. > ae3e, d, al (6°T@4 June 2003 1  LATERAL STRESS RELI EF MECHANf 9W&€R03/AcUUM
BELLOWAS Fi.el d of the Invention The present invention relates generally to
ion inplantation equipnent, and nore specifically to a lateral stress

relief mechanismfor a vacuum bellows in such equi pnent. Background of the

I nvention lon-inplantati on has becone a standard accepted technol ogy of
industry to dope workpi eces such as sillicon wafers or glass substrates with
inmpurities in the |large scale manufacture of itens such as integrated
circuits and flat panel displays. Conventional ion inplantation systens

i nclude an ion source that ionizes a desired dopant i is then
accelerated to forman ion cri bed ener gyj wﬂ“@ﬂl&'mm@@;m IS
directed at the surface of mﬁmmmmwmm to inplant t e wWith the
dopant el enment. The energetic Igns of the ion beam penet’F¥f®@* t he surface of
t he workpi ece so that they are emedded into the crystalline lattice of the

wor kpi ece material to forma region of desired conductivity. lon energy is
used to control junction depth in sem conductor devices. The energy |evels

of the ions that IAKFRRADNSSTRISSRELFNIMECHANISM depth of the
i npl anted ions. High ene;ghg;v mﬁi{few used to formretrograde
wells in sem conductor d rgﬁ §ptoafewn‘illion
el ectron volts (MeV), while shallow junctions may only dermand energies

bel ow 1 thousand el ectron volts (1 keV). 4 June 2003 2 A typical ion

i npl anter conprises three sectkipdd ofrtheWitxesites®: (i) a termnal for
outputting an ion beam (ii) a beamine for mass resol ving and adj usting

the focus and energy |level of the ion beam and (iii) a target chanber
whi ch cont ai nghepgeseninyenithctetatesngéneraltyotobien iimplantdten dyniprhentj aml bwaen The

continuing trend to smaller and_.snma] |l er sem conductor devices requires a
boan i neSEEsHATT D ARl Siet BECh e R RV gD DI SHTCIPTR ow
energi es. The high beam current provides the necessary dosage |levels, while

the | ow energy | evels per mBa%ngbHWdi mwé‘tﬁvelﬁﬂﬂﬁce/ drain junctions in
xanpl e,

sem conduct or devices, for e require such a high current, |ow energy
application. Low energy ion beans which propagate through a given beanline

construction duffigplantation das becbirhé arstdadaminacasptbé aeohnblogy-affitiduswiyite opef er s
to the tendency for like-charged ions within the ion beamto nutually repel
each ot haforkpygess sHebhiasl Stiepupaiesnort glase substrpies vidt impwatics iadhg dage g3lshape

o e SRS 8 BUSABTOLIS ARl RSB SRR 1) e

bl ow- up i ncreases w easl ctive of
pr ef er r edmpéandtionesyeenstineladd andnisduice thatnomizéea désigi dopait eldmgent erhgdéthisof

t he beani j ne. . : , o

then accelerated to form an ion beam of prescribed energy. The ion beam is directed at the

surface of the workpiece to implant the workpiece with the dopant element. The energetic

ions of the ion beam penetrate the surface of the workpiece so that they are embedded into

the crystalline lattice of the workpiece material to form a region of desired conductivity.
Ion energy is used to control junction depth in semiconductor devices. The energy

levels of the ions that make up the ion beam determine the degree of depth of the implanted

ions. High energy processes such as those used to form retrograde wells in semiconductor

devices require implants of up to a few million electron volts (MeV), while shallow junctions

may only demand energies below 1 thousand electron volts (1 keV).



Typically, the target chanber is oriented generally perpendiéﬁ”@?ﬁ?oaith
respect to the axis of the shortened beam ine so that the ion beam strikes
normal to the plane of the substrate. However, certain inplants require the
ion beamto strike the substrate at an orientation several degrees from
normal . In order to permt such inplants, the target chanmber is made

pi vot abl e about the axis of the beam™path. For exanple, a tilt-tw st
mechani sm may be provided to allow pivoting in each of two perpendicul ar
axes that genqygichlMoh ifiplafitet B&n?ﬁs”éﬁ@h&é séctiRHPoF Es§stbiis:t @Z altérnfifil fehanber .
An expansi bl e bel | ows provides the interface between the beanline and the
novabl eoutputtieg arcionbieam, (iiFa beaplims fonmassrssolring and ddusting fheviecussind energy ed t o
nove in si.ml.e axial conpt.ession qr extensjion, no Jateral forces.are

ot esentIevel T o 2 BERCAI (I8 i it FOHDeL A dB e b SRenduelor 833 (s ve
or COMPERTIRed BY Aftoh Bedrte TR betlirflipARdriaa0 smblideaRlsmaltBeRliBhduBiod ot
chanber pivots wth respect to the be I.ne path, the bellows typically
exper i edavices hexpiiref abeanlinacdnkrugionanehiple sqreesdo daliver high idam heeentspaiidw The
bel l ows nmounting i.s urged lateral]y within this plane (i, e. ., the bellows
mount | nﬁwf%?r“clsﬂle&“éhg@?‘b?}“‘aenF Biox}dgh thermeeespary dpsags el while e day eheFekment s
in met I Mo} -nﬁgﬁﬁ a Sitr : ungj.ng

