Pol yunsaturated fatty acids for the treatnment of diseases related to

cardi ovascul ar, netabolic and inflammtory di sease areas Priority [0001]
Thi s applwoabimn24sbai ns the benefit of priority of U S. pPrasimi/esnads Pat ent
Application No. 61/176,503, filed May 8,, 2009, the contents of which is

i ncorporated herein by reference. Technical field [0002] The present

di scl osuk endpfétad l%%rih?, d foRir¢l segeRAd Adsfikive BRcOSNBE A lithesrphRaffaratupvher ei n
Ri is a Cl0-C22 al kyl group, a Cl10-C22 al kenyl group having 1-6 double

bonds, or a Cl10-C22 al kynyl group having 1-6 triple bonds; R2 and R3 are
the same or different and may be chosen from a hydrogen atom a hydroxy
group, an al kyl group, a halogen atom an al koxy group, an acyl oxy group,
an acyl group, an al kenyl group, an al kynyl group, an aryl group, an

al kylthi o group, an al koxycarbonyl group, a carboxy group, an al kyl sul finyl
group, an al kyl sul fonyl group, an am no group, and an al kyl am no group,

wth thqqﬁiEMbPQTﬂ@ﬂﬁvﬁNﬁﬂgNﬁs cannot both be a hydrogen atom or R2 and
R3 together forma cycloal kyl group, such as cycl opropane, cycl obut ane,

cycl opent ane, or Cchhelimbeaxianeglatesktoi the destar dloxygrictc hearchgsyingadenlav #trehees

t hereof, such as, .a carboxylic.ester, .a carboxylic an ri de,, carboxam de,
e oroitp SHHesiZ s S SR St e R in GaSTROR Ry RORY HetER vl

phar maceyit el y acceptable salt, solvate, solvate of such salt or a

prodrug thereof. [0003] In enbodinents where R2 and R3 are different, the
conmpounds of fornmula (1) are capable of existing in stereoisoneric forns.

It will 0, i nti on enconpasses all optical isoners of
t he conﬂggﬁggg§§6$@¥ﬁﬁﬁgﬁ%Pﬁcg%gTﬁf&tures t hereof. [0004] The present
di scl osure al so relighRtc bearpRebraathiCht o mMeskid PRs BRUpAdrPd fhtor. The

conpositions conprising at |east one conpound of formula (1). In addition,
t he presdnentagesed usigraampgnetio e ingofpet Hipse g npongplhipmicyl|Pprts & weyoOuhA

medi came 0 i r - faor t. . of 1 di ses
ol at od Tty bt RO e R A i BB SR TRl age2es
Backgr ousichifiD§ixoils, Ddéy auryenmoinythintadriduatte diffeadrit poriving 81 (hHRWbt6s padsige ef f ect s
on diverﬁe p ﬁfioloch?I prgcesses i.npacti ng n?rnal heal th and chronic

di seasedhroygh thegagngtic figlgl§ohthegpaggictip petustars Gapilerd e R CRSTEX M58 ovascul ar and

[0006] Due to tnel P e ey BRI PR YR R Ol TSR, ol ogi cal
laminations to reduce eddy currents that result in power loss due to heating caused by
magnetic hysteresis and to a delay in the control of response magnets.
In wafer inspection devices and for electron beam lithography systems for the
semiconductor industry commonly use linear stages. However, the time required to scan a
wafer with a linear stage is a limit on the wafer throughput for these systems. In the Journal
of Vacuum Science and Technology B volume 27, pages 161 through 166 an article by Paul
Petric, Chris Bevis, Allen Carroll, Henry Percy, Marek Zywno, Keith Stanford, Alan Brodie,
Boah Bareket, and Luca Gralla (hereafter referred to as Petric), a Reflective Electron Beam

Lithography (REBL) system is disclosed. It discloses the use of a rotary stage for multiple

silicon wafers.

SUMMARY OF THE INVENTION
The invention provides for a magnetic bearing, a rotary stage, a reflective
electron beam lithography apparatus, a magnetic actuator, and a cylindrical rotor in the
independent claims. Embodiments of the invention are given in the dependent claims.
Embodiments of the invention address the aforementioned problems by the

use of ferromagnetic materials in the rotor which reduce the eddy currents. In one



specificity, PUFAs have not achi eved w despread use as therapeutic agents.
Chem cal nodifications of the n-3 polyunsaturated fatty aci ds have been
per f or mredwbyonenessal research groups in order to changePor/IBHao/enses t heir
effects. [0007] For exanple, the hypolipjdemc effects of

(4z,72,10Z, 137, 16Z, 19Z) - docosa- 4, 7, 10, 13, 16, 19- hexaenoi ¢ acid (DHA) was

pot ent i an@sbdiMerit ofOMGicHE cmpodIRtiidnUe DEed iR thd\&/liddrigQsbiot.an apbthédZ. 7Z, 10Z,
13z, 16Z, 197)-ethyl docosa-4,7, 10 ,13,16,1 9-hexaenoate (DHA EE). (WO
2006/ 1 rrawdiment, fegomageaticdemingies supeseslioengiect are upesktoringis thereddy edrreiits: h

al pha-substi tuted i } R ucose
i ntol erance. (Rosmﬁhbégkg%{ﬁg% Bkﬁ@g)tg??o y&%}%}r{‘é\?\ég @ggﬁdﬁgﬁ%%ﬁ% 15.)
[ 0008] SJeylerapcadeseeadllzd [gnmufien heivecdrepaoétctnsativatairetbifeat dye aci ds wit h

oxygen incorporated in the b-position (Flock, S . et al., Acta. Chem ca
Scandi ndgmERIors e igerly 3B e oo lee wggnede figld. Lanyitigaapye iy ﬁ%@?g
1240- 42)perdif) QQQ%{l%‘tHE%%e @%iﬁ%’cﬁbﬁ %eﬁd%a%ﬁet?&laﬂli&%’bhé’ Fhéy %ﬁ)tog b'ys'EEth&gsean

oxygen atomin osition w a a-substituents repres he gener al
f or mul a rhdgnchasicldadbangievA fopdnr cldmgde ohbwehatioatnoyscat thdhumephodecclibyisdmicevel s

i dysl i pjdem i del .t eat | tent .th t | i
pol yuns Bt B Y e dusciodhe KBy P! VHE PR Fubap QbR eAn e Br e 1:
Chol est afiplatigniblthé gﬂmb%%%h@t& pleeliedith cORct Bb BhalgHmitr CRardinh®dn noise in

adm ni strati on of one enbodi ment of the present disclosure and Oracor(tn.

[ 001 1] aRiogauy etage faThivhassandy o nzatiglagyiighgtcdepirehde. | legasl causasnpiorongicel den. CETP

m ce afte dm.ni.stration. of one odi t t h resent disclosure and
Moror bS8 itd Shi ot I RIRES IR e Hhog: i PB5ER br BeSRaM® 210,
admi ni stration of EmighdebasbnMbietin@htibheddressenprobicacdOianiritisndofsebef i br at e.
Summary [0013] One object of the present disclosure is to provide lipid

conpoundsliustive g arieptagioe af Bicdimiabans adiaryha §ricaiien of tha magnetic peiuptrs so

occurri I kds. IS 0l Leyed by a
o comual ARpE AR et R o The BRERE R G AR HRAC Y &

rel at es lhmimadopdunds cobodiatentibithé igventidre ceimts anlicdpes @& GrdflagnzAical Kyl

o eyt BN PR BEHAE 45 S e BB B OB 1 v en
and may R fARSEAe haBRR ANETREGE RLOMruft HA A3YrBhQNRhe @ik hoBEOUP, a
hal ogen atom an al koxy group, an acyl oxy "group, an acyl group, an al kenyl
group, an al kynyl Zgr oupodimantarfythe gvontpn raducab khel aniuot gf degrica gnergy

al koxycairec?l(ﬂpe&él to operate the magnetic bearing by using a permanent magnet to support or partially

support the cylindrical rotor against the force of gravity.

Embodiments of the invention provide for a magnetic bearing with an axis of
rotation. The magnetic bearing comprises a cylindrical rotor comprising a ferromagnetic
material. The cylindrical rotor has an axis of symmetry, and the cylindrical rotor has an inner
radius. The cylindrical rotor has a topside. Since the magnetic bearing has an axis of rotation,
it is understood that this magnetic bearing functions in a gravitational field. The magnetic
bearing further comprises a static hub. The static hub has an overhang which protrudes from
the static hub and is located adjacent to the topside. The topside of the cylindrical rotor is on
top as defined by the gravitational field. The magnetic bearing further comprises a lift
magnetic actuator apparatus for controlling the distance between the first surface and the
overhang. The lift magnetic actuator can comprise permanent magnets, electromagnets, or a
combination of electro and permanent magnets. The magnetic bearing further comprises a
radial magnetic actuator apparatus for controlling the distance between the inner radius and
the axis of rotation. The radial magnetic actuator apparatus can also comprise permanent

magnets, electromagnets, or a combination of electromagnets and permanent magnets.



group, a carboxy group, an al kyl sulfinyl group, an al kyl sul fonyl group, an
am no group, and an al kylam no group, with the provisio that R2 and R3
cannot bowb 2bw/22459dr ogen atom or R and R3 toget her caaTfiBzorw/esisysc! oal kyl
group, such as cycl opropane, cyclobutane; cyclopentane, or cycl ohexane; X
is a carboxylic acid or a derivative thereof, such as, a carboxylic ester,

a carboxylic anhy drmﬁﬁrangameﬁrlb@d@mageousabwa@@nh@hia@halc Waridg hid gl yceri de;
or a pharnaceutlcalli acceptabl e salt, solvate, solvate of such salt or a

pr odr ug yHadEe rotpowhish 1y #hlato haagdrony s seis dub Bl cylndBca repT CPRiSSs may be

h f . d
chosen EERIET kg E1dna ALE8Rveid SRPHARKLS 1PSDH! Yhpo fREsRUbKHg 20
3- hexenythagntte aahdayms lab@grto upppzmythb eynﬂtbﬁ:amofdragalpstapafcgyd of gratitit, ynyIt, and

