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invention relates generally to WEI antation systens, and nore
particularly to an inproved system gggyapparatus for delivering cooling gas
from at nospheric pressure to a high vacuumthrough a rotating seal in a
batch ion inplanter and a seal apparatus therefor. BACKGROUND ART In the
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structures extendi ng between the ion source and the inplantation station.
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cat egory of I ers 1 ncludes batch inplanters, wherein a plurality
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wor kpi eces, heat is generated therein, which may cause workpi ece damage or
other deleterious effects if not renoved fromthe workpiece. Conventional
batch ion inplantation systens and apparfgt us renove heat fromthe process
di sk onto which the workpi eces are nount usi ng i nternal passages through
whi ch cooling fluid such as water is circulated. Heat is removed fromthe
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portion, wherein the pedestals may each include a workpiece nount radially
di sposed fromthe axis and adapted to support a workpi ece thereon. The
pedest al sygapptisse a gas feed port in the correspondi ng wadpsBOI®3n3unt ,
wherein the third gas chanber provides fluid conmunicati on between the
second gas chanber in the shaft and the gas feed pons in the workpiece
nmounts. The system may further conprise a drive, such as a notor, adapted
to provide rotation of the shaft with respect to the housing, and a cooling
gas source adap i ing,
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seal between the vacuum and the cooli ng fgﬁlﬁip as wel vﬁﬁbet ween, t he cooling
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f eedt hrouglworkﬁleqes exanple, the first seal port| on of the cyli ndr| cal nmenber
may conprise a first inner surface disposed radially outwardly of and
encircling the shaft to forma first gap there between, which is axially

di sposed between the first end of the cylindrical nenber and the first and
second gas chanbers, and a fi rﬁISMWRﬁgFﬁmmmt ed on the inner surface
of the housing. A first magnet forms a first netic circuit with the
shaft, and a fi FIE"(P‘?FE‘@H%‘?W“B“’Isldiﬁ?cffdqusP'%‘e"aa"BGPHaf which P‘H\é‘deﬁi“?%?"e@%eﬁ‘ bet ween
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vides.a relia seal . between the first aV|

first magnetic fI id I end
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cool i ng gagss uv\dnpphlad forey enibsareuRP® tifbadkirle 60td Witlpigtasbeing idifkttea i retating or
?%Iu:: IO'? Irrgggl,‘{mntm& bfltﬁh 1mg)Bntf:r procgsa g‘xssl% Olgte H{%Vlglgl? ofJ thcglrﬁgmé é%s gﬁcgvsl fgrgﬁlhgro u %\ea?&ang)t];r
conprise a second inner surface di sposed radlaIIy outwardly of and
encircling the shaft to forma second ga% t here between, the second gap
being axially di sposed between the second end of the cylindrical nenber and
the first and second gas chanbers, and a second outer surface nounted on
the inner surface of the housing. A second nagnet fornms a second nagnetic
circuit with the shaft) and a second magnetic fluid fills a portion of the
second gap between the cyIindricaI nenber |nner surface and the shaft The



5 WO 021 27753 PCT/ GB01/ 03793 radially outwardly with respect to the
center of the ring-shaped support nmenber so as to pivot about a

ci rcunf enpop/at7seixis in a direction generally perpendi cul @cTieBdifesr9pl ane of
the workpiece. In addition, the first portion of the first seal nenber may
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proxi mate {he peripheral The r ed suppor

det achabl eﬁ?’P VTHRISEES A Pé‘gcéssﬁ’éﬁﬁvf“cgl“?% 8"“%‘&‘ Cé’mtg'ﬁ’?as ‘E’Tﬁbﬁ"&‘g%%? ﬁfet he

i npl ant er, coaling fluitth®eghl pakigedin ate poca3sByiskf tolretrioed heatniekafidm. Thesiewotial fgthed nenber

nmount ed on. t.h

adapt od ¢ oA BEORLh LR el el Bl e Mo FALEREY Rl B

bet ween t heas sm;bcmu 2 roitgshaf which spips Umbd{qmnapimtmwmss diskd éwatlldiuon, R seabappasatebanc e

- W th stilly %Fb%th%m&&@ﬁ&ke &Blnﬁ ﬂ}éﬁibttheﬂdack dida€5tGhel wor i ﬁ'ﬁ%ﬁ:‘lhe%&%'nk
apparatus conprising a ring-s port menber nou on the workpi ece

mount , a f whigh the frent siges ebibe W%mmww aptpte The jayentien thmerpquaw tgsfer apd r st

seal porti Rfydkd &muh,lnaes%&lbum@%ﬁai wife smﬁ,gs.\u@n%tcaﬁseﬁb&rha@mg aRERRI A T O

engage a portion of backsi de of the workpi ece proxinmate the peri pheral

edge to secaq“"‘i“ﬁ%“al"?a&‘ihfm@?“{fés of the workpiece fromthe cooling gas, and a

second seal rrerrnﬁrccdmu@tv@m o aspeBdf &H?ﬁﬁhttmmmﬂaheraﬁgrohﬂéﬂ dﬂ%nﬁmﬁl@cﬁ’dt@ﬁ Iy

outwardly extendin adapted to e e a side or surf f the
o B‘g it te aﬁﬂgg te d % ?' an

wor kpi ece WSGRCCTR™HE B8 R ppien PR An1PatesY if&r’"t FERFSPachirtiping

wor kpi ece ﬁim:iﬁrtcaﬁlyd'&nwa Ifikst ga@\ﬁl&ﬁlbdleﬂ@dtng thaough the butasyap bétwerh atfiksegas mleedsﬁem@m,

there is pl’ Ql\)“oclixg, su?face 01‘ ﬁ@ on!nté?'r\]vah %lag Q&tﬁ{ orpQ I‘"Q Ce §1nclilt|3rssxl§rf ﬁ %Snta.gis rc])ctggbl

supporti ng a wor k plece I ng a peri ge on-a rot'a e praocess

di sk. The peutsltimhe pErprereysf the MSlngﬁDGDBUQmQM anged s pwhach inadndes go putertsurfage

wor kpi ece | tﬂxﬂgmﬁbe@e&%sﬁ@ﬁqn&%@ on@il@pﬁ‘ﬁé’shﬁfpiné&m n{)&éccﬁ: 2Qhd gr gas to a

back side o kpi ece arln-s ort ne unt on the
wor kpi ece AERIAINg theg éhr%vgh batggen seea¢nd M@Ppmﬂvwh Ba °§‘Ffé"f§4§bafd'?°t5h4f@ﬁ€)@13

having a f i&&ld ei&ﬂhéréd?nA foBest Bli8s Mbunkkd Bﬁ§&%ﬁicwh§3 h&ﬁw@l&‘&%@é&i Witk [He SdcorrRRld
adapted to enga i on of the backside of e workpi ece proximte the

peri pher al °féb"gsé tfor @E‘é‘?“ 2bprs the ajh includipga hird ¥%é"%?‘k’bﬂ‘é‘?;‘é’"ﬂ“8ﬁ?"9h8"'&%%l i ng
gas. The r iagRhanasmistemeshaftenber may be detachabl e from the workpi ece

mount al | owi ng Iace 1t thereof in th ed

forther 1 nel ugle o R e Ly GTHSE P BB SR e P S &g

havi ng a r paial Myereixummﬁudetka}s iy kech thclode ar\i/dnkp@adamblmdramdlyeimesgdafran s abesvbl |  or
surface of i e t QL4 menber
and the mriht?%t\ég Qlt%%gﬂs(npgvr\lb eit’ T%ge\é |‘r?‘°'sct%lm r%?'lfl %Eéegﬁgﬂﬂ ? I rgét% Rseéal
menber nay wbrkpifdeanoui| whejein the @lird gag ¢hamber grovides4luidyzommunicatiefi between the ssconthgaspl ane

of the wor kRiEGe hedhg S daENETBRS if B WalkbikceAbuMR I FHle ¥ysWinldhay TG B&hpsPa t he
center of the ring-shaped support nenber so as to pivot about a

ci r cunf er efffveefuchst @ §ofop agapied F"é’é‘t"ldﬁ FRtaifemel the shaft wikresesctiiodhgihgysingingd heooigane of
the wor kpi g4 8ourcEQddph8 o3k GRIFhs t&maﬁaahm@%pemagmftm@wgngheaaasdcdoﬂﬁgaga.eﬂamds t he
e

i nvention conpris the feature rei ter f scri bed and

particul ar PWHB |‘?\§‘&Bﬂcﬁﬂf’es °ﬁﬁ‘i’ H%‘ RGeES J;'e *I'Ffese‘f°8 ﬁ‘ggaﬁél? FHPICER Gnd t he
annexed dr sewlongatdi@in theowdripidces a8l @hscird lmpmﬁtédihd.‘iednl I ust rative aspect s of the

i nvention. Thes dj atlve howeve

various ways in%ﬁ?’?ﬁ”@‘ﬁ%’“ﬁ%‘ i ’H‘Q.‘Jﬁ SheSY P HEC n'\'f’ea g °8’r?‘“““‘°3%8“ Eg‘l"““ W“%et
02/ 27753 PGpehgRA the HOgsTiE3ne tip beognd @as lﬂlthéme sixaiine’ﬂnsst)edmhuammagempmn,dorn ovel
features of,.f x% e‘éﬁ’é?itc'se‘a d\m:id mgﬁﬁ&%eﬁ%‘é eft B irke O dabiflor i g'h!)lﬂ“’%ﬂ'g r&%&' I ed

descri ptl on O | nven n consi red 1 n conj uncti on
dr awi ngs. |s@|ﬁn¢EsmnPErs @!\Il@em INEBBeticisepl mpy/congrisg 2 sylindaingh hembi havikg an

di agram i | lnuértsiir?au &lg;oéa rddﬁn)‘:b\fm:tﬁ%&fﬁﬁd &\arcmég&@m& 1 £ Sap thBYE bR &S, e..n t)mer
invention na is a side elevation view artla Plln
section il fuf ‘Eer'%ﬁ“f' ora lmﬁﬁsq |ofiie Rqusipg @ Mags! fB@a’Pﬁat'?"éa"t“Frﬁ'FPé’“&Yf‘h the sha

wor kpi ece; addiaGnagretit Buid GHGLE podibalof e £ belvee RelcPhdNdaberntet ivfdr Efategd de Dat ch

i npl anter spindle assenbly having a cooling fluid passage in a raqtating
shaft: shaft, wherein the magneuc fluid provides the seal between the interior cavity of the housing and the first

3



Fig. 3 is a sectional side elevation viewillustrating an exenpl ary
wor kpi ece support spindle assenbly having a gas chanber in a rotating shaft

adapt ed fyo opee@sVi Nng cooling gas froma stationary gas swlessisesgh a
rotational seal in accordance with an aspect of the present invention; Fig.
4A is a sectional side elevation viewillustrating another exenplary batch
I npl ant er wor kpi ece support according to the invention; Fig. 4B is another
sectional side elevation viewillustrating the batch inplanter workpiece
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i I lustrati figtdntef the shgft Malsecorall@@wtyahd)dlgaoked nelr S€sB@dehd Hitlg sh&Awhcﬁlrghe&E) Is a

artial si . o) e seal
b H gs. pACBEHRR bR bl plellu 28 0 thebra ittt i be (gl S SUBL BbMELR
1/ 03793 Fi grocesschamben Agserdingindie oylindieicab feedtarpieh membes axtprids udally hetiveeg a fipst end

exenpl ary \eggoeerd (A TRe firdk ey &flt&%ﬁgt agﬁagécé}ﬁp.ﬁ'djdxﬁgéh tokv%,me%&@nfengof RBnkE 2
sectional side elevation viewillustrati ngI the wafer clanp of Fig. 9A in an
open The rotary feedthrough may further comprise a first seal portion near the first end of the cylindrical

member and providing a seal between the first cavity end (e.g., ambient pressure) and the first and second
gas chambers (e.g., pressurized cooling gas), and a second seal portion near the second end of the
cylindrical member and providing a seal between the second cavity end (e.g., vacuum) and the first and
second gas chambers (e.g., cooling gas).

