eg}l |e(£:)$f‘a¥l g[jraeln%l %e:&rj'i&li?jlf; &%ﬁg dégc%gnnﬁaer%gis( ?P%‘%&r&ﬁ\{;ﬁfﬁo? he
case of aytappeTheasrmofipmpetsidy’ as acadherdin does aoppyan thht BGtuceirée. g.
mask table) MI nmay be connect}ed to a short-stroke actuator only, or_may be

fixed. such gsopsBpstrateopiy st be skEMFr &b ik b utsather walerenys Hhas align

not or, f SXALP i i MP is fixed
to a macﬁigrlle fra@%ﬁﬁgﬁﬁplﬁgg?asgﬁt}é@ g%%ﬁ%?‘é%ﬁﬁ%g tl?iglkle(%hgggrter'oke drive
nmodul e LS i s [d00323]RefeminghtodFifurest, thetllwifinatir [k rGRIvéshatradjetien &t emafrémr ce

when a current.is sent through the cqils SP1. The force can levitate and
move t he 3 GHEAHAY WRECESQre mﬂr&e@@%é% ASRPHE GREATHP A IANRE SPRrate

substr at eerﬁtﬁ@k,efoy\@xﬁﬁpr@%ﬁgn\ﬁﬁé BofiR3INEGH &:RirhbElak8N9n %EEH%%S@QQHE Qofifdeve LS

with the aid of Lorentz actuators i1 ncluding a second coil SP2 'and a nagnet

M5. | f aisopt emnsidereddntfotnhpactgif théthogcapide epp braiP? aad tloe cadiation beam is
gener at ed between t.he | on roke drive nodul S and net rovided to
t he substpragtggg\?ra%'? e\/ﬁouchgﬁséué(l’ @%@EW‘?%W ﬂh‘@ﬁgt&b“s?‘:&a‘f%&??ﬂm “¥The
subst r at gykah @D%cﬁﬂmgzqoﬁ@yﬁﬁprsﬁi@abiwir@eﬁ;ﬁg%ﬁﬁn&fs dfoedomears Y. Z RZ

RY and RX) with respect to the long stroke drive nodule LS. [ 0036]
Pat t er ni fgpaade: én pthey cagas khe Murgadnaybs tanante gndlneart bethel lithewrdphisi ng nask

| i d sub l.i K | . h h
ubStra arREfsader KErRL BURAE S itan TONETBitP o The abier 0 WA on.

they may be | ocated in spaces between target portions (these are known as
scri be-lane alignnment marks). Simlarly, in situations in which nore than
one die is provided on the patterning device (e.g. mask) MA, the nask
alignment narks may be |ocated between the dies.




[ 0037] The depicted apparatus could be used in at | east one of the

foll owi ng nodes: [0038] 1.In step node, the support structure (e.g. nask
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 C at one tine
(i.e. a single static exposure). The substrate table WI or "substrate
support™ is then shifted in the X and/or Y direction so that a different

t ar get poillubomatGr Hamo deeh exwiol dice b éamstediperyodeterh BD ifreqaived, sh ze b ofrefiehed
exposure field I(i:l.m'.ts the size of the target portion Cinmaged in a single
static exfodUAE2AOBSBTCHL | nh scan node, the support structure (e.g. mask
table) M or "[va3l| BMPRAkdinatePH. G i8UBSE LAt IS &D\%nﬁgur"e%%%cfﬁstﬁhe
support™ are scanned synchronously while a pagtern inparted to tf]1e

radi at i onam@ldmin@ermitaj%ﬁtib@tiwnoﬁtha radiagien bgemt. i(meneally, a¢ least gherghter dynani c
exposure). The.vel oci.ty and direction of the substrate table WI or .
"subst r at B*YGpPELt Fa¢el S PV OB HY SEHFPSHC S8/ UELIT @l YehasRPEIBIY Mr
or "nmask seipRGHen sHRYisRbWBhEA N MG Mi¥nd BEHeARuhIBIN {4:C8¢E hafhsahid th Mage
reversal characteristics of the projection systemPS. In scan node, the
maxi mum saddition, thhdlvexipesu il nidyeindludievatious loth e adinkp qriemts, seichas-acanni ng
direction) of the.target rtion, dn.a single dynanm c_exposure, .whereas the
ength or isatel TN aHor P e Hit- QLR ErdoRRg RS v T s it

di rect i onyad@ftidnlteandrtgaiavieds dedred uniformifydiGhtehsity dagbheyn inpge, the
support structure (e.g. nmask table) MI or "mask support” is kept

essent i al ¢rpsstsgeii@hary hol di ng a programmabl e patterning device, and the
substrate tabl r. . st r.at PROLL" IS ve [. scanned ile
pattern irrpart@g%oﬁ} rg%?% 'a ?ag%ﬁélgglgﬁ:l?gmp?nofﬁ% %ffc%gln o A target mpagf%? ion
C. In thi MAyedech geretd ahltle 3uppibisedutiaed o¢.Qmn Skrabk:)INT 4l Byedtedned bhe
programuabl e patterning device is updated as required after each novenent

of the sulhstiadiesningiesiopr Hevingdipearsed thespipsning davic (st Radh Mde thsssi ve
diati . . - . .

