Descripti on DEVI CE FOR TREATI NG DI SC- LI KE ARTI CLES AND METHOD FOR

OPARATI NGSAME Techni cal Field [0001] The invention refers to a device for
support i nyoanth/a7aieat i ng a disc-like article with a rot oPCTaRmod/8Isags a
support for supporting the disc-like article, wherein the rotor is |ocated
wi thin a process chanmber. Background Art [0002] WO 2007/101764 Al di scl oses
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di sc-like ar ﬂmaateelwﬁ}hna?pr(a:tesm;mbbr of the invention to provide an inproved
drive nmechani,sm _Anot her ect of the invention is to provide a system
whi ch all ovvs ac EOdlndoAl'tker wal | . Disclosure of Invention [0004] The
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mechani smfor atl he S con second’r ot or
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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 disc-like article. It 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 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;

— 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



conprises a high tenperature superconducting material (HTS), wherein

t hemagnetic coupl e(s) are arranged and/or fornmed in a way so that no degree
of freedoworemi’Tn®2bet ween the first rotor and the secomdTnB2009/03569% hat t he
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di sclosed in }{g&gp%]%g {84,y [0008] In an enbodinent two magnetic
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magnet(s). However, alternatively electromagnet(s) or even HTS can be used.

[0007]  With such an assembly it is possible to process a wafer at elevated temperatures (e.g.
20°C-200°C) and although the HTS is kept cool (below 90 K). With such an assembly
it is also possible to place the first rotor in a vacuum vessel (down to 100 mPa to 100
nPa) or a pressure vessel (200 kPa — 10 MPa). Therefore such an assembly can be used
for vacuum processes such as CVD or plasma-etching and for pressure processes such
as for hot liquids (e.g. liquid water at 150°C) and supercritical fluids. Such an
assembly can be used in a device as disclosed in WO 2007/101764 Al.

[0008]  In an embodiment two magnetic couples are provided wherein each magnetic couple
comprises at least one coupling magnet. If a permanent magnet is used as the coupling
magnet, the permanent magnet is advantageously selected from the group comprising
ferromagnetic magnets (comprising Fe, Ni, Co), or Rare-Earth magnets. e. g. Nd,Fe,,B
(NIB) and SmCo magnets (SmCo (SmCos , Sm,Co,7). SmCo is useful for high tem-

perature applications up to 350° C because of its high Curie Temperature of 700 —



magnet, the permanent nagnet is advantageously selected fromthe group
conprising ferromagnetic nmagnets (conprising Fe, NN, Co), or Rare-Earth
magnet s ewogoiodeféel 4B (NI B) and SnCo magnets (SnCo ( SnBo3/1B208923695 . SnCo
is useful for high temperature appligations up to 350 C because of its
hi gh Curie Tenperature of 700 -8000C. [0009] In another enbodi ment the HTS
is placed ingaotther mal insulating vacuum cryostat, which is cool ed by
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tenperature superconducting (HTS)" material, which significantly increases
the pinning FHECESTEYL RS-t he HTS and the coupling magnets. Preferably the

mel t tego1s]ed Ihiogh efnBoWaTcat the Se@MARHES! it JoghpriHsS) hidRt@hperhtufeONiPelSes a
com position REC}+>t<B gf?% - go S bl?g Gd%if wherein x.is in the
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[0015] In O”Wfﬁ?pifb‘ri]l'a%’ééerﬁﬂ??tﬂé@ubﬁng R &ILA fehdtq@ vacuum cryostat

ensuring thernma ' ' ' o
[0014]  In another embodiment the high temperature superconducting material is a melt

textured high temperature superconducting (HTS) material, which significantly
increases the pinning forces between the HTS and the coupling magnets. Preferably the
melt textured high temperature superconducting (HTS) material comprises a com-
position RE,,Ba,Cu;0;.5 (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 9 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 lower 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 helium
(4.2 K).



sul ati on and mai ntai ning the necessary |ow tenperature during the
operation. Preferably the vacuumcryostat is cooled by a cooling el enent or
by keepi ngoaoroawesezoi r of a refrigerant with a boiling PerpBrad/agsedat 100
kPa | ower than the critical supercond#cting tenperature (Tc) of the HTS. A
suitable refrigerant is liquid nitrogen with a boiling tenperature of 77 K
(K; 1?6Q61)1d6qt 10Qn Iei?@odﬂdneﬂleg@aﬁidh ;jbbﬁr e@ﬁg%@g aﬂﬁ@ﬁﬂd 'ﬂpahﬁ% bir?] HUISdn @xpg@iin ( 90

