P-0346. 010 -1 Magnetic actuator under piezoelectric control. Field of the

i nvention The present invention relates to an actuating device for
controlling a nagnetic force as defined in the preanble of claim1. Al so,
the present invention relates to a magnetic 5 actuator for controlling an
adjustnment force as defined in the preanble of claim3. Mreover, the
present invention relates to a nmagnetic actuator for controlling a

rel uctance foroedawoset forth in the preanble of claim8, the present
invention also relates to a support systemas defined in the preanble of
claim 13. Furt IvfagRetic dcb@atoP AR pieRvd@Bétritcdiftrgf.€S to a lithographic
projection apparatus as defined in the 10 preanble of claim1l4. Al so, the
present invention relates to a device manufacturing nethod as defined in
the preanbl e ofFieldaf the ifvenf@Backgr ound of the invention The present invention
finds a preferred application in the field of Iithographic projection
appar at us t hat Es@ssed deventigngglaigs fogan astpatingrdevise fargppirgllingp nagnasicderce on beam
15 of radiat léaraeﬁ@emaﬁgﬁémﬁierwagm ARp, tﬁé&gpéaﬁtt P&&u&ﬁeﬁa%s%%aggéﬂs whi ch
serves to pattern the oj ection beam accordin 0 a desired pa

subst r at e & abictafop forhomtchlhrrg anadpistoeht fatce jas defdl,ed in the pieaable mﬁclamsB em for

Perm »pat fer Mo baneosar Ao oh Raftel 8 irme R ebiE B set ) Timker pr ot od as
20 referring reloctamerferce msetﬁaanhub&:elpmdlbte@femﬁmw tﬁﬂpﬂeﬁ@ﬂﬁﬂvﬂ@whﬁﬁbati on bgam
with a pattern d,.cross ion,. corr.espondi t.0 a pattern that is to be
created in arfggaég’[as"ﬁgg?r??yé ¥ dfﬁ ds}’&ﬁ’g eéf“gg’ l@“’?g?rﬁt F‘?r@’f?fe 8l ve" can
al so be used preseﬁmhﬁenﬁankﬁmsmaﬁele@;ﬁgh& Projebtidh HphrbuPad deFinéd Mithd correspond
to a partjcular functiqnal yer in a device being created in the target

portion, SucHTEEIRHOk Cr\‘i”é‘gll“af\ 8 the prespnt inyentigh Frdgtesde ¢dgucq wamnizotiring| ow) .
Exanpl es of sH@hodatdefhiddl if thePoaitbld dTelaitl@6. - A mask. The concept of a mask
is well known in lithography, and it includes mask types such as binary,
alternating phase-shift, and attenuated phase-shift, as well as various
hybrid mask typ&&te RV ych a mask in t he radi ati on beam causes
sel ective transpl.ssd (.0 . i reflection
(in the case ofsm g%gé(g&{r}éé‘)leg%%r@gg %égelg%leg? pélkgﬁoﬁl ?%t?%%@%% Jlrhhcg on the
mask, accor dipgettmntahpargag ﬁlmremmmalshaarad'mﬁmksysiem ﬁ)hmppkymg agfrojactivadieamt he

support SfSr umf%cﬁan\@nl 4 su%&?r? rtﬂml‘tﬁ{e %2)? svﬂl)p IISIE petl ernmg means vﬁnch serves to

pattern the projection beam according to a desired pattern, a substrate table for holding

a substrate; and, a projection system for projecting the patterned beam onto a target
portion of the substrate.

The term “patterning means” as here employed should be broadly interpreted as

20 referring to means that can be used to endow an incoming radiation beam with a
patterned cross-section, corresponding to a pattern that is to be created in a target
portion of the substrate; the term “light valve” can also be used in this context.
Generally, the said pattern will correspond to a particular functional layer in a device
being created in the target portion, such as an integrated circuit or other device (see

25  below). Examples of such patterning means include:

- A mask. The concept of a mask is well known in lithography, and it includes
mask types such as binary, alternating phase-shift, and attenuated phase-shift, as well as
various hybrid mask types. Placement of such a mask in the radiation beam causes
selective transmission (in the case of a transmission mask) or reflection (in the case of a

30  reflective mask) of the radiation impinging on the mask, according to the pattern on the

mask. In the case of a mask, the support structure will generally be a mask table, which



P- 0396. 010 2 ensures that the mask can be held at a desired position in
the incom ng radiation beam and that it can be noved relative to the beam
if so desired; - A programmable mirror array. One exanple of such a device
is a matri x- addressabl e surface having a visco-elastic control |ayer and a
reflective surface. The 5 basic principle behind such an apparatus is that
(for exanple) addressed areas of the reflective surface reflect incident
| i ght as diffragpg%(hbght, wher eas unaddregsed areas reflect incident

I c

| i ght as non-dif d light. Using an appropriate filter, the said non-

diffracted |I@1|§|hre§mﬁl themhdk daﬁrbeda@uta @sirédsositioh eGE ﬁﬂoﬂﬁﬁ‘@ﬁdﬂtﬂﬁ%ﬂﬁ only
the diffracted ehi n in this ma t.he beam becones patterned

nn
according to %"Héhaégdﬂa’é %F’ﬁbﬂ rﬁlatb‘éﬁtf’él}eﬁ’eb‘fl lfﬁ‘?éieﬂﬁfirl x- addr essabl e surf ace.

An al ternative enbpdimirabRimigror ﬂf'@go R dTshidhQf de@icE &a BARLOYS @ matrix
arrangenent of tiny mrrors, each of which can be individually tilted
about an axi sadgges éhslswfwg havisgp visen- elast@@amtr@@dereané@trﬁfﬂ@twermfm The by

enpl oyi ng 4i %Qi%lpﬁﬁ&gl'c Geldhid H2h bR E[Fﬂexgaggas i 185 egﬁgélfyiadgﬁegﬁew eh DSt ©

matri x- addr essabl e uch that ad mrror ect an 1 ncom ng
radi ation beaneflave surkceliefitasnmmdentliighe et diffracted lightaertieressmaddiessedoreas i n this

manner, the rr%ﬁéc? %gntq 8 n%n-dﬁﬂ%étgc{ i g L%m%ﬁaé%bﬂ anagc Hﬁ' T t%? gz{lgss ng

pattern of the matri Xx- a urre "MYdr essi ng
can be per f ordiffchcied iliplg cambdz fildred @lt ef the wﬂeCtedirBeums leaking bolyhhodiffricted

situations des d he e above he patterni ng neans,can co i Se one or
nor e prograﬁ\‘é’f)‘J “&%“P%fy@le% ecf’ﬁ‘??}?%‘?‘f’%ﬁ"%ﬁ“ﬁ@ﬂlﬁ rﬁﬁ?ﬂﬁ%‘g& as here

referred to q&ftelﬂQ)flﬂe rgdtﬁaaaﬂessmsmwmhelteMt@meMbb&ﬁﬂmSIfat es Patents US
5,296,891 and US 5,523,193, and IDCT pat ent applications WO 98/ 38597 and WO

98/ 33096, whi RIASANMAPIE SYFPATRY SEPloyS # BaiixArapgamentfdtiny miosheach 8€e of a

progranmabl e whith &n KRIiEEYidudllf@iltsRhBbuBAPRA Hy apBlylng GlsuitfdlBYalR&) Qédeqdi ed as a
frame or table, for exanple, which may be fixed or novable as required,

and 25 - A priisdé. &ﬁhwmeloweepawwm%ﬁmewaes &ince again, shegwiseorsaget i on i s
given in U“'&ﬁﬁx-%&&%ﬁbl?%%atldﬁdéss@@%&Jr@wﬂmm& ah-'fncbﬂl rQ&lEt?&ngdiaﬁer ein

by reference. As above, the support structure in this ca e enbodi ed
as a fran® orIntﬂabﬁf@ent1’(151’50110@%ialﬂqaﬂ@essvmmmrmythbenfmmfeﬂwmﬂm@dammas

ot on, MorpaRHnREaERfla STl elsink oahDF of £¥ mafthc JddleReabRARigBRY Tyt cBr? 210

| ocati ons, specl |ca rec o exa es rnvolving a mask and
mask table; Heqeied nnatmm@idg’eneg edn beperfomieg lueisg dlnablaskveulomm msarshin bogt efnces

shoul d be seefl. ifahilif dLAREPHer MUV The Phetnfl mddR! L8 BPls BRFnR SCT forth

programmable mirror arrays. More information on mirror arrays as here referred to can
20  be gleaned, for example, from United States Patents US 5,296,891 and US 5,523,193,
and PCT patent applications WO 98/38597 and WO 98/33096, which are incorporated
herein by reference. In the case of a programmable mirror array, the said support
structure may be embodied as a frame or table, for example, which may be fixed or
movable as required; and
25 - A programmable LCD array. An example of such a construction is given in
United States Patent US 5,229,872, which is incorporated herein by reference. As
above, the support structure in this case may be embodied as a frame or table, for
example, which may be fixed or movable as required.
For purposes of simplicity, the rest of this text may, at certain locations, specifically
30 direct itself to examples involving a mask and mask table; however, the general
principles discussed in such instances should be seen in the broader context of the

patterning means as set forth here above.



P-0396. 010 3 Lithographic projection apparatus can be used, for exanple,
in the manufacture of integrated circuits (I1Cs). In such a case, the
patterni ng neans may generate a circuit pattern corresponding to an

i ndi vidual |ayer of the IC, and this pattern can be inaged onto a target
portion (e.g. conprising one or nore dies) on a substrate (silicon wafer) 5
that has been coated with a layer of radiation-sensitive material (resist).
In general, a ppygAowafer will contain ajswhole network of adjacent target
portions that are successively irradiated via the projection system one
at a tinme. |n duthographigppgectionispparamsphrobd wgd,fart dxemplienig the/manufsice ofh a nask
table, a dist e 0 sattdo different types of chi ne.

In one type o “lr“&%a eﬁ%g(rc'%% i c)ggg]?ce%tc%%&aﬁaara & AR I gfbé%g?ﬁgfmggrt ionis

irradi ated bypatiemestregotdieg ©rihiindivides laygadftier I, ot thistpherh sargRtimagéd i on in
one go; such an a a‘g{l{'ls s commpnly referred to as a wafer ste per or
st ep- and- r epedte? E’E&? L PR (e-g FomprIsIgqop AuinPirdlics) o sybgiate (Sélt?ﬁ’f‘rﬁ’ﬁey referred

to as a step-tndasb&h coRPPHItRh Wer ofeadiftion e R tve RfdraDResish). irf gedctaphed by
progressively scanning the mask pattern under the projection beamin a

given refere n%’égl‘?jW?féEWiIb‘P?ntaf%Wh%lE BRWPTHP! adigcent taeaet PeHonsbdt e synchr onousl y

scanni ng the @Uﬁilﬁé%ﬁraﬁﬁﬁh%lﬂﬁé BlofeBliodystet éme@@-ﬁ e € cuffent bPpatattld, r €Cti on;
since, in general, the projection systemw | have a magnification factor

M (general ly cznpjgymgp;@tegwéw amapk opt; redsk tabhte, sdﬁ@mqﬂaneartlwbn@eubstv@sanned will
be a factor twotdlﬁa'g‘nttlyaﬁg f“%M[ﬂ'LCﬂ (}ng ?ﬁh%%%lﬁ El%he%ﬁg‘rp Q atus ea

information wth regar ogr apti’c devi ere scribed can be
gl eaned, l‘(br tesgsmaﬂlﬂeon if roadiald8 b§, eRA@ing IR entlmnaskqaattmpatbehb thezeegantidayin

cppar atus, & Baeonis AEbakR PLARERR MR e SRR S R P e 1
at | east par tapphtatps dnmab&ﬂnatwe apﬁamylsr—&bmmbakj'lrafetrﬁhto&eﬂSIep-Ia\ld!-smﬂ erial
(resist). Prior to th subst r at under go varl ous
b ocedut es, - <RRHets prRMATEE POHioh & MegHEF hG PRt Dot ek BE e o1
exposure, t hq;astednamdattbe prajective teuhjiies geen feﬁbrﬂichﬁfreqnbﬁ)(xﬁdwbaﬁmmgs uch aS a

post - expo bak PE devel| opnment, a hard bake a
measur ene llqi’éeﬁté &"CWQO?S%W&%%NW%‘? ta'?*ﬁlpéraHFlr“éﬁn%Parﬂ D&dures is

used as a basms d‘i:@cti%ﬁt §u§fen1n3%3nérﬂdﬂ1¥bﬂﬁ@hoﬂ ¥R Wl Have Qﬁxgrﬁﬁcausn hetoran | C
Such a patterned | en undergo vari ous processes such as etching,

i on-i npl ant atMd Ee”(:g’ﬁﬁﬁ’ﬂé)t € freedi V1ot yhic %S“B%@F‘Gé’ﬂl%ﬁ scaapechyvidlhe-afeetprani cal 30
polishing, et timelthat hmﬁa%@ nlaSk tfabl@'1§§33191feﬁ Mbkeli a'ngl‘r'%thlr w | I several

| ayers are required, then the who procedure, or a variant thereof, wll

have to be rdpbesrada @cheseaédﬁferﬁbwﬂlbe@/@nn be Eleerady for Exampe fany WS 6OH6,38%i ces
w1 be pjeseflofilabd fersi b5 Hidkfoc( Wat er) .

In a manufacturing process using a lithographic projection apparatus, a pattern (e.g.
in a mask) is imaged onto a substrate that s at least partially covered by a layer of
radiation-sensitive material (resist). Prior to this imaging step, the substrate may
undergo various procedures, such as priming, resist coating and a soft bake. After

25  exposure, the substrate may be subjected to other procedures, such as a post-exposure
bake (PEB), development, a hard bake and measurement/inspection of the imaged
features. This array of procedures is used as a basis to pattern an individual layer of a
device, e.g., an IC. Such a patterned layer may then undergo various processes such as
etching, iorrimplantation (doping), metallization, oxidation, chemicalmechanical

30  polishing, etc., all intended to finish off an indiv.dual layer. If several layers are
required, then the whole procedure, or a variant thereof, will have to be repeated for
each new layer. Eventually, an array of devices will be present on the substrate (wafer).

These devices are then separated from one another by a technique such as dicing or



These devices are then separated fromone another by a techni que such as
dicing or P-0396.010 4 saw ng, whence the individual devices can be
nounted on a carrier, connected to pins, etc. Further information

regardi ng such processes can be obtained, for exanple, from the book

"M crochip Fabrication: A Practical CGuide to Sem conductor Processing",
Third Edition, by Peter van Zant, McGaw Hi Il Publishing Co., 1997, 5 | SBN
0-07-067250-4, ppsRyAgrated herein by refegence. For the sake of
simplicity, the projection systemmay hereinafter be referred to as the
"l ens"; howevsawing whenct erermdihidud] debees bambainyurited @rgpraeriee toateced O pRASSI NQY

various type Qjection _syste I ncl udi ng refractjive opti.cs,
reflective opt cf'?csuftgé{ndf% “‘&%‘t"%&‘f%ﬁ‘ﬁ%‘r%"%%?"é?% < %erOb&%Wp%[Oé.ex#Wge’rsﬂﬁ’H} ation
system may al thebookciMid@citip Faisrivanirs AlltaipsrGuliddtg Saewondlichy Prgeedmyg" 0of t hese
design types far, di.rectipg, shapin r controlling_  the projection beam of
radi ation, an—b‘@}g‘lﬁt‘%f’@bg%‘érrﬁa%%y&ﬁ%%v Hil ?@?‘@P?&a@lo-tb(’gﬁel ow, collectively
or singul & | yISBRS0-87-06 X384, irkcbiipbaRH helelifoyl fefeh@es. aphi ¢ apparatus may be of a
type having two or nore substrate tables (and/or two or nore nask tables).

In such "nul t ifsr hesakeplsippligitydhe rrpisctipadysiers may hergipatier beusfersed taged in
paral l'el, or dg R afdieVer hisktaPsholRbe Bfoal R iftkktits (ARSI valBhe tabl es
whi |l e one or nore ot her? %rablses_ ar g_ beicng ?ﬁﬁ’se_dﬁ]%or efposnajragsgg%ﬁgﬁsestage

| i t hogr aphi ¢ %pRsa arciestion eysigas includind reffagiiveeopting Feflective opti®, #d69, 441 and WO
98/ 40791, both. < repce. Wthin it hographic
proj ection ap%gfi g’? %ggﬁ%ﬁg?%%arpggrﬂ%&(ﬁ%n “t% %Sg%n f)mr‘?l 53E%éncglde 5%???&?13% force
t 0 opposellyr avpetafing Aaprdingstd ameef thesa slesigt wpdsdorsdippttnet shaping or ewptriollind t o 20
support an isglated.reference.frame.(which supports.the o] £ction system
and vari ous ste?\gré’1‘ec%n\e/? egléls()r} fadigtion. A syed Cﬂnp'fnfcg n&ta@%ﬁlrwtg#@%.

Dynam c supposwllectaely or fingulary) st atiess”. Fuethe, the ditographip pppdratas minobd of3t r oke
nodul e for a substrate or patterning.mean on a |long-stroke nodule. In
such dynamic tgﬁep%f”tgstwg%["gfeis g%?‘“’c‘&’%so(a HeHP °f§‘°md'8%§§i@i?§)'t163’§5pport t he
wei ght of the‘naliplé stage” alsaicasankuddditonsl tableyng BeuséDmGaralBl, 6 by 1S
provi ded fo drive the short-stroke nodule. In both static and dynam c

supports i Seps i3 be SfTieq ﬂ‘gt"“t"ﬁ%"%‘ﬂﬂr_ﬁé“}b@es H‘é{%l_e 9B% §F mesgother Rplseas beige pr event
the transm sgb@fbrekposhies BuaPisee HloRMpRY Shparathd ard AS cRSEANP ELRRIEG t O

provi de a supporting force by means of magnetic attraction and/or
repul si on sucHd a269.#tlrand ¥ A448791q bath inromgrated hepin byowferare. or US 30

5,780, 943. HowayRkin égigg’ﬁ%ﬁ{a%ﬁ&ﬁ%%@ﬂam% °9¥51@§%ff‘%ﬁ1@"g’r99§%“?ﬁgf orce that

may be positiona th al'ong and per pen support
di recti on. Theermanent force to oppose gravity. For instance quasi-static supports are required to

20 support an isolated reference frame (which supports the projection system and various
sensor devices) and isolate it from external vibrations. Dynamic supports are, for
instance, required to support a short-stroke module for a substrate or patterning means
on a long-stroke module. In such dynamic supports a static force component is
provided to support the weight of the short-stroke module and a dynamic force

25  component is provided to drive the short-stroke module. In both static and dynamic
supports it is important that the support has very low stiffhess to prevent the
transmission of vibrations.

Previously, it has been proposed to provide a supporting force by means of magnetic
attraction and/or repulsion such as, for instance, disclosed in EP 1,001,512 or US

30 5,780,943. However, the proposed solutions provide a supporting force that may be
positional dependent both along and perpendicular to the support direction. The

proposed solutions may also be subject to demagnetisation effects.



proposed solutions may al so be subject to demagnetisation effects.

P-0396. 010 5 The support using magnetic force as introduced in the present
text is ftirther referred to as an magnetic actuator that provides a
magneti c force. The nagnetic actuator serves for supporting a |oad which
nmust be supported and/or positioned at a well-specified position.
Typically, the magnetic actuator generates an adjustnent force to ad ust a
] 5 position ensation force to cgunterbal ance a required force
(e.q. g tiie !

(e.g. gravity) In the prior art, the actuator is of the so-called

Lorentz-type, ViteGhppb#tasing niREAR be af REr6@ictLinkBEPresent RRAUs Rlrthr referred
wel | -specified position, or to adjust that position due to a change of the

actual |oad. "R ERENCHE peiHateR thit PEovides A dtagpetic dptee Thy magneticragiyatonseres t uat or

10 i s based ofr bipofiini B%daRlvhidi M&RbOYphSHRMhd/of Wsitloh&t 4t ! 1!@{95& ween a
charged particle, t”s nmovenent and an external magnetic fi d.
Di sadvant ageorfsitign. Bipialyy theyaagneticieptuatns generdtesranaljustimenisfiorasde adiystsuch an

act uat or  UseSyosfidn 8t se&fﬁﬁeaasa%ﬁ fd toicﬂuﬁerﬁﬁmgﬁtrédgge&%irée J R S he

magnetic force and at the sane I e creates a conti nuo i Ssi pati on.
The heat disshomti on nmay cause a 15 tenperature change in the system part

in which the a ' co I tahiljty o t he .support be
adversely infl ﬁﬁelqulgete‘g{ 05;7& ‘tthée)gr‘:cr?f&aal?oqésr ?fi‘}ﬁe %’F&p ﬁ(ieir”?% tz'&ﬁ’a‘%}gf}bﬁse 5%@@%r
t hermal st r esBicedukeepa loadta apetlapecifedpbsiticre obty aidfuet tHatpesifiat dueno a

Furthernore, it is _noted in e a magnetjic actuator fromthe prior art is

to be used fOPEEH CFI’QJ lga‘f‘raéﬁg?qeﬁatlgléf?{%ﬁf‘ﬁa%‘i?tlﬁ&or%byo'gjsé&e, ofptfuatiit ter s
nore conpld cais @aked on € priddipl@ivea by Aotent: far @Y tdlatiod GRSeaN] thargid phitiglenDVenent

of the object,. under Ievi&ation, requires a continuous change of the

anpl i tude of YFREOLERLAR &y lamalgragnrticfi8ldnetic field. An increase of that

current may CausiSadaki@BeENe dusat the Act@dl B?@rﬁtidnrbf itRcAblol 3h&N an acha®Puses e
di ssipation for creating a levitation effect will be relatively | arge and

may cause t SYSYEMCHUFERtdRE cofdusiingicn o geaprals thrompgneheforesraad et thesamet or (s) .

Al'so, during wie beid AédnBucu€ hék iNEhafioR I TH He s Rk BRI R4} Scall®Y OCCur in the
mechani cal parts of the actuator I ch may cause | argé disturbance forces

and possi bl y, temp¢ratueechangedn dicisyisten pers in Whiiehtn petadtorgs kacsted. Ao stabitityt gfpe f or
creating adj ugt by Bﬁg 8 §dJe§seQ3nﬁfeh&‘e%tb9rthé%%§1€ {0 tﬁe'}%alpéxggn%%'ng%éﬂi o
princi p| e, wher el actuator conprises a“plezoelectiric Ccrysta na a
el ectrical |l y therdhabgubss)80e Wi astpinperetmervhanga by thei dissipetieect ri ¢ crystal is applied
to change a posfiu&th?rﬂm?éc, ittifp Sotéf i%%gste%rmagnetic actuator from the prior art is to be used
for achieving a magnetic levitation of an object, the matter is more complicated since
20  compensating gravity constantly during movement of the object under levitation,
requires a continuous change of the amplitude of the current creating the magnetic
field. An increase of that current may cause a demagnetisation effect in the actuator.
Also, the dissipation for creating a levitation effect will be relatively large and may
cause thermal problems with other parts near the Lorentz actuator(s). Also, during
25  levitation relatively high accelerations may occur in the mechanical parts of the
actuator which may cause large disturbance forces and possibly, related damage in
those mechanical parts.
Another type for creating adjustment forces is an actuator based on the piezoelectric
principle, wherein actuator comprises a piezoelectric crystal and a electrically induced
30 displacement in a piezoelectric crystal is applied to change a position of the actuator.
Although their dissipation is small compared to that for Lorentz-type actuators,

piezoelectric actuators disadvantageously have a relatively small actuating range, due



Al t hough their dissipation is small conpared to that for Lorentz-type
actuators, piezoelectric actuators disadvantageously have a relatively
smal | actuating range, due P-0396.010 6 to the limted value of the

pi ezoel ectric effect. Al so, piezoelectric actuators are not suitable for
creating levitation of an object. In a continuous effort to create

| i t hographic projection apparatuses with a capability to define patterns
wi th increasi nglgiggmbl er features, the wagel ength of the radiation 5 beam
has reduced to jncreasingly |ower values. At present, a typical wavel ength
is 157 nm viRitkslimided valueios thequazpgleattic effect iAdfoepieznglestrio factupfersakesrat r omagnet i ¢
spect 1 um (W) sitkfle it creligvil ofarifBpkl o1 wavel ength in the UV range is
possi ble (e.g., 126 nm or in the extrene ultra-violet (EUW) in the range
of 5-20 nm |t Ing contywoyesffortigicreptedithagesphicipcai¢ctiom dpparatusaaivitk & adpability of t he
| i t hogr aphi c proj ' - : r 1.n I yal ues,.that no

I nfl uence of tﬁé‘gﬁgegéa?gl?lﬁgéﬁg (1)1?]0? %@5@1&3 ﬁlg{f%?éanfrgsqﬁlgev{/agglf ge%\hf)nblf ﬁaedlaﬁlé’f‘f or mance
of the appar dieam haBredgedng increasingly et najies. Aopresenty akypéal whveldhethtisit 37 si zes
to be exposed _and .Qy. gojng.ta increasingly, | r val ues of t di ation
wavel engt h ofm’f"h“é“&%?%b%’?g%eﬁi%cu“ﬁ'&ogE‘Par“g‘ff)ﬁéepeg%%ﬁ?'ﬂ%’feg? FP&C?‘E&E‘?Y& Aits for
adj usting aciaualthats swiatlér vastleagth indié UM ragyeds paxeibRE.gall 26h@pPdriih the | ncr ease
accordingly. 15 1t js a obLD_ 'O{h t he géae?ent i nvention to provide an
actuator w t FXER™F Hieaiele ¢ ﬁ&f’f”o FEARe ol th™Pespect to dissipation. This
and ot her obj eqt & cB@veaahiit eheaflechet e dhdlerhfl §t5’cﬁliﬂry%‘f eHallityErdpRicehrojB@idRt | C
actuator for controlling a nmagnetic force on a [oad as specifiéd in the

preanbl e B CAPRIAE MUstIRRRiA OFlaYi valigs that nerafluener efrheatfissimaancbyactugtonos i s
provi ded Wi t hyefecRiuSPHRpeAgnRh&I S Me PRarbER) gotld BGNEshOly 160& vhiubshs (M ;

YO and second (M2; Yl,Y2) magnetic el ement, for rel atlvelty di splacing the
first and seclErurerghioiecxposedant by goinesth insreasipgly heyves alvesaf the rdighien i ¢

el ement may reRRIEMS thel [g?cgj : e of
ferromagnetic m‘gt egtiﬁ_té)l a {ﬁi@@ﬁi@?r sgﬁ-hp ngﬁéégk?ﬁgﬁ%ﬁg %E%Fgg%gaci ng

el ement may casisrorswitiybefiepthomnab and ingcheniestsiabilipuincrassy aedogbnglpnpri se, as an
exanpl e, hy | i | MO striatve el enent, capabl e of
provi di ng@a r(eif %’tﬁid\t/)gecgéfst% cerreln?eng{élf @gé’r}%%%aen a‘rcﬁlra{éi ngﬁ D‘Cb‘ﬁcg actuating
part. | n genepeaformanay withodspext @rdigsipatiomray provi de a vol une change nmay be
e B amet AR P VBRC el PR TR e W STl 0° o
chemi cal subsfoacerolling a magnetic force on a load as specified in the preamble of ¢laim 1,

(0] =

C

characterised in that
20 the magnetic actuator is provided with a displacing element (PE; PE2) attached to
the first (M1; Y0) and second (M2; Y1,Y2) magnetic element, for relatively displacing
the first and second magnetic element,
It should be noted that a magnetic element may represent a permanent magnet but
also an element made of ferromagnetic material. It should also be noted that the
25  displacing element may comprise a piezoelectric element but may also comprise, as an
example, an hydraulic or pneumatic or magneto-strictive element capable of providing
a relative displacement between the first and second actuating part. In general, any
actuator that may provide a volume change may be suited as a displacing element in
this application. This volume change can also be based on thermal expansion or on a
30 phase transition of a chemical substance.
Moreover, the present invention relates to a magnetic actuator for controlling an
adjustment force as specified in claim 1, wherein the first magnetic element and the

second magnetic element being arranged adjacer:t to each other in the first direction and



Mor eover, the present invention relates to a nmagnetic actuator for
controlling an adjustnent force as specified in claiml, wherein the first
magneti c el ement and the second nagnetic el enment being arranged adjacert
to each other in the first direction and P-0396.010 7 being separated by a
first gap, the displacing elenent being arranged for displacing the first
magnetic elenent relative to the second magnetic elenent in the first
direction to gepwegie the adjustment force in the first direction upon a
change of the magnetic interaction between the first actuating part and
the second acheipsepaiatphby 2 fist gaps the dlisplaging clomendwing iarrorged fodisplaciagdhe to a
magnet i ¢ act ugkOhadrefic AEREH ithe téithe S&LHE R feic EBRER ifthe TRAGLLR] 4 N Claim
1, characterised in that the magnetic actua conprises an upper part, a
| ower part, agederaie thaadiystacnt fores lpahetﬁrsttdﬂmctwpp@on pehanghafthagagietie shape of a

yoke; the int ] r nd WI se.in the second 10
direction bellg\{/?/ ﬁlé%egﬁg& tﬁdglgars{rlg'lﬁﬁ“e%‘?ma?ﬁthe bl rsta':’tll tm[gapgg facing a first
end surface of the yoke, and with a second surface facing a second end
surface of the yo t he art b | ocat bel ow t he internediate
part and corrpriﬁs{ﬁ"ﬁg glefpfe?s%l} 11}"89\/51% rhlatey to aan'ga%‘etl%%c Gl;‘I’rcﬁff@‘?‘""‘ffl‘&r"t, the first
and second | oreketaperfooe axépecifiedm dlamndt bivirderid ih et fhie msdgnetidiac@glot on; t he
first lower part being arranged with a third egd surfacefacmg‘?athird 15

surface of t HOMPRESARABPYPAT AP Er RN AREMICGiRts P Al UPRSE Ryt B¥¥ilghged wi t h

a fourth end thétahe6La kel ﬂﬁgllﬁerﬁl@MEtEBaﬁHélﬁ rabd feﬁ?chwﬁéﬁftﬁ'@géc@ﬁ@ part; the
magneti c actuator providin betvveen the Tirst surface and the first end

surface alft plteRienbeavethe yekiand agangeq thadfystsheace decsngp Brtens surfagedl t he
first gap; thge yR@N&id @méeeme%@ mcoﬁa%w@&@acé BPthE gbﬁ@uﬁ‘i?&&ce and

the third end surface and between the fourth surface and 20 the fourth end
surface the skEdwinedegstedibriow the marmerizte parpandicomprping 8 firg loaver paurt and aragnet

Wi th a magneti.c,4aq t i is a

o oper ty of tayyng raf #8Rnbddelatl i palf SEEIN Bleh it e e ' < %
only di ssi padlieéfrtprdehe|fﬁ§j qurli@itéﬂnsmame(imﬁlgﬂ thaid eddswfq@afacm aftbnrd control .
Tosi t1 ontaor iR ARttt fur 1S <RI btfoctle AEMBAE DIRGRRY, 1" °
stationary sisdutfatd focisg aTmmhmu@atebfﬂr;smtamedxamrpam &emamgnatmﬂoel enents of

whi ch the ma n d .S t generage urrent conductors.
Mor eover , rg&r%%énqe |cr?%hr?th?r%r§ura (Z ?.%Slgé (gﬂﬁ%%eﬁndé’)? X #’ﬁg °#2%i ned in
the pr eanbl esudhce(}inﬂltlm skCond@n kurfice) ghefibB@pehé Mmagetiv attdtorsodiagr i bed
above. between the third surface and the third end surface and between the fourth surface and

20  the fourth end surface the second gap; the intermediate part comprising a fourth magnet
with a magnetic polarisation directed in the second direction.

It is a property of this type of magnetic actuator to have low dissipation, i.e., only
dissipation during transients and marginal dissipation for control. This feature is
present due to the combination of a magnet system with a ‘position actuator’ i.e. an

25  actuator that has zero dissipation for stationary situations. The magnet system
comprises magnetic elements of which the magnetic field is not generated by current
carrying conductors.

Moreover, the present invention relates to a support system as defined in the
preamble of claim 13 comprising a magnetic actuator as described above.

30 Furthermore, this and other objects are achieved according to the invention in a
lithographic projection apparatus as specified in the preamble of claim 14, provided

with a magnetic actuator as described above.



30 Furthernore, this and other objects are achieved according to the
invention in a |ithographic projection apparatus as specified in the
preanbl e of claim 14, provided wth a magnetic actuator as descri bed
above. P-0396.010 8 According to a further aspect of the invention there
is provided a device manufacturing nmethod as defined in the preanble of
claim 16, characterised by providing a magnetic actuator as descri bed
above. Al thoughpgpssiii c reference may be gade in this text to the use of
the apparatus 5 according to the invention in the manufacture of 1GCs, it
shoul d be expl i%@cpwna}negwﬁmmecttoﬁﬁle imygatirnghere prapddeds: deaise nany ot her
possi bl & app! iRy niefodX ABRRNc in inb pPERLRE cRIHRH OXRtkaliflideli By MRNUF act ure
of integrated optical "systens, gui aréncg an etection pa {8rng for
magnet i ¢ donepravidmge magsstic| acypatodasadeyeibed atdivepl ay panels, thin-film

magneti ¢ heads, , &t Th r.son_skilled.in th t,will reciate that, in
the context of A_ngmg%%ﬁcglp?gﬁf%g?cf’\r/r%aayabf)E)rfafiﬁamttﬁﬁﬁ%‘?goathﬁuﬁsoéﬂg%)apf’ﬂémf er ms
"reticle",5 " watedihgae the davelitiannn thei isarinxcture &0 litshbald de egplidakaadasosiei Ng
repl aced by the re general terms "mask' "substragte" and."target
portion", res %tcf‘qua(/@ ‘&Pmﬁﬁfs k"f‘femﬂyé’@ﬁPOS&‘Bk’Lﬁqﬁlﬁﬁafm‘Fh rteé?"ﬁ?r:]e""‘f%ﬁf i on" and
"bean! are usenpléyzdemthenpasfctate of iity@aed 6fticel $abhe AR sad dadétidhi On,

i ncluding ultraviol et U\/g%fbadi ation (e, g.. with a 15 wavel ength of 365,

248, 193, 157P3Fm] K% magpetic femaly pemeriey hquul-crysal displegprpels Hom-Bimon  (e. g.

having a wavehghgfidhdals, tRETEARERN 3kiAEK 1l thY art #81 ABtekiaRSthR3h thLdmteREGS, such
as ion beans or electron beans. Brief description of draw ngs Bel ow, the

i nvent i onlGui | Juchaltesnative pppligatigng oy wesf digdems oreselge "wefaniongdic” inhiskextr e 20
i ntended for dnbhid®kcatsiRRdRYbEAS Rplaeel by ROt Ll tofnfl dmalipe wof
protection as defi r?edc‘.i n the a%ﬁr?pan%% ng ((:)Fbg%err%sr? tgl:rlggu?néigl?’d%g%fes a
| i t hogr aphi ¢ 3dofaeget perHompisancstively: Fi gure 2 shows schemmtically a cross
section of a ' i ,, First ' he
present i nven?ﬁgﬁﬂﬁse@f&é}g@g% F@i_%ﬁﬁs?‘é&gae&ggn dalb%%?nggg%gqggﬁ%h}p%n 1 of the
magnet i ¢ act uapesrof glsctoomaignefic radiatidneinpludigg pitraiviolee I Vomdiatingagewthhashows a
top view t I fe~ @ diing.to a third. i ment.; Figure
45 shows 5 1 UPEITENe0abs2nt 190157 3 FR MR Sufut bt i PP h Rl e

(e.g. having a wavelength in the range 5-20 nm), as well as particle beams, such as ion

beams or electron beams.

Brief description of drawings

Below, the invention will be explained with reference to some drawings, which are
20 intended for illustration purposes only and not to limit the scope of protection as
defined in the accompanying claims.
Figure 1 depicts a lithographic projection apparatus;
Figure 2 shows schematically a cross section of a magnetic actuator according to a
first embodiment of the present invention;
25 Figure 3 shows a second alternative embodiment of the magnetic actuator according
to the present invention;
Figure 4a shows a top view of the magnetic actuator according to a third
embodiment;
Figure 4b shows a fourth embodiment of the magnetic actuator according to the
30  present invention;
Figure 4c shows an alternative arrangement of the fourth embodiment of the

magnetic actuator according to the present invention,



30 present invention; Figure 4c shows an alternative arrangenent of the
fourth enbodi nent of the nagnetic actuator according to the present

i nvention. P-0396.010 9 Figure 4d shows a fifth enbodi nent of the magnetic
actuator according to the present invention; Figure 4e shows an
alternati ve magnet arrangenent for the first enbodi ment according to the
present invention. 5 Figure 5 shows a sixth alternative enbodi nent of the
nmagnetic act uat®bo3%cording to the preseny invention for use as a nagnetic
actuator acting.in subst tially. hor ontal direction; ure 6 shows a
schematic cross-8¥ dimegt 6?%’3?%’1‘3“%%“6‘@1‘%3?@“%% thefth

enbodi ment of prédast mv@a&nt | nvention for use as piezoelectric actuated
reluctance notor; 10 Figure 7 shows schematically a _graph of the magnetic

force as functiligurgfe ﬁwsaaélt%m%emag@%éﬂwwmﬁ@ ferethe fist ernbrelimenynet i

act uat or accoa[cgd,rg @thk BResddt ifvinegbodi ment of the present invention.

Descri ption of gerre enbodi nents Figure 1 schematically depicts a

| i t hograpHic pr &é@ﬁuswwhahwuxe gwbetinim gf the magnetis ag@ator wbmlmg to

enbodi nent of S. system
B, 1L, Tor o B RERdcTor P8 FRRBAL LR H AR sube Bk bl o

radi at i on). |directiing particul ar case, the radiation systemal so corrpri ses a

radi ati on sour bject. .table (ma ed w th
a mask hol der ffggu %%ols'%(f“rfls'ga %héi%lc%é%%ﬁ\?ﬂo? (é% agl.ns%le ?ctt%al?é)alcog‘?iﬂgg ted to
first positi oermbmgmmaufsthPMeﬁenr ingetion &bralsy as Pastikitin hdtgatddrelut@nde iétbh

oo oot LSBT ER R e e S AR, Prow o

silicon waf erpositian df the Aveitzedrt boths aR@Rdic afrastbi AcOftding té1e fifth Ribbbaiment
accurately po |on|n the substrate with respect to itemPL; 25 and - a
proj ection sy‘grI HRTESeR B“%"‘PL for inaging an irradiated portion of the mask
MA onto a target portion C (e.g. conprising one or nore dies) of the
substrate W AdDaetgiodeppefedd chbaliapparatus is of a reflective type (i.e
has a reflective mask). However, in general, it may also be of a

t ransmi ssi ve ty}bg]reﬂécphegyga%yéeww;ghﬂ@gxaphm pr0]ect10n apparatus 1 according to a

15  particular embodiment of the invention. The apparatus comprises:

- aradiation system Ex, IL, for supplying a projection beam PB of radiation (e.g.
UV radiation). In this particular case, the radiation system also comprises a radiation
source LA;

- a first object table (mask table) MT provided with a mask holder for holding a

20 mask MA (e.g. a reticle), and connected to first positioning means PM for accurately
positioning the mask with respect to item PL;

- asecond object table (substrate table) WT provided with a substrate holder for
holding a substrate W (e.g. a resist-coated silicon wafer), and connected to second
positioning means PW for accurately positioning the substrate with respect to item PL;

25 and

- aprojection system (“lens™) PL for imaging an irradiated portion of the mask MA
onto a target portion C (e.g. comprising one or more dies) of the substrate W.

As here depicted, the apparatus is of a reflective type (i.e. has a reflective mask).
However, in general, it may also be of a transmissive type, for example (with a

30  transmissive mask). Alternatively, the apparatus may employ another kind of patterning
means, such as a programmable mirror array of a type as referred to above.

The source LA (e.g. a mercury lamp or an excimer laser) produces a beam of

radiation. This beam is fed into an illumination system (illuminator) IL, either directly



30 transm ssive mask). Alternatively, the apparatus may enpl oy anot her kind
of patterning neans, such as a programmable mrror array of a type as
referred to above. The source LA (e.g. a nmercury lanp or an exciner |aser)
produces a beam of radiation. This beamis fed into an illum nation system
(illumnator) IL, either directly P-0396.010 10 or after having traversed
condi ti oni ng neans, such as a beam expander Ex, for exanple. The
illum nator |L Payocmiopri se adj usting nmeans) AM for setting the outer

xtent (commonly referred to as 6-outer and (Y-inner,

and/or inner ra
respectivel y)or %Fafﬁ"?{@‘gltf"i‘f’%‘ﬁ‘éjlcl"? difonifg meARs; YN 357 hew BT B ferddi tion, it

wi |l general | kafREPThSBuMdhaiop WS may e& sc AHIRPY GRSy ABLGP séldnptthe biRELIT at or
IN and a condenser CO. In this way, e beam "PB i npinging on the mask MA

has a desi r edandfir inpentadipl eutaht [mmwsl_ytlyfede@toraslmﬂut@mndu -infies, respeadslydect i on.
e housi e ShEebLiGBARGH ol fe b 1€ aduddi2l ohfh EorB ] ESmia TGRS W1 00 T

the housing of t ographi c projection appa et he case
when t he souraher cmmphm:ntsssmh amdutegratoamand otondxaaC@) In thisvay,hé bdain May

al so be remotg,from.the |th ectlona aratus e. radiation
beam whi ch i tﬁ%r Ot & Oher gl?&%p{‘]‘ﬁt é’ngﬁrﬁﬁﬁy é“te(“él%dls%g‘ftwr’t‘ﬂéts ai d of
sui tabl e di remrbssﬂgctmnrrors) this Iatter scenarl ois often the case when

t he source LA is _.an. exci aser e cu |nvent|on and cl ai ms
enconpass bot h I{S)fhof‘]rﬁi}fémggé’ﬂgw%d t‘3‘1 tﬁ’ﬁt fioBEs Bbrewity thent er cept s
the mask MA, Mhkiah of the hicHographic droj@ebn ippblats (Ahs oﬂtﬁl\/th@@asé WAMEhe 8surkdhe mask
MA, the b amfgﬁﬁpasses t hr oygh the I&r’]s PL, which focuses the beam PB ont o

a target Hemes (erpmple). Pyt thet itmaytdsode derpgte fiqm the e cond
posi tioni ng NRBGEa ﬁ ﬁr@ﬁaldnrhbﬁdrﬁt% Q@ﬁ&lhtﬁnrﬂéﬁﬁwm&gt PrBaRss bdilg lell o

substrate table can be noved accurately g. so as to p05|t|on
di fferent tar'§eePRsEIsi@asvith tha agig)ftswéab}yachtmg f’ﬂlﬁéfsbéhlmlﬂﬂg scepasiolineftsn  t he

first positiofiBge Whahthe RhireANA Reansethet ﬁsera%q,lf’uﬂ'&ﬁluyveﬂt(? | i QRihde mask MA

wWith respect to the path of the beamPB, e.g. a anical retrieval
of the mask MRCPMPAsH othﬁgwbeaeusmnarlgrs or during a scan. In general, novenent

of the object tahlies,¥h su ég, gqulé Y- Mt&}]a&f]ﬁ h?ftdq)n%fmz?s QY- stroke

modul e (coarse positioning rt stroke i ne positloning),
whi ch are notMZsHavipg metSbgltMemsleMaﬁ thqbeﬁmgﬂ?r pasges thdoyghthe l,ens PLtwidécicase of a

waf er stepperg(as. ﬁpggto B orfrgét%% & eu%@%%r@t tht dgﬁélk tabl e Mr

may j ust be connecte St oK. €d. Mask MA
and subst r at esevbndeppsibiening mgmdPWJ &ind gpterﬁerdxrneta‘d: meganEnd mBeas IIB), subd@ragnd
substrate ali t%]”%ﬁ‘ rckﬁove& hccura‘tely, €.g. S0 as to position different target portions C in
20  the path of the beam PB. Similarly, the first positioning means PM can be used to
accurately position the mask MA with respect to the path of the beam PB, e.g. after
mechanical retrieval of the mask MA from a mask library, or during a scan. In general,
movement of the object tables MT, WT will be realised with the aid of a long-stroke
module (coarse positioning) and a short-stroke module (fine positioning), which are not
25  explicitly depicted in figure 1. However, in the case of a wafer stepper (as opposed to a
step-and-scan apparatus) the mask table MT may just be connected to a short stroke
actuator, or may be fixed. Mask MA and substrate W may be aligned using mask
alignment marks M1, M2 and substrate alignment marks P1, P2.
The depicted apparatus can be used in two different modes:
30 1. In step mode, the mask table MT is kept essentially stationary, and an entire mask
image is projected in one go (i.e. a single “flash™) onto a target portion C. The substrate
table WT is then shifted in the X- and/or Y-direction so that a different target portion C
can be irradiated by the beam PB; and



The depicted apparatus can be used in two different nodes: 30 1. In step
node, the mask table MI is kept essentially stationary, and an entire mask
image is projected in one go (i.e. a single "flash'") onto a target portion
C. The substrate table WI is then shifted in the X- and/or Y-direction so
that a different target portion C can be irradi ated by the beam PB; and
P-0396. 010 11 2. In scan node, essentially the sane scenario applies,

except that a gr-gme.dlerget portion Cis ngt exposed in a single "flash".

| nst ead, the sk table MI is novable in a given direction (the so-called
"scan directi ortIn&ag medgessentipllythe 5asie)seefjaip appliep s8erpy thatspgiverateet he

proj ection be;wmo%ﬁz is&loeeetp%@éalﬁesﬁg@mﬂ@nermﬁgaﬂatﬁkrﬂamaem&%\faa@tlﬁx the 5
substrate table WI is sinultaneously noved in the same or opposite

direction at givenciisetipmfthe sgicglled;“peapidireqtions.ieg. thiad -digagHor)iveitt 4 smecbw, sohe | ens
PL (typicall ythatMle pr&feéudﬁrbeatﬁ@m c:iu@cdttg'sc':‘anrm%ask%nﬁ . Aotk tlﬁgge target
portion C can be exposed, W thout having 1o CONprontae on PR on,
Figure 2 shovesibsiatectable Wehisisjmultaneonsly mpwed inghe @)ﬂeoaopmgmadmtlmituator MAC

accordi ng ,ﬁﬂ% I: the
magneti c act ug%:éc%lr@l\/&?:rvaccor mégqtﬁghltagﬁlﬁé ﬁgf%@%@%ﬁ%ﬁ@ﬁﬂ%ﬂ? rst second
and third peri&nbnthismeagnest a Miativilp lari@Btarpeepastiond cardie exposel, witioht limmge. g., an
annul ar sha trically about a conmon central axis Al.

Bet ween the f p[g g‘%f’%ﬁ%%%gzr%sgﬁ?mﬁagnet M1, M a piezoelectric elenent PE is
| ocat ed. The flﬁ‘igire ambbmhnmhtﬁﬂlyrmgmts&uM bf a MBgrRticlagiEQdhEccédrging| ement
PE are coppi ned a. fir uat i t MAC | of the magnetic actuator
MAC. The {lﬁi F{Ha@ﬁ © ePtO%é}frptreSSIr#q?‘ﬁ tr“g‘econd actuating part MAC2. The

pi ezoel ectric aheteanigntiic dctuattr MO BctoRIGighe @hs ﬁ@téintmagﬁbal | tnggl secc:}@ i 3 such a
way, that the first and second ts. M, M c [ e displ ace
relative to eaélgﬁh“%”&'l"}?@trm agngt hg?g‘}q?’e@? PEITIENR & ?l“’@ic eirhiiecge At palasyi s At .
The first andhsgCpRbzdmgmaicticMy abolPa @nfnd deAind adis iAN. BHGRerPth¥RYst hitpt t he
first magnetic polarisation P 1 of the first and the second magnetic

pol ari sat i on 92°ndfmagagt ML e p piegretssiic elff'}?n‘s]iﬁﬁt]%ﬁﬁeﬂan}ef“ﬁépﬁﬁ?c@l’ as

desi gnat egs bymidh@ts ME NEE hrldMffeBEIEAMS elBthent PR are EMiHiRAMas a (RG altldeing pARINEL I C
pol ari sati on P3 of the third magnet MB is substantially 25 perpendicular to

t he directi orMéL1ohthermageticastaior sy Thedhirdimagng dMAisipasiof te seeond P2, as
desi gnat ed by,chlgnAsdOWAL3. Now the effect of the present invention for

generating an adjustnent force will be explained with reference to Figure
2. The piezoelectric element PE is arranged between both magnets M1, M2 in such a

way, that the first and second magnets M1, M2 can still be displaced, relative to each
20  other, in a direction parallel to the central axis Al.

The first and second magnets M1, M2 are arranged in such a way that the first
magnetic polarisation P1 of the first and the second magnetic polarisation P2 of the
second magnet are substantially parallel as designated by the respective arrows P1, P2,
Further, the third magnetic polarisation P3 of the third magnet M3 is substantially

25  perpendicular to the direction of the first and second magnetic polarisation P1, P2, as
designated by the arrow P3. Now the effect of the present invention for generating an
adjustment force will be explained with reference to Figure 2.

The first magnet M1 is located with a first end surface at a certain distance G from a

second end surface of the second magnet M2 in such a way that there is a gap between
30 the low end surfaces in which the piezoelectric element PE is located.

The magnetic force from the interaction of the magnetic fields of the three magnets

is dependent on the relative positions of the three magnets in this embodiment as will

be known by persons skilled in the art: over the gap the magnetic flux of first magnet



The first magnet MI is located with a first end surface at a certain
distance Gfroma second end surface of the second magnet M2 in such a way
that there is a gap between 30 the | ow end surfaces in which the

pi ezoel ectric element PE is | ocated. The magnetic force fromthe

I nteraction of the magnetic fields of the three nmagnets 1is dependent on
the relative positions of the three magnets in this enbodinent as will be
known by person&03%%.010ed in the art: over tzhe gap the magnetic fl ux of

first magnet P-0396.010 12 1 and the magnetic flux of second magnet M2
interact, yie iaﬁgaeﬁnﬁﬁéﬁﬁ’ﬂéﬁéé“ﬂ“l fagnet g‘&%’i"“"gé‘ﬁldﬂﬁgéﬁ gepeadenge ofdhe i n

overal | magneddn@l fipedislarel, 4 de@aihiokrkll AAGNCHE EGRIAGS RARG R Mbond MBenetNd1, _
magnetic force of the three nm results fromthe interaction

nets ML, M2, MB
of the over al M2ntlifeegngti f"é‘!ed’fglf thige mepRes Y d At M resultefrem thetintaratirec ond
magnets (at aofhdlbvepil HaRedl ﬁél.gaﬁﬁéa gsrhwgn}i)gﬂl?tﬁ%ﬁﬁ&&k@{aggﬁ% @¥RC 1 and

the magnetic field of the thir magne second ating part
MAC2. The ¥ el Sivsna2psistancs) am the St pppatingpariddiiet andyhe mpgnetie feldiof thelthied ed by
changi ng the ' : | position, the magnetic actuator
MAC with a Io%??%%?%%%&%o%gt%@é%%mﬁ%'ei ther the first actuating part
MAC 1 or the sekhselatienoaitippspftertvolngrsts Mi, M2, eandiealteryd by thangingithe ot her
wor ds t he net a}(ﬁg%ﬁ\ééhe di fference between the nagnetic force of the
magneti c act U&for Cand the force exerted by the load) is substantially
zer 0. The nmagndhiaceftan pesitjen te atagokticnctuiter MACawtientad (mof sidwe) thuphd torgnet s

M1, M, es t farce exerted by the | on the part of
t he magnemac,e%ei’llgl'i1t hgfl%?k%%%%g E#IF%A%?@W ﬁeﬁ@dla(gtgﬁ‘yl}gspagﬁl‘ggg’e‘ﬁ n 3 ¥ s
state, the | omae:iis othet watlethe att farcg(tiediffoeadd ieoreen Te mepRaafecd éfahd oad from
this position to one other,positian, a ch f the netic force nust
be generat ed Ifl%gnetrlce‘f‘c&a;qr% taﬂ‘(i,&f’g%fﬁee H‘édaﬁﬁgag'ﬁg‘%aﬂ:mf'&%%g“ e al tered by
cEangihng thef gaﬁledinsmgcﬁ)r@ featraeé th mh&ridﬁérﬁéntaﬂ?&cﬂﬁs&ﬂl MEMZ,W% Nle f
The change of the I,.stance cause change of overall nmagnetic fie o]
the first 2&088?{?2@5??5 t*Baffa’1 € RHEq bY s dopc,on e Rivtea 21 m?%‘ﬁ‘ﬁeﬁ’@wﬁ‘ MAY
changes rHB attowehidhahé fvad isaaadhed.ith Hid @it€ the 1944 & BRuatdaiat 6 g RMP&tidMBTo t he
magnetic force of the magnetic actuator MAC no |onger counterbal ances the
force by the Flo5He %ﬁ@rfg%%@lwsm’étw@?@r psitioRen ehapeenfdbe magnatic t he

change of thefof¢emat be FEREARH ifsr relbéa@hgl tRfloddnend aghetid Ghrtdldn 3 JRaYed byBY be
such that the magnetic force yields a net force in 25 upward or downward

di rection. Dudat@ng the gam@stancs(Feetyern thebigt and(speond magiets MheMai recti on  of
the net force. The change of the gap distance causes a change of overall magnetic field of the first

20 actuating part MAC1. When this overall magnetic field changes relative to the
magnetic field from the third magnet M3, the magnetic force of the magnetic actuator
MAC no longer counterbalances the force by the load.

Depending on the change of the gap distance G, the change of the overall magnetic
field of the first actuating part may be such that the magnetic force yields a net force in

25  upward or downward direction. Due to this net force the load will move in the direction
of the net force.

As soon as the desired new position is reached the gap distance G between the first
and second magnets is changed in such a way that the magnetic force again
counterbalances the force due to the load. The load will now remain at the newly

36 chosen position. The relation between force and movement (or position) will be
explained later in more detail.

It is noted that a controller (not shown) preferably arranged in a closed loop is to be

provided to ensure that the movement of the moving part takes place in a controlled



As soon as the desired new position is reached the gap distance G between
the first and second magnets is changed in such a way that the magnetic

force again counterbal ances the force due to the |load. The load will now
remain at the newly 30 chosen position. The relation between force and
novenent (or position) will be explained |ater in nore detail. It is noted

that a controller (not shown) preferably arranged in a closed |loop is to be
provi ded to ensuo®adiat t he novenent of thg noving part takes place in a
controlled P-0396-010 13 way. The controller conprises a position detector
(not shown) wWK®eHheieantretler copprises 8 pptitigffietetor (ot shownhwhishdetestathat  ve to t he
fixed part ofpdsitien 8Ethe &loRing paA del@ive tOGE Fxbd\ghrt fthd actddfdr, 509 ccgsi]%t reads a
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t he movi ng patnt (86t shepn)dbat seeder posttipntsianpl franm the positiorodatestor for deteomininigcal |y 5
connected (NQhe BN HR hidiEn .aﬁzd?%eea%['uﬂop FahRIEAL cSroli i@ TRANES, known to
persons skilled in the art. éI)‘éle controller 1s ’arrangec] t'o control the
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l(orglr\vawec;%e‘%gdg%?%%ﬁ‘\é Eh@@%ﬁg%ﬁg%é’gg “5"a£\ S{/\il‘%bﬁl.ds’%'fsﬁdg rr;eans trr?at only
VB Thi's Torce var Lot on. | et earcad by At or e T phpmdns B T
et uator f or GEPE RS UM D8 MAGY oU S AFIFDNS HABHH Sy Aeneant isat | vel y
| arge fore MvAdgplRbhen $oraabky) o MAT I HRAGHd @M?finﬁvgl@icﬁl%lir@éﬂo\‘lfl&’ stiEfRdsl of
vari ation of the /ga gi stance G A variation in ]gap di st ance bﬁ 5-6 gni
results in a T28P¥an &&N/am)ﬁwbqowd@vpmmkyoba eyomi. Wi atsansghasenlyi ci ent
to move the |0akhil aM&ionTRh& HRAR LoviredTH digIER MK@lbﬁ:Mtitré RMS, T foRfd0 N'm
Since only the piezoelectric element PE needs to be controlled for changing
the gap di stafe#ontipreglifed by alterngibepretG. dhe ongestic ttuatoi e pavdrprensisivwer y | ow
in the ”agnetfblcvagéﬁ(ﬁﬁtiﬁ’ﬁﬁs%ag %ﬁeﬁﬁGﬂ{r %ol vidiRoR RIS o (VR0 LPD-
Advant ageously, thermal effects suc : o -

20 relatively small variation of the gap distance G. A variation in gap distance by 5-6 pm

results in a force variation of approximately 0.15 N which is sufficient to move the load
over more than 0.5 mm when the stiffness is ~200 N/m.
Since only the piezoelectric element PE needs to be controlled for changing the gap

distance to adjust the magnetic force, the dissipation is very low in the magnetic

25  actuator MAC according to the present inventior.. Advantageously, thermal effects such
as thermal expansion and thermal drift can be substantially reduced by the magnetic
actuator MAC according to the present invention. A further advantage of the low
stiffness of the actuator is that this low stiffness provides a vibration isolation between
both parts, i.e. MACI and MAC2. Due to the low stiffness, vibration of one of these

30  parts will only have a small effect on the other part since the generated force between
both parts is substantially independent of the relative position of both parts in the

operating range.



as thermal expansion and thermal drift can be substantially reduced by the
magnetic actuator MAC according to the present invention. A further
advantage of the low stifftless of the actuator is that this | ow
stifffiess provides a vibration isolation between both parts, i.e. MAC I
and MAC2. Due to the low stiffness, vibration of one of these 30 parts wl|
only have a snmall effect on the other part since the generated force

bet ween both p&03%.019 substantially independent of the relative position

of both parts i.p the operati P- 0396. 010 14 The magnetic actuator
MAC can be arr am§etpegficAchaton a“g?’ argegerion A batensriof therishogmaphisn appar at us

(not shown) fprojetidai apparatis @loesiewh) fro which aR@(cnedl i.d,AGaltick 'E}{égftl%g?dpﬁm
proj ection aplﬁarat us, i s supported._The magnetic act uat or MAC na

attached to tieectpnappasas, ipyrppqrieoFherpagnsticragtuator MAG Pﬁgbﬁaﬁ@hmme or the

second act uatpaR@peby ei eﬁrsgmlh%bﬂgl\/fm &rmers@cdﬁﬁgaﬁsud}gg,aﬂgﬁ base nay
be attached to a f| oor @ t on which the apparatus Is Inst , whi ch

case the el entmPrisge fhe magneeM3coul d be an isol ated reference frarre or
the base part m%a@n%@ﬂ@éﬂeﬁt&@ﬁ&& HBn%«?’n&htﬁé%;?aé&ﬂsm&ﬁlfe e nodul e or

a long-stroke npdule Used in a suspension avitational’ Toad within

t he |ithogr aphiieh pasefheelemsnt tode apnparted eoyld behua isslatedenferepcpivane, edtheny al so be
an optical el [ J hoslidoPenoted.t hat it

I s advant ageo%g'?{)%t %?%% %gyngrtﬂl%&gggﬁ%é%r{lags Ogmt}\?\nkﬁsﬁw ‘fl%?reaelog%tsua ors for

supporting t heodi eed in msuspensios dibr appyavitiien] loadhwithintthmmmasgap&pmrejectld@el ng

arranged R | cuI ort direction.

I n such g¢raﬁgé&n@g?}h%ecgle%oﬁgﬁr%8§h 6%0 baf ?'? gel?‘w?%ﬁta?ﬂg}m‘bro%iation

(Z-direction)letmult shald b¢ saled thét ibs ativantagebus o ltrhadé@ucamduﬁbodlsya&him Fi gure

3 shows a secgn native enb dimeni e tic actuator In

this enbodi men? agtu%tem; O SHRPYY E‘F et Wr?%r??‘fglaga AP APRIRY bﬁlélgl n

Figure | and @ranged mlaltsargmmlaab bapélﬁlidulaetcﬁtﬁbaﬁ;bﬂf@ﬂire(ilbﬁ Ieginet i c el ements
i rst_enbodi nent. The

M, I\/Qandl\/Baaln nul.ar haea t

pi ezoel ect ri c*RPEGHR \{’heaf Ca&ﬁ’e Pﬂﬁ“%‘ﬁ fﬁ%‘ﬁ&loﬁgg dl‘rg‘:t‘;?Byi"’tt “BHEP ar ound
both firsts anst tﬂ&ﬁ@ﬂﬁemgﬁEstlMtﬁm M2. The piezoelectric el errent PE is
linked to the first and second magnets M1, M by a frane rTBrlsmg an

upper di sk B FigWefshowse sesondligmatdve embadigrent ‘Pféhep‘P@’S%‘f wEaqr Mt clhadhis  PE

and the top ositdinRe itehs hleQefbirédtb WildRClan¥ rdfereARtd adtin I9¥RE 18he% B2 attached
to a lower end of the@g ezoel ectric elenent PE and the bottom outer end of

the second magriBthipgecondplierativeArpbediseghide mosnqtis clsosnts iMh P wnd Meesen t he
first and seq@REaiRERRE Shadk s inMfe B8t embodiment. The piezoelectric element PE has an

20  annular shape and is positioned around both first and second magnets M1, M2. The
piezoelectric element PE is linked to the first and second magnets M1, M2 by a frame
comprising an upper disk B1 attached to an upper end of the piezoelectric element PE
and the top outer end of the first magnet M1, and a lower disk B2 attached to a lower
end of the piezoelectric element PE and the bottom outer end of the second magnet M2.

25  The third magnet M3 is positioned in between the first and second magnets M1, M2 on
one side and the piezoelectric element PE on the other side.

Advantageously, in the second embodiment the working length of the piezoelectric
element is larger and the actuating displacement can be larger.
In the second embodiment, the magnet M3 can be connected to the base through

30  holes that are made in the discs B1, B2.

Persons skilled in the art will appreciate that by the use of mechanical elements,
such as disks B1 and B2, the stiffness of the arrangement will be increased and result in

a damping of the actuating operation. Preferably, application of mechanical elements in



one side and the piezoelectric elenent PE on the other side.

Advant ageously, in the second enbodi nent the working | ength of the

pi ezoel ectric elenent is |larger and the actuating di spl acenment can be

| arger. In the second enbodi nent, the magnet M3 can be connected to the
base through 30 holes that are made in the discs B 1, B2. Persons skilled
in the art wll appreciate that by the use of nechanical elenents, such as
disks B | and B2¢3ddraostiffness of the arrgngement will be increased and
result in a danping of the actuating operation. Preferably, application of
mechani cal el therefteaion HarmgaioBuaeothe stffiaseofihe watr, showdibe kent to af | uence t he
stiffness of Lh&n@gtuator, should be kept to a mninmum Figure 4a shows a
top view of the magnetic actuator accor di ng to a third enbodinent. 5

Al ternatively, Kignre ﬁ@ShomsmdomﬁWQf the mrtagnétia asthgadacofrding tam thiddar

pi ezoel ectric nﬂo PE a discrete set of piezoelectric elenents can be
used in stead a corrpl ete cylindrical PE. e.g., by using two

pi ezoel ect¥ic eilmmmtwdyandledk)im]ernhodﬁdmﬂ;én sthadoafgh aamularlpﬂnzeeledna%nammm a | owner
beam In a fi er fourtttix h] t CP%ESIHg anngg nets M, M, M
with a 10 co %‘érﬁttersﬁo 33??%“7& clemeats san beused i 1153¢ o4 P SARBFIEPE i s | ocat ed
in a cylindr ia;dahd:dxallPE )e.g.,h:@'hl@@gftﬂdi pRgbetdcoitg ldntats @Al G M A Ridsé Hrovikiaf Al
within the first and s nd nets M, M. (see Figure 4b) The

pi ezoel ect ri CPRFIHFRRAD E ected with one outer end to an outer end

of the first nagra%nﬁeemtﬁeﬁlh@mn%moﬂ@ﬂs& ﬁiﬁ%aﬂn&&c@ﬁ‘mr}ﬁﬁ M348 aend to
the outer _end of the sgcond magnet renpte fromth eag‘ﬁf The wor ki ng | ength
n

of the 15'%i ePHEMDGeRiral agis dre e PisEosderini demeant PR jisslos i cxbiasbigalremdy t he

l ength of t hepeldglf6imed MR Ghe cdutifo Ic%ﬁgéllamemt\muﬁﬁem@mme&hm stst he gap
di stance between the first and second nagnet. %eously, he wor ki ng

length in t heMf oY (eediigue fivelhe megoelwgwg@?mqnhaﬁ lstcwan Ryithgerie OHIgE Bnd n t he
first enbodi t n the
et enbodi ronn ouBehd Pt (st heron RoASho e 4R VANloRRE SRl o
| ocat ed wi t hi the pufer agdof Hesoroath magnet fqnmﬁ%ﬂ@aaﬁ ﬂ@ep@rkmmm ofithd t he

d t f di t of
secon acHJa ﬁl%e@&hé el%@%ur e&;ﬁ dl% lngdifs‘?%é&%asegﬁr}éhhﬂg h:g&t'h o‘i‘nleqﬂpto | ment o

t he magneti c "actuat or arrangenent of the
first, secondnagmet, tHellcngthwghﬁeaesodﬂlmagne@,lusw& gapmlatdncsbctweenah@ﬁnemd the third

magnet M8 is s%y&qlﬂdgg&d AeraI%egl%B/e hcl\\/r? pength lu? i rfou?% embo 1ment is

larger than the working length in the first embodiment, and thus provides a larger

actuating range than in the first embodiment. Alternatively, the piezoelectric element
20  PE may be located within the gap between the first actuating part MAC! and the
second actuating part MAC2 (see figure 4c).

A further fifth embodiment of the magnetic actuator (Figure 4d) may be based on
the arrangement of the first, second and third magnets M1, M2, M3. In this
arrangement the third magnet M3 is subdivided in an upper M31 and a lower part M32

25 by a gap G3. Within this gap of the third magnet M3 a plurality of piezoelectric
elements PEn is present, preferably three piezoelectric elements with an enclosed angle
of 120 ° in the horizontal plane between the piezoelectric elements. In this embodiment,
the upper part of the third magnet can be tilted relative to the lower part of the third
magnet by generating a different displacement for each piezoelectric element within the

30  gap. This allows generating a couple, perpendicular to the direction of the common
central axis, and a magnetic force which can be directed in a direction tilted with
respect to the direction of the common central axis Al. In this embodiment, the third

magnet M3 may actually be divided in two separate parts, or it may comprise slits



25 by a gap G3. Wthin this gap of the third magnet MB a plurality of

pi ezoelectric elenments PEn is present, preferably three piezoelectric

el enents with an encl osed angle of 120 ' in the horizontal plane between
the piezoelectric elenents. In this enbodinment, the upper part of the
third magnet can be tilted relative to the |ower part of the third nmagnet
by generating a different displacenent for each piezoelectric el enent
within the 30 gapigoslhips al | ows generating g couple, perpendicular to the
direction of the coomon central axis, and a magnetic force which can be
directed in avihip&etiody of mpgnetMij, phereincogefedit istaranged fori acesptinga of the common
central axis | [ , | . .actually be
i vi dod 1 Tveisee HeEuCTIAR BBk o & Bt TR R E T 0 T

W t hi n t he bodenggmentigaethe RRzoclagiisrebdmentsas bhosn in figere abandh dechnfaiso teccept i ng
a piezoelectrig 3 ] S n.skilled. in the art
that alternat ;lip\ll/)gc;%‘r??%%egfr‘g%%ﬁé\é ‘lfl%)%lg}(?%éeéb%%n otg lg%gnr%l{ %Bel gﬁ\frﬁ'}b& e Yown i n
figure 4b Jandfighee édiit shbwld figther bpmitédettiatfi this fifth gilexiondne derfirst acthatoeprs
separating t net M3 .in the enbodi nent of 5 figure 4d.. It should
further be ngﬁé@gﬁa tcolml?nf%?tlsa Y15 R 2ROl &tg:rﬁen?ﬁtggma%eflcg?f%%ﬁ’ par t
MAC1 may conpadiseddly ngeass ofghepinmglettic slemests sdparagiag the abped and pwet pat 6for ce can
be adjusted nmeans,.o0 h i ezoglecitric el ements separating the upper
and | ower partia‘l’lgllagnelt E/E’ Fﬁib‘ﬁ@? BW.Zte‘ﬁItlmé&%’E}f‘%‘ebaémﬁ%Wt? WE et
arrangenent asl GBaWfirst Bsehib@pécReriding Gwo Magrets. Bagndtistd hlshg AEHEHRcHoC AT | Si Ng
t wo nagneﬁf nagggt'sed alogg a &?st direction gnd 10 encl osed by a second
assenbl y thnpPeorsPyA ragiers COMPTIRRE A MagRL fhap s magnetised pependicylag o ¢
first directi@R)idif$st@itdtion)ie ofll ciBBYmANSSosdbilifids fBSgch@htieNRh@HetiO hrd
magnetic forc t hat r%naigi substantially constant_over an operating
range. Fi gur eP3dEpHgHarosiantially cansiant pXpe amPResH{ge fge- fAgae &¢ shopsant j r st
actuating pariitefRAR drfsdgerh P wilbtoi iR firsRRBGNg Wd%ﬁx?ﬁ% W8 Gl shMped M2
havi ng an opposite magnetic pol arisation parallel to the 15 first
direction, thETEeBhBagesMEiMyhayieanapresits sugnadic palatsaien papkdliete nagnet
MB that {5 ahSOQdiREEGH IHR&Eohd aérﬁkﬁ‘in% Iohir$ Eorflirls8CE ArAliar JdMn EH;%;HJE‘EBHH&CG can
be generated by altering the gap Between the first” and second magnet by

t he pi ezoel ecis plse pelrrsed i thpfirss directior dhie actuating forap canfieqaeneratsd bhaliesing si xt h
alternative | ' (o) :
magneti c act &g?ggrjd ggg‘?%eﬁgﬁﬁ %Jg%ngg%rsa? %}rﬁgglgelﬁ?w&hgjﬁzg%%% Jlﬁ?%ggtgﬁg%a?&l lﬁ this
sixth alternhtgaye enbodi nent the magnetic actuator MNC is used to produce

a di spl acenent Fiéd}e 3 sHQ%d £QNh Hrerflld € g&g‘?cglpgr;lt- %ﬁ%%%%ﬁédchcﬁ&toy REAF i this

enbodi ment conprrses two nagnetic actu
20 use as a magnetic actuator acting in a substantially horizontal direction. In this sixth

alternative embodiment the magnetic actuator MAC is used to produce a displacement
in a horizontal direction.
The magnetic actuator of this embodiment comprises two magnetic actuators MAC-
A and MAC-B which each comprise first, second and third magnetic elements M1A,
25 M2A, M3A, and M1B, M2B, M3B, respectively, and a piezoelectric element PE-A and
PE-B, respectively. The magnetic elements M1A, M2A, M3A, M1B, M2B, and M3B
each comprise a magnetic polarisation P1A, P2A, P3A, P1B, P2B and P3B,
respectively. Further, the magnetic actuators MAC-A and MAC-B are connected by an
connection rod CR. The magnetic polarisation of the first and second magnets of
30  magnetic actuator MAC-A (P1A, P2A) is directed in the opposite direction of the
magnetic polarisation of the first and second magnets of magnetic actuator MAC-B
(P1B, P2B) to counterbalance the magnetic force of magnetic actuator MAC-A and

magnetic actuator MAC-B relative to each other.



A and MAC-B which each conprise first, second and third nagnetic el enents
MA 25 MA M3 A and M1 B, M13, M3 B, respectively, and a

pi ezoel ectric el enment PE-A and PE-B, respectively. The magnetic el enents M
I A, MA MA, MI B, M213, and MBB each conprise a nagnetic

pol arisation. P 1 A P2A, P3 A, P I B, P2B and P3B, respectively. Further,
the magnetic actuators MAC-A and MAC-B are connected by an connection rod
CR. The magnetigop@.@p sati on of the firstj7and second magnets of 30
magnetic actuator MAC-A (P I A P2A) is directed in the opposite direction
of the mmagnet ithegl rqedon seaeratie a digplacement resulis &@B&ﬁdilfﬁ@gwemthef magneti c

act uat or  MAC-Ragrefic for& ofpgc@ofttﬁé Iﬁ%ﬂgﬁ@d’cﬁﬁ APR RS B dopg ce of

magneti ¢ actuator MAC-A and Ic actuator MAC-B re atlve to each
ot her. P- 0396nmthmmm@ﬂnemamm:®rcfe@an gfemanmdu hthepldzosblctalc@tmwnt PEsults

fromthe diff etic actuators
MAC- A and Mﬁ\(f%r éﬁé"ﬁgﬁj ot hrpaeg#agneﬁlgiogéA? grﬁ%o & {%hatgls ﬁ%ghnee eg‘?%nely85?1 be
changed bys t hef thd pigapelectrit elements EFeior FI=B rmefytterpeesmﬁsmehﬁmthe nggetet i c

o ezoel et 11 eBPRRUntEebed e i B il AR A s A Bagnet
actuator the the upmtiea:adtuamreérmmmg at@dikeb@o@ﬂfﬂdf‘ehﬂvelﬂotehclidi&rf)l rst and second
magnet in the S |veatuat i n a fixed position relative
to each other. ‘&lﬁi ga'bﬁlﬁﬁmp H §’f10\%h§f‘ RPLY PYRRRASE Bagngtsowvithy ) y

per manent rf&gﬁl%ﬁulw shhpe, arshafmww Iaftecﬁhamas isinlot S&deblcke PREShEH. Ik BRud his is
not an absol é&e re irement, It should 10 be not ed that a nmagnetic

act uat or JOpqAERAY 2jpaeRstig Aewatobas dgsaibed in figuees 249, A mnay 2lsoeaIABYEs havi ng a

non-annul ar shapets hueilg @ hod-AufP Shab@kuch ks AN BarDh SRR MR Bhatnets. The
principle of the present invention to generate a magnetic force in response

to a piezoel ecteipeingiple 9§ fhspresgd wcgf&ndgéalema/énqsaﬁwafp% IHESREBRA P@d in a

pi ezoel ect i Cigetidatie dordts ACdi@Nsed aﬂmean(a@sro BBEARkIIE Eﬁ%e'cliéag'}c actitelfi guUre 6
shows a schenmatic cross-section of a piezoelectric actuated reluctance

ot or  accor di KicpemalesehmagnslipbeiABht of the present invention. The
rel uctancg; mot gf; SRR asstcﬁenqgtlc%rc{sé Ee%I g\gct%ﬁétuétéd r%tucﬁaF@e yoke )

conprising a ferronmagnetic nateria actuation part (LO also
conprising a mﬁemmwﬂgxgé@ﬂsevnmhembadlmeﬂthéttych@emlmnqmn ses an upper part Y

o Ol par e, a0l 2 ILRLAE o8 (B e Y ) BRI, Y, | and v2,

The first part rises a firrst ubpart Y 12
and a third suwbmsmg‘.{farﬁnma“g'helcfmatertal mdmmcdnd\écﬂuationapan (LO)sals‘oruempﬁsidg has a

slant surfac efegg'njg'net-w I%attérqihr ﬂlesy%Eeag(tcomp%gés g.l?ﬁpp%r Sar?1 Qtl asllcj){v];raf):a?t ‘yZS, zamél tits
20  an intermediate part YO in between Y1 and Y2. The first part Y1 comprises a first
subpart Y11, a middle subpart Y12 and a third subpart Y13. The first subpart Y11 at
its free end has a slant surface YS1. The third sudpart Y13 has a slant surface YS2 at its
free end.
Similarly, the lower part Y2 of the yoke Y comprises a fourth and a fifth subpart
25 Y24, Y25. Both fourth and fifth subpart Y24, Y25 have a slant surface YS3, YS4, at

their respective end directed towards the intermediate yoke part YO.
The intermediate part YO consists of a permanent magnet M4, a first guiding part
YC1 and a second guiding part YC2 each with a slant surface YCS1a, YCS1b, YCS2a,
YCS2b, respectively, corresponding with the slant surface YS1, YS2, YS3 and YS4
30 respectively, for guiding the magnetic field of the permanent magnet M4 to the other
parts of the yoke. The magnetic polarisation P4 of the permanent magnet M4 is
indicated by the arrow P4.



free end. Simlarly, the lower part Y2 of the yoke Y conprises a fourth and
a fifth subpart 25 Y24, Y25. Both fourth and fifth subpart Y24, Y25 have a
slant surface YS3, YS4, at their respective end directed towards the

i nternedi ate yoke part YO The internmediate part YO consists of a pernmanent
magnet M4, a first guiding part YC 1 and a second guiding part YC2 each
with a slant surface YCS | a, YCS | b, YC S2a, YCS2b, respectively,
correspondi ng w.bingde sl ant surface YSI, §S2, YS3 and YS4 30 respectively,
for guiding the magnetic field of th.- perrranent magnet M4 to the ot her
parts of the yoﬁi@weenﬁbeW@Cﬁp‘fﬂl&h@dﬁfmQ?ﬂhlmfpaﬁﬁ&bmdmmcmgnet M4

I's_indicat edy§yofﬂﬂeﬁ?si g.g)}fyaﬂn br g3 9 phA ¥ PEALEERJDTinBh A G o LT | aCE

YCS 1 a of the first art YCI thes e first
subpart Y11 OYCSWIYS?ZW ﬁﬂ@kappd&mce@plaawomm é@poznshcotgi gap disetnee€b2 YCS2a

and YS2 a fir; L.Stan 1 | S e seco di st ance
G2 is provilgéggg&e%fl\‘/g\%%ﬁgfﬁgﬂ t(-‘fillé)sur g‘%:%“@“?ﬁﬁ gg%(?m% Rt ?&llgfl&)&ﬁl di ng
part YCl &nd stutfecdSYSMoffthcﬁuifﬁs&bq)ﬁrtU’Béofmelsetcbndsydkp@m YY24hdof the second yoke
part Y2, and corre i n &g CS2b and YS4. Further, the

rel uctance not8r® Hﬁ@‘@@ﬁ&% “gel?ﬁY E’é‘?‘ggﬁgct ric el ement PE2, which is
connected to trfamﬂdemelhcmfcemrmmpms SpgRRlectit emntmz Rérichiiglewal | of

the second sub thﬁ the pper first part Y1l of the oke 10 Bel ow
the | ower par"tO gideyribof epga'anw magret N4 a9 fo-the S‘fiﬁ”‘ﬂboﬂth@fted to or

posi ti oned atseeoﬁlsu%mlgflmpgmh egly&lgeﬂ) yokBY be attached to the
second act uatl n part (not shown per f| rst part Y 1 and the | ower

second palt Y2 Balow Hie lgweraen Y2 Oilthef)ﬁoi%%é 10%5‘(15? tancnbiect @ badiflpdta s each ot her.
The first parﬁosfﬁoﬂe@d@q gw%ﬁ )p§§ﬁc9ﬂgld913tﬁé yolé) gy bpﬁtag:l?edctﬁ HaGelsd amﬁatﬁlg

connecting part (not shown conprises a nater that 1s non-
magneti c and BPASEOWE). non- conducting, e.g., a plastic or ceramc. The

| ncer edi at e Dotk uffl e HAT V1A 0Bl aRAE o 95 FRKSIE e bvguar O o

he range given and second gap
di st ances GD positioDRlatiyg tojegchneshesdTherfarst pattdy i antl ¢hrersecting tpart }Yénnayﬁ@ may be

arranged i[ S(HJ?AQE: ?eﬁ%% ctogj?etctné%a%t O(B&%h?%évsm& comC getact, éénoa.ll. her the upper

first part” Yl or t Vet et arhetlcfleld
of the per nanaa@eﬂmgﬂqﬂefkﬂﬁbhymﬂmmﬂumem 8 pfastﬁ:l digeramic. t he other parts Y 1,
Y2, YC 1 and YC‘ﬁl Ouflteltnp diate paﬁ % of the yoke is arranged for movement in upward or
downward direction within the range given by the first and second gap distances GDI,
GD2. It is noted that the intermediate part YO may be arranged in such a way that
20  actual physical contact to either the upper first part Y1 or the lower second part Y2 is
prevented. The magnetic field of the permanent magnet M4 induces magnetic fields in
the other parts Y1, Y2, YCI1 and YC2 of the yoks Y.
The piezoelectric element PE2 is arranged for changing the first gap distance GD1
and second gap distance GD2 relative to each other. By the actual position of the
25  intermediate part YO, the first gap distance GD1 and the second gap distance GD2 are
set.
The actual magnetic flux (i.e., field strength per unit area) over the respective gap
distance can be influenced by changing the ratio between the first gap distance GDI1
and the second gap distance GD2. Due to the interaction of the magnetic fluxes, similar
30  asin the first, second, third, fourth, fifth and sixth embodiment of the magnetic actuator
MAC as disclosed above, a magnetic force is created which is capable to position the

load LO at a certain given position below the second yoke part Y2. Furthermore, by
changing the gap distance ratio through a dimensional change of the piezoelectric