R B R

devi ce, sath atargetproogemdnafithe substrate W Math thie @d oy dee ascanelf posittehihg above.

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, ¢.g. after mechanical
retrieval from a mask library, or during a scan. In general, movement of the support
structure (e.g. mask table) MT may be realized with the aid of a long-stroke drive
module (coarse positioning) and a short-stroke module (fine positioning), which form
part of the first positioning device PM. Similarly, movement of the substrate table WT
or "substrate support” may be realized using a long-stroke module and a short-stroke
module, which form part of the second positioner PW. In the case of a stepper (as
opposed to a scanner) the support structure (e.g. mask table) MT may be connected

to a short-stroke actuator only, or may be fixed.




[ 0041] Conbi nations 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 sanme actuator is partially shown, in
perspective, in Figure 3. In use, the actuator generates a force in a first
direction (or its opposite) which nay be used to drive a short-stroke drive
nodul e for positioning the support structure (e.g. mask table) MI or the
substrat e t abl H033] Adongstraresdryemodule b iaarrmfsérbygar plaper motor, Forgaxaeile,

this first rect optal dir n the plane of t

Fi Igur eI THE Igé?rgb St @cﬁfggé‘lé &"?%&ne:’ﬂré’g"’ﬁ%méﬁp\?@’é ?Vaf?’lr%[: E%Sﬁéhl?‘ﬁagnet
subassenbhmo@ﬂapa%apﬁara@%ﬁi thle 18R sBok®ldrive Inddfe LisN s fpr&HB&d With a ke first
and second magnet subassenblies 1, 11 define a space between themin a

second di peicaficods SPdr thehaprenate atfercenshen psurrgnt Jécﬁtqnéﬁlroﬂfgb teorpilo3Pis
| ocated i ghé %r%n%l : gqg?tatéiilng 11L9\964§1]e 1IH§G r%@'dnﬁ%:rﬁ)ondtlﬁe a orﬁ%l%}?]t e%@ tsecond

magnet subasse a nmag asse on t he

subst r at eplasdMP. waeogubtstrateswmmWT Bthootdl Wh(réslgectfmﬂke Ioallgl fjokidimb dulbe
driven by the actuator. The coil 21 is nounted on the |ong-stroke nodul e
(not showdyVeES with &llﬁé‘l‘é8§é°€?ﬁltéa§%%§tm%lwlﬂétaLﬁreéoPé @il TRZRd AFNAFUMT of
a wafer s r Sq dX (as
Geser | bod Spives PRERELL ARLERARS (pna R R ) P ThATEE dRSMIEALTS L.

[ 0044] Al bétoegh thhdonmgnalte dseenioldylaBy aalltres gradtiM B protid edol e shbtrat e

| ong-stro nd the caoil aon the suyb e t e or th sk table,
t he pr eseﬁ&%?oﬂﬂ% POSItPR the sikstraly t%‘?Li %&J’r%h? é&%tﬁtﬁtt%@esﬁga si on
of powver ﬁBde&%?'tb @s;kl §és>%rtee@ ofRlebdom XY, ORISRV BRA R0)ShithRapRlt RHpRSsenbl y

1 is conposed magnet 2 and a’sécond magnet 7. The second magnet
subassenblopg stroke drizs poediila giSy has a first magnet 12 and a second magnet

L Dy LR B BETE .l ATSOR LR i 0020
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 mode, the maximum size
of the exposure field limits the size of the target portion C imaged in a single static

exposure.




respectively. In each subassenbly 1 11 the back nmass 6, 16 is |ocated on
the other side of the magnets to the space that is defined between the
magnet subassenblies 1, 11. The back mass 6, 16 adjoins each of the
magnets 2, 7 and 12, 17 respectively in its subassenbly 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 fromthe space between the magnet subassenblies 1, 11.
The back mass @)039p2i s dmekenabbyeﬂhemm@pbn@nmenﬁe(e@uhumkyadb$hfbernade

out of an other et rial 0047] The coil SP2 in Figure
1;J, havi némf1 }&%‘gn"zﬂiﬁnﬁﬁ’?ﬁ?t? %?%’I%W;C\Hl |sr'|’b|§lr§§fr %H%O“ jae Isg bet \g/]veen
the magneg M@ﬁ@@sﬂ?l\ﬂhﬂé alpatﬂelfn(ul}@aft@d 'T_'J) e S dddtidwkdn? id ERJJ&Q@&I o‘ﬂto a

orthocycllc wi ndi ngs. Qther kind of coils are al so possi for
exanpl e f tArgetcpottion Crlie. ecingle lynsmae caprrade)s Udble viehedity ambdleeqttom@ th@cat ed
bet ween t Q&bst

