LI THOGRAPHI C APPARATUS, LORENTZ ACTUATOR, AND DEVI CE MANUFACTURI NG METHOD
BACKGROUND OF THE I NVENTION 1. Field of the Invention [0001] The present
invention relates to a lithographic apparatus, a Lorentz actuator, and an
associ at ed devi ce manufacturing nethod. 2. Description of the Related Art

[ 0002] Lithographic apparatus can be used, for exanple, in the manufacture
of integrated circuits (I1Cs). In such a case, a patterning device nay be
used to generate a desired circuit pattern corresponding to an individual

| ayer of th . i tter be A nt target tion (e.qg.
conpri sing m@mpm %ﬁm% M@a‘*idﬁt has been
coated with a |ayer oDEYA(E MANUFACK METHQBi st). [0003] In
general, a single substrate will contain a network of adjacent target
portions that are successively exposed. Known |ithographic apparatus

i nclude so-called steppers, in which each target portion is irradiated by
exposi ng an entire patteBACKGROUND QFJHEIYMENHONN one go, and so-call ed
scanners, in which each target portion is irradiated by scanning the
pattern through the projection beamin a given direction (the

"scanni ng': di FRId bPihe Miven@on Synchronously scanning the substrate parall el
or anti-paralTel to this direction. [0004] A lithographic apparatus of the
type desci0fdtl abbheepresept myentiql ngtatdsitby ldhogragtic apmratus, orLgyas ctoatong a part
of the ap a(iatus. .Sugp actuators are appljed for positioning a substrate
table, a g% fn gEogatef dpyge Japeiactyiiag %9 part of an illumination system or
any other part of the |ithographic apparatus. SUMVARY OF THE | NVENTI ON
100051 Anzgxanﬁegzcﬁéti(ﬁp(;mgq(éatgggryse in a lithographic apparatus is
described I n - t. Pub. 2003/0052548, the contents of
whi ch ar e[0082br pdridtogchphive agpamatiny care be rsad,efor Tdxasplal dn uhe manudetoeidfe a
Lorentz actuator conprising a nain

integrated circuits (ICs). In such a case, a patterning device may be used to generate a
desired circuit pattern corresponding to an individual layer of the IC, and this pattern can
be imaged onto a target portion (e.g. comprising one or more dies) on a substrate (silicon

wafer) that has been coated with a layer of radiation-sensitive material (resist).

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

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

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

other part of the lithographic apparatus.



magnet system providing a first magnetic field, a subsidiary nmagnet system
providing a second magnetic field, and an electrically conductive el enent.
The mai n magnet system and the subsidiary nagnet systemare arranged in
Hal bach configuration. A magnetization direction of the magnets of the
subsidiary magnet systemis perpendicular to a magnetization direction of
the magnets of the main magnet system [00061 The principles of the present
i nvention, as enbodi ed and broadly described herein, provide for an

i nproved Lorentz actuator. In one enbodi nent, a |lithographic apparatus

i ncorporating such an actuator conprises an illumnation systemfor
providing a beamof radiation, a support structure for supporting a
patterning device, the patterning device inparting the beam of radiation
with a pattern in its cross-section, a substrate holder for holding a
substrate, a projection sSUMMARY GFTHEINNENREODat t er ned beam onto a
target portion of the substrate, and a Lorentz actuator for producing a

force betywes] a fAf skardpld of acmawed tbr e in @flithdpeaphikp agpakatss isl @Q&bedTine

Lorentz actuator conprises a main net system attached to said first
part of ¢ afiiciaus Us&’rat&mz@wgogsasmt ¢ comlgueiof vioteNg, ineorperBERd ar y
magnet system tac e ald fir rt .of the apparatus,. for I’OVI di ng
 Second Pegiey Bl iele Sfeiment BeneBBl by Srane SrERBR S utivra i magnet
system behﬂgnéﬂs*jfﬁ&ﬁ%\hﬂm'g aHakDReshetic Feld, dWnBdidian, mﬁ%@t 8ystéth 9?6vﬁdlﬁghl y
conductive el enment attachéd to sard second part of appar at us.

el ectri casetcynd:mau@tq fedd.eind rprelechredaly camdlahg@dem@nfaé"hc onapr vdges sssimu for ce

by interact 2n el ectric current d id elecgt |ca

oonduct | v raghersideR A gretl i At boR fbafora igilizaiong and
the secongipm@nebi thd infdghletsabs hRAstibstdiRA! naghet sﬁﬁen?h@cgea-gg&ﬁhéuyar%nquct ive

el emrent being | ocated between first and second magnet system subassenblies
each conpmagietgagopdirdctiof of He magnetsar thesmbinimkigneysysegnet systens, wherein -2
the Lorentz actuator further conprises a nmagnetic el enment extending

:33;2 22%&]' é bet er*g&qg)( it:sgcgfeq?nlg%g%gr?t];la{lgn%oy arlssft:m dd ef %:do Qroacrirl?/gcigscnbedSt em
herein, provide for an improved Lorentz actuator. In one embodiment, a lithographic
apparatus incorporating such an actuator comprises an illumination system for providing a
beam of radiation, a support structure for supporting a patterning device, the patterning
device imparting the beam of radiation with a pattern in its cross-section, a substrate holder
for holding a substrate, a projection system for projecting the patterned beam onto a target
portion of the substrate, and a Lorentz actuator for producing a force between a first and a

second part of the apparatus.

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

subassemblies each comprising a part of the main and subsidiary magnet systems, wherein
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guiding a part of the second magnetic field fromone of the first and second
magnet system subassenblies to the other one of the first and second magnet
syst em subassenblies. [00081 A description of the Hal bach configuration can
be found in US Pat. Pub. 2003/0052548 and EP1286222. The nmagnetic el enent
may conprise a material which is magnetically perneable or a materi al
conpri sing permanent magneti sm The magnetic el enent extends, on a side of
the first and second nagnet system subassenblies, between these
subassenblies for guiding a part of the second field (i.e. the field
generated by the subsidiary nmagnet system between the first and second
magnet sy LES- i: D it h t hat
T ope e B o et PR Cel B T ontif ARRLB AR 101
and secondutergjdestof thedfiretrand sbad erdghétagstemn subassemnbBes, theenaghetidwerhdrt 6dr and
second magnet system subassenblies, The magnetic_ el enent thus effectively
short ci Budingg partefthe sggondipagnghicield mmegheneiod the firsipnd agcond magnetisysiemt he

addi tion : ' f1el f tu s increased
ecause ¢ AeSETRORAYE Sef i Bithe HEih ERAY uilepded5e BB bR cy
i ncreased as due to the magnetic elenent, a field at a location of the

conduct i V0®BEMENA description edskel HaAl¥A Yonfifi@aiisic coanse foundait UStRYt. BEK.i Ci ency
can be expressed as an_increase in steepness of the actuator (expressed as