, liquid neogn L qui r an i gui el
Q) 0006] 1 B Hitiest T PR RN E b Bt & esfinds Y pociota Tafbefindy o
HTS i n a vacuwuanactinpowithtixial ccupljeg prapepies xiithi rhagnefic eptiodariymgod sibcon wafer

serm conduct ot BEARESE k- NATVLANCIALERRCHING 1S R Axhal F8f | N
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- e.g. two S%Rﬁllbﬁﬂﬁcﬁﬁ manent magnets are coupl ed to the sane nonolithic
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the directi ordlmétldnmﬁlow amotemard magr2d2 @platimatamoteher. embodi ment the rotor
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magnet | traction an
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ring whereby Xﬁkhdh@é‘lhrt’&%&ﬁf?&ﬁbh%@r&@ﬁﬂn@%m&itn pairs with a small rim
of fset cl anp t e wafer magnetically. [0021] Advant ageously the cra‘gstat is

di rect I[{9%upile &n@taeraﬁml?Q%@l%téhwt%rr%ewéwwl%vmt ¢ Water Heing dsiorhg PFbwer
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are car ef ul | wheesbg 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 parallel 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 helpful 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 a 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.

[0025]  In one embodiment the first rotor comprises at least two segments which are not



bal anced, which is hel pful for spin speeds above 150 rpm and reduces
asymmetric cen trifugal forces as well as rotor dynam cs problens. [0023]
I n one emvodnrATosebet ween t he opposi ng surfaces of HTS aow/iBmophisags nagnet
there is a gap with a width in a rang® of 0.5 - 60 mm [0024] In another
enbodi ment the first rotor and the second rotor conprise nmagnetic couples,
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first rotor levitates
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.



[003 1] During this cooling of the HTS the first rotor is held by auxiliary
hol di ng nmeans which can be renoved once T2 below Tc is reached. Then the
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pi nned by magnetic forces to the secofd rotor. [0032] In one enbodi nent the
HTS are taught by magnetic fields deriving froman auxiliary magnet, which
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rotor.[0033] e_auxili a:}y r% %0&3 an el ect romagnﬁ sol enaql d

provi di ng an PRIt LY TRIDEERT rPFOé PAPSAMBhRe IdHgATEY P Shaned 148S has
reached the dcidnidt@alf prefeablyadt lyast 300, mﬂﬂ’la(ihdtahﬁa‘tﬂé &ﬁtotmagle%slc flflﬂcﬁbﬁiall s held

unt | t he t erTBOl’nfabtt s Fb()qfl trt[]senel oluf':inbgan e ax a W% e ésuu%IhCOIal'du in ?ﬁistt he
I'f e
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part (drivi ”%&Rﬁq?&yo&h{ e?lfsur)r I?é%%)ﬂp}aﬁ%ﬁ%oﬁaﬁ& Enaﬁr{tﬁﬂln% RERQRAL ]Pgﬁl%'{lﬂén? part

(driven rotor, seco rotor e 1lnri é)glor cyl’i nder shape
of large di afgta&He gpripg deopation. élihe|f§at§tart3®@ HANEIS G lwt@%%e Pt at e. The
basic functi @nﬁhhtge)@e@ts{aybgtkmgé}nﬁgahsaﬂﬁgghbour| ng can be axial or

radi al cti n | rst. part cont super conduct or of
the cufPdRl ¢ VBERRRERE eb petPhicBerntar yBbE Bk hadeaherBa P 1 ner ma
i nsul ati on alpdndmmlmlt @i top mgfatches peedes aauhy nha@net @itarpation usceordWhe deyidtivm

oper ati on. Tfljgn {‘a}b‘g%t}l IS ke B %h%g }ﬁéy%‘gﬁm?gﬁggtructure or a

plurality of adsent ] Preferably the
cryst al[Oé"zjﬂ aphihe so¢qnélrm@n|eb¢xcdﬁthrhlearbdlmdk@dhamef@\tehéot@r)ax pacpéapayendi cul ar

to top surf a‘%@ceglﬁteﬁ%'i lex}a?er cTaHleTr B?efé@glﬁ}%lﬂpﬁlhéfdr%%ﬁﬂg X&Pﬁcﬂ&m Tﬂaﬁgodew ation
range shall be Wthin +/- 30 generate g[t coup g force 036] The

second nagnetdlaél%‘é‘?rtsd}ﬂ‘f%wi‘fﬁ?st(l@(? rf@pd%l@dh?ifﬁetf’lﬂ éﬁrlp‘v‘ﬁé‘?fi 918%‘36?t))th%b%tﬁ%§%ed
apgrL ?gd | nt(egmaioepllmg) of.clvgdse o thablie€ vaR RN a@ipymgo btha Pdske of focedsarrpl ng
an ol di ng

|
ot od ol o5 sBi6E G RESE Syt S BB hele el Sl R Hdrand e v |
(radi al couplkbmgjictaf Attenfidd ebolorg (ﬁr)@m@edulehhmﬁet stperaintastosleyitatey atmgnet i ¢