| ocat i gir? ‘s,&g ﬁégﬂ }Jtuﬁ% 11%13 Y% Le%) ﬁglée?ntl{)rglﬁt |ﬁl Egﬁ({%e&biﬁgﬁsﬁgﬁﬁ tt;&(;etv e’nﬁ’g

f ocusesexadngde rsdpesr sush adsgheaurtent, titve eptrgpappeapiendi cul ar to the beam path
(and parallel planes) at the locations of the fixed npuntings.. This shear
stress rmay r&QYInery 19 bepmsyyhicl prppagate throughha glysp mhwma‘g{?m auf?qse

nunber idNrdobg dsl i Bee : i i RS Sel S
typi cal ?%/mpe%n??t}#e |0n aAShhlreg ng%vﬂ ? §1 ’?‘gﬁg}} mﬁémﬁefﬁ‘% 'ﬁ')rnt orr lSgggoc ess
chanber iohs with@yvhe iordheape shavalbf repdl @actosthére Soclammitual rapoision dabes ibsdmof
contam nation .of the substrate by airborne particul ates, any_breach in the

i nt egr i PhoBeryipedesied shapevip [divergsavay fram) agdategded bgamline st Berise thsn. The

| oss of L . 1 Lan. of i IO t

bel | ovesP e Bb e bRGF filfeao R BPALATRELARN il u DS Bbicivadt®, |
obj ect pfeféril taat@Bicohstietibnsod to flitimizd 6r shoasn the lengikanthefbeamihé.evi at i ng
the shear stress in a vacuumbellows. It is a further object of the present
i nvention t o Typiseily éhedargetghamberis warntedgercely psmsdicnlady Wb respretitofs of an
ion inp t er ith.r . r IS her

obj ect (l%’?i thnethlé E@%‘ﬁ@gg“e?fgi‘g? g@ﬁggtctge Itlg g?‘gﬁ Sgﬁﬁr%snsodng |l0e¥ﬁé(naéelc azﬁild{sht% for a
vacuum bedstraws , Howelerdcérehin ilplantveqhios this@ni beaantd stfike M autisette SHAMMVARY OF
THE 1 NVENTI ON An i ngiqoved bellows is provided for use in, for exanple, an

i on i npPHEMARtation sereraldagressiomgwamal. yin eklep o pesmit sueh implant thertanget ghambeton

| ocat ed. I i j el | ows
assonpl {7 P3Py SRle Sbole e 2; HANE bART B, Yol Ml S TR e B Mt o
opposi t &e proridid tb Ao lviodng incsisie 6biwo peppendlcuthabkes tha @aidralty lidia tieplhmans
assenbly to a second vacuum chanber; and a bell ows | ocated between the

first aRffaswessiate ndhstarssychasmberodd expresibie beliriks povidss thegniseipen bsfwesiong a
| ongi t ug mﬁfﬁesanﬁri’ge hﬁvﬁﬁgﬂ?@t%ﬁn@{}d contractible along this axis. The
radi a

second ITDUI’llfI ng portion perm sl i dabl e novenent of the bell ows

assenbly wi t IFotegpleatiotisowhdie tiseaetiod s thaqbiecd tormeve inrsihplplaainecanpsisiot | al |y
perpendi cul ar to this axis. Preferabl the bellows, is made of stainless
steel . [F Extepsapn. yio lateral [0res ARG PRESGRT Prnﬂéhﬁ BeHavsicopy Eations ean adeqyately hansile

311 9119 (08l crRHARS SBHlekil Sor B L RN, YAGYUIT: AP Hihernd 2

[@)=n)]

slide plate Tocate osite en e sliding sea y. The
sl i de plpiats wittl rédpectsd it begmdiaapathptha dskovi typitiby éxdreriencel sheialfbrees in the
vacuumtight mati ng surface therebetween. 4 June 2003 4 Brief Description

of the DMaFiRFERendicArdo theibeam pattanThe bebiosts meuntig 5 weacqreterally yiinMiEh t he
I mproved, hel | ovs, 0% fif\fs RIGRRARE tddd¥G8nABgbS: 1RGN BRLBE €Rven small lateral

movements in metal welded bellows may cause large shear stresses at the mounting locations.



Figure 2 is a cross sectional view of the inplanter bellows shown in the
ion inplanter of Figure 1; Figure 2a is an expanded fragnentary view of the
slidabl e seal assenbly of the inplanter bellows of Figure 2; 4ddne2¥f¥re 3
is an end view of the support ring of the slidable seal assenbly of the

i npl anter bellows shown in Figure 2, taken along the lines 3-3. Detailed
Description of Preferred Enbodi ments of the Invention Referring nowto
Figure 1 of the draw ngs, an ion inplanter, generaIIy designated 10, is
shown as cogpri ingwan ion source 12, a ss anﬁ Si S net 14, a beanline

assenbly 15, niingdhe Bellogisprdzolh PB‘?F PEUSSE TB %°‘S§?é{'l thedlanest eel

bel | O\Ni)eﬁfeﬁeréblav tolthe Bdah'pybbtﬁ@érm é&all’é!’b%ﬁ@@t atQfhe Iobﬁtuﬁtéfbfsﬁe?lﬁ)tédﬂn&@ﬂmgﬁ
respect_to the beanline asse cts tre end station 16 and the

beam i N&IS;EE2RBIGSS MAY RHN ﬁrﬂﬁ?@relfaﬁ‘t’fév@ the belwsPY eueiRg tg, nEmPe: of on

i npl antcpéles timets nrfamtsedaweetth@ ﬁmb@ﬁtaﬁ@rﬁ"dr@c’ﬁsb qgaypueawyt psforiegan #high
i r’rpl anters as wel he i nyent| on al so P@gr ?.q/\gr ications .in any vacuum

envi r oNREWHM W#i8r é’|°W”a°Hé(l190\%§ tRagess Ahg eueRtAITREATIAN AL ¥ 1R BERT0 nore

than siaf@insinieizertheGRRIDE @85tafMihabbn %ﬂWb@ﬂate\Mytéi%EneCﬁm&Lﬂtﬁw'dw Brédch
i nt egrltéﬁof t he vacuum The ion source, 12 conprises pl.asma chanber 20

and an i Bi¢ Tategrtyof Hre brllowsyyil result inHoas gf thyssva @r‘i%‘ﬂ'“?% 'Ht? 'P%sz‘éﬁﬂ’lémdopant

gas thganﬁfeatr@sunmgs ctshttamufanbheoﬂolueesnﬁteﬁ&armeﬂheZBeuo%nwaldoyhprmebt thée 1 ons
are generated, althou resent invention is applicable to systens

wher ei H“Hé@’éf‘?’\‘/@rqcﬁ?%g%lﬁ‘ Bedt ed by the source. The positive ions are

extracted ”I'tr@%hotﬂe&'dftthé présaﬁt iﬁbéﬁmﬁ fHeaNReprodide Y melfs Fernalievibtiis ther
assean% 22 which ¢ CS-P es a Rﬂurall }/POf el ectrodes 27. The el ectrodes

are chENGRIPUESE N A¥BRHUT Belloye s AU BigEROf the, prasgay IREERYAN FUBTVIdE AR as
the di shprved bERWS fof cBhitlilg B4 pBIRIBNS bf in idmhm thACRevS!iWile rdspeth® i on

extractor assenbl ons to ext{act a posjtive ions fromthe

pl asna S@RA ARG It é ﬁﬂnéttjﬂﬁb@ 8big¢40 H@el’%‘?%’{%‘ t%er%&er ac'alssel; $ressi welief t he

nass amdchahiemBEa eaculn bdiltvsAetiding al Belbws PRIBE In ddtichumplah@Rs to pass only
ions of an appropriate charge-tomass ratio to the beanline assenbly I5,

whi ch conprises a resolver housing 23 and a beam neutralizer 24. The nass
anal ysis magnet 14 includes a curved beam path 29 which is defined by an

al um num beam gui de 30, ovi ded by a vacuum punp
31. The ion beam 28 that p%@é&gﬁglfﬁ%ﬁ‘&ﬁ@' élth is affected by the
magnetic field generated by the nmass anal ysis magnet 14, to reject ions of
i nappropriate char o-mass ratjo. The strepgth an orlentatlo of__this
Gt Lo 11 i TISoRh bRIE B YcBite PS8 B lo Ao Arufa el e Tene

el ectr ivedws laééétﬁlbly tdtbhwugbs tahfirsf hﬁiudtwg lpdrtngao@etted e omeosret ofl{hd Beluwgh

t t ti bea t
2 ong. RESTEEN JeH RN RGOS eiews F5T9TaY 02 T YaHD TRHEC: BAgoOM near
th he i Omnawmrtgtpoﬂtﬁntlacaaec‘p‘ecamdp@disﬂe)@nﬁ dfrthé 6Glldmfsya§é'érrmafor shablyemolintingg
ousi n

8' d f the b 28 d, of
appr Ji Pl AssPRBY 6 2 aeend vaquim.orami, S e BB eS¢ "
t r aj ectandyseaot mnumlrtgtmru@dsl Shefbewdwmextemdomm@miatmwgwlonbhudnhalsaxlmnmer,

t he magnet 14 s to resolvin usin 3.0 ose in.the
boam o SRERHE SRS EriPaR G B, i a8@nd inpRithe 8RB b ls AEHCT ng
23 i nclslidkstste mdverrmmai thel lﬁtlbwscmséﬁblyamtheteepéd:tdettm isecdreinchabtbelr dm af firetusi ng

t he i on bea ﬁ qa dosi net[ |nd| cator such as a Faraday flag 42. The beam
neut r alF&ES %ﬁtap gl prirendicl|ak {9 1S dver 45 for neutralizing the positive
char ge that Preferablyg tthe beliaes eanadmbfaﬁteuntusststﬁeltl%remably\aherseamcambaamﬂgt of

being i anted b sitiv Lon b The eantneutrallzer
and o BRiAE: caoeraen s ePa e Sl 5o, ARt N dab A G F Vs

beam neuppert riggand4 slide plate lecates batoppositeGndatof tHe shdmbwéetsswadse?kblys h‘areed
waf er s Q 44 on which fers to be. rea are fer
uppor 106 Bt e 1Rl A et pridy £ SR iaru R s g Sl |
ori ent dheadbétvethe direction of the inplant beam The di sc shaped wafer
support 44 at the end station 16 is rotated by notor 46. The ion beamthus
strikes wafers nmounted to the support as they nove in a circular path. The
end station 16 pivots about point 62 which is the intersection of the path
64 of the ion beam and the wafer Wso that the target plane is adjustable
about this point. In this manner,



