"WD 2010/ 070562PCT/ 1B2009/ 055695 Descri pti on DEVI CE FOR TREATI NG DI SC- LI KE
"ARTI CLES AND METHOD FOR OPARATI NG SAME Techni cal Field [0001] The invention
refers to a device for supporting and rotating a disc; e wth a
rotor cofBPP¥i®ea support for supperting the disc- i k %hg]?tﬂ@é%g’%v\her ein
the rotor is located within a process chanber. Background Art [0002] WO
2007/ 101764 Al discloses a device for, fluid treatnent of a plate-Ilike
article conprising a rotary he@@‘&ﬂrl I&Thg and rotating a plate-like

article around a rotation axis, drive s_ 1t the rotar
head wit holXEVIGEH OR@REA/'EIM%BI@ IﬁEa‘ﬁEﬁTm@ &Nﬁound t he d
rotary head, a subst substantially
concentric to the rﬂTM%U%PM¥M| wal | is arranged
between the _rotary h .apd the drive nmeans. [0003] A suitable driving
mechani sm i S&lﬂaﬁgﬁffﬁﬂis- Pat ent 6,485,531. Wth the herein disclosed
actl Vﬁg{ﬁ(ﬂg”e'{l‘hg RERL ’}Qfe?s”tg afi'f'ebl\éé chT%EIIS\ﬁﬂi ﬁﬂﬂdh%m@ih haﬁ@%@ﬁnﬁkahma to rotor

is li Ar& results in a | ow wal ess, urt ernore such active
beari ng andi@mC\‘P@Pﬁ@@ﬁéﬁ}‘@mﬁﬁwpégﬂn%h %fe S aHcleaY e %ﬁai%h on in the
integrated gich@diskiinaf prbdigs chissbel.i ke article. It is an object of the
invention to provide an_ipproved drive nmechanism Another object of the

i nvention |Back;gmumi fstem which allows the use of a thicker wall.
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article, whepeigtifafd h3hsped Ad diSvelBERKLH hvdd Didbuacqiiacabsdtianbes

being arranged radially around the rotary head. a substantially cylindrical wall, which

is substantially concentric to the rotation axis, wherein the cylindrical wall is arranged

between the rotary head and the drive means.

[0003] A suitabie .ch'iving mechanism is described in US-Patent 6,485,531, With the herein
disclosed active magnetic bearing and drive mechanism the distance of stator to rotor
is limited. This results in a low wall thickness. Furthermore such active bearing and
drive mechanism may lead to undesired current induction in the integrated circuits of
the dise-like article. Tt is an object of the invention to provide an improved drive

mechanism. Another object of the invention is to provide a system, which allows the

use of a thicker wall.

Disclosure of Invention
[0004]  The invention solves the problems by providing a device for supporting and rotating
a disc-like article comprising:
- a first rotor comprising a support for supporting the disc-like article, wherein
the first rotor is located within a process chamber
a second rotor connected 1o a drive mechanism for rotating the second rotor,
wherein the second rotor is coupled to the first rotor by magnetic forces
without touching the first rotor, and the second rotor is located outside the
process chamber and a wall is arranged between the first rotor and the second
rotor;
- at least one magnetic couple, wherein the couple comprises a first coupling
part and a second coupling part, wherein the first coupling part comprises a
coupling magnet mounted to the first rotor and the second coupling part

comprises 2 high temperature superconducting materiai (HTS), wherein the



a second rotor connected to a drive nmechanismfor rotating the second
rotor, wherein the second rotor is coupled to the first rotor by magnetic
forces without _touchi ng the first rotor, and the secopgri®l®iess@®s! ocat ed
out si de VA& 1;9@59:8’35 chanmber and a wall is arranged between the first rotor
and the second rotor; at |east one magnetic couple, wherein the couple
conprises a first _couplin rt | grebn the
first coupling parfe¥ ?Lﬁ%% a cou ?Lli%gﬁ&%ﬁg%u‘ﬂ%e%q?% nO\Mg# rst rotor
and the second coinq:rldpmgelp)\amﬁ b@fﬁ’ﬁmi}@&ﬂa@tﬁiW@%ﬁ‘i?@?‘ét‘ﬂ?‘es%%é}?ec%ﬁtduct| ng
material (HTS), Whgleidel g@ﬁhm@o@l@/sw&%aem 1B2009/ 055695 2 magnetic
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magnet, the permanent magnet is advantageously selected from the group comprising
ferromagnetic magnets (comprising Fe, Ni, Co), or Rare-Earth magnets. e. g. NdsFe..B
(NIB) and SmCo magnets (SmCo (SmCos , SmaCoys). SmCo is useful for high tem-
perature applications up to 350° C because of its high Curie Temperature of 700 ~



‘WD 2010/ 070562PCT/ 1B2009/ 055695 3 800C. [0009] I n anot her enbodi nent the HTS
is placed in a thermal insulating vacuumcryostat, which is cool ed by
adding liquid nitrogen or a cryo-cooler. A cryo-cooler is a cooler capable
. of generwtingresey | ow t enperat-ures bel ow 100 K. ExaRpF@&P¥F5€fch
cryocool ers are Stirling-cooler, Gfford McMahon cool er, and Pul se Tube
cooler. [0010]In one enbodi nent at | east one nmagnetic coupl e conprises a
coupling magaetCw th a magnetic field, which does not follow the arc

Symmt{péf(ﬁqf tzﬁ%n&ﬂél%'?orod T%‘h%e H’]%Cig Qbed [h OthBERal WRUHENE SaclOh c@ystandr i cal
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lead to a rrslg*n‘é*t ]iS@O‘fl?‘éplﬂa@i‘@tl}qu%‘ii FBHA T A He° (RHTERCqede not
symmetric. @Whé;ymigherﬁﬁs tamgertiveesdeipl ﬂ@@Kn’é@mmlewﬁJt ?rUCbeCfZCQ)upI ed to

each other in t..n A& ih is left.
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first rotor d t h iS5 Co?lgé%ltcal S rmn%&lr?p ﬂ?ﬁ%%ﬁ%é&%@%@% flotPar al l'el axes,

skew whi f f 1‘? A& axes. s netl c fields
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second coupl i n ass rrbl e u?e LShYS | 1'ine structure or
as a ny of @F‘%‘? ?“’bF‘B@I%éO%[a grf% %SP%SH Ot:hhelt gtecond coupl i ng part
conpriggsija highndieepevatorpéing m:&gnets @J@r}nmdq:d@&f(iﬁfﬁ)naﬁwlerﬁe@ls WhicH or m of

crystal bl ocks, Whiel BliSAnsaRhl eds buRD AU GO0 ieitkilld e
cryst al | ogr &phiE e aXes rec

totheflrst th such an
assembl y t heoclegist phijesemcesaigs Bety gt @ﬁg’éﬁlmﬁﬁ(ﬂ(P ‘]‘q? ﬁecgﬁ‘g’t%oé"r S%(%\;’)%%]I ment the
hi gh tenper @&éﬁ'ﬁx@al%&é&ﬁi’r@?ﬁﬁh&@hxa@gsmt‘ﬁhﬁaixes wrantescing exesLinebis hasglhe
t enper at ure _super conduct . LML YoabRGT €ases
t he pinning “F‘”’(‘%Fi’: foag‘gst H&[%ﬁa@ﬁ eﬁtg\é%lkﬁ%héb&rrgﬁrn%t s. Preferabl y the
mel t textur @dtﬂnt@hg&léﬁ@&h@ﬁ%@@@f%ﬁéﬁ%ﬂ fﬁﬁm(”ﬁ ?‘S‘)jmﬁ‘&'t:erl al conprises a

conmpo n Baady fiRBay Ye a8 BN, in Rsinglachrystahiey @runtxe drsasian t he
rangeS[(t))@i% 135135’0 gj{)%ggggrpabl yyo 2to 0.6), and 6 is in the range of 0 to

0.5 (prefer éb“lgfféwé 25). This further increases the pinning forces.
[ 0015]{boiAne lemhodinbeiitetthie TG d uplneprbeaeprises ahiga MMy d¥Pdt ensuring

thermal in- 3}{&% gm?%%é@aiaml%ﬂhwdﬁ@ﬂ@@&saﬂfcy d%dnﬁﬂ&lﬁh&hwe duri ng
t he operation he va

ryost at 0 00l i ng
el enent or Wlkléfe%ﬁioﬁ’@“hwﬂt@é}?r‘\%‘it? O(gf“pg‘ P 8%?‘: ?gtcm\(}?\%?et% %Bah rﬂs
t enper at ur e walh 428 ahBa%ehlblly&he tdwphing fecerart incedasssluper conduct i ng t errper ature
(Te) S. Iy ﬂy\,h;]@a boi l'i ng
tenpeﬁﬁ?t‘ﬁ gprfwﬁ?{ kg %L@g {hgf}ﬁé{\%&zg&fatu&'éqdpbﬁ%lhcﬂwﬂh FRORR iVh b tphases ng_
liquid oxygéeri@igdhigh teml?eéﬁl‘ilfé spResFPIdpHaE (HISy maﬁF‘ﬁi ?‘6“ and |iquid

helium increases the pinning forces between the HTS and the coupling ‘naguets Preferably the
melt textured high temperature superconducting (HTS) material comprises 2 com-
position RE,,.Ba;,Cu:0;. ; (RE -Y, Sm, Nd, Dy, (Gd), wherein x is in the range of 0.1 to
0.8 (preferably 0.2 to 0.6), and & is in the range of 0 to 0.5 (preferably 0.03 to 0.25).
This further increases the pinning forces.