"t s conpuntr e L eSBEREHTE SREPoT ST bHRS Fppapr Ay b0e e

di r ect i ongabllef Mmag "alQk §upPertSiybd Befer@iicd b3athet (e- )ﬂefg@ﬁﬁ@h@ncarnldﬁlﬁia%@ in
a direction perpendlcular to the plane of the Figure. [ 0048] The
magnet s i FevekEalichasactemhyics of dhripTrigetian w%?&ﬂmsggn Inocll_ejz the aaxien ed

such that L DerFRODE 6s(i1r9(ﬁleﬁlrl {Oe,n@ (e hibh sca 109)5 Belthfohh
By il UG Andlie abhe . st

magnet subasse 'S para magnetic po on” of the

magnet 12peoftiohlis aSsﬁéﬁ:gll dlyﬁagﬁ\etaxpcbmﬁsmh‘eﬂe;aslﬁe dértpth @f&mzlwaﬁﬁmg)mouon
perpendic lar to tge first direction, defined above, nanely perpendicul ar
to the di %%?WHWSd e@Wéﬂﬁ6FE@Cd@ﬁ@?@%éh“ﬁ?OEH@%QEﬁN§F6POHW%E second magnets

7, 17 are pref goghly orig gl%?’he?‘iﬁgdé hp}ees}liaﬁgﬁtsﬁggﬁé (€ oPRIAIE6E) NSoAT ©

parallel to on anot her anti - para i ¢ pol ari zati ons of
t he first"masgnsampit” 1&Repﬂ d:sswaha]ly stagiossiytiading ause gnagneibl € pattemurat i ons

uhlch o ey TRODeLl 260 MdEr SR anal g U Lhct e L, %, AL SR ik
a pattern imparted to the radiation beam is projected onto a target portion C. In this
mode, generally a pulsed radiation source is employed and the programmable
patterning device is updated as required after each movement of the substrate table
WT or "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 in Figure 1).
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[ 0049] The resulting nmagnetic field that this configuration produces, as
shown in Figure 2, includes regions of approximately uniform magnetic field
between the two pairs of magnets. The two sides of the coil 2la, 21b are

| ocated in these regions. Wen an electric current is passed through the
coil 21, the current flow through the two sides of the coil 21 is in
opposite directions. Therefore, since the directions of magnetic field in
the two regions in which the two sides of the coil 2la, 21b are |ocated are
al so oppoggtéi,rsttami fasood exardteubaps¢mhbli¢snvb, i deSnob sphee betwedilthiesn imat he

sanme direction, (perpendicul gr to both_.the. netic field gnd the current
Frow | CELESRARERA b pRsn el (e ) BRI, st isr i e O
includes gpgad.rier 25 which is made out of a material not guiding magnetic

flux. Wth this, the set of back mass 6 and magnets 2, 7 is enbedded in a
recess 26 in tHW42k ke epmbBratipheof the fifseands cexn @ mignigbshbags entdidsalckdi de of

ana magnetaits ragty &3S B RIUS Rt Bhitfe KBboc RE LR W ing AEPe0B S,
Because oftriidterd@ggahasitable)diing berdibaadas) the ddteat6AITHeéoilD] isaiduhR@ause

the carrier 25 is made out of non-malgneti c-flux-guiding material, it is
possi bl e B thlongndrokgane dyednepshav i Guindthera s fid fetuppert strugdurediers. er

structur ey, P14 ,J;Ba% , [ tributes
to the strlnfa}-ne%s %Mqﬁ?%g?{ri%r str ?t%ar%g.g’thf%tidsoaegglsolt@l%bleé%;égg%(gl%%@hi gher
nat ural fmedukny defsctibed abbua)t on.a Mtel sartias $enfohn e @fr baaey b Ethe2pparatuld.
enbedded back and nets 2, 7, rms a stiff construction. The
stiff constr uc(@%%I zﬁ&gggh{{ﬁgm%aés?@ 8y pHermativeivehe mwugigd op the | i ght
wei ght - Mefogblstoke Hho Fuls A%BThYRLASY tRBTSLb St @MYl the MESREGHId, hd Bfesthit €
of the art gnbgdierrent wherein the back mass al so needed to per’?}cl)rﬁnhe@1
carri er feandiguoaticand préfigsred seukadit farilitetesshe prordsied of pbver ahdrogeling\te tiredi ng
to an errbé)od' ment of the present invention, the back mass 6 only needs to
cover thenagnets 2, 7, and thus can be nade rather slender. Again this
saves wei ght, [0043)ITHeEMIEmMa@n Bl Q0L ssRRDY Dlig compeLed 3F b st ARAgh &iliand gads
to higher possible throughputs. Furthernbre, the dynam cal performance and
accur acy jesoadrsigrgtablrci saspodeanagnet subapgoshly Fr edreespiondinginbasarfirster i s