I nteraction la?stté’l\{%gglle Qélﬁhc ?&Qﬂl‘b%gftef QJ}n%f‘@rt 1c‘f81‘89§“%t01§ pefﬁfnrn'f:erd dy el d

cooling (fc) proce rst “supercon eV|tates
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 quality 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



di stance the magnetic assenbly wafer carrier by magnetic forces. FCis

performed by cooling down the HTS to a tenperature | ower than the critical

t enper at Wwe 20/wdsekhe HTS and si nmul t aneously trappi ng arPCangmopesssoof t he

external magnetic flux density. [0037] A variety of magnet to

super conduct or configurations are conceivably and their in dividual

per f f)r man](c:e meye did foethe srua*la&ta{jmttieadvém mxpefcdhmtdr@nlﬂ Aenappl (e@abe@ihnedine
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mgnet) . The e ¥ pHBERicd LURER AN CHEAreREf, FroRaRRlanl el RRATEN
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cont 1 ed004s Mk e R Bk SSet e vl Eebr Bk tsha Bl Ra e w1 1
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as hi gh as 16oTespondiag t¢ hapermanepemagnat egargeoient! (IPstid sizatheraspvesydefined as

tenper at ur es g BRaKelBRicExIRITN GARARGd field is limted by mechanical
material properties | i ke material tensile strength. The inportant

el ect ril@%t!] pr diseidey obthe e marscepent|of pd theowplipgcpagnehuissUprcPREimni ng

centres | eaditierti®e &ritngh of AtoimpRteCapphitatisGRlice W meRtcodplandheappdl e to

mai ntain a hi gh tr z%gge%qﬁ netri EO fsi](% d, ‘[5%0% Helr%%% .a &uel; err edanf or m of

the inventi off ’&‘H F97% 8L e UHIME QFYi Fﬁr%ﬂ CAMmafEr %W (o (i}lglt%l gi zes of

3-4 cmand | a_ttggqed hawcold stiget dithal CQD_JEd‘ lanliquia_himg_embr gltapbe_d]t@do],d{hca@ oﬁan_d

produci ng i ngh)@gd@ér (Etriﬁi@g,eéiff@@ﬂﬁ&\hﬁlofnl Pﬁﬁsg*rﬁl?%.' bution in a mrror-like

transformati on correspondfng to the peranent nagnet arrangenent. Crystal

size hdP@42 i sTaompingditithgsryagenics peble dexing AReraion ¢sithehdieeniistaupinaiie. [ 0041]

Besi des gf E M&:atedQn TRk GHERAMRNES 00f PR It GPHRE Fd8s col®EDETs RPslated by a

r n I
superconduc (;[)hih walled tube of stainless steel or fiberglass. Particular sensitive is the wall between
driven rotor magnets and the driving rotor HTS rings. The material has to be thin, non-
magnetic, mechanical stable and high-vacuum compatible.

[0043]  To obtain a perfect thermal insulation of the HTS-material a high gradient thermal
super - isolation technology with temperature gradients up to 200 K / mm has been
developed and tested. The highly compact insulation structure reduces cryogenic effort
and allows small distance high coupling forces. An integrated cryo - pump system
provides the necessary vacuum insulation. Alternatively, the use of cryo-cooler enables
lower temperatures (40 — 70 K) compared to liquid nitrogen and allows higher
magnetic forces.

[0044]  According to the magnetic interaction the coupling device can hold or rotate wafers
in partly open vessels or closed chambers. Due to the non contact interaction wafer

processing at higher pressure becomes possible. Because of homogeneity and the open



the entire structure of a conplete apparatus device is nore conplex. The
super conductors on the driving rotor side are preferably assenbled in a Cu
housi ng awo 2atoeedsed to a cold stage; either cool ed by IPCgaBzosdiseEgen or
adapted to cold head of a cryo-cooler8(Stirling, Gfford McMahon, Pul se
Tube). [0042] To rrai ntain the cryogeni cs stabl e during operation either the

entire couplln ocat n. ev g dr|V|ng
rotor cold si g eomgté ara aagtljly rﬁ v‘(/varl %FQOCGSSFd%P%@% 1(eag%us Bel
fiberglass. Paptiorcul ar sensitive is the wall between driven rotor rragnets

and t heOQKS]vi rf@ghmmocelssr Smpergses The 20 € aralpossalge tixtipmelhaggressom nagneti c,
mechani cal st.ghl e, R0 & egﬁ'i_g@ﬂﬂﬁg‘h‘ﬁggﬂ%hfé&%s Iﬂl%g@é bd Hs ‘&tﬂf ﬂfe'}n%ﬁ@&é fect

thermal insulation o mat er | ent er mal

i sol ation t emﬁ@fl%ggﬁrm tufaceppyerask Rt kIO lémrsoflPEAt @emrmavedﬁefmﬂas been

devel oped angfe@pbercTRREERYRAL ¥ hfRoPBdabrd IXElead)l on structure reduces
cryogenic effort and allows snall distance high coupl ing forces. An

i nt egr at ed chplefﬂDmcsmptqmn)rﬂflﬂpaw gsecessary vacuum i nsul ati on.
Alternatively, the use of cryo-cool er enabl’es | ower tenperatures (40 - 70