[0015]  In one embodiment the HTS is integrated in a vacuum cryostat ensuring thermal in-
sulation and maintaining the necessary low temperature during the operation.
Preferably the vacuum cryostat is cooled by a cooling element or by keeping a
reservoir of a refrigerant with a boiling temperature at 100 kPa tower than the critical
superconducting temperature (Tc) of the HTS. A suitable refrigerant is liquid nitrogen
with a boiling temperature of 77 K (- 196°C) at 100 kPa. Other possible cooling phases
are liquid oxygen (90 K), liquid neon (27K), liquid hydrogen (20 K) and Liquid heliom
(4.2 K).



(4.2 K). WD 2010/ 070562PCT/ 1B2009/ 055695 4 [0016]In an enbodi nent the
second rotor conprises a nonolithic ring of HIS in a vacuum cryost at
arranged in proximty of a bottom of a sem conductor processi ng chanber and

i nt er actwagowogéréaxi al coupling properties with rragne?fjpnfz@?%‘?“ ??grryi ng a '
silicon wafer inside the chanber. If this case the nonolithic ring of HTS
is elenment of both nagnetic co Ies - e.g. tw separate manent magnet s
are copiéed tipan hleb@hmrentﬁhﬁﬂﬂcﬁﬂ’e(ﬁlo@l rCPW@”SE[S(?GB‘?I}QIWJBHEQ Eﬁgglnhﬁﬁ?m‘f%e first
gOUp| [ Bg par. Bﬁqﬁpﬂ&ﬁbéﬁn@%ﬂiﬁﬁﬂ?ﬂfaﬁﬁgﬁﬁbf ‘H\/Béxhwbﬁmgtm pi‘(ﬁasgfewfdhahdel and
istribution’due to an eonet ri t magnet
hei ght to \/\Pﬁ%ﬂ%ﬁg{%}%}a‘ at’%ﬁ(?ﬂlén lﬂ)]g%f%’reﬁ%ers “?%r%g‘%{%ﬁ Ot&actag {647 ?OHQ\%% gi vgn :
mass of t heipefenAnenmbomgnéis are ’éipmthﬂig%@%@fﬂ#ﬁéiﬁ%%%eméf | ong range

maxi mum of { | e 0QL3LAdY RN AARRUSIY o icREirs YEupRidrty taxkmeof t he
magnetic fi é’?‘%ﬁet &Egﬂecou% |ng 6‘rr‘ggngtes goes t%rough the HTS. If a plurality

of annul ar | yrapE@fgE®- coupl i ng magnets is used it is advant ageous if the
coupl irng Magngbse &hbddagerdt lﬁfasftrsmuphmgqgafpsaqon@rlsmp@mawmr@g@qﬁ@éfhdplﬁ%ct i on

show an al tg%lgg egfm“ﬁ&moﬁ ROLRE] SRR NERL A k0L Br Ahmesbod] nent ¢ he

coupling ma configurati r oduc
nmagneti ¢ gr adigesitheizht @cﬁﬂéﬁte%%l t%ﬁ@%‘é‘t]f“b%e? frsd BB‘gWs(? gff’ Q%/ g%givﬁ’”trﬁasé o ect or

per pendi cul gf. $0mh et ﬁih%r@@ il GRirdfm LedraEr YN aNENt 1of0eRE] haxianst ddhx
enbodi nent the . rotor wafer carrier clanped the wafer using a double pin

const ruct i ofeHi%h magnetic attraction and turns with a speed of 10 to 3000
rpm '[b@lsnn n Axbastgaocsly dre spiketryeeeedfitee @ﬁzﬂeéiétfﬁe@rpfé]?fr@ﬁglﬂ% BEEEYS| ower and
an upper 2%)&551 et?xg)u ﬁ{e‘%@b‘s Y&l %lhﬁtﬁ'ty SreinghRa rs.hﬁ!@e@@ﬁtk;ﬂ@lg nigReaiussd i th a

small rimo magnet
is advantageous 1f the cou mg mag t tj s 1m¥couphng parts in circumference

direction show an alternate magnetic polarization vector,

[10019]  In an embodiment the coupling magnets are arranged in a configuration so that it
produces a magnetic gradient (gradient of magnetic flux density dB/dx) with a vector
perpendicular to the direction of rotor movement.

[002017  In another embodiment the rotor wafer carrier clamped the wafer using a double pin
construction with magnetic attraction and turns with a speed of 10 to 3000 rpm. The
pin construction with magnetic attraction consists of a lower and an upper pin ring
whereby vertical neighbouring conical pin pairs with a small rim offset clamp the
wafer magnetically.

[0021]  Advantageously the cryostat is directly coupled to an integrated cryo-cooler
providing the cooling power and turning paralle] to the cryostat. With an integrated
cryo-cooler the necessary power supply is provided by a rotating voltage and current
feeder.

[0022]  Advantageously the first rotor as well as the second rotor are carefully mass
balanced, which is helpfut for spin speeds above 150 rpm and reduces asymmetric cen-
trifugal forces as well as rotor dynamics problems.

[0023]  In one embodiment between the opposing surfaces of HTS and coupling magnet
there is 2 gap with a width in a range of 0.5 - 60 mm.

{0024]  In another embodiment the first rotor and the second rotor comprise magnetic
couples, which are radially movable so that the first coupling elements may change the
distance to the rotational axis so that portions of the first rotor may hold or release a
disc-like article. Thereby, the second rotor consists of at least two individual cryostats
on a platform moveable in radial direction. Individual cryostats may be arc shaped.

(00251  In one embodiment the first rotor comprises at least two segments which are not



[ 0021] Advant ageously the cryostat is directly coupled to an integrated
.cryo-cool er providing the cooling power and turning parallel to the
cryostat. Wth an integrated cryo-cooler the necessa%gower §u§ply is
provi dedwbyomioressat i ng vol tage and current feeder. [OUZZNBAMVAM AYeously the
first rotor as well as the second rotor are carefully mass bal anced, which
is helpful for spin speeds above 150 rpm and reduces asymetric centrifugal
forces as wdlrtctazonstead wWysvhmites Nort diseeiisconpedaBpicacloribedhHBHICARSAt  bet ween
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magnet i ¢ colBP&Yy 4'HeF &dial” positions of the second coupl i ng el enents are
cont r gD02sd wiStbh aeslpee tageety Ray 8hierepBetpdohe prEngc /gce F%“tli‘f‘rC - eﬁP?ﬂer to
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[0030]  Another aspect of the invention is a method of ranning such an above-described
device. Herein the first rotor is held in close proximity and co-axially to the second
rotor when the HTS has a first temperature T1 above the critical temperature (Tc). The
cap distance of the first sotor to the second rotor is kept at a fixed width in the range of
0.5 — 60 mm during cooling the HTS to a second temperature T2 below the critical
temperature Tc. Thereafter the first rotor is released and the first rotor levitates without
touching the wall.
[0031]  During this cooling of the HTS the first rotor is held by auxiliary holding means
which can be removed once T2 below Tc is reached. Then the first rotor freely
levitates without touching the chamber walls and is pinned by magnetic forces to the
second rotor.
[0032] In one embodiment the HTS are taught by magnetic fields deriving from an auxiliary
magnet, which is different from the coupling magnet, which is element to the first
coupling part. The shape of the magnetic field of the auxiliary magnet is similar to the
shape of the coupling magnet (e.g. a dipole-like magnetic field), so that the direction of
the field vector deviates not more than 10° (preferably not more than 2°), the ori-
entation is the same and the centre differs not more than 2mm to the centre of the
permanent when placed into position. However, the magnetic field of the auxiliary

magnet shall be stronger than that of the coupling magnets, which are element of the

first rotor.



el ements. [0028] Alternatively (or even cunulatively) auxiliary magnets are
provided in order to conpensate the centrifugal force acting on the first
coupling elenents. Additionally neans to alter the radial positign of the
auxi | i ar wormgnees2 may be provi ded. 50029] Such auxi | i af§  HEIREES ey be

sol enoids, and the magnetic force cdn be changed by the sol enoid current
dependi ng on the spin speed of the first rotor. [00301Anot her aspect of the
i nvent(0ors]i s Eremetiiod mignetiennibagn SEFOBRRLEHEPENGIES ROV E@éﬂe%Fgﬁ? Herein the
first rotor js.bel il Be®ohORe wpipehirt by hamii Chasanichbd the totiddheengecond r ot or
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fixed w dt h Tcowtiheurhagetof tk Bningreancdy bt AgTicissly wgeesd: HTS to a second

temperahune T2 Bt 6l aAbid SUpRRAULEnTGovicthelipali et dohpai I st
r ot or r'el eas ang t g fLrsflro;Pr IeV|tate$ wntpou%Aggygghngﬁkhe wal | .
[ 003HDur i ng StpRreonsBBNaRIGATYIAR TIFSTIShEPY PRI 8P TE 2R&81°0° By auXi | i ary
hol di ng nMeansrtwiieh r6@R sbentesoneBotbpers Hay beliownder dylnges aespe @f 131‘$fen_ t he
first rotor é;ﬁﬁ%ﬁ%%@f!@?e értas Ef{%gie%%b@ﬂlrm LAHEDLBG b RRae harbatic Walclisnand 1s

pi nned by orce ‘the second rot or:_ﬁ&.ooefgu n one, enbodi ment the
HTS are t auglebmbyy il pies Tedibergern PF Ayt Pigittiah THERIPEIRPSFHBGAEY . whi ch
is differ en?pa{'trcgma{n@@ HOUDY dupgrcSREERE of hiCtbritstyet efhtis egtval hiar st
coupling part. The shape of the I i : LAy fpgnet is
simlar to t%@u“élﬁ%@t@?en?wglggg%“ﬁﬁg?%éﬁ #}a()gln%ltd q%%?ﬁéfmg}g? g%lé&esﬁyﬁke magnet i c
field), so thesutkeriok theoperororofThe st prgisdn ¢zl crydylling $ICHE Ofor e t han 10