3- hexynyl e . hal ogen ato chosen from f] uaq chl.orine, brom ne,
and i odi® ;thézeaﬂvé‘or &g]ﬁlerfw Caérfa%wprﬁa?ﬁtwgﬂh%%w WotB&y, propoxy,

i sopr opoxy, sec- blﬂ!th%bﬁ mQ%t%@&mat%?@@aﬁh‘aMhe e o3 2R de%"?ﬁf%%?d The

acyl oxy group may be chosén from acet oxy, propi onoxy, but yroxy. The
aryl gr dh@ oifes’halgp hmhshby glsoapgn Heexal dfyd)tlahom aigt tho pxiswy sjzremetm srethefspimm

o RSt e it iR AR BarER BRI Ssvaren s S 2 Sy

and but axpeah BOMat they AR @akdal IWpbhdME uBSPHR AR IRSAT dff8ftion and the
met hanesul finyl, et hanesul finyl, and 1sopropanesul finyl. The al kyl sul fonyl

group meaxisoef S PRSIy qandn’vw@tmhféss Uf therayls of cethiaereis tiotigenysl, than he radial

|sopropanesu fo The e chosen from net hyl am no,
d|nethyf%?lwlcaaﬁﬁoﬁéﬂgﬁ% anggh' %%9@%@F§§¥0 ﬁe car boxyl ate group may be

chosen from et hyl Tharchingtdat sstorrBhhyds nedhldike ) @iéscope. Mhoyiss 6athboxyl at e,
i sopropyl carboxylate, n-butyl carboxylate, sec-butyl carboxyl ate, and

n-hexyl Cd/&ﬂ@é%}; e Sga?tygpx\gmc@és @ﬂﬁ@fﬁedrwh%@t@%ﬁtaf%mﬂ@a? Basreani des,
" d b d
and N, N |ett3¥kg%@%%£§%ﬁgbﬁﬁrgS?&?hﬂﬁig%hpﬁﬂgBp&ﬁﬂh%%gmNmﬁgg%hoEgr oxanmi de

and N, N east one enbodi nent
i nventi cinertia nell bhvd henderesito tadand theRhoantofRBowdmdnihén tho mprnbabﬂotdrongl a (1)

i's hydr nd the aqther ne IS C en fr h roxy rou n al k

gr oup, g}gﬂéﬁbegteaﬂ?g il wewsatl?]gf% ProY la%w@ﬁfﬁ SU& 2BRNARLIGISHTp, an
alkenyl AR bR IRhdpHHy BIoRURon Bl ithrofgoUb, an a' kylthlo group, an

al koxycar bonyl group, ar boxy group, § Kyl sul finyl group, an

al kyl sul fonyl groudp an@thelaambuullrgcmut}he lifidagnetia btyhtaniprarguoequopr{se9dtpast n
anot her enbodi nen tion

il
o ompound BRI woes bl i Buaihing € 57 el 70 ey PR Gt om a
hydr oxy fgr@Uphis 3mbalikent Q%‘d‘)ﬁlta?eoh@'tfé%@e eHeQMca8ibrl feaidn At MdPnct 3lpRets| OXY

group, an acyl group, an alken group, an al kynyl group,
the cylindrical rotor, so therefore ess power is needed for the electrornagnets to support the
rotor. This reduces the electrical power needed to operate the magnetic bearing.

In another embodiment, the axis of rotation is a vertical axis of rotation. The
vertical axis of rotation is aligned with gravity.

In another embodiment, the axis of rotation is a horizontal axis of rotation.

In another embodiment, the radial magnetic actuator apparatus and/or the lift
magnetic actuator apparatus comprises at least one hybrid magnet. The hybrid magnet
comprises a ferromagnetic core. The ferromagnetic core has two slots cut in it such that the
cross section is E-shaped. There is a middle section between the two slots, and the middle
section has an outer surface whose normal points away from the ferromagnetic core. The
hybrid magnet further comprises a coil of wire adapted for generating a magnetic field when
a current is passed through the wire. The coil is located within the two slots and around the
middle section. The hybrid magnet further comprises a permanent magnet which is placed on

the outer surface. The magnetization of the permanent magnet is aligned with the normal of



an aryl group, an al kylthio group, an al koxycarbonyl group, a carboxy
group, an al kyl sul finyl group, an al kyl sul fonyl group, an am no group. For
exanpl e, WO 2and2RF0may be chosen from net hyl, ethyl, n-pCopB2010/031598

i sopropyl . [0018] Wen derived or prepargd froma polyunsaturated fatty
acid, RL is typically a Cl10-C22 al kenyl group with 3-6 doubl e bonds, e.gqg.
3- 6 met hyié emer surfaee. T @dbstitihieis R@NEISageBus/ bERNEd G patnh@nt rﬁ@gneeisaiﬂiw ® R
may be chosen from a Cl alkenyl with 4 nethylene |nterrqéfed doubl e bonds

i n° Zconfirgidas perionpf magnatiqcaelg lne%iesiﬁo @Vga@dh%wém@ﬁﬁ@lgott)é eéecafrglaan%e nyl
with 5 ”i?h{% 'gl&% eﬂfl?rrs'ﬁléf? f &O\H?Jk%%h% ?ﬁﬂeﬂg d}fth@f%é kgﬂma
con

al kenyl ene Tnterrupte sin Igur |on or a
C22 al kenyl with @n lmbthyd @nﬂmdﬁméx&rmamérﬁdnzcgmubé matmradsompnsZ@@@Mt guapattion.

[ 0019] Furthernpre, C10- al kynyl group Cl6- C22

al kynyl SRPReSie @ qrsiffrﬁp & eﬁﬁb@%fﬂ%\éﬂvpﬁ & sefptiel Sahe ST EREE Fel at es
to sal t sppfygt %Fag gﬂglccgon{)?%%@ sthchidflcial Pedhs @&%ﬁc%ﬁts%eaﬁ@%fe%%ﬁagd by
wherein X is , +, a neta such Li +, Na+, or

K+, a prdanqm@bdchhatrmpyseanhmteﬁmbfd&heearlhgbutyI ammoni um  (3s, 5s, 7s) -

adamant an-1 -ammoni u 3-di hydro - dr ox th ropa 2-_anmoni um or
e oot . am b g et g o i s B O LR RS Fo 8T
secondargtdath R&iuge! gﬁﬁﬁ&rﬁhﬁﬁtméhﬁmﬂh WomaAoyist §pofa soft rna%netlc composite.

pent ahydr oxy- N- net hyl"hexan-1 -anmmoni um N-et hyl napht hal en- anmoni um a

pr ot onat& teaefits of ysmgna seft mhetascmmﬁ%bqwrﬁh@ bagndliscuspeda pr ot onat ed

guani di ne such as 4-.am N0-.4- ¢ rbox et hani m ni um. or
pr ot onat ed heterocg}(ai1 Oeﬂélfjc bOdlmiI}:[Fthe dazois %1%{52&1%“8?% see§2er%on}ggr_1et&n

and Z2+ |amjhatienMy2 tedacing@ddy c@fends &hrﬁfg%@ftﬁ&t&dl slithdrinagn@i¢tRadiss. ehbane- 1
, 2-di ammnl um or piperazine-1,4-diium Another representative salt is
wher ei n Ixmingtiowyare stagkpdzn 2 circplappyh abe tl(fma%g%wmr{lmztp] copbfridhdr more, t he

present é}'hﬁ&ﬁ&?%ﬁn{e 4r £ dfQahaR i FifhAnt Ldd f‘s'a'i‘e?% iSed
$ra pﬁ?u'JIJS |p|§ {@gu@ﬁ %oun dbe

carboxylrc acid orm o
represented by t hdnhméthavdmﬂg)dimemuﬂha& 1$ Mpla‘d): ;mhtohith]e MWig of syamdetvm&esseﬁon w
i s:and wher ej

[.002 nds of wherein Xijs
car boxyl5eeh atﬁha ?rﬂmﬁﬁa@Sf %‘r’ﬂ fthey aPPWdW&L?% 3 rst agas)vgrsa .aﬁusy%r@rqae%of fil 1,3

di gl ycer I ed
oy ¢ Gl AFEARA sc|%ﬁ*ﬁfﬂs‘?ﬁﬁé"ﬁ%@dﬁ%%ﬁ%l%%?{“gﬁﬁﬁse%%?;%*ﬁ?%aé Ry

f or mul asa i) gngldAhpt is Cb\e’lwe)en Ophd 60 Jicgaas, picKyably bstpect Diledng. 14 dfmgmeﬂfh@

el i g, el L R0 BB Sk T S 20 PSR LR v
This embodiment is advantageous, because having the laminations at a slight angle with
respect to the leading edge of the magnetic field of the radial magnetic actuator apparatus
allows the lamination noise to be reduced. Being located on the radial plane of the cylindrical
rotor, in many embodiments it is not easy to tilt the radial magnetic actuator. By rotating the
laminations by the first angle, the radial magnetic actuator does not need to be rotated.

In another embodiment, there is a plane in which the axis of symmetry lies.

Each of the laminations has a longitudinal first axis wherein each of the laminations is
arranged such that it is rotated out of the plane about its first longitudinal axis by a second
angle between Oand 60 degrees, preferably between 0.1 and 15 degrees. The measure of
angle is given in absolute terms. The second angle can be either negative or positive.
Rotating these laminations about the longitudinal axis is beneficial, because the laminations
can then have a slight angle with respect to the magnetic field of the lift magnetic actuator
apparatus. This has the same benefit as was noted when the laminations are rotated by the

first angle.