K) conmp@®¥d t&lgulwhawwts@lwg@ﬁcgfmsamt@ml nerpretvendgi ef p éirst gmbedimqno044)
Accor difp@# o tfhg 1MB% 'a%clhdihﬁa@&%%s&%@ct{dﬁ@l GONRI iR ideathsRligan hol d or
rotate 6\@{%? aEl en vessels or cl l(rj .chanmhers. Due to the non
cont actl 16 h QY %F §§‘?Sﬁgje°é{0nﬂlu%l‘?é vigW O L5y &Y i SRR g
Because of hmlnm]g@ﬁe;ft};efmmMmmmrl ng geonetry of the magnetic part the

varer Sl RRCERIStARMP! Gosl H5H TSI LALAN L0y oLO0dA o ety Pr OcESS

terrper are possi ) ressive cnem cal
gaseous0&¥l] ut |Fog1§al shies falsclmmamle cursh-dectipagl mlrmctb\@ \us\@@f p thitdemprggment c

waf er Gapq1i|er i, ﬁ)%'hf)%% sE}%\ﬁ?Ju%@r&X SBERInGCdMPVib @R dikd E’Iﬁﬁbc(ﬁf%ﬁ{ jpuori nat ed

Vi nyl ther) or E (Ethylene Chlorotrifluoro Ethylene). Brief
Descri ption &oses B%‘lltl*Rj% [0046] Fig. la shows a schematic cross-sectional

per speqoosrg Virey Rfshawh b kseneiftib @elisEBEtiohAQETil Vib of kBhish@WBodmsAtiampeh C
cross sectional..view of the first enbodi nent [0048] Fig. Ic shows a

schematic cr #8818%ctional detail view of the cryostat accommodating the HTS
of the[003¢t dipckliam8rb shOW4Sjentitig.cr@sissctangltop rad side eieosf adotiitloral-

per spective nbodi ment. [0050] Fig. 3a shows a schematic
Cross-secti o\égﬁ%eﬁlsn ﬁ?ﬁ)\ggﬂ\(ﬁew of a third enbodi nent. [0051] Fig. 3b

shows d0@xHendtig. &C@md§§Sb@ww@ﬂmﬂcmsa1wcmnew09fanésndhWredvseﬁ@ gure em-i n
cl osed positip8BimdnP@ddselipdsitids. shows a schematic cross-sectional detail
view of a third enbodi nent in open

Mode(s) for Carrying Out the Invention

[0055]  With reference to Fig. 1a, 1b, and lc a 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-



position. [0053] Fig. 4a and 4b show schematic cross-sectional top and side
views of a fourth em bodinent in open position. [0054] Fig. 4c and 4d show
schemat i cwonorg7s®et i onal top and side views of a fourtRCEmBDOYDIIMBIN | n

cl osed position. Mde(s) for Carrying9Qut the Invention [0055] Wth
reference to Fig. la, Ib, and Ic a first enbodi nent of the invention shal
be descri bedlarfaffegneitd Pi 6\ t atnge gsly&tzl@mom@dm&mhﬂfe@ eleuglhuctdie 1nt t om

103 of the s nductor roces in 21.. The. s on.wafer Wis
Ot 13 RTGIR oty S Rt R g PR 0 (R I 1
contact in sé&bddvpguo&méObhmmﬂmwam@&nlmhenpmnumS$W@hambensmﬁmfbpabr|ses a

bottom 103 i @Tﬁlfh‘% Et QR&OD 1R n'ﬂsg’%gl@&; dbP&Is%?u@ré’ﬂohﬁﬁﬁﬁ%dm{@%?rﬁr%h forces

at | owest wal ness I n case orces ressure or vacuum
in side the mt@&@sﬂs\v@ﬂqah@@rto fn aroptd apypa&@yﬁsce@ﬁaﬂmgwﬂmt 4ny mgehanigdl

stainl ess st @ghta@fto ARNGUTBF Alnkt &aﬁm%ﬂﬁmlﬁgd@etwgé?ﬁhw(ﬁaﬁ@g;%&'aﬁd the

coupling features a ra S i ¢ superconducting driving rotor 101
bel ow t he Chg%gﬁogwasﬂwﬁ@@e%%w, an axi al spacing a large driven rotor