(preferably . 8PN asich®i@rihantnat i on is the sane and the centre
i fers not DGR Enkgetlodhes

2Zmmto the centre of. .t ermanent. when_ pl aced into
posi t i BA35IHoweeErably e CREFHETERS PRI Qtfﬁ}éehbgﬂ%s F’_?‘Zi%l B]r?é'vg%gt p%h_all be
stronger t hapngibahr oftop hefaoiyglialigh talgnetgnet phikgirtian geedre) devfiophe first
rotor. WO 2010/ gglgg(?gfﬁg{%%qg?%ﬁgggh@éh[cggglgqogfa@;eaux| liary magnet can be

an el ect r ondghat’ enol d) prov an el ectro- .
[0036] 6The second magnet excﬁation part (1‘?1(:11.1(’1(33((1e n tﬁe driven rotor) is spaced apart and

integrated in a wafer carrier preferably with pins for clamping and holding large-
diameter Silicon wafers (100- 450 mm diametef}. 1t 15 located closest to the bottom
(axial coupling) or closest to the outer wall (radial coupling) of a vessel or process
chamber to allow strong magnetic interaction between magnet configuration and super-
conductor. After field cooling (fc) procedure the first superconductor levitates at 2
distance the magnetic assembly wafer carrier by magnetic forces. FC is performed by
cooling down the HTS to a temperature lower than the critical temperature Tc of the
HTS and simultaneously trapping a large part of the external magnetic flux density,

[0037] A variety of magnet to superconductor configurations are conceivably and their in-
dividual performance may differ substantially according to the application. The
coupling forces are strongly dependent on the coupling magnet excitation. Design of a
magnet configuration shall be considered in order to achieve large electromagnetic
forces. In addition, the guality of the magnet material and geometrical arrangement de-
termines the coupling forces. For an efficient coupling the magnet configuration shall
show a high flux density and a high gradient of the flux whereby the field vector
should have an off-track orientation preventing any degree of movement freedom.

[0038]  Generally, if the gap distance g of the permanent magnet to the superconductor is
more than 10 mm (g >10 mm) operation a single magnet gives the highest magnetic
flux per magnetic mass at longer distances from the magnet surface, The single magnet
shows the classical dipole field without any flux compression or dilatation.

[0039]  Key parameter of a superconducting magnet coupling is the obtained electromagnetic



~magnetic field before the tenperature of the HTS has reached the critical
‘tenperature Tc, and the electromagnetic field is held until the tenperature
of the HTS is beI ow the Tc. Wth such a nethod the pinning forces can be

. suffici enDiyidtiesseased. [00341A superconducting hi gh FaGRRPPEYPAdi ent
coupling device utilizes a first cofpact superconducting part (driving
rotor, first rotor) spaced apart froma second magnetic part (driven rotor,
second roto fyree Bot lo thraintesactialy bwvesm? YUDSEOBFUEY) FH derassfidpé BFReP e

di amet er of ,py an:t?r’l@@lﬂm%mb%ﬁ:ﬁ andQQ@viAtcandkahaedd iemtiotekaiat ¥BCThe basi c
functi onal bot h pa ghb N9C radi al . The
superconduct !fﬁ“"figﬁ’gtcgﬁﬁlﬁlc(?%ﬁ ?(ﬁlsﬁ% Bk (%%"tlﬂ’o gu%g(rc%%é?orﬁg t he Cuprate
type which issleitad dgmabegonmoiY vasuimCed, ﬁ)@tf&l@ iraprstant prgt @fHles MaEriddS Ul at i on

and mai nt ai nj,ng, &Bl% ARGE @Jmu&tglwpliq%@%f@wflgpﬁhﬂmg@gnaéaemwr@hin@m The

first part is iIn sin S u ur al crystal
bl ooks assemBINetE Fies er%ﬂﬁll[%é@é#flpg ?Bbagﬁé P@ﬁséi?élﬁ‘{/g R t“Yth“"’d
ori entati onyYHCOhe ibtaekscun@ii degsitiéselcon dhel gdpert - 50ﬁd@ﬁlk®lﬂfazrafﬂbl<t@§ surface

is parallel to th & rieldheyderd athRopkange shall be
wWithin + - §6r°t381’§edn%gg2’g th ZL@%%I%HP&%% orce. [00361The é}g ng magnet
excitation {Jasl a( T land ean ‘-‘F@rﬁsthl*ﬁﬁl P vénlagblogey g c%’ﬁ&%ﬂo‘é’iéﬁ

integrated ify@ Wah &;ﬁtuﬁal&m{)@{ thlaﬁx&aﬁ(&ﬂﬁbIn)apwdtﬂibi@isnsnﬁadrbyah@:&nmw@ and hol di ng

| arge- di amet er l ! Congﬁ\ﬁT xﬁ%its:lgajfgens le gpen L?@o?{a}lt ciéctm fpz E&?&d cl osest

to the bott & P%’Pel@ or closes
coupl i ng) ofsheaHW&ssa&Inabn% ﬂmaﬁf@@%‘sﬁnéﬂﬁaﬂﬁﬁﬁpﬂﬂlﬁﬁaww ?@?1@&&) %‘é atipsic

interaction cﬁﬁéé@’%ﬁ?emﬁﬁlt ?Qﬂlé {o%z[@t'&drpih;a}mdaﬁpbﬂ&ﬁé‘g@&di&éi@r After field
cool i ngaéfc) ocedure t%fg ﬁl uper cor duct or1 eavnké@%elsc [gatel q;ltﬁtance t he
magnet! Ociss F$ 2Ris BrecigrT OE SBVG FhEE® f'OFEes med by

cool i ng dowa;r}ts&esﬁés'lfﬁwmmancémmr atumecitpabeurtenhvelvdse! &g b cféﬂcmf éper at ur e

Tc of the HIS a ! AP sBibh @SSR aRfllor-ake thRf@Mhesmnal
magnetic flu pio grlll% %%%%%r%{/ag%fiet X(r)]{QS X suleracé.n tqr 0

confi gurati @%65@9@1@@% W?e“éﬁ&g‘f%éfrﬁﬂgeﬁlegﬂamﬁé}m EFPor H‘éﬁ%ﬁ “hray
differ SUbS&mﬁﬂeﬂéﬂe;@@ﬁ@ﬁdﬂer&@emﬂ)pm application. The coupling forces are
stron ep the co i dferdmgnet
cont | gUais oSt o Be R SE e T A T HE L e 8 R et
forces. In almmhntﬂramrucmkfeofmmpﬂ%lie TP %@ﬁé%m?ﬁﬁt%mp%ﬂx Edsyebmet ri cal
arrangement .gdetRfdM ReSe LAGInE abtpl sluﬂ’tgaré ﬁfe@@&bly koemanrdef f iCoiventingaupl i ng t he

t fi | | di ent of
The 1 ux whebeBga e Brer: SUt 6roIEhBU o RAUESER DL p ARl Ay M B E 01 ©

preventing any-deir ekirbhg, @fi@rﬁéﬁtMﬁh%B@lﬁ? Tpe038] General Iy, if the gap

d' st agﬁ% ofrt 1981‘1@%“@@1%%%5@%&%1& du®ink l&ﬁeﬁm&}@f\@l@l@h@‘é cblSplﬂ@ ke than 10 nm
oper at | on a Si

e s .the highe \gnet | | ux per
magnet i ¢ madeagd ip @h@‘@{:‘lﬂ?{g‘f‘a‘h%g{] %@n‘?‘t RITHBREE gfcﬁﬁ ;Kea&?sd |b|3{lél
magnet showshih helled ass bfaiindigpodebof fitedrglassi Parootiaramysifiveus ﬂwmﬂrt@%ﬁe@n or
di latation. [.0039 o dugk inge-ReRat beoupling is the
obt ai ned el g%’??nolna E% B%E%&g(%f }%%})@%ﬂggg?{% 3200910515695 force due to
the inter acma@nﬂtbeﬂm%@ﬁlcal %%P&e?‘@dﬁ%fh&%%‘klmﬁalpé“%gnet (e.g. permanent
magnetgg3the msdaiRk Bﬂfé&eﬂicnﬂzﬂdnsatkviamee&he Bl Skrnaetielrd laph glsdml thertrek t ur ed
YBCOfoIIovm thecem conmmo = RARE
EARTH sel ecf FSB}ﬁtl?‘ﬁéeC%rﬁ% n%%btpé%&r%&dﬁgg% Q&%@mﬁgg?&?’ ae%lFEpart of
the materi aﬁcveﬁomd@n@resmr’ﬁleﬁwiﬂfé%@W@bﬁéﬁé@qmﬁ%‘f?&@@“ﬁf BV PERHE I nni ng

centres. Mghy 91&&59 %ﬂtdla%ﬁeh@ca g%fbﬁ:ei he: iglegardpias epuRE2Baen05 (211

phase) driving. t melt textured. o.critical e es Jc
in the or dePfQYdeeS@‘e NEFEFOAK AP lﬁfu i Rgen At U5, uQF%Fé&g%cﬁlgl ﬁ{?%m%él el d.