F2, / Pdi , , 2004@3525¢8 ands EP e8623¢.c Eheyapgnetie elgment mppecepeprisgtagnateriel wipeh iss is the

di ssi pati . or.).. { .1 Nncrea t eepn { he actuator
can eit hgggﬁ%{lcéggpgl%%eég%noﬁl Itlalrlgﬂ,%gfﬂeaoérlE ngS 14%5 esrﬁl&ﬁ ?ngrﬁﬁgﬁsén?@es. 8%& ence
resul ti ngelethent ext@dls BASEAd A HAAE anBeSondFnhgienkystom bitbabseriMies ibetwoen'Whi | €
mai nt ai ni ng di nensions of the actuator, to increase the force generated by

t he act uathsse subasssmbties Baghidingepat ef theisenond Higld (icatheislhgénerietbyiheh t he
actuator w,thout increasin i ssipation., [00101 It w. Il al so . appreci at ed
Chat the PR AEESHGTTEE o B PR B s eandyaent eten sTussRartiier 196 of ¢ he
magneti c glaghAR{Melernferis foSifPheBduRA t1ft {t 8K SRRl des ThE Hof the HRWRYREID 1N an
advant ageous enbodi nent of the invention, a distance between the conductive
el enent  fooh drieef thedfivst dnd sedomdmmegnetssystainfsubasserhblyesita thpeotiierione afithe figstt he

rel uctance force, of the : . .
anc{ second magnet system subassemblies. The magnetic element thus effectively short

circuits a part of the second magnetic field. As a result of the addition of the magnetic
element, efficiency of the actuator is increased because the subsidiary magnet system is
better used. The efficiency is increased as due to the magnetic element, a field at a location

of the conductive element is increased.

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

can be achieved with the actuator without increasing dissipation.

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

and the magnetic element is sufficiently large for causing the reluctance force of the
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-3 Lorentz actuator to be less than 1% of a maxi num Lorentz force of the
Lorentz actuator. As a consequence, the reluctance forces are that | ow that
t hese non-linear forces which change when the first and second part are

di spl ayed with respect to each other, only play a mnor role. As a further
positive effect, it has been observed that stray fields of the actuator are
reduced due to the magnetic elenment. A still further advantage is the
increase of structural stiffness of the actuator due to the presence of the
magnetic elenments in particular when establishing a nechanical connection
between the first and second nagnet system subassenblies. Although this
document  I6fetSachitck th bt Kss BAf 1986 0NMakBANE Ubfenid Bl of tidCorsht hk@gtoper son

wi |l understand that these fields together result in a total, effective
field. [O@sriconsequancedthernchigtanos foredsfase that bovatiat twsynomwlinegylferveniwhich

enbodi nent, the . magnetic .elenent conpriseg a,highly magnetical.l er meabl e
mat eri al Fhaél.geghﬁﬁggﬁréﬁanﬂé@‘ioﬁ part age I%PJ?X?E“B@F B'lytf’ief’ otée,r, ¥ 12&? i ron.
The magnetiigorSlofiTe Rl Pfiehef g@d_iuveeéﬁfé'c@,dﬁ hRS HYEL BbscIel Utht éfragéﬁpﬁ)é?t Bthe

subsidiary magnets conprised in the subsidiary nagnet syst mut ual |'y
opposi ng sdbabdarargducedydet te titamagigtis aleateantA sill furthertadpamtagd iekheintragsesat i ons.
Thus, a short ci cufjér'g bebv&gn the fields of then&utually QpPposi ng .
subsi di ar 9! SEYIERS St iEness Qb iferftuator dis torthe PresgreeRinthe magngiaq siements in

Advant agegéﬁi@ﬂar Whé &Pa%ﬂ?ﬁihg ?%e@@@al 9&&3&% RAFIESHE st stconP tual l'y
opposi ng Subsidiary magnets-faced from adjacent main nagnets of tHe main

magnet  Sywtenmsubasseathlips. AMthduglythisdeehinent refees to adipstiand saond hagnatpriedd,c fiel d
bet ween t he nutual l posi ng subsj di aré magnets and the_ magnetic el enment.

£0013] | Fuberskilled persimuilhgrdesiehstihal dhese Se ks SRegeareeul 1t ik roerey cdfobrent

conprises a permanent nmagnet (a hard magnetic material) having a polarity

0 the ot R 1D o ERE Fheout WiekNEhaRad G RARRh-IANTRYR, SEkaLRATe s, ©°

advant ageeclemehhadmpiides avhighst magneticaltepérardblengatttisl i.secmattribl Bhvding @an be

added, which further increases efficiency of the actuator by increasing
relative permeability > 1, such as iron. The magnetic element preferably extends between

mutually opposing subsidiary magnets comprised in the subsidiary magnet system, the
mutually opposing subsidiary magnets having substantially antiparallel polarisations. Thus,
a short circuit between the fields of the mutually opposing subsidiary magnets is provided

in an effective manner.

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

opposing subsidiary magnets and the magnetic element.

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

adjacent to main magnets of the first and second magnet system subassemblies.
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the field at the location of the conductive elenment. The nmagnetic el enent
advant ageously extends between parts conprising a highly magnetically
perneabl e material (such as iron) adjacent to main magnets of the first and
second magnet system subassenblies. -4 [0014] The invention further
conprises a Lorentz actuator for producing a force between a first and a
second novabl e part, the Lorentz actuator conprises a main nagnet system
attached to said first part, for providing a first nagnetic field, and a
subsidiary nagnet system attached to said first part, for providing a
second magnetic field. The main magnet system and the subsidiary magnet

syst em be{gua4pr r aRehvenfioR EhEaCIpriseftl DAL RMatdNfhr FoBlcifd hiBRk! ¥
conductive el enent attached to sai Opsecond part and arranged so as to
produce shétvetma iest byd & scondintovalle pirt,dne bérestzarimatoucomptises amdiethagyetsai d

electrically conductive el enent d aresulting field_of the firsi magnetic
fiold andSXifE %@@W&Oﬁﬁ@ﬁﬁ par, Ty providing g fiyt maggetiq figld, prha sybsidianyca) |y
conduct i Vg, .6h &6t Qﬂ?ﬂ&%d't@Qﬁ& W itk IR msiyst em
subassenblﬁgg.QF%égB aThese sugggggﬁb .egwgg§%%%%ﬁ39?§%9§q3§?t o#n? e main
and subsi diagngt sgtgmetands et subsidimdye nagnett histdnorteiig aahgmt on 4 Hdlbweh

conpri ses a ymagnetic el enent. extendj n subst anti al lé bet ween out er sides of

the first CHHBUEREnANGARYRlopirigply é?ﬁcglag‘a%,gléwsm glachedo sy gerond pagiafent for
gul i '0_2aRAldq 3 of APpRAGONGTRIEERY frdth Gl dEABRNR lrrdnlEarkibl BY 5B

d
second magnet® system e other one o rst ang second

magnet  sylsteicalbubarineting ¢lement] 44d1btesdting Ificfdiof therfirstt ggredv dield amd denpri ses
a devi ce manufacturi 2(9 met hod conprising providing a substrate, providing a
pr oj ect i ofecoBhmagneticAinldyat inast aparipfdhe ¢lpgtueallynondvetive plomant being fagatsdt t er ni ng

device to it%grrlhm&?@dr§e§§£§§fgiﬁ$%f9$§r§}%@atspeﬂ?bl% .ttern inits cross- section;

proj ecti nge pat Iron onto a target portion of the
substrate, and producing a force for causing a displacenent of the beam and

the subst (e8] W Thesels@ba8&hblid eaat toripritRra pabyofMiOmbihi 4hg sabdidiast naganet i ¢

field, providing a second nagnetic i ) )
systems, wherein the Lorentz actuator further comprises a magnetic element extending
substantially between outer sides of the first and second magnet system subassemblies, the
magnetic element for guiding a part of the second magnetic field from one of the first and
second magnet system subassemblies to the other one of the first and second magnet

system subassemblies.