102 i ng0Es|t herhehizivbee rotoDr 12vis Rgs pend ealr anﬂi@ﬂ)uﬂﬂ&ﬂ bdl Ithe\/ﬁpeﬂt:ﬁlﬁdlrctul@ drigihg rotor

separ ated by e .ponne chanbe 103, IS bridged by magnetic
forces. The dPT SrflGHIBREIEAS FARERE! ot s batilartF S i e ot Annuit ar

arranged pernawemltnmgnMS)fﬂ&SrO(qu&coupl ing magnets). The arrangement of
the perg@jﬁ nt m%ﬁ}odﬁﬂélt%ﬁﬂle%v‘i’fgr IB't&elblgéroEﬁgﬁrdeﬁeg??{%@b? thrkB adt}eH vy dual

positione ermanent magnet are face ari zatlon VECtOFS

Pi (i =1 - ﬁrYOétaghowrg M@)hafva\gdv&méehaﬂlr%}ﬁt@%%t@pf@ﬂwﬁélh%rg%a@allm The
driven rotor rdfia f'éi:d:@@Qﬁ} $hc§rﬂélﬁfn@ﬁlaﬁ@{ 14E 141 b2teichhi RipBigohduchlifkidd@esi | i con

waf er. The d |V|Qg ﬁ% gf ﬂ g en rot.or 102 turnHSround a vertical
axi s wher eby "QPYINE-(HHPREORATNge fhay ¥ SOngﬂﬁ%g)%ﬁﬁﬂH%% e s af e operation
dri vi ngoos or THekfruckuievefrencgisolatiamdt thaft€rS h@wr tiquiduritlogen@onkingis Gbowm i

i
ot e PN DAL o\ AabAe % Rl ORE CURNRSE
be > 0.5 nm a[tm@gf@}d Shied Strmtu@ﬂomnmmzqt)tzat |an®w§p@ﬁdedarab1dntd@mp¢r@wr¢w0t he

super conduct igngj; 1&1 Hin%%eﬁ %&éd &Q@rc\&h&fbt&f pastidtcluded@h olRY 8XRND6BE the
driving rotor 10 wed an equi val ent reactiaon of the rotor 102.

[0057] The eﬁﬁ%‘&ﬂf%?éh%haa? fatbﬁ‘éata‘il Pf/n%ma@@eéw cpprpoRifeBaeHl (G- %@&Sﬁﬁh@dr%y
three factor sifofdedl nfutet$) Ald anQbisdrABodi06meticRG14¥s ghd PR hienfibel coffpatitd 1 t y to
of ' the col o SBdPLoRolans? MRS RSB bbb P P AR it
connecti on t ¢ight. Bothatingsrea¢ calmievted bpiatring-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 geometry.
[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 nitrogen storage
container 182.
[0061]  For optimum cryostat function heat transfer coefficients of the melt textured YBCO
superconductors were determined to A= 5 W/Km between 50 and 300 K, nearly tem-

perature independent. Under equilibrium conditions the thermal conductance is



[ 0058] The structure of encapsul ation of the HTS 104 for |iquid nitrogen
cooling is shown in detail in Fig. Ic. The driving rotor 101 conprises a
vacuum cryo0s0703hi ch consi sts of a threefold shell st POEHB2O/OFF6YE Ni M ze
heat conduction from anbi ent tenperati@res to the liquid nitrogen cool ed
superconductor 104. It includes an outer case 106 of cylindrical shape

fabricated ofpré\@dedB@Belin RsCOAP VN d€n M@hgdrhtate differenddber@gbatte fighide r e
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[ 0062] Especicald partewith impdi-laysr mpdatidneminainizen thel hgpi wanstsi. t he cylindrical HTS

dri vi ngodef or ﬂ{éjonﬁﬁdﬁjéc'i 86 HeCfoRbe AR RPinhOM&d wmq@gaﬁd e dultg b ted
space there. The di'stance between the cold HTS surface and the warm gap

bet ween cryo&mBReraHes Gy odE sellcliemsevapiase! |3 Whighsupphrlqughaifregsmigtatet he
1mm wal |t hi ¢ckpssset] 1926 TEOUGHId 118t @iddkakevus \vagetpipes 18 Qreldhdwhah Waenat he
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to limit the weight on the one hand and guarantee a longer operation time of the

cryostat on the other hand. In the present invention the liquid nitrogen capacity is about
1,800 cm3.

[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 yet 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 after a period by external heating and si-
multaneous evacuating.