made out fier.reinforced plastic material, in partigcular a carbon

(' ber *r eifPeReiel? Eha o oA TR R AT, F a e Br R bRl PaeBeS0ERe) o
Al um ni urpddsiadent Aagdd)s. This provides for a high stiffness conbined with
reasonabl e costs. The fibers make it possible to optimze the stiffness in

desired directP8#d Baghdshe magney suhass ammblifisr bcltli nasap biagk mrasst¢.clbrat eri al

in a specikty j [ ﬁp‘ﬁd']{rﬁntt ryer. i t of a
mat eri al qﬁg{)/igcﬁg)eg?gékgﬁ f}hﬁ%s\?sver}r gni atb%ctlﬁﬁﬁggga?:glsngég{%g %Wea t?ler

Fur t her nide bf thesmpgsats b ehd op iBantliadd défnddiBeto@ehitBe nPakin @ fsuba SPdblied
havi ng a I(r)][\g g’ggfb];aigﬁi ent of thermal expansion. This leads to |ess

def or mat ilo RSl 1 adigusofacihel the myagnsts 2wihiand LA, W wkspectisly d

d e | '
1y her o bar RN THOAT: preforabl OReh, RAC e R T B e

only there to gui e ‘magnet om’one magnet acent
magnet, &nd auol hdtlheespetvelerTlor baek aarssicer! 6fprafdraloly tapérsi st lgassphtle, t o

ssoe s anlen 3 preel on Tor gu oine U rednel i LB ok
nor mal i ARk md&¥sS6,i 1b Fs%r@fé?@llﬂgsfohﬁecp%ﬁ‘l Bbfet %t%%%g&é%%@ﬁﬁiﬂlemﬁ%f%\ﬁ?n nor e

sl ender and to save upon the back mass material, ing to lighter
act uat or othdrgndgmefia matdrgher t hr oughput. For exanple, a nore than 30

percent |ight ator, i may. be achi eved havin | nost, .30 percent
hi gher natur aﬁ6Q%EHSﬁ89.2 I'I@g)t % lg'?%/lg‘f"f?aﬁ’ KAt V%Or%%eﬁg? Ea ﬁaa&éi @5 SRte i s
no | ongefin Rigk&bh) a8ISIREEbERE oGl rﬂagﬁeﬂub\asgeﬁ@ﬁeﬁ 9, COYRIS intighRINEL S,
and does not have to take the difficult shape of a carrier.

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
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[ 0053] Each set of back nmass and nmagnets is glued into its correspondi ng
recess in the carrier in an enbodi nent of the invention. This provides for

a sinple and solid connection. Furthernore the glue is able to fill up the
entire space between the recess walls and the set of back mass and nagnets,
t hus meki ng the entire nmagnet subassenbly stiffer. [ 0054] An

enbodi nent of the present invention is particularly beneficial where
several of the sets of back mass and magnets connected thereto are
posi ti onefirsadpdcentndmthgiret shibss enoblmsel ,drigtiewires thatiif is doenmyeddoimtaee t hat

t hese sets are .not shor ircuited with each. ot her, hecause,of the carrier
bei ng nadBe‘EHftndbCfuﬁ‘”trHB ﬁ%}h{%eu‘ifsbﬁlil Fﬁ@@%ﬁ’éﬁ“f%@s d%ﬁng& Ve LRSPEBP s shown
in FigurepighrdQa, It %HES 8ref b198Hi68 iR R BERAGH P en@icifarBINE HlHELGSHETDI Y 'S

shown wherein three double sets of a back nmass 6 and rragne;ps 2, 7 as shown
in FigureF®usg.e enbedded into respective recesses 40 in a conposite plate

shaped carri er /th this,. eac f the double sets,1 is in aced
along a res pec[ﬂﬁ)\g}g] ’gli;esrenc or _§S41§e[§? %5% inélp%eéﬁoélgtl??%lhe Isél.baﬁeemgg?sr ?’eﬂ i again
i's nade oufiettd audhhavetH Bk 4 gretilcpol gl Aiond oM@ﬁﬂsﬁhagﬁ@ﬁZﬁ@%ﬁ@Snﬁ%n@f?
shaped conmpl enent arﬁ,to t he shape of the set of back mass and magnets, in
parti cul atubasssmbnd it paratigl fo the mpgnetisapalatizasionrafithe frst meagnet d2sefsha o