In a dual seal magnetic feedthrough, for example, the first seal portion of the cylindrical member
may comprise a first inner surface disposed radially outwardly of and encircling the shaft to form a first
gap there between, which is axially disposed between the first end of the cylindrical member and the first
and second gas chambers, and a first outer surface mounted on the inner surface of the housing. A first
magnet forms a first magnetic circuit with the shaft, and a first magnetic fluid fills a portion of the first
gap between the cylindrical member inner surface and the shaft. Thus configured, the first magnetic fluid
provides a reliable seal between the first cavity end and the first and second gas chambers (e.g., between
the ambient and the cooling gas) which prevents escape of the cooling gas to the ambient environment, or
of ambient gas to the cooling gas, and introduction of impurities into the cooling gas.

Similarly, the second seal portion may comprise a second inner surface disposed radially
outwardly of and encircling the shaft to form a second gap there between, the second gap being axially
disposed between the second end of the cylindrical member and the first and second gas chambers, and a
second outer surface mounted on the inner surface of the housing. A second magnet forms a second
magnetic circuit with the shaft, and a second magnetic fluid fills a portion of the second gap between the
cylindrical member inner surface and the shaft. The second magnetic fluid thus provides a seal between
the second cavity end and the first and second gas chambers (e.g., between the cooling gas and the

vacuum).
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is illustrated in section. which is adapted to provide cooling gas froma
stationary source 252 to the backside of one or nore workpi eces knot
shown), iwoagepesslance with an aspect of the present inventpcavGBoilermssenbly
250 may be enployed in a batch ion inplantation system having an ion source
(not shown) for providing ions to a workpiece (not shown). The spindle
assenbly conprises a housing 254. with an outer wall 266 having an outer
surface 258 and an inner surface 260 defining an interior cavity 262 with a

first cavi tafiafyGhiwaRidpwiitekpact &ARQRAterCRIAL Fikg-SHaskd 2bk menlidEs0 19 WTivobabdad
further conprises a first gas chanber 26-1 extend?ﬁ??@t hrough the outer wall
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rotation aB’lfﬁ% 72 VT EreRRO8mee fre Stfippag & gZVWtPc é%y AtV ghake APf
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particul at pedestaht anmi nati on, capacitive charging) and the like) may be
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inproved. |n addition, as illustrated and described herelnafter t he gas

cool i ng nmaj*bHeé agiginguavrrdly, cxiending Hinadaper e RE8%a siske wall QRatrtare of ths BIOTkRISSS TPPUBY der
to further dpdidey Qal fiEvebifié supporinelridEr 280Y woik@iBde infdntWias el me:&st@em&gof the
inmplanted with ions. The rotg Y f.eedt hr ough 300 q®¥ ESﬁ |s§: ”ﬁg”et'f
seal adapt St 8 T5PRRY MAR beflexibly in pditeiion generlly pampeadiculir todig Rlang ofthe woskplgep an
housi ngf ZSéanﬁladareH hfalaily biWardtf 6lith eepmdo @a&ﬁehamﬁaerngslaﬁea sﬁm:drt &Zliﬁberwushc?mﬁit Per
types o chani ca e used, the eti.c seal provi des for
2 Prohty T BRPCHGReEn A B raGohERralN P e B il Sk gl

i mpurities aI | oBede scompishngeofdr forkbgning and relagd ¢els thetifversion cqmmsqstheé&tumul d
cause unac (o S rs
have f oundﬁefqﬁga?@fﬁl d@!l&%ﬂ‘gn Cisiﬁe;m{mar?’jop\? gé’}{g{lﬁgd%g‘g pee-%g*r&gis t&%gndnﬁ%%:atﬁ%url ty
seal for t me@éérlawmgs sgfarthtip degail calpqalh illagtrativg apfgeis Mrekpie@@esTheWﬁeveets pie
assenbly 25Qichife, REAUVEY 6%ul 4 e @ oA aHods Yys ifRhidhe ﬁn@fﬁ]éyfﬁﬂeqment;on%a& pd1s may
be inplanted in a vacuum The first cavity end 262a of the housing 254 may
t hus be at anbi ent pressure, whereas the second cavity end 262b may be in a
vacuum A correspondi ng pressure boundar9 304 may thus be established

bet ween the vacuum and the anbient. In this regard) the rotary feedthrough
300 may conprise a first seal 306 disposed between the first and second gas
chanbers 264 and 276 and the first cavity end 262a, and a second seal 308
di sposed between the first and second gas chanbers 264 and 276 and the
second caV|ty end 262b Thus mhere t he flrst caV|ty end 262a |s at anbi ent
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Referring now to Figs. SA and 5B, an exenplary rotary feedthrough 400 is
illustrated conprising a cylindrical nenber 402 having an inner surface 404
whi ch mawdethrsposed radially outwardly of and encircli ngcacHeabsrdge. g.
shafts 270 and 361 of Figs. 3 and 4, respectively) to forma gap (not
shown) there between, and an outer surface 406 adapted for nounting on an
i nner surface of a housing (e.g., surfaces 260 and 362 of housings 254 and
352, respectively). A pair of magnets 408a and 408b form a magnetic circuit
with a sh I : q 1 ferro
fluid, no?"I "@h@i\éﬁﬂﬁ %P%ﬁéﬁ%%?atg%%ﬂd %01}‘;1? %gl “’ggﬂ"‘ﬁ‘éfg\%g@?dt‘ Eeég%yép?ar{éffrgglmrre mber
i nner sur f evingigtailad description pitha invertins whaggeatideredfin ¢pniyntipn Sitthhedrawass- a seal
. between the interior cavity of a housing and the first and second gas
chanbers (e.g., chanbers 264 and 276 of Fig. 3). Cooling gas may be
provi ded to one or nore por (BRIEEDESCRIPTIONWF DRAWENGS 12 WO 02/ 277S3
+ PCT/ GBOL1/ 03793 : . Via. . ' in . ce
260 of housi ng DEAA e frarebybte el il en L Ao e oh BREK wEbEecRTe
ci r cunf er eintentign|may 8¢ eprdeyed! about a central portion of the inner surface 404
of the cylindrigalgie/dRkietién viJ»PFmﬁBﬁﬁﬂn%EdtiSn filliraGhelaf o ichd1Akr For RMbEAE
magnet s 408a and 408b together wth the nmagnetic fgl uid) provide for a
magneti c sEAMepOHX VORERIECt he nmagnets 408a and 408b on either side of the
channel 414, whigh i MtioRk Siddeldvafsh Siéwaldapdiing £bard GBI sfitdledsseABE hadpand
ends 400a and 4O,Ob‘)1 respecti vel%t). of the rotary feedthrough 400, and the
cool i ng gaoNpedHid Rassase MATAAHSISNaA 4. The resul ting dual seal configuration
provi des for a Figt3as yseétdadtibs Ocvgionwleivallustmiyg rexanplanivaggad sipgorespideyed in a

batch ion | nt er spindle assenbl e, assenbl i 250._and 350 of Figs.
5 nd 4y viTERRB = Bl s P a7 T P OR SO AR I Rb | eces
bei ng i npl sxpledioughsa rotatiangltseahinaccoadante &gl ar dsjrpechf the preeent ike@ntiamxanpl e) where t he
interior cavitygof, t.he [ Fi i Iy vity end
262a proxi mte E' 'éAf'%]arssePBg%é'gge)%g&gf lcetw Hiélggﬁﬁﬁ %‘%gl%%xaﬁlﬁuge@%ﬁn cavity end
262b di spowakbisseswppartrecosdiegdethe imehtiogOb of t he shaft 270, the first end 400a
of the rotary fRedBR AUGL s4Hthal T eRGatih HOPRGHralif AR tich hlg)laiﬂef whrk &@gl.#pp&nd
270a with the second end 400b di sposed toward the second end 270b of the
shaft 270.°fFig-#his regard) the exenplary rotary feedthrough 400 conprises a
first seal portFi@REA(i€an@nd elévBgIRewGlldslatinglaridx@iygary beal ih hdderashdOit@Bthertabpec:f i 1 St
end 400a) i ¢ch provides a seal between the first cavity end 262a and the
first and Y&EINEUG%s chanbers 264 and 276, respectively in the gap (not
shown) bet ween FifieBsdwekdtional fdedddatioh @ieivlilBkatisgithé @@ mpld§) deabhked WlonglihieiSBSB
menber 402, JIl:ogA_exarrpI e, this my seal the cooling gas within the gas
chanbers Z‘g}fgand 276 fromthe anbient pressure existing in the first cavity
end 262a of t heFigpiinailead desidmyiey iRBEGating a exemplirg wafkrpsdesolwithtalzeoling afeed
f eedt hrou i | portion (e.g., magnetic fluid
al ong the%Fﬁ‘ggiﬁ“ﬁglg%‘%ga‘?“e"i@ﬁ%@ﬁﬁ‘ﬁ’?ﬁoob whi ch provides a seal between
t he second cavi ¥ig 7&nte peRlsidgslsvatineviey flysratingdhessermmiary yafer redralainbFig 6264 and
276, respecti Vely 780k 4 fARiaOfe elebn RELMRICHBEIIVERThg iR @xevipail watd BeRQ of hE
i nner surface 404 of the cylindrical nmenber 402. This may seal) for
exanpl e, tHi& ¢¥9’f*hg gas in the chanbers 264 and 276 (e.g., which may be
pressuri zed) frmagsihea wpeIRHNRvEMVYrahE AR eemplary\Wig bl if feordmtdpitieaaRer agpect of
implanted with jions. Referring nowto Figs. 6, 7A) and 7B) an exenplary
waf er pede‘g%'gre"%’o is illustrated with a cooling gas feed port 502 and a
gas transfer chEgdBlis &Betiohahsidcadutbanew iMstdingthotinpstal atgeating Hic 8BFRB of Fig.
i nvention.,,The pedestal 500 conprises an arm 506 for nounting the pedestal
500 onto a process disk center portion (e.g., center portion 284 of process
di sk 282 of Fi ¢fig-3Y% isanctherisévtionabsidpolekqtipedev lpumatingBi@8ing seabipkep elowdine 864861 | y
outwardly &IF%UQQHI ine 510 fromthe axis of rotation (not shown) of the
process di sk.” The pedestal 500 nmay include counter-bored nmounting holes S
. 12 for attachneFig 8Pds & peetianidselexasionyigk in sepsioniipgrating the egpamplaptringisest ofFiiss- &r ough
the arm SOQQE@mgdjnngwfﬂ{cp@gB&&gpmni cation for a cooling gas (not shown) to
reach the workpi ece nount 508 via the gas feed port 502. A workpiece (not
shown) may be nounted on a workpi ece surface 516 at a slight angle with
respect to the axis (not shown) about whjch the process disk 13 WO
021 27753 PCTI GB01103793 i s rotated. The ‘wor kpi ece nount 508 further
conprises nounting holes 518 for nounting a seal apparatus, as illustrated
and descri bed hereinafter with respect to Figs. 8A-8D. Figs. 8A and 8B
illustrate an exenplary seal apparatus 550 for use in a batch ion inplanter
with a rotatable process disk (e.g.. process disk 282 of Fig. 3) having at
| east one wor kpi ece nount (e.g., workpiece nount 508 of Fig. 6) adapted to
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The first portion 5S6 of the first seal nenber 554 is cantilevered radially
outwardly with respect to the center of the ring-shaped support nenber 55Z
SO0 as towbozetysabout a circunferential axis or pivot poi rRCTIGB01V0379
direction 560 generally perpendicular to the plane of the workpi ece 562, as
illustrated in Fig. 8D. The ring-shaped support nenber 552 and the seal
menber 554 may be fashioned fromany suitable material, wthin the scope of
the present invention. For exanple, the support nenber 552 nay be fashion
fromnetal, andriBZ ifd Lokl SiasEabiid R ERETusERitg sP%erRRar)® glemﬁarr@rm@aose&astorrer
or any erX| ble material. In addition, the support nenber 552 and the first
seal rrenbe"r"“";‘??sqll’oﬁ‘ﬁ?f’ BE a si ngl e piece formed of any suitable materi al

Wi thin the scopEg 0B iddectiphd Si8d Hlevhtion@RiiiRistratidd e WhieSlamp@F Figa ib&opeih t he
first seal rrerrber 554 may conprise a rib Q4 extending toward and engagi ng
the backsiRf&"F the wor kpi ece 562 proximte a peripheral ed_e thereof, in
order to provide sealing engagenent therewith. In accordance with anot her
aspect of the invention, PriE! er conprise a
second seal nenber 570) uéﬁlﬁsfﬁékra{ e@ |§En;q]iilJ gs. g@&%’g{d ) nmounted on the
support nenber BEgresantintzanannwl! sow bediestiibeg “@thtqfvamwytfe)dtawﬁntiswgprqiﬁllﬂceadapt ed to

engage a s I i 0 ween
The Suppor t e shmetd€arPlied, o KR E R nom” fd o Y0y 3Rt B) OF
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v-shaped, gl fahlg’%h(pm:é? @&n@ﬁﬂﬂf&htk@ﬁ a%uﬁm? lesﬂnahfbawhtnmk[htctr Bt%ce?@s‘ke TRE coBlh‘Fg

i nventi on. w Il "be noted at this t he support nenber
first seal gaﬁr@ﬁﬁ%ﬁs ingpoved beawfragferfiom ‘Eee%lfPéFc%Sé‘a‘Ihe Presepreliskowitichieay bpe | nt egr ally

formed in gvsikB@udy HNBHED wiiGredlRion BEa Joaﬁiglﬂela tHru@ApBERYesShink afb&ee- diteri al

w7t hin the scope of the invention, trated in Fi h
exenpl ary €83 %b’ﬁ’&f%‘h‘?”ﬁ%"f{%’ |1Fi%'t“é‘1“f“§‘cf““bt"|' inclygss T(‘Bfa‘gcfgedméﬂ “‘3’8@ der

first seal trdifﬂ'ﬂhl&rcmﬁﬁ@aaﬁlﬁﬁmadaﬁorﬁryfﬂoﬁsﬁfg tcEgab crﬁﬁﬂerheimm shdmembhsisiﬁqaﬁd r| b
T e o R
PCT/ GBOllO@?@@aCIkmdmof the whkpikess flem B@4acotim tnheucmmelﬂpnteci@ @& 62 woskpgesahred from
the front lﬁlpﬂfh o, Abentillnf Qi BYeE 6 tﬁﬁ%er"m@{em& or 9@@ §§? &F‘méf&%&&t ed
in a vacuum  In additi on, the second seal portion 0 ovi des a second
seal bet \Aeelnkmme’dee&rcaaaspw ehats@gesememvwhhews'it@ealmhllmalweref t he workpi ece

mount S08) wher gdpyri Rl idi8e SadinSURR! 11a8RuskAlestah @xebn?ﬁll& i61 ifhGlambr 1b MIMaE BLece
562 is prevented from | eaki ng between the radial outward end of the

support mefiyedsie Saeh implantation af qp Py magg yorkpiects, é“wpkﬂiee@é"%‘tfﬁ% a tegynal
Ref erring g, 56eatnelbsgfivly B aming eﬁﬂtauamleemmallnaﬁaylmlees £l i gourtdID powered by

|IIustrated|n cl osed osi.tign with a pjvaoting en ement arm
602 engaglfhlaglwo PR erf"B@"%% ﬁmg %‘E%eszgf’ g'ffés %?"Ié’ﬁ"i‘"g%‘te‘g@%?g’(rﬂ‘%ﬁ%@t j, and
in an openbepolietisanbly M. Fhe BBpeantP3riecobditionedt iNaGBSs anglysispeagesy 26. e ehssamlysiEhe

cl anp 600 m h sreovrll sc; g a ! s € 1 nc rota

mount 508 g%)éf—li“ggg ?g\l%%gnci %Dk)(ﬁlggs%&g i l%%r g\@éj etagéézoa 8&?2?\ glld%%(rentﬁn%

t he seal i nRrogsdizk tooLsboBB Davingtone th@rmmkmdee@ waEss, or pttxermorlqple@e(qu@e‘an)at this
poi nt t hat b [Rg a,@.%nefo%pxmtfon wm%nwnm& Rfi Bear®4, maam&%&ﬁoa BraihREisWRE kpi ece
nount 508 ‘gand hence of "t he workpi ece surface 516 of Fig. 6) may cause a
centrifuga 1’@‘64%@'%‘?&W&°W@‘b?’6€@§?“%l§k is rotated) which aids in the

conpressi on of k&&rigeRb td¥8g NBLISEE < Qm taheoafchrostmpmelr 10080 8rae® & widhdhor t he
defl ection thereof in the direction 01}3

arrow560 I‘Hﬁ?’% V\herelt is
found t hat °"t"E aé‘i:‘iﬁb%f ‘?Fgf"‘i“c‘ﬂ‘ gengen mpcbe gdvaptagepnsly cgigh Yer‘?g o 109 CE”EP’&“ an
pressuri zeign tdarca plpr @mgmﬁgkxym&na 19k BganliSe Gfetdlyal s taiftfanartgh @r ¢n@ Bhtidnf1 g adn

force, the cla ap S adv nt a S to ensure
pr oper sea‘?"n"?{’él is%f ggégfowéfff)e (Lé’mé ‘\?gapewmg h‘é T" té‘h‘%{’eighwh'bs been
shown and :daemqtlmeﬂamﬁnb hssfrﬁlﬂpHGIcohl&ctatheelfdtsandll laﬁpidltmaMms asamblyus The

i npl ementatio oJely I f. nd
nodi ficati ons‘mv&\/lﬁpll2 com%nses atp?”% eagl ?’Zﬁ"eﬁqf‘ Lrh%n GX% (;er\é%lr’rﬁm%b%n 4 gr[ag%l‘cﬁg and
under st andicryiopifabielippantgeeigknemtetipr rwithin d\emhen@hmbeetﬂod 6awratﬂgsa081tivn iquaarei cul ar
regard to g;)neatyoamh QUL uleREd QRAAL ARG uf mﬁayst&rl;wrmgga@h%&@ kBedhGREBpNENt S
(assenblie devi c circurts, syst , terms (1 ncluding a
reference to a "means' ') used to descri be8t such corrponents are intended to
correspond, unless otherw se indicated, to any conponent which perforns the
specified function of the described conponent (i.e., that is functionally
equi val ent), even though not structurally equivalent to the disclosed
structure, which perforns the function in the herein illustrated exenplary
i npl ementations of the invention. In addition, while a particular feature
of the |nvent| on may have been di scl osed W|th respect to onIy one of
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PCT/ GB01/ 03793 a housing (210) with an outer wall (256) having an outer
surface (258) and an inner surface (260) defining an interior cavity (262),
and a fi madogessrchanber (264) extending through the outer poaidBoiB5B}
between a first gas inlet opening (266) in the outer surface (258) of the
outer wall (256} and an outlet opening (268) in the inner surface (260); a
shaft (270) rotatably nmounted in the interior cavity (262) of the housing
(210) for rotation about an axis (272) and ext endi ng axially between a

f t d (270a nd b h 7 a second
g :31; > c hgprbe"ge sf‘ﬂff)Gl)l 9‘2& gosof e ?O"f ia'fg?xem{ fir lgru'}ggr'H1 By w%’eeal a(cé%’g)ﬁr Bgéé{']’ i etS

openi ng ( 2¥@rtopassemblyd 23 e\(hmh doepmises @ 2IRGHMY jof elequpdes ¢%7s Adesding] R 8 Jonrwetoastoed on

- the s econq?gﬂg 2?27f9|Q)10n9to beﬁ: §$‘E§ant12§ cﬁégs}tivt: s fé&'{n]gl l%?naacn%er ngdpﬂgl s (272)

and adapte to support a vvor pl ece thereon an ng a gas ort (290)
and a t hi ragrelguts theleaidsied ioppig@)hemags dnalysiggnaghayil th. communi cat i on bet ween t he

- second gas charnifgads 4 g')ms 'nﬂgﬂehﬁ4 m@lfotns o %ZSQ bnifods dchg aﬂﬂﬁnit@agrgp Q)r rhasg AT ) a

rotary feedthrough (30 rovid fluid conmuni cati on between the outl et
openi ng (26485 bam 'ter?éscmné %yhlf*zmm&ﬁﬂref%r Rsgiemn P> gacke hepm efmrels_zvral)% ofhet he
shaft (27Qass aaalmeﬁdgﬁw1gaﬁc1lﬂw&&e&€e&3batﬁd@mlm éﬁs_ssgea d" ¥y b9 derfked ky32) to the

first gas |nlet openi t he housin an ion source (
112) adapt? h’&""{“ﬁ' b ‘gg‘ Y("b‘-’rfé‘? WSP% %W%bﬁ“@%%‘g‘fmr‘&fgﬂ“ 45 bY hcHmpuEed 3l sk
(282); whéameion bdakhel 28 hal pmpggagaaongom Bth 1(29 Es&}feqwdmy Itkd@r&glﬁ‘eﬁﬁ)hélﬂl gengrasd |§y39e2) to
t he wor kp| ece i$/lr¥)an}1he 264 6 292)

t d
in order t"§Y8HHVE E r'i%éﬂﬁcf eco%'?'ﬂ?wré’g%ate ‘:rfarg Wé“aévg?%ﬁfhgft oFtf
wher ei n t lgentatibmofyhi§ dipdid thagpelig tield B0)trolayrcom®belatroma 182 whicls@ljukt. the&]ectﬁbze
t f luralit
of " pedest afict ok IHRIA fuudedBr Bl RGRRT1 Sl giend Esbhe LR TR, e, P 121 1Y
(382) of trngnetie iriéepysesithe jon beamel 2B tageaye alpng tic38Ved keamipath d2Rfrdns 2 firgt onentank pi ece
mount (38%ﬁsx@f9llﬁ4l.leyr bl isReaeh 1lei@ame$on@or@sh ﬁajé&gﬁhs%m u@‘{’émﬁ?wugn pRport a

wor kpi ece thereon and having a gas tport wher el n |rd gas
chanber ( Popipnsd 2 gdii@d” of thbeere: H‘P'é‘&@?d?f‘sb@t"l&ééwal?ﬁﬁ@"éféé’é#ﬂﬁ tQyEass Eianber

(276) in tahaiefiddRd kwdy26@)heridfed bfec@BSnd m@)dhdcmmsfaﬁsﬁ&}numeMgndAQBMh%e
nmounts (386), and wherein the coolin as sourceg% provi des cooling gas
R ook

(302) to tHEHHITHERE LS Paves it e frplvinedetringdrt anly 8 ‘*ecr?éWwﬁ?Céeévemunts
(386) vi a tieldesikd ¢haigy-teeaonde. and t hi rd gas chanbers (264, 276, 292) in order

to renove heat ’ljhr Omt heousuP_F{&?]mcﬁj sate alemoge{%7 6(5%(]6 Oﬁa%fc’)é cufs@'g The

systemof claim ‘:’L‘“‘{A)ﬁ’ &“1'ot rou h?
provi de a tizde befrd 0ZF) anbetlvmurtd@anoméras @Faredayﬂag/me 2B)benh nduhdizérdesi ng (210)

and the fiffileantResond 1986 r%n@mg% fie fide c%zrgé mat%ouﬂ;*aﬁwﬁo@ta&mn&;‘e Ghatm 4.
wherein the rotary teedthrou conprises a magnetic se
target wafer as a result of being lmplanted by the positively charged ion beam 128. The beam neutralizer

and resolver housings are evacuated by a vacuum pump 143. Downstream of the beam neutralizer 124 is
the end station 116, which includes a disk-shaped workpiece support or process disk 144 upon which
wafers to be implanted are mounted. The process disk 144 resides in a target plane which is generally
perpendicularly oriented to the direction of the implant beam. The process disk 144 at the end station 116
is rotated by a motor 146. The ion beam thus strikes wafers mounted to the process disk as they move in a
circular path. The end station 116 may be adapted to pivot about point 162, which is the intersection of
the path 164 of the ion beam and the wafer W, so that the target plane is adjustable about this point.

In the course of implanting ions onto a wafer or other workpiece, heat is generated in the
workpiece, which must be removed therefrom in order to prevent or minimize thermal damage to the
workpiece. Referring now to Fig. 2, a batch implanter spindle assembly 200 is illustrated having a cooling
fluid passage 202 in a rotating shaft 204, through which cooling fluid (e.g., water) is circulated to provide
heat removal from a rotating process disk 206 via process disk circulation passages 202a located in the

process disk 206. In conventional batch implantation systems, RTV has been used in workpiece mounts
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6. The systemof claim5, wherein the nmagnetic seal conprises a cylindrical
menber (402) having an inner surface (-104) disposed radially outwardly of
and enci ngoigparishe shaft (270,364) to forma gap there betpE@OBIRIB7RBUL €r
surface (-106) nmounted on the inner surface (260,362) of the housing
(254,352)) a magnet (408) formng a nmagnetic circuit with the shaft, and a
magnetic fluid filling a portion of the gap between the cylindrical nenber
i nner surface (404) and the shaft (270,364)) wherein the magnetic fluid

d t dth
Pl et Cand WL RS BELUESRE 1038 of Bl Ok Bk AR GLs e SobBRMRL 1OF 0
interior depyingnd (‘12 e@¥espdiski 396. Hesighalvdps éémbhsvegun&dﬁn #%ﬁtlowhovwgéh@US(@GZa)
proxi nat e bEih‘ﬁng 315 & rdedidn {if 4 Wddor Rforel &ivs Mp%nﬁmo@ho%@ls:gggdﬁ\@}ééa} Y148 Rhik 262b)

di sposed near 't he second end (270b) of the shaft, and wherein the
cyl i ndri cdhe Girepiasien ofcapling fludthapngl passaes| 203 28&!%@@1?@%%@@6&48 PRASGO Y

di sposed twepidde thtsfhhsrhsﬁeto&ﬂ@lace@\?eﬁaammvet S@ed Elﬁ!&iig B ¥emévab?6@hforend (400Db)
d the second end e shaft and further conprises a

di sposed t owar 2703%1_u @b?t{l

first sealw%"f‘?sdﬁ‘l’ﬁé%ijr o3t FREnoe )‘hec8f°b’("ﬁ‘éasé‘§ﬂafeﬁa’r“l’ BV Senber
(402) and dpdiabie.di ng a seal bet ween the first cavity end (262a) and the
first and secogg Q%Isg ers (264,276 d a s cond seal r@f)rtiog‘ 2 ar the
second end (4008 "f’ﬁéc’ 3815 HFTrelyy a"(eflt’fﬁ p'ﬁ‘f’?d"pp?%?f” SRR

bet ween t heillgaraedid sedon. tvitickeisddap@6 ﬂtp)rovain dodlinggs fromta saurglary emmadsz;amec hanber s
(264, 276) T L& h of the
cylindri cablagmd?rg%nes%%%)ru&%"&%&gogé Jm) :sar St d;f]ctr?r‘@gl agé%f cé?c:fe 3"83‘5 ‘c’fnpo O0sed
radi al |y ot weeretly258 fnaz paeraninyed ig |a|bmg1 ipthigpiantafian syseEROha8igeljn ipmsofinge ﬂmtahCFwno st
gap there Q%Wuontsn)ea\wrl{p?&e 88Rn )nﬁ,e@gﬁhaé Lsyenmysaaaﬁ,%ds DHbNES84 blifSa 1 1 St
end (400a) of 't ndrical ne first and second gas chamber s
(264, 276) ;ougr W“r»s?ﬁ h%ymgé% O%ﬁrsw&é@b@%m "ﬁ’ﬁiﬁ‘iffé?ﬂ 2¢fhdefirjpg niperior @amtx ¥#aavith260)
of the hougdtBaitl &liO)ia a3d £ debsid cmgeﬁctzeﬂﬂ&&ahoumifsmﬂmara‘om ks IMEARRL 1 C
circuit vvchh the shaf t hﬂ?O 364); and_a first mag-h‘gtlc fluid filling a

portion of°N3TRRET 36 pXigndyg %@PW&&‘ﬁert"f?B 8 Aerren ¢ TSl BanRistARERine AR in ‘E"lﬂ“?eéce (404)
and t he shadfice £23%0thd butyr,walMiss Ml B dudlex obéning 268 kHeLsuffhdd 26D. pr ovi des t he seal

(264, 276) . and ‘aitef 2t rERG oG B st i odpe Bt 8gH aty Hler Riffoer
(:102) comprkisZR:with8n owd\rd2¢ ZF SESndRECIiBBOLMES AT Bst andsX70-and a beadgiends20b.ac e

(403) i Sngae iAo UBEALY 3R SNBKEELEASAAEVSIALL LAI0ARY) 10

forma second g g t her et weeny e secon ei ng "axl a
bet ween t Ipeenirgcdhdirongiuthy Qll@@b‘)rfa@mt‘ Ethespplt 2ifrndthe Seﬁ@ﬁﬁ@?”%@ermﬁe/\ﬁm%not and

second ga%hmﬁH@eﬁéng%%.%@t,enw@@sf%qh@m@ro pwcfe@&ﬁmﬁ éﬂ@shﬁmowq on the

i nner surface (206 housi n a second magnet (408 form ng a second
magnet i ¢ dFSPEqﬂOtlhe\)ePleswzt-Pf’eabewm 27(~2 e hefuis supa?r&da’ BeRBHEo %ﬁaﬁwg@ psified
filling arpaddnhi®rigfs 28e second gap between the cyI i ndri cal nenber inner

f 404) anpd th 270, 276 d t fluid
orovides the sehMotsERsaR AL EeB i et 0 ZRal PSu3h A Shaor s i
second ga7zhadddepsses Q&Atpr&%‘t)on 281 lochlee alsypstheanisafi2 axidammr&;orewhamels p8ét he

dis g0 f t t endi
process Iextextlc\%g %?rgl Oll[\l- a.r% € centep onn %4{( g’é%talg? ?c?imgnsg (v Zc(ﬁex nqn I ng

| ateral | y Ou 1rom cen er Ion FOCEesy t he
pedest al s %&M}llmmedmmsmgnanmmm te euppeTDUWKITKi@ 8 Gipt Shmh) tiefeyn, dlcmmxsed

fromthe %éhéor%i%c@%lvaﬁpqa @eﬁ'laa%?ﬁ féeﬁ O’ﬁie \4@%%9&&?%@2 Er}}%ﬁng&@sdﬂmjc% %ASV' ng a

gas feed port wher ei n gas anber
comuni catchambepe proriding frid §@B@W€Fa@fﬁ'#@h@wco(@%Fhaifﬁeftzﬁ@“é*wah%ft 19 ag)theand

t he gas feggpfegg;og§9d1§§§),vo;kglegg}goum@gpl ece nounts (386)) and wherein the
cool ing gas source (252) provides cooling gas (302) to the workpi eces at

the gas feed polf¥° B‘8‘E§)5“P@P“€1h‘§“e\ﬁé§ck‘b'?/é ‘%?ﬁefnltr@%(as%y fegiithroygh 04 prpiging
second) anmlid ddinmeni@8sn KRRBOAE SuktXPEnink 268 AL indeNsubthdd @60 dfthelotiBOVA Beat from

t he wor kpi eces. _go The system of cl erein the interior cavity
(262) of thﬁ%su};&a ?nﬂéhe(s?.ﬂg ?plegxg%%ISn}LLg sh\l\ﬁ| { The provision 0 tf%e rotary
feedthrough 300 and the gas chambers 264, 276, and 292 enables provision of cool,mg gas 302 from the

gas source 252 to the backside of the workpieces (not shown) mounted in the workpiece mounts 288 for
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a first cavity end (262a) proximate the first end (270a) of the shaft and a
second cavity end (262b) di sposed near the second end (270b) of the shaft,
and wher evmot/fmesy ot ary feedt hrough (300) extends axially PBPETGBINO378I r st
end (400a) disposed toward the first end (270a) of the shaft and a second
end (400b) disposed toward the second end (270b) of the shaft and further
conprises a first seal portion near the first end (400a) of the rotary

f eedt hrough (300) and providing a seal between the first cavity end (262a)

and the f 'sfnﬁﬁmg%&gmﬁﬁgm %&b&ﬂﬁa@@& lﬁa&r&%a@%@f&;m@{'ﬂo@deg Q&Qﬂaﬁl R/ portion

near the second end (400b) of the rotary feedthroug g and providing a
seal bet wadt§ntiopelt Walchs metedal this npingihet el oolingisas F?e'emqu‘ gat ﬁm'he werkpigretifls

. ?hagt)ﬁr S (Ll?eaﬁoh ug% 9. acébﬂdmg-[(hthe ﬁly&tl@ﬂhlgﬁws Q)L:@lufﬁhék?n oNﬂiﬁomcﬂlﬁanT‘V?ﬁlfbfzb’pads 10,
ee rou cO ri.ses a neti c ea clalm
Whor oim_t ek AL S Bk BB AT it ol Pees P Ao s detpn e ( 384)
. ext endi ng delaﬂeﬁcruaét’feyns euhe/mmlbrythé wakpicte (e At mkmg;pmdnme(c Siffatyinabibn, tdpacifpieOCesS
di sk, the Bedest risi.n

G onnson FRERRE KR Bhyike ek 8 ol TR s i, B 18 hee o D B cn0 1) 05793

support a impbiepi Badditidaeds elhﬂtrmdnd‘m:vdnbgi lﬂregamer ftl&egds qz»omrtg n(a3 88dmplaykinei n t he
third gas f%%%tq%%on g.hzt?uu%] w?ttelc)) %gggsmfolr er t{) FI uetRer 1mpr? heﬂ trfms éuéag)fr%h?h second gas

chanber ( e gas
wor kpi ece wndipittes b¢i@Si6iplantedrdithviber ei n t he cool i ng gas source (252) pr OVI des

cooling gas (3 o
wor kpi ece m)un?l% dp %&6%%“%@%&"%% st %&e@%rq%?%eai %ﬁﬁﬁ hmlgé?%ﬁ)bet té"r"stlni
(264, 276. 2ggror Fﬂﬁ"ﬂﬁé@f the kpupieg st end1bafirstendsesant g2 Wermibprs aeiasd 2763 White gibrk pi ece

support f QfpeS¢tRRahibdl aRnal 6ARLd ﬁn@%agiﬁﬁé‘t%e%é‘a‘?prbﬂdé f&’%th@hl 'ré?i@olé \FEPJuﬂﬁsEait' on
system conprising: a housing (210) Wi an outer wal 5 havi ng an

out er sur el 28k Puriysealy Weprjmpuridisy ﬂ“aw te ipinge eRths ??P‘r’f& Bath “‘Fsr‘it"él?"iﬂﬁ?s cavity
(262) . andodd taufehacEspiible Betitdatiatifn’dithe w@?kbﬁﬂ:ﬁll TH@s, o e hdve fdahtt @m awal | (256)

between a first gas dnI et o eni n %'ﬁd‘g’ n tq? q{éter‘ surf } of the
outer wal I"EFEBTT Y ha“é’ﬁ"tq aé‘ipr R PRITRUSE ST {9 T Alipg s o §ﬁ? ‘& _M260); a
shaft (270)orkpizteat ably nmounted in the interior caV|ty (262) of the housing

(210) for rotat bout S n n betvveen a
(rret end (27on i S nRdst it P R ok 0y 38 Py PELAS S e one
gas chanbemplgaan a extuan dhafrstdadtyend H2oofgie hbmrw@é‘hmw Hedo pcimy@ast presdust

openi ng ( : i on

t he secon(2j“7 hg)ﬁgq%qecto ca§§Fe Qﬂ%zﬁﬁg¥ Qéigbgcuu o@gtsr?%t%gtﬁ({ rgglnp%%l (‘)"zu'{%%% @%@d(zn)
and adapt eeps beeseblisprdrbetwaenipn apiumaad thpambiash In drdegardy hatptagy fgeddirquelodfOmsy t

(290) and Bmbrhbi § G I6EABHRE bekdR e BFsOMi e gu rfbefsQBAMHAIZGG Ik 12 fiRet ween
the second gas cha n the shaft %7 g and the gas feed port

(D603 < aneatls AR smdastrord el 0B 165 Pobp 50 A FL TPty Kt PTG B Bt ween

t he out | etandpesetong c{vitPehd 261b. mm hmmdfugst(cavhga)mmrzla it ktamsemcpnetugam thel et

278 f th 14, t f 13
Cool 1 ng. gaeoudinbiend S8 ) s b e el bR ARl siuaie b PRl R R "9 @
openi ng ( 28H)owing tirbugh ke fisst, B@or(d.?&ﬂ)hlrdmehmharsﬂﬁ‘é 20 aldi2Ay rqgmmstyl,lﬂrmbo(thSZ)
provi des Ciﬁ%aHbQﬁan?tﬁe%%ﬂﬁ? %ﬂncﬁﬂﬁ nﬁm’"%?i@g“ft he gas feed port (290) via

the first) secon as c ers 276,292) in order to renove
heat from t he Rsfekiseeewto Figs. 4A and 4B, another exemplary batch implanter workpiece support 350 is

illustrated in section according to the invention, comprising a housing 352 with a first gas chamber 354
extending through an outer wall 356 of the housing 352 between a first gas inlet opening 358 and an outlet
opening 360 through an inner surface 362 of the outer wall 356. The first gas chamber 354 comprises a
first portion 354a extending longitudinally from the first gas inlet opening 358 to a second portion 354b
extending at an angle from the first portion 354a to the outlet opening 360. A shaft 364 is rotatably
mounted in an interior cavity 366 of the housing 352 for rotation about an axis 368 and supported in
bearings 370. The shaft 364 comprises an outer surface 372 extending axially between a first end 364a

and a second end 364b, and a second gas chamber 374 extending there through between a second gas inlet
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15. The support of claim 13, wherein the rotary feedthrough (300) conprises
a magnetic seal. 16. The support of claim 13) wherein the process disk
(282, 380we@opprisses a plurality of pedestals (384) extendipog/dmtimsai3l y
outwardly froma center portion (382) of the process disk, the pedestals
(384) each conprising a workpiece mount (386) radially disposed fromthe
axis (368) and adapted to support a workpi ece thereon and having a gas feed
port (388), wherein the third gas chanmber (292) 20 WO 02/ 27753
PCT/ GB01/ a hamber
glgzn%é £ &%%%ﬂﬁ duk ev%ﬁfaﬁ%mmecsﬂm 28 ul@%é \9@%@@9 of %%1{’3& Shaft

(276) in e sha as feed ports e wor kpi ece
mount s (386} maba?qahemé%ﬁ arnoiqE E0tes GEHPPThéng%@ms‘bﬂﬂa%}ée firstsnd 3602 @Vi"@@%c"tgd‘é‘lh i2ng gas
(302) to tdaeemaskmt%%)@wemg&@alyft@sﬁtme‘%{oﬁ (388) of the workpiece nounts
(386) via the first, second, third gas chanbers (264, 276,292) in order
to renove heat 4 PBHis 35 R‘Bi“’é‘@é’% ‘h°i°f°“dﬂ'1%3§419ﬁf3‘8“r %hafb?“é‘?’é?ti‘ﬂc’i3b°uwti"eﬁ="é| n

t he rot ar \368,aediiab i @d@hpdan 832 lb&teadlaxﬁg tB€laxtsB6® Erﬁ\bhd& n@respe&ktal(s Mrlgbm)wee n the

interior cav usi ng (21 st an con as
Charbers (et yCla oo B Ebolisy o, ARt erbiiipab L Clpda P a o R

f eedt hr ougss (a3idlly) dipesePfrors @5 axds mgmﬁdmedseaipporﬂaeyodiﬂibee @otphend thekordndi m 18)
wherein the C rls |nd L,ca an

i nner surfa(lzugEl ?%ge pﬁ?ggos@ de%ﬁogl har Fesathfr en%@é%mngmgﬂgdshaft
(270, 364) cbmmmcmrd)egapn mh%coeadbatctIMnr 37am ttmthm 36étandtafcgs (edD®)ts Bﬁsumthed on

t he i nner MEC@QSOL&'\%@Q() 362) of the housing (210, 352), a magnet (408)
formng a magnetic circuit with the shaft, and a magnetic fluid filling a
portion of the 4mentfesdieeeh 3R ds iﬁgﬂhﬁeﬁmﬂv@ameﬁe\ﬁbé?ﬂaﬁﬁ@iﬁ shafy p¢4apraviding@yid and

t he shaft &%&Qm&féé)beweﬂh@amﬂett andg@@@@ftuaeqmaéldga@z ﬁﬁ%'s&@u&l gabﬁleﬁ:e/%f Ja@t ween
the interior cavi t)é housi n I1rst an second
(]

chanbers (sHHu365: ke YQ'!PWWEH@I@EI%&"FCH#e g?'aﬂﬁf‘!l°9°P%é?5é|“H°‘tgﬁé‘e|g?ﬂ°éﬁ‘W s

cavity ( 2@3) 301 ahd 10 RALSHEGidE S RUIpRES (bt mows)tm@acva ﬁlyhe%dcp(e&amhts REE Xherat e
the first 27ngﬂcof t he uuflft and a second cavi { di sposed

near the ss o5 5 W@agfﬁg‘? pppethg PERKIET Sl gﬂ‘i‘@ (‘ééﬂ “(ar"F g™ nenber
(402) ext aneisoawifaldpyssiped 308 enth@prodeds sk endwﬁefma@aaat (ﬂdnﬁﬁﬁbﬁ%mtv@iﬂ@[edcsﬁrhlﬂe first
end (270a)_of .the end. vvard cond
end (270b)woglfp'et°?1@°"“ﬁ§%% t°§’n8r°fes?§§(gjr§g& v’a’ mgéas l|r°rusf’g3§sezfl oy o‘ﬁrs‘n3 gr t he
first end 37406&43900d thd !haeksc!ybﬁw:dkpmsalmqmndmenhe(wtﬁ@)ecean@mpﬁ&mndy Pegeraovs e frdm

bet ween trlﬁeres%tdlsQ?s‘é' ty end (262a) and the first and second gas chanbers
(264, 276), a second seal portion near the second end (400b) of the
cylindrical nerrﬁwrofﬂ@%fhf%blﬂ%mdw i thrgn ventina#¢- 2. eedeosghs B¢kand ¥ i igg dwhd y end
(262b) and4 Petﬁ%ctfde]@ﬁﬁaﬂ%f %?&&%lﬁﬂ%r&m@mﬁc%m(n%ﬁéﬂ&?@wee@c"oolu@k@s SRRAr t of
claim 20, wherein the first sea ortion of the cylindrical nber (402)
conpri ses:inastftopay hqupipginda mtﬂruawﬂ%) sHoR Jhatgicepling 84 mMaX ¢ caqce*ye%tairwémsve 8f and

enci rcl i nohirdt BB hhmkl 264208 353464bk sdcOnd g2t ERadbdrd 778 ancB). TNRERIRGIWMBQR0thek he i 1 st
gap being axially disposed bet ween the first end45400a of he c%'l i ndri cal

menber anoasl{eﬁ‘é’ff'FF%T“t‘%&eé%%bf?ﬂd‘ﬁ% SRAFATPFISE Qe g ATose/ 83 “e"ffea S, Hed7753
PCTI GB0110Q3d 83cribed in g@hteraldhiCherGntfitrace (406) nmounted on the inner surface
(260) of the hOﬁl&érrI{l

ngv% ]t'ool)ig.s. SA and 5B, an exemplary rotary feedthrough 400 is illustrated comprising
a cylindrical member 402 having an inner surface 404 which may be disposed radially outwardly of and
encircling a shaft (e.g., shafts 270 and 36+ of Figs. 3 and 4, respectively) to form a gap (not shown) there
between, and an outer surface 406 adapted for mounting on an inner surface of a housing (e.g., surfaces
260 and 362 of housings 254 and 352, respectively). A pair of magnets 408a and 408b form a magnetic
circuit with a shaft along lines 410a and 410b, and a magnetic fluid (e.g., ferro fluid, not shown) fills a
portion of the gap between the cylindrical member inner surface 404 and the shaft. The magnetic fluid
thus provides a seal between the interior cavity of a housing and the first and second gas chambers (e.g.,

chambers 264 and 276 of Fig. 3). Cooling gas may be provided to one or more ports 412 in the cylindrical
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a first magnet (408a) formng a first magnetic circuit with the shaft
(270,364); and a first magnetic fluid filling a portion of the first gap
bet ween wWwopyhindri cal nenber inner surface (404) and thecsikabing78y0, 364),
wherein the first magnetic fluid provides the seal between the first cavity
end (262a) and the first and second gas chanbers (264, 276), and wherein the
second seal portion of the cylindrical member (402) conprises: a second

i nner surface (40.t) disposed radially outwardly of and encircling the
shaft (27 f 3 L0ei ng
axially d?‘?glgi}g%i(géf ﬁ/‘r‘eglﬁ@[t gﬁ%gg%%c%e;n ﬁ%cé%i(%gﬁf\@gﬂg ﬁ%ﬂgfﬁeﬁg&%@gﬁa&mmer
and the f |CF<BIiateé Aldngrechanmel 4gheircemigrehiéally dispose abqug) centgal gestianrad the innensurfage #Cdc e

. (40. 1) moyphediitddicti Remb&ngs, surface (260) of the housing; a second ma~-net
(408b) forrrting a second magnetic circuit with the shaft (270,364); and a
second magnet i A% magnelictlieldrespingfrompthe Magets #08e prd AQ8Rtagstherpuifh thespagastis fbide

» cylindri C%%ovﬂ@ﬁb@ﬁ‘naén&ﬂ%éal &Uf!ﬁ@t@ﬁlcﬁﬂgﬂk 4@ghdmtﬁ Mb Sthéhir siod dltheXPadnd 4 10MWRICRT N

t he second magnetic 8”60\” he seal between the second cavity end
(262b) and™VHe PrEYe b&‘ﬁ'&'@ 8}1{65‘65%“&9‘?3%?‘%036‘2"6‘90"2‘7*6)“‘”2‘2 of f§E &Y pport  of
claim 21, fwmbeghmow B! the @6IRgFastiithin theXhZindiBa). nﬁ&aamu@eﬁaxaeapédﬂﬁgiradby of

dest al 4 t | at | t dy f t 382)
b 't he. pr SRS oy iyl Bl e vty etsliyee A R ion BRlepER s o un
(386) radiagtrhbly @digs meadcsfzso)mdwﬁ@offxg'sﬁ 4nd GB»)'hewbyicoalﬂ&rghﬁdaytb@ pRUIPANG tem@ve
wor kpl ece hEat %&g%)rkgeces bed|~~| q%te%hagalﬁjstra?e%QnJ) escnb aEBV) and wherein the third

gas chanber urd-communi ca Ween the second gas
chamber (276) For exdveples rhdre the RROYr cavity of hehtga@g 25e4@ﬂFlg~drcmspr(sB%}rst|cmw et
wor kpi ece 2@3%&%§na&%§®r5t er%%ma-rcl? &6 §%B9r9r(;5)tmcm se&k@%a%)} g 26’!‘8%&5&& %Q'%e'éggo g i or

cavity (262 e housi ng ses a rirst cavit
pr oxi mat e epdvd0k qf theshad2d0. Q@T@é?"d&matqﬁ the sty feedthrengh 4edraay bel d'émﬁdttwae#me (262b)

di sposed rﬁesa;haft 8 250G the88End Ad b dRPostdtewRY At secona@.sh MOSEhndB0r Bt ary
f eedt hrou (300 extends axially between a first end (400a) disposed

toward th ’sfrFﬁagjt RFamPloTy (43ry Erdtirpugh 4PQgompeissa firsisend BoTiPndnel paspris fluidilepso s ed
toward t heheSigen0slneark first é49004) fwhich Brosibefatsea Bedwdeh tht h@.fca@‘@rﬂﬂﬂ D628 8ndahd fir& St

seal porti r the fi 400a) of the rotary feedthrough (300) and
o ovi 01 ng 16 S5 b e e ey PO Rt ypeeiop ) ek i el A A
second gamnerhafdoer(m of &6ifdriZal Membarol. Fosexamplel tsemdy spad the b@ﬁng\@awltﬁxh fe g8CONd

o (400D h b 5 £ SRl S O R0 SRR a3l V0 e
24. The s@pptdxlx%@f claim 23, wherein the rotary feedt hrough (300) conprises
a magnetic Sealln su%%.r fashm gglo?ayﬂee%t@é%ﬂ %%Q&Zp?’ée @comﬂl@l p%HBpgfg n3 eﬁc! aim