The maxi rrunldwfapepﬁpbrétmeh &G-n?%@mmmélqvidanfrqgﬂf@w allows lmghek and can be
as high as 16 %&ég | ower tenperatures around 30 K At Iower
terrperatures g t he maxummtrappeg}fleld is limt ﬁd nﬁ }Scal

mat er i[@044pr ofeepidn e HECET ARSI Cé’“@ltmr gthi =48 0%&5’ ©
electrical g @p@y byeanes‘Ieh;e‘)l kel oSedwitaerbieal Dustotthemm‘ domtAct memasion mfez he pi nni ng
centres | eadi n s%nuv a hglag%&s@ﬁfe'b@&?ﬁ%%&k%ﬁl@%ec%‘é%@ﬂ&m&%n@l@dmﬁaﬂé‘@ eg LO

mai ntain a ﬁioé gnetic



[ 0040] Hence, a preferred formof the invention utilizes single grain high

Tc material with crystal sizes of 3-4 cmand |arger having critical current
val ues of Jc > 104 A/cn2 and producing individual trapped na (p_et i_c flux

di stri buwooRi0d2mrror-1i ke transformation correspor}i’ iTﬂﬁmP THe per manent
magnet arrangenent. Crystal size hefein is defined as the |inear extension

in the crystal plane. [0041] Besides of the two main conponents of a H' S

coupl i ng,  MRGReLARH, SUREHERNGUGHOKhe Wwiter @NtHerpeoctseddbublesidéd andeonpl et e
apparatus device 1s nore conplex. The superconductors on the driving rotor

side are préf@fdbly assenbled in o i ng. . col d stage;
eit her[OQ‘lfﬁl ed 1By PEYETSdEHPE P OGS AP g(r’ %bdratgfu%cf%g%ﬁc@;g?ﬁf%%égg%ésgv%r yo- cool e?
(Stirling, GhéhoudoMvbhonpluRohsigeTiveine afidonny ToRarRddl RerHe iy ogeni cs
stabl e dur] Q%‘f&?gﬁ%%is%gﬁ%&téa%re& B pRRLcK 150K PMY(Fesllpakeiiy an

evacuated tube (< : a) or_the Hg{iw E&}y{)eot or cold side is separated by
a thin wal | &dherlmEOFFisEArHred P IPERIuO5} ¢fyl ass. Particular sensitive
is th [ i s I Ot d the drivi t H S ri )
i's e wa ﬁﬁ;&?@egéﬂﬁﬁhéﬁn@fmﬁ@ e driving rotor rings

The materi al nnagneti c,” mechani cal stable and hi gh-vacuum
conpatjphhg. [19943kTevobidbmage qosstectiotshsrsmictiiasel af kst efbodiment

TS majerdal 2, Nk ahoor adlent ! DBLIBLSHP Blew of RORAL LdRdREANOC 0gy Wi th
terrper[é&dr]e d%%gi g ?‘gs %%Chferg% T mmhas been devel oped and tested. The
hi ghl y{0e4fipadtic.i nshowt i ehempiQEPHrEciEMIEEY] ¥eyd i fd'y&r‘%t GrEOTREARN ows
smal | di st angerhs ghoe etlehibadiRees. An integrated cryo - punp system

provi des the necessary vacuum insul ation, . nat. i , : of

cryo- d8ed%Yr  dilal 188 SEHE mf‘é)ﬁii%erci %a?gesrs?e B%Rgg ‘%a S\é(g(lnn%a,e%ﬁebg&tn%ﬂ?i qui d

ni t r ogens@nd ra.l3awkow givdematgress-eciwrERYSPELOTAREBOE B HHITRIPOGIRHE magnet i ¢

i nter ian t B i NIl 8l danil KRiadre tied emBodimepattly open
vessela@b%ﬁ clﬁgg'gg%gﬁg%gcrhgﬁgggoﬁﬁﬁe non 1cont act i nterac():tii on waf er

processi ng &iosed BEpr essure becones possi bl e. Because of “honogeneity and
t he opeps2; VIO 120 BOLRRAEH AREMAIBAOOH065608-181 rienglgdbnbembodinent ieortgnet i ¢

part the wafer..can be processed doubl e sided under rotation. [0045]H gher

process temp&rdtlires up to 200 C are possi bl e. Ex,tremely agqr essj ve

Ehem da0S3lor Tgadaond 45 sha IbREIG RESHIERTI P 46e ey 4 80050 TBed i the
magneti ¢ Wafy@hinfed! fidPbn bésigeH.f ace covered by protective |ayer of PEA

(Per 1 garsnated o aYha e L Ol EGIER LI 1650 ok Ao b kbR N1 ene).

bodiment in closed position.

Mode(s) for Carrying Out the Invention

[O053] With reference to Fig. 1a, 1b, and Ica first embodiment of the invention shall be
described. A magnetic levitated system 100 operates through the bottom 103 of the
semiconductor processing chamber 121. The silicon wafer W is fixed on a magnetic
wafer carrier 112 and rotated without any mechanical contact in sealed process
chamber 121, The process chamber 121 comprises a bottom 103 in the shape of a
Kloepper bottom to withstand mechanical forces at lowest wall thickness in case of
forces due to high pressure or vacuum in side the process chamber 121. The process
chamber 121 is made of stainless steel or non-metallic compound material. The HTS
magnetic coupling features a radial symmetric superconducting driving rotor 101
below the chamber and above it with an axial spacing a large driven rotor 102 inside
the chamber. Driving rotor 101 and driven rotor 102 are separated by the NONMagnetic
chamber wall 103, which is bridged by magnetic forces. The driving rotor 101 has a
ring structure with integrated annular arranged permanent magnets 105 (the coupling
magnets). The arrangement of the permanent magnet 105 can be vertical or under an

angle. The individual positioned permanent magnet’s 105 are faced with their po-



"[0046] Fig. |a shows a schematic cross-sectional perspective view of a first
-enbodi ment [0047]Fig. | b shows a schematic cross-sectional view of the
first enbodi ment [0048]Fig. |Ic shows a schematic crosi-ls@%%d' %na()l . detail

vi ew of wWAa09{j§st at accommodating fhe H'S of the fir % odrTent
[0049]Fig. 2 is a schematic cross-seécti onal per spective view of a second

enbodi nent. [0050] Fig. 3a shows a sch% c.cCr ect i onal Ezctl ve
view of a thirreierise@isiint= | F005E EF§ %4?0%3‘05“ éléﬁ%‘ﬁnéu‘g?l&gg 'sect i onal
detail viewrgf dﬁvéqf}bfoﬁi1@%9@1mwaﬂeﬂcarhas]ﬂd widspins wrhold BO52PEE wafeB8c shows a
schematic ¢ ggggﬂ@e“ ' %”1%5 ag§ glg\'zen}%}é{o?%’é’imﬁa&ﬁh& d Vsla@mm%léb@ aapen

posi ti on. pgrot ow schenatic cross-secti onal ‘top and side
views of a fosing paerhavbodiaresss brignesgehoiialsi aaesron foysa eyt é“‘éeﬁd 4d show

schemati c CrQss, nﬁ%tféﬁl@@é ol RAGdS denrivdnesatrd finawfteeir bty seehaped ment i n
cl osed position.

t.the 0 Y tihy,
ref erence t 6OIHFGG L0 [Ih%to q%lnlﬁhﬂh?ﬁ“&b\é ? “Hn%aé)djewe% td&el% [[19 ?%/5\6/%1]1“ on shal |
be descri begtatidbdmgneion deevi.b atred syst em 100 oper at es through t he bottom

