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(57) Abstract: A system (10) for inhibiting the transport of contamirant particies (607 with an jon beam (44) includes a pair of

electrodés (td, 16) that provide opposite electric falds (26, 28, 30, 32) through which the ion beam (44) travels. A particle (60)

entained in the ion beam (44) is charged to a polarity maiching the polarity of ion beam (44) when waveling through a ficst of the

a electric ficlds (26.:28). The downstream electrode {16} provides another electric lield (30, 32} tor repc.!lmg, the positively charged
particle (60) away from the direction of beam travel. :
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of seni conductor devry
sem cond@@bmsuvbadsétprormgalgwasrsn@mb&t)rmtn@lweuh inpurities. In particular, ion

beam i npl ant Q"}ﬁca@foﬁbééﬁﬁgl ffect (16138 an §J'n s&u?&@orvc\@rtcfaﬁﬁw 51}1 f::]garge% r\? %—g;m in

order to produce n or ype extrinsic nateria opi'n
passi vatifPle Ryey @at‘ﬂl?d‘si A6 Tapredians ipsHormed ign aibpameayd diresed elplltgcﬁmrftdﬁtw*veﬁ used

for dopivags mam ﬁqmp‘imﬁ&h $tatiodN The l&rbeaﬁaﬁﬁzdnﬁ%@nmme b6k gdnP@hit €d ion
speci es desired extri | anti ng i ons generated

from soﬁt?uom&ro u?‘iﬂ%ﬁé %eﬂgﬁloé‘ssm’éf‘r‘ﬁaf‘%?@?gg??é‘ﬁfaﬁmbthg%@ﬁ%’r“ﬁé“dr%@ﬁlgt sin"n

type" - extyciures ingintain 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 passageway is
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 rauo) affects the degree to
' Wh]Ch it is accelerated both axially and transversely by an electrostatic or magnetic ﬂclc:[ Therefore, the
beam which reaches a desired area of a semiconductor wafer or other target can be made extremely pure
since jons of undesirable molecular Weigh[ are deflected 1o 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 effectively separates ions of different charge-to-mass ratios.
The ion beam is focused and directed at a desired surface region of the substrate. Typically, the
energetic ions of the ion beam are accelerated 10 a predetermined energy level to penetrate into the bulk of
a workpiece. The ions are embedded into the crystalline lattice of the material to form a region of destred
conductivity, with the bearn energy determining the depth of implantation. Examples of ion implantation

- systems include those available from Axcelis Technologies of Beverly, Massachusetts.




material wafers, whereas if "p type" extrinsic material wafers are desired,
ions generated with source materials such as boron, gaulgeg 1 0L i.ndi um may
be inplanted Typical ion beaminplanters include an ion SSOPEL 2%,

generating positively charged ions from ionizable source materi aI s- The
generated ions are fornmed into a beam and directed al ong a predeterm ned

. beam path to an inplantation station- The i on beam i npl anter may i ncl ude
beam form-ng an structur en ion. sour
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an inplanter, this passag evvaéll evacuated to reduce t robability of
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i npl ant at i BFYTEP" Bt Frawleter Hiperisd F‘f"é?} Avdgng stiikethe walpn susfaceRAgiclea of Phatpesishr ocess
of sel ecti weling nsg padigdbdgatirdnons watér aﬁkelsayrbed;mmiramemdﬁﬁwneﬁanc baﬁtgﬁndno mass.
ratios is ) NAlL¥zZ a mass
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ef fecti vel yhb,%@mgoﬁgQ&iedlgaﬁlﬁg,ﬁOﬂhgttegt@@@gferg:har ge-to-mass ratios. The ion beam
is focused and d| rect desired surface region of the substrate.

" Typically, the Séﬁﬁlfcﬁlg‘fcfoé d?"&?ﬁssar‘b'f‘a“f‘ PG reﬂ'é‘é‘?ﬁ’ﬁf yithgreatar grecisignyhighsr 5
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region of SI r conductivit m ener gy erm nin he depth
of i npl ant‘&%f?fé?ﬂmm&t&ﬁpl es of i on i rrpl antation systens include those

avail abl e from Axcelis Technol ogi es of Beverly, Massachusetts. | 24
February 2005 Operation of an ian i anter or other ion beam equi pnent
(e.g., linear accelerators) WSFEQEBBEOEINVIE@THNMCU on of contani nant

particles. The Bamammsrwme pﬂ%&ﬁﬁlh\ﬁéht&)ﬁ relaftdafo A4 meiliby foP@hibiG&Shd thago@bout |

gmin size. The nonen the he be mth trike the icles,
I o, 5t enReTBRED 1Th RagttS s it Gt el st AR RS
typi cal I y regiongf @pse/etckn nﬂuﬁds: eleetggle priveides b fiest dlanis fielConsend eladioge dopaant:ancfrcen;
ent ral ned deh@ledrBak AