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structures maintain the ion beam and bound an elongated interior cavity or passageway through which the
beam passes en route to the implantation station. When operating an implanter, this bassageway must be
evacuated to reduce the probability of ions being deflected from the predetermined beam path as a result
of collisions with air molecules.

The mass of an ion relative to the charge thereon (e.g., charge-to-mass ratio) affects the degree to
which it is accelerated both axially and transversely by an electrostatic or magnetic field. Therefore, the
beam which reaches a desired area of a semiconductor wafer or other target can be made very pure since
ions of undesirable molecular weight will be deflected to positions away from the beam and implantation
of other than desired materials can be avoided. The process of selectively separating ions of desired and
undesired charge-to-mass ratios is known as mass analysis. Mass analyzers typically employ a mass

analysis magnet creating a dipole magnetic field to deflect various ions in an ion beam via magnetic

deflection in an arcuate passageway which will effectively separate ions of different charge-to-mass ratios.
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DISCLOSURE OF INVENTION
The present invention is directed to a system and apparatus which provides improved heat
transfer from workpieces in a batch ion implantation operation, while eliminating RTV pads heretofore
employed and the problems associated therewith. The invention provides an apparatus by which a cooling
gas is supplied from a stationary source to the back side of the workpieces being implanted in a rotating or

spinning batch implanter process disk. The provision of the cooling gas allows for improved heat transfer
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gas is supplied froma stationary source to the back side of the workpieces
being inplanted in a rotating or spinning batch inplanter process disk.
The proviwdoomws3the cooling gas allows for inproved heatP¢T/aBef/@a792 WO
02/ 27753 PCT/ GBOL/ 03793 fromthe workpieces to the process disk, which my
be advant ageously conbined with circulation of cooling fluid through
passages in the process disk to renove heat therefrom The invention
further includes the use of a rotary feedthrough in order to transfer the
cooling ga i.onar [ Jgng shaft
whi ch spi n§°r{1 R,Q WB&P@%?IO bk Ian Sé?‘%?’%‘(?g?éyoo&%gvf&g °L%§%8m§:‘“°“ ‘Ylthglrcglgg appar at us
i s provi deepolusiflufd ﬂsre@hspw#rxes ig the biogpgs digkdo rappYeiheal thexsfrorneTHy arvkntion fietkerof t he
wor kpi ecespfii @Mt B 0Y§$Méd{ﬁroumh glfaexitb@antfeané co§l'in2%§s R tstaﬁoaa@rhmsn%@@as are
inplanted. The invention thus inproves heat transfer and reduces or

el i m nat es&3&ambenit ?a‘toé‘“‘ﬂgrsaﬁé‘f’}é“rh spifiiihiebatch {mrligafen procesy sk hradditienadisel icpragpms

chargi ng aﬁ@fwidamﬁlch\%anme G6IthY @atlaplB@Io tmﬁ&hldbmkr@%&b@ces f:Bm @€ GRUGARCE W th
one aspect of the present invention, there is provided an jon inplantation
system corrBP‘F%‘n’“?@""gS‘T‘FéB%‘P%ﬁ‘”bﬁ‘etc?f e gl %‘I“Yenﬁ‘ék}ﬁ’%gnpé?\“b‘t?f“é‘i‘m%% Mce and
an i nner ststifcac® elﬁiﬁfxdté’tlpﬁlgc% trahdBdrPWHfed bticRiay, iahd/waf@RapaétifelchBingyBSciabawie r

ext endi ng thro pg ut er wal | between a first gas inlet opening in the
nven a]tbrgllc im anters

outer surfacero & ™nal | and an outl et opening in the innersurface.
A shaft is rot airabdoydanmhbachspect of thepresattérvewion,igevd it prodded inn hngrlpsiatigp f or

rotation a X | | G . ' ially
bet neen - Piicieb Phouy £ e RRLAAR Sk UMl {BG8 o H RO R A
chanber eitegprdrviy, anf e first gahehawbp cxirating drpugh té‘é@@ﬂﬁ Halhbesveems st gapialpt opepinghr ough
the outer &qgefdaﬁxesuggcerohﬁe Wtﬂgll A% Sdhe opélﬂl%We ﬁﬁ@# erﬂé‘ef %Qilaft 1@&094&919655 di sk
is nounted onto or otherw se operativel aged with the second énd of
the shaft et ths inGHorgpvdy of tf’ﬂl—?“%‘}&if%r r°‘F‘H’8 Ia F*’rﬁ'@’“& vihich ingluges an eUiEA SH5@FC | n
L I UIk d comikidngiag A:@iNy véthéen b ARt ?Sﬁxmr!ﬁbo&ﬁfﬁ)dcgﬁﬁwlmdﬂfdesta:’kﬁcoﬁ@@ﬁ &bamgéae process
i sk conprises. one qr nore pedest xt endi atera out war
Cent or - DOPUTTORS DR T uik b HET HRChag B0 Ay e Aeare s e Gaetaosdt e et teoune
radi al | y dsesqndsstihdréofinh pioeesadiskss adudted atﬂaptoeelrwﬁse omuqnmy éng@yed\@itikipd €@@d end
thereon. T s f co ongli
wor kpi ece Qntﬁlﬁe% gﬁ\gf\%&a&n agﬁ{he ?’hs mdlg@a{gsa tgﬁd%grg am%err glvflrucf’ec 3 m“faapn vE’)I%*runl cation
bet ween t hecadewrtlanggsof thelskaftber in the shaft and the gas feed ports in the
wor kpi ece nount $he I&@ssﬁfﬁé}?@o%{ﬁlggé{ne o%&rp Jdes@?@srm{eh(ﬁr?g lﬁeralg'roht\éﬁrdlysffbm C@rﬁer
nmotor, adapted to provide rotation of the shaf h respect” to
housi ng, aPRItiR KesET thepedesials "S%Eﬁché‘da‘%fé‘p‘toé@‘ef“om%‘ﬁﬁﬁlﬁlé d@%edtfwmcth?eax@a%d i nl et
openi ng i Nadaht€d B MpPriDworkfxRE ﬁ@fyorpQQA¢eB@taga&nﬁﬁé/a D feePfoRVA @icbrtPoddng back
sides of the workpieces via the f cond, and third gas chanbers in

se
order to IMeHIGRE THELL VIR e i %‘}hk‘b‘?eéﬁfégdeég‘“f‘ Gomugeatiop Hﬁl”%?ﬁf"édecf"??e%a%o n. A
rotary feeciahnb@itghe shaft anﬂm{elgﬁhefekdlpmshMme @Mﬁmmpnm iTee f}@erﬁ lridi 6hrtfe BatRpRkecAL | ON

gﬁ;},\?e nTL Pgnvfoe ustuc&fa%? 81§ §ﬁ én,ﬁtgd t0 8rov1}Ele rog(f-)gnfs olf Hug shaﬁ 1&1 respect to 81” gouging, arll alcgglmgf the

gas source adapted to prov1de gas to the gas inlet openmg. in the housing, whereby cooling gas may be
provided to the back sides of the workpieces via the first, second, and third gas chambers in order to
remove heat from the workpieces as ions are implanted thereon.

A rotary feedthrough is included in the system providing fluid communication between the outlet
opening of the housing and the second gas inlet of the shaft. This feedthrough may comprise, for
example, a magnetic seal adapted to provide a seal between the interior cavity of the housing and the first
and second gas chambers. In this regard, the magnetic seal may comprise a cylindrical member having an
inner surface disposed radially outwardly of and encircling the shaft to form a gap there between, an outer
surface mounted on the inner surface of the housing, a magnet forming a magnetic circuit with the shaft,
and a magnetic fluid filling a portion of the gap between the cylindrical member inner surface and the

shaft, wherein the magnetic fluid provides the seal between the interior cavity of the housing and the first
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exanple, a magnetic seal adapted to provide a seal between the interior
cavity of the housing and the first and second gas chanbers. In this
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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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and the second e rive my Inclu vi‘ding atm o
shaft wi t hafegisgregion toeatqdh@nmmmmd pre Oomdlepedemlfedﬁee‘btugjatrell)sqmwm;ﬁg)ndhsk
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wor kpi ece {meprogs d| al | d| Spos d fromthe axis and adapted to support a

wor kpi ece 1 NRTBIRCS TPV e WRBkPlgersuppgrt figder ingludes 3 6piary fepdiiovghocess di sk
further c oprp\ndxmxcbzommhmadommeerhmahﬂét opérﬂiglodﬂhﬂg)uilhgklnd the @é?émargbﬁal%ﬂ oDthe

bet ween t hﬁaf? %89 g‘cﬁud% alr(na%n%{lc seerl]utf'pe I'Ot ?%?t{u‘%g&l l’ﬁEaR g(? I&%Olﬁ P&Vﬁ? g}rst anc?f t he

wor kpi ece nount's. ece
f eedt hr ougiseqpd epals bhtwn fhe @wdh@@mm fcatandmwb@&nde@ thethnesing uavhtgtwhexptgrrcbmgg of the

housi ng an&s Feﬂ _Fﬁﬁe?é)(ﬁ'(guggl%seéléhl ihm 04 ouTtsQ@ mﬁg@érteswr@@ vgeh %caum ?hamber

magneti c sea e rotary feedthrough may advantageous y prow rrst and
second sealf &higethneet surtess pfdae warkpisesase implanigd widionand second ends of t he

housi ng cavity, Ad&ﬂﬁx’i@l@)&e&ﬂ&l’xdr Rgect gﬁ& lp@&%n&ré@yoﬁdédws&w%maﬁs Realisd.from
t he out si dtg n% g ressure as wel from t he vacuum chanber 1 n-which
U FLOE V!

the front T TR odne ﬁ‘ﬁls'&%%d t%lih% backpifedbfred The 11! Payrks smplexséindi ng to
yet anot hetatcappanilan@t witttierolafabie plotedddiskthBeigtut lest fhe Mikpied nbusi@ddped RRagBEUS for

sealing a the workpiece and to supply a cooling gas to the workpiece back side. The seal apparatus comprises a
ring-shaped support member mounted on the workpiece mount, and a first seal member mounted on the
support member having a first portion flexible with respect to the support member and adapted to engage a
portion of the backside of the workpiece proximate the peripheral edge to seal the front side of the
workpiece from the cooling gas.

The first portion of the first seal member may be flexible in a direction generally perpendicular to
the plane of the workpiece. This allows the centrifugal force resulting from rotation of the workpiece in
the process disk to deflect the first seal member around the peripheral edge of the workpiece to provide
sealing engagement there between. Alternatively or in combination, 2 mechanical clamping arrangement

may be used to provide flexure of the first seal member to effectuate a sealing engagement with a

peripheral surface of the workpiece. The first portion of the first seal member may also be cantilevered
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front side of a wafer fromcooling gas supplied to the back side thereof.
The seal may be enployed in a batch ion inplanter with a rotatabl e process
di sk haviwmgozat77beast one wor kpi ece nount adapted to supporPCT/GBhE03S kpi ece
and to supply a cooling gas to the workpi ece back side. The seal apparatus
conprises a ring-shaped support nmenber nounted on the workpiece nount, and
a first seal nenber nounted on the support nenber having a first portion
flexible with respect to the support nenber and adapted to engage a
portion of ratihiey daakisi wieh r@bedt toahe\saritds pf RESgBhaped SRRt didiBer26 b tp piestabouesige to
seal the front. side of. the .workpiece fromth ool | as. The first
portion of “IFRABEFIRETIdRaIesIgHEale pa#%f}er%gg“ﬁlaé;c’l tEeI pganle ﬂ} tgeqﬁ‘?lfpée(‘f?i on generally
per pendi cul ar t v additien, ¢ Bostepoaion vfhie fing sdeprneater maftingudah Hpwsentlingtowetitud f ugal

force resulLing frnom { . I L4de r > Al Sk
deflect t h%ar_fg%él.lr%_sﬂ{ bg%gPQ@m%pgéeoaﬁ%gnﬁéggégﬁ%%ﬁ%#dI‘Jhggbngy oafgg?ﬁsehag\%rp kot&%ece
to provi devitsersinic glesivgenginguertardanéengadiettivehaeksidngliteer wskplegmirgrinonte they

conbi nat i Ofbri @rﬂ&@@aﬂie% -slﬁl)é%%&gm@tﬁﬂfe%m%chaﬁ@ﬂonpﬁe H&ﬁﬂe& QloE’JthYduﬂi’rﬁ

fl exure of tﬁe first seal nenber to effectuate a sealing engagenent wth a
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menber Naymadn& ob@e §PPdri theRF With aPadidly Ot dif 2 3edfad HEREBEDS (R3ge 4 sBdival dfy
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backsi de o . MREKRI 1 Er DELI d THe 4k i ng ed
packl e b 40 YOS AL L ORI IO AP
r epl acementhe Fpr&piEss fromthercppling ggs|apht weond sgabimenhsr Bekled ambasuprorisnemasr ahdir t her

i nclude a Mﬁ@Qﬂdiﬁl%u;mﬁendim%d%ntg@% a SiHdA bt sufRYBENe er(ﬂ?ec@_m&ﬁﬁ“ ally

outwardly extendi ng ri b adapt ed to engage a sidewall of the workpiece
mount to pPEHAYide? sgldaiceniha SRRRR member et bov arkaisshBett dtal-he wor kpi ece nount
sidewal | . | n acaebdmg@enwhdriaspsd b the iavatidiethera s pRGidedd baich ®n ifpIARE prodss didker e

is provided . a, seal apparatys. conpri si. ri ng- shaped support ne r ,
mount ed on’fHE §t\?Rlbsr“ Wﬁ?‘g‘g & wﬁ%‘ﬁlﬁfe,%avgpgf 3 pl”’%‘fq’g?g%?fge Wgﬁff@?tﬁwﬁfﬁfsélgg @ﬁ p‘f‘{‘llgaeis uppor't
menber havéongrigs § werkgiecg exaint pdapted to muppbreti¢ Whrkpivue ine plaps, peat fedd@oit fiptsdxppor t

menber andsu o) ide 0 . 1 ing-shape . (;[ulr? ekpi ece
o oxi a6 MP7 Bicithe 0o RRARIE: &R, Shipd BipePABIR Al MBI D 2T o
t he cool i ngorkpiese mayng apd Sfes Gepdimaehel menaiel e therppprriceeiber hatieg sfirgportion fesibiser and

having a rag RlpleY 1o el WephA In¥mBot LRNHIRA I dnbagBd ARt P bRRARGEmBwSKl&Wal | or

surface of the workpi ece nount to provide a seal between the support
nmenber andPTPBaBT BepPReEbedgp infeal U fewtairs of thecronPisFe TP Be walinettay TaspRect of t he

i nvent i on, shhgee E@pdriSmddtberthad BF ddachdleGRom (R WdrkiRlcab Rt alBWRE &pBceiesthherentid@st al
for supporti ngga wor kpi ece having a peripheral edge on a rotatable process

di sk. The Pad&L¢ al -

The pedestal may further include a second seal member mounted on the support member and
having a radially outwardly extending rib adapted to engage a sidewall or surface of the workpiece mount
to provide a seal between the support member and the workpiece mount sidewall. The first portion of the
first seal member may be flexible in a direction generally perpendicular to the plane of the workpiece, and
cantilevered radially ourwardly with respect to the center of the ring-shaped support member so as to pivot
about a circumnferential axis in a direction generally perpendicular to the plane of the workpiece.

To the accomplishment of the foregoing and related ends, the invention comprises the features
hereinafter fully described and particularly pointed out in the claims. The following description and the
annexed drawings set forth in detail certain illustrative aspects of the invention. These aspects are

indicative, however, of but a few of the various ways in which the principles of the invention may be
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conprises a workpi ece nount adapted to support the workpiece in a plane, a
gas feed port adapted to supply a cooling gas to a back side of the

wor kpi ecayo a2/2i78%)- shaped support nenber nounted on the weekpBeres7amduNt,
and a first seal nmenber nounted on the support nenber having a first
portion flexible wth respect to the support nmenber and adapted to engage
a portion of the backside of the workpiece proxinmate the peripheral edge
to seal the front side of the workpiece fromthe cooling gas. The ring-

shaped supPRQidyedRIRELpIR adba%tadgtae&malfeamfeg Qﬂwmnmwpbe@&ﬁe tfr@xll lhoW ng

repl acenent thereof int B‘Pfe destal . The pedestal may further 1nclude a
second seaf %‘Pﬁd’éﬁmlqﬁ‘ﬁlﬁﬁ‘it‘@’@“ hﬁlh‘@ﬂwp‘ﬁﬁr@n%rﬁs&coamnom\whthfgiraazvurgadl ally
outwardly extending rib adapted to engage a sidewall or surface of the

wor kpi ece mount to provide a seal between the support nenber and the

wor kpi ece nount sidewal | . THEIEF PESCRHBTION RFRRAWMINGS | r st seal nenber may
be flexible in gy dhiELLhRNHAGRLbGRLAN umafagﬁmll&%aam;tﬁn Ly3Em R ARG o prdsbie

wor kpi ece, and cantilevered radially outwardly with réspect to tHe cent er
of the ri n’@"%ﬂ*ﬁ&ﬁ@éﬂ beemdEE nenber so as to pivot about a circunferential
axis in a directisoB iGanRER!diYn BEF RANRGY HUtBE 11@whld abioR RIRfer fofiSn WakKpPi ece.
To the accorrgr! i shmen%glof the foregoing and rel ated ends, the invention
conpri ses FRECHEL? HPERchereinafter fully described and particul arly

poi nted out in Ffe icd saétivsal sﬁemevﬁtmh viewilfugtrabl S Chiatcp irhpddatepdpihdicASemBNRNL*E @

dr awi ngs set lnf %ltdhasisan g;leatr atm She?]t ain illustrative aspects of the invention.
These aspec sgarep a1 C VE bvvever, of but a few of the various ways in
whi ch the pri ncFlpBé@ secftiondhedq ateretivh iview ilivetyatigean@GxaplDV @ RpTs S supicty/seBfd / 03793
enpl oyed i tion

wil | becorrg eglg{)é{?@r%te“ rom tﬁﬁqg(?gﬁ?%@mﬂg% %t%g# ?\gﬁ%g(g Jﬁtf%ogtr?lls{g? ntgﬂgas

i nventi on pnthEbs refatiaag s¢ahin@espjdense witbn aanet:trvfmheremtawem@s, BRI EF

DESCRI PTI ON' OF BRAMENGSctfohd sideldvhtion ie® GilSIRAd SoMb:QedtnpfialicR MpidntetiSt r at i ng
an ion inplantation systemin which the present invention may be enployed;

Fig. 1B i sw‘ﬁk%‘icﬁﬁlpf&“éﬁ%fq“@ﬁo\w@\‘i\?nb%t| ally in section illustrating an ion
i rrpl ant er fOI’ IK)@ 4B @b thdr kR BSHABIE elo¥atih WEW 1|N¥11dt1ﬁﬁﬁmhe5htgl im@laht8r wdripREd supidal

si de el evat on view illustrating a batch inplanter spindle assenbly having
a coollng teul passage in a rotating shaft; Fig. 3 is a sectional side
el evati on vi ew Fkig SAs¢anabd digyation viewelmkaang/an\mxﬁmir;ees isa¢ipdande v iamoHeeaspect
assenbly hg wferlgn% gas chanber in a rotating shaft adapted for receiving
cooling gas froma 'stationary gas supply through a rotational seal in
accor dance Wi t HFigAB égysetipnabsiderchpsation eigw Alustiafngshet dxemplarfriegl. takdralong lige 28R i onal
side el evalripggnsAvi ew il lustrating another exenplary batch inplanter

wor kpi ece support according to the invention; .
Fig. 6 is an end elevation view illustrating an exemplary wafer pedestal with a cooling gas feed

port in accordance with another aspect of the invention;

Fig. 7A is a partial side‘e]evation view illustrating the exemplary wafer pedestal of Fig 6;

Fig. 7B is a partial side elevation view in section illustrating the exemplary wafer pedestal of
Figs. 6 and 7A;

Fig. 8A is a top plan view illustrating an exemplary ring seal in accordance with another aspect of
the invention;

Fig. 8B is a sectional side elevation view illustrating the ring seal taken along line 8B-8B of Fig.
8A;

Fig. 8C is another sectional side elevation view illustrating the ring seal taken along line 8C-8C
of Fig. 8A; '

Fig. 8D is a partial side elevation view in section illustrating the exemplary ring seal of Figs. 8A-

8C engaging with a wafer workpiece;



Fig. 4B is another sectional side elevation viewillustrating the batch
i npl anter wor kpi ece support of Fig. 4A; Fig. 5Ais an end el evation view
i Il ustratwagzzrisexenpl ary seal in accordance with anot herrabp®ot/o37e3 t he

invention; Fig. 5B is a sectional side elevation viewillustrating the
exenpl ary seal taken along line 5B-5B of Fig. 5A: Fig. 6 is an end
el evation view illustrating an exenplary wafer pedestal with a cooling gas

feed port in accordance with another aspect of the invention; Fig. 7Ais a
partial side elreyakiisQRecdb@msideleletistion aitw NPstatie 20 ¥ eMPlad Watenakey inpedasLal  of
Fig 6; Ficgd.m e7(}30iits a partial side elevation viewin section illustrating

t he exenpl ar)‘/) viat &7 Pédestal of  Fi gs. 6 and 7A; Fig. 8Ais a top plan view
illustrating arfigi®isplsariynat sideglegseah viewilagedndianveér virhhofahndheran aggpect of
the i nventﬂog{i};n Fig. 8B is a.sectional side elevation viewillustrating the
ring seal ‘taken along line 8B-8B of Fig. 8A, Fig. 8C is another sectional
side elevation viewillustrating the ring seal taken along |line 8C 8C of

Fig. 8A, Fig. 8Dis a pgfdﬂ%bﬁjﬂ@ﬂh%b@@ﬁﬁﬂ%ﬁ@ﬁti on illustrating
t he exenplary ring seal of Fi 8A- 8C engaging with a wafer workpiece; 7

S.
WO 02/ 27753 PCTHEBOEN R 7YRn Wlﬁlg nyw by Aespréibed wishoreteiepns &t thesdredeings|wherginlikh vi ew

i 11 ustrat iberemB nBeiikeAlsdl Wekelo 1kt AbRkntsMhréhgfdul SBE indéntiof ireViResh fPRdtsi9n: and
Fig. 9B is a, sectional side elevation viewillustrati ng t he wafer clanp of

Fig. 9A i i 2610URe 825 5 STRPIIgSHromarssionayy PreetresARIRYPURS Ly Dapk s qRAIITPION The
present i nwgiaddr 0drkpledel be@implientdas € fotab@Chr Whidnkhg batiEimpRae: ptddesk Bigk. cihavdolRgs
wherein |i lése vriaf:,;&];.erenc nl{rmera%s zhre LﬁS.ed tq}referd.to |1.i ke ebl enent s

t hr oughout®™ PFRE™ IFPERE 53 U5PE0 {FarB e YR RiBEa I S REehy SRR ek ™Y 800l i ng gas i s
suppl i ed fademageostyabmbing@irithpiradssion ¢f2 ecbligaBuidtotangheadsaeet i ehelpacdss diskde of bat ch
Lon 1 TPl 3BhEE nVRLIRIAGES (RREAE. T RARLE b iBihRh Al PR Rl BR ALY At €

i npl anter process disk. The cooling gas provi des I npt oved heatr transf er
from the WwanKepiheewting gs from a pratsny Bougdngik 2 sestehaptverimy robting shef wirittesgiootis | vy

combi ned Wa{cﬁinﬁ)iaﬁt@ﬁﬂr&%& @ik, QB acﬁiitfbg,qal sj:alilgapgrla.tw igprg‘mieg Wf&h BER %@g&ﬁmé £5.s Bﬁﬁed
process disk to renpove the transferred heat therefrom The invention

further i feabrekssides plopeayrkmicsesdon BUGHUBYH IV HERE freyt sides of the workpieces are

implanted. The invention thus improves heat transfer and reduces or eliminates particulate transfer, wafer
sticking, and wafer capacitive charging associated with conventional batch implanters.

Referring now to the drawings, Fig. 1A illustrates an exemplary ion implanter 10, which may be
employed in the batch implantation of one or more workpieces. The implanter 10 comprises a terminal
12, a beamline assembly 14, and an end station 16. The terminal 12 includes an ion source 20 powered by
a high voltage power supply 22. The ion source 20 produces an ion beam 24 which is provided to the
beamline assembly 14. The ion beam 24 is conditioned by a mass analysis magnet 26. The mass analysis
magnet 26 passes only ions of appropriate charge-to-mass ratio to a target 30 which may include a rotating
process disk (not shown) having one or more semiconductor wafers or other workpieces (not shown)
mounted thereon for implantation with jons from the ion beam 24. The conditioned ion beam 24 is thus
directed toward the target 30 in the end station 16.

Referring also to Fig. 1B. another exemplary batch ion implanter 100 is illustrated, in which one
or more aspects of the present invention may be advantageously employed. Implanter 100 comprises an
ion source 112, a mass analysis magnet 114, a beamline assembly 115, and a target or end station 116. An
expansible stainless steel bellows assembly 118, which permits movement of the end station 116 with
respect to the beamline assembly 115, connects the end station 116 and the beamline assembly 115. The
ion source 112 comprises a plasma chamber 120 and an ion extractor assembly 122. Energy is imparted
to an ionizable dopant gas to generate ions within the plasma chamber 120. Generally, positive ions are

generated, although the present invention is applicable to systems wherein negative ions are generated by
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transfer the cooling gas froma stationary housing to a gas chanber in a
rotating shaft which spins the batch inplanter process disk. In addition,
a seal appanzarussis provi ded which seals the cooling gas p@pGBeto37vd t he
back sides of the workpieces fromthe vacuumin which the front sides of

t he workpi eces are inplanted. The invention thus inproves heat transfer
and reduces or elimnates particulate transfer, wafer sticking, and wafer
capacitive charging associated w th conventional batch inplanters.
Referring h I

ol ant or 0 e e PRk R Rl ol s Rl B BRI SHETE ALK bR e or
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20 powered b}é&ua hi gh volta(g?e power supply 22. The ion source 20 produces

an ion bedffieERp ¥hacied it BPithrarpstgalyFidnaghs At i ne assenbly 14. The ion beam

24 is conditi Oﬁ&dnﬁ% aﬁaly?fﬁ&ﬁgrﬁnlah Ylﬁlbtﬁ)nmgﬂgbnl}zﬁns o-fbli?apﬂﬁﬁ&t@dﬁﬁkélt%ln%ss g net
26 passes .0

ns 0 ri ate char 0- Mas io to a tar et 30
whi ch may ¥ {r?l](e: GaHe" assregPlé? F 6’81 oRREE? raf%ivlfr RoHBte @ﬁ@%‘i‘)bemiﬁ“ﬁﬂ‘zﬁﬁ - or e
sem conduotasy anvipsisgnagnad i 140tdheles amwkqabean@ah (29ctithmheuwisjgewiyaan tefided yan eon f or
i npl ant ati eam 2 con i oned ion am 24 is
thus dir eg]'?né tbgavd\é gﬁ?e h%\;u?%n c;env% lg lgg €] acu%tlﬂn 0 letpr vitdg cri] Eyl%vac%mfpump ?‘ﬁg al so
to Fig. 1Bheipnobeamel28 @ﬁmﬂwatﬁyalmﬂ@maﬂd@ lsmfftcmdtbserhe ir@gheiicsfiald ﬁemite:daﬂly@d, in

Whi ch one QRS BTR L © rGlct bhiSor B B5E brickd Whé eo s T, ke adyANLggeously

enpl oyed. | nplanter 100 conprises an | oh sour a nass ana ysi s
magnet 114rieniatigpefiiis ¢ipoleyaagasiisfigld srantrofigidy éor{tfalr%tméﬂs 18nhicradipst e eleadeal An

expansi bl Q:uﬁetnﬁt'hfd;h@x&ﬁe ﬁ‘et(ﬂﬁl‘ndutg@l)i* tﬁ\é"rﬁagﬂé@myghja%&gnemnﬁéatopﬁﬁm&hﬂgvemnt of
the end station respe to the beanline assenbly 115, connects

t he end st%i‘e(?ﬁﬁ%‘i%auséﬁﬁe R Qeaﬂ’elgr Wf’ée e dhtsty e pam paph 129 fFOH‘rP fissy g qaigange o
conpri ses tajegb@smmhmmsburwﬁz &nﬂ;e(ﬁbﬂd dr@Kit @]Acfo@cltBQ heaflths REAWiY; hbdshg 1BMEr gy 1 S

chamber 1200 RIALA 78 s3PR U Bt pd Bsralratm ool Hetigiorempr csent
i nvention airesieﬂquﬂ ﬁwb‘dom thegugydsttagawerywhein@itie wageftan vieminan seaar gidg tdtefrachied by 8

WO 02/ 277%5% %/ %@%gﬁégﬁg%ber%%ﬁ%m OL@%O%Q?@L&M[% 'a%pﬁg%%hﬁﬁv%lrgct ed

through a slit I on or asse
122, whi chhecfjéﬁfﬁ‘i*@hé@%toa!n%ﬁ@?‘al ity of el ectrodes 127. Accordingly, the ion

extractor assembleVovkRoulibDb iRRiges b @rliXdl @@&&d@nbeﬁme&%&a&fle&% b ﬁ\!&ghgns
fromthe pI asma chanber 120 and to accelerate the extracted ions into the

mass anal Y19 G5 e ang  4osimeiy ingigatar sughgp %Wahﬁ@rié% Tg heam peetdliesn 624 o pass
only ions i@fuden pappd Bpwdr a4 FfoCHR@rgangd e F5Ris & dhagd tBat wold bil@wheahhilfe asgenbl y

115, whic i ses [ so v u eam neutralizer 124. The
nmass anal Gasr%e? n%%gaﬁ%fes@fﬁ 1?%61“@8‘%%%5%5885\}8’@6 tﬁ’&g??m_llz% WECRThney ralizer
passagewayndi3dlveetonsiresiars yvaanted by avicuutpuing a4B. glcbwd@rezhﬁ{vﬂ tiechesih ak@tralRérl 134 i3 30,

evacuat | Oy, %Ld Mlmi‘? p16I V%hlﬁxrlﬁ)c\{ddg ddls?éba%edv\«\?‘o%?p?e@ {) g[g}?tb or pr{)thess dlstllq4él« %p)n 9?6}21 128

t hat propagates a & Nagneth't
gener at ed v@iprsttqa]@e 1mplanted are rnounted 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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mass anal ysis magnet 114, to reject ions of an inappropriate charge-to-nmass
ratio. The strength and orientation of this dipole magnetic field is
control | adoby2wentrol el ectronics 132 which adjust the el BCT/GBoRO379E Ur I ent
through the field w ndings of the magnet 114 through a magnet connector
133. The dipole magnetic field causes the ion beam 128 to nove al ong the
curved beam path 129 froma first or entrance trajectory 134 near the ion
source 112 to a second or exit trajectory 135 near the resolving housing

123.  Por tiaswhaSproadtdoreBvel Ofihdria rhBRMbelwsn mwsmﬁlae%@gotqwnpﬂ&nt}avI ng an

i nappropriat e chﬁrge to-mass ratio, are deflected away fromthe curved
traj ect or YIEHANS e BrosasstikaPe- slhp thalt A044s Wﬁﬁum°bré%firwgmta>éarwwma HObtres
manner, thanmgameﬁor nbaaéo;paessﬂaortoaom&emreesmbdﬁbdagmohmu\s:t)mg alid % godthys. tigee i ons

in the beam 1 deS| r e-t.0-.na The resol ver
housi ng 1% “THA [1°"a°§§°°éfn° ur}criﬁhm R38R ﬁgd@g Ombéﬁa“%‘l ‘@1 g@f\g*faldscml ns 138
for focusivwetkpietdm@untohasheetniol28)ievahabma lesd of ieadsinking fodicgmtadof lsaiébmas a Far aday

flag 142. wl;n&e%@mm%gﬂ & anh 2k cii qaio%gtﬁ%@ RS IRG SRR TVAR: T or

neutralizing't 05|t|ve arge that fierwi se accunul ate on the
target waflesralls a result of be| ng i nplanted by the positively charged ion

beam 128. The hepm.past batd z%exea,aﬁryrbﬁ%h\sﬁﬁw E@,ﬁ%plﬁa@ﬁgéﬁmgs@y a

vacuum punp 143. Downstream of the beam neutral i zer e end station
116, whi cl yEpeddeeectiongyhigh ‘%%@d"ﬁi@\“ﬁfﬁioé’w gy fiopor tatignanppyeceddtodiesk 144

upon whic Backviad & b of o Q/OH@EI:&@ ['hbﬁﬁo@d’) @n HER6HnE with A @spRdt @f»‘tﬁ@ﬁesgdt %Kenliérfl
resides in a targgﬁ%gl ane which is eneraﬂb%g%sp)), l_Eendl cularly oriented to

the direct oGP PR CRR Y BEEHCripa he! Raving An 1o squfce (8RGO at i on
116 isr mr@toetdmb;onammmpxeaeékﬁm shblaa). |m¢15pbﬂamséx}w)scc&tpmekesoum§:emsmlmunt ed to

the process disk.as they circu . end stat n 16 may
be adapt e&“‘?fow%. o) avm%)othu ef)(sjulrfn e%%ﬁ’d aI\]/\?r"}ner ﬁu S e&t%{iugeﬁinh &t léltg%(frc%’ﬁy W %ﬁe pat h
164 of t hdrst eavinbredPe2and askrndvaliereny\2628.0THelhatsing 384 fuslregetmppiteamtirsi ggs adj ust abl e

about thi %haﬂ%la&%—l exlteqmﬁ‘lhtﬁroﬁwlrrléo%teptvaﬂ 5B Ib&EEén qgrsl &Q\Aﬁde(f.) egmgiw i oulbt ot her

wor kpi ece, heat 1s generated In I ece, nust be renpved
t her ef romS‘PfF?CQ)%&éfrthﬁt@tapWéi/%ﬁtaﬂ%ﬂ OHﬁl%PRﬁr’i‘lE@ 68 frethavigper safaeef€0t 0 t he wor kpi ece.

Referring now taanki go lszstatampﬁ\mt}dhm ARG R CavitP LD Bre BASRE R 4¥or 28850k Soout
il lustrated havi n%ra cooling fluid passage 202 in a rotating shaft
]

20
t hr ough WA &1 Zo 81t #HPuET ﬁ&fface(?-@ egteﬂdlwm geeng st spd 2 i0gandg S?EP’B\FP‘?.@O" heat
removal f ISeafR 2O ﬁﬁha’ﬁ'&:brﬂ@sd@ I’E}.ﬁ&ﬁﬁ@ea_dctb‘éﬂﬁbe.?gﬁ e&(ﬂeﬁzi;lu‘@rt&&ﬁﬁxﬁugﬂlb&%féhla%&lﬂdggai lelﬁt
202 in the . cO 10 atc

Pt oot at Poaes SRRED dspygeRRRrT B8 el 2o Pk prel e RS 0 B S 7753
PCT/ GBOL/ Gi®#@Bmay(ba extgageldwm)irst ad PTawf tleshsio 9 td gondde rothtioh hethemhft 270amsf er
bet t di sk

€l ween ‘E%?RB gag h&&&i 'A&%m %{I@.‘%‘) Tﬂ!?&égtls sqppo&i&% Fw Qavﬁ%sz opﬁouP% gﬁ%ngu'sf g

206. The s Is"rota nount e stationa housi
beari ngs 2Jaiofghpearings 380- on via a notor or ot her drive conponent (not shovvn)

via a drive ge@(r)pro%ésémsmzlmemom@or%s E&Uné’-tadd@%bcgf m@%h'zwfor Jouhcql athﬂE aece

passages 202, 202a in conbination wth t RTV pads in the
nmount s haé%érrdéPreﬁr@?SéCaéﬂﬁmwwsééﬂﬁ@eqwéweew e ard wf pengsypeiskls2ioval  of

heat fr oMextending laterally outwardly from the center portion 284. Pedestals 286 comprise a workpiece mount
288 radially disposed from the axis 272 and adapted to support a workpiece (not shown) thereon, such as a
semiconductor wafer, as well as a gas feed port 290. The process disk 282 further comprises a third gas
chamber 292 providing fluid communication between the second gas chamber 276 in the shaft 274 and the
gas feed port 290 in the workpiece mounts 288.

The workpiece support spindle assembly 250 also comprises a rotary feedthrough 300 providing
fluid communication between the outlet opening 268 in the inner surface 260 of the outer wall 256 of
housing 254 and the second gas inlet opening 278 of the shaft 270. The provision of the rotary
feedthrough 300 and the gas chambers 264, 276, and 292 enables provision of cool}ng 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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wor kpi eces. inproved heat renoval and the elimnation of the problens
associated with RTV are desirable. Referring nowto Fig_ 3, an exenplary
bat ch i nWant/z1753w0r kpi ece support spindl e assenbly 250 iBCT/GBas03793 ed in
section. which is adapted to provide cooling gas froma stationary source
252 to the backside of one or nore workpieces (not shown), in accordance
with an aspect of the present invention. The assenbly 250 may be enpl oyed
in a batch ion inplantation system having an ion source (not shown) for

provi di ng shiafise bRinplaM@lidsPhRES ﬁr@%ecﬁﬁﬁl‘éﬁﬂwalﬁﬂ%f@ﬂhm&e@&%& ¥ eONMpPri ses a
housing 254 with an outer wall|l 256 having an outer surface 258 and an

i nner sur f‘&@%t"’?ﬁ{f)wﬂleqelnﬂtfiqﬁ %wowh%medfeOéawe@gamzem% peagfront g &arkRisges ity end
262a and aheasamed os8eadskding teIRElindddéh, allblve thb elusihdlign doe chbavehldad RCVADEIPRE A
first gas 264 t endj t hr ough the outer ween a first
gas inlet hgrﬁgﬁlrenuéedﬁ%%row X}te?ltém!?ﬂ‘? fpm thg &Vg‘?zgt‘?%es Cegﬁg 6%1 g’f‘ '&EFI}‘“?@% and
an out| et delperduneffe2@8f thrRTWen thaw@kpicses(é. gi,@ﬁcl&@()pmﬁulsrhadrﬁan&mom Gpdchivat abl y
nmount ed i ter Vit 2 of. th S 4for rot.ati on about

an axis 2%&%?% ﬁéﬁa llo ﬁ%%‘ﬂhr Iéa(g:eg Oz en‘gt:ﬂ%hea%ﬁnsg TG RRERISCS first end
270a and amsretednhll aém@bnza? Ohystrate8laed desc@iFed hEnginsflve nhe@@n:pcslmg esy be cgpbgwidn gas

chanber @mﬁmmftmm@tegc&om%ougﬁeﬁ@ﬁwgg%é ggsqﬁ%ér Jhgé;m np2PeNi ng 278

t hrough the outer surface e Seco d 270b
t her eof . AVogkPiess beipimplagipthifiionsay be engaged with first end 270a of the

shaft 270 to prgyise, kakaduk®iodfay t:&@pnm%n%z Qeamdl‘lﬁed th ?5@&%5(341 Becl 28 pBousi ng

254 about axis 272, The shaft_is support in the cavi of housi ng 254
using r ot e BTN 1528t helgusinagys and "Ef'r B adseqppd gas 2*8‘2‘b‘?r§26(’rﬁﬂf’rﬁ7édwblﬁ %¥e second
end 270b ajpes dfencsfafitdl sedif thaf B usédDiheinh@BicaRR dal ﬂrb‘\ﬂde@-fﬂr 8 higtdy 2liabRAEcuGARAL | Ses a

center ort| 4 | oca | ong t.he axi.s 272 a one. or npre, pedestals 286
ext endi er])g % 8t 2?55?1%1"5@(?&8? 8‘5 StaH%WGSé%’f“@F‘gep%‘r“ﬁCBﬂmﬁg?f th‘f-’*‘éﬁ‘g’é}‘?t%‘ffss 286

conpri se aowibrakpiveceprible rintam@BGonrof the avbikyiedds. SThOS e invErdin hahefomditiat 272 and
adapt ed t Qpa g%p g%%l gro@’xd\@@gmlﬁﬁ) z&%préssu% and m‘;pun?y seap%{ t%ocnglmsg%%s ho@e eaaghed to the

sem conduct a gas ess di sk 282
further cogiiesses a third gas chanber 292 providing flui d conmuni cati on

bet ween the secppg tﬂ';azéseﬁﬂ?ayﬂg ergﬂ%e& H arbglgl S plan2tloh s?sﬂe?h &b %(r:ﬁ xga@%ef eed port

290 in the workpi ece noun he wor kpi ece support spindl e assenbly 250
al so conpripR@dedin ¢ wewmy The@atichyy riro30m thsheusing Rigmayfiug P‘izlat eBhienyPrESEE on

bet ween t he@ittile@bcoRRNyREd BB mbfibeliSvac UL A &HES%&Q%g%@@u@fban&@y Wity wall
256 of housi t he second gas i nl et openi nge 278 of the shalt 270.

e o1 ot s b b e e Vo R P oS HISE 0 OB G0 B, 275,

and 292 erabprdsa fxstewil SOé@lh;p@Ed oati Bgfigasd SEbad gars@mntbb(e 2649@3 2B Befird>2 t 0
265 for 1606993 SR el BEreS R R PHES ot st B 20 PBH Giter ooy
i nproved hedthe eenmbraaity ¢nd 863f Alom wisrepiredivst chayidy end €6%ad augmltlm prissure and the

second cavity end 262b is at vacuum, the rotary feedthrough 300 provides a dual seal, isolating the cooling

gas flowing through the first, second, and third gas chambers 264, 276, and 292, respectively, from both

the ambient and the vacuum in which ion implantation takes place.

Referring now to 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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invention. It will be noted at this point that the use of cooling gas to
renove heat fromthe workpieces in the nounts 288 according to the

i nventi owoatbss the elimnation of the conventional RTVPeThiBer/0jyazls

heret of ore used to provide heat sinking fromthe work pieces to the process
disk 282. In this fashion, the deleterious effects of the RTV on the

wor kpi eces (e.g., sticking, particulate contam nation, capacitive

charging, and the like) may be elimnated or mnimzed, and the heat

transfer fopeimgtshemmasnkmd &&?ﬁﬁa&e@@f&%@haﬁl aﬂd @1@ ch&nli Qﬁh 36@§of|tﬂe sbﬁ%@%@-tﬁgﬁ and
descri bed reipnafter, the gas 000|7g mpl oyed i n onbi nation with

Fluid (wat8F Pacigeier ngudes “?9?"66:1‘0’ fBPYL I‘f@l‘“t?drfﬁi"(g\?@mfﬂ’éf‘ﬁ@af?f "E“T’r&ﬁ‘% Bith Hnay
fromthe Mrk@bﬂmsqobe)dﬂgtatmm dadi@ e avhdibt rotens. The rotary feedt hrough 300

may conprise a net i eal dto et ween t he
Y ervor avi £yt DRSS sisk oRE e e Ry BS whnaRn o St B Y BTl g i
chanber s 268 amhds 2%6ter p\Ahloh QSQOOdaed alortgylp}ﬂSls 668 e ok @NinGra bedsad 34 (mgz 4BE US ed,

t he magnet b vacuum
as a hlggh e%%?clﬁr&9§er§12%htw%&¥ﬂogq§ UCF? {rlpglél 5 ecfeéestgl gﬁ c%m rlse WOl‘ 1eece éﬂg% ; ng

gas, theses¢ ipialbidispessd frempilit ekisci9B end adapied (mppmblaelorkglmeamt stmvn)oluﬁr@fx atdhe
wor k Pi ecespciubh i) feed Ebets BgRY Q'Hé ;95&55%@?( ngc ijm& § i &?%Bér %%ﬁﬁ@ldl% I des

an adequate pressure and inpurity seal cooling gas |ed to
the wor kFPRERECatgyPeivEen hesead éﬁsrﬁﬂay‘b?@@* ﬁnéheéhaétl 36y tegasdeaetsti s wrshe
i npl ant at i vkpiysShank 38d1e 1 ons may be inplanted in a vacuum The first

cavity end 262a of the houysing 254 may thus be at anbi ent pressure,
wher eas the secbRBYIEIbEYe Lib?ﬁ& ‘SZWEHCW%W Ppusing A7 asiibe shafc ot e sigdiidg
pressure bﬁmﬂdﬁdayon?o&4/emye outldiupeniang 368df ab howsing es2hed weetont Be inl@ggumtand t he

nbi ent . t dt h h 300 i first
R TR M T R TR R
the first 35‘&;@% tngd 380d tl@@@f&;ldeaufd/oaplges@ndh@eakno@% idthspokgde hetnness8n THae
first and mg?mepﬂam%rﬂﬁldﬁ%éagggﬁ a%%p@edt gv &Q&lﬁ%ﬁ&&‘g ﬁC@XtEr )éorg End 262b.

Thus, V\/nere the T1rst cavity e nbl ent pressire a
second cavilety9tin fuig gRipgess9%in ﬂmw@mhslmé whetehy hpatftrasébrrbd ey WorR@@epin dei des a

dual seal ,wolipRlahduRtg 38616 thE POtelsd Bk 388G %98\5&1&; Jap&lgﬁlggh tt'ulaﬁghfg'asr c‘ﬁgmlﬁlgseﬁg nd,
and third gas chanbers 264, 276, an 5 reerectlve from bot

anbi ent ard* &¥e9Q Rk backsife Wﬁoéqﬁlefeéﬁlomﬁlluaﬁhf HekRiFFe MRS 8P ey &e reReTed ioing now
to Figs. 4mpefehsditk3sanot her exenplary batch inplanter workpiece support 350
is illustrat eg‘{hl n sectl on accordi ng}Fto the invention, conprising a housing

352 with a fir st §EY EHLsEtcHEdne (R le nentnyCsn ety et 0 srded? Hdie 3386 of

t he housi mgres”p‘»&zwémtm&a ofanf fohatwhiglaﬁrovmﬂs abid e@ﬁmmglo%awébﬂdooa;ﬂg &l taBibers

openi ng 360 rIQau rgus%n aln ape{u %tg}t t he o;j{e i/va ﬁﬁ The first
gas chanbét® 353 O rf%s Su‘E)or i’%or? %%g&%lm@' S e RgPuel Eignal 1 y
fromthe fﬁratﬁsckysa&ers 'm4@nd ﬁpemd second 58 chmbarsgmmd74p)dhhdc&ﬂaxﬁ5v4ﬂm aneérendi ng at

an angl e fa%p@@o% tnglnveln{fﬁit thpr%{a}yl th%th?a\Ei%amé c01£1 nse %gé)f ‘5 {r% feti nsgaISS z@sqnlgéﬁ {' aft 364

is rotatab in an’interior cavi ou5| n
rotation aW%CHEWIWP%erQ@@an@afmpported |n beari ngs 370. The shaf t 364

conpri ses an OykRLinghdw @ERs. 3A%n83, SNAeAPa i) beYorRERNERS Bustrhil SlomBgh3642

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 364 _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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and a second end 364b, and a second gas chanber 374 extending there through
bet ween a second gas inlet 11 WO 02/ 27753 PCT/ GBOLl/ 03793 opening 376

t hrough tweopet7es surface 372 of the shaft and the secondrendBB8tdironf t he
shaft 364. Shaft 364 may further include a notor rotor support 378 nounted
near the first end 364a for interfacing with a drive notor (not shown) or
attaching directly to a notor rotor. A process disk 380 is nounted on the
second end 364b of the shaft 364 for rotation about the axis 368, and has

a center pREbEQAN @82vih 8GR Sehif BB xﬁﬁﬁsu§¥e§6@<§§o@ﬂ€ 2ONREQ!3) TR igdest al s
384 (Fig. 4B) extending |aterally outward X romthe center portion 382.
O

The pedestcé{ft‘éat@SW“%Wﬁ‘f‘F’é’é“ AEsHR{sreaddly frpds UBBG‘“V%H‘?%WF“@IF@??GE@GG 4%4om t he
axi s 368 anthe atia@ic@GnetnBergopport a wor kpi ece (not shown) thereon and

i ncl ude gas fe orts e cess disk 380 further includes a third
gas changer SQS(HE)F‘WFt&l g‘r?SFUP%frJDHb‘gﬁWFtééqgﬁé‘W A0 st Yithdhespagaig s

chanber 37bovidafor heaglxifstal Biodiman metxﬂaglegaes;afaeed)spar dithier 3B ofi the dhiie] 4R ECE

nount s 386, rotary. .feedthrou ousi ng 352 and

the shaft péé'?e Provi mep{ferweerhgr co%‘?ﬁoﬁllﬁga | on 4tl8§5’eéeﬁpefth81yboﬁgﬁeé‘ﬁta%penl ng

360 of t heeedibroaghigo, 36ccha¢vdIixtgrxes withirghechegras! 4141 Bte re3iflGngathal tdabconBguadivn 364,

t hereby alQw [ ' | apeni 358
plr(Q' S0 Ctgt fé}gthrg% &h?cg%ljﬁz Séjeldgﬁtngaééorugmr{qﬂg/ %Qa%gtch in ﬂgte Emdle

t hrough the gas c ers 0to acksi I eces
(not showfjseByifise dssgmplipsys0 \?Rﬁ‘ﬂli?)i’fé:c% Jand At wheggBeooliiigesas mayde progédﬁ tmwaeu rther

i nclude a ptlerbdl waﬁﬁlsageeué%plmfn&%ﬂls&&daﬁ@&e&@e&m' ng fluid (e.g., water)
froman inlet 396 to fluid passages in the grocess di sk 382, V\/nereby

heat transferr &6 TR0 WOF K BF etcgier ‘T“H‘Ytoﬁ@e hepsipk pitecis A OmerisesIgEst ity prd
gl‘5 2 ces g 72 1264 pekAnate@heirst e %Oéidlz @leishg: 29@-$n<fd ol abBCknl b{z@ ggﬁbsaffﬁar%%meﬁ‘& S

e CKS| ol WOr eces npunted | n € WOl Kpl ece
mount s 386)“%90%*5 by T 6t g P Beipen Ty by fligpopsgi oy the
f eedt hr oudinst saft arddmrmgwmohetslsrend dnd e(mbldmﬁbsécao\gard thé @edtt Biapagher t2QRkfepT0l 1392 of
Figs. 3 aq}gs reé‘éf)d hgs)g%gltaxlg\cl)? ar%}e’edt%yghqso n%)m[prlseyail {j\rst scl;nl Por?ong r[gr O\g/g%;]egig flllallélxégg d a

comuni cat’i on T
rotating giedin¢419uudar thdidst ead @@@Iwhmg popaigesrmgel beweeh the titsatey ehdhmzeartdhmcﬂng h

(.9, fifflcdl@sns CHARNEsS o aoﬁﬁaar@sgec% mmg g(ﬁ&%@mg@eﬁye%mgpﬁﬁ 570%{ ché‘“d

374). In accordance wth anot aspec e I nventl
f eedt hr ougherrayace Hitsf ¢ydiadrigp] aneber B2 donexgmile.itis mayatad the goolipg Haﬂs'ttfmafthedas and

descri bed chdberk e6uta8d 218 omi the AABIeRt pRaduteRkistin2e 8L Fikdhit) O F68a dFiu@Spind S and 513,
an exenplary rotary feedthrough ZFOO is illustrated Conprising a

cyl i ndri c&“R¥hD8r ~ 402 having an inner surface 404 which may be di sposed
radi al | y out \A/amdsllmllaefasra&mheﬁm)iﬂé@kﬂra@h 2005 Edmfies Drecond Ralfoion €., AAhed64 Of

Fi gs. £gspe vel g%stco or N ap %orzlot shown) there petween, and
an out er Elﬁﬂdfaggﬂ% "4‘8’@ (h’a{'ﬁatr 8t %E@?& ”ﬂ@ FFOVIE 4 SR A5 et e SReandspviY e usi ng
(e.9., surbtacesthe Z6Ondurcbnd6a chifmblie 061 angS762bdeandy D52, saf @EBRGL) vedkeeh the A pai r
of magnet %ha?iqg@ang Ia]%i m£r119r859rfgcg EdT o?th ygingncal member 402. This may seal, for example, the

cooling gas in the chambers 264 and 276 (e.g., which may be pressurized) from the vacuum environment

in which the workpieces are implanted wﬁth ions.

Referring now to Figs. 6, 7A, and 7B, an exemplary wafer pedestal 500 is illustrated with a

cooling gas feed port 502 and a gas transfer channel 504 in accordance with another aspect of the

invention. The pedestal 500 comprises an arm 506 for mounting the pedestal 500 onto a process disk

center portion (e.g., center.portion 284 of process disk 282 of Fig. 3) such that a workpiece mount 508 is

disposed radially outwardly along line 510 from the axis of rotation (not shown) of the process disk. The

pedestal 500 may include counter-bored mounting holes 512 for attachment to the process disk, as well as

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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circuit with a shaft along |lines 410a and 410b, and a magnetic fluid (e.qg.,
ferro fluid, not shown) fills a portion of the gap between the cylindri cal
menber i we@n2/susd ace 404 and the shaft. The nagnetic fl ui BCT/AGBOE03TPDVI des 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
provided to one or nore ports 412 in the cylindrical 12 WO 02/ 27753

PCT/ GB01/ 03793 nenber 402 (e.g., via outlet opening 268 in inner surface
260 of hougidaged? ot »bd?kfécgmox%} sos%HhGJLolnﬁnsEJ}ﬁ&n ifglhbiEY 51@%‘?&0% ‘Rggsegi channel

414 circunferentially 'd osed about a cent ra }gortl on I nner surface
404 of t h¥@PEYPS i"?d‘l‘”i“éaé?d tee@ibediprinalin @ithrerepseitt e 8468 resul ting fromthe

magnets 408a anpigdBkhdtsBORlsRAE attkdnipid@a ARARGE 55D b ddd € a barBlf 19ﬂ/ﬁ1ﬁlﬁmtgmlth%
magneti c sealawgr oxi mate the rra%nets 408a_and 408b on either sid

channel 41%2ERRPEORFSS 5405 PEX=Y U5k FeofiFig 3 ving ayleapienquuerpisce mgpnt é€r$d s ec o n d

ends 400a wadikbid0abynt 5(msapeigte)ualpud to@ﬁppbdﬂecynlﬂaraﬂworkﬁﬁ&dmE&wgfhaéxgg and the
resultin seal configuration

cooling gas g 414. The

o ovi aos r Brtetd i b g S BB ase G el G b g BSROUSIGSeRipL oyed 1 a
bat ch i on iceqpdaacetveth amnhm@tb@t ofas einloyt. saeLapparatagrS(Mdﬁipnﬁsa Bﬂfg&haﬁdisuﬁ&ﬁh of

Figs. 3 ang a Vi ded eat, from
vvo?kpi eces %ﬁeﬁéﬁsﬂ% é}??@&b%%dlg ? ‘g?glecte 3189‘“ i Hlé)‘éncrl eaémtt\;r(s)t\%al meRgfer

exanpl e, Whémeuntigen thtsmppromerobwp-‘tZ)pmblliaVinmeﬁhwsnom@émmn‘ﬂeﬁbg witB resg@ops | Ses a
first cavi tﬁué’suﬁ;ﬂ)q megxﬁg'%SPgng)ﬂiagﬁh% et'xgég %}l}tﬁ)gl oﬁtﬂgb en 8P %IB)%C? galﬁ] strd e%l%]t_:c{ agg Oa

second caV|ty end IS osed nea e secon
the first @mbm@meﬁer fvrslére%%taq@z ﬁ@e@hﬁ?%ewamwomybmoweslpmgéldwpltlmmed t he

first shafhoisbs 2id Bstesih BurkiRe 25889 Nch8RENA0QH sHwaP as ﬁl@ r&gqmgseglraﬁpmsaﬁlg ond
end 270b g{? the shaft 270. In this regard, the exenplary rotary

f eedt hr ough? #BHPCHEEPE fam H‘ef“i"Fk@FceMP‘ SBoeei &ﬁm("ém@g as‘?’?ﬁ’@ﬁ’é‘ctbechkﬂ tihd al ong
the line %Mlm&fea%b&ef)du{ostepﬁfﬁﬂleﬂ%&))fWh| ch provides a seal between the

R T N R e
surface 404 thefengy bﬂthvdmgemalpedmpﬂmaﬂnedaea 55Xs0fas emaatpb@u a Elhuﬁfefﬁmyal &6adr pivbte
cool i ng gaﬁn Y\%]g'Sr?x# pdnte %ngaﬁg[en&{lﬁ%xg%élc%g? %%% anze p thearvorgglece gG? uesg[%?jipr essure

eX|st|ng Int Irst cavil as 3 &
simlar faféga|88n?"hetdﬁ€rslrao@damgpoa‘t@§dbdnﬁiﬂﬁghthtlwl rnmbeltﬁéﬁrplay lsae‘asalowdmmchnﬁeal

portion (euhbie MERENE) it td Jc&ﬂeq)f al E}anttun@ntioh nleor é(JAlQl rlﬁeas{l%)gn ﬁufxgxgeg ggallﬂ'aa?'%g

400b) whi ch provi des a seal between the second
first and f%%{?&nffamg’a@l %%r@lezmmmr P4 gray P@Bﬁﬁé@?ﬁl\?‘é‘ﬂ%ﬂ(’m@ir arhey flgaiple( not

shown) betxeeial Uﬁla@idltx&h@fetsupggrgmMr $NQnd @5 s&yﬁlérﬁﬁ%ﬂ%ygé &Jkﬁ: pQ%J: fopeyi cal
menber 402.. Thi for exanple, the cooling gas in the chanbers 264

and 276 (&8, S“W{mﬂéﬁ/teﬂﬂf ity “ﬁrséc@%‘ﬁfrn?ezpéﬁﬁ)m PYSH Fhe FEPat 0ol Pofmem  in
whi ch t he mwotbkyise eescoaiptiseiamp l56ddéxeakding thiard SIASngaRed BE bacl3@lc DONE Y QkJrdc@562 6, 7A,

and 7B, arn r&xrga@al p%‘rrly)ﬁer\% ] erthcgeoqer? (t)rger to provxcfe sea'lnllzl elflxgsitggrfal'etn?t erg\\l’lvi%hh a

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
haw)ing 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 570 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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cooling gas feed port 502 and a gas transfer channel 504 in accordance with
anot her aspect of the invention. The pedestal 500 conprises an arm 506 for
nount i ng whie2/padest al 500 onto a process di sk center porPCDGBOE0IJ93 center
portion 284 of process disk 282 of Fig. 3) such that a workpi ece nmount 508
is disposed radially outwardly along line 510 fromthe axis of rotation
(not shown) of the process disk. The pedestal 500 may i ncl ude
counter-bored nounting holes 512 for attachnent to the process di sk, as

wel | as afr(g@t%e E-J@%EH&%& ?Ffjch% vﬁohcgfg%gjl& }sgga g'%rgr}‘lﬁxg(?ro&rs%vg%l ?gle wor"lé iece.562
conmmuni cati on for a coo reac Pﬁ i"€ce nount
508 via t hehegagioneisy HBbP@tlmB’@lEed IAaMPLkrpllee@m@mdte sedemimed! portign ﬁépmdmaed on a
wor kpi ece @ttnfl aaibeBbéh BY se@ afata@B 550200ME i v

shown) about, which the roclzdss di sk 13 S&‘ ahs%?%%%&%&%‘% ?CQ%%IQQ
rotated. THEUMRSHPRYEH I‘HSB?‘Fﬂ‘ sigpdf “?‘WOE‘W@FC 63 itpraveesd fiemlesking betwesh ths raQ@B’ f or

nount i ng acus@ad end whﬁhﬂiotﬁnem&& 554 dntd it 6iad Wl AP 6k BOGRIpiRELotes08l nafter with
respect to Fi gsR | lustrate an exenplary seal

S
appar at us 550 foro] em“ aPo i I{e\gcg bt ﬂgﬁoaﬂ e’fCH’B{aﬁﬁ‘Ea&F clggrg §P0% ‘”‘FB‘E‘%P(‘%FIQSC?)PTOC ess
disk (e.g. claﬂp)lecbmsw wdlltfsd@@B@ anéagb‘m@t mﬁ)soztmgagmg wth the @DSrf586 WK PorEHE&e MOUNt

e. WO, 0 support a | i ndr i cal
\(/\DI’ Epl ece 5(’6%@%[ f@ ) p%ln (%anpog 1tion d:% QBShec?_rea %e I8 spags \Xk)e e@:&ne@g c&maﬁgo as
wel | as tomaybp plloy‘dfal ighe Wprlhgecga@mttof Eprivas Idlslsiedembheﬁas@ff Figh 7AdCnégDianee Wit h
anot her asgp Exgtudé)J se&lmg eﬂg@é’eﬁl@ﬁt optﬂ%sea?lﬁlg upﬁ@lgngélgﬁtvh'tﬁ th%%v%rk?loecr:’g%réb Sl?;svill%(: I;lcl)tndgat shaped

support nenb a work nount
508), and ‘s P?llrtéftat %@lgleﬁb%@ﬁhewz]kpmﬁ@@ édnosﬁeftlhélesva{kpwmqmmmcﬂﬁzceaﬁd

havi ng a fid ﬁrkﬁb@é $ukdd s9O& F’%B)Qﬁhy bahsd 4 c@ﬁihﬂ!;a@ foWetvmerr tﬁé gc%%:f dEsQ s r&tmced %{(dElPor t

menber 552 and adapted to engage a portion of Si a wWor kpil ece
as i |1 ust rit SdPEREPreyon of e mﬁé‘l’ é?"r?éfh‘? fist Wlt"ﬁmP‘ﬁé{'ﬁeéﬁd/OE the Fﬁf@CtIOBEbefeqfhle seal

appar at us tmemyoﬂmowmxmdsmnmer& he v ke tRCPposiiB tde oPHS bééks@de RS Ak N
nount i ng ta this regard, the seal

usi ng fasten
appar at us g% Hrﬁssu%zw g’é’f’%ﬁ’ﬂ%ﬁ%ﬁ? 508% tgrr?@te‘\ﬂb%’lgﬁlcgﬁ‘éf“% {oree osrEmMPREg. | vi a
nou Int i ng faaxsatﬁm é@csmmd ﬁwaaageodss)emplb%us) enﬂﬂf@!ép@ﬂ slagmé Oits the Q&Bapﬁzfratﬁse_@@-' r 522
repl acenent t ortion irst se is
p Cl l{gfm th-g m%ertt oﬁ ?ﬂs en sl{own and5 d%scrl ed wit g retslﬁ:gt t% %ﬁe{t&lf] #?aln% and

cantil evered ra respec
ri ng- shapeaplsngstens, lh@ﬂhbeFppt'sglzte@bata@ntabntpltsratonsadmmbdlacaomsmlmcarremneal axi s

or pivot spaidihmeadu Zdoﬂ tHfd ré!ﬁlﬁf&hh%rsg%gg)?mﬁ Eéc}g%xu&?_%ﬂ%cgh&%dad whids. he pl ane

of the workpi ece 56 as illustrate r|n-shae port
nmenber 552’alaﬂ&arﬂs€d B3 varigH e tionsperfprmpd byeth %?Q‘mdeﬂi*?@@dwrmwglwassmlwtsabI e

mat eri al , debideRiciicuttt) ys&&ORE.) Qe tErhﬁ (FRIRHE B tefdrdh e b i Bns QLG S ¥Ae Such t hE
support rrenber 552 %‘ﬁg)@‘: fashion frommnetal, and the flexible seal nenber
I

554 may be HRGESF AT OFLSROA Prlgss OBFyist indigdtash (@ anyAemafnpRiWhich pertqeetithei on,

t he SuppOrspeciﬁed‘rﬂnmjtloﬁ&?heaiadrﬂbeheoxﬁpoﬁ&t (z&&Edt isTRRIRREIy2q4vAIRY, 6 thoush M@ € pi ece
f or med of =TVl ita t he. scope of the present invention.

The first “portl on quS‘gEmceﬁ? thy %f%c %rsg?cng Jpich pefRpms e egriqngs the illesgated i p 564
ext endi ng ckanpirrydmaladergmiga@f thginvdngorbacksi de of t he ‘wor kpi ece 562

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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proxi mate a peri pheral edge thereof, in order to provide sealing engagenent
therewith. In accordance wth another aspect of the invention, the seal
appar at uwebn21mey further conprise a second seal nenber BZDGBaF03793
illustrated in Figs. 8C and 8D, nounted on the support nmenber 552 and
having a radially outwardly extending rib adapted to engage a sidewall 572
of the workpiece nount 508 to provide a seal between the support nenber
552 and the workpi ece nmount sidewall 572. The ribs of the first and second
seal nenbers 55% @ndn BnfQnefBY ofdBes prdsénk in@hasHhA), be Mse8 ARSI Akdnbn@biopt her
profiles are $ ible within the . cope of ghe invention. It will be noted
at this pSCRTHETEL % 108 TERBRERT o RRHEETPOEE 825 ffqm AposPREBE e RISEPCUBB I 2 and) or

t he secondatgegle iomenplener570 may be |ntegrally formed in a single piece, and
may be fashion fromany suitable material within the scope of the
invention. As illustrated in Fig. 8D, when the exenplary seal apparatus 550
isinstalled in a workpiece nount 508, the first seal nenber 556 provides
a first seal 580 between the v-shaped rib 564 and a portion of the

wor kpi ece 562 near the peripheral edge thereof, whereby cooling gas 582
provi di ng heat renoval 14 WD 02/27753 PCT/ GBOLl/ 03793 fromthe backside
584 of the workpiece 562 is sealed fromthe front side 586 of the workpiece
562 whereon ions 588 may be inplanted in a vacuum |In addition, the second
seal portion 570 provides a second seal between the seal apparatus 550 and
the side wall 572 of the workpiece nmount 508, whereby cooling gas supplied
to the back side of the workpiece 562 is prevented from | eaking between the
radially outward end of the support nmenber 552 and the side wall 572 of

t he wor kpi ece mount 508. Referring also to Figs. 9A and 9B, an exenplary
wafer clanp 600 is illustrated in a closed or clanped position with a

pi voti ng engagenent arm 602 engaging with the top surface 586 of the

wor kpi ece 562 (Fig. 9A), and in an open position (Fig. 9B) where the arm
602 is spaced therefrom The clanp 600 nay be provided in the workpiece
nmount of a process disk (e.g., nount 508 of Figs. 7A-C and 8D) so as to
provi de a seal ing engagenent of the sealing apparatus 550 with the

wor kpi ece 562. It will be noted at this point that the angle at which the
wor kpi ece 562 is nounted in the workpiece nount 508 (and hence of the

wor kpi ece surface 516 of Fig. 6) may cause a centrifugal force when the
process disk is rotated, which aids in the conpression of the sealing rib
564 of the first seal nenber 556, and/or the deflection thereof in the
direction of arrow 560 (Fig. 8D). Were it is found that the opposing force
of the backside cooling gas 582 (e.g., pressurized to approximately 3-5
ton) is greater than the centrifugal force, the clanping apparatus 600 nmay
be advant ageously enpl oyed to ensure proper sealing via the seal apparatus
550. Although the invention has been shown and described with respect to a
certain applications and inplenmentations, it wll be appreciated that

equi valent alterations and nodifications will occur to others skilled in
the art upon the readi ng and understanding of this specification and the
annexed drawi ngs. In
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particular regard to the various functions perforned by the above descri bed
conponents (assenblies, devices, circuits, systens, etc.), the terns

(i ncl udi moa2ewference to a "neans”) used to descri be suchCT/GBOp@TIENts are
i ntended to correspond, unless otherw se indicated, to any conmponent which
performs the specified function of the described conponent (i.e., that is
functionally equivalent), even though not structurally equivalent to the
di scl osed structure, which perforns the function in the herein illustrated
exenpl ary ¢imyiMSnent ati ons of the invention. In addition, while a particul ar
feature of the invention may have been disclosed with respect to only one
of several inplenentati ons SUEH FRaPOPa r%r'ay be conbined with one or nore
ot her f eat ur es adfusinh&10)otithan outerpial ANt hatinpmuassurfecy (258) alé & inredsuafind (260)
advant age . . I: i L I to the
ot ont ¢ ot Eah B YT e kb0 b glhoua WS HPGR)

vari ants tpepeaafirshgas inlaygreding (F6@ijin theputer ﬁéfaﬁfég%ﬁ) Pl qtes well B39 endl apputieche

cl ai s, tmge%ﬁgyggmtha;,ﬁerisma%%@% to be inclusive in a manner simlar to
t he tern1"conpr|S|ng; | NDUSTRI AL APPLI CABILITY 15 WD 02/27753

PCT/ GBOL/ 03793 2 SHef{&2 79y etaiahly A19entern 1o itegier cRHR (BRuefdhisthonsing &HP) frforaiap abaut used
in thg fiah idciﬂﬁ72$@@e?@rmig(‘akiﬁlly uafr\:@aﬁsﬁitagi(mmasseic@ﬂ ehmmmr@%ﬂi)aﬂmmﬁp

provi de cool.ing gas from atnpspheric, pressyre to vacuumin a batch type
Con i npl antdiE SR YIFL IS Pemay (ER e Fehd s inks e (275) and

i npl ant at iterecsydshe @70 onpri si ng: a housing (210) with an outer wall (256)
havi ng an outer surf 5 nd.an i nne face def.i ni.ng . .an
interior cavi tf} P %ﬁ%%e%nzgmggnﬁ%rogfhe aeecl%n%éc ‘gﬁzdééﬁ Of?%éﬂ%f?@&) éoﬁéf?artfan 1bﬂr (t)hﬁgh t he
out er wal laxif @88 pnd dderttadd@supeorta wospiegraber¢on laet hapipengas fred PBEYO0 mdkiierdgut er
surface (%ﬁaﬁ)oex%gzz) SvifhY fifid é’é!ﬁa!rxluniéa)’ﬁ&@ﬂenﬁe@xqthlé‘EIec&HtgLs%am&P@%)ri}ﬁhe(s%ﬁ%m)” the

i nner surface (26 a shaft (270) rotatably nounted in the interior cavity
(262) of eI BESPIRYY(PPB) for rotation about an axis (272) and extending

axi al 'y between rdarf feb@rof Bo02fQingdNE BmSSEQRch RARd B QR opdalte BBEt (270)

havi ng a second gas chanber (276) extending there through between a second
gas inl et t}l?%%‘fﬂ“ﬁ 1?’2‘?@)"3%‘&?‘1gf‘SH%le‘é@éb?‘f(SheéWgtQ@?‘Ob); a process disk (282)
nount ed on t he asetionghs eduete (BZHadptedtio frivedesiaBe2) (2Herstlgarinlét@patnk a166ahoEt t he
axi s (272)noua§91d(2q6ga%5ed to support a workpi ece thereon and having a gas feed
port (290) angta tficrd gas chanber (292) providing fluid comunication

bet ween t he seeoivds@es (IdReadipsd tq [#FGde ion tot aveorigpiead oynRd O 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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and the gas feed port (290); a rotary feedthrough (300) providing fluid
communi cati on between the outl et opening (268) of the housing (210) and
t he secomdogas77snl et (278) of the shaft (270); a cooling parGBouoxes (252)
adapted to provide gas (302) to the first gas inlet opening (266) in the
housi ng (210); and an ion source (112) adapted to provide ions to a

wor kpi ece nmounted on the process disk (282); wherein the cooling gas
source (252) provides cooling gas (302) to the workpiece via the first,

second, and thigd ?aﬁrleg)f;é;%?&eﬁm(@\@% e B dfﬂm‘ﬁ%hd(?(?% s3dd %m%v °Vth§? %1 Lgh

t he morkplece 2. systemo a|n11 rough
(300) conpPloskesvean the ipraericavig ) of iy houfing @9%@@%? Efst gl aqcmdgas W@l n the
process digd4 20882, 380) conprises a plurality of pedestals (384) extending
|l aterally outwardly froma center portion (382) of the process disk, the
pedestals (384) each conprising a workpiece mount (386) radially disposed
fromthe axis (5368) maghs@daptia 41 GherektpPQIaty fedRLKNBES ContpRek € RRgrdRdeavi ng
a gas feed port (388), wherein the third gas chanber (292) provides fluid
comuni cati on between the second gas chanber (276) in the shaft (270) and
the gas feed ports Th388FmioAcliihg, Wardihengnero et ompaddS) cyliadiidal WhRbe (4021 he
cooling g I 5 rovi al in S to, t eces at
the gas fanronuHE <blgEen B er R ST e bt e i BB Y

second, argep thér bativegman e iy Ees(H{62 6uRed®n 2@ 2ner snrfage (269, 362bofrtl®rhowse1gheat from
t he wor kpl ?_)gf@§2) a Haéné@OQ%éﬂr&%%laEgé %Q%‘v%&ggﬁgfl andTm% tﬂ@l%ﬁlfn%? an?ltog'oéj

wher ei n the rotary feedthrou I's ada e a se

bet ween t RENF FrP&FveRn thegylindgic melzaer @f’eff%@c%&‘éi“}fighe@@i@?méﬁ@ vlisesifthe st and

second g aSna‘émm&d ovifed 6 sedV l@)weerﬁhe ;E{Qﬁor%){\ﬁltymﬂ;f tHe |h@isﬁh 4nd tw}'ﬁ"srt gldleohie
rotary feEdH%%%ﬁgéﬁéBOO) conprises a nmagnetic seal. . The system of claim

5, wherei §% 2/ seal conprises a cylindrical nenber (402) having
an inner surface (404) disposed radially outwardly of and encircling the

shaft (270, 364) to forma gtween, urface 406
mount ed on the in nerﬂs §Urtas 8%'5%0”%?6653‘ e ‘P‘e?%éav%ifgbﬁg‘hf “%@55” ses? fffgnet
(408) for maviry e (m@nmxnrxmmhqf firsrietd @V Gahoftieahagtuad 4 secan chvay mmﬁem)ld&pdsédﬂed

filling aﬂeqséoh §b3§}hﬁe %%) m&%etégﬁn&xi e &ai)feg%ag%al%w Surface

(404) and the s erein nmag net i ¢
seal bet mé@hertdrﬁ@o@ ﬁtseqswpwzgwp fingt g 279a) off the heft ahréasqcmg eamoth@spmerl Slea@nd

second gag sRAHRELIoH) b S%Zf@nd fuZ‘therT:%prﬁysSat Haf poﬁloﬂhtgﬂ' fe ﬁx‘éﬂ:ﬁ& @b@l) Lhe

interior cavity (262) of the housin onprises a first cavity end (262a)
pr oxi mat e ¥ H'e“qal TRegibeiAEP) prsprryjding 2 s¢ @“&‘”ﬁ%ﬁhﬁ firghgvily cak@BAaeiang & itiesyand srgord2 6 2b)
di sposed npeahambeR€63226NEd £&6onl Qez%}n o8 heat e ssohalehd (4@3}1;%@91%&31 M&nber

cylindric er. (402) extends axi al
y ?JOZ%HJgrovidi g a seal between the secon cavxt)y eng ?26% and tl?e 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 cﬁambers (264,276), and wherein the second seal portion of

the cylindrical member (402) comprises:
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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 owopr2wes a first seal portion near the first ende(WGBa)0xH3t he
cylindrical nenmber (402) and providing a seal between the first cavity end
(262a) and the first and second gas chanbers (264, 276). and a second seal
portion near the second end (400b) of the cylindrical nmenber (402) and
provi ding a seal between the second cavity end (262b) and the first and

second gas charbebs 1nr(62@f¥aog (40)) disBosed H@ial?«%%{v@fﬁlﬂff afd eﬁélmerg’ thé’!’ﬂzﬁtr (@'{(ﬂ’»@)ﬁ@ first
I ses: firs I nner

seal port| on of t 'g%rl i ndri cal nenbe
surface (AOR) Sﬁ?'é‘{%% © PLHFeR1 Piewnt SR Peing ALy %i?ﬂ’iseéﬁ?fl”?e& I‘fieﬁff"‘tdrféd &A%k of
(270, 364) titeoylinfitiranmanbki 4ns the GBpanti s gbsahmn (26412es)f| rst gap being axially

di d betwe t 400 nenber and t he
f: ?gf Sgmd geco% C&%somgﬁSU% Cgf@g) te@f@% nagr ?“rflacset idgﬂ% 8ﬁF‘Pace (406)

nount ed on t he apsspraimaguat {4480 fc@'lﬁﬁ@) segdnd friagnehiotisiingith(tR:IsB)ft (270686#); st magnet
(408a) formng, cf)dd &éa% «{ﬁ?ﬂlﬂ@ﬂhﬁ Eldsrof th egﬂdg%ﬁ%et%he%fthec ndpéa"l;m r}]l%eﬁmner

first magnetlc tlono Fst
cylindri ca‘lffaﬁ%ﬁ%‘éﬁndltfﬁﬁéqﬂ(2%7§)ace (404) and the shaft (270 364), wherein

the first mMagNhirsin bk Ychaha@NekitlBsia bbGdes 8RlseaPR lhy end
(262a) and the flrrgt ar? dseagonI 23%1% cda éeras E%ﬁt’ﬂeﬁeé&&d@%&%&n&éﬁeﬁ?éﬂh&’t he

second sedl® iFb¥dsGardges chamRersy44 2@ i cal nember (402) conprises: 18 WO
02/ 27753 PCT/ GB01/ 03793 a second inner surface (404) disposed radially
outwardly of and engjrclin (270,364) to forma second gap t here

he_shaft
bet ween, the sécond %%’Stﬁggt}f “&?a“gﬂeg‘? thEiPEYSES g‘ﬂ‘ B&r ROsAmprses apbEdiveefend
(400b) of pedeswas (334) Exnabtiing Aleratti odpedrdiaficn b bditef partin (RBIbfﬂﬁGpﬂaBéis @asthebaamr S
(264, 276) ; (o terasurface (406 unt e ace (206)
of the ho 358 ?)neg& Cgm nSI% nd Orrlrcﬁlece H%OL"Z A%g)o)aal?lg}r%n? "r?a“dfé" mstg%ad(ﬁcﬁéﬁ:%g $ Circuit
with the siragrta Y@WD?C@@@)EOH aaqhhhvagse@@wd pcrm(gﬁ?ﬁetwhcremlthmtfdrdfgasi dhamhgr @ortion of

the secon ro%& ﬂgﬁtcmﬁhlgam:ﬁ bQWeénqgers'e&)ﬁtlj g G& f(% g'Ehe slﬁHr( f:a%d &148?%)1:66?”(1 the

shaft (270, igé wherei n the second nmagnetic rovi es t
bet ween t RES$38LA de axkpiese masers (3G 2Y Wherein the Pﬂé’hlﬁa gasqouram@S@e@@n@ cgdivg ghanber s

(264, 276) (309 o th Qorﬁb{&feﬁmt@fgas(ﬂe@'p&:ES%SSWeQ@oH(pIeQﬁn&B@ R idthest(884d,380)
| ural i t edestals (384) extending laterally outwardly

conpri ses ad€

froma cef%errdssydry rs(@?zg?ﬁ B P QElerdp isERtahepfifiop thepekpisesgiest al s (384) each
conprising a workpi ece nount (386) radially disposed fromthe axis (368)
and adapt ed to,

(388) . whor ei n'¥he. T veEn A ek REEr (3a5r ARGy PRl W TR | on
bet ween t hérssedtrdd Gék) phramisethe {iRAGJ (2i7®n) vihie shifadnd a e20Ha ravap endt(b@bygas f eed
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 nounts (386), and wherein the cooling gas
source (252) provides cooling gas (302) to the workpieces at the gas feed
ports (388)opt776he workpi ece nounts (386) via the first, Bewosdi/ozexl third
gas chanbers (264, 276,292) in order to renove heat fromthe workpieces. 10.
The systemof claim1l, wherein the interior cavity (262) of the housing
(210) conprises 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 ‘sijiper & Aekpicce ARG 'i]@\lu% atggsefeJdCf)B@ (%(f Q%MQMQ@gaQ 3Rber@ibpnds

axially between a first end di sposed toward the first end %BZYOa) of

the shaft PEYeHlUdrenmymeaseon ‘(ewebshe Sea?féé%%é%]ntﬁb(\%%ﬁ)d“ the bt @AY ARf s P 0b)  of
t he shaft pand3$symtdeerorpRonnomes3ss), hidvikremeR coflRE bisQourd@ds?) frivgdef Edosig gagnd

(400a) of r.otary. feedt hro 3 d qQvidin eal et ween t he
first cavi(g({;ﬁ@ ﬂ%’f‘é athrcpat %gﬁ’og’? 8%%) °§[H%IW§' ?fﬁﬂ“’ﬂgs 8 e e fse, 276)
and a secondithsegh cqambctrs @64,276 292) tihvedes ®oomate Bdmdfrc(ndﬁebﬁrkpjécei he rotary

f eedt hrough (300) and providing a seal between the second cavity end (262hb)
and the first and second gas chanbers (264,276). 11. The systemof claim
10, wherein thd3rot aﬁfyorklé@elﬁwpmlfgwupmm atdenvyn¢ werkpiere imaghawh iog impmation 12.
The systemy@y, gclng;n 0, wherein the process disk (282,380) conprises a
plurality of estal s (384) extending laterally outwardly froma center
portion (382) c?fho‘fsﬁ'é %Pb‘&‘@% OBFFFS‘Y@“ (FRhapagiesqugt syrfaqe §394) and atinnes &vigeci (340hg a

wor kpi ece demrgtan(x&%ér)ca%?@@ . lada £Hirs RRTBELEF @62) L& dRY IhfoubB3B8duR 0d @9gpt ed to
19 WO 02/ 27753 PCT/ GBOL1/ 03793 support a V\Drgqg)l ece thereon and having a gas

feed port "C388) firsj s St APepinR (40 17 @‘ﬁ%’s‘&fﬁé% o thojer Wit G99 aresn PRt df
conmuni Catdpﬁﬁhgmm&lﬁntnheuﬁdéﬁaﬂ(d gas chanber (276) in the shaft (270) and
the gas feed RQ n th & ece .no , d. wherein the
cool i ng gas souri(;:atéa%?%g%a abl?' SR M@’(‘56’1&)"’|nfzf ca‘é‘gs(%s %4 5o %’gt(ﬂ@) RPRIN e, g‘?%‘é at
t he gas f eed:ip@rd snd(eSISBi)nO(akxaMietwmr ipbten2 Tt 8 s¢c@¥Ghd 27Qb), tH'eehaffu ©30),

second, %Q\gngtamegogd gggaaﬁlpﬁ Ia)i%f &teggrgs %hgg tﬁ?ogé'lzb)semje& aoslé%ﬁ(]j gag ?nle]t § (6)29 at from

t he morkpleces I ece su ort upporting a
wor kpi ece tersecandyad (A0on i rrpl antation system conprising: a hou5| ng (210)

with an outer Waldest &260sHAWidG of the QbR enS W EREERd BB r.surface
(260) defini ng%anesl n?grlzzr cavity (262). a g db@a ¥ rgl?( é(g?qé%gﬁ%%ra&(m%ﬂ

ext endi ng A3 @FldatdF'Réedd%i“éP“\ﬁaVI’qka(eQS'Gﬁreonbaé‘tj\’N@’éﬁ agagfpedoprt (F89) andy wird peni ng
(266) in tclﬂzﬁnb@d{kﬂﬁ prStiﬂ1f1§-ﬂiﬁd doZBhicfifon béﬂ@eeﬁ)tlf&@d'codﬁ%bﬂ chﬁr&ﬁﬁ@7@ﬁkﬁh@dﬁa@(ﬂ7¢)€t

openi ng (2 ‘f‘i)“ in tc{;qe i urface (260); a shaft (270) rotatably nounted
in the i ntt&t e & EH@ of the housing (210) for rotation about an
axis (272) and aemrjafedcntmgugaxaoa} pryvidiedt Wwsienmaubicaiat beereeh th@dlla)opaning (Bssacond

end (270b),, hhlﬂﬁlét ese@gnd hai\r{lw%gz?ﬁ?e%gar}ld(z%ﬁs chanber (276) extending

t here throug Secom gas I opening (278) and

14. The support of claim 13, further comprising a cooling gas source (252) adapted to
providé 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 a 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)
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the second end (270b); a process disk (282) nounted on the second end
(270b) of the shaft (270) for rotation about the axis (272) and adapted to
support avewrkpsece thereon, and having a gas feed port (PODGBana37a3third
gas chanber (292) providing fluid comruni cati on between the second gas
chanber (276) in the shaft (270) and the gas feed port (290); and a rotary
f eedt hrough (300) providing fluid comruni cati on between the outl et opening
(268) of the housing (210) and the second gas inlet (278) of the shaft

(270) . 14.problues M%ﬁm@iﬂo&ﬁe@w& th3 sechid rgIlsh:ﬁz[mlﬁpW) Hrﬁhé’éﬂaf@@?@ Qhd tﬂg%gﬁéd source
(252) adapt ed to él&r ovide gas to the first gas_ inlet opening (26 ? t he

housi ng (2% é’fOFFPteﬁ%m‘&S‘ﬁl(?gﬁb a‘fjia"‘éh%tﬁ‘dlﬁecféOh(“Qs‘?)sour‘iﬁr(W? Rfeddes ep9ling#3s gas
( 382) h_t odt(imz) Wt k@rk@ﬁ&s atthd faefegbsort @68 op@s w%&ﬁ&ghowtsa(s s aﬁiue ma;% secmﬁnd

and thir in order to renmove heat fromthe

wor kpi ece. g(ﬁ“d Spg%géfzg% ‘%ﬁfﬁ% %’é?m?/‘\iﬁ ‘?"‘éﬁl}?{“ @ﬁgc’r?g‘fcﬁsry f eedt hr ough
(300) conprises a nagnetlc seal . 16. The support of claim 13, wherein the
process disk (28 f d 4 t endi ng
laterally out vvar d %?Ja[p%é%ﬁgpaw%ﬁm‘i llo%é'éo dthquetl(ge praga eeggo OV“E: t he

pedest al s sed Qgﬁﬁet@mwecmm Fayitn@6a OfAkb? hqusie@1 Grengdrthe f(rsaﬁi)secroadgaalcliaylbdss sposed
fromthe 3%M§74368) and adapted to support a workpiece thereon and having
a gas feed port (388), wherein the third gas chanber (292) 20 WD 02/ 27753

PCT/ GBOL1/ 03793 provides fluid conmunication between the second gas chanber

(276) in the shaft @GRJQppait clielOaserdiiickotalQEdiirdu 8&0) Edingrifls a WREKRI ece

nount s (386 and wherein the cooling gas source (252) provides cooling gas
(302) to t°ff&é workpi eces at the gas feed ports (388) of the workpi ece nounts
(386) via the first, second, and third gas chanbers (264 276, 292) in order
to renove heat %ronhghe mor The s erein

up
the rotary feedthrodgh %'(ﬁ f“én @d"a}bfemdh?'Bagﬁ?ucﬁv%)g%)mgnse%gl m‘%’]ﬁégﬂem Bt ween
the inter |(@9r2) lpavg inineR@Phce404) digposed rdiaiygoufvaiddy ofandentitnging the Sibft @R@3@pwond gas

chanber s 200} o, TG SHRROGR Alouflth Beffer AR BRA LG VRN,

feedthrough conpri ses magneti'c sea
wher ei n t &0 rferagest EF) formingmiagessic gircaly Withible $hafh landremdzestic ﬂ(1i4®21)1g hpariiqng an

i nner surfoageg #}‘ﬂ)@(a’éenq‘le%ﬂ%ﬁgﬂ faeainhef sRttRdas b t&fshm%o%@é;)' »(Il%l'ehx{‘(ge the shaft
(270,364) to ormgmgyaget ere between, an outer surface (406) nounted on

t he i nner "&gefigiled oel Rstwepthie IRiSTicRYY (462196 the Bausing andhedist end(saroey

form ng a ghagadeis@26aptgiuit Wwth the shaft, and a magnetic fluid filling a
portion of the gap between the cyIindricaI menber inner surface (404) and
the shaft (270,364), wherein the

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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magnetic fluid provides the seal between the interior cavity (262) of the
housing and the first and second gas chanbers (264, 276). 20. The support
of clai mw@p2etiesein the interior cavity (262) of the houBCTVGBoDOIP3 Ses 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 nenber (402) extends axially between a first
end (400a) disposed toward the first end (270a) of the shaft and a second

end (400b) di im&gerEW@Oéhﬁurﬁﬁ%ﬂguﬁl@ldsul(‘a%g@la@)o@gheh&%ngﬁ‘?(f)t and further
conprises a first seal portion near the first end

cylindrical nerfb&t mﬁ%‘z(?ogéﬁﬂmb‘}gé\ﬂrﬁf“ﬁgj‘e% cdreuy W‘IS‘é‘Eev%‘%ﬁ"n(Tl’ )Fi“’idst cavity end
(262a) and therfifst msgnet&rfmusmmra@o@a;sof@hm@arps)etevz&élhe?c}ﬁ)dmmsln@r g@gegond seal

portion nea sec e rical menber (402). and
provi di ng argseg&') it &%g?{t @2%&3 E‘%ﬁ‘ﬂ“ %%\é'is't’?“@%ﬁ ﬂt"gg?fﬂ‘)jesé'?fdeil heéw?ei‘?h§prshnd
second gasavithamiizi2s) 3@ 6d iRV sec@ll.gaskhe@nte o2 16)0ind Ghadimh2 &condlar girtibnbhe
first seal i A rlcal menber (402) conprises: a first

i nner surftacgﬁ ?h‘%%‘%ﬁ sg&g(é%{fl“ﬂ adi al | y outwardly of and encircling the shaft
(270, 364) to fagtepndande} yusfeceddly) dispesedrabiei wwmierardlst ¢fend dnrcistingrhpshife2Ag3eaxioal | y
di sposed 1 d he
Firor and ooaoaond B ikl SEN° ohshe iR aiKs 000k T TRERER B0 h "
first out e cylipifacrembersy Wﬁfh&tﬂéaecew g@%féamwﬁéws?ﬁ@f ace (260) of the hou5| ng

(210); a first a@@ﬂﬁlﬂ{utefﬂgﬁ,@)@(ﬂﬂﬁ%@@orﬂhé inkies SurfIBg Péd) beheq{oﬁs@dé't with the
shaft (270,364); and a first magnetic fluid filling portion of the first

gap between t hdSEqHd HagRst é459f3b) ﬁ%’ﬁ’ﬂé? Seic?ﬂ‘?é?ag“e%‘fulc&‘&@”'( tﬂ‘bﬁ’)‘ﬂ EAYPHHheds haf t
(270, 364), V\heraedcﬁhdtﬂi@nefnb £16id filfBGNHdrtio of dhelbedonp E&pHiethasn thé”@hﬁﬂadl mRabsMaag t he

first cavi he fir t and secon nbers (264, 276),
and V\/nerelmh a g%"((:dé% g%%af% r‘r”?%eﬁn § 5 ﬁg’a%ﬁ??‘itﬂ" r%vé‘%“ PR }5 T va)
conpri ses.secandsvenmﬁuti 626ﬂbeemd$lmﬁi~sam s¢cdfiifgps chamipogeat,276di al |y outwardly of and
encircling the shaft (270,364) to forma second gap there between, the
second gap being axially disposed between the second end (400b) of the
cylindrical neber dhelsupppet of Flpimt21 awidreinglenmetesy disk ERRINERIOsIPREADIRTBY of a
second OUtp&festﬁy@é@@ﬁerﬁﬂlQ@er Hﬂ&'ﬁgly@rgmtab&)térw é%ﬁ (gfqﬂ\e%rtfcgégllk glfe Féc@&algh the

housi ng; a second magnet é@ form ng a secon netic circul
shaft (278 éﬁ&ﬁmaﬂafﬂg 2 yarkBiiee W?&g‘r{é?ﬁre 1plyiflisgoseq fromp ﬁga@ﬁ(ﬁ@w eridgfepist (o he

S ﬁC ]9 nd ( g?gupb&t AVBRKpidch Bier6dt] dnf Bving AkasiRAB&T (3887 rﬁﬂdi whe?é&'rf ﬁ]@-ﬁaﬁd éﬁ%ﬂb@'@@ﬁ he
shaft

ARG s i - SR e R
(264, 276) porB2338]Tih ehe swopkpiocetmanhis GB&)L m 21, wherein the process disk (282, 380)
conprises a plurality of
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

(400Db) 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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pedestals (384) extending laterally outwardly froma center portion (382)
of the process disk, the pedestals (384) each conprising a workpi ece nount
(386) radvab/y77ds sposed fromthe axis (368) and adapted tPCT/SBPP@T7H3 a

wor kpi ece thereon and having a gas feed port (388), and wherein the third
gas chanmber (292) provides fluid conmunication between the second gas
chanber (276) in the shaft (270) and the gas feed ports (388) in the

wor kpi ece nmounts (386). 23. The support of claim 14, wherein the interior

cavity (262) of,sthe 'ﬂﬂ@%bd?g)f (12300, wtﬁfémﬁé pﬁ&gss %wfi 28§ §80¢ é‘lph%s £ {J\gral(tg 212 a)

proxi mate the first end {270a) of the sh second cavl (262hb)
di sposed fedrali (& seendivg laswly cgvadly fiom alcﬁ@rg?mq“t(%zéﬂﬁhwwﬁldﬁk tﬂﬁ@eqemlar y

f eedt hr OUQ.’KB4( &Q&bm@tﬁ%ﬁr@r&%rkpﬁ&i rﬁduht’y{ﬁ%%@?&ﬂﬁ%m@osﬁe& fr&ch 18 B6s ((3629 Q) adsheaRpsed
toward the first and a second end (400b) disposed

toward t hé"@%‘é%‘ﬁ%{ ‘?é‘?‘fﬁ hf”f‘fb%‘f Bﬁ’f“gtaﬁ%s f?ﬁa‘?‘f (35§?d‘”lfeiﬁf’tthee‘?‘r‘%%9ﬁﬁﬂ“§“é§2 first
seal port ipaidesgaid cominemcfanmslietveadhc{ #0fayas Glﬁanﬂyk'tQZT@In&lﬁe%hszﬂelm Addeneghs 1€200) and

provi di ng etween the f t ca first and
second gas gmﬁ@%k)lé’ ?hs §°eﬁ%')“ s dagﬁ)dané W\s{,'eer % 45 C%oélﬁé £ 8‘%“%"6 %%npé%{?dei walinggahng
end (4008302bi the pwerkpigtea atyhef gasefekdipo(@$8) ¢L3B0)orkpiede OS] (mﬂsmga the ivatecdndt ween

th n ¥d C T 0. 0 eal orkpiec hamb
(264 276) nERH e Rtk GO PP g bl Phen B FRESREEEY T ot hr ough