The invention relates to the design of nagnetic bearings, in particular it
relates to the design of rotational stages for el ectron beamlithography
and for ewecbroonz24seam netrol ogy. BACKGROUND OF THE | NVERTIIBROVB/(QF1698 C

beari ngs are bearings that use nmagnetic §orce to support a rotor. The
advant age of using a nmagnetic bearing is that there are no nechanical parts
to wear out. A di Jaduahée@ebodimemgineldinbedsiangfotitsd hbvat bbtheye fisgbhdle

el ectrical current to levitate the rotor. At high speeds, eddy currents in
t he rot ognddiesecondipiglede s pubedigwat he lanpaations davplisanglg conrelipghvithe

nitea SeaeEuOpeflint WAAREE ey QSLATHPL, 600 FRE bR B LR Mo S ce

| am nat iappsratw. r educe eddy currents that result in power |oss due to
heati ng caused by magnetic hysteresis and to a delay in . the control_ of
response nmagnets. P ﬁn%ﬁ?reﬁimbq‘ﬂgﬁ@et P hifchstiios PRTERuF SomBriess et lsasiong s

|1t hogr 3Rt SYShETThE ffst b6 S RALARALE L Qbnk AN, CARTRA Yt | | near
stages.qﬁgmevéﬁé’the ti%epréqﬁgged to scgﬁ a Péramjth a ﬁ?near stage is a
limt orrankecrwadxay, abdtheughpuadiipthat ingsecsyiaitlette longtutlinel dosiambihe sécovdcuum

met o SR Rl o Ry S b R S W e P
St anf or dy it BLO PrFeraBYRtRINEKEEnd BNEedrbtGaTRY Mbhstrd HRIGRI ik giveheh erred to

as Petric), a Reflective Electron Beam Lithography (REBL) systemis

di scl osedsolpte tefingse The durd dnglagse befeithernealive etppgidive oFhisrembe@mentis] i con

walf ers. SUMARY,CE JHE HIYENTLON The. kaventian. provides far. acmgnet e
bearing, a ro%ary stage, a RV D R ean1ﬁ|§ﬁbgra6ﬁy appar at us,
a magnetrggrdt dethstor appachtas @yilvendfustdlfor tht purpose dhediditie patiteidh oisai ns.
Enbodi ments of the invention are given in the dependent clains. Enbodinents
of the invention dBdrether embodaneritethe Aift radiabanpasiiscemipet ¢ deagsencotecond

ferroma il hal §pHi - \Wh . r . In
omcembod praFEREE ST B, Tado rledblinfilof bk GG B1ch P Bk MR ERLP of |
rotor. Imtaanothdoscenfoacth megit befween Orangd wbtdegrebamith alicendsincirefegabdy biteoen st eel

are use ol|limt the eddy currents. A disadvanta of .using lLam nations to
const r ug}'{ 9%559?%% T his ctmbggligient is AdatagaOu; HoFP g}‘?é’ékfé‘ta%geg? Ced

| am nat i @R,RQLRE c ¢ARINREoRWIRHES kot LARE Rakid AR JAgSiS %tﬁa?_ordd;)?alta%sl @ffppati ons
bei ng suddenly exposed to a |arge magnetic field. Lamnation noise is

def i ned ddgrseidrfoateipeipoge bhiednong Bnenatidnewidsey f err onagneti c | ami nati ons when
exposed to stepw se neti.c field,changes. .A famliar exanple of.

am mati on noi 6. 118 SERERHOGH DA cid MRy Bt e ey BT TR tifh can be
due to thgnetibaatihtensppatati¥ dodsprisbiit lbdst 6RNfeALERZRRICCRKS Glle Byrrothdpndtié ons  of
the ferromagnetic plates used to construct the transfornmer. Lam nation

noi se i rrose hasttaoyor snaageccbpd stifackpghagshiorael feems on ogifc hrglastithdetlsngeabpla |t
A AR TRl AERUThE AL ot B AL I0R l b 25 B0 o MLEI SR L fer o

. at .
with the ar rocess or t i MEnts o € i nvention

addr ess rohedddrte bddiot Gimih@inn@idcOMhis @htheddiyecna i ddshntigeoukeoduse itratnbosy 20f t he
| am nations and/or the orientation of the nagnetic actuators so that as the

bear i ng GoBtAMdach Redisagién the cplindrépalipnier Heying g dagredgsiof 8 prgmagedss each
L am nat |, mbARE nBIRAR! TSmOt (KARHARE 1R ENSn 808 cq08S Of

ferromagnetic nateri conprise the actuators and are adjacent to the
cylindrical rotor Iamsothaumdediment, the magnetic bearing further comprises a radial sensor

system for measuring the distance of the inner radius with respect to the rotational axis. The
magnetic bearing further comprises a lift sensor for measuring the distance between the first
surface and the overhang. The magnetic bearing further comprises a control system adapted
for receiving signals from the lift sensor and for controlling the lift magnetic actuator
apparatus such that a first predetermined distance between the first surface and the overhang
is maintained. The control system is further adapted for receiving signals from the axial
sensor system and for controlling the axial magnetic actuator apparatus such that a second

predetermined distance between the inner radius and the axis of rotation is maintained.



This makes the magnetic field increase | ess abruptly and al so reduces the

| am nation noi se. An enbodi nent of the invention reduces the anount of

el ectri cavoensvgy4snequi red to operate the magneti c bear iPOE/IB3010/8515¢8 a
permanent magnet to support or partiallygsupport the cylindrical rotor
against the force of gravity. Enbodlnents of the invention provide for a
magneti c bearing whhhotAér BK¢, taé ifveh@dd SOvidEHforABeRe} e AL kdtgryGRIRSr | ses a
cylindrical rotor conprising a ferromagnetic material. The cylindrical

rotor heEOMpISENE Bagictiseang JeCordiRg torra wghodiaent @A therigywitionaEheaietary page

radi us. "o ,ng has
an axis oﬁ ré%gj?%%J§?%WJ§&%%HQB§?§£%QBEEQQﬂﬁﬁhaﬁgghggfﬂﬁﬁggéhﬁag%ﬂ{ct|ons
in a graontpiseonplattés a&lhpked]'dﬁﬁmﬂt&ggleﬁleast beaworigpidodr Theplagaripdiisasbyea st at i ¢
hub. The st hub h S an over g whi ch protrudes fromthe s atlc hyb and
i's | ocat@dn ilaiai efOﬁaé'YtS@gg CT $PAPHH S GROQSICT fRdeteinining e arglF Bt or i s
on top Qﬁwﬁ%&bﬂ%@ﬂ@%né %n&BéMhlaTh@%ﬁ%lo&%@mzﬁ?%ﬁ%%%ﬁ?%k&u@@é%%@ﬁoﬁﬂ&ther
conprises a lift magnetic actuator apparatus for co ' ng the distance
bet ween stdge chi bs ussiuof eleetramibanhithogrepinamyl al¥hier Ielebtromh@rmemeaob)gyuat or can

conpri se per man net el ectr ne natign of electro and
per mane U PRTECREh FrERL SRS P53 g o1l eRu SR ioCes e ran S et
actuatoqsﬁag§h/ usehfaQ%o Qkhﬁﬁ@ng §Sgh§%@nce betmeen t he i nner radius
and the axis of rotation. The radial nmagnetic actuator apparatus can al so
conpri se permanentln ﬁa@fh@t@nb@ure@mr@m@ﬁe@@etlgﬂctaat@bmarms eymufses at least
electrona net s and per mane net dvanta e

because TRecHiynar rEEKTENRRL FREPEBod Mol MaRAPEIE g Fe AN UAREONS hang
fromt hGgrS\tlaﬂtlbﬁalhblﬂ@e Tiiecwybddin@hi Kalthe wn@erbesh@fimsl \S%dli@l@ie@@@ﬁ@lslbﬁfor
materials and does not contain any nmagnets. In sone enbodinents, the lift
magnet i d he pagpgtisrbepangglpec.t o support the cylindrical rotor against the
force of gravity, ndri cal
rotor by preventlnggﬁrh% h%Qtﬁ%ﬁﬂkh&i¥ﬁg%ﬁg§ﬁR%gB%g@¥§E§%€&1§O%g contro

t he di stlam:gaﬂﬂgztap@emtusmenfpnsmg asutafﬁstegeamdoﬂdlr@ m\mrdrt&mmmandf theey al so
align the axis ofatiqn an he. axis of symmetry in the sane direction.
The radllave%lﬁan@fq desigprapd ot Ogﬁba?t%&ecgppaﬁénthﬁ@ga%ahg aBParayYeA Ty and t he
axis of JQtflienpsgict hat they are coaxial. Depending upon the embodi nent
the axis of rotation and the axis of symetry can deviate slightly. If the
axis of rotation ﬂsahmhmzmpuanheuh@mnmhmbvmb$&Hanmgn@n¢@mnmom@MOrs may be
used to |i th Ilndrl tor I|n rlc rotor behaves much 1i ke
oyt oscpoIp ARG OF ket PHinafich S0 et s ahS e GREDVE wii ch 1 s
connect egtatifg 1R rh@inefic atehtbOdoRpriies M\/!férfbnh nB@Scate ARIBRIfe@émigicat comral
inertia. If there are small vibrations or disturbances, the rotational

inertia has Blleadaxgesuafa@@memtfyﬂmg syréapgehiethkasaame wnmost rawsdechedees far t he
Cyl I ndr Ir%&luClIli Olta 1nat1-g{qln%1se e eneﬁ%s otthls rcﬁlm%n‘y\flave bgg I‘%V%BMS edflﬁcu%Sﬁ&) r

providing a age for suc |ons as éel'e ogr aphy

or electron beam Hﬁhﬁ@thﬁ%épedt rthaﬁ%htecsn pﬁbﬁds fdfratcyllh&lecall tdtér doRgHBlngta
actuat or apparatus conprises at | east one pernanent magnet capabl e of
suppor t i fREOmAgNeEs Material. ce qybingicah geiphisas apREisgf symmety sra the fsFremagngtics

erbodi meplielia AAHRANLAIEINS e REAHRRISNT el 6 LaR SRS RRSAL RIPEE

supports the cy rica or, so therefore ss power s n
el ectr onthg nﬁinsirmd retopphre lativeationt ot sta&'kncbmraeaimums pathabelhtehé axie af power

needed to erate t he magnetic bearing, In an i ment . the axis of
rotati or TSNS ORIt BTGB POTADS eTotna RUBHECH SSNCTgr X80T PEREETbn | <
al i gned |ystrhr QERYE H¥-laminations, and cach of the laminations has a first transverse axis (1182).

Each of the laminations is arranged such that it is rotated out of the plane about its first
transverse axis by a first angle (1184) between 0 and 60 degrees, preferably between 0.1 and
15 degrees.



I n anot her enbodi nent, the axis of rotation is a horizontal axis of
rotation. In another enbodi nent, the radial magnetic actuator apparatus
and/ or t hwol2ofor12easgnet i ¢ act uat or appar at us conpri ses aPCrapzxo0/03189shybri d
magnet. The hybrid magnet conprises a fefromagnetic core. The ferromagnetic
core has two slots cut in it such that the cross section is E-shaped. There
is a m WkERPINGRIPTIENWEE THEBRAWINGSt S, and the m ddl e section has an
outer surface whose nornmal points away fromthe ferromagnetic core. The

hybrid magnet fur tAdk fobapiigsuelfcyed smpodimepfsial thegapesignivall byelsssbelnty a
magnet i j t . 4 wre. The coil is
| ocat edgxdé}{%e%at genottﬁ%%gpg&?{shrgﬁge@?%ﬁl d%%glg%g?ild\%@g%ecti on. The hybrid
magnet further corRig.ilsshewa afendneintiagragrodtan whibobiment pf the étventiod,he out er

surface. The magnetizati on of the permanent magnet. is aligned with. the
normal of t he out e &ur IRV 2 CTHRS SCRoBBlY A of ap sMRadiEIfP L gnbie bSHRE t he
per mne%cﬂ%ﬁ%@ﬁtﬂ&n@@tﬁn}o provide a portion of magnetic field needed to
levitate the cylindrical rotor. The el ectromagnet is then able to either
strengt hen or weakes X shewsragrepecdiveivedwd 0bd cylelrpermtmentordmgieen | n anot her
enbodi nent,, the ferramagnetic material conprises a soft nagnetic conposite
in or derenfté?df%ﬁﬁ(?gth[eﬁgveg]&af}’ currents during the rotation of the cylindrical
rotor. The use of By sOhbwiadRELp, ©BRRISbE £pbioR8NEL]El@lcaletRUsrEHEY
currents create | osses and a danping force ?hat opposes the rotation of the
bear i ng.tolan cenbotineant efhodiverien, t he ferronagnetic material conprises

Somal oy in order to reduce edd rpent streamrotation. loy is a type
of ' sort magnet i & Eonerel B LY SRS R R, ¢
conposi tendodigeralor erdyvdagion, di scussed. | n anot her enbodi nent, the
ferromagnetic material conprises ferromagnetic |am nations for reducing

eddy currents dur ifitg & Hewsghaklysyrtion thahdemenstates thedsaefitd usmaea hyhfflnat i ons
are sta i ol . is of syt”etry to construct a
cylindr ﬁﬁ%ilev%licgrr@}é %%g%%@%gﬁeﬁgﬁﬂﬁéw%ﬁ@ﬁhas t he benefit that the eddy
currents are redudag.7 dhowanairdsseaivholdvieenf o hiyhed enagsctangplaagbBndrivalWiuteh t he
axi s of symgetry Iig@) for eaf:h of the lamnations. Each of the | am nations
has a fid%¢" Nedh &f srdadigygng of the dnvention. of the | aninations is arranged such
that it is rotateg;oul @lysbher E&%MHFahﬁ@néﬂJ&%ﬁﬁ% RVEESH AXi S by a
first angle that is between Gand 60 degrees, preferably between 0.1 and 15
degr ees.cenfivdimed o the iofendiog ivathi the gyetmichlrotysohorad, t erns. The first angle
can be either negative.,or positive. This.enbodinent .is adv ntggeous,

because having thd $am AL PIREPEITE VAT Ght TARETY WWRT RS PEOPRY AE 1 he

| eadi ng e@gRiMéntheherEEbhC field of the radial nagnetic actuator
apparatus allows the | am nation noise to be reduced. Being |ocated on the

radi al plane of tHég.cyishaas pekdss pestional, parspeaiye wptyediamesgnsti¢ bedqrmgnot easy
to tilt the.radial i jator.. By rotating the |am nations by the
first anaﬁfoerfimgﬁ%a?gnl%ga%%gﬂ&%%g%a%{lﬁ%t or does not need to be rotated. In
anot her enbodi nentEig tihetigstiagesah@todatidni o avibiréhagiteic darhivaddn shoomis fist | | es.
Each of the lami nations has a longitudinal first axis wherein each of the
| ami nat it6W&Ver8l a¥isanged such that it is rotated out of the plane about its
first |ongitudi nalg;axi . | g\@«% deg

preferably bet mer%:l%.lfsigﬁ ra%%g%%?%ggwfﬁggﬁ%a u?g%%qgn% e igﬁgﬁf/sttan in
absol ut doh@tuainal THie second angl e can be either negative or positive.
Rotating these | am.nati.gns about the | qngitudinal axis is .beneficial,
because the |am naq‘]tlg'glﬁslﬂ'd%ﬁ‘tqsﬁ rofipe Ogagﬁy,oaﬂﬁna&ﬁ@%“gﬂtﬁtw E@bect to the

magnetic field of ghe 4 dhblvs TRIABAERES ALy JRPAL&HENg f¥he if\Rfti6e same
benefit as was noted when the |lam nations are rotated by the

DETAILED DESCRIPTION
Like numbered elements in these Figures are either identical elements or
perform the same function. Elements which have been discussed previously will not

necessarily be discussed in later Figures if the function is identical.



first angle.ln another enbodi nent, the | am nations are rotated about both
the first angle and the second angle. In this enbodi nent the | am nations
have t he woghw/reosbrol l ed with respect to both the |ift PoRgRBiI/E5182% uat or
apparatus and the radial magnetic actuatgr apparatus. In another

enbodi nment, the lift actuator apparatus conprises at |east one first hybrid
magnet. The first Hybridwiaghetrahasat dcoeaants BagdcbstioTaibadingend st the second
transverse axis, and there is a radius that intersects both the

| ongi t udnvaIioRx[hera it REWCeOHEN ©Of Anaivonss dingil 0 amdha side visg 192 efifiver se
axi s encg| i . 140 t L us,

pref er abﬁagl%ggttagv%%% dBS .g1?1%%1&1@)%%%%%3%@%%&%8%2%%gggfﬂae%gllsea nﬁ%é‘%%en in
absol ut ebchengrt08 thaesuppoitdthangheohdisba 06, tReThaagats Mbclod 1 pdaididawe. Thi s
enbodi nent i s advant ageous because the orientation of the ferronagnetic

| ami nat i SHEIAR{ PR dv%gopae@fhaf BagRRic 4Cfatqrag PRI, aé‘étaﬁfét”éﬂn‘ﬁf?ﬁ%‘f b4#opan be

adj ust ed[ifli7qtibe lal?(}" {iRQi%@ t@fift REHEH Nt AR rﬁfg}?&ﬂaﬁﬁ S‘&h? EmbddInRARIIRC

enbodi ment, the radi al apparatus co ises at |east one second hybrid
magnet (ii@htiob4@ppott38Ylisc TAZ, 108rgd thedinagrictiaoes irent 8aagpinantbe dorch ofgazity.t o

t he axis_.of rot ?(g% erhgl g.se a f?urtth angl e between 0 and 60 degrees with

t he radi U¥, 49" Py et elAn 6T PYIY 15 degrees. This enbodiment is
advant ageous, becausechtifesQf igé@bdfMmerfart:he ferromagnetic |am nations with
respect to the radi al nagnetic actuator apparatus can be adjusted for the
purpose of reduci nideldask W8t | Ghindog skis rptatedvotthar clestsoeitoem ong he 1 ft
magneti c_actuat or.. apparatus_and/or_ r.adj al neti c,act uat.or .apparat us
conpr 1 s bR SARORLY PR A B LOLb R TRRER AN YT haARBIRRLS (o
or nor e Wigel khusldih ac@shyvveanabdisie  Theay ifho aftchsiite bandlgesyslcicoaplisggent  of
a circular path about the axis rotation wherein at |east one edge of at

| east orf€tos @B HYE skie Hran plirpadiyagatodisnangdirre iy apeehanicghdi satemrwhigh

enbodi i us, because it renoves a corner which is adjacent
to themg[g |Srtllgﬁl?lg%%%%tggli Havi ng the sharp edge of a ferromagnetic core
makes the magnet i dntheedxdhl siivectidre magnetict Ibvisatioe durgsirédezaimtpnaity ofhesoi se. |1 n
anot her enbodi nent, the magnetic bearing further conprises a.radial sensor
syst em 52l magaehq leyitation UGS (oL mBEnS R dctAios APTsEIST R o a9t8’§§’ect to the

rotati onghugtddio s?a!%ﬁiz@%ﬂé‘ﬁ\},\g&pstlﬁ%é M9dcHE HBGngconpri ses a lift sensor for
measuring the distance between the fifst surface and the overhang. The