103 of é%i%i se[m6 gqg&%{o ﬁop{sQﬁéﬁiﬁﬁ&é@Qan@%{ﬁﬁgd b}l@é 50 &&n@n&un@m\mﬁemrw s

fixed 8 tic wafer car f’L% 3 W'EQLA\ out an mechani cal
contact in é@hW@HCWP%%Eédb’H%Y‘?B&m‘RZt *ﬂ"f‘é‘gb?tf}’é IQWB%ny 1 conprises a
bottom 103 & uH]ﬁnséaa@@l@fth@xd&brdébper bottomto withstand nmechanical forces

wa ness > f HESTHE 6 vacuum
| n si V\@%m]e &lrhg g}ﬁnt rﬁg C‘i{%iﬁ z%ﬁor E@EE sldbR dEt@mtﬁhQ;hb g 1306“1

ss chanber 121 |s
st ai nl ess ste/ektaﬁrouﬂogl%baaflmg ]@g%&%}@@iﬁ% Heltiehyi g mit SF ITE?'IIE]II c
coupl i ng feﬂ&d 1 €Fcd; (Iﬁqlh%lmﬁ WEORLOH €405 U@Bbﬁ@]ﬁduldtsup\igccﬁhﬁuaﬁ{)ngsid@mr 101

bel ow t he chanber and abo " SPAC e driven rotor
102 i nsi de Pﬁ‘@‘%&%@? "ti'{ziu &gwﬁ" ot?l Cgmie%é&?o %%%\912% drﬁgét: %lrhgloz are

separ gb@w] by Tth etrzmmmgne:apmla@hawﬁéﬁ Hiet 1041f08 Hawip nEIOZEs codin 8 §eBOBY hragnet i ¢

forces. The,dij yj 1§13 chti‘Qé atie RAs: 1@1@)3@1@63&%&1&&{1@{:1\%&& vhice goatiedofannul ar
arranged pernanent - net s 0%

upl i net s T ment of
the per mamera\tthilPrﬁ@lﬁéf’eI WCB‘é‘hmﬁ%&%‘F? ﬁ%aélcm (ﬂ“gﬂ?fbl%? am)b]em Ph’glp gnIahe i %dl vi dual
positioned peRrRREHiogmgekd sufttnaneor & eld iwitdas @rh@ltqtf 0@6?— 106 of

evlindrical shape fabricated of non-magnetic composite material (G - 10, glass fibre re-
inforced material) and an inner about 1 mm thick glass and graphite fiber composite
ring 107. Both tubes have to withstand mechanically the air pressure and are vacuum-
tight. Both rings are connected by a ring-shaped lower plate 109 (a thick G- 10 plate)

at the bottom and a thin stainless steel cover 110 at the top. The top cover 110 is made
as thin as possible (0.1 mm) to maintain a short magnetic interaction distance between
the permanent magnet 105 of the driven rotor and the HTS 104 of the driving rotor

101, This part is fabricated by non-magnetic stainless steel in the desired geomety.

[0059]  In the space between the inner ring wall 107 and outer ring wall 106, a copper ring
108 for liquid nitrogen storage in the lower part 182 and for accommodating the HTS
104 in the upper part 181 is placed.

[0060]  Cryogenics of the superconductors in the cryostat is performed indirectly by
conduction cooling via a copper ring 108. The upper part of the copper ring 108
contains the HTS blocks 104 machined into the exact shape and glued with glue, which
has a high thermal conductivity, into of the copper holder. Superconductor 104
cryogenics is performed by conduction cooling using a liquid nirogen siorage
container 182.

[0061]  For optimum cryostat function heat transfer coefficients of the melt textured YBCO
superconductors were determined to =5 W/Km between 50 and 300 K, nearly tem-

perature independent. Under equilibrivm conditions the therma] conductance is



WO 2010/ 070562PCT/ 1B2009/ 055695 9 | ari zation vectors Pi (i =1 - n; e.g.. n |

= 48) towards or fromthe superconductors 104. The driven rotor 102

supports a wafer carrier 112 with pins to hold the sili . The

drivi ng Wet2810/f0P2and driven rotor 102 turn around a \l?gﬁft?ﬁlz{'gﬁg%bs wher eby

all turning parts have to be mass bal anced. For safe operation driving

rotor 101, driven rotor and wafer have to turn aroug@ﬂ a ctgrr&gnl centre line

Wi t hout any Prasedarip ehIndevitidt: £ VPHEMBHENET HFAr RAYATERS WY The air

gap bet ween jtfigreh abdint DgpdpantiacanthetliES st ati ¢ bottom shoul d be > 0.5 nm

[ 0056] driyven. rotor; 102 atdn Caunbigd BrstdhRimuRergonduct i ng
D03t or B Fhiea e AR AT e R R

driviﬂ novenent” of the driving rotor 101 is

fol | owed by imdiregon vaihemp sosgict 0dscare ohdelisaigd spers e B mbodi nment
of the dr Ih vib@&,gegg}gggﬁgirg gwﬁb@é ﬁﬁd ihe r\\)ﬁh@h@’&ﬁbﬁﬁfbebygbmw}dfmm s: ( : )
cryostat housin aving hi chani.ca : ‘ t hst a ar ge
axial and r&H?‘%gerPg?‘@éE?mF i“ir?m%ﬁlésgﬁhnlg Ol@ﬁhseud g]?l% %%ﬂ %%(,)ﬁe%f%fmgf&? %feﬂgol d
super conducted 1innsiaeunkeechddd bergyeed heiHTH o84 &4 the envge ! 1excliiding éhnect i on

to a rotati Qﬂgk&pri ve unit. [0058] The structure of encapsul ation of the HTS

104 for liqui n|'trog}$r_1 cooling is shown in fg?i | in giu%'c I,cg.m‘[he driving

rot or [@0@3]corfpd sEssial 10%8&%%%?88&%%?01%%% oHSTEPE 01 S hr €ef ol d shel |

structure t goudwih@icvethbeal conhdinet jadn fdensaigiasnperics ipethgtudles to the

liquid nitrogen, cool - OhodQdes 4 hich ek HIRS! ARnut 8% 16aSe 106 of
R e e e b

cylindrical ° abric gnetic_conposite materi - 10,
gl ass fi br e thesinaf smdeivitat e MO madde firapdaidikes reﬁﬁﬁ?‘ﬁﬁ*“c‘%s (agss and
graphite fi el cQABRShicd thirmgl 0T and@dibred, whesh foaw e ptuality bhetans o the

mechani cal ly the air_pressure an reoVagt: i i .

connect ed by™ &’ P g}%ﬁ‘é tggﬁei %Wﬁ?glﬁ%a@g' %SH?%&I% %lﬂéﬁ?s %%}i%& %?&%t%eé)%oglt t he
bott om and ahe inher cotdaiopperswgdO8 epcospyedating thegeld HES dplo trhautepopyeder 110
is made as fwgkiuf‘lré‘asddﬁf?)%,sﬂ'h!é’ﬂn%l (RobmHfatd 1B dTbaikd? tans00nibarRgued ihe
interaction di stance bet,\geer],t hF .ger manent rmlgeré%a 105 of the driven rotor
and the FI TSogutorit REtRYS iy 2HER BP B4 L% s fabricated by

non- nggoet}i ¢ Tieainhl digst ahealtionnbartveerds imedcgeé onet 4 108 pebBOPuEhraRe space
between the inner. [ingwally; 184 az@@@ogﬂ;e@rllj,'vﬂgcmlpb}yjlﬁﬁjd Br§RRRLRG thd Ng 108
for liquid AR ogen orage in the |ower part 182 and for accopry gatl ng the
FI TS 104 i ncoprer uppelrl 8gathe lipgad intet prdeasgo S[%@B‘d]lﬁﬁsaég&’r‘ﬁ SEBSWBF“FI;E &

super conductge Sinkd 13hee SRYOSHAL ofisatpen fdthned therdial @atiiyivisy pogrdige tikon
cooling via a.copper, ri 3. .. @f, kg 108

cont ai ns thé‘%ﬁlﬁﬁgﬁﬁeglcﬁ%dq%%?%gg S!{Bﬁ%%gfgﬁ%%&?e{%%agigi?&}sﬁgpgﬁ gn.d lued with

gl ue, whi ch ligais! mtrdgey torage cARACitE 6hHECPPRAT CIRINAT FOUH beear T 15T der .
Super conductofimkQfe GEHRARNLESd Eanpand etirededy mpadiyetiionticoof irg using a

liquid nitr %%%Qtatsér? trhg%ﬁle? gagmtd.ainqgé px;lé§=32ﬁt invention the liquid nitrogen capacity is about

1,800 cm?,

[0065]  In the presented preferred embodiment the insulation vacuum is improved due to an
integrated cryo-pump attached at the cold copper part. The pump is thermally
connected to the cold copper container 108. Zeolites or activated carbon are utilized as
the material that is directly placed to the copper vessel. Cryo-pumping utilizes the
physical - chemical effect that the attractive forces between an adsorbed gas molecule
and as vet little covered cold surface are relatively great. To be able to absorb ef-
ficiently large amounts of gas, corresponding extended large surfaces are necessary.
For this reason, porous material, like activated carbon is used. This carbon con-
figuration has a specific porous structure giving internal surface of 500 - 1000 m¥g.
The cryo-pump material can be regenerated affer a period by external heating and si-

multaneous evacuating.
[0066]  The vacuum improvement brings the cryostat with superconductor into the 10-% to 10-



- [0061] For optinmm cryostat function heat transfer coefficients of the nelt
.textured YBCO superconductors were determned to X= 5 WKm between 50 and
300 K, nearly tem perature independent. Under equilibriumconditions the
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guidance force enables fast wafer acceleration and deceleration and determines
processing throughput.

[0071]  The magnetic wafer carrier 102 in Fig .1a has a ring shape. In Fig. la the wafer W is
clamped between the pins and an upper ring 112 by attraction forces of permanent
magnets (not shown}. Magnetic fixing and clamping the wafer on the edge allow free
space processing from bottom and top side. The processing chamber 121 can be closed
hermetically by a cover part 115 and sealed by an elastic ring for high pressure
processing. Using a cylindrical connection 123 to a motor drive unit the driving rotor
101 (superconductor cryostat) turns the wafer carrier 102 inside the closed chamber
without any mechanical contact by magnetic forces only.

[0072]  The closed processing chamber 115 in Fig. 1a possess central feed-through 122 for



mul t aneous evacuati ng. [0066] The vacuum i nprovenent brings the cryostat .