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

Halbach configuration.

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

resulting field of the first magnetic field and the second magnetic field, and guiding a part
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field, wherein the first magnetic field and the second magnetic field being
arranged in a Hal bach configuration. [0017] The nethod further conprises
guiding an electric current via an electrically conductive el enent attached
to said second part of the apparatus, for producing said force by
interaction of the electric current carried by said electrically conductive
element and a resulting field of the first nmagnetic field and the second
magnetic field, and guiding a part -5 of the second magnetic field from one
of a first and a second nmagnet system subassenblies providing the first and
second magnetic fields to the other one of the first and second magnet

syst em subpgs sstdhil BfagndRAHA TWhidhe LS fikPARIY docttd MALRE syRERNuBhREmbRst he

i nvention and the deV|ce manuf act uri ng nmet hod according to the 1 nvention,

t he same provading ther finst ambs®0a<rhmagactuaﬁtldgﬁstlmrcéhexcdnemfehe isst\and Iseddne

|'i t hographic %pg%ratu aCCﬁﬁdlng to the invention. 100191 Although specific
r ef er ence™REYCHSES'HRFBOISITIRIS: text to the use of lithographic apparatus in
the manufacture of ICs, it should be understood that the |ithographic

appar at us ooiercr viaas (e r e BuiBythaye B8 18I g ARP the ahi HEion gﬁtmh@_sdew%

manuf acture of integrated optical systens gui dance and tection patterns
f or nmagnetrapufictuaing methodlaesqrdirlgqt;u thecmyertedn, thé sphays dindat sffects ind- il m

magneti c heads, etc. The |IIe rtisan, will prematethat |n t he
cont ext OFE‘?BBSC%‘I‘IF@FWSY? ﬁ‘??‘éﬁqmlc W"ﬂ@é‘cﬁ?r 8o s pYentigns er v or

"die" herein nmay be consi dered as synonynmous with the nore general terns

"substrat P)é)lger ;%%9@ h ?gel'ftc'r%rmcé ﬁﬁgﬁ@ hla¥€ ld/thls[tgpt%Q the 36 o?HtlB%Fxr aphi or

referred In na processed, before or after exposure,
exanpl e aappasatits indhd mahufadtate of Y6, dahoyld bpmideessocal thaatylerhtbdgralﬂm afpatatsa

substrate and, devel ops .the exposed resist) or a netrol ogy i hspection
tool . \WhefescHped lilfif%}BIIT@Y}’@H"emgF%’PB%W@S speltasithe wfwraagimeg&tqd@pga@h and

ot her sub S {a t g cessed
oUNer SUShiAh AR SUIELA0h B EHE WA HER I BB
dlsplays (LCD’s), 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.

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

processed layers.

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

electron beams.



the termsubstrate used herein may also refer to a substrate that already
contains nultiple processed |ayers. [00211 The terns "radiation" and "beant
used herein enconpass all types of electromagnetic radiation, including
ultraviolet (UV) radiation (e.g. having a wavel ength of 365, 248, 193, 157
or 126 nm) and extrene ultra-violet (EUV) radiation (e.g. having a

wavel ength in the range of 5-20 nn), as well as particle beans, such as ion
beans or electron beans. [00221 The term "patterni ng device" used herein
shoul d be broadly interpreted as referring to nechanismthat can be used to
inpart a projection beamwith a pattern in its cross-section such as to
create a PEIRREr NThe témi 8pARiROHEVieE” Q:fedf[ﬁ};@eiﬁLé%ﬁlﬁ%eebroh&lysiﬂ%rgteﬁeas not ed
that the pattern inparted to the projection beam may not éxactly correspond
to the defemwriag tpaechanmsn that tan hearsge to imarart oprofeictiot beasw bsthragiatternGanwsr al | y,
the pattern i rted.to the rojection beamw | | rrespond_to a particul ar
functi onaFrOIs%If/‘n}é lop §uch %fe@icé@tegéplf’ltgﬂrﬁI‘Iééltaéﬂetiﬂ'?“l‘{%%fctg%lﬁ raﬁoptsﬁ%‘h‘fi%%ch as
an integr i i [; i i t .55/ or

ot et Pyl R Ut AL KA SrikcHon B nE MR R, CORESERIT ME, P

m nor ar r dysired aatterp iote sarpetipoetidn@D thxesubstsate. Gdastally ahepavedrh inkpuotad td the

it hography, and include mask types such as binary, alternating )

phase- shi Pfojeching beam Bkl sqreesppmtios paricular fupetigpal jayaiin g deviegeingiseatedl ikask
types. An . ogfr: i nor array enploys a matrix

ar rangerretrlht%)&g%wsr?roa 1193,%3%1{3%%@ lg{a%;\.a%oofemm\b\lﬂi ch can be individually tilted so as
to reflect an incomng radiation beamin different directions; in this
manner, t [028¢f | Patteadingeiznices maabe erangdissivé oeatlecivenFrh@pleb of phitezhinigng

devi ce, the support structure may be a frame or table, for exanple, which
may be fi g@dcesrinclyde apsks, pgogragimiablegmirey WFAYShandaprogrdineble f4D pagels.
patternin I i i 1 W L h t to the
broj ecti ot EFtE ke MR, B AR EEREE %
consi der eghs¢RAITY ARV ttuihed bhge FRITE ag@ B8R aelariods AybrithinheX thpesgAn@deihple” -

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

device”,

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

synonymous with the more general term “projection system”.