magneti ¢ bearing floraddrdircongr, tlwevagnetioktvitetiors ywitseor sadagh regnétor actet®i vi ng
signals fromt lift nsor .and f.or ntralling the Lift magnetic actuator
appar at PEPERE BT P iy B ey B TEeir S seb ot ham TR Ratpr
surface @k frflBadPMRY RABGI 1he diRdrdt atidedy. 11 Bee 6APsdiRlenSUS bR bieldadris her
adapted for receiving signals fromthe axial sensor systemand for

cont r ol Isuppliadheitiag peimangginaegnst.act uat or appar at us such that a second

predet erm ned di StP?nCZesh%\?vts\ﬁec N :[sre]c ioing Slle i gvio%n%n%oh%en?é%g %f ndet ation is
mai nt ai ned. I n anot her aspect, CHe nvengl on provides for a rgltgry st age.
The r ot acyris agoerdieniy ths s caticdhetcl i a Rt holg 126 aad dioagistthe axis efMyddionent of
the invention. The rotary stage further corTBri ses a drive system adapted

for rot atongheraés srejiseans 188 aryHigextords opbrldng statiafeb tfhdhrisds a gyidicakr
adapt ed.rBR)F 1he %ﬁdﬂ%%&aﬂt&?ﬁ)} r&gt?on\’\ﬁ)robpfh%%%s o-fl?@tat%tfa‘f G€Thb Sy dran, a
cylindrical notor. e rotary stage further conprises an ehcoder for
det er m nilibchat he agaik 9f gymofncoy il ehtlairingropefativh ehanmaget syennisgayr 1 IMgand The sxis of

enbodi ment i s vant ageous, . becausge. such rotary stage can_be ysed for
cl ot r oot 1o pﬁéﬂéﬁ%ﬁﬂgﬁdaﬁge a%%@eﬂﬁalrroargééﬁeﬁp SRS 5Py 3§daganent .
Eg ;3 ihoﬁ reh &Y gthid 3G aN 1 P8 TRGErHheRER Sat@RP hhCRTIpRMRE 190 YHEchSk @ffaberfi Ot ATy

to the lift magnetic actuator apparatus 130. The lift magnetic actuator apparatus 130 is
connected to the overhang 122. The lift magnetic actuator apparatus can support the
cylindrical rotor 116 against the force of gravity. The lift magnetic actuator 130 also controls
the distance between the first side 128 and the overhang 122. This is indicated by the distance

126 in the diagram. There is a radial magnetic actuator apparatus 132 which controls the



is necessary such as for a flywheel for energy storage. In another
enbodi nent, the [ift magnetic actuator apparatus conprises at |east one
per mmnentworagneR24sapabl e of supporting the cylindrical ProTaB20a6V0S1598

pl atter against the gravitational force.q This enbodi rent has the sane
benefit as was di scussed previously for the magnetic bearing alone. In

anot her Agpeetbetwdr@ théoWast fa@its PLOYhdIES akBrofaotatidn €04 IThe dadtect iDindieeRm
| i t hogr aphy apg?prat us conprising a rotary stage according to an enbodi nent
of the itATHY bif inthedge@iyn and use of reflective el ectron beam

i thography appar ?ﬁé’.is‘fﬁm%%n%ﬁﬁ)%&' e%‘?ofé‘(c)ﬁﬁ#dgiircﬁ-roﬁo?l %J‘&Bb%és@%fﬁrth& he

i nvention provide a magneti1 c actuat controlling t Sstance

bet ween Rip@ecthis rodt icaimmetiofvithndspacstoaii axistufByinmetiyd 1AEDINeE isca daglar idvg. The
magneti c actuator conprises ferromagneti.c core and the ferromagneti.c core
has a | eXuFhguEHnAsg &Y ST af torgmagpgicshpieERle! 8 B HeS 1 gRR PR 1Fdtinded
edges f ahis(chffQinfith | ABnf1kLLDr RBlvifual KiRnbBRaL! hiniphiohl & aKORELINBNb have
been prevlisoeuslyngklglscuss d. In anotﬁuear aspe%t, theli nlgent?gon p?ovli des for a
cyl i ndr iaalferaghagncto pringtiongis ahdver by ragpaigiclabeledB3tin. thReguey | i ndri cal

rotor has an axis of metry and the.fergronagneti.¢ nat.eria onpri ses
forromagnetic. | anited BRESFGIOT daae i Ak “EUPh Ghits PTG FOCAPPER Bt ¢ he
cylindrimgal3 g therbN®a laidrnati ma%_ar, vSdafGkEthal the Ferfdrh£oHeAE AL gbout t he
axis of symetry to construct a cylindrical volunme. There is a plane in

whi ch t rremaxised of a siyeknadt fesrompgnetit damisaidensdf0t he | ani nati ons, and each of
the | am nations h first transverse.axi-s.{ 118 C f..the
o et oot 0S5 & holR b PRARARIT S A i mAdRE ey e Bl b ¢

first trigosnsaised@onsa pyrnanbitBignansi4 acoil 586 hnd e faremnagd ctidcbrd B48lEMieees,
preferably between 0.1 and 15 degrees. BRI EF DI SCRI PTI ON OF. THE DRAW NGS | n
t he fol IT8lpmagsiiscarc g hapbweiplatsnds. birere fea middhiacten w3 whish haeae pitsed, by

way of %ﬁ&?fgpé ?54‘?'%}&( aoi?@% WstifkolthE ﬁ%ﬁﬂgﬁ 5550 ah!i'fs 19%&&1 Nond ﬁle"fﬁh@%:seé:{ . 1
shows a functional diagram of an enbodinment of the 1nvention, Fig. shows
a cross ecThopahmanerewnaphcaitdaniiadiarectcdad tle cmgrnetface ifdaThagrreecd6di ng to

the invention, Fig. 3 shows a perspective_view of a . cylindrical rotor
accor di da(ti%te e PHBRATTRITISLO (BHEUERVHES Sr g 218 QG dhetagie up, top

view of 8.5 ésoﬂﬂeﬁ{agﬁet%{ibl?glroidﬁ@éd ByohOhyBEERghdB45 0 an enbodi ment of the
sh sembly °d of

invention, Fig. 5 WS an a y “dr awi ng a hybrid magnet according to

an enbodi nent of thig 6 sheentaidagrakivchiclilloktoates thn bendfuof nsing ehybhdimagnet

denonstrat.es the.benefit of using.a hybrid t ording.to an

rboat menHc PO Apehban: Mg 1 ot sl RSt BERT BhBRi T or
hybri d rgangticadistotoGn! dldoh@aghetical Movat ARE A28 66 bat ceirRAiyBEA mQhet he
invention, Fig. 8 shows a perspective view of a magnetic bearing according

to an erdsddhqerindgealirpier ismrepartional v the stire of thersdrrertdhrough dre qodvded, Fi g.
9 shows igvé%gerb? BFO to{’t}/o%alvtio%ﬁ\é é)dcua% JER0 gép' lgetvngea}lr tihQ A& CAAS %4{] i QR e foree

and axis 662 indicates the current of electromagnet. Force 666 is the force necessary to lift

the cylindrical rotor. In order to lift the cylindrical rotor a force is necessary. However, this

can be supplied by a permanent magnet. 668 shows the amount current that can be replaced

by a permanent magnet. The permanent magnet lifts the rotor and the electromagnet is only

necessary to increase or decrease the force in order to adjust the position of the cylindrical

rotor relative to the overhang. Arrow 670 indicates how force of the magnet can be varied by

the electromagnet.

Fig. 7 shows a cross-sectional diagram which shows an example of a hybrid
magnet in operation. There is a hybrid magnet 542 and a cylindrical rotor 116. Hybrid
magnet 542 comprises the previously described hybrid magnet and a hybrid magnet mount
674. The cylindrical rotor 116 comprises a ferromagnetic material 118. The permanent

magnet 544 is adjacent to the ferromagnetic material 118. In this diagram we see magnetic



enbodi nent of the invention, Fig. 10 shows a cross sectional, perspective
view of a magnetic bearing according to an enbodi nent of the invention,

Fig. 11 iwbustwie4se the rotation of a ferromagnetic | amPoaIBENO/BHIGW itS
first transversal axis, Fig. 12 illustragpes the rotation of a ferromagnetic
| am nation about its first longitudinal axis, Fig. 13 illustrates the

rot at i orficd lidesysrdud tere@neils 6:46.tH1ect®ndighéts BUO serié & stbghbOWed dbalerhpdi ment
of a rotary stage according to the invention. DETAI LED DESCRI PTI ON Li ke
nunber edPcENHBHTMELNH SthdswvEp gt plogvsdhe pethioh e smal edey egrens inddeet &y or perform
t he sa 1 oy (; El nts which have been di scussed previously wll not
necessgﬁ}l{l#%géﬁgl:aslgﬁs@gg inlater Figures if the function is identical.Fig.
1 shows a di agr amRif& shdesanshibati@snt bfa statickyli 121f aceatlid torntesnbolirdne
invention. There. is per.spective view of a rotational disc 100 and a side
i ew 103k WGnioamahe Sets Manb0 s de ovemungl 55 ot adifaBREReISACRROS of

rotation,, 0G5 A6 hounfedo @i?%ggﬁe}s?deqﬁf%é 5108 ltzﬁaahg?l&’eﬁ’@%ra,tédfagﬁlaéﬁétﬁt I onal

di sc 100, 102. The arrows led 112 1 ndicate sta lzation due to a

radi al rmgnetriappaetus add moappedbatomsthe amcrhang H2son theistéit édb 120 show
stabilization and J.if{f due to |ift nagnetic actuator apparatus. Sone

enbodi ment s of -t hd VR G SSuBlbr oRhe o sBuatde Prub e EHE hanet i ¢
bearing AR daast % thetiRGertioh CEn@E st @i Mib 1P08wieH ﬂl@w?;ﬁ&&_icﬁmm tige direction
of rotation. Key features of this enbodi ment are: The di sk 100, 102 in Fig.