The piezoelectric elenment PE2 is arranged for changing the first gap
distance GD 1 and second gap distance GD2 relative to each other. By the
actual position of the 25 intermediate part YO, the first gap distance GD 1
and the second gap distance GD2 are set. The actual magnetic flux (i.e.,
field strength per unit area) over the respective gap distance can be

I nfl uenced by changing the ratio between the first gap distance GO 1 and
the second gap gliysd@aipe GD2. Due to the inggeraction of the magnetic fluxes,
simlar 30 as in the first, second, third, fourth, fifth and sixth

enbodi ment of actvator REZrthe intagaeticUfatce can hdi@riedtodihaige degebsitibo vLloadatmahgdet | ¢
force is cre ' | S, I jtion the. load.LO at .a certain

gi ven posi ti glrﬁq%e%ggévl\}(&t cgélﬁté ona“ Osltgtﬁlgheggr%lots'#f ﬁcr%lﬁgrﬁ%?ﬁ?nrﬁ nv%??gth%)i ng the
gap di stance loatt part Y ofithhyeked. Pepssonnkilled hahgat oill dppeecteainahegiperd C

P- 0396- 010 19 uator PE2, the. efic force can be varied to change the
position of IW&?Q?%&H@? méyobct%t%n@hdﬁ%@f‘%w Aguater e thedeegthei t her a

cl oser or forantbidhantenpasistiil Gmctidlal by ¢RangBe tsecdnawap div@nde OB2 afis t he yoke
Y. A person skilled in the art will appreciate that the upper part Y | of
the yoke may T ROFIRIE Earopfsel the mpgnetis fpseiacing:en thalagd. If 15 howeves @gted thit 5

embodi ment 1 elRicBfird id hbrelcbplidaRBad achiRye qﬁﬁmw&ehPﬁer 8¢ ¥ brarR ol gt ance
G2 it is still possible to control the magnetic Torce acting on the |oad.

It is howeverPra%ncdiya countgracting pragnesr flpes episte(ores it firstand gecond gethi eve t han
when the uppefisthik! LtivRy):LdpEradl héh ??a'i’cﬂ iMBut g
magnetic fl uxess ex’lrses':_ﬁe( ove}? (J_?he | rsst a%%sgégg%\c gaﬁ'&lw@llusat%gﬂ%g{p%ﬁ vi
respect i vHl y)of tapyakady les efiectivach a magnetic actuator w thout an upper part

Y1 10 of the ?*ll@ré' . ef f ' ' tion hetween the
novenent of theﬁ{rm médgg?l?]ogfbeﬁﬁéﬁ#%%%% gﬂt%g%tgév%ng%gﬁgkﬁﬁe ﬁg‘l’:ghrfetic
force is ill usstuator aed the t thagnefiefomsdeillugratddevithere ferenbe toghdsdentent . It i s noted

Moneer o Rl PR R o B b bR Bl B an L T 5
di spl acenent sihildrhrelatinne zlestibiog the gemdratatmbgratdfons a affudon ofthef t _he
5P SCTE gl B RO, SO ARESh leh AERBeSRRESIBE™
function of tlbad, cDlsd dalcaiatedffor theoth@Gditddiaehidat wag. part LO of the magnetic
oo e g it SaReg L LAY 91 o, gl gpt acement
plotted in thasiiehbf hakecdhd @_&Edtiﬁ% pABLAof 18 ﬁ{a'Fmp QfmatbRcR@Rbkd @@ of the
noving part of the actuator in the horizontal direction. The force-
seventh embodiment for different displacements of the piezoelectric element.
20 In this graph the magnetic force is plotted in the vertical direction as a function of
the position of the moving part of the actuator in the horizontal direction. The force—
position relationship shown here is determined by means of a (finite element method)
simulation.
Three function curves were plotted each for a different displacement caused by the
25  piezoelectric element PE2 of the actuator. In this example, the displacement is either
nominal, i.e., at steady state position of 0.0 mm, or in this graph, at —0.05 or at 0.05 mm
below or above the nominal position, respectively.
The upper function curve represents the force-position curve for a displacement of
the piezoelectric element of —0.05 mm.
30 The middle function curve represents the force-position curve for a displacement of
the piezoelectric element of (.0 mm.
The lower function curve represents the force-position curve for a displacement of

the piezoelectric element of +0.05 mm.



position relationship shown here is determ ned by neans of a (finite

el enrent nethod) simulation. Three function curves were plotted each for a
di fferent displacenment caused by the 25 piezoelectric elenent PE2 of the
actuator. In this exanple, the displacenent is either nomnal, i.e., at
steady state position of 0.0 mm or in this graph, at -0.05 or at 0.05 nm
bel ow or above the nom nal position, respectively. The upper function curve
represents t he p.osmepposi tion curve for a gj spl acement of the

pi ezoel ectric el ement of -0.05 nun. 30 The mddle R nction curve represents
the force- posi t IRSnmagnetie fares is salenlaipd basepesmetasfengthinf thyi asweterect ri ¢ el ement

of 0.0 mm The TyWeice Fdipsilsé maayﬁmamrn%fm@&ﬁcmam%vépdﬁm%eﬂ@aiéggg@%cwVe for

a displacenent of the piezoelectric elenent of +0 10 20
The magneti c T&? g fos thegireks @tﬂwnﬁmm&p@womﬂl@rnmwpmlmn the actuator. The

force response ea S ted over m-0.5
to +0.5 mm forA{g gt rohEsn I11‘“8 @W Hﬁs\&%m]r’]na%%lg][? a?hourglo %%mn%%aﬂg&cb%‘gi tion.

Assumi ng in tlhad«sol%ﬁﬂéﬂi)ltlwmagnbﬂ aisherradmlmgpaa ombgh&pt affitstomirabpositipnpBlid and an
attached 5 Ioaghof 60 ving part can be kept at its

nom nal posit}o tlsl‘??%":?%\/eduﬁ‘ﬁ&a‘agc g)?ﬁélfel A 5’6"1}8 Ufbal anced by the nagnetic
force. When t heWpar thepenianenngiagiet M# in thet ilermediaey yoke pat ¥0ydves Rafdr YO noves
to, for exanple, the positi per curve) the attractive
force incr eag%é“’i’](? thy Bﬁ“ %@g?mgm ‘(1?”6& AT Jorsainereaies & nonmi nal
posi tion) andagphim@My mgo NE(fdr ahibviig! Jart WPY RordialPeSitibis) Male%w"?o‘%ﬁe of the

magneti c {H(;rce and t he, wei a net_force of approxi mtel acts
upon t he Hbvi Wi pakeupsive i Q@{?&F%ﬁ’ thih eenetic f%rc‘? ?Pdtth‘éwe‘l%‘n? mel forseef t i on.

Wien t he MOV €4p f@ﬁ@ﬁelﬂ@ﬁ@ﬁ@@t& uf)&?th@ﬁltovﬂ(ng'bﬁl?of“ﬂh!: Lcﬁdﬂﬁrv@@ﬁ@tlgmﬂe further.
When t he magneF mpves to, for exanple the position of +0.5 nim the

attractive 15n9nal @osivien e dhermovep mowss upsatssythauo e Wil mﬁ’éam‘i’mg part
may nove up eyffef urther due to the difference of the magnetic force and
the weight: a net force of approximtely 200 N acts upon the noving part
of the act uat or'Whey bermpupl meves thiforexampls thiephsitien of haS nithdhawtivaativen al | owabl e

pvar d i et s ereSRR6 fth b Rel) syl ARS AL S, A RERERET o
-0. 05 mm (uppdee te ﬂw\fh!ffel‘mé oﬁ\thb hreagnetiv fosde and the weight: a net force of
approximately 200 N acts upon the moving part of the actuator.
From Figure 7 it can be deduced that the maximum allowable stroke position is
approximately —0.3 mm and +0.3 mm in downward and upward direction, respectively.

20 With a piezoelectric displacement of -0.05 mm (upper curve) below the nominal
position (0.0 mmy}), a magnetic force of 600 N can be generated with the moving part in
position -0.3 mm. Note that this is the lowest position in which the load can be
retrieved. Below this position, the moving part (and the load) can not be stopped any
more and will drop. With a piezoelectric displacement of +0.05 mm (lower curve)

25  above the nominal position (0.0 mm), a magnetic force of 600 N can be generated with
the moving part in position +0.3 mm. Note that this is the highest possible position. If
the load moves higher, it cannot be stopped but will be pulled against the yoke. So, the
operational stroke of the moving part is roughly six times larger than the stroke
produced by the piezoelectric element. It is noted that the effect of disturbances and

30  accelerations of the moving part of the actuator are not taken in account in the
discussion of the maximum allowable stroke. At the maximum allowable stroke, the net
force is substantially zero, no force to counteract the disturbance or acceleration is

available at that point. The maximum allowable stroke is an upper-bound: the net force



position (0.0 mm ), a magnetic force of 600 N can be generated with the
noving part in position -0.3 nm Note that this is the | owest position in
which the |l oad can be retrieved. Below this position, the noving part (and
the | oad) can not be stopped any nore and will drop. Wth a piezoelectric
di spl acenent of +0.05 nun (|l ower curve) 25 above the nom nal position (0.0
nm, a magnetic force of 600 N can be generated with the noving part in
position +03 mmpp3ddd® that this is the hi;_qhest possi bl e position. If the
| oad noves higher, it cannot be stopped but will be pulled against the
yoke. So, theMusihengreein e handieqreslesationn Conssanenyly plie tmarcgnmmerg:?spyvhsqhx tines

| arger than t{iRwilchb@i&adti uﬁ-ﬂﬁ not ed
that the effect of di sturgg%&%tlgﬁsm%ggﬁg%gﬁﬁf%ﬁéﬂo ﬁtévalﬁ%é?%% part of
t he actuat or %rdésqli@?d%@%n in account in the discussion of the maxi mum

al | owabl e strokge orce i.s
substantially zero g&?o es{&gwggtﬂﬁ%@gh P Cé)%{%rfléw %ﬁlgéeo%reglggéﬁ“@ratl on
is avail dbl eactuatarigart beploryssed onfeathereivd avtual @nbxawdhinmhcr fmkc& arshean

upper - bound he .n rce p- 0 st be on ze to ndl e

accel erati onsrs[la ngeeogtg Regpio Str?%(aex‘lqr!ﬁﬁé? g%fllp‘bcl?és P%\%ﬂa’ﬁﬁﬁ?‘!&r acting
accel er at i onsstioké hs \bﬂ:l hemppﬂeemted hfapersm skited i1l at. ITchu@bieq)n&tlpml@en b&s

descri bed aboved i S ngtred h mlsatl on of % rkl g prll:;ICI pl e for
a given size Of P‘rf@leﬁﬁs@ﬁ Frdnagge é?cb[e &5 largs forpzand fRARert he
actual gener afkeg@ctfogsioitistokeno®rsFEmdlhree AP RéthpaeRiverly lzIrQ@stﬁalR@)r ational

st roke. A} rad -of f occurs Ir&f"ig@’ orrRﬁnatlon of force and. stroke as w !l
be apprectat ed grep¥sr Shiinotegthat g the vorking prigiple refafes toyall prabogimeniyn pe
used in one rasRache fiR, sERANRLIEG fROA! fiftDmd(shas aabdd@h&Rs ﬁﬁsdbémefetsuﬁécf oke)
and in anot hetr pglzpect for.short stroke notors (small force and

conpar at i vel y'oF 3FRjgatong MHS‘%GUWBFQ%@““UWS whilethe sqyenth smbadimentad t he
wor ki ng pri nclbeofhé‘re rsﬁllte'ﬂtfﬁlsaﬂpﬁcﬁbﬁs &B‘Eﬂ Mtﬁrelyqé}gw}‘orcﬁ b&aftlbﬁssg%n Second
e

third, fourth, fifth and sixth nts nmay be nore suited
appl i cat i ons #BHEALPE farghestins PeCP’éﬁf@’é‘ thigd ?Ialtqdéﬂﬁélts iRl éoﬁlﬂfﬁélll%f@ntlwl

embodi nenjs Meyfembifes L&, m&@%e{:egplﬁeg' ét?ZtArpzﬂJgh(fcal R fdrthd Wi at 1 vel y

| arger force vari ations. appl 1 cation rst, second and third
enbodi ment s i gubediment jsexd. 4 sboitngoksfmastdreaagndt tebringent s (| enses, mirrors,

beam spl i tters,mﬁgl@rw}w négn&leek&&aﬁacgearg&o %hgﬁ{e?]egxl\’ﬁ{%ﬁ}%og%%%ghg%a%o' S €9,

a short-stroke magnet i c e nmagneti c actuat or
according to mh@spIeHmtatlomNemeimﬂtlasotdia&lairthd:)mdgmbov@uatmre:lfaheqsemm a

transl ational %ﬁ%g ﬂyafsot?gr%bqérg%tﬁdorrm&[ I%als etl c actuator of the present

i nvention may aelmssysterrs
20 Persons skﬂled in the art will appreciate that other alternative and equivalent

embodiments of the invention can be conceived and reduced to practice without
departing form the true spirit of the invention, the scope of the invention being limited
only by the appended claims.