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

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



[0024] The term "projection systeni used herein should be broadly
interpreted as enconpassing various types of projection system including
refractive optical systens, reflective optical systens, and catadioptric
optical systens, as appropriate for exanple for the exposure radiation
bei ng used, or for other factors such as the use of an imersion fluid or
the use of a vacuum Any use of the term"lens" herein may be consi dered as
synonynmous with the nore general term "projection systentf. [00251 The

illum nation system nmay al so enconpass various types of optical conponents,
including refractive, reflective, and catadioptric optical conponents for

di recti ngqir&Hap) é?lgplngror(‘cgﬁﬁ{)l@ilnk Rt %@tl(ﬂ'{ aﬁpéf Igﬁllafiﬁlg%ﬁ SudiAd dngﬁ't and

such conponentsS nmay al so be referre el ow, co ctively or Si ngul arly,
as a "l enstay a[s0 02 8¢feiFodtd beddwogrodipttivelyagppangalanky, asy “lers”of a type having two
(dual stage) or nore substrate tables (and/or two or nore mask tables). In
such " le s lnes the additjonal tables be used in

paral | el , [0(956lpr eéﬁﬁggﬂ’(?ﬂ?p CAPRARRY “b@’dllf‘a‘?tjra} ¥ae Bﬁl‘fln%)ﬁ“"%@‘a!)ﬁtag??tﬂrén?rﬁbl es
whi | e oneg @kt t » he
Ilthograpﬂ{%gr%ggag)#%t E@&ﬂ%@\m SO Sgnicg)gltdweg m%errréllﬂﬁ %ggggug{atraggthz

i mer sed additaonal qbled niagbie Dgeddin hedadltl, mqirypdmtgi‘y steph ey tbe ¢@rried davon che®r wat er,
so as to fill a ace between the final elenent of the projection system
and the smﬁsqﬁahlteéw flerag of ware athepinkies #apeinpysedor SEISHEd t 0 ot her spaces in
the |ithographic apparatus, for exanple, between the mask and the first

el ement O@oE?ﬁ PRl & ?ﬁ{dg?zﬂ)h?cy Jsrpgapat aﬁ?&graﬁéo"i)‘e B?%W%Q%%re% he Wstrat‘éri wn in

the art f creasin en erture of “proj ection systens. BRI EF

DESCRI PTI fanédsed tika Bﬁiﬁu\m&ﬁﬁg[a&@?a&]vellﬁrmgdtdﬁaaﬁ& dlet, e, iw@néd @sntovml h now be
descri bed, by way of exanple only, wth reference to the acconpanying

schemmt i cspaeabetmigsn ithe fwal clemeit pé dspreication erstme mthes%}dhﬁmt@; Inwegreiane

correspondin art and 029] depi c | i t hogr aphi c

appar at usfjﬁl‘Hg?AﬁiaX ﬁ‘?SPrPee %Pﬁil)g‘ﬁ%]%il %‘{‘i’c e tBﬁ%gI?gEaé’ ic apparats, for exampie,
between the mask and the first element of the projection system. Immersion techniques are

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

BRIEF DESCRIPTION OF THE DRAWINGS

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

symbols indicate corresponding parts, and in which:

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

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

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

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

the Lorentz actuator according to the invention.



[0030] Figure 2 depicts a cross sectional view of a Lorentz actuator
according to the invention; [0031] Figure 3a and 3b depict field |ines of
magnetic fields in a cross sectional view of a Lorentz actuator according
to the state of the art and a Lorentz actuator according to the invention;
and [0032] Figure 4 depicts a cross sectional view of apart of an
alternative enbodi nent of the Lorentz actuator according to the invention.
-8 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Li t hoer aphi ¢ Apparat us [ 0033]
Figure 1 schematically depicts a |ithographic apparatus 100 according to a
particul ar enbodi mrent of the invention. The apparatus conprises: [0034] an
illumnation system (illumnator) IL: for providing a projection beam PB of
radiation (e.g. UV or EUV radiation). [0035] a first support structure (e.g.
a mask tabl e/ holder) MI: for supporting patterning device (e.g. a nmask) MA
and connected to first positioning nechanism PM for accurately positioning
the patterning deviBETWILED PESERIPTOON 6 HIE INVISTI@Nsubstrate tabl e
(e.g. a wafer table/holder) WI: for holding a substrate (e.g. a
resist-coated wafer) Wand connected to second positioning nechanism PWfor
accur at el Lithogtdph@Appardtes substrate with respect to item PL; and [0037] a
projection system(e.g. a reflective projection lens) PL: for _imaging a
pattern i W&égl edFigyra hechpmajtisally depiple anlithegtaphisaapparatiisnP0 esordieg MA2onto a

target PoLLliof, Gl dineR UL Sl BRicA"He P Ris thighs®] e substrate W

[0034]  an illumination system (illuminator) IL: for providing a

projection beam PB of radiation (e.g. UV or EUV radiation).

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

device with respect to item PL;

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

respect to item PL; and

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

the substrate W.

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

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

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

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



[ 0038] As here depicted, the apparatus is of a reflective type (e.qg.
enploying a reflective mask or a progranmable mrror array of a type as
referred to above). Alternatively, the apparatus nmay be of a transm ssive
type (e.g. enploying a transm ssive mask). [0039] The illum nator IL
receives a beam of radiation froma radiation source SO The source and the
| i t hographi c apparatus nmay be separate entities, for exanple when the -9
source is a plasna discharge source. In such cases, the source is not
considered to form part of the l|ithographic apparatus and the radiation
beamis generally passed fromthe source SOto the illumnator IL with the

aid of a gagkdaksiaflasntd (ﬁﬁ&fa%e doifaar ﬁbm hS¥s, B IWcEis Al hﬁs%é?ec?fbl foRifit | ng

m nors and/or a spectral purity filter. In other cases the source nay
i ntegral patof dfe lutheglaplparaapmtus fand tleex eadpition \bieen it lgencyally passed frannthiecur y

| anp. The sour O.and the il ] um nat L, .may be referred to as a
radi at i ons@;’i%eté(ﬁ? tf‘@ m”ftﬁé Ir‘i‘qﬂihme #@r?iatwogmﬁog’@nﬁéﬁﬁteﬁﬁgplﬁec hani sm
for _ad] uSLiifgid dfeatitthHors dddlGasbloteal bith dﬂg{ R caées e A

| east the outer an I nner comm erre as a-outer
and a- i nniitegralgapee the\u@barhtuf fof éb&m;ﬂé thn ﬂhy s6lireé fslabll}ﬁrbu'r@ ldoflp. Ehedapice pl ane
of the illum nator can be adjusted. The illunmi nator provides a conditioned
beam of r S¢iaadithmillupapaser [he may b gefered {orasjacedipden stem-PB, having a desired
uniformty and intensity distribution in its cross-secti on [ 00411 The

Paol o wr AR The i BEbHE P bnlhRe HRES il mechhiGh drdaliSlif AR ahifor 720K
t hrough t figedsipdistrButiondif e Heamu metall, Heaud mebﬁteaaﬁcﬁmgi@hem&ltﬂ @&ferft of the

substrate W Wth the aid of the second positioning nechani sm PW and
posi tion temuuenly rferfes tg as arpulennrd G dnemEespecti tby)iof e intensity distibuticitia t abl e

WIr b d t. t t di ff t t
por 1 ons. EPPHI PHBE BLiR Gk st mEosced TRy htr FHETs @i ng
mechani sm,EM 81 diaR8s, rbfef8d &ERSRE plofectiof BEn? PBURAAL Ilée@déﬁe&' ﬁﬁ’itf&h){ty%a' tion

the mask MA wth respect to the path of the beam e.g. after “mechani cal
retri eval irftersity distréisitiohiibitacypss-sactidnr i ng a scan.