1 is rotraewdedwn i Bir elliadried mppoeomprises He raetblodidrasrthe ovtyidesangtdnghampidsar t
of the r{Dt ?errrcg SaE %%85 ha@ﬁpgfg 1%?}%0' é’isiibpetig [d?‘ecﬁf? Va\l'i ;[16 ici a{[c ua 0(1)rta0rara uis ?QO i"ﬁlebm ld
inwththe'ro Irohal” di'sk. "There”i’'s no mechafi cal eariPl% system coupling

rotor angt imagn@icakftor hppamual 3@fsrati s teerbaahan2? dhb elictopsida 1 peehthsi cal
drive systemwhich turns the nmagnet bearing. In the axial direction,
magnet i ccyliadii¢ahtqtonl i6s required against gravity. These axial magnetic

levitation units (O] igf |.C.~AC . actively
controlled to st al%ﬁﬁézg a{nﬁerﬁ%i%mgeacgggﬁﬁ%{lﬁéy%ggﬁé@ﬂﬁg‘é%ﬁeﬁlﬁgga%ﬁlggggdi al
di r ect i showhhEhamdindticad rdtewi taghoom iurkig. 9 i oonrreatid ad theagraadnal pact tofi dteor

apparatus) hold the rotating disk in position. The radial  nagnetic
| evi tatisé’ﬁte’ﬁlnilrﬁ’é pypego e&fqdéO&eefPEOa@faﬁaﬁ%mWPr #heclli stance actively.

I n one enbodi ment iae;siRL 4 eriigﬂ_ Pﬁdmég%eﬁefaahst%% n%aﬂm aREMIRARAGN FRYNEL .

Fig. 2 shows a cross-sectional side view of an enbodi nent of a magnetic

beari ng Saowldt dihndift B0tdnd radivle2i roagnelib ecteatos @ngiriac e Ewbbpti2®re,and t here is

the axis of rotatio 06. . There. s an gverha 1 ich extend ut of the
Stat e HsEag Hrgg oo e BT Aak S ORAS cafoam Bl e e BBt

rot at i omcaleit AhbtBe@oktorAbtuaRl @kl MFo BOBsed Tha@nébd dbddeaéntr ot or 116 has an
axis of symmetry 114. During operation the axis of symetry 114 and the

axis of rotation il peayansat magephéigld goneratad byrbe lianagngtiopctaaters@pnppriuses an
out 1, o 0N L PRSP M OETOELRTNE LS, oo
appar at ysip h3fatiolRehudd the stabiginesd i the atdnat or apparatus 130 is
In Fig. 8, the radial actuator apparatus is shown. It creates a certain preload
due to permanent magnets. This preload can be weaker than the preload of radial units.
Fig. 10 shows a cross sectional, perspective view of the magnetic bearing
shown in Figs. 9 and 10. At higher speeds, fast changing magnetic fields induce eddy
currents in the steel. Eddy currents create losses and a damping force that is opposing the
rotation. The steel rotational disk is clearly exposed to variable magnetic fields in both radial
and axial directions. In order to remove (minimize) this effect, the steel could be made of a
soft magnetic composite iron. An example of a soft magnetic composite is Somaloy. In Fig.

10, the cross-sectional view of the part of the disk in orange color which should comprise a

low loss (low electrical resistance) material.



connected to the overhang 122. The lift nagnetic actuator apparatus can
support the cylindrical rotor 116 against the force of gravity. The lift
magnet i ¢ wot0ek12e45030 al so control s the di stance bet weelrCThB200/03598i de 128
and the overhang 122. This is indicatedhy the distance 126 in the diagram
There is a radial magnetic actuator apparatus 132 which controls

thedi st ance bet wedig tiN€s usyaad il@gateshoh2the poditibM6! AXiifatidhs HMibAtHOMalHE. The
distance is indicated by arrow 136 in the diagram Fig. 3 shows an

enbodi meigen tatgd ahoyt fapiy gt transyeypal pxis. 1183 Bgn lb@los\@éhe wxis pheynmnefuy £14 t hi s
rotor is, Sy r

col | ar §§‘&ﬂﬁaﬂ&€5$@£EH§%§P§§EP§25@?1i?h?%?%gﬁﬁgﬁgﬁ.C ﬁéﬁﬁ§?1§£§$eThe
ferrona@ﬂ@ﬂmanhaﬂﬂmmabr&&ﬁlmmnhhmslﬁﬁbdﬁepamhmisfm©MnmmmmdrmﬂbkndhnbNUQl

f erromagne i ons position of e ferromagnetic | am nation
is showmfﬁif <§b¥3 ﬁi}ﬂ%@ 1@'&%@? ébﬁ%?@e RO lééﬁlésarﬁrﬁ raps\eRgnacia | Efose up
si de vi %e%rs@ﬁa?ﬁ%rhﬁ'&x@fl1%@%1583(1%& Hfjﬂhb gﬁilne rl‘i’i%@rTh%*}Hﬁﬂra!nE'véﬂag axis-1 16981 N

there is a collar 4, n see that t ferromagnetic

mat er i alalsospaxmnpirqubedo thfe aalssctfay:mnatryfléﬁrﬁhral@maltlonIlsamtated atonsthe40st Fig. 5
shows an_enbodi nen net 542. The hybrid magnet 542 is
construgFgﬁw¥$%ﬁ§%ﬁﬁg$h%ﬁ2%§aﬂgﬁﬁgg 544, a coil 546 and a ferromagnetic
core 548. The fer rmuaanatitatGnerodfontFs tMOmasREiS |aRRaticDEr€atost As fisddl e
section 552 which has an outer surface 554. The coil 546 fits into the two
sl ot s 550ongivdinasaxipda®dn Hrmlinde caesagithiclids ebsmroeirs 5t thahlecspe thegmenst

magnet 5141 Iﬁltglh%n ar;[e ttﬁ Pe%rdorﬁ %ntt?celf'io%a 10 %§§§ 1aSCr ta?e5d4 Tr11e agl{lgl\lN 1 5t%6

i ndi cat es Prect ron normare ¥ Per®SurPace 196 1 ocat ed
in the sdae D86t LRoraisanizhel 288 gTed figalongitudind AMBERoD Yick hﬁhbpmbdlmgnet
542. Fig. 6 shows a dlﬁgran1mh|ch illustrates the benefit of using a hybrid
magnet HddhICBerBIMe BECCHOR Bl s Meh o Hath. the ﬁXlﬁ ﬁf symemeley A thhis meedt 864 of
attracti force
64 Dot vamrp il el el BB 1) ATRERANGS bt TR B °1
t he squamanﬁédbhﬁnmmnfammtﬂhﬁbﬂghgkh&Séandﬂmmdanﬂumg&d&$4psdbmﬁMndmal to
the squ 3 g gap between the two. Axis 664 indicates the force and
axis 66218h Pé&@ L the current of electromagnet. Force 666 is the force
necessary to lift pgiheschbioed &?ehtaheﬁgrahm@ﬁfagﬁett199¢ hidr if 8 1A Hateded cal
rotor a force is necessary. However, this” can | i1ed by a pernmanent
magnet . 266$u5h0W$ﬁWheg@nmuhts@Uch@hﬂﬂlﬁﬁ;léahOWeabmmMaomﬂwb@aammehdanent

magnet nent lifts the, rotor a ectr is only
necessar it 8 THER drsec RIS tonauonds & 8o AGpadf2 U RapaSt SERE pos: 1 on
of the GylatiBalid $alvniRd8hel nad 4V IR OTRNR RMENNBRE 1390 HQW sBddhdiIbsbikaiRs how
force of the magnet can be varied bg the el ectromagnet. Fig. 7 shows a

cr oss- sewts GY¥P4land asgeonh tonksisa iond 3% Sexcerthis és obotiormyism e pagjtien of the
operation.. I hybr i d t n a FNbrId
maanet o4 L0 108 S, FRRIF 108 e B o iR MU b R ed )

magnet rmuaﬁau&? 406 tbhe ﬁyérsmibn ®aint bHthesecbhd lmgrmﬂina%x@lj%raﬁﬂrm@ mbn@

material 118. The permanent magnet 544 is adjacent to the ferromm :gpetlc
mat er i altrapygersal gxis Hﬁ%6 ﬁ%ﬁﬁaﬁﬁlmt@éécmﬁéﬁYeé$ﬁl axig 1pPnaad Besadivel P8 t he

coils 5 In 546 serve to strengthen and weaken the pernmanent
magnet é%ﬁkg%gﬁbép g E%%MB the path of a small eddy current induced by
magnetic field I|ﬂégGMﬁmoﬁhgneﬁmemnmmtahaﬁmhpdhgemﬂob&manﬁmﬁmhhehub 120
according to. an_enbodi nent of th vention. The static hub 120 has an

over hangMPHOn THE TS SEEF oy i dneepeficp d magnstic bearing as Was

previously shown in Fig. 2. There is a platter 1403 shown mounted to the cylindrical rotor

116. To turn the magnetic bearing there is a motor 1407. This can be a mechanical drive
system or it can also be a magnetic rotor. There is an encoder 1411 to accurately measure the
rotational position of the platter 1403. On top of the platter 1403 are shown two substrates
1405. Examples of substrates 1405 would be silicon wafers or masks for semiconductor

fabrication.