23, wherein the rocess nprises a plurality of pedestals
(384) ext dndplarg thed ner*bﬂblnyarmms%awwqobbwhl%h REQiflesea sefd bftwan the(sGRE) capify endhe
process dixgls.and REARGRERERN Bas CRBbLrs 8QCHI SRITRE eélvElQ inGheV}ap (HBl B6En) BRWED tHe386)
radi al ly di sEosed fromthe axis (368) and a 35 to support a workpiece

t her eon aftftRARANA e ipngygurfacetd OB'B? ¢ylipagisalymemper, %lﬁ’st"l‘i’és‘ia f9r gxgRe: Ehanber
(292) pr ovéoll@sgal inttie@naHaRTeH MaLTEAR g DRRIVHERLY bk PRssGREHMImIRSvaERAKRETonkeh( 6) 1N
t he shaft {%Pﬁ%)han t he lfe d orts (388) in the workpiece nmounts (38b),
and wher eiM*PREEHS pleFFda%’a’Ep% Wd 'P252) provides cooling gas (302) to the
wor kpi eces at Rlafemggmm‘ te €ids. poTA, Snd(mmexaﬂplirheamm&rqstalesoexsmmmcﬂ wWitB86) vi a
theflrst hi;rd gas c to renove
heat from?$ %{d gggﬁsénd%ﬂs RER hhaﬁ"c?%oﬁ "l( acc‘frda"?e %'% 5h ther eﬁﬂ’dﬁg(;:orrprl si ng:
a housi nglr(vaﬁl@} Tﬂnamdcsgalaoﬁ)cbmpraps wranm:ﬁiﬁlfcurynO(UQtB@)heaW@IstaS@q cmsuta pg&sss dislanber
(2b4) pro nd a
first as oot MRich (G drR RO R0 ol abllrie d bth sl mblnb 2563
. of the hodisposag r¢dialipputwardly ploneding 519 fedivuthe axeﬁrvfw@l@\ (e Enpefdhelpogesn disia Becond

gas chanmbgliedad {0 mdyiMkdionstedtottl thobRATHINCH foPRalbilNEFRe RoRERR s G8Fas! NI et

a gas chamber 514 through the arm 506 providing fluid communication for a cooling gas (not shown) to

reach the workpiece mount 508 via the gas feed port 502. A workpiece (not shown) may be mounted on a

workpiece surface 516 at a slight angle with respect to the axis (not shown) about which the process disk
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(278) and a second gas outlet (270b); a rotary feedthrough (300)
operatively associated with the shaft (270) and the housing (210) to

provi de fW@bshgesymuni cati on between the first gas outlet @EE§R)Bof3193e

housi ng (210) and the second gas inlet (278) of the shaft; a process disk
(282, 380) mounted on the shaft (270) with a gas feed port (388) therein and
adapted to support a workpiece thereon, and a third gas chanber (292)

provi ding fluid conmuni cati on between the second gas outlet (270b) and the

gas feed p ottatéd3 %%\f{lor@;f:ecem unIQOégﬁ?l1 S(?)%{p%%%ﬁﬂ%l?ﬂ%}%@%@?&%ﬁ x%&m@ng sea(iie cool ing

gas (302) rou h ITst gas in nount ed on the
wor kpi ece mp@rm!s, ¢3BBirated ad tlfhenh‘ed hqsmnaftgeud)m@pecatnﬁlgs IBArED. gas chanber S

(264, 276, 292) ; g? sii‘anlhé?{hn?sR £ 9&&% & % stsé)foPEsQK a%tclsa %})g%n%%tetr Ofina

wor kpi ece nounted on the workpi ece e sy l'al m 26,
wher ei n th@tatablemoyesmwwrnse@#ﬁ disk @8R of Eiznd P@%ﬂtb%ﬁﬂgﬁ@tlﬁp@cwm(aaapt ed to

provide a g N[V I EVindnGRY 210) and
the first, grg%l%ngg mgﬁ((ﬁjk afWr J%ﬁ?dg{sgﬁn%\e&r?s%n or%flecg g\gt Sh5\%lhgl",glhe(asyst em of

cl ai m 26) beFiekeEl pree W@ vegakpiece Rignepsivelbas tp flﬁpglvaamnw&@ﬁdrawidaihe@?fd%

(270a, 270b)ccorddned Rithinbh® 2pb@ 6 LHSinthnBdn. LB 2ppaail) 550 Soifigiila8il g BApddieppseCONd
end (270b) of the shaft, V\hereldgﬂt he interior cavité/spﬁ)zaqd of the housing
[

(210) conpfre¥E’ ‘f’fi“f"s”t‘ayc?&{}’f’t'%ie d WOKBI) MRS § rAYUB i3fEy seglpembs7 0q) ~ of
the shaft ssadnoansEsHRCbupM imeshb€r362 4nd Gl adirs part@id56 @Aith i Rexis et espedt b

(270b) of the 23 /27753 PCT/ GBOL/ Q37 270)). and. whe th
otary f eelit MPBIYRTOS0T SeAef itdio uerea APYOSIA s BrP ety o 7 PPy i |
t owar d t hedds¢ribsd he&nﬂftc(rzvm &)spe@tf to FlaeB s Mk tealeupphra:sssal:ma;cbcerwnteﬂ mmse\dorkpmwr d

t he second e b and. f rthe f |
portion nedr r?%& ?’rl)g? e 'nmig%atbge ru%lf‘%fasm%?rsg}? 7‘}1’ gp Ln t%%%é%d tﬁer & ap g&ﬂl ng a
seal bet we&i naide ﬂmacmblecfaw theywarkpdkcg @myosm wmuﬁmng§¢stea¢1dand@cdlhd, thss
chanbers (é@ﬂi %{gf}e&z adgg agﬂgnéﬁﬂémqortl on near the second end of the

rotary fee pr oviding a seal between the second cavity end
(262b) and the fMhefiy p@meh @ée&ﬁelfugtaﬁsal eﬁa?ﬁbéi"sls fepdavezd gytiall poutwadinidkisirede

support f of yRUBR& m@gngasthade@ ﬁ%%orprﬂé?nﬁépfaﬁ R RGEpil i atRulRiElInLeRial AR |oﬁ;5]%’it I on
system conpri si ng housi n having an_ interior cavity (262) and a

first gas BHYRpRAp aelzﬂaw)ﬂ P é‘ii‘ie’allh@”ﬂe'l‘qﬁ“&’ S PRI B4k RIS I Iirfen gas
inl et (266Figasnd Te filgrshhped Appdithnériter {52 aﬁa)me saalsxhaﬁar 54420f4})be MABRIBHCE thoth lanyt he
interior ca,~i 1 at%ZG@ of t hee h u5|en . r otlat ion abr%Utt}%rﬂs (| ?
(272) and FGRReeE SR e 520 e PFRRS™ EBTE e FrRar B R et on
bet ween a Sedorfdngasaliand et NERASjealardhber S540gie mydesiramudnl ooy H0 iy flexible
material. In addition, the support member 552 and the first seal member 554 may be a single piece formed
of any suitable material within the scope of the present invention. The first portion 556 of the first seal
member 554 may comprise a rib 564 extending toward and engaging the backside of the workpiece 562
proximate a peripheral edge thereof, in order to provide sealing engagement therewith.
In accordance with another aspect of the invention, the seal apparatus 550 may further comprise a
second seal member 570, as illustrated in Figs. 8C and 8D, mounted on the support member 552 and
having a radially outwardly extending rib adapted to engage a sidewall 572 of the workpiece mount 508 to
provide a seal between the support member 552 and the workpiece mount sidewall 572. The ribs of the
first and second seal members 554 and 370 may be. for example, v-shaped, although other profiles are
possible within the scope of the invention. It will be noted at this point that the support member 552, first
seal member 554, and/or the second seal member 570 may be integrally formed in a single piece, and may
be fashion from any suitable material within the scope of the invention.
As illustrated in Fig. 8D, when the exemplary seal apparatus 550 is installed in a workpiece
mount 508, the first seal member 556 provides a first seal 580 between the v-shaped rib 564 and a portion

of the workpiece 562 near the peripheral edge thereof, whereby cooling gas 582 providing heat removal
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a rotary feedthrough (300) operatively associated with the shaft (270) and
the housing (210) to provide fluid comunication between the first gas
outl et (Q&doy\hsst he housing (210) and the second gas i nl eeC(/BBBY0II93 t he
shaft; and a process disk (?82,380) with a gas feed port (388) therein and
adapted to support a workpi ece thereon) and a third gas chanber (292)
providing fluid communi cati on between the second gas outlet (270b) and the
gas feed port (388). 30. The support of claim29) further conprising a

First  gas T b Aot of RERAER obFs BBy HF ik B8r P2 3Lt RaPedetb Dl o Gas
chanbers (2€eorid#®,589@3y. be3diplanidddn Swappior. in gilitios, dieiyecB@i sealharien 370 plogidesat ar y

. feedthr OUQ&oédngQ)oe&QMe s§a?;§})p?r§tg§%'ag dtﬁeh %\!all @?Zaoqrth?g«f@xeper rﬁéﬁ%ﬂ%’?S th§r%§v)

between the i nterior cavi housi ng firs
second, arfdolinggasgunghies! te the bdsk pide qf 9@ Arokpigee 562 is pregented Trim leakippbatween fhe tadiailym 29,

- Wwherein tfysm%}aacmof&ﬁe?@poﬁgl@nasergmnémsaae NG 7 8 8GRVt Aholéts. (2708, 270b),

wherein the process disk (28 i's mounted on the second end (270b) of

the shaft, Merl?éfeﬁ"xsﬁléo $°rﬁs'ér%%nd8 P expmplom afep glarp @O0 isgllusiraies is aAlpred ees a

first cavichaymp {itGa@)a pRofhg eifhkéncht ¥ 607 hfag®B dith %hé Qpkurtike 3380 dbRbrkpi@Bd a
second cawtef:(zvgg 262b) dfmsggg%gd near thegasge?;oﬁd eg’% Ll27?)b of theplshaft

and wher ei’f? ‘?‘)OT"QHV“F’B@’CW fon iR “Bawhrare Bxarm 9l is sBared) "I‘e{Ff'BE't wBeTrmp 609 ¢ st
end di sposeg bé proaded id thewbrkpicct moa of adrddesy disk (efgh Mosins08tof Bigsl 78-CSa6 8Dyko@nd

di sposed towa second en 270b) of t shaft and further, 24 WO
001 59555 MO s ya SR Py LEuis ppiaps S 58 s o Biteq A L B IS FPPL ond
of the rotdiss gom‘t eethdungle gthvlﬁcli(ﬂﬁ)woadptdcmmmmwnm@ﬂ ia the ®atkpbetnwmers08 26d liendef

cavity en n h er nd a
second seg}f |%SHQ%§§?§ (ffk gcagseacglg{n@g¥ rceq"h n ep " cé’gesdj? ?Sorﬁtg%f} (N g rb) and
provi di ng agls glebd copypiess@p pf mmal@eobﬁﬁ# Oéavﬁtsysedmm(nﬂémn)mdémdletdﬁbctfm theteofdmd

second ¢ a3pe! %}?Jmﬂf%nw % (13&%) \%’:l?lere I?‘xsrf&tnb QIQt tQJ opP(%f?lE kG o@th\@?ﬁc@de%&ﬁm% gaé 2) to

batch ion | antation systen) nprising Eﬁﬂ [ofe]e}
at | east a8pret prsysutzed QOWBPTW%?H ééé’”)ﬁmalﬁfé \mer?gmmfea?@ forqe ghg Ct“ﬁ'@?"\&or kpi ece

usi ng the ,Gapkis @@) rgé'}sbe Qmalgeoug@ ema_lbyecd fE?JnBPé%rSHer EhiRk ma%% san‘%ﬁrﬁhJ‘SS@r ovi di ng

a cooling gas (302) 't | 'east portion of the workpiece conprises:
supporting t he AlBpyep f"éé‘éfe‘ts'ﬁ" bas B?eaéfé*s"g ang dgfe"beésvzmgﬂs?fft P ERTiR APRIGRtIGNS ARG f ¢

E % 2) 2r7 gt gﬂh ah?ﬁws hth \51:5! ﬁpaﬁieclmed at h@hh&leﬂ@ltér&ﬂcﬂé z;nd ?b&ﬁbad%ﬂ%ﬁﬂﬁoc@&io RRES ggte )
rou e ousl, n all n SNna n e

 oanod ks s e ol ealt i Dbel i e or bt ion A edgisied s, B

wor kpi ece pertieuldr Fegarg asthqratias Geciod Sgkrfantisd BPBY abo@desciibea compdnerts (@dsentHiies, m 34)

wher ei n p Méeglcxnr ?gxs eﬁ%%ﬁ‘é}? ! hnﬁc g’l atnl}ge 9 to%I rquns B hgd {o%gs%;l!%eggcﬂsr]af t )

and the process nprises: TTrst gas’'c in the
housi ng ( zsm)onervrwnmdn@toaorseemﬁdnlgﬁasthc,rmﬁméncat(dztr)@)w ¢ompetieat vdirhfperfofasnas ;

specified function of the described component {i.e., that is functionally equivalent), even though not
structurally equivalent to the disclosed structure, which performs the function in the herein illustrated
exemplary implementations of the invention.

In addition, while a particular feature of the invention may have been disclosed with respect to
only one of several implementations, such feature may be combined with one or more other features of the
other implementations as may be desired and advantageous for any given or particular application.
Furthermore, to the extent that the terms "includes”, "including”, "has", "having", and variants thereof are
used in either the detailed description or the claims, these terms are intended to be inclusive in a manner

similar to the term “"comprising”.

INDUSTRIAL APPLICABILITY
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providing a third gas chanber (292) in the process disk (282,380); and
providing fluid communi cati on between the first and second gas chanbers
(264, 276woet/mgsa rotary feedthrough (300). 36. The net hodkcaiGBiI1AB™335)
wherein providing fluid conmuni cati on between the first and second gas
chanbers (264,276) using a rotary feedthrough (300) conprises providing a
magneti c seal between the shaft (270) and the housing (210), wherein the
magnetic seal is operative to provide fluid conmuni cati on between the first

and second gas TRhGHRR b rﬁe%‘@éo?&ﬂé%resex?t?nverﬁoﬂ‘ﬁﬁyw 8&i8n b'BOQ bi sethRéndadigpor ting
at | east one workpiece in a batch jon inplantation system conprising: a

process dPORes{iREFyChI8ipn "aﬂﬂ‘ﬁﬁ“é‘a‘°ﬁ’6"”§ﬁiﬂ%ﬁ‘%ga‘a& B ATOPIPRETS PrERRUFED FACUUR i8R f t

(270) nousk@dypeiondmpPianted ng (210) for rotation about an axis (272), wherein
the process disk (282,380) is nounted on the shaft (270); and 25 WO

021 27753 PCT/ GBOLl/ 03793 a cooling gas source (252) operative to supply
cooling gas (302) to the workpiece. 38. The workpi ece support of claim 37,
wherein the housing (210) conprises a first gas chanber (264) providing
fluid conmuni cati on between the cooling gas source (252) and an outlet,
wherein the shaft (270) conprises a second gas chanber (276) providing
fluid conmuni cati on between an inlet and the process disk (282,380)) and
wherein the process disk conprises a third gas chanber (292) providing
fluid conmuni cati on between the second gas chanber (276) and the workpi ece,
further conprising a rotary feedthrough (300) nounted on the housing (210)
and adapted to provide fluid conmmunicati on between the outlet of the

housi ng (210) and the inlet of the shaft (270), whereby cooling gas (302)

is provided fromthe cooling gas source (252) to the workpiece via the
first, second) and third gas chanbers (264, 276,292), and the rotary

f eedt hrough (300). 39. The workpi ece support of claim 38, wherein the
rotary feedthrough (300) conprises a magnetic seal. 26

A A& AL. A9. As% A9. A& A9. A & A& A. . A AsU& A A" A AN% AA&% A. A" h& A AA& AL A
h& A. AL& A$' (

r +C@Q S! p! } xsngb] XS] ca] ca] ca] cal] cal] ca] ca] ca] caU] ca] ca] ca] ca] cal] ca] cal] c
a] ca] caV] ca] ca] ca] caU] ca] ca] cal] caU] caU] caU] cal] ca] ca

pl#{$$" """ =(((2)WAr---=.111;

2X444444(5~88<, =~xrmhc”Y] ca] | ca] ca] ca] ca] cal] cal] ca] ca] caV] ca] ca] ca] cajcalc
al caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca]ca]ca]ca ,=?@B B#

BBB\ CEFdHHKKMUNNOOOOOPt PPPQrQQQR~ysni d_ZU] ca] ca] ca] ca] ca] cal] ca] ca] caU] cajc
aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] ca] ca] ca] ca! RvRR
8SSS$TOTTTUUs ULV) VzZ VWVRWWWAM-XOXTXWK™ XpXXXDYNYt Y| wr mhc”~X] cU] ca] ca] ca] ca] ca]
ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] cal t YN\ "4 "~ aaveddddd8f f h_ko~qgqJrOrRr[rjrsttt! uBx}xsnhcrYnmhc”X] cU] ¢
a] ca] caU] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca]
cal] ca] cal] ca] cal] ca] ca] ca Bxxz({W}~z~DJVe

wd. t ~xsnhc”Ynmhc”X] cU] ca] ca] caV] ca] ca] caV] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca] ca
] ca] ca] ca] caU] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

ul " . BHKTcTT[ ]| s{vgkfa] Vmhc~X] ] caV] ca] ca] caV] ca] ca] caV] ca] ca] ca] caV] ca] ca] ca
] ca] ca] ca] ca] ca] ca] caU] ca] ca] caV] ca] caV]ca] caV]ca] caV]ca]lca 6

f nt w=*&as~ysnhc”rYnhc”X] ] c] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] c
aV] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] caV]ca]ca]calca s7(7

(P_)!'g20uUh} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca]
ca] caU] ca] ca] ca] caU] ca] caU] ca] caU] ca]ca]ca]ca]cal!h' 0 i 1JUc
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opening (268) in the inner surface (260);
a shaft (270) rotatably mounted in the interior cavity (262) of the housing (210) for rotation about
an axis (272) and extending axially between a first end (270a) and a second end (270b), the shaft (270)
having a second gas chamber (276) extending there through between a second gas inlet opening (278) and
the second end (270b);
a process disk (282) mounted on the second end (270b) of the shaft (270) for rotation about the
axis (272) and adapted to support a workpiece thereon and having a gas feed port (290) and a third gas
chamber (292) providing fluid communication between the second gas chamber (276) in the shaft (270)
and the gas feed port (290);
arotary feedthrough (300) providing fluid communication between the outlet opening (268) of
the housing (210) and the second gas inlet (278) of the shaft (270);
a cooling gas source (252) adapted to provide gas (302) to the first gas inlet opening (266) in the
housing (210); and
an ion source (112) adapted to provide ions to a workpiece mounted on the process disk (282);
wherein the cooling gas source (252) provides cooling gas (302) to the workpiece via the first,

second, and third gas chambers (264,276,292) in order to remove heat from the workpiece.
2, The system of claim 1, wherein the rotary feedthrough (300) comprises a magnetic seal.

3. The system of claim 1, wherein the process disk (282,380) comprises a plurality of
pedestals (384) extending laterally outwardly from a center portion (382) of the process disk, the pedestals
(384) each comprising a workpiece mount (386) radially disposed from the axis (368) and adapted to
support a workpiece thereon and having a gas feed port (388), wherein the third gas chamber (292)
provides fluid communication between the second gas chamber (276) in the shaft (270) and the gas feed
ports (388) in the workpiece mounts (386), and wherein the cooling gas source (252) provides cooling gas
(302) to the workpieces at the gas feed ports (388) of the workpiece mounts (386) via the first, second,

and third gas chambers (264,276,292) in order to remove heat from the workpieces.
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5. The system of claim 4, wherein the rotary feedthrough (300) comprises a magnetic seal.

6. The system of claim 5, wherein the magnetic seal comprises a cylindrical member (402)
having an inner surface (404) disposed radially outwardly of and encircling the shaft (270,364) to form a
gap there between, an outer surface (406) mounted on the inner surface (260,362) of the housing
(254,352), a magnet (408) forming a magnetic circuit with the shaft, and a magnetic fluid filling a portion
of the gap between the cylindrical member inner surface (404) and the shaft (270,364), wherein the
magnetic fluid provides the seal between the interior cavity (262) of the housing and the first and second
gas chambers (264,276).

7. The system of claim 6, wherein the interior cavity (262) of the housing comprises a first
cavity end (262a) proximate the first end (2702a) of the shaft and a second cavity end (262b) disposed near
the second end (270b) of the shaft, and wherein the cylindrical member (402) extends axially between a
first end (400a) disposed toward the first end (270a) of the shaft and a second end (400b) disposed toward
the second end (270b) of the shaft and further comprises a first seal portion near the first end (400a) of the
cylindrical member (402) and providing a seal between the first cavity end (262a) and the first and second
gas chambers (264,276). and a second seal portion near the second end (400b) of the cylindrical member
(402) and providing a seal between the second cavity end (262b) and the first and second gas chambers
(264,276).

8. The system of claim 7, wherein the first seal portion of the cylindrical member (402)
comprises:

a first inner surface (404) disposed radially outwardly of and encircling the shaft (270,364) to
form a first gap there between, the first gap being axially disposed between the first end (400a) of the
cylindrical member and the first and second gas chambers (264,276);

a first outer surface (406) mounted on the inner surface (260) of the housing (210);

a first magnet (408a) forming a first magnetic circuit with the shaft (270,364); and

a ﬁrst‘ magnetic fluid filling a portion of the first gap between the cylindrical member inner
surface (404) and the shaft (270,364), wherein the first magnetic fluid provides the seal between the first
cavity end (262a) and the first and second gas chambers (264,276), and wherein the second seal portion of

the cylindrical member (402) comprises:
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a second magnet (408b) forming a second magnetic circuit with the shaft (270,364); and

a second magnetic fluid filling a portion of the second gap between the cylindrical member inner
surface (404) and the shaft (270,276);

wherein the second magnetic fluid provides the seal between the second cavity end (262b) and

the first and second gas chambers (264,276).

9. The system of claim 8, wherein the process disk (282,380) comprises a plurality of
pedestals (384) extending laterally outwardly from a center portion (382) of the process disk, the pedestals
(384) each comprising a workpiece mount (386) radially disposed from the axis (368) and adapted to
support a workpiece thereon and having a gas feed port (388), wherein the third gas chamber (292)
provides fluid communication between the second gas chamber (276) in the shaft (270) and the gas feed
ports (388) in the workpiece mounts (386), and wherein the cooling gas source (252) provides cooling gas
(302) to the workpieces at the gas feed ports (388) of the workpiece mounts (386) via the first, second,

and third gas chambers (264,276,292) in order to remove heat from the workpieces.

10. The system of claim 1, wherein the interior cavity (262) of the housing (210) comprises
a first cavity end (262a) proximate the first end (270a) of the shaft and a second cavity end (262b)
disposed near the second end (270b) of the shaft, and wherein the rotary feedthrough (300) extends axially
between a first end (400a) disposed toward the first end (270a) of the shaft and a second end (400b)
disposed toward the second end (270b) of the shaft and further comprises a first seal portion near the first
end (400a) of the rotary feedthrough (300) and providing a seal between the first cavity end (262a) and the
first and second gas chambers (264,276), and a second seal portion near the second end (400b) of the
rotary feedthrough (300) and providing a seal between the second cavity end (262b) and the first and
second gas chambers (264,276).

11, The system of claim 10, wherein the rotary feedthrough (300) comprises a magnetic
seal.

12, The system of claim 10, wherein the process disk (282,380) comprises a plurality of
pedestals (384) extending laterally outwardly from a center portion (382) of the process disk, the pedestals
(384) each comprising a workpiece mount (386) radially disposed from the axis (368) and adapted to
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ports (388) in the workpiece mounts (386), and wherein the cooling gas source (252) provides cooling gas

(302) to the workpieces at the gas feed ports (388) of the workpiece mounts (386) via the first, second,

and third gas chambers (264,276.292) in order to remove heat from the workpieces.

13. A workpiece support for supporting at least one workpiece in a batch ion implantation
system, comprising:

a housing (210) with an outer wall (256) having an outer surface (258) and an inner surface (260)
defining an interior cavity (262). and a first gas chamber (264) extending through the outer wall (256)
between a first gas inlet opening (266) in the outer surface (258) of the outer wall (256) and an outlet
opening (268) in the inner surface (260);

a shaft (270) rotatably mounted in the interior cavity (262) of the housing (210) for rotation about
an axis (272) and extending axially between a first end (270a) and a second end (270b), the shaft (270)
having a second gas chamber (276) extending there through between a second gas inlet opening (278) and
the second end (270b);

a process disk (282) mounted on the second end (270b) of the shaft (270) for rotation about the
axis (272) and adapted to support a workpiece thereon, and having a gas feed port (290) and a third gas
chamber (292) providing fluid communication between the second gas chamber (276) in the shaft (270)
and the gas feed port (290); and

a rotary feedthrough (300) providing fluid communication between the outlet opening (268) of
the housing (210) and the second gas inlet (278) of the shaft (270).