[0041] The projection beam PB is incident on the mask MA, which is held on the mask
table MT. Being reflected by the mask M A, the projection beam PB passes through the lens
PL, which focuses the beam onto a target portion C of the substrate W. With the aid of the
second positioning mechanism PW and position sensor IF2 (e.g. an interferometric device),
the substrate table WT can be moved accurately, e.g. so as to position different target
portions C in the path of the beam PB. Similarly, the first positioning mechanism PM and
position sensor IF1 can be used to accurately position the mask MA with respect to the
path of the beam PB, e.g. after mechanical retrieval from a mask library, or during a scan.
In general, movement of the object tables MT and WT will be realized with the aid of a
long-stroke module and a short-stroke module, which form part of the positioning
mechanism PM and PW. However, in the case of a stepper (as opposed to a scanner) the
mask table MT may be connected to a short stroke actuator only, or may be fixed. Mask
MA and substrate W may be aligned using mask alignment marks M1, M2 and substrate
alignment marks P1, P2.

[0042] The depicted apparatus can be used in the following preferred modes:
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I n general, novenent of the object tables MI and WI will be realized with
the aid of a |ong-stroke nodule and a short-stroke nodul e, which form part
of the positioning mechanism PM and PW However, in the case of a stepper
(as opposed to a scanner) the nask table MI may be connected to a short
stroke actuator only, or may be fixed. Mask MA and substrate W nmaybe

al i gned using mask alignnment marks ML, M2 and substrate alignnent marks P1,
P2. [0042] The depicted apparatus can be used in the follow ng preferred
nodes: 100431 step node: the mask table MI and the substrate table WI are
kept essentially stationary, while an entire pattern inparted to the

proj ection beam i[804¥]0] Qf6RLARNIR rask MIIEM P the Sufstrafe 1M1 VWIP afd - € @
single static exposure). The substrate table WI is then s |fte§ in the X

and/ or Y directi &kepsessehaallyastdiidiazy,ewhile angeitirp gratteon irfiparted tvetlexposed. | n

step node, the maxinumsjze of the 8);{)osure field Iidn'ts the size of the
target portion CHHEHER PRI, IPRIsciedgnig pdargglpatipr C froonsge fa? mode: t he

mask table MT an%@u@gﬁ%@%{o@ﬁ@)ﬁ &ibWat@tble RARIGD SYRGLAAOYS! y while a

pattern inparted t ection beamis projected onto a target portion
C (i.e. a singl e atgfoali direeposaitha)a diffeeent tagged pottipnahehntbererpbdednmof t he
substrate table W relative tQ the mask table MI is determ ned by the
(de-) nagni f i cat i SHPIRRAS: Higgeaximyaysizg of th expesure fickd links the sizgof Pieoj ect i on
systemPL. In sc . i - S . exposure field limts the
width (in the noﬁélr g@%ﬁﬁl?\%&gfnggﬁ%n ngﬁ%égttl‘ﬁéexéogrﬁﬁét portion in a single
dynam c exposure, whereas the length of the scanning notion determ nes the

hei ght (in the sqeodd]ngscdi ki thamagk tabld I Tt @rdghé sytetritedible WD4R1 ot her
node: the mask table MI is kept essentially stationary holding a
progr anmabl e pat tSeaHied §yneaianeusly yiie a patten gaparteddo thgprejeogpn bgam is

projected onto a target portion C (i.e. a single dynamic exposure). The
velocity and direction of the substrate table WT relative to the mask table
MT is determined by the (de-)magnification and image reversal
characteristics of the projection system PL. In scan mode, the maximum
size of the exposure field limits the width (in the non-scanning direction)
of the target portion in a single dynamic exposure, whereas the length of
the scanning motion determines the height (in the scanning direction) of

the target portion.

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

a type as referred to above.
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noved or scanned while a pattern inparted to the projection beamis
projected onto a target portion C. In this node, generally a pul sed

radi ati on source is enployed and the programuabl e patterning device is
updated as required after each novenent of the substrate table WI or in

bet ween successive radiation pulses during a scan. This node of operation
can be readily applied to maskless |ithography that utilizes programmble
patterning device, such as a programmable mrror array of a type as
referred to above. [0046] Conbinations and/or variations on the above

descri bed nodes of use or entirely different nodes of use may al so be

enpl oyed. [(ﬁabpd' OBhbhatibROhalorAari YN 8n BRABEve ddsEROA ARIYs 6f @s@BﬁérﬁfrH? 100
enpl oy actuators for positioning a part of the apparatus, such as

posi ti oni digfezens niodes off wsetmadyl adgohnd ehaployel. mask tabl e/ hol der, a part of an
irradiation system a part of an illum nation system or any other part of
the Ilith raﬁhic apparatus 100. [0045] Fig. 2 shows a cross sectional view
of a Lor eH2CENEUSor 200, in accordance with an enmbodi ment of the present
i nvention L i i ly 201
and a secgwﬁhgct%%?g%agugggggﬁ%r§ﬂg%%?§ﬁﬁ?286Féﬁk)J%E%gﬁiﬁﬁﬁﬁﬂﬁgéggg? to the
first subpasefihkwpRdidtus, Eneh hd pesiticniig@substrae batdsholdery a 2thkk ¢cabigholdesaa first
and a second nagnet system subassenbly 203, 204, respectively, conprising a
mai n and Bart 8f g irgadigtipnysygters agipsh of AN HHEINAHPR s¥items dhFYIRtAF PaFaghBE syst em
are attac f the lithographic apparatus 100. The mai n nagnet
systen1coﬁg@géﬁgﬁggPﬁg%%éggts 205a, 205b, 205c, 205d. The polarity of the
mai n magnets 205a, 205b, 205c and 205d is indicated by the arrow as drawn
in the repod8] i VBighBishowngredss se@oAd] vidhefadldieito actdQr 260,danté@dird t o
generate a force having a direction as_indicated by Fig. 2 fromleft to

ri ght or itbanembodiment efhe pressat wventpm. dhgliosentz Fhiatop cemprsgssa first

actuator subassembly 201 and a second actuator subassembly 202, which is movable with

respect to the first subassembly 201. The first actuator subassembly 201 comprises a first
and a second magnet system subassembly 203, 204, respectively, comprising a main and a
subsidiary magnet system. The main and subsidiary magnet system are attached to one part
of the lithographic apparatus 100. The main magnet system comprises main magnets 205a,
205b, 205¢c, 205d. The polarity of the main magnets 205a, 205b, 205¢ and 205d is