apparatus 130 nounted to the underside of the overhang 122 and there is a
radi al magnetic actuator apparatus 132 nounted bel ow the overhang 122 on

t he statiwohoatw/22G0 Fig. 9 shows an assenbly draw ng of paTmBzme@biigIseari ng
according to an enbodi ment of the inventhon. There is a static hub 120 with
the cylindrical rotor 116 nounted on it. The cylindrical rotor conprises

t he net alISTIFF REFERENTH Ni@ERANG: on the inside is a ferromagnetic materi al
118. Also visible is the lift magnetic actuator apparatus 130. The lift
magneti c actuator apparatus 130 is between the overhang 122 and the topside
128 of the cylindrical rotor 116. In Fig. 8 and Fig. 9, the considered way
of rotational magnetic levitation is shown. The cylindrical rotor 116 shown
in Fig. 9 is connected to the rotational part of the system This disk can
be connected to the rotor of an electric notor as well. The lift 130 and
radial 1 tie a - ratus are indicated in Figs. 8 and 9. The
lift 1301%§ngﬁ%gsg}egtﬁvel‘%“u]ﬁggdr’%tfoﬁagp%él?uat ors conprise an E-shaped core, a

per manento2madiés victvaofeordbml dfskset field or preload) and a coil. In this
case it is a reluctance actuator. Another sort of actuator can also be used
i n anot W&¥ erfdiesting of rotatid per manent nmgnet field generated by the |ift
magnet i ¢ @ct UgtolSoARRAr atus 130 can attracts the rotating load in vertical
direction against gravity. The coils control the gap variations thus the
stabi | i tip8of Mhgncsiydbtaing In Fig. 8, the radial actuator apparatus is shown.
It creates a rtr.ain prelo due to pernmanent magnets. This prel oad can be

Hn i i

weaker t Fatiog Alye & it mpenptiqantyador 4BPgratibn " shows a cross secti onal
perspectjive Wigwifftioh e TREHRY hagh8a! Attt Figs. 9 and 10. At hi gher
speeds, fast changi ng magnetic fields induce eddy currents in the steel.
Eddy curkldnt sAxis esyaninoisses and a danping force that is opposing the
rotation, 6The(k,sli&§1el ro%ati onal disk is clearly exposed to variable nmagnetic
fields in bot ch%hro hd axial directions. In order to renove (mnimze)
this effagt, Hh@nkbaelc aadtist be made of a soft magnetic conposite iron. An
exanpl e of a soft magnetic conposite is Somaloy. In Fig. 10, the

cross- seld0i onditisidw of the part of the disk in orange col or which should
conpri s I (low electrical resistance) material.Fig. 11 is used to
il ustrgltzg hgév\(létrﬁ%%posi tion of |am nations when they have been rotated
about thedr flohgtradic@nsversal axis 1182. Fig. 11 shows the axis of symretry
114 of a cylindrical rotor. There is a plane 1180 in which the axis of
symmet r yl 2014 Pis@ace betppenen siigene a¥eB@&r awn for each | amination 1188. The
posi ti on@f t'i‘b% digim nation before rotation is marked by dashed |ines

| abel ed 1186. The |lam nation 1188 has a first transversal axis 1182. The
first tridfsvdrifiahagaxiisadti@dr glpemtis es in the plane 1180. The first
transverﬁgl g[%{dis 1182 i.s al sgrlf[)er endicular to the axis of synmmetry 114.
The | ami'mat | 1l MAgnEHOA U APPRRESt i rst transversal axis 1182 by a first
angle 1184. Ri@arl2 illustrates the rotation of a ferromagnetic |am nation
118 about its first longitudinal axis 1290. In Fig.l 1we can see the axis
of symelt3ty MDigtapeabetiveesinner radigs phdithe axbd8d rothort hi s Fi gure, the
ferromagj;%ti f,fl am natti on 12§8 is rotated fromits position in the plane
1286 by & secdhd angt & 1284 he first longitudinal axis 1290 lies in the
pl ane 1180 ar[cbrﬂoglgﬂgﬁettdlgmmmiangji rection but is not coaxial with the axis of
symmetry 114. This neans it is also perpendicular to the first transversal
axi s 118#2 THavWidmpgneti on of the |aninations can be

544  Permanent magnet
546  Coil

548  Ferromagnetic core
550  Slot

552 Middle section

554 Outer surface

556  Normal to outer surface



specified by rotation about the first angle 1184 and the second angle 1284
as illustrated in Figs. 10 and 11. Fig. 13 shows the orientation of a

hybri d nmagyoen1012d&oafter it has been rotated and put at paTdR®A0/6F199%e on t he
static hub 120. Fig. 13 shows a bottom \{'Eew of a static hub 120. A hybrid
magnet 1399 is shown nounted on the overhang 122. The position before
rotati orgg2s shawmti n dashed |ines as 1398. The hybrid magnet 1399 has a
second longitudinal axis 1394 and a second transversal axis 1396. Since
this i s @botHuen ofi akipation apadinctign obfureé das foscleftronseatti on 106 is shown as
a point 6. I I US: a% ing fromthe vertical axis of rotation
106 to the ingoggitgecc'lte?sg %g&{n 18?é§afiggﬂsogcond | ongi tudi nal axis 1394 and the
second tge&8nsweésambl euticat habéan WAfreplacaddiyapdrmandnienageaond transversal axis
1396 and the radius 1392 encl ose a t(Qi r ngle 1393. Fig. 14 shows an
enbodi meH0 of ChEngpimiojeesicsgisary 40 PORERSY P%&alﬁpt?rhe i nvention. The rotary

st age shpgwn iszlglidfgl_(F]eég% i ncorporates a magnetic bearing as was previously

shown in Fig. ere is a platter 1403 shown nmounted to the cylindrical

rotor 1164 ToMbumtrot Ivbridegaget ¢ bearing there is a notor 1407. This can be
a rrechané'ﬂ%al 1\g[riv§ ?%E(g?m or it can also be a magnetic rotor. There is an
encoder W41 1VEHE 'y measure the rotational position of the platter
1403. Op7op mfdytdager atter 1403 are shown two substrates 1405. Exanpl es of
substrates 1405 woul d be silicon wafers or nmasks for sem conduct or
fabricatil8A. INI8F OF REFERENCE NUMERALS: 100 Perspective view of rotational
di sk 10211%'8deF.vit§w of rotational disk 104 Direction of rotation 106 axis of
8 I\l/ésg

rotation netl ¢ Bear ng 110 Stabilization due to Iift nagnetic

act uat or] 1@ppariat sgld 12 St abi I i zation due to radial nmagnetic actuator
apparatus 114 Axiis of symetry 116 Cylindrical rotor 118 Ferromagnetic
mat eri al 11890 Iscatiorohigyompenatigdpmpation baforeyreatiop abewidirst26 Di st ance bet ween
top side and t&%%&%@gxi§28 Top side 130 Lift magnetic actuator apparatus 132
Radi al magnetic actuator apparatus 134 Collar 136 D stance between inner
radi us arn@g8t Heraxiagnaic lnofi@tioon 338 Ferromagnetic | am nation 440
Fer romaglr}%ai cSeICzoan' Qn% ei ons 542 Hybrid magnet

1286 Location of ferromagnetic lamination before rotation about first

longitudinal axis

1288 Ferromagnetic lamination

1290 First longitudinal axis

1392 radius

1393  Third angle

1394 Second longitudinal axis

1396 Second transversal axis

1398  Original orientation of hybrid magnet

1399 Hybrid magnet

1401 Rotary stage

1403 Platter

1405 substrate

1407 motor

1411 encoder



544 Per manent nmagnet 546 Coil 548 Ferromagnetic core 550 Slot 552 M ddle
section 554 Quter surface 556 Normal to outer surface662 Current 664 Force
of attracwvpanoea240f uncti on of current due to el ectr onma@oEIBBEGIHSIC e
necessary to lift cylindrical rotor 668 Nom nal current that can be

repl aced by permanent magnet 670 Change in force necessary to control

cyli ndriceAivMet or 672 Rounded edge 674 Mount for hybrid nagnet 676 Magnetic
field line 678 Eddy current 1180 Plane 1182 First transversal axis 1184
First angle 1186 Location of ferronmagnetic |am nation before rotation about
first transversal axis 1188 Ferromagnetic |am nation 1284 Second angl e 1286
Location of ferromagnetic | am nation before rotation about first

| ongi tudi nal axis 1288 Ferromagnetic |am nation 1290 First | ongitudi nal
axis 1392 radius 1393 Third angle 1394 Second | ongitudinal axis 1396 Second

transversal axis jgin reentation. of I .1299 ..d
magnet 1145101 Rot ar 3];&3 &%gé%lc%dg@)%ﬁ%ﬁg? f‘é‘étﬁ fﬂg%lssolg 6@%&% goﬁ%%%%%% glre I&%]%ﬁé
encoder GeMiMbconiprishs:magnet i ¢ bearing (108) with an axis of rotation (106),
wherein the magnetic bearin

: conprises; a cylindrical rotor 4116%
conprisimg a ferr drfx§AHGatrq &@Hgmon@mg %égr,onwgmt}c mHer; (18,53, 440),
cylindr ;Vgﬁéreiﬁ%@éylﬂﬁﬁcﬁ BoB¥has S axSYSFBhinterly 14, whbhel gl Ryl Gy Lddidh cal

rotor h
an inner radius (124), wherein the cylindrical rotor has a top side (128) that lies in a plane

orthogonal to the axis of symmetry,

- a static hub (120), wherein the static hub has an overhang (122) which
protrudes from the static hub and is located adjacent to the top side,

- a lift magnetic actuator apparatus (130) for controlling the distance (126)
between the top side and the overhang,

a radial magnetic actuator apparatus (132) for controlling the distance (136) between the
inner radius and the axis of rotation,;

wherein the lift magnetic actuator apparatus (130) comprises at least one permanent magnet
(544) capable of supporting the cylindrical rotor against the gravitational force and wherein
the radial magnetic actuator apparatus (132) and/or the lift magnetic actuator apparatus (130)
comprises at least one hybrid magnet (542, 1399), wherein the a hybrid magnet comprises:

- a ferromagnetic core (548), wherein the ferromagnetic core has two slots (550)
cut in is such that its cross section is E shaped, wherein there is a middle section (552)
between the two slots, wherein the middle section has an outer surface (554) whose normal
(556) points away from the ferromagnetic core,

- a coil of wire (546) adapted for generating a magnetic field (676) when a
current is passed through the wire, wherein the coil is located within the two slots and around
the middle section,

- a permanent magnet (544) which is placed on the outer surface, wherein the

magnetization is aligned with the normal of the outer surface.