(300) conprises a magnetic seal. 22 WD 02/27753 PCT/ GB01/03793 25. The

support of clabgm 23,A%grogllrgplgnmorp;ygggg%mﬁg (282, 380) conprises a
plurality of pedestals (384) extending |laterally outwardly froma center

portion (382) d&foushe (PPdedrgandpteier Cat”FVe@?%éfé‘satﬁ&%téas chagpan Ceapnvideniid si ng a

wor kpi ece cﬁfﬁlﬂﬂ'ﬁcat{oﬁ%ﬁ)ved’n&dirﬁkdsﬁléﬂ(%@Qﬁ&ﬂﬁr@ﬂ’g@d’ﬂuﬁlﬂ@@?‘| s (368) and adapted to

support a workpl ereon. and havin as feed part (388), wherein the

third gas chamB& aﬁ?@égvmﬁ?w qeEy Fﬂ{%ﬁ&@%f?ﬁlﬂﬁ‘i‘%%{? @w)ﬁﬁf‘i}\?élé‘habf’ﬁé"%’%%ond

gas chanbé272) @F Bving A sdchre gadunbirhbel @7€) progididg filie c@asunicaed betpedntaSeco@3By inlen t he

wor kpi ece(%*g@ggﬁe)g%gggs,oﬁﬂm%g%er ein the cooling gas source (252) provides
to the

cool i ng gas rkpi eces at the gas feed ports (388) of the
wor kpi ece mounteErBRekhreigh (0Pepéritively psseeedvith theaimd (27) md thgasusinh Xt)es s

(264, 276, %1%21)13 idld &B‘Elﬁﬁlcz;tlgn bériiday fhe Hx%faéas &{tlgtr&%ggf WMg?ﬁ%)sand %1@ sec@hd (ﬁ%} ch ion

i npl antati on s%/ste nprising: a housing ( ng an interi cavity
(262) and et )§fth§%{*§ft’chanber (264) providing fluid conmunication between

a first gas lnbgﬁoce(ss?cﬁﬁ)(mndo)%xomtécﬁin t@aBfQeHo) i { @?e):d pt (S93Rdhdreih 2:60) nount ed
in the int r cavi téorgp%z of the housing (210 rotati on about an

axis ( 275 &98??39}? hYOEPICE BT gue “&Wéﬁﬁ&@?mt(e?@% Pw@ws &id genmygicggion
communi cabéteeen e kaverelpaous & CIN0G) agdiGe gad Feed port((&%ﬁ) and a second gas outl et

E g;g? ) ang [ ﬁtearﬁool? S”i]e e%’g hrﬁr%%%@%)(ag tezl toolﬁoewfgdggéo ing gas ?335)%%&% %ﬁ\I{\Sﬁt ggars’| miiet 826S haft

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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provide fluid communicati on between the first gas outlet (288) of the
housi ng (210) and the second gas inlet (278) of the shaft; a process disk
(282, 380)wooumt7exl on the shaft (270) with a gas feed portPpP(B8Bp1/03183 €i n and
adapted to support a workpiece thereon, and a third gas chanber (292)
providing fluid conmunication 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 workpi ece nounted on

t he wor kpi sﬁ&f@(ﬁm URY weRGbihe iafy fEelaﬁrofubﬂ o)) eﬁ&ﬁ@ﬂgﬂly Bddech thsgeng éépo@é&%@%?d S

(264, 276, 292); and an ion source provide ions to
wor kpi ece Frolirieat2oR s skberpr Sé‘f,oéd ﬁPose‘s)@B%ﬁ‘ the EeFond‘FH‘é(Zg% pleha SB*Ff‘ 3@?1 ai m
26, wher ei mnﬁeh@mpm*eax Hirstfs@@ plirtidnGiedg he (FROENH o@fhgmal'}sﬁéﬂﬂﬁou@’ﬁ@l)@tah@pr&&ﬁng aseflapt ed

to provid bet we e interior caV|t 262 t he hou5|ng 210)
and the f :abre tswtee“ k eefg o Th1o fad érﬁd%}f‘)rﬁ“?% fykand Fﬁi?ﬁ.‘ii gf (%7‘@7629"’251 asesend’s ‘*Fg
syst em of pitan neatbs sevdnd erediof thk: hmar;sﬂaa;ftltrougm (BOO) aﬁ@ﬁmfldhﬂgsd sesnetws@di@netoaki al ends

(270a, 270b is nounted on the second
end (270b)°)a\8%y\gﬁ&§2bﬂ "%jn’%ﬂp\/\% SCC (g-mlg]% ?g%&g)cawty (262) of the housing
(210) conprises a first cavity end (262a) proximate the first end (270a)
of the shaft a as | end
(270b) of the 2% W0 051 %%@ﬁoﬁ.@%ﬁ@%@%ﬁaﬁwgﬁﬁ% E}‘o"’ﬁq{“‘“B n’g “ﬁ%‘%@?"n t he
rotary fecHlis eMgAsIE300) extends axially between a first end di sposed
toward the fi raﬂbusﬂ@dﬂ@%@iﬂé arﬂfttet‘idﬂ@avﬁh@%ﬁ) aﬂ@gtuﬁ g§sec¢1§}ﬂ§j:r ers p@vﬁfﬁ@%@@ t owar d

t he second end 270bé¥of the shaft and further npri ses first seal
portion néSPmERgE¢nbe eméﬁd“éﬁlﬁﬁé%Wb?ﬁﬁﬁmfgﬁdwﬁ?@ﬂ%h (300) and provi ding a
seal between tdearf(2705 momw“t t‘_ﬁe leuador(c%a?az)szmdue bhRink tma)tfma&ahosgmfuél aﬂ?s ]
chanbers ( 6) and Lon near .t secon t he
rotary fee cgi—gn?ntzgiég dg(a§fﬁ35‘ Ped\ﬁ% g Rﬁ‘a‘do gsfé‘éﬁ coRpTiEaton eﬂ”é:e‘éaesé‘d)ﬂ gas Uity
end (262bﬂlﬁmdmmhwomhﬁsmmamﬁWEEcond gas chambers (264. 276) 29. A workpi ece
support for SUpaQ'S}QrE’ 'fela hI%Itlgh (%?éoirgg;\% so!:ﬁ&!ada\%ﬁ\ tne sk (9‘%) %nd thet ouscr%gg@pt ation

system conpri si ng: ou5|ng aV|n an I nterior cavl and a
first gas Rdvigeifaid Cqm)cawwmﬂﬂg fifrgt aﬁdutl%@ﬁﬁmh®cmuslm2uétamme®mﬂ gsst gas
inlet (26619 & wheiskadt an@as out |l et (268) a shaft (270) nounted in the
interior cavity (262) of the housin 219% for rotation about an axis
(272) and havi r?@)mgesg SR s wid, $4PeD 5$) hrrdvandindrgtes FosHRPOE BHAREPIFEat | on
bet ween a tﬁd%?aﬁ ﬂidd zgﬁﬁd gaﬂ l:tﬁﬁlber((@z%}ov@d?ﬂ fRidSBHRANMHcaHeBbetet] @S sebond QQ)outle@- rotary

f eedt hrou ?7 tiv aSSOCIated with the shaft (270) and the
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
sea] 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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provide fluid comunicati on between the first gas outlet (268) of the

housi ng (210) and the second gas inlet (278) of the shaft; and a process
di sk (282y@8n)7™sth a gas feed port (388) therein and adapt®dBODOFOAPpoOrt a
wor kpi 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 claim?29, further conprising a cooling gas source
(252) adapted to provide cooling gas (302) through the first gas inlet

(266) to td@ mdqmte& VoA ndaP e filst Sl of REB@AGecadiat Bh0) Sha ARG S
(264, 276, ﬁpo norteos cl gu m 2{3{} W wher efl” n( t he rot a?n% f eedt hr ough

The
(300) co i§$§heaﬁfﬁﬁaﬁéffldé£’62§)eﬁaﬂi the A 8pofnd SpyChyTReE (264280 andhpicrrag eat he

i Et ea i or Qﬁﬁlbf;%éa(tﬂ&zbonﬂ)éndtohfhe hﬁdﬁg ﬂegr&@%mmwpr&d‘uﬁng}: d s'éiﬂbetw&ggﬁ@évj\:ﬁnd and ]
third gas cha The pport of claim erein the
shaf t (27Cf)amc\,’eme¢zi§2§)((e%§]§%e%§s é“éﬁ%fz’%de%%‘f?am%%@?”g (270a, 270b), wherein the
process di sk (282,380) is nmounted on the second end (270b) of the shaft,
€L BT 0% Mt oAl S5 LTRSSl LY,
end (262b) di sp’éﬁyé’wgﬂeeﬂhﬂzm(@@d@mdeaemdor(@?@tﬂ)ewwfkptebwearslhaft and wherein

the rotary [ eedunsnual k300 vexbENdS Kl Al etysen o first end di sposed
a

toward the first en 270a the s second end di sposed toward
t he second end (270b) of the shaft and further 24 WO 02/ 27753

PCT/ GBOL/ 03793 34corrmle §8ocPor bihifrS33, $RAdn ROKdideQtoblRBEastdMR) blal 184t SRFioRls t he
rotary feedthrou §n300 and providing a seal between the first cavity end

(262a) and"GWEPFFT QPP second gas chanbers (264, 276), and a second seal
portion near th@pﬁ:ﬁﬁg)!ﬂdwﬁﬁlﬁecef)n 4 prBeetsQiisa (282, B89 dibinicau@snb8090) ranghipriavi di ng a
seal between % sueigogqlo) cavity end (262b) and the first and second gas
chanbers (?Bﬁ 9 83 5 A net hod of cooling a workpiece in a batch ion

i npl ant ati on sysivEing a goppIsags (264,276,392 )ahrowph g haust@ @10 the epdsing HOPR 70 mnat | east

a portion jof ched hEPIsBCEq and renmoving heat fromthe workpiece using the
cool i ng gas pr M\P% @he met hod of claim 33, wherein providing a cooling

gas (302) to atPque“ESEhean%}Og £ 6392)a6 theWhléplmrvahe@e@a@egrm@%@%*support| ng the
wor kpi ece on a process di sk (282, 380) m)unt ed to a shaft (270) rotatable
with respect to a housing 0&210 provi di a gas passage (264, 276, 292)

t hrough the housi ng TromeHod Hé‘fr\r%t‘é&erewg)r tage@reygeﬂaﬂahtheh@smd@ess di sk
(282, 380) jrotaing sHaft,Qud @é frgeckshidkcamiristg gas (302) to the workpiece via the gas

passage ( 264, 2 proﬂu%mg)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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35. The nethod of claim 34, wherein providing a gas passage through the
housing, the rotating shaft, and the process disk conprises: providing a
first gasvebhaeies (264) in the housing (210); providi ng BCEEeBONM7HRAS
chanber (276) in the shaft (270); 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 (264,276) using a rotary feedthrough (300).
36. The nethod of claim 35, wherein providing fluid communi cati on between
the first and a&@&lﬁ@@as@@ﬁce‘lf@f@@{a&e(t@s@ﬂpl dRlinghad BG) & thOl@kplect.€€dt hrough
(300) conprises providing a nmagnetic sea between the shaft (270) and the
housi ng (210), wherein the nagnetic seal is operative to provide fluid
conmuni cat i on b@lmeéﬂeWh@pﬁ@ﬁﬁbmﬁ&dm&ﬁﬁpﬁdﬂ@ﬁ&e&ﬁﬁ&g@ﬂ%c&%ﬁ&ma?ﬁﬁﬁm37 A
wor kpi ece for east one wor e bat ch ion

i npl ant at i g%n%[c)rgl 1)Browdm,%}:l)lp ? cog}mrlilgxcglgn kﬁj»&eeg §h§ c%? 1gq(ga.( %g@ @)an%ﬁfawttleé’d to
support a\MBWKMWeméifﬁBmemnﬁsawgmaﬁmc@ﬁﬁﬁaaﬁnpmmedgﬂﬂdamHMMmagbﬁQéﬁhnfor

rount ed or s b Pt (a0 MREURID ARl B on e B0 8985 B3 1 ng
gas sour c@rv@mﬂu’éﬁ@wawoa@ontbetwswplm sgcopes Fhagbey £276) 80 2 wodspitdecfumier kpi ece.
38. The wobkpiske Qr%ﬁﬁe&ﬂﬁox@fx (3@(‘))%05]?1[?& n tmﬁsﬂg@lbmd Pr@& @ I‘O(’%él'gl}ld Cﬁﬁpr i ses

a first gas chanber (264) providing f comuni cat et ween
cool i ng g£§m§BU?H§tf?@?Wh%%ﬁaéﬁh%®P¥@ﬂ2“»Wﬁéﬁé@ﬁOfﬁ@“B%éW@ VIZTRDY caobivgpr i ses

a second gaﬁcma@bﬁrdea(f?oﬁﬁt)m &ibﬁhé'gdj doked (44) € KONTRPECRL IhORrsDREWRERA Afla 1 NI et
and the proc <§ %%g% %V% wherein the process disk conprises a
third gas gh (€ g he ‘H?%@ FEPE¢S Huni cati on between the second
gas chanber (276) and the morkplece further conprising a rotary

f eedt hr ough (3QQ) nted .on_t he housi 210) and a d rovide fluid
communi cat i on %gtmggﬁe PraPIG £ PRe A HFH§QH6ﬁ§} %mﬁﬁfﬁg%gwg’@ﬁﬁ‘gﬂwg?aof t he
shaft (27®agnefihsseleby 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 feedthrough (300). 39. The workpi ece
support of claim 38, wherein the rotary feedthrough (300) conprises a
magneti c seal . 26
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