14. The support of claim 13, further comprising a cooling gas source (252) adapted to
provide gas to the first gas inlet opening (266) in the housing (210), wherein the cooling gas source (252)
provides cooling gas (302) to the workpiece at the gas feed port (290) via the first, second, and third gas

chambers (264.276,292) in order to remove heat from the workpiece.

15. The support of claim 13, wherein the rotary feedthrough (300) comprises 2 magnetic

seal.

16. The support of claim 13, wherein the process disk (282,380) comprises a plurality of
pedestals (384) extending laterally outwardly from a center portion (382) of the process disk, the pedestals
(384) each comprising a workpiece mount (386) radially disposed from the axis (368) and adapted to

support a workpiece thereon and having a gas feed port (388), wherein the third gas chamber (292)

20



10z 10z; 10% & ()-Ys-!10%R& () - TdEDC! 10

3 110%& ()-310%& ()-310% ()-3!'10%& ()-s10% ()-3!'10%k ()- @6dELCI 10 . @
109 & () wWwoodP83 ()- f& 109 ()-$ 109%& () - PCT/GB01/03793

& 109 ()-: 10%& ()-fngrstxnbCl 10 &10%& ()- 10 10 10;10%& ()- 7!'10% ()- @
L3109 ()- 19!109%&' ()-=*dEnbCl 10 | 110%& ()- "10%& ()-:Y ,Z10%& ()-
10% & ()-S10%& ()-3" 10‘%2&' ()-*&JE:/ 10z 10z9;10%& ()-7!10%& ()- Sl
6@0%& ()-, "10%& ()-' | *Glo%& ()-3"10%& ()-:asxY:/ 10zF!109& () -
E)Ol/gy&' () gprowdépfq/ﬂiﬂ;,ﬁnngXm&Qr{@&t&é gzgﬂg‘nd(éﬁ chlaﬂlgz(gﬂd) }%ﬁ Zﬁg‘; z{nd %‘L)QgQSQeed

uj T59100/ap&nS((jZ88) \m@!emglow@@ (and whegpigiRe qoyhngzemgﬂ&ﬂ @52 proyides@ogding yas| 10
- (P_)dE _T350b8 the workpieces at the gas feed ports (388) of the workpiece mounts (386) via the first, second,

and third gas chambers (264,276,292) in order to remove heat from the workpieces.

17. The support of claim 13, wherein the rotary feedthrough (300) is adapted to provide a

seal (306) between the interior cavity (262) of the housing (210) and the first and second gas chambers

(264,276).

18. The support of claim 17, wherein the rotary feedthrough (300) comprises a magnetic
seal.

19. The support of claim 18, wherein the magnetic seal comprises a cylindrical member

(402) having an inner surface (404) disposed radially outwardly of and encircling the shaft (270,364) to
form a gap there between, an outer surface (406) mounted on the inner surface (260,362) of the housing
(210,352), a magnet (408) forming a magnetic circuit with the shaft, and a magnetic fluid filling a portion
of the gap between the cylindrical member inner surface (404) and the shaft (270,364), wherein the
magnetic fluid provides the seal between the interior cavity (262) of the housing and the first and second

gas chambers (264,276).

20. The support of claim 19, wherein the interior cavity (262) of the housing comprises a
first cavity end (262a) proximate the first end (270a) of the shaft and a second cavity end (262b) disposed
near the second end (270b) of the shaft, and wherein the cylindrical member (402) extends axially
between a first end (400a) disposed toward the first end (270a) of the shaft and a second end (400b)
disposed toward the second end (270b) of the shaft and further comprises a first seal portion near the first
end (400a) of the cylindrical member (402) and providing a seal between the first cavity end (262a) and
the first and second gas chambers (264,276), and a second seal portion near the second end (400b) of the
cylindrical member (402) and providing a seal between the second cavity end (262b) and the first and

second gas chambers (264,276).

21. The support of claim 20, wherein the first seal portion of the cylindrical member (402)
comprises:

a first inner surface (404) disposed radially outwardly of and encircling the shaft (270,364) to
form a first gap there between, the first gap being axially disposed between the first end (400a) of the

cylindrical member and the first and second gas chambers (264,276);
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the cylindrical member (402) comprises:

a second inner surface (404) disposed radially outwardly of and encircling the shaft (270,364) to
form a second gap there between, the second gap being axially disposed between the second end (400b) of
the cylindrical member and the first and second gas chambers (264,276);
| a second outer surface (404) mounted on the inner surface (260) of the housing;

a second magnet (408b) forming a second magnetic circuit with the shaft (270,364); and

a second magnetic fluid filling a portion of the second gap between the cylindrical member inner
surface (404) and the shaft (270,364), wherein the second magnetic fluid provides the seal between the
second cavity end (262b) and the first and second gas chambers (264,276).

22, The support of claim 21, wherein the process disk (282,380) comprises a plurality of
pedestals (384) extending laterally outwardly from a center portion (382) of the process disk, the pedestals
(384) each comprising a workpiece mount (386) radially disposed from the axis (368) and adapted to
support a workpiece thereon and having a gas feed port (388), and wherein the third gas chamber (292)
provides fluid communication between the second gas chamber (276) in the shaft (270) and the gas feed

ports (388) in the workpiece mounts (386).

23. The support of claim 14, wherein the interior cavity (262) of the housing (210)
comprises a first cavity end (262a) proximate the first end (270a) of the shaft and a second cavity end
(262b) disposed near the second end (270b) of the shaft, and wherein the rotary feedthrough (300) extends
axially between a first end (400a) disposed toward the first end (270a) of the shaft and a second end
(400b) disposed toward the second end (270b) of the shaft and further comprises a first seal portion near
the first end (400a) of the rotary feedthrough (300) and providing a seal between the first cavity end
(262a) and the first and second gas chambers (269,276), and a second seal portion near the second end
(400b) of the rotary feedthrough (300) and providing a seal between the second cavity end (262b) and the
first and second gas chambers (264.276).

24. The support of claim 23, wherein the rotary feedthrough (300) comprises a magnetic

seal.
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support a workpiece thereon and having a gas feed port (388), wherein the third gas chamber (292)

provides fluid communication between the second gas chamber (276) in the shaft (270) and the gas feed

ports (388) in the workpiece mounts (386), and wherein the cooling gas source (252) provides cooling gas

(302) to the workpieces at the gas feed ports (388) of the workpiece mounts (386) via the first, second,

and third gas chambers (264,276,292} in order to remove heat from the workpieces.

26. A batch ion implantation system, comprising:

a housing (210) having an interior cavity (262) and a first gas chamber (264) providing fluid
communication between a first gas inlet (266) and a first gas outlet (268);

a shaft (270) mounted in the interior cavity (262) of the housing (210) for rotation about an axis
(272) and having a second gas chamber (276) providing fluid communication between a second gas inlet
(278) and a second gas outlet (270b);

a rotary feedthrough (300) operatively associated with the shaft (270) and the housing (210) to
provide fluid communication between the first gas outlet (288) of the housing (210) and the second gas
inlet (278) of the shaft;

a process disk (282,380) mounted on the shaft (270) with a gas feed port (388) therein and
adapted to support a workpiece thereon, and a third gas chamber (292) providing fluid communication
between the second gas outlet (270b) and the gas feed port (388);

a cooling gas source (252) adapted to provide cooling gas (302) through the first gas inlet (266)
to the workpiece mounted on the workpiece mount (386) via the first, second, and third gas chambers
(264,276,292); and

an ion source (112) adapted to provide ions to the workpiece mounted on the workpiece mount

(386).

27. The system of claim 26, wherein the rotary feedthrough (300) comprises a magnetic seal
adapted to provide a seal between the interior cavity (262) of the housing (210) and the first, second, and
third gas chambers (264,276,292).

28. The system of claim 26, wherein the shaft comprises first and second axial ends
(270a,270b), wherein the process disk (282,380) is mounted on the second end (270b) of the shaft,
wherein the interior cavity (262) of the housing (210) comprises a first cavity end (262a) proximate the

first end (270a) of the shaft and a second cavity end (262b) disposed near the second end (270b) of the
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further comprises a first seal portion near the first end of the rotary feedthrough (300) and providing a seal

between the first cavity end (262a) and the first and second gas chambers (264,276), and a second seal
portion near the second end of the rotary feedthrough (300) and providing a seal between the second
cavity end (262b) and the first and second gas chambers (264.276).

29. A workpiece support for supporting at least one workpiece in a batch ion implantation
system comprising:

a housing (210) having an interior cavity (262) and a first gas chamber (264) providing fluid
communication between a first gas inlet (266) and a first gas outlet (268);

a shaft (270) mounted in the interior cavity (262) of the housing (210) for rotation about an axis
(272) and having a second gas chamber (276) providing fluid communication between a second gas inlet
(278) and a second gas outlet (270b);

arotary feedthrough (300) operatively associated with the shaft (270) and the housing (210) to
provide fluid communication between the first gas outlet (268) of the housing (210) and the second gas
inlet (278) of the shaft; and

a process disk (282,380) with a gas feed port (388) therein and adapted to support a workpiece
thereon, and a third gas chamber (292) providing fluid communication between the second gas outlet
(270b) and the gas feed port (388).

30. The support of claim 29, further comprising a cooling gas source (252) adapted to
provide cooling gas (302) through the first gas inlet (266) to the workpiece via the first, second, and third
gas chambers (264,276,292).

31 The support of claim 29, wherein the rotary feedthrough (300) comprises a magnetic
seal adapted to provide a seal between the interior cavity (262) of the housing (210) and the first, second,

and third gas chambers (264,276,292).

32. The support of claim 29, wherein the shaft (270) comprises first and second axial ends
(270a,270b), wherein the process disk (282,380) is mounted on the second end (270b) of the shaft,
wherein the interior cavity (262) of the housing comprises a first cavity end (262a) proximate the first end
(270a) of the shaft and a second cavity end (262b) disposed near the second end (270b) of the shaft, and
wherein the rotary feedthrough (300) extends axially between a first end disposed toward the first end
(270a) of the shaft and a second end disposed toward the second end (270b) of the shaft and further
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portion near the second end of the rotary feedthrough (300) and providing a seal between the second

cavity end (262b) and the first and second gas chambers (264,276).

33. A method of cooling a workpiece in a batch ion implantation system, comprising:
providing a cooling gas (302) to at least a portion of the workpiece; and

removing heat from the workpiece using the cooling gas (302).

34, The method of claim 33, wherein providing a cooling gas (302) to at least a portion of
the workpiece comprises:

supporting the workpiece on a process disk (282,380) mounted to a shaft (270) rotatable with
respect to a housing (210);

providing a gas passage (264,276,292) through the housing (210), the rotating shaft (270), and
the process disk (282,380); and

providing the cooling gas (302) to the workpiece via the gas passage (264,276,292).

35. The method of claim 34, wherein providing a gas passage through the housing, the
rotating shaft, and the process disk comprises:

providing a first gas chamber (264) in the housing (210);

providing a second gas chamber (276) in the shaft (270);

providing a third gas chamber (292) in the process disk (282,380); and

providing fluid communication between the first and second gas chambers (264,276) using a

rotary feedthrough (300).

36. The method of claim 35, wherein providing fluid communication between the first and
second gas chambers (264,276) using a rotary feedthrough (300) comprises providing a magnetic seal
between the shaft (270) and the housing (210), wherein the magnetic seal is operative to provide fluid

communication between the first and second gas chambers (264,276).

37. A workpiece support for supporting at least one workpiece in a batch ion implantation
system, comprising:

a process disk (282,380) adapted to support a workpiece thereon;

a shaft (270) mounted in a housing (210) for rotation about an axis (272), wherein the process

disk (282,380) is mounted on the shaft (270); and
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chamber (264) providing fluid communication between thecooling gas source (252) and an outlet,
wherein the shaft (270) comprises a second gas chamber (276) providing fluid communication between an
inlet and the process disk (282,380), and wherein the process disk comprises a third gas chamber (292)
providing fluid communication between the second gas chamber (276) and the workpiece, further
comprising a rotary feedthrough (300) mounted on the housing (210) and adapted to provide fluid
communication between the outlet of the housing (210) and the inlet of the shaft (270), whereby cooling
éas (302} is provided from the cooling gas source (252) to the workpiece via the first, second, and third

gas chambers (264,276,292), and the rotary feedthrough (300).

39. The workpiece support of claim 38, wherein the rotary feedthrough (300) comprises a

magnetic seal.
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