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

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

[0050]  The first and second magnet system subassemblies 203, 204 further comprise the
subsidiary magnet system comprising the subsidiary magnets 206a, 206b, 206¢, 206d, 206¢
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bet ween the mai n magnets 205a-205d and the second actuator subassenbly 202,
which is attached to another part of |ithographic apparatus 100. The second
actuat or assenbly 202 conprises an electrically conductive el enent, such as

a coil. In fact, the parts 202 in this enbodinment represent a cross
sectional view of a coil, an electrical current in one part of the coi
202a having an opposite direction than an electrical current in the other
part 202b of the coil. For this reason, polarity of the main nagnets 205a,

205c, is opposite to polarity of the main magnets 205b, 205d. [0050] The
first and second magnet system subassenblies 203, 204 further conprise the

subsi di ar ; S Mol b, 206c,
3060 popadTARIn S L FeS MR hEhabaudt SRlenHH B} mbdifenc HED,

system | subsidéare mivprietse2(i6a, 206b, 206bs2@idanP6eragh 06t 2@6arangein Hilkaeh 206d,
206e and 206f are arranged in Hal bach configuration. [00511 The actuator
200 furt hefiggiPNses a back mass 207a, 207b, such as aback iron. According
to the invention, magnetic el enents 208a, 208b are provi ded whi ch extend

bet ween o Si fi e 04 magnet
system swggglsengﬁsaecg& %nzog&?@%rgé?b{}%g alr?é%ﬁén‘é‘% SS?OZ{P’%QZ%? g&%%%(JCl%lg ) wi I I be
expl ai nedAeédrlling nefiies @vestidng nfdgdeticGeemonts 080e108W. aré PvEdedRiviich 3rtedd Fi g.

3b depict the Lorentz actuator as described with reference to Fig. 2,
Eoweve[) i PECREE OBl Fisishosadedass mfdhe disst, 2Q3nandrihgniacprd épén?w@t m%gn_, 208b,
ave beep,r : : n the fi n
magneti c qbg?sg& \zérﬁgs'i'%]ﬂ;?@% é’éﬁ%gﬁg%%gvﬁ%%g‘h??g %%I%lgﬁfévslh(r)he %xﬁiea%%eéic‘g'ﬁ%,

subsi di arﬁéme@F%Bhgh@3abaowai cated by 301. As can be seen with
reference to Fig. 3b, a part of the subsidiary magnetic field fromthe

subsidiaré@nagnets 206a and 206d is short-circuited by the nmagnetic el enent
208a. 1000932 i kEigi seandFigaph depfictithe Lotents asituater asalgsrstbied Witheteterendedd nat i ng

from i he sbs Ak iy TRINE (2008 AN 205 uleBuAOKd ibhbBe! ks e mmanet i ©
been removed. In Fig. 3a and 3b, field lines of the first, main magnetic field are indicated
by 300 while field lines of the second, subsidiary magnetic field are indicated by 301. As
can be seen with reference to Fig. 3b, a part of the subsidiary magnetic field from the

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

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

relative permeability > 1.

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

main magnets 205a, 205¢ of the main magnet system. A distance between the magnetic
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thereof, a field at a |ocation of the coil 202, near the coil 202 is
increased in Fig. 3b as conpared to Fig. 3a. A further effect is that the
magneti c el ements 208a, 208b shield the actuator from possibly disturbing
external magnetic fields. The magnetic el ement 208a, 208b can conprise an
iron or any other highly magnetically perneable material, having a relative
permeability> 1. [0054] The nagnetic el enent conprises the magnetically
perneabl e material that extends between nutually opposing subsidiary
magnet s 206a, 206d conprised in the subsidiary nmagnet system the nutually
opposi ng subsidiary magnets having substantially anti-parallel

pol ari zat bjefhess 2084 £HY tﬁggﬁ{lﬁgﬁ’@nﬁ%{ﬁrgfrﬁ%ﬁﬂwﬁa&il&@e tr%h%ﬁg&ﬁﬁk IGrc@b ANt

ext ends et ween sides o y Oopposi ng-subsi ry magnets 206a,
206d f acestthatomis fdf dmarits ofmlorenmdoret sf e aatnatdf Atheatluttancenforde deagases syst em

A di stance_  bet ween the nmagnetic -13 el enents 208a and t he conductive el enent
202a is tWaEN thgaheve dstance ipgieateance force of the actuator is |ess than 1%
of a Lorentz force of the actuator. The reluctance force decreases when the

above di sigaBge | fiC] ﬁ&%tiv%%ﬁfbﬁhirﬁéﬁt %Ptﬂ%lﬂo‘?&ﬂ?tait:ﬁﬁgtoﬁqgﬁ%%cﬁ(gﬁ{ce QJi}ht fig Lorentz

actuator, 1n accordgnce wth e present 1nvention, e explained with

r ef er encepresenfinyentdon, shilbbé expl@ingbwith tdf@emefto Fig. d, shdwirign padtrthéreefl &ig. §hows t he
mai n magnet 205a, and a part of the_ back mass 207a in this exanple

conpri si nd Rasticylamshows the anaipimenengei?San and aspary pethevliack mass0dade this Fig. 4,

the magnelic Nt 208 risi went xtends, het ween
i gty n S RS Hing et o 2 HR et by REA SRS ARG A ER e o0
adj acent agidlie éement DB Eonifridghgai permBgdft m2dhd) belends bhwxwen Hghiyhe fir st
and second magnet system subassenblies. [0056] The magnetic el ement 208a in
thi s enbouirgraticalbopgyricalls parts (theparh §ofe beingehowaig &igrdy Adiacii e Hig maaipol arity

' di ' . f b bl i h
of ner  onc e (T iy 205 BEREGRERF Ing Sk S FoRBATRGHRY bt 11

subassemblies.

[0056] The magnetic element 208a in this embodiment comprises a side magnet, the
side magnet having a polarity in a direction from one of the second magnet system
subassemblies to the other one thereof. Advantageously, a polarization of the magnetic
element 208a is opposite to a polarization of neighboring main magnets 205a (as shown in
Fig. 4) and 205c (not shown in Fig. 4). The magnetic element 208a in Fig. 4 forms part of
the subsidiary magnet system, and in fact has a same or similar effect as the magnetic
element 208a and 208b as shown in Fig. 2 and Fig. 3b, as a same effect of guiding a
magnetic field between 206a and 206d is achieved. In Fig. 2 and Fig. 3b, this effect is
achieved by a magnetic polarization of the subsidiary magnets 206a and 206d, while in Fig.
4 a same or similar effect is created by a magnetic polarization of the magnetic element

208a.