4 June 2003 6 the angle of ion inplantation may be slightly rfbeling 203 r om
the normal. The expansible bellows, shown in nore detail in Figure 2,
permts this relative novenment of the end station 16 and the beanl i ne
assenbly 15. Bellows in the ULE environnment nust be conpact to minimze the
| ength of the beamine. As such, the punber of expansible bellows
corrugations is limted, as is its ability to absorb | ateral shear
stresses. As shown in Figure 2, the expansible bellows assenbly 18
conprises a bell ows ass : [ assenbly 52. The

bel |l ows assenbly 50 is éﬂgﬁési{/?%gfl:l?qgfn ?Fgﬁgllnegasﬁgti’%sel and conprises a

bell ows 54, an end station nmounting bracket 56, and a sliding seal nounting
bracket 58. Rgufolh slirowew df aprios implagter imo whivh thx prapoivbd bellwtd efthe
assenbly 18 npust be capable of maintaining a vacuum and as such conprises
an enc| st Hysation is ingaiperated; the netal bel l ows assenbly SO is generally
cylindrical i e i dj I j ally annul ar
in shape. Al fﬁgﬁég&t%cerg%%e #t Oﬁlgggleﬁéﬁﬂgﬁﬁ@f@% §§%v§msgléwg%ﬁﬁeg§{él | y about
1200 | bindplaater éfEghell, ows can pivot about pivot point 62 in the plane that
is perpendicular to axis 64 along which the ion beam 28 travels. As shown
in Figure 1,Figsredaiganiesparied ifisgmeniacy vigw offthe slidahle ssalggseaaplly ohithepl ane of a
waf er t y the disc shaped wafer support 44. The disc shaped

waf er g@g%@&%ﬁ@@% &Hr%l%dmﬁfth tilt and tw st nechani snms (not shown)

whi ch pivot Fipara@isein GdRREL bf tHeaappsit g by theallidable kb aksammbly ofthe axes that
define the plane normal to the axis 64. Pivoting the wafer support 44 about

t he poi iepleHerellnass shawarinFiguse ddekemalongthgllinend-3shear stresses to be
exerted in this plane and parallel planes. The pivoting causes an arc to be

swept equalntp .th i vot .angl ngd t he, di st ance from.pei 62.. The end
station mﬁ?fﬂ&ei%ﬁﬁpt&g PS %@rﬁ%%bﬂr‘}fﬁﬁﬂé‘&ﬁé’qu‘S%’sve%‘ql}]r ough

whi ch the bracket 56 may be bolted to the end station 16. Alternatively,

t he. nounti ng . estend | WLE E b ve 72
is provided F EF@’E lté% | n%lgg'rleernenlt1é %@%{gﬁ’san\gﬁhgp g%ﬁtgﬁgrgrlwzg@%g%a@\gt@’ shown)

t o mai nisashowa ag@onprsiagah idresoaran] 2, amisslahohysis asgaotol 4 ab@ambide hdsembhyd

station, _The sliding seal. mpunting bracket 58 is provided with threaded
bores t hP-cgH KHBFLSF etnﬁétas%éﬁeﬁn%pﬁ?blséta 55 sgeksTlons assemol

o \ . " . b
asse %5213??}‘1’59\{%&? b fhe Fﬂd sé‘}x&ﬁﬁ g %fhvr%sﬁeéﬁgot})r}ﬁe g&g@ye%sﬁw K&tconRed@y be

made in the slidable seal as i ng 4 June 2003 7
el ement tlzeunld stsioarn 6ahd diedreamiiae Gsembty. Zdtlionghl Figmos b ehavd dn ultralow energy

circunferential, groove in the bracket 58 to nmamintaip a vacuym seal between
the bel (ghE) ondapinyers e presenhiaventiandiss @pridations ?ffys%.ofm@faélﬁrﬂaw e

seal as L i ; | af
subass e%n‘%ﬁn Lelgl © %eﬁgg%ﬁl#g%ragpgﬁﬁggiﬁ %15’3’? ?ué@l %@é@gﬂfg gﬂ M’ll'%?gﬁsaub;eggérv% thralt ng 78
may be caasdes twegsmponsntshmad enbielgh ansrethacsiniplddkialldoanseysor dr axkengiond and

the slide plate 82 are nmade of stajnless steel. As explai ned above, seal 76
provi de&HioybeqmpRoMmIgRg thedRiserty frihe ¥2MEh t he bel | ows

The ion source 12 comprises a plasma chamber 20 and an ion extractor assembly 22.
Energy is imparted to an ionizable dopant gas to generate ions within the plasma chamber 20.
Generally, positive ions are generated, although the present invention is applicable to systems
wherein negative ions are generated by the source. The positive ions are extracted through
a slit in the plasma chamber 20 by the ion extractor assembly 22 which comprises a plurality
of electrodes 27. The electrodes are charged with negative potential voltages, increasing in
magnitude as the distance from the plasma chamber slit increases. Accordingly, the ion

extractor assembly functions to extract a beam 28 of positive ions from the plasma chamber



assenbly 50 and the support ring 78. As expl ained further belﬁﬂHn?%Qg§eal
subassenblies 80 provide a vacuumtight connection between the support ring
78 and the slide plate 82. Additionally, conventional vacuum seal neans may
be provided between the slide plate 82 and the neutralizer housing, as is
known in the art, to conplete the vacyumsystem Alternatively, the slide
plate 82 may be nade integral with the neutralizer housing and ground fl at
to provide a hard and snooth sealing surface. The seal subassenblies 80 are
shown i ghqRalkRlie BRleRirhctbdlidnk M ShPBassTanshstimddhe; pabassenbl i es 80a, 80b
and 80c conprise an elastoneric Oring 84°and a slide ring 86. The

el ast oneri ¢ The nagsan@laisenagayt Befunsttms ¢f pass onlyexsmilae approptiate clergatt oner

di polynmer, sych as Vitgn (type 9711), .which is a registered_trademark of
the E  Tasiafin in teberpliossdihly léoﬁ%\w,oﬂmﬂﬁ?ﬁ %@ﬁ@ﬁgrmumaé angRBean; ge
rings 8fanfhEY)4¢e Ofanal : |t i &ng?m hidei ght
(UHMN po yg?ﬁv engﬂﬁgﬁgrfg?&an t gpgnggEFg (gﬁg%b?nen % ﬁﬁi sFi e rings
86a- c adefirted bytan\abinyinumdleamtguide I0hevacaativpaf edhidhos provideddyta vachuym phmphe

Orings_84a-c.. As shown in Figure 3 (an end view of the support,ring 78),
each of 3thdhedan beamads thap propessios alomgyhisRptip it affected by dhemagnstis Hel

respect | ] ti r 84, ..88b: in i he r ing 78.
G oove gﬁ;ﬁ%%ﬁ%ﬁ%ﬁg%e%@gsgsrggﬁ zl}gag)sree 11;)%8%6%?@&' g%{(;ésce%g (S r%?ggvi ded
W th a sitioulThe str89th aghoicitativhi affthit heagaeti fivid & dofigoNédigy &mirol elsdtioniAs a
result, a small _gap 90 exists at the interface of the slide plate 82 and

the sli &% whighyadies the elpgiaealicyrsntghraugh theaficld pgndipgs ehidie snagpet 14 thepughas
shown i i he distance d of this gap 90 is on the order of .5
mllinme é%h%#%§9&$%ébUHNM/slide rings 86 provide a vacuumtight sea

bet ween the Shppeaghetid figd ¢8uses thelivndeatfQ8 tGmard along tisd dudreedbeatrepafiz29.whi | e
permtting slidable novenent of these two elenents with respect to each

ot her. TiRE &firsyppentrance irpigetonpd4 nras the ige sQurpH bt to # sagnd ot eidraipdow| 35de
plate 8 I ' i ty 4 ted by
Phe. pi vBrd et dbolhe oS, ORERES: S BT HCUAR SRRl SAREEIE 125 o)
t he bodyn dfappRPriael chemys-to-nihsoptioair deflected awan trost tikicorved frajectodyt snd inwbout
point 62 in the plane that is perpendicular to the beamaxis 64. This plane
i s par athesvalispftafumpingebean gyjde e In this prpee, he magaetddmasses to thagesolingnd t he

slide p <} The,rel.ativ ve f. 4N u [ 1.ng.a slide
ol ate narire s ol giBh i uTBERTEE vl et REREREL ohs e R A7 e
Smal | | at er alTheR¥RIReR hsudhg 2Pincides & Snin¥BElesEode@T) arl Hlesteddiatipiamestiof hese

| ateral shear forces fronﬁ%eing transmtted to the bellows assenbly SO. As

such, t Hecusingdthplien beamn, apkedbsineyy ipdicaor suahy asea Faday flagdenerie ym he

br acket it h ) t .t eam axi . - f i { ngs 86
pet weon "PREALEE 38 FRAFER 5 P ERoREL g ot et SRIAEE S nobite CHVEE Bt Auld 3

MoV e Nentotidrivive Uicc@aiiate0dt tienargbh@afen @l dFesutnei Helirinpladted by fig: peithveis.
Vacuum i s provided by an external punp (not shown) that punps air out of

=1

ci r cunf ehaiged n | Ehedpammeutyplizen anteselugidwusings #g eyauatef Y ¥a¢udih g
punp is Gann ted to i nner channel 91 via port 93 and channel 94: The punp
IS connec ‘0 outer channel 92 via port 93, tubing 95 and channel 96. In

operation, thBowxdtRaNT thd bdahendiglalion4ds drreal ¥taliBn 16 ophieh aitlelds Avliskadi al |'y
out war d Eprtion 98 of the gap 90 between the support rin%‘78 and the slide
pl at e 8zhapgdgiipfer supportiddgipgasviieh wefrssiorhertreatadrase mpuatedp Thewafarsappert er i or

of the bgl .as | 8...repr n radi,abd v .l L O of
the gap B0enir B R al bt R GREHE pbelatl By il b GSbhutBn B2 %
process thé ReSibfittbeai3)The @isg shapéd Grafidnsapui 44 AMlise eHAWation 16 ixroldled b @bt} . The
external6£unp_evacuates t he channels 91 and 92 to a sub-atnospheric

pr essur ¢topTherigm beasn thys siriketivalees ewyedfodhe pIppar@s they myviehna ghctlgdath.
preferr enbodi t-of th r I { ] | .sea
Clbassertl 28 SHET 8 o dBaBaRifts B etk 3o R 5 bl ob of B o
subasserddhhemdthy water Wb tiat giRttargEigslaexig afustable faboutltis poit. BuhRIssiel,i es
80b and 80c were provided, only channel 92 woul d be evacuated by the
external punp to internediate pressure P2. The addition of seal assenbly
80a is provided as a safety nechani sm for nmaintaining the pressure

di fferenti al



4 June 2003 9 between the exterior and interior of bellows aé%é“ﬂﬂ%PQPB,
residing at pressures P 1 and P3, respectively. Accordingly, a preferred
enbodi ment of an inproved bellows for an ion inplanter has been descri bed.
Wth the foregoing description in mnd, however, it is understood that this
description is made only by way of exgnple, that the invention is not
limted to the particul ar enbodi nents descri bed herein, and that various
rearran%fnents, nodi fications, and substitutions may be igﬁlenented W th
respect theqangireof iondyplantatioo sy be slightlyimadified Gepatheinogmaly chhet dxpansilge of
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fixedly nounting the bellows assenbly to a first chanber (16); second
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assembly 50 and a slidable seal assembly 52. The bellows assembly 50 is constructed of
stainless steel and comprises a bellows 54, an end station mounting bracket 56, and a sliding
seal mounting bracket 58. Although shown in cross section, the expansible bellows assembly
18 must be capable of maintaining a vacuum, and as such comprises an enclosed assembly,
that is, the metal bellows assembly 50 is generally cylindrical in shape, and the sliding seal
assembly 54 is generally annular in shape.

Although the stiffness of the metal bellows is generally about 1200 Ib./in., the
bellows can pivot about pivot point 62 in the plane that is perpendicular to axis 64 along
which the ion beam 28 travels. As shown in Figure 1, point 62 is the intersection of the axis
64 and the plane of a wafer W supported by the disc shaped wafer support 44. The disc
shaped wafer support 44 is provided with tilt and twist mechanisms (not shown) which pivot
the wafer support, respectively, about the two linear axes that define the plane normal to the
axis 64. Pivoting the wafer support 44 about the point 62 causes lateral forces and resulting
shear stresses to be exerted in this plane and parallel planes. The pivoting causes an arc to
be swept equal to the pivot angle and the distance from point 62.

The end station mounting bracket 56 is provided with threaded bores 70 through
which the bracket 56 may be bolted to the end station 16. Alternatively, the mounting
bracket may be made integral with the end station. Groove 72 is provided for a sealing
element such as an elastomeric O-ring (not shown) to maintain a vacuum seal between the
bellows assembly 50 and the end station.

The sliding seal mounting bracket 58 is provided with threaded bores through which
the bracket 58 may be bolted to the slidable seal assembly 52 using bolts 74. Alternatively,

the mounting bracket 58 may be made integral with the slidable seal assembly. A sealing



sai d second nounting portion (52) permtting radial slidable HEPHEM3 o
said bell ows assenbly with respect to said second chanber in a first plane
substantially perpendicular to said axis (64). 2. The bell ows assenbly (18)
of claiml, wherein an interior of said bellows provides a vacuum chanber
for maintaining a vacuum condi tion betiween said first and second chanbers,
and said second nounting portion (54) includes a sliding seal (84, 86) for
mai nt ai ni ng said vacuum 3. The bell ows assenbly (18} of claim2, wherein
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(10). 4. The bellows assenbly (18) of claim2, wherein said sliding seal
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a fluor r dipolymer ring (84) and a pol yethylene material ring
(86), a%%kﬁﬁifg?n sai d polyethylene material ring is relatively inelastic
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The bel |l ows assenbly ( 18) of claim2, wherein said first _chanber ( 16)
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pl ane ari]rﬁeé)rhf/v?/}tﬁ (e l}eﬂosvgﬁpa%ﬁét 5t80 THe' sgppso?f:rci)xglgd 78 and the slide plate 82 are made of

stainless steel.

As explained above, seal 76 provides a vacuum-tight connection between the bellows
assembly 50 and the support ring 78. As explained further below, the seal subassemblies 80
provide a vacuum-tight connection between the support ring 78 and the slide plate 82.
Additionally, conventional vacuum seal means may be provided between the slide plate 82
and the neutralizer housing, as is known in the art, to complete the vacuum system.
Alternatively, the slide plate 82 may be made integral with the neutralizer housing and
ground flat to provide a hard and smooth sealing surface.