W th superconductor to the 10-2 to 10- WO 2010/070562PCT/ 1132009/ 055695 11
3 Pa insulation region preventing heat conduction. Because the outer vessel
is made @b Gpestte material with probably small | eaRET/E@ENAKTPg

different other materials inside thg cryostat, at particular on the sol der
and gluing joints one expects a small steady-state |eakage of the cryostat.
Typically, thesheakage ArRdngs 1Ieasueedthade ving hove 10Dwith tRgrydstat eghger second
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P thermally insulated analogously to the axial configuration. A motor drive unit 219 with

a shaft and a motor coupling 220 supports and drives the driving rotor 216. The driven
rotor 221 together with the wafer carrier follows the cryostat movement by the
magnetic forces through the (nonmagnetic) chamber wall.

[0076]  In the following a method of operating a device according to the first embodiment
shall be described. The device according to the first embodiment is provided in an
open state (the cover 115 is removed), wherein the annular copper vessel 108 is not
filled with liquid nitrogen and thus the HTS 104 has ambient temperatuse (well above
Tc). Furthermore the driven rotor 102 is not placed in working position.

[0077]  The driven rotor 102 is now placed in working position when spacers with a
thickness of 0.5 mm are placed between the inner surface of the bottom wall 103 and
the lower surface of the driven rotor 102. Consequently the driven yotor rests on the
spacers concentrically arranged with respect 0 the driving rotor. Thereafter liquid
nitrogen is filled into the annular copper 108 through one pipe 113. Excess gas
exhausts from the annular copper vessel 108 through the opposite pipe 113. When the
HTS 104 reach a temperature below the Tc the magnetic field, which derives from the
permanent magnets 105 of the driven rotor 102, is trapped and pinned into the HTS.



- cl anped between the pins and an upper ring 112 by attraction forces of
permanent nmagnets (not shown). Magnetic fixing and cl anping the wafer on
the edge allow free space processing frombottom and top side. The
processiwg 2eioaniser 121 can be cl osed hernetically by %C@gvgpmﬁﬁ?i 115 and
seal ed by an elastic ring for high¥ressure processing. Using a cylindrical
connection 123 to a notor drive unit the driving rotor 101 (superconductor
cryostat) t Ohasaftehehewpdcers cembe keapoved 2nd eidgiven FaociBJedtan ahDEr ™ t hout any

mechani cal %a%b%%al‘??’oi@ﬂﬁtﬁk kGuch@RE HEFThOBhYen 0RQ 12} Tbeeet Bzedplpi ocessi ng
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bodiment.
[0082]  The driven rotor (inner rotor) comprises three gripping elements 305. Each gripping

element 305 accommodates a permanent magnet, which is magnetically pinned to the
HTS element when the HTS has 2 temperature under Tc. Therefore each gripping
element 305 follows the radial movement of its corresponding HTS in the cryostat 318
as depicted in Fig. 3b (open position) and Fig. 3c {closed position). The inwardly
facing surface of the gripping element 305 has a V-shaped groove to contact the edge
of the disc-like article for securely gripping the disc-like article.

f0083]  Following the operation of the device according to this third embodiment is
described. Before starting to use the device the cryostats (at a temperature above Tc,

e.¢. room temperature) are moved into open position and the gripping elements 318 are



[0077] The driven rotor 102 is now placed in working position when space‘r‘s
with a thickness of 0.5 nmare placed between the inner surface of the
bottomwall 103 and the | ower surface of the driven r -<Gonsequent |y
t he dri V&R 20B¥0G¥562 ests on t he space/,s concentrically géfﬁﬁnzé@ﬁh@mﬁg?h respect
to the driving rotor. Thereafter liquid nitrogen is filled into the annul ar

copper 108 through one pipe 113. ces as .exhausts fro he . ar
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removed and stifiece df iheeplindstcalsideopall @it BeWs3“gbove the chamber wall 103
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the disc-likedberias Bewierinsiit@4Ra 8 bel ow. [0079]Fig. 3a shows a
schemghyjgs |Cr OFBerSBE Liigiad clpesspeetia vgenpoewonfFg. 3ditired roprbddeneERt . Detail 3b
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conpri ses a npswles 32Pmae e SABEETANAP | §OZEPET WAl B RS EARNE e wal 1. A
feed pipe 32fsfgedspldaWidndold 305 e pocbobggas thetaigt hethbdisk-1B2 2rtmivdWan

exhaust pipe_328 collects used £l uid.. Ar i vi s B conpri ses
a rotary di $Ei833: 8’\’/%0&%6 TPEENS 185?1%3& pﬁﬁ%@?%@%gﬁg Qlﬂ%isgg%%%%&%%%&éri vi ng
rotor 310 i sacdinpetthediskdike heidroin|copirashgfmechpnigalferce WMeALs frenBEdr 313, The

pi pe 327 | e%ﬂ%]ufe'é' E%%Qeﬁ B¢ clbolibQwnababovidthn@eudlr s bapedr Satdn arachads 317
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[ 0081] Cube- shangd:CoxesHALS 234 8n diegrippingtektheno. t he distal ends of the
carri e[g}O‘gG? ds P%Qh and 4b show schematic cross-sectional top and side views of a fourth em-
bodiment in open position. Fig, 4a and 4b show the same in closed position. The ar-
rangement of the device according to the fourth embodiment is based on the third em-
boc;iment. The chamber {bowl, cover and cylindrical side-wall of the chamber) remain
the same. Therefore only the cylindrical side-wali 422 is shown. The chamber is
surrounded by four cryostats 415, which include the HTS. The cryostats 415 are
rotatable and radially movable as above-described for the third embodiment.
[0087]  In the chamber a deformable ring 401 is levitating concentrically with respect 10 the
cylindrical side-wall 422. In the deformable ring 401 permanent magnets 410 are
located corresponding to the HTS in the cryostats 415, The permanent magnets 410 are
pinned to the HTS as above-described. Therefore the deformable ring 410 deforms
when the cryostats 415 are move outwardly as shown in Fig. 4c and 4d (the open
position). Adjacent to the permanent magnets 410 gripping elements 405 are mounted
to the deformable ring 401, Alternatively the gripping elements 403 and the de-
formable ring 401 may be formed out of one block material. A suitable material is
poly-tetrafluoroethene (PTFE). Other appropriate materials are: fluoroelastomers
(FKM, and FEPM) such as a Viton, Tecnoflon, Finorel, Aflas and Dai-El or perfluo-



Wthin the cryostats 318 the FITS el ements (not shown) are |located in close
proximty (0.1 to 5 mm to the inwardly facing wall of the cryostat 318.
The cryostats 318 can thus be radially noved driven by the |inear nodul es
315. TWHEO@ty8¥bat s 318 have a double contai nment eMﬁﬁi@%&W”?ﬁﬁilar to the
one above-described in the first ém bodinent. [ 0082] The driven rotor
(inner rotor) conprises three gr g |n&ﬁflenents 3%@ IAEach rlpplnp el enent
305 acconmsdastewern (HakMadermolien et Kalipn ChemiznBghet ACEMAYYS-AnEE to t he
HTS el enren; W8 tdBed/ISWhaS the peeimpmmblapee s rdenoufieed. Thesrefgnegegach .
gripping el nt 305 follo h spondi ng HTS
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inthe cry 05|t|on Fig. 3c

(cl osed poﬁkﬁhmnymaﬂﬁewiEﬁﬁ?dﬁﬁ@?ﬁﬁ ghgenef @qw Bk ng el enent 305
has fool\éB ha@ﬁg e&ﬁ&ﬁ%@ntﬁﬂm@@ ﬂ}te%ﬁ{fanftig@ RAdge d&f?oﬁrﬁ@ledh@%@h It&ﬂ@ﬂﬁf tvitg lice f or
securely grippin

i.ke article. ] ow ng. t he tion of
t he devi cep%’@éléﬁ’ginﬁ%lefs @rﬁ“@ ﬂfarﬁr’rpgmgr%%mn&?e%fﬁdg%aég%sm“gd ﬁlasgﬁ’%% g%% starting
to use thesodBatiiciet he defopostiansopang. dherefpe theras aoabolie CPmpersalg.2ny oom

t enper at ur iop and the gripping elenments 318 are
WO 2010/ 07 %%g?%%% %ﬁ%ﬁ%@%@%@%%@paggkﬁgﬁght into a desired position - each
of the gripping elenents close to the respective correspondi ng cryostat.
The V-shaped groove of the gripping elenent 318 is inwardly facing and
horizontal. In open position the gripping elenments 305 nay touch the inner
surface of the cylindrical side wall of the bow 322. [0084] After the
gripping elenents 305 have been positioned the HIS are taught by cooling to
a tenperature below Tc by filling liquid nitrogen into the cryostat. Now
the gripping elements are pinned to the HTS and foll ow all novenents of the
FITS (radial novement for gripping and releasing the disc-like article,
vertical novenent for lifting and lowering the disc-like article and
rotation). [0085]Wien the gripping elements are in open position (Fig. 3c)
t hey provi de enough clearance so that a disc-like article can be | oaded to
t he chanber. Thereafter the linear nodul es 315 nove the carrier rods 317
together with the cryostats 318 inwardly and thus the gripping el enents 305
are pressed against the edge of the disc-like article W(Fig. 3b). Due to
the magnetic forces pressing and gripping is soft and allows a smart
handling of the disk like article in contrast to nechanical force el enents.
The linear nodules are driven by electrical energy provided through a
col l ector system attached to the non-rotating feed pipe 327. After the
griping elenments 305 touch the disc-like article the cryostats are nove 1
mm further inward in order to provide necessary gripping force. At el evated
rotati on speed (e.g. above 500 rpm it m ght be necessary to nove the
cryostat further inward to provide a greater force, which conpensates the
centrifugal force, which acts on the gripping elenents. [0086]Fig. 4a and
4b show schemati c cross-sectional top and side views of a fourth em