20 Persons skilled in the art will appreciate that other alternative and
equi val ent enbodi nents of the invention can be conceived and reduced to
practice without departing formthe true spirit of the invention, the
scope of the invention being limted only by the appended cl ai ns.
P-0396.010 22 Clains 1. Magnetic actuator (MAC, RM for adjusting a force
on a load, conprising a first actuating part (MACL; Y) and a second
actuating part giyheolg0)., the first actuaty,ng part conprises a first
magnetic elenent (ML; YO and a second 5 nagnetic elenent (M; Y1,Y2), the
second actuating part (MAC2, LO conprises a third magnetic elenent (MB;
LO), the first ‘@A®¥Ssecond actuating part are constructed and arranged to

generate a magnet,i.c forc e ] t first directiop, the

l'oad being at ‘ac HAEC %C%{agoé&%?e%%?@’rs E’ﬁ?foé'catﬂ FogPTEine irst

characterised in atatingifrit(MACERY)@hd £seabidRt@iing ﬁarﬂwcﬂﬁd) with a

di spl aci ng el enen E‘ PE2) attached to the first Y0) and second
&g Sb?‘?&ﬁf#é

(M2 Y1,Y2) rmagn Park GAMDIS]S Wéﬁla)snetm%fﬂe&&ﬂ% ‘!E(Hénqlftfs@pn%nd

second magneti c ehMERS elendont (WABNEL, YQ) e lsbldh @ hethdvin mRhMA@QCm)%ﬁgnie@ claim
1, characterised in that the di S&Sam ng_{eel enment IBE PE2) conprises a

pi ezoel ectric el et magnstig elemgpt(M3; B e diatt opd %W@)aca@@éﬁmﬁﬁrﬁg‘e claim1 or
2, wherein the f'cbﬁ&m@@ﬂlﬁﬁi&%nﬁ&it@@&&}atégﬁa%rﬂﬁc%%%%&t dafts & £rENt

bel ng arranged adjacent to each other in't first direction and being
separated by a fifirsitdirgetion( thn Joad beiag atashrcie ieitlpr thel fissteon secomyctissinpgarair r anged
for displacing th arfa t&%ted petic elenent (M1) relative to the second
magnetic el ement in e first direction to generate the 20 adj ust nent
force in tthe fi rsthc ghgnstic ﬁ@lﬂﬂt@pbrroaldGh‘emlged@lblattlt@elnragnél’li PH2hetgachet toon

bet ween the firsty @‘ﬁltsf@{ljat 0 R9) B decdd yl%ng 2 1%? eg%%féﬁqegt getyating part

(MAC2). 4. Magnetic accor TEFTEEY i n t hat
the displacing alispineimg tieMhyt andsd:conrameghetmelbmentfl rst gap (G 1) 25 5.
Magnetic actuator according to claim3, characterised in that the first
magnetic elenent (ML) and the second magnetic el ement (M2) each conprise a

cavity extengli n%@eﬁmnfawr%m@ R%ta'c&ﬂdm?{b%lmqt cﬁa%te&*ﬂséfmﬁtng el ement
(PE) is located jnsid he cavi ﬁ/ irst magnetic el ement (M) and
i nside the cavi tyhs;@factng@lement (PE; PE2) comprises a plezoelectrlc element.

15 3. Magnetic actuator (MAC) according claim 1 or 2, wherein the first magnetic
element and the second magnetic element being arranged adjacent to each other
in the first direction and being separated by a first gap (G1), the displacing
element (PE) being arranged for displacing the first magnetic element (M1)
relative to the second magnetic element (M2) in the first direction to generate the

20 adjustment force in the first direction upon a change of the magnetic interaction

between the first actuating part (MAC1) and the second actuating part (MAC2).

4.  Magnetic actuator according to claim 3, characterised in that the displacing
element (PE) is located in the first gap (G1)
25
5. Magnetic actuator according to claim 3, characterised in that the first magnetic
element (M1) and the second magnetic element (M2) each comprise a cavity
extending in the first direction, and that the displacing element (PE) is located
inside the cavity of the first magnetic element (M1) and inside the cavity of the
30 second magnetic element (M2),



30 second magnetic el enent (M), P-0396.010 23 the displacing el ement (PE)
being coupled with the first magnetic elenent (ML) and with the second
magnetic el enment (M), and having a working length substantially equal to
the length of the first and second nmagnetic el enents and the distance of
the first gap (Gl). 5 6. Magnetic actuator according to claimb5,
characterised in that the displacing elenent (PE) is |ocated adjacent to
both first and Bez@wiomagnetic el enents (M3 M), the displacing el enent

(PE) being couple ith.the fir netic ele ML) and with the
second magnetic éﬁ%&ﬁl#%ﬁsmeﬁéﬁ)ﬁa@gﬁaﬂ@e ”&ﬁgrﬁ‘ ERgistic slsmepdMUnt i al | y
equal to the Ienginbmth&@céndrrﬁﬂgnamﬂklaﬁ&@nd TRENRling a8l @RBRIGgANd t he
di stance of the first gap (GL Magneti c actuator according to claimé,

characterised in SP\’F&%““FW"Q“R@O&S‘L}W%‘@{ thefirst and seqond magagsia elements aedidat (M)

a first coupling cﬁgtﬁgggitthé Bl gdpyGas.0vi ded, and for 15 the coupling of the
second nmagnetic el enment (M2) a second coupl ing elenent (B2) is provided.

8. Magnetit actuator (RM according to claiml1 or 2, wherein the first

actuating parg, eqy Yﬁ?%c&ﬁﬁﬁgﬁ&ﬁ:@a% spa{a}ac(e}é}édm?%gﬁwsp (Y2), and

an internedi ate par nternedi ate part rranged
with a first surfeéﬁi@ﬂ((\?@as)lwaéﬁgmdjjcer&tqbqﬂsﬁmém stﬂa@enf(tl\v-‘slen)entsf(Mlhe yoke

Y1 d th f YS2
(Y The oot MEAUpR S65 A CE N 86100 SESH B idae (VS
i nt er nedi at e par t(M1Yadd withl theseqond siapuptia efemslt(Mzovmd hpeng a Wéddng leagthl a

second | Oﬂf; N par tsulgsmmﬂiy[ t%]qgglftg 'tl{e% gf eﬁr(gp anfiﬁ {i mgl rtl8 E’%%l% FP(??‘%'Z 2)5

ext endi ng gthwse 1n rst ion;

bei ng arranged widtdncaof the ﬁdtgapc{(ﬁurface (YSB) facing a third surface
(YCIb) of the internediate part (YO), the second |lower part (Y25) being
arranged with a fourth end surface (YS4) facing a fourth surface (YC2b) of

]Ehe inter ][redraE e megnt«-:m(%ﬂ)adtor aéd&?:lulf@!gm:ﬁﬁlg(ﬁ aﬁfada]g@rd @EﬂﬂVfodtH&g:oﬁﬂIn‘gQ@n theh
irst surface (YC 1.a) and.the fir 30 ace en the
second surface (@3?2%‘?213 ?‘h‘gcr’é‘gﬁéﬁgﬁ)%ﬁﬁ teqyp eéem‘t“ ‘B?dr &E’g

di stance (€D 1); thd\@upRg &ithcseashiduigtsticlementiNg ahieédhﬂ%&lﬂlhge]chﬁhtrd surface
(YCIb) and the third end surface (YS3) and between the fourth surface

(YC2b) and the fdHA R PENMedyrface (YS4) the second gap distance (GD2):

8. Magnetic actuator (RM) according to claim ! or 2, wherein the first actuating part
(Y) comprises a an upper part (Y1), a lower part (Y2), and an intermediate part

20 (Y0), the intermediate part (Y0) being arranged with a first surface (YCla) facing
a first end surface (YS1) of the yoke (Y1), and with a second surface (YC2a)
facing a second end surface (YS2) of the yoke (Y1); the lower part (Y2) being
located below the intermediate part (Y0) and comprising a first lower part (Y24)
and a second lower part (Y25), the first and second lower parts (Y24, Y25)

25 extending lengthwise in the first direction; the first lower part (Y24) being
arranged with a third end surface (YS3) facing a third surface (YC1b) of the
intermediate part (Y0), the second lower part (Y25) being arranged with a fourth
end surface (YS4) facing a fourth surface (YC2b) of the intermediate part (Y0);
the magnetic actuator providing between the first surface (YCla) and the first end

30 surface (YS1) and between the second surface (YC2a) and the second end surface

(YS2) the first gap distance (GD1); the magnetic actuator providing between the
third surface (YC1b) and the third end surZace (YS3) and between the fourth
surface (YC2b) and the fourth end surface (YS4) the second gap distance (GD?2);




P-0396. 010 24 the internediate part (YO conprising a fourth nmagnet (M)
with a magnetic polarisation (P4) directed in the second direction. 9.
Magneti c actuator according to claim@8, characterised in that the second
magnetic 5 elenent (Y 1) and the third magnetic elenment (LO are nmagnets
i nduced by the fourth magnet (M4). 10. Magnetic actuator according to
claim8 or 9, characterised in that the internediate part (Y0) conprises
gui ding parts (P(C0I96.00G2) for guiding the magnetic field of 10 the fourth
magnet (M4). 11. neti ¢ act ua;ogr according to claim8 or 9 or 10,

characterised i n fhiferpeiate parteY0) somppasing 4 foarhypagnet(Nihevith 3 magnsiel surf ace

(YS 1) are sl ant gRlasigdtion ¢RH direét@d in\e: deforddrectionr St direction, and 15 t hat
t he second surface (YC2a) and the second end surface (YS2) are slanted

surfaces relative to the first direction. 12. Magnetic actuator (MAC, RV

according to §he \iseadidithidr a@lofinglol Rirh 3, chaPaQ?eFi?eI%tiﬁ'Eﬂag@@Ss%Jgﬁ& gggxée&iee

magnetic el ements conprise non-magheti sablfe materi a _ car bon
based pol yher or eeseahiYcl) andthe disdonaenetinyeleresnt (00 aiedeainets inducedrbadimet i ¢

actuator (MAC, RV, BCGUH to any of the preceding clains. 25 14. A
| i t hographic proj e"(l:rfhl o%énap@gdf)'at us conprising: - a radiation systemfor
providing a projection beam of radiation; a support structure for

supporting paid erniing.: .pat t er ni,n ans, .servi.ng,to pattern the
proj ecti on begér'n a@%%’%ﬁg&f% aéclaFeuE%atP eCcF?HﬁgtO?grc ;araptegsegd%ghtaggxf ém‘%)rgﬁh"é{ef or
hol di ng a subst r gtag;(Yanengises ghiddngqiaets {YON YO tterpufdig the giagestit igidtdfe

patterned, beamonto.a_ targe rtion of the substrate, provided with a
magneti c hﬂgt uatogﬁea@gﬁlﬁa\agrbép@ any of the preceding clains 1 to 12.

P-0396. 010 25 15. A lithographic projection apparatus conprising: - a
radi ati on sysifem for providing a.projection be f radiation; -_a support
structure forhsu%f%ﬁ“?ﬁ%ﬁ“ﬁg{[lagﬁ”m“%gmﬁ&gﬁ&mlgﬁé?‘g]zig‘l‘ré‘f't?ﬁsﬁg“‘rfg%fﬁge figt serving
to pattern the prs@ifeeiyCna)RaadMeaeachdiificd OrH) dRSlahRd si@ictEeiive to the
first direction, and
15 that the second surface (YC2a) and the second end surface (YS2) are slanted

surfaces relative to the first direction.

12.  Magnetic actuator (MAC; RM) according to the preceding claims 1 to 11,
characterised in that the magnetic elements comprise non-magnetisable material,

20 such as a carbon based polymer or ceramic.

13.  Support system provided with a magnetic actuator (MAC; RM) according to any

of the preceding claims.

25 14. A lithographic projection apparatus comprising:
- a radiation system for providing a projection beam of radiation;
- a support structure for supporting patterning means, the patterning means
serving to pattern the projection beam according to a desired pattern;
- a substrate table for holding a substrate; and

30 - a projection system for projecting the patterned beam onto a target portion
of the substrate,
provided with a magnetic actuator according to any of the preceding claims 1 to
12.



- a substrate table for holding a substrate; and - a projection system for
projecting the patterned beamonto a target portion of the substrate,
provided with a support systemaccording to claim14. 10 16. A device
manuf act uri ng nmet hod conprising the steps of - providing a substrate that
Is at least partially covered by a layer of radiation-sensitive material;
providing a projection beam of radiation using a radiation systen 15 -
usi ng patterni rgonan® to endow the projectsion beamwith a pattern in its
cross-section; and - projecting the patterned beam of radiation onto a
target portion of the layer of radiation-sensitive material, characterised
bly 20 prlo;/i dllgg N MRBRApNIE pRTHGH Hpardfs e6:Abliehet © any of the preceding
cl ai ns o] :

- a radiation system for providing a projection beam of radiation;

- a support structure for supporting patterning means, the patterning means
5 serving to pattern the projection beam according to a desired pattern;

- a substrate table for holding a substrate; and

- a projection system for projecting the patterned beam onto a target portion

of the substrate,

provided with a support system according to claim 14,

10
16. A device manufacturing method comprising the steps of:
- providing a substrate that is at least partially covered by a layer of
radiation-sensitive material;
- providing a projection beam of radiation using a radiation system;
15 - using patterning means to endow the projection beam with a pattern in its

cross-section; and

- projecting the patterned beam of radiation onto a target portion of the layer
of radiation-sensitive material,

characterised by

20 providing a magnetic actuator according to any of the preceding claims 1 to 12.