[0066]  The vacuum improvement brings the cryostat with superconductor into the 102 to 10-



thermal conductivity (0.2 WK m. The neander-Ilike structure 141 consists
of small cross sectional high thermal resistance fibres, which forma

pl uralitywofoppge®es to the inner wall 107 and to the | oeenBEogdss6409. Thi s
design ensures | ow heat transfer fromilthe inner cold copper ring 108
accomodating the cold HTS 104 to the outer cryostat wall. In addition,
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[0070]  In an example of a possible embodiment on a carrier diameter of 12 inch (307 mm)
12 magnetic poles are provided. The number of individual poles 4 determines both the
levitation force as well as the guidance force in circumferential direction. A high
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. 1a 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



101 enabl es the superconductors 104 to be placed in a very close proximty
to the upper wall of the process chanber. Through this, advantageously, the
di st ance wetemarioishe super conductor and the magnet el emeot/IBz9/bES69educed
significantly which allows |arge magneti c coupling forces. [0068] As
illustrated in Figs. la, Ib and Ic the upper cryostat cover follows the
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waf er
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 temperature (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 rotor rests on the
spacers concentrically arranged with respect to 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.



to be fixed in a certain position, e.g. by a robot armwhile the stator is
turned by half arc distance between two nmagnets rel easing the nmagnetic
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driven rot ove t out touching it.
The driven r a(Y iohin lopcreiaty 818 the IEbyplemgnts (not shown) are located in close proximity

(0.1 to 5 mm) to the inwardly facing wall of the cryostat 318. The cryostats 318 can
thus be radially moved driven by the linear modules 315. The cryostats 318 have a
double containment embodiment similar to the one above-described in the first em-
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 a 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.

[0083]  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.g. room temperature) are moved into open position and the gripping elements 318 are



(pinned) to the driving rotor 101 without touching it. [0078] Wen the
driven rotor 102 is coupled to the driving rotor 101 the process for
treati ng wheodveeseki ke article Wcan be started. The di cTIBMoI/BFbICI € is
| oaded to the chuck 112, the chanmber W21 is closed the desired pressure
(vacuum of el evated pressure) is selected and the treatnment fluid (gas or
liquid) is arbftbdgﬁdinwa a&seredipsmlbﬁ K%ac&fd)ﬂ thé erip¥ihg elrmehe\csansifheredpel ow.
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tenperature under Tc.” Therefore each gripping el enent 305 follows the
radi al moveméRPPiHE fPice. %erlﬁ*»\@éeﬁorﬁmﬂﬁg speed (58 4 éPﬁ}&%lﬁ mighf bgdeeRsp¥t ed i n

Fig. 3b (opefo pst tHetyostd durtied inwiid (€ pRIRI pa&itEd fOre, whith compaiisley theCci ng
surface of the X %i o 'Orr1 elherﬂearg: < 30t has .a \e{- sré ed groove to contact the
edge of the 8?%@ quﬁg ‘ger’t“f SRC % ot 38@8]9%1[“% beFi B ifng the disc-like article.
[ 0083] [Fd] owiliig 4ahed dpeha isorenodtictchess destionel tap @od didagiews df hifsurthiend

embodi ment i §giment 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-
bodiment. The chamber (bowl, cover and cylindrical side-wall of the chamber) remain
the same. Therefore only the cylindrical side-wall 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 to 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 405 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, Fluorel, Aflas and Dai-El, or perfluo-



described. Before starting to use the device the cryostats (at a

t enperature above Tc, e.g. roomtenperature) are noved into open position
and t he gwoppiogoskenents 318 arebrought into a desiredPpogBruognssedeach of
the gripping elements close to the reSpective correspondi ng cryostat. The
V-shaped groove of the gripping elenent 318 is inwardly facing and
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HTS (radi al venent or rticle,
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t
the chanber . STHE BaferotdRirm waes ofgag: Direles tefpds bhaeedp Crmpergliany1 7
t oget her wi t keiitfiugat foosd Ating 3h8hd nippich sledmsrtst hus 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 snmart
handling of the disk like article in contrast to nmechanical force el enents.
The linear nodul es are driven by electrical energy provided through a
coll ector systemattached to the non-rotating feed pipe 327. After the
griping elenents 305 touch the disc-like article the cryostats are nove 1mm
further inward in order to provide necessary gripping force. At el evated
rotation 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 schematic cross-sectional top and side views of a fourth em
bodi ment in open position. Fig. 4a and 4b show the sane in closed position.
The ar rangenent of the device according to the fourth enbodi nent is based
on the third em bodi nent. The chanber (bowl, cover and cylindrical
side-wall of the chanber) remain the sanme. Therefore only the cylindrica
side-wall 422 is shown. The chamber is surrounded by four cryostats 415,
whi ch include the HTS. The cryostats 415 are rotatable and radially novable
as above-described for the third enbodi nent. [0087] In the chanber a
deformable ring 401 is levitating concentrically with respect to the
cylindrical side-wall 422. In the deformable ring 401 pernmanent magnets 410
are located corresponding to the HTS in the cryostats 415. The permanent
magnets 410 are pinned to the HTS as above-descri bed. Therefore the
defornmabl e ring 410 deforns when the cryostats 415 are nove outwardly as
shown in Fig. 4c and 4d (the open