cover the f j 0 . 7 . hej-
cotire het(RhaPREd slash PROR) FEahBHES, dlecibF pTRARBI UL 1o InOHEL dillElin,
recesses défiffadr sherepnamcly pepealidubatto the dractidresf thatferdesd endk steddovides t he
backsi des of the _sets of. back mass and nagegets [ 0055] Here, also the

conposi t erLHAIT ¢ sgeaniemagnets 1. aivoralrsablyprieatrdsugh thae khsinmesantc
magnet s thaugkii fia¢l r l4 R i f r.e constructed
and arran%kgd t%{loﬁgﬁﬁgtﬂﬁgé@é;It)ala?g?gﬁgg%ﬁgggsﬁéﬁﬁ%g%lé{oghg%lﬁdégg‘ffgllg masses. The
use of thpdatiygwnsfofehe firstmdgeeds 21 42 .at s alsc tpos sible tohuse tiaghetr nat ur al

frequency ichis directly related to,.the accura f the wafer stage,
mass t abl $OHEOEYOMS WK a5 magaCiged PREEA S5 Al RS HTHREOTTHILS SRQRYEN o a
better owgrdRYHRIELhOK MRGRt Lo e sAPRRE A dbhefdFe @ manufacturing process.

[0056] Figure 6 shows that the subaSsenbly also includes plate shaped
sub-carriers 6004HiIT3re resvklingam i gnejis fpeld thasfthishenfigoratiosipgedodes; e shammi er

41 with t.he..enbedde ets of back nmass nd. net s erein. .The
sub- car r 1 BrAthEct HRdRIS feeftn S oo R e R R ninuh BT atmer
pr ef er abltywol fefirsSei a gRéter THRE 16 sid@ dTahekbRR 1hhe11¥ afd IkhtddSintRese F&Qoms.t hat
is to say a fiber rernforced plastic material, nore in particular a carbon

fiber rei Whendaadelepisieycumisntis pass cttibrangh-tharcoildrls teocwrae flovethsenglt the of
addi ng Sttkvfofﬁg Sof {ﬁet&)% ﬁ%%ﬁ%ﬁg’%}’e flir ctions[ ‘i‘ﬁ?@f %hginfclet%ﬁé %ir%f ti&?se garrier
and/ or the sub-carriers may be orien | quasi “rsotroprc or “uni qr'yee i onal ,

for exanphegadtinfeld hetheetsyrekigions iRivelbch lic Gido efdet RE tiid tainQud ax 118 haped
subassemhl y or perpendi cul ar to these bisectors. %0058, Fi gure 7
shows t hdoCRIaEs 8lsesapnasits, dre farqq exqrtethan see b sides wéthes eofhdbénin the7o, 71

correspondi e oWR; 4 { .

subassen%%?ggdgggéﬁﬁpgﬁ?es@gr S fg&%hﬂ#é&%@ghﬁﬁ gie}r{\ﬁui;gheiI g‘?%‘%%@"&@d (see

Fi gure 4). Fur[06s]imFezue 2t becle arapres sabas e blyifamigethasre Shdpéées a carrier
subassemy| i es. 7Q, 71 connection bl ocks 74 are provided which together with
i nterf agg’é_ WE‘%&S m?éer%%idé@tm@tfr@épm giging magpptac {px. YRk, theeset of
subassentyacRn s § aﬁa%'a%m?rz, it RetedaRy! % feBoPl O liflen d t'?;r‘?i%ﬁfZS! g he
carriers. [ 0059] An exanpl e of another enbodi nent of the I nvention
i s shown carri¢rtits extgudebottlatithe backsidesd the gackemams G rinodi sveertends alomggnet

subassenbl y is..shown erei.n three double sets_of ack and net s
as shown Sf% el aeEs é’f%]ee{’%?ﬁ)@(fdéée ?‘Hf Blargé‘gbseé’ﬂ ve t@ég%i%@g%ﬁé“q O%ltnf%ges _
conposi t of i pnBBPE7 CBEEAR e JtheWhhPndBiZS 7 BARY eRib ddaRAIRWIRE BagRES 5L 1S
bei ng placed along each side of a triangle. "The carrier 41 again is nade
out of aandérbaraypetheciiriex 2§us diaty ontt ofrical-magngic-8ui-Zushogsatbvalcsnpl et e