The seal subassemblies 80 are shown in greater detail in Figure 2a. Each of the
subassemblies 80a, 80b and 80¢ comprise an elastomeric O-ring 84 and a slide ring 86. The
elastomeric O-rings 84a-c may be made of, for example, a fluoroelastomer dipolymer, such
as Viton® (type 9711), which is a registered trademark of the E. I. DuPont de Nemours and
Company, Wilmington Delaware. The slide rings 86a-c may be made of, for example, an
ultra high molecular weight (UHMW) polyethylene material. In the preferred embodiment,
the slide rings 86a-c are relatively inelastic, when compared to the elasticity of the O-rings
84a-c. As shown in Figure 3 (an end view of the support ring 78), each of the seal
subassemblies 80a, 80b and 80c is disposed within respective circumferential grooves 88a,
88b and 88c in the support ring 78. Groove 88b, in which center seal subassembly 80b is
disposed, is provided with a shoulder 89, against which the center slide ring 86b rests. As
a result, a small gap 90 exists at the interface of the slide plate 82 and the slide rings 86 at
locations other than that of the slide rings. As shown in Figure 2a, the distance d of this gap
90 is on the order of .5 millimeter (mm).

The UHMW slide rings 86 provide a vacuum-tight seal between the support ring 78



chanber (15) about a pivot point (62) along said axis (64). équfﬁgogglloms
assenbly (18) of claim2, wherein said bellows (60) is conprised of steel.
7. The bellows assenbly (18) of claim4, wherein said second nounting
portion (52) further conprises a support ring (78) and a slide plate (82)

| ocated on opposite ends of said at | gast one seal subassenbly (80), said
slide plate (82) and said at | east one seal subassenbly (80) providing a
slidable mating surface therebetween. 8. The bell ows assenbly (18) of claim
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sai d thpee 5aal tostﬂpgaﬁ)%m\lséeﬁﬁoly 50. As such, the slidable seal assembly 52 permits true

radial movement of the bracket 58 with respect to beam axis 64.

The use of the UHMW slide rings 86 between the support ring 78 and the slide plate
82 permits such lateral movement without compromising the vacuum condition within the
bellows. Vacuum is provided by an external pump (not shown) that pumps air out of
circumferential channels 91 and 92 in the support ring 78. The external pump is connected
to inner channel 91 via port 93 and channel 94. The pump is connected to outer channel 92
via port 93, tubing 95 and channel 96.

In operation, the exterior of the bellows assembly 18, represented by radially outward
portion 98 of the gap 90 between the support ring 78 and the slide plate 82 (Figure 2a),
resides at atmospheric pressure (P1). The interior of the bellows assembly 18, represented
by radially inward portion 99 of the gap 90 between the support ring 78 and the slide plate
82, resides at process pressure (P3) (e.g., vacuum conditions down to 1 x 107 torr). The
external pump evacuates the channels 91 and 92 to a sub-atmospheric pressure P2 that is
intermediate pressures P1 and P3.

Although the preferred embodiment of the present invention is shown using three seal
subassemblies 80a, 80b and 80c, it is contemplated that merely two subassemblies may be
sufficient. For example, if only seal subassemblies 80b and 80c were provided, only channel
92 would be evacuated by the external pump to intermediate pressure P2. The addition of

seal assembly 80a is provided as a safety mechanism for maintaining the pressure differential
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circunferential grooves (88a, 88b, 88c) in said support ring (78), one of
said circunferential grooves (88b) being provided with a shoul der (89)

agai nst which one of said rings (86b) rests. 12. A slidable bellows
mounting (52) for slidably coupling agbellows assenmbly between two vacuum
chanbers, wherein the bell ows assenbly extends generally along a

| ongi tudi nal axis (64) and is expansible and contractible al ong the axis,
the mOURkWEG the extefBMRMd ikdHbr ofl bEMMY ds9EMPIT IS, %alc(uégat précates®1QRdee end of
the bell ows assenbly for slidably nounting the bel | ows assenbly to a vacuum
chanberregpeglively. pernmit radi al slidabl e novenent of the bellows assenbly
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defined by said seal subassenblies (80b, 80c), said support ring (78) and
said slide plate (82) is evacuated to a sub-atnospheric pressure (P2). 15.
The slidable bellows nounting (52) of claim14, wherein said two seal
subassenblies (80b, 80c) reside at least partially within circunferenti al
grooves (88b, 88c) in said support ring (78), one of said circunferenti al
grooves (88b) being provided with a shoul der (89) agai nst which one- of said
rings (86b) rests. 4 June 2003 13 16. The slidable bellows nounting (52)
of claim 13, wherein said at | east one seal subassenbly (80) conprises