bodi nent in open position. Fig. 4a and 4b show the sane in cl osed position.
The arrangenent of the device according to the fourth enbodi nent is based
on the third enbodi nent. The chanber (bow , cover and cylindrical side-wall
of the chanber) remain the sane. Therefore only the cylindrical side-wall
422 is shown. The chanber is surrounded by four cryostats 415, which

i nclude the HTS. The cryostats 415 are rotatable and radially novabl e as
above-described for the third enbodi nent. [0087]1n the chanber a defornmabl e
ring 401 is levitating concentrically with respect to the cylindrical
side-wall 422. In the deformable ring 401 permanent magnets 410 are | ocated
corresponding to the HIS in the cryostats 415. The pernmanent magnets 410
are pinned to the HIS as above-descri bed. Therefore the deformable ring 410
def orms when the cryostats 415 are nove outwardly as shown in Fig. 4c and
4d (the open position). Adjacent to the permanent nagnets 410 gri ppi ng

el enents 405 are nmounted to the deformable ring 401. Alternatively the
gripping elenents 405 and the de-formable ring 401 may be fornmed out of one
bl ock material. A suitable material is poly-tetrafluoroethene (PTFE). O her
appropriate materials are: fluoroelastoners (FKM and FEPM such as a
Viton. Tecnoflon, Fluorel, Aflas and Dai-El, or perfluo-



WO 2010/ 070562PCT/ 1112009/ 055695 15 roel astoners (FFKM Tecnofl on PFR

Kal rez, Chenraz, Perlast. Alternatively, a steel spring can be used, to

whi ch the pernmanent nmagnets are nounted. The spring together with the

per manent magnets is covered by PIPE (poly-tetrafl uoroethene) PFA
(Perfluorinated Vinyl Ether), or ECTFEs(Ethyl ene Chlorotri@b%%Eg Et hyl ene) .
[ 0088] This enbodi nent brings the advantage that the deformablé ring 401
together with its pernmanent nagnets 410 and the gripping el ements 405 can
be construed mass bal anced so that .t does not deform when rotating.
Therefore there is no need to conpgﬁ?3§e any centrifugal force acting on
the gripping elenents. 16 Cains 1. A device for supporting and rotating a

di sc-1i ke artA gbgice dopsiiongng andiirdting et disc-tiRERIHIGE RErprifyport for
supporting the disc-like article, wherein the first rotor is |located within
a process chaniyst rotor comprigingceiParbios suppafBgt e ditc-Bkeiprtite. mechani sm f or

rotating, ihe, Sacand (a8 a8 jodigh Sihid He,SERANG L Akgr 1S coupl ed to the first

rotor by nmagnetic forces wi thout touching the rst rotor, and the second
rotor is | ocat sstbandgt etatecanine cledoioes drivd ardoba ndsmd far roddting theavecandged bet ween
the first rotor an&the second rotor | east one magnetic

an . at
coupl e, "QI%sr Whereihhe3RaANE TOtoRJF icoHRled tf’icgtr‘%iﬁr%dﬂ'ﬁﬂribﬂdnﬁap?“% €&’ second

coupl i ngyifayk tou/&wgfm firBerdtbf, ShdREREESEK RYoE iCBRRIdSERsReGAP! | g magnet
nounted to the first rotor and the second coupling part conprises a high

t enper atpuecssugarncioerdanst & naglinatasringed DEr@gen the first rofloeeedrthé he magneti c
coupl e(ss) a(r)\g %rran d and/or forned in a way so that no degree of freedom
remai ns SHEPRREACL irst rotor and the second rotor so that the first

rotor noves iRuaiNSheWhidhdtRecagidhéRltihe @ifbie compriskferftn the second
coupling part is assenbled in a single crystalline structure or ring

cryst al cobplkgspartzndm gesarskceidivgdiaily hereinathe firsimmipding pee second

counl | G, beEBEITES %) EuhETIEIEH T SURSHEGREGRARE ot o I,

cryst al legp#npsrt coaxeBedid Bighedmbperdtbe Sigertosoudinighgapsardl (HT8), A devi ce
according to claim1l, wherein the high tenperature superconducting nateri al

is anelt texhered the grranatissonplpe) g%@ﬁ%@ﬂ%éﬂﬁfﬁ)@ forsted inag way
s0 that no degree of freedom remains between the first rotor and the second
rotor so that the first rotor moves together with the second rotor, and

wherein the second coupling part is assembled in a single crystalline

structure or ring crystal biocks.
2. A device according to claim 1 wherein the second coupling part
comprises the high temperature superconducting material in form of crystal
blocks, which are assembled in an annular geomefry with the crystallographic
¢ axes directed to the first coupling part.
3. A device according to claim 1, wherein the high temperature
superconducting material is a melt textured high temperature superconducting
material.
4, A device for supporting and rotating a disc-like article comprising:
- a first rotor comprising a support for supporting the disc-like article,
wherein the first rotor is located within a process chamber,
- a second rotor connected to a drive mechanism for rotating the second

rotor, wherein the second rotor is coupled to the first rotor by magnetic forces



4. A device for supporting and rotating a disc-like article conprising: a
first rotor conprising a support for supporting the disc-like article,
wherein the first rotor is located within a process cgﬁmgﬁ, a
second rotor connected to a drive nmechanismfor rotating-the second rotor,
wherein the second rotor is coupled tgzthe first rotor by nmagnetic forces
MCSLLF 17 wi thout touching the first rotor, and the second rotor is |ocated
out si de wtitheuptarbiy tedirbbotandnd thekbcorsd ertvaizgedafetowsidetthe first rotor
and the second,rotor, and . at | east one netic couple, wherein the
coupl e @6%%35%?”??”@%{]8 L&ligs ?H&”Sﬁﬁjg’ez"ﬁ%le%“%‘“e”g%ﬁé()t%éﬁﬂi*% part, wherein
the firskcequRbtbnGRArt conprises a coupling nmagnet nounted to the first
rotor and the second coupling part conprises a high tenperature

super conduct htpashpee iradgnadTSouple, whereintbeaioupldheompgaes adirsoupl e(s) are

arrange 0 d_j way ..so that no .degree .of freedomremains

bet vveeng?ﬁ@%q ‘5%{1 %E’\gfa(ﬁéc;or@ (qurﬁ)kg%(?gﬁdWP(?{%PG@‘B%{?{&OUPHBQ PFst rotor noves
t oget heeomiptiBet Becaiting tha@ieimodigd to the firstAGIbE ARG segsnd coupl i ng part
conprises the high tenperature superconducting material in formof crystal

bl ocks, COMPIEY RATE CABWERBS adigh tempaiatuesungseardugingi materiab(HTS),

crystal |l ographi.c.: j L t e fli Lin rt. 5. A device
accordi ng to%leg?ﬁnt%%?ﬁ@re@?%%? ﬂ]ee(%l ég'% %rpeér{{i%dﬁﬁ&/@r Z%%bq%?gr?dW@Y ing materi al
is a meko thabdoudegtebidiirdeeiopercaunaing baupesic enslict rear BRY eké abeond. A device

for supporting and rotating a disc-like article conprising: a first rotor
conpris %@r%oglf’éﬁlﬁﬁ‘ first 5ptos inpysstiragthenwitdithe-secred aptorcand wherein t he

first rotor | it i olg : ot or connected
to = drive nenRea o Ptk Suing PRESTIBRRES s o REREWEhe second
rotor isumouphedecting mhterki irsformatfarydiyl nagiestiitich are assamblheuh drouchi ng t he
first rotor, and the second rotor is |ocated outside the process chanber
and a m%fﬂ"|*U’?%Q%Wﬁﬁgéﬂﬁb*g*@vsééﬁa{’%aphmamﬁ direelrd to e Sest sadpling or, and
at | easg,one magnetic couple, wherein the couple conprises a first coupling
part and a second coupling part, wherein the first coupling part conprises
a coupl$.ng nAgesicenaconrdidgtio ctdie 4,iwisdreinotherhighdemberasteeond coupl i ng part
conprises a high.te etrat re superconducting material (HTS), wherein
Lhe. magtHAeT eoRing Bytedebis Muldediuintifioh Eampsatirs SPRERPSECHIGL no
degr ee ghtdriagedom remai ns between the first rotor and the second rotor so
that the first rotor noves together with the second rotor, and

A device for supporting and rotating a disc-like article comprising:

- a first rotor comprising a support for supporting the disc-like article,
wherein the first rotor is located within a process chamber,
- a second rotor connected to a drive mechanism for rotating the second
rotor, wherein the second rotor is coupled to the first rotor by magnetic forces
without touching the first rotor, and the second rotor is located outside the
process chamber and a wall is arranged between the first rotor and the
second rotor, and
- at least one magnetic couple, wherein the couple comprises a first
coupling part and a second coupling part, wherein the first coupling part
comprises a coupling magnet mounted to the first rotor and the second
coupling part comprises a high temperature superconducting material (HTS),
wherein the magnetic couple(s) are arranged and/or formed in a way
so that no degree of freedom remains between the first rotor and the second

rotor so that the first rotor moves together with the second rotor, and



18 wherein the high tenperature superconducting material is a nelt
textured high tenperature superconducting material. 7. A device according
toclaim3, claim5 or claim6, wherein the nelt texturedqhigh tenperature
superconducting naterial conprises a conposition RE1+xE3a2Cu307_ (RE is
selected fromthe group Y, Sm Nd, Dy,8Gd), wherein x is in the range of
0.1to0 0.8, and 6,is in the range of 0 to 0.5. 8. A device according to
claim1, claiteredtthg @th@“m@%@ﬁerﬂm@fp@’&ﬁid@@dnmnéﬁ g nediupl es are