assenbl ypggsigpeetoflllsrest eaar{/%il% eos%%cgaaqgﬁ}ld %llljebre}lsasg%e sI é(, ”795 cZulrier structure. The
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[ 0060] Besi des the enbodi nents shown, many variants are possible. For
exanpl e the several parts of the actuator may have different shapes. The
recesses in the carrier nay enbed a larger or smaller part of the back
masses and/or magnets. It is also possible for the sets of back masses and
magnets to be connected with the carrier in another way, for exanple by
means of a form connection. The carrier may al so be made out of another
non- magneti c-flux-guiding material, for exanple ceramc nmaterial |like SiC
or Al 203 etiffieesbdithé inbepn et 22 N7, carskblackpmay s Gatomtiitabtewitd thenmiffdesstoftiener s.
The fibers of the fiber .reinforced variant nma | so be made out of anpther
materi al , CPOET YRS giadsien BEds o 1gé3rerflﬁé@?’sﬁewe@ﬁ@?mamafqrbﬂﬁg or
H gh Modukw$assiebfHl$ of carrier 25 0RAA lenBRSIddAD R&I H9s U8 8Adi Ragndik t2t‘(7?_rfﬁﬁﬂé &
apparatus, the actuator according to an enbodi nent of the invention may

al so be ustéficensirustiver Thespidsesstridtion hakewit popibl ook ake thept arcier 25 out

applicati . W re-bondi ng, -E-.beam appl i,cati on el ectron m croscopes, etc.
For t hor mopes gl L EraERE i Fie S3VhE Mt ok P o R i DN RSB R 5
act uat or, thandit embidivgbst wheéleth &Gt brdkahass WReriiddedwo pepResate Tagnat s (north

and south) are placed adjacent one another on a back nmass enbedded in a
carrier ab@sten agdibus pecded onks spnstardedwiather lrgheA srogdiagite anl ux bends

fromthe t -her 0 jfic
refer ence&ﬂngggﬁlg&ﬁﬁégﬁ%\ﬁ{%ﬁpgH}Q’gﬁﬁg&?’(} hf t%)ea Clﬁéfréisgsf g@?ﬁ?f@%&%&é’ %gggiaer atus in
t he manufmeguew If7,ladd, this cahbel made rathdesiehdod Adu tHihiealéd Wephdphhich

appar at us dgscrhp&%g here_'bp may. have ot her applications, such as the

manuf act ul€843 {0 §Pat ublencelartiens prdrhusjgada He Bighse pastblerthep gdetiser ns
for magnef e ' A 5 |, i PN [TRTe B hspl ays
(LCosy - thy iR R RanfiPal o RrRACE sl RLAYG js cfHABrAY FharShon: Y2
that, in the cloAbE@retdrablyctheatardenatmeée appbf & fibeoreinfoared piastiomatéréalf er ns

"wafer" or "dje" herein be. considered as synonynous with ithe nore
gener al {BRACISLHLSCRLIOS T FEERGRY SRR PEeA rELRRTErals SRR Ubet r at o
referred ¢arbids 6dil) BRUIRRINRAIR CBEEE AL O ThEs BovRtel Fbr EBF%IﬁHﬁﬁxes's n for
exanple a track (a tool that typical Izy applies a layer of resist to a

substr at ecoambingé wdthores sohablexpstse T heddiess aks itrpossobledy optivlizaria/ siffress

i nspection tool. Wiere applicable, the di.gclgosure. herein . be applied to
such and '6t eé%fegSHSF{’%‘E%%P88§8§‘in§g}h?‘80‘f‘§.a“?“3‘r%“ﬁgﬂ ﬁ?ﬁtcgﬁg%la?é‘% & Sﬁﬁﬁl%ﬁe
pr ocessediirgetion! Iedh oMb dich Oit, EreAdAtier Is'mAt 8@t bPa Gh AdFSl Pa ikl hidenditgr | C
so that the termsubstrate used herein may also refer to a substrate that

al ready deweathas that of edaskguess mterigleFerthermore 0o g} sikie tromghufastwrief i ¢

nvent | on" L Rerid By AP 8T FERRL BRNE o Bl b aGnepr FORREH PR S rhian ey

that the tbvand éformarynéud setherabldads opd be@latd&hidhosthex@s®uldpr i nt
have resulted in overlay loss.