t hree seal subassenblies (80a, 80b, 80c), and wherein a first space (92)
and a second space (91 ) are evacuated to a sub-atnospheric pressure (P2),
said first space defined by said seal subassenblies (80b, 80c), said
support ring (78) and said slide plate (82), said second space defined by
sai d seal subassenblies (80a, 80b), said support ring (78) and said slide
plate (82). 17. The slidable bellows nounting (52) of claim 16, wherein
said three seal subassenblies (80a, 80b, 80c) reside at |east partially
within circunferential grooves (88a, 88b, 88c) in said support ring (78),
one of said circunferential grooves (88b) being provided with a shoul der
(89) against which one of said rings (86b) rests. .ARA .AY . AE
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a first mounting portion (56) located at one end of the bellows assembly for fixedly
mounting the bellows assembly to a first chamber (16);

a second mounting portion (52) located at an opposite end of the bellows assembly
for slidably mounting the bellows assembly to a second chamber (15); and

a bellows (54) located between said first and second mounting portions, said bellows
extending generally along a longitudinal axis (64) and being expansible and contractible
along said axis;

said second mounting portion (52) permitting radial slidable movement of said
bellows assembly with respect to said second chamber in a first plane substantially

perpendicular to said axis (64).

2. The bellows assembly (18) of claim 1, wherein an interior of said bellows
provides a vacuum chamber for maintaining a vacuum condition between said first and

second chambers, and said second mounting portion (54) includes a sliding seal (84, 86) for

maintaining said vacuum.

3. The bellows assembly (18) of claim 2, wherein said first and second chambers

are components of an ion implantation system (10).

4. The bellows assembly (18) of claim 2, wherein said sliding seal (84, 86) is
comprised of at least one seal subassembly (80) each comprising a fluoroelastomer dipolymer
ring (84) and a polyethylene material ring (86), and wherein said polyethylene material ring

is relatively inelastic as compared to the elasticity of said fluoroelastomer dipolymer ring.

5. The bellows assembly (18) of claim 2, wherein said first chamber (16) lies in
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6. The bellows assembly (18) of claim 2, wherein said bellows (60) is comprised

of steel.

7. The bellows assembly (18) of claim 4, wherein said second mounting portion
(52) further comprises a support ring (78) and a slide plate (82) located on opposite ends of
said at least one seal subassembly (80), said slide plate (82) and said at least one seal

subassembly (80) providing a slidable mating surface therebetween.

8. The bellows assembly (18) of claim 7, wherein said at least one seal
subassembly (80) comprises two seal subassemblies (80b, 80c), and wherein a space (92)
defined by said seal subassemblies (80b, 80c), said support ring (78) and said slide plate (82)

is evacuated to a sub-atmospheric pressure (P2).

9. The bellows assembly (18) of claim 8, wherein said two seal subassemblies
(80b, 80c) reside at least partially within circumferential grooves (88b, 88c¢) in said support
ring (78), one of said circumferential grooves (88b) being provided with a shoulder (89)

against which one of said rings (86b) rests.

10.  The bellows assembly (18) of claim 7, wherein said at least one seal
subassembly (80) comprises three seal subassemblies (80a, 80b, 80c), and wherein a first
space (92) and a second space (91) are evacuated to a sub-atmospheric pressure (P2), said
first space defined by said seal subassemblies (80b, 80c), said support ring (78) and said slide

plate (82), said second space defined by said seal subassemblies (80a, 80b), said support ring
(78) and said slide plate (82).

11.  The bellows assembly (18) of claim 10, wherein said three seal subassemblies
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support ring (78), one of said circumferential grooves (88b) being provided with a shoulder

(89) against which one of said rings (86b) rests.

12. A slidable bellows mounting (52) f'0r slidably coupling a bellows assembly
between two vacuum chambers, wherein the bellows assembly extends generally along a
longitudinal axis (64) and is expansible and contractible along the axis, the mounting (52)
comprising:

a mounting portion (52) located on one end of the bellows assembly for slidably
mounting the bellows assembly to a vacuum chamber (15) to permit radial slidable
movement of the bellows assembly with respect to the vacuum chamber (15) in a first plane
substantially perpendicular to said axis (64), said mounting portion (52) including a sliding

seal (84, 86) for maintaining vacuum.

13. The slidable bellows mounting (52) of claim 12, wherein said sliding seal (84,
86) is comprised of at least one seal subassembly (80) each comprising a fluoroelastomer
dipolymer ring (84) and a polyethylene material ring (86), and wherein said polyethylene

material ring is relatively inelastic as compared to the elasticity of said fluoroelastomer

dipolymer ring.

14. The slidable bellows mounting (52) of claim 13, wherein said at least one seal
subassembly (80) comprises two seal subassemblies (80b, 80c), and wherein a space (92)
defined by said seal subassemblies (80b, 80c), said support ring (78) and said slide plate (82)

is evacuated to a sub-atmospheric pressure (P2).

15. The slidable bellows mounting (52) of claim 14, wherein said two seal
subassemblies (80b, 80c) reside at least partially within circumferential grooves (88b, 88c¢)
in said support ring (78), one of said circumferential grooves (88b) being provided with a

shoulder (89) against which one of said rings (86b) rests.
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subassemblies (80a, 80b, 80c) reside at least partially within circumferential grooves (88a,
88b, 88c) in said support ring (78), one of said circumferential grooves (88b) being provided
with a shoulder (89) against which one of said rings (86b) rests.