position). Adjacent to the permanent magnets 410 gripping elenents 405 are
nmounted to the deformable ring 401. Alternatively the gripping elenents 405
and t he deoforomabdee ring 401 may be fornmed out of one blPoTHBIAL/EIHE . A
suitable material is poly-tetrafl uorosthene (PTFE). O her appropriate
materials are: fluoroelastoners (FKM and FEPM such as a Viton, Tecnofl on,
Fluorel, Aflas and Dai-El, or perflcglraﬁﬂﬁstoners (FFKM Tecnofl on PFR,

Kal rez, Chenraz, Perlast. Alternati ; steel spring can be used, to
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part, wherein t hevheiaisthequagnkeiineoypda(s) awomprigsd end/or tupkd ya waysethahmant ed

to the first rotQeo@bdf flGioRPeMAthsARUALLNEe RAF FotGOMRthS §2ofd RIt&Mo that the
t enper ature superconducting material (HTS), wherein the nagnetic couple(s)

are arranged and/fiy rPI9F MOYCS Reethelayits Bespéandrigtogegr ee of freedom renai ns

bet weenoddzg firsDevREatcadidglibelafRaititrdiftolkast Owb Radenéthecdubles are fH GitledroV €S
together with the_second,rotor.. %‘90?‘%2)%}1 Devi ce .according..to claim1l wherein

at |east two magnaFen GEliReEdels eOUplG YT eWAF & ﬁnee%l ligg GHEPTe coupl e
conpri §e@03t | eaflevoracaodipgitmglaimadrvatereif GRO3TS Beplaced inaclorohiahpstleticd ai m 1
wherein the HTS i I . i .at i t whi ch i
cool e:j by addi nglvﬁ?lglb? %ﬁ?wgggﬁqg?&@é%%%&aé 11§rgd\ﬂﬁ%%gﬁ]f9& i (_:Cg)togfé'colr di nlgS
to cl ail@O0lwher eDevise abeuding dpelajpad ridieran eblgpit ene srepndtis qoypls conppsingg
magnet with a rra%@ﬁﬂn%o%%@]lsﬂwnminfdgna@@ﬁelap\whim bWt REIAY heSYOTRANY P! the

annul ar rotor tragk. Devi ce ‘according to claim2 whereinat |east
two coupling magf the aggylar rotor track.

[0005] Device according to claim 2 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 (parallel axis, skew-whiff
axis, intersecting), so that no degree of freedom remains between the first rotor
and the second rotor.

[0006] Device according to claim 1 wherein the second coupling part is assembled in a
single crystalline structure or ring crystal blocks.

[0007] 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 geometry with the crystallographic ¢ axes directed to the
first coupling part.

[0008] A device according to claim 1, wherein the high temperature superconducting is
a melt textured high temperature superconducting material.

[0009] A device according to claim 8 wherein the melt textured high temperature super-

conducting material comprises a composition RE,,Ba,Cu;0,. s (RE is selected



(uniformrotational symmetric) magnetic fields, which are arranged so that
the magnetic axis of their magnetic fields are not identical (parallel

axi s, skewowhioid70®2i s, intersecting), so that no degreePofi/IB2ogoEH9T enai ns
between the first rotor and the second rotor. [0006] Device according to
claim1 wherein the second coupling part is assenbled in a single

crystal line strugiod e@iodp NOSEINSIRY, Gd)owkerein 0BG thelawgeCe (AL 60.8] 4hd & O
claiml wherein the econ P(ﬁg(f%ng part conprises the high tenmperature
super conduct i ng hsaltlé T HEF R of crystal blocks, which are assenbled in
an annuf@i0] geonmeteyicaiat¢ording te ciysh dlWlegriaphe TS issxegraéd oct eduto crjvstat i r st

coupling part. [anﬁ%é'%l&ﬁl\éi &@ul@&&? Iﬂhﬁginta%lﬁ%ﬁ-ﬁrﬂe%esséﬁﬂgéﬁ't uéé?&tufy gh

t enperature supercondticting Is a melt textur er at
super conduct i ng Qfieg Ih&IOPCI[aGQGQ] A device according to claim8 wherein the

nelt teyhuned hi gevieup&iah rt@cl%ﬂﬂ@() wWHRRGY el vABuUTREBlok @t 1s%@8]léﬂ'b§%%o@hng
conposition RE1+X|3 12Cu307 is selectedfromthe