[0052] Since the back masses now are only there to guide the magnetic flux
from one magnet to another adjacent magnet, and do not have to perform a carrier
function, it is possible to use a material which is excellent 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
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1. Alithographic apparatus conprising: an illum nation system configured
to condition a radiati on beam a support constructed to support a
patterning device, the patterning device being capable of inparting the
radi ation beamw th a pattern in its cross-section to forma patterned

radi ati on 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 tsohgrdedtecsh ap edis syl laogeenprdtdemesihet thecmck hiassvnlyntedsdecomdr par t
to displage the first, and second rts,rel.atiye . to each other, the actuator
conprisin .Smagne{s’ and &aesfl?(gg’tavﬁégg e g’t?béd&tscé‘ﬁﬁlhﬁ}’eé’?la&?ﬁ%%f to one of the

first and secopdspprich satet FaRRfh 84y S8l hﬂi_gfﬁre@é/i'sd%u@d RS tberelpShding
substantial ly perpendicular to the direction of the displacenent force; and

an el ect r res&isk yn dinenrgier ireare perbedimenitafdbn ény enonhEhistomeyidenoraf sipide f i r st
and .Secongn{i’%ﬁéc dﬁ‘ﬁ’ec?*oﬁ?ﬁgrtﬂgﬁ%orte'}ﬁefMeslts a g?&ﬂ%ﬁ?ﬁ‘@%ﬁﬁ%’ %%ac%rbdet een .
configure 0 produce e disp acemantg orce by Interaction an eYVec rc

current ceigieedsdyallbanaltrekei 6bdck raanduall nvegdtenot nadking e empeetic
field, the first _nmagnet subassenbly conprising at | east one set

of at | ea®RengbsukpsasBVY ytilieraced nmgnets oriented such that their nagnetic
larizati ] .. "
polari zatlons @Ogﬁfﬁﬁ%mtdhﬂkhé’?ﬂg%%ée\ht‘?IRPeQﬁl'ohfi%gQP&u?arWﬁe@i%ﬁﬁg@%g@ 0

a magnetic flu ng materi a connecting t magnets to gui
magnet i c §dweral dfdghe sbet ofderck mass and magnets connected thereto are positioned

adjacent and or close to one another. It will be appreciate that these sets are not
short circuited with each other, because of the carrier being made out of the non-
flux-guiding-material. An example thereofis shown in Figures 4-10. In these figures
an embodiment of a magnet subassembly is shown wherein three double sets of a
back mass 6 and magnets 2, 7 as shown in Figure 3 are embedded into respective
recesses 40 in a composite plate shaped carrier 41. With this, each of the double
sets 1 is being placed along a respective bisector 43 of an isocele triangle. The
carrier 41 again is made out of a non-magnetic-flux-guiding material. The recesses
40 are shaped complementary to the shape ofthe set of back mass and magnets, in

particular such that the carrier wall parts delimiting the recesses 40 cover the larger

part of the side faces ofthe magnets 2, 7 over their entire height up till the level of |
the front face of the magnets. The recesses 40 furthermore are such that the carrier
material also covers the backsides of the sets of back mass and magnets.

[0055] Here, also the composite carrier together with the embedded packages
of back mass and magnets therein, beneficially forms a solid and stiff structure
constructed and arranged to hold the separate packages of magnets 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 leads to a better overlay

performance of the apparatus during a manufacturing process.
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wherein the first magnet subassenbly conprises a carrier nade a

nonmagneti c-flux-guiding material, the carrier conprising at |east one
recess in which the at | east one set of back mass and magnets is enbedded.
2. Alithographic apparatus according to claim1, wherein the carrier
conprises a plate in which the at | east one recess is arranged. 3. 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 part of (M{S6kFguré acdowsfthahdernnadmesembly alfo indindey plpte shapsdagt-us

according to.clajm,l,, wherein the at least one s of ba ss and
magnets 1§06 ﬁ\btwetac%fiogférr? raéf»’e \Rﬁ%l(’fﬁ%‘ ﬁgnﬁﬂﬁs ﬁ’?gﬂe Feast ﬁid’\’}.ng}ﬁiﬁart of the
si de facesnfedd8e sEBOIHED Sclomaks St MAkhads! ), 71 hek&inenhé kebRAHHEE ard alsd

| i t hographi c apparatus according to claiml, wherein the at | east one set

of back miaseanl afdgh B aga ctieffiuy guedingyn aterial, prefarably ther tam o atpriebasend
00 05 A bt LA 0o MG TRABSSS ol A LB AR i
and nmagnetsore $n getticoldr @dcdipo s dibet ssinforddd @ddysmatureh Hie $etashrieoy 60 hapee
than half thoefbesrile Ff‘o];‘gg i?lgosftiﬂ%qg(sas ’E)a r<laestusf>'assembly.

[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).
Furthermore on the corners of the triangular shaped subassemblies 70, 71
connection blocks 74 are provided which together with interfaces 75 in the respective
carriers are able to connect the subassemblies with each other without having to
provide threads in the carriers.