P et CRREE R IBARE L B BHBL SRARIAASD =) (a3 one coupl LN

magnet . Ice according to ¢ im4 or claim®6 wherein the

HTS i s pl.aced davigetdteorting toslalnatl oginmaCouslkain W sirlcinwhb GRelf S cool ed by
addi ng _rto en or a cryo-cooler. 10. A device according to claim
i

l.iquid, ni ¢ . !
1, clai ﬁ?%”&‘?d E'lgb ShpEre SHPEConduginadgnatarial semrrises @ampesiion si ng a
coupl i ngrERARLIC ML | I i t IH qw t he arc
symetry E(;? ;he_%[}l @%?g%lcferdaﬂé@%qh?@é@Jg\%?ﬁ:’eng’ccc)}r?éil(ﬁg to claim38
wher ei n Wierggasts invoe cangst o riadh@tanchavein( thei laoyeof otiatg enal symet ri c)

magneti ¢, fields, .which are arranged so that the magnetic axis of their
magnet i & i o tRCPe aRe0 Sl /REY T HaAFAr @) IRy 8 WISREW aHPAS el 5,

| nt er seatdgiakic cplddrerodeguemdtid sasARAHBNBIBSRARFANG 11 st rotor
r

and the second rotor. 11 . Device according to cllaim',”claim4 or
cl ai m 6/eafhePBIGRUPHRY AESINES. i ntegrated in a vacuum cryostat ensuring

t her mal gi nsulaf | I h ecessary | ow tenperature during the
oper at i ah. Ait%é\ﬁ%e gg(\%’@%@g@h{ﬂg&?ﬁn gloa(i 'Tb%mﬂgﬁ’@"h?’{)%g%@d%um cryost at
i s cool pthcky im achethhabinel@tRg vaouuyCrieRRI, Rehich Fseéc?dle\!@ib? a‘asfdirfg refrigerant

t

with a hoiling tenperature at 100 kPa | ower than the critica
super co %*éfétﬁffg@%%gb@r%xw@dmc) of the H'S. 14. A device according to

compri s manal et ataiato Rt £ dabif o 8 TuBrs™ia bagt Stne firat
coupl i ngragihetie coapleegoroprisige atdveipting heaierst Wit Hendgiadkirenplyidh S So that
porti ongogg nctathf%ﬁg\lzvrt et?z arrg gycl)r%mrg%%/y (?fotlhg acr)xrnugaerlrg?t;srgtra%k(.jl se-like article.

11. Adevice according to claim 8 wherein at least two coupling magnets

have (uniform rotational symmetric) magnetic fields, which are arranged so

that the magnetic axis of their magnetic fields are not identical (parailel axis,

skew-whiff axis, intersecting), so that no degree of freedom remains between

the first rotor and the second rotor.

1

12. Device according to claim 1, claim 4 or claim 6, wherein the HTS is

integrated in a vacuum cryostat ensuring thermal insulation and maintaining

the necessary low temperature during the operation.

13. A device according to claim 12 wherein the vacuum cryostat is cooled

by a cooling element or by keeping a reservoir of a refrigerant with a boiling

temperature at 100 kPa lower than the critical superconducting temperature

(Tc) of the HTS.

14, Adevice according to claim 1, claim 4 or claim 6, wherein the first rotor

and the second rotor comprise magnetic couples, which are radially movable

so that the first coupling elements may change the distance to the rotational

axis so that portions of the first rotor may hold or release a disc-like article.



L P 19 15. A device according to claim 14, wherein the radial positions of
the second coupling elenents are controlled with respect to the spin speed
of the first rotor in order to conpensate the centrifugatgsfosce acting on
the first coupling elenments. 16. A device according to claim 14, wherein
auxiliary magnets are provided in ordes to conpensate the centrifugal force
acting on the first coupling elenents. 17. A device according to claim 16,
with meah® t o devise agserdinditaciaiosia vdereinh theeadiakpbsiioys ohgret s.  18. A

devi i - i 6 in,t i l.iary nmagnets are sol enoi ds,
and t he SaongiReelifs Slthditiue KRR WE BuPte Bie RRrcascadan of the
first rdtrerrotorlif.ordet foacbrapersana tidcentBRMat forberactiHBRA thibNPs@nd rotating a

di sc-like article, the device conprising: a first rotor conprising a
support PR EEEReNtEg the disc-like article, wherein the first rotor is

| ocat ed .t higayiek i : d rotor connected to a
drive mechani sm ¥'or%%gtégdt"ﬁﬁﬂﬁgﬂSé‘c‘é“ﬁ&rer‘@taiﬁ‘fﬁ%g}%w?*% A BEVEHE rotor is
coupl ed in ordérdofdongiensatethebyentrfyet forcé acveg onithBgt dodBfig ng the first
rotor, and the second rotor is |ocated outside the process chanber and a

wal | is 4¢'P&AGed between the first rotor and the second rotor, and

at | east|7one ARONES aCcSRARY B ciuhe B Witﬁm??%ﬁé&’ﬂ@ﬁ%gg%@gﬁ%g%girSt coupl i ng

part and a second coupling part, wherein it conpri ses
a coupl iohéheragxibaryrmoagnetd. to the first rotor and the second coupling part

i i gh.t t ! ti terial (HS), wherein the
et aBeoul EhibS BB AR S AReran TR A Eg s oEal no dear be of
f r eedomsbRmBIRS ahatiMe eadrigiciibicet cdnb@En &BSPéﬁ?iﬁQ%#;tﬁE%{?iéo that the

first rotor noves together with the second roto conprising the
f ol | owi §Beed epths firshratpire sequence - holding the first rotor in close

Pemper a0 e BB oLV fdev s Br Shoed b it Rt nirePbcriNene. gap di st ance
of the hiticHd, thodevickadnsrisiggond rotor is in the range of 20 0.5 - 40 nm

- a first rotor comprising a support for supporting the disc-like article,

wherein the first rotor is located within a process chamber,

- a second rotor connected to a drive mechanism for rotating the second

rotor, wherein the second rotor is coupled to the first rotor by magnetic forces

without touching the first rotor, and the second rotor is located outside the

process chamber and a wall is arranged between the first rotor and the

second rotor, and

- at least one magnetic couple, wherein the couple comprises a first

coupling part and a second coupling part, wherein the first cotpling part

comprises a coupling magnet mounted to the first rotor and the second

coupling part comprises a high temperature superconducting material (HTS),

wherein the magnetic couple(s) are arranged and/or formed in a way so that

no degree of freedom remains between the first rotor and the second rotor so

that the first rotor moves together with the second rotor,

the method comprising the following steps in a time sequence
- holding the first rotor in close proximity and co-axially to the second rotor
when the HTS has a first temperature T1 above the critical temperature (Tc)

wherein the gap distance of the first rotor to the second rotor is in the range of



cooling the HTS to a second tenperature T2 below the critical tenperature
Tc releasing the first rotor. 20. Method according to claim 19 wherein

the HTS are taught by magnetic fields deriving froman ag,uggjﬂl iary magnet,

i

which is different fromthe coupling magnet, which is el*ément"to the first
coupling part. 21. Method according 28 claim20 wherein the shape of the

magneti c %‘iae d of the auxiliary nmagnet is simlar to the shape of the
coupl i ngO~ aghetMso that the direction of the field vector deviates not

mor e t hancHingthe 1He'd | ' rod .tB sane, and the
centre di ffepg not m%éﬁhgﬁ@%é$% ré%%?\%@@@fe?rﬁ@a e when pl aced
into posidion and the magnetic field of the auxiliary nmagnet shall be
stronger than.that .of the coupling magnets, which are elenment of the first

rotor. ~23°9RINHEE MEUIUi ng to claim 20 wherein the auxiliary magnet is an
el ect r ormgnetVehedi=cBeEiAg 18 LR HMeREaRl fid H?Lsdar%ggggﬁt b6k paper ature of
e o 6cr

the HTS has reached the critical tenperature Tc an gnetic

field idiekis deriving fromhan eeriienamnageenivhidcteisHiiSerent henowd beupliag
magnet, which is element to the first coupling part.
21, Method according to claim 20 wherein the shape of the magnetic field
of the auxiliary magnet is similar to the shape of the coupling magnet, so that
the direction of the field vector deviates not more than 10°, the orientation of
the field vector is the same and the centre differs not more than 2mm to the
centre of the permanent when placed into position and the magnetic field of
the auxiliary magnet shall be stronger than that of the coupling magnets,
which are element of the first rotor.
22.  Method according to claim 20 wherein the auxiliary magnet is an
electromagnet providing an electromagnetic field before the temperature of
the HTS has reached the critical temperature Tc and the efectromagnetic field

is held until the temperature of the HTS is below the Tc.