2. The magnetic bearing of claim 1, wherein the ferromagnetic material
comprises one of the following in order to reduce eddy currents during rotation of the

cylindrical rotor: a soft magnetic composite and Somaloy.



an inner radius (124), wherein the cylindrical rotor has a top side (128)
that lies in a plane orthogonal to the axis of symmetry, a static hub
(120), whwoenn/besost ati c hub has an overhang (122) whi eaTaBB0/0E6%8 fr om
the static hub and is |ocated adjacent tg the top side, a |lift nagnetic
actuat or apparatus (130) for controlling the distance (126) between the top
side and the overhang, a radial nagnetic actuator apparatus (132) for
controlling the distance (136) between the inner radius and the axis of
rotati o wherei n Thgenggnetic hesginatof elage fl paeovhaisputha fersomaggtic @il ses at

| east o I lne I . i i cal
rotor agarier RS medRe R dtm il GIRARTL R, TR0} LR e Bl 7o

act uat orduaippastatiors of thd 2yliadritabiotdrhand whdreima Rivicatat titstackag ped atdidar( 130)
conprises at |east one hybrid magnet (542, 1399), wherein the a hybrid
magnet JBHHIIWEHEIC axIsrol Sy BREHNEP FRNEYFle @ﬁmésl,cal\xﬁ ‘n the ferromagnetic
core has two slots (550) cut inis such that its cross section is E shaped,
wherein there is a mddle section (552) between the two slots, wherein the
m ddl e skection has'Thamagntes bsungad ela{ts 34Wwhwieostbereas aplang $5IF)) powhick tleonvay

fromthe ferronmagnetic core cQil. of wi 54 adapted for genperating a
mgnet | G UG e poit e dipinpdotul Bt RisBReh RE ettt n 2 he
coil is Jd @eatatvikd BLD (11182), tanB wHeRLS cARD M OMRGhAHBEs [addhSods@eh taRit i

per mmnent magnet (544) which is placed on the outer surface, wherein the

magnet i Zatatasrout of Bicipdpnedibanttits firkieransyersd axa$ by mefiest pegle §UBHAketween 0 The
magneti ¢ aring o, aiml erei.n the ferromagnetic material conprises
one of fﬁ@ﬁggﬁﬁgﬁf%ﬁﬁ%%ﬁ%¥ﬁ%}&?Smgé gglfgﬁdy currents during rotation of
the cylindrical rotor: a soft nagnetic conposite and Somal oy. 3. The
magneti c bearing of claim1l or 2, wherein the ferromagnetic materi al .

conpri ses fer r omagdhetMaEIFUhPeEInE Ohslae 3@r 44 nbereinbgre iy oge { b80) swkichg
eddy curhents ofWHhAgy g&aﬁo‘r Qs th ﬁnﬁdeoﬁQ rvhlfe?r%in re%éhoéf’thé‘ﬁ MRLEL 4 he

| am nations are "stacked 1n a circular path’about the axis of synmetry to
const r udirstelonyitididi axial(1200)),une . wheéreid bachnEgielandndeas (12§8pis aclaaged Sich wher ei n

there is _a.plane (11 8 in whjch.t Xi s of try lies for h of the
| ani nat al s Tagigg)ou aﬁ%ﬁ eline b 1@?’ﬁ§tﬂ%ng1@mm§¥%_ﬁg aHgeon aflglFﬁzeS?‘sansve_r se
axis ( Ipk82don PR o '@éggéleg, r@éﬁéﬁb@; bdth€ed @MaRAY5 (a@%reéss. arranged such that it

is rotated out of the about 1ts first transverse axis by an first
angle ( 1184) between 0 and 60 degrees, preferably between 0.1 and 15
degrees._ 5. The netic bearin f claim3 or. 4, .wherein there is a plane
(9180) G whi on (8 darstte Pl Bustio b G fal ppugBnd.
wher ei n (@3@cofprisbieat!1@dst &@etﬂ_i@nﬁyﬂmsmé%ﬁet (53, | ogiwkgéindhe @t Byrila8inet and
wher ei n each o#)the.lanlnaplons (1288) is arranged such that it is rotated
out of thaeaprennd lensoiudinat axis (139¢) anshgsocomri wansverre axipyl 303 exhenedn gt s 4 1284)
bet ween ng. S ref.erabl et n 0.1 1 s... 6. .The
magnet | d SRR RGLGr RS aerSlef e ok R GER o Ahd Rl ROLFE B aaat us

(130) caanvltsesn @c Jce@asl tramgecrfd 488 aliyihe irallinegRRiscd Htherd ahgR) 393)bervaich t he
first hybrid magnet has a second |ongitudinal axis (1394) and a second
t r ansver&adl degreps gath thordivs; Arefaiahlz betsvesn 0;lrand IS aeeirss pndionyherpiggthe

I nter seclig. L §h Sk PRfall m}att&&d(il 5‘?)' co%rﬁe@eﬂqe&spgnegs%g&ﬂph§ﬂr§1%§(gq{e§84@3(i S

1399), wherein the longitudinal axis and a plane orthogonal to the axis of rotation enclose a
fourth angle between 0 and 60 degrees with the radius, preferably between 0.1 and 15

degrees.

7. The magnetic bearing of any one of claims 3 through 6, wherein the lift
magnetic actuator apparatus and/or radial magnetic actuator apparatus comprises at least one
ferromagnetic core (548), wherein the ferromagnetic core has two or more second surfaces

whose normal forms an acute angle with a tangent of a circular path about the axis of



and wherein the second transverse axis and the radius encloses a third
angl e (1393) between 0 and 60 degrees with the radius, preferably between
0.1 and Msocdegrvieesoand/ or wherein the wherein the |ift raditBo1eppassat us
(132) conprises at |east one second hybrid magnet (542, 1399), wherein the
| ongi tudi nal axis and a plane orthogonal to the axis of rotation enclose a
fourth apgkieneuwaricil atlRest@hc degy RS 1okt dhelsBeondadifcs is poeided edii2y et ween
0.1 and 15 degrees. 7. The magnetic bearing of any one of clains 3 through
6, wher éefuceH@ninafion peishet i ¢ act uator apparatus and/or radi al magnetic
actuat or apparatus conprises at |east one ferronmagnetic core (548), wherein
the ferromagnetic core has two or nore second surfaces whose normal forns
an acut .angl e w tTheandgangebdarof ofl any braibfxhe paicbdiap olatmd, Rehesotn theof r ot at i on,
and wherein at_ | east  one edge of at |east one second surface . is rounded
(672) t d¢etc Bears tHERGT SRMEP SR ragial yensonnaytienifer Peaipgt dlﬁwe@z d%f the
pr ecedi ngn Gl adiBwitth&pelio itGoMHORALK S, RRAIM iR p&APrLaR? a radial
sensors systemfor neasuring the distance of the i'rnner radius wth respect
t o t he rongrisenaliftasisers spktemefonmieheirimg ginedistendedztweny thertoeide endithei ses a

lift sensor,s system for nmeasuring the. distance between the to Lde and the
over hang VUNER AT HERNT BERBLE CoUas UHAS G RBES § ORI SELers gMed BF “syot em
adapt ed r_E@éivih%@%hM‘s MDnsihg M &nbdr@Rtbhant it con@DERE (BY Bt AMeAdt d@lator
controlling the lift magnetic actuator apparatus such that the a first

pr edet erapppretisdigh tatcibe bdirsimeedotaminedsliginte batvecen e operdeang thesovedhangai ned,

and wher.ein.the control systemis further. adapted for receivi.ng,stgnals
from t nd® PRl ReE Rt SPoufU HeThd +bhaS he PP R S-SR N ORThIRE
act uat orth@piad] 3Ensdr Sedin hktbfor @omast indthp redl et eignctie detdatst afpaeatitaduok eiut hhe
inner radius and the axis of rotation is maintained. 9. A rotary stage
(1401), seendrsedatgrmincslbistarneicresondghe mnpigdins ppd Baxisef retroed isaccor di ng to
any one of. the preceding clains, a drive system (1407) adapted for rotating
the magnetic bearing, a platter (1403) adapted for holding at |east one

wor kpi ece (1405), wherein the platter is supported by the cylindrical

rotor, 2; encoder (13 11é1f2{ q tgrninin? the angul ar orientation of the
magnet i O bear i ng. ADTisEeE G4 B REYGREELAPRIS Ewher ei n the 111t
magneti ¢ actuat or apRarat Héar{n%g(@?:é%)ca%%}ﬁir%gﬁ afly ohE8Sthe BREARE CRRRAL magnet

(544) capabl e of supporting ylindri rotor and the p atter agai nst
the grawitational afdsrvesystéh. (140 eflimed fov eotetimsthe omgbetanbdarinpogr aphy

appar atus, compr Si g . PAAL LS 208, (0D RSSOS T Nt e S0, Rt 21
platter is supported by the cylindrical rotor,
- an encoder (1311) for determining the angular orientation of the magnetic

bearing.

10. The rotary stage of claim 9, wherein the lift magnetic actuator apparatus (130)
comprises at least one permanent magnet (544) capable of supporting the cylindrical rotor

and the platter against the gravitational force.

11. A reflective electron beam lithography apparatus comprising a rotary stage

(1401) according to claim 9 or 10, and wherein the workpiece is a substrate.