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

embodiment as shown in Fig. 2, the magnetic element 208a can e.g. extend from sides of
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el ement 208a is opposite to a polarization of neighboring main magnets 205a
(as shown in Fig. 4) and 205c (not shown in Fig. 4). The nagnetic el enent
208a in Fig. 4 forns part of the subsidiary magnet system and in fact has
a sanme or simlar effect as the magnetic elenent 208a and 208b as shown in
Fig. 2 and Fig. 3b, as a sane effect of guiding a magnetic field between
206a and 206d is achieved. In Fig. 2 and Fig. 3b, this effect is achieved
by a nmagnetic polarization of the subsidiary magnets 206a and 206d, while in
Fig. 4 a sane or simlar effect is created by a magnetic pol ari zati on of
the magnetic element 208a. [0057] In Fig. 4 only a part of the Lorentz
actuator i3 ShAWAry inaBnet@ 2064, D0BPRRIndBich JPher! Rfiile T ﬁﬁesL&@ﬁtrz'agﬂﬂtor 5o as
conparabl e to the ‘croSs sectional view of the Lorentz actuator o ig. 2
It will hswewen Big 4 ltamagretic réensdait R0&0capner s entehdfrom 4 eidaiofi dherpasf 206he cr os
sectional Vviewis constituted. As an alternative to the configurations as
shown in ﬁ%?O%%%ﬁ$wg in jig. 4 ﬁ@%@ﬂ'@ttﬁlﬁ PR A RENCLITE BP0kt and
from any §£@§ﬁ93>the part 206. Thus, in the enbodinment as shown in Fig. 2
t he magnet| ele%bnt 208a can e.g. extend from sides of -14 the subsidiary
magnets 206a, 206d facing each other, while in the Lorentz actuator as
shown in (048] 4, Thé&ommtn ettustor havedihg 208k aavenidorg carekt epplidd fomldgislyde of
the part 206a and 206d (not shown in Fig. é% facing fromthe adjacent main
magnet 203¥uRRanhertempaaiige eritieal ppplicghieris| with a shost slieke ig@rdiepetion akther ding to
the invengj | ed. i ceur and/ or tenperature
critical g%%%ﬁé%&ﬁ%ﬁ¥%§g#kﬁgwéﬁg?%lg@#%ﬂg&i%ﬁg%'lfection of the force, such
as stages and optics in the lithographic apparatus. [0059] Whilst specific
enbodi menf®s9f Wikilst speeifid epibodanéentbefiie eemidniasle B&ddRscrited vbbie, it bl
appreci ated that the invention nmay be practiced otherw se than as descri bed.
As such, beprefaated that the inveatigmmay ke praglerd: Sherpiserthanas desgriedi 6 sughe
confi gur ai j e} . th r i NV J been
descri beg{hﬁg{éﬁcrﬁﬁgﬁg%%éﬂgaeg%gil tﬁg&{iﬁ}g{e 1'f1v81ft10;1. Fhe cSr?EQIraMh, %B&Jaﬁ&l, '&ﬁﬁ
behavior of the present invention has been described with the understanding that

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

claims.
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nodi fications and variations of the enbodi nents are possible, given the

| evel of detail present herein. Thus, the preceding detailed description is
not neant or intended to, in any way, limt the invention - rather the
scope of the invention is defined by the appended clains. VVHAT IS CLAI MED
I'S: 1. A lithographic apparatus conprising: an illumnation systemthat

provi des a beam of radiation, a support structure that supports a patterning
device, said patterning device capable of a desired pattern onto said beam
of radiation, a substrate holder that holds a substrate, a projection system
that projects the patterned beamonto said substrate; and an actuator that
produces a force between a first apparatus part and a second part to

di spl ace said first and second apparatus parts relative to each, wherein
said first apparatus part coVWHASEES @LAIMEED I8: part of one of said
illumnation system said support structure, said substrate hol der, and
said projection system and said second apparatus part conprises at |east

anot her part of pn ﬁIhogﬁhHiciakh%u@%&?ﬂsiﬁé’stem sai d support structure,
nd sa

sai d substrate hol der, projection®system said actuator conpri sing:

a first magnet sysilmisaasyssmlthiatdnehidesssantoifadingén,Syst em subassenbl y
that conprise a nain magnet system configured to provide a first nmagnetic

field and a subsisemertystingtine thas pupporiscopaticgung devige,prasl paiteraing devisd
magnetic field, .said in and, subsidia net systens attached to said
first app%ﬁpg?lﬁgfﬁiﬁlfeﬁaﬁﬂgﬁneo&? f%iﬁ?@l&?ﬁ%&f@ﬁme el enent configured to
produce said forgeHiasRthoRier i3t holas sastla@N between an el ectric current
carried by said electrically conductive elenent and said first and second

magneti c fi el ds, a pajettieh eystem thalt pyoj entnidia pritarsedcbeaneonto said subsiite; tand sai d

second apparatus part and interposed between said first and second magnet
system sggassentﬂ“{) aézéuat%rﬁgat prod%cgsaf%rcel?)etweena 1rst apparatus part an asecoanart g

to displace said first and second apparatus parts relative to each, wherein said first
apparatus part comprises at least a part of one of said illumination system, said support
structure, said substrate holder, and said projection system and said second apparatus part
comprises at least another part of one of said illumination system, said support structure,

said substrate holder, and said projection system, said actuator comprising:

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

subsidiary magnet systems attached to said first apparatus part;

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

system subassemblies; and

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

subassemblies to the other one of said first and second magnet system subassemblies.
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a magnetic el enent extending substantially between outer portions of said
first and second magnet system subassenblies, said magnetic el enent
configured to guide a portion of said second magnetic field from one of
said first and second magnet system subassenblies to the other one of said
first and second magnet system subassenblies. -16 2. The |ithographic
apparatus of Claiml1l, wherein said main nmagnet system and said subsidiary
magnet system are arranged in a Hal bach configuration. 3. The |ithographic
apparatus of Claim1, wherein said magnetic el enent conprises a highly
magnetically perneable material. 4. The lithographic apparatus of Caim1l,
wherein said magnetic el ement extends between mutually opposing subsidiary
magnets conprised in said subsidiary nagnet system wherein said nutually
opposi ng subs?.ditryithegapltis appavaus obStaantli ahereirasdid npar mafedt sypahandzat i ons.

5. The lithographi c apparatus of Cl aim4, erein said magnetic el enent
extends gb@’é lw&%gﬁrsygawmw?ylwgg@mgorfmtmnary magnets rel ative
to adjacent main magnets of said main nagnet system 6. The |ithographic

apparatus of Claim1l, wherein said magnetic el enent conprises a permanent
magnet havi ng3.aThelitoptaphicapparaius e£Cladn 1§ wikteiarei dehaghaiicklémérs torptises econd
magnet system subassenblies to the other one of said first and second magnet
system subigbbangnetigallypermpable matesigh aphi ¢ apparatus of C aim 6, wherein
sai d nmagnetic el ement extends between parts conprising a highly
magnetical ly perneable material |ocated adjacent to nain magnets of said

first and secondhed@raphySippatasuBuICIgiRD] i viltereif} saidigagnetihélgmaphdxgendppar at us
of Caiml1, wherein a distance between said conductive el enent and said

magnet i ¢ edteperhmutually gpposing riubsidiag pagngs cempased inesaid subrédiaryf @ageet of sai d
actuator to, be less tﬁgn }W of a maxium force gﬁodu gx.ﬁai .actY?tor.
syStem, whétein said mu ually opposing subsidiary magrietS have substamtially anti-paralle

polarizations.