[0059] An example of another embodiment of the invention is shown in the
Figures 11-12. Inthese figures an embodiment of a magnet subassembly is shown
wherein three double sets of a back mass and magnets as shown in Figure 3 are
embedded into respective recesses 40 in a composite plate shaped carrier 41. With
this, each of the double sets 1 is being placed along each side of a triangle. The
carrier 41 again is made out of a non-magnetic-flux-guiding material. Figure 12
shows the complete assembly of the first and second magnet subassembly 70, 71.

[0060] Besides the embodiments shpwn, many variants are possible. For
example the several parts of the actuator may have different shapes. The recesses
in the carrier may embed a larger or smaller part of the back masses and/or
magnets. It is also possible for the sets of back masses and magnets to be

connected with the carrier in another way, for example by means of a form

connection. The carrier may also be made out of another non-magnetic-flux-guiding
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7. A lithographic apparatus according to claim1, wherein the carrier is
configured to cover at |east part of a backside of the at | east one set of
back mass and nmagnets. 8. A |lithographic apparatus according to claiml,
wherein the carrier is made of a fiber reinforced plastic material. 9. A

| i t hographi c apparatus according to claim11, wherein the back nmass has

di nensi ons substantially corresponding wth backsides of the nagnets the
back mass connects. 10. A |ithographic apparatus according to claim1,
wher ei n t heatpadkionsssmipte perdeiofmatotiall likei JiGmr AliQs oxcdrbohdipeaphnforegsbar at us

according _to claim1, .wherein.the c i I S nf.igured.to carry at |east
Chr e secPEr HAEE willOBC B doftiors: The Bhe ydBC bAoA o ey ©°
respecti velsbite@bae ot ofBnbthes aRitesall foraRdhPle glhds fibetd, KAWraMREE HipRar at us
according to claim1l, wherein the set of back nmass and magnets is glued

into the Hieppdriihestestligh Mpdups fikeisgr aphi ¢ apparatus according to claim
1, wherein t he[@@ﬁ(Bgﬁaés béin%l Hed iH%tlﬁhBEr%pﬁﬁgﬂﬁ)ta‘?aﬂuts, fNG6L Ry 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 ICs, 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 displays, liquid-crystal displays (LCDs),

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.
[0063] Although specific 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
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14. A lithographi c apparatus according to claim1, wherein the actuator
conprises a sub-carrier configured to substantially cover a front side of

the carri

er and the at | east one set of back nass and nagnets. 15.

An

actuator constructed and arranged to produce a displacenment force between a
first and a second part to displace the first and second parts relative to
each other, the actuator conprising: a first magnet subassenbly,

to one of the first and second part , and configured to provide a

att ached
magneti c

field substantially perpendicular to the direction of the

di spl acenent force; and an electrically conductive el enent, attached
to the other one of the first and second parts and placed near the first

magnet subassenbly,

and configured to produce the displacenent force by

interaction @fiittyradRcigparatastompisimarri ed by the electrically conductive
el ement and the magnetic field, the first magnet subassenbly

conpri si ng a®@nlleminationsysiem eonfigured topeanditian agafiaienbeamipl aced nagnet s

oriented
opposi te,

connect i n@"9e°3RE

tually

wher ei n

"and %Jﬁ%%fétﬁé@%&%@3@%&?%%""&%?2&%@?.ecv r?afie‘:gﬁ%ﬂgg:%%eﬂ‘m and

QRSe ction to

Reaf dmpaytigg theeradiaigny bepincvit @ pajiefaria

the first ferayapattesnedheasiationpeamnpri ses a carrier made of a
nonmagneti c-fl ux-.gui di nmat er,i the carrier conprising at |east one
recess in m?éﬁé?t%gegﬁbpqg%oﬁtm tﬁ‘glds ?Idgfsuggﬁie’rrass and magnets i s enbedded.

a projection system configured to project the patterned radiation beam onto a
target portion of the substrate; and

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
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.

3. 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 part of
the side faces of the magnets.

4. A lithographic apparatus according to claim 1, wherein the at least one set of
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back mass and magnets is delimited by carrier wall parts which at least cover part of
the side faces of the magnets over substantially their entire height.

5. 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 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 1, wherein the back mass ha.s
dimensions substantially corresponding with backsides of the magnets the back
mass connects.

10. A lithographic apparatus according to claim 1, wherein the back mass is made
of cobalt iron.

11. A lithographic apparatus according to claim 1, wherein the carrier is configured
to carry at least three sets of a back mass and magnets, each set being placed
along a respective bisector of an isosceles triangle.

12. A lithographic apparatus according to claim 1, wherein the set of back mass
and magnets is glued into the carrier recess.

13. A lithographic apparatus according to claim 1, wherein the back mass is glued
onto the magnets it connects.

18




14. 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.

15. 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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