r
Gd), wherein x i §mEnt by %Fﬁaeg&rret?r‘imf pregrizesyy "681 %b<? 1}ing F?énﬂcé%fé abf 0to
0.5. [0010] Devi d60 &btk tigintthe clitdaisdperdvadedtingtirapdiditre Sch bf ﬁgl‘HiISi'd in a

vacuum stat suring thermal.insulatio intainin necessary
oo LT L FSHE sOrE LB 3oih bl iRg ARE IR DA LD Bl oS
wher ei n the vacuuqmpnwgagtetlpsomcﬂ adhidhyare rasloadlyi mov ableespethat tbq: fltsy chupdipgng a

reservoir of a refdig rlﬁﬁl cﬁ@n%@th% Rk Rt (hte%aﬁﬁ{)@aﬁ Y&k s@tthajf?grtl%ﬁfof quer than

the critical supercon uctl n erature Devi ce
according to cl aiflﬁﬁtIOtOV\H’@V@PWQrﬁeletﬁerasqlscr]élff‘o%m‘élﬁd the second rotor conprise

magnet ifgo1qupl es DewhteGbcaiBgt@lagh 1Y, WM&l tBe &@ial E@éltléﬂé%ffﬂhdé%bo&pum i ng

el enents may change .t he di stance to e rotational axis t.portions of
the first rotor ﬁg‘iplhléle&“%‘?msr@%&%t Olggd’flgbfeﬁl?%&toal ?F%Pépeeﬁdﬁh"ﬁ
accordi ng to cl aimodigr tondoatpenhsutd the cemcfaglal foosd ddtiap on olfie ﬁlﬂseccﬁ@hngtdlemutsl i ng

el ement §o %r € Comﬂeg Cegg?% ﬁlg et(% ?1%9‘? (fﬁ,a\{vﬁe%r&geau%?laﬁr M gfnegs 2?% 8}({1'?dedl ih %E‘derr F& or

in order nmpensat orce ac coup
el ement s. [0014] C@@pﬁrtseteatb‘t@ﬁrrmﬁﬂgaltf@m@Iaailm aipthe\ihgtreobplicguslments.y magnet s

are proyhdgd in gidRE aEébr&ﬁ’th@Bﬁﬁﬁ%t\bﬁh GRALY ﬂofaﬂgﬁthefrﬁlﬁ%o%ibh RN the
first coupling elenents Device according to claim 13, wth neans to

alter the radial ab’é‘éliﬂ‘rtylfﬁ?‘g“@ts the auxiliary magnets. [0016] Device according
to claijonky, whemRivivetabsorainxitd tlafny 1BRIRGEn (he QuSIdre ARictsts arndldnbRIsha@net i ¢

force can be chapged, deRERLDE: dEeSPidheRRE M He Hiesebd SF tE Y& Totor.

[0017] Method of running a device according to one of the previous claims, 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
0.5 - 40 mm
- cooling the HTS to a second temperature T2 below the critical temperature Tc
- releasing the first rotor.

[0018] Method according to claim 17 wherein 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.

[0019] Method according to claim 18 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



[0017] Method of running a device according to one of the previous clains,
the method conprising the followng steps in a tinme sequence - holding the
first rotwo2mn/obmze proximty and co-axially to the se®cmdBrov/0356%hen t he
HTS has a first tenperature Tl above ¥he critical tenperature (Tc) wherein
the gap distance of the first rotor to the second rotor is in the range of
0.5 - 40 mm - coad firgt do@. HTS to a second terrperature T2 bel ow the critical

t enper Tc - easi ng.t he tor Met hod accordi ng t

o m T0%er o n NFRSEREORiE BT Rire it PETPing s ARG SorPdheh
auxi l i ary magnet providicg an sledirérhegnent tiekddrefdrbéhectoonpkiange nfitpadiTS Idsi ch i s

el enment to the f I 8
wherein the shap 'réa%%ed:@g thgg té?ﬁ}éér?t}ﬂef:l d‘:1 éﬂd twﬁ%ﬂg%;(r? %[19 h?rgl lélgglaluzlhgh%l | ar
to the shape of ﬁm%@u{ﬂqfﬁ@eﬁﬁénﬁebelowdhqﬁ%\t the di rectl on of the field
vector deviates not nore than 10, the orientation of the field vector is
the same and the centre differs not nore than 2nmto the centre of the
per mmnent when placed into position and the nmagnetic field of the auxiliary
magnet shall be stronger than that of the coupling nmagnets, which are

el ement ofthe first rotor. Method according to claim 18 wherein the
auxiliary magnet is an el ectromagnet providing an el ectromagnetic field
before the tenperature of the HTS has reached the critical tenperature Tc
and the electromagnetic field is held until the tenperature of the HIS is
bel ow t he Tc.