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

magnets of said main magnet system.

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

subassemblies.

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

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

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

force of said actuator to be less than 1% of a maximum force produce by said actuator.
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9. An actuator for producing a force between a first and a second part to

di spl ace one of said first and second parts relative to the other of said
first and second parts, said actuator conprising: a first actuator
subassenbly conprising a first magnet system subassenbly and a second
magnet system subassenbly, said first and second magnet system subassenblies
conprising a nmain magnet system configured to provide a first nmagnetic field
and a subsidiary nmagnet system configured to provide a second magnetic
field, said main and subsidiary magnet systens attached to said first part;
a second actuator subassenbly conprising an electrically conductive el enent

conf i gur ed_t 00 DARUGR0R ProBERE a RISE iR UerPlil IR AELHRBRE MG ARl ect T c

current carried by said electrrcally congﬁ%tlve e and rst and
second neghstid dirstfand| stsondspdrts relatiee ito dad dthercofshid first eand| seommit patst saitied t o
said second part and. interposed between said first and second magnet system
subassenbfqieHor Comprigiigagnet i ¢ el ement extendi ng substantially between outer

portions of saig tfai:ﬂx?tltoégu% s@gﬁgggﬁgﬁgﬁggr@gﬁ%ﬁ%&%s&ﬂ%'s;e e

magneti c el enent con ure sal d”secon gnetic

field frogscomemainagadyderhisibdssa@isly SRt RORESnBGYSfie sy st sgtseeseMilRS to the
ot her one of said first and second nagnet system subassenblies. 10. The

act uat or eTMEIERGP INAIB FNIENGh PYsia §aeligusgyd tepoatls & dird magnstidifighd) anchgnet

o *whor o HogaRis ARG Refh RBIRE A EoflmpgrecdBRuRA Y 0! rocol o

mat eri al . subdidial ehaghiétégétoms aftachk@tdRaM fikpargl N sai d magnetic el ement extends
between nutually opposing subsidiary nagnets conprised in said subsidiary

ubstant ) al | y2 s R Aor Qb RBROR bty ShAt FBRARNE, S 12,
wher ei N sadriglBdne prsduet SIIB Rdrc€¥isen df ah SitvREHorSheiREen an electric current
carried by said electrically conductive element and said first and second magnetic
fields, said electrically conductive element attached to said second part and interposed
between said first and second magnet system subassemblies; and
a magnetic element extending substantially between outer portions of said first and
second magnet system subassemblies, said magnetic element configured to guide a portion
of said second magnetic field from one of said first and second magnet system

subassemblies to the other one of said first and second magnet system subassemblies.

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

system being arranged in a Halbach configuration.

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

magnetically permeable material.

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

polarizations.
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of said nutually opposing subsidiary nmagnets relative to adjacent main
magnets of said main magnet system 14. The actuator of Claim9, wherein
said nmagnetic el enment conprises a permanent nagnet having a polarity in a
direction fromone of said first and second magnet system subassenblies to
the other one of said first and second nagnet system subassenblies. 15. The
actuator of Claim 14, wherein said magnetic el enent extends between parts
conprising a highly magnetically perneable material |ocated adjacent to main
magnets of said first and second magnet system subassenblies. 16. The
actuator of Caim9, wherein a distance between said conductive elenent and
sai d magneti cigl ﬁiépaeﬁlaio? oF@fafthQG\Vﬁéréﬁn s&id 9 gl&M&t%xf ghé'ﬁ\ett\@%%lcfegr ce of
said actuator to be | ess than 1% of a nmaximum force produce sal d

act uat or . oflsaid iutieily opposarpuduhsidiary npgnas hdalivedopdjasemgnain magnetsl bfigpid
substrate held by a substrate hol der; providing a beamof radiation using an
i 11 uni nat Mak B3&ELHSehparting a desi r ed pattern onto said beam of radiation
by a patterning device supported by a support structure; projecting said
patterned beam of radiation onto a target portion of said substrate via a
proj ecti on syst. éihe apuuatzbuofﬁlgim 9f whereintsaiddh kel edmeiiticofiprisgrapedimbsenpar t and
a second apparatus part . relative tq each other, wherein said first

appar at usmaghet havagriPeksitatn & dzestion fioay pnegf saiddfirsbandssrend mpgnet pvstsiyn
system s [ projection
szst em an%fbg%sgﬁlggg{:{gr@é Bﬁ{&t &{e ofsﬁi% fﬂ? é&%%%&&h%%egﬁfsgmf%%ﬁ%t% hng}l porjtl on of
one of said illumnation system sa| d support structure, said substrate

hol der, said force producing conprises: -19 generating a first nagnetic
field from a aiThematyator ofGlaima A g¥heseinispid magnefineglement extends between parts

comprising a highly magnetically permeable material located adjacent to main magnets of

said first and second magnet system subassemblies.

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

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

17. A device manufacturing method comprising:
providing a substrate held by a substrate holder;
providing a beam of radiation using an illumination system;
imparting a desired pattern onto said beam of radiation by a patterning device
supported by a support structure;
projecting said patterned beam of radiation onto a target portion of said substrate

via a projection system;

producing a force to displace a first apparatus part and a second apparatus part
relative to each other, wherein said first apparatus part comprises at least a part of one
of said illumination system, said support structure, said substrate holder, and said
projection system and said second apparatus part comprises at least another portion of
one of said illumination system, said support structure, said substrate holder, said force

producing comprises:
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system subassenbly and a second nmagnet system subassenbly, said main nagnet
system being attached to said first part; generating a second nmagnetic
field froma subsidiary magnet systemof said first and second magnet

syst em subassenbl i es, said subsidiary nagnet system being attached to said
first part; producing said force based on an interaction between an electric
current carried by an electrically conductive elenent and said first and
second magnetic fields, said electrically conductive el enent being attached
to said second part; and gquiding a portion of said second nmagnetic field
fromone of said first and a second nmagnet system subassenblies to the other

e 5y SRR S Sk s LSl L AR,
second magyseei ubhssembllyeand asecadgeagnensyatehiedubassbmbby fdid trasit magnet system
being attached to said first part;
generating a second magnetic field from a subsidiary magnet system of said first
and second magnet system subassemblies, said subsidiary magnet system being attached to
said first part;
producing said force based on an interaction between an electric current carried
by an electrically conductive element and said first and second magnetic fields,
said electrically conductive element being attached to said second part; and
guiding a portion of said second magnetic field from one of said first and a
second magnet system subassemblies to the other of said first and second magnet system

subassemblies.

18. The device manufacturing method of Claim 17, wherein the first magnetic field

and the second magnetic field are arranged in a Halbach configuration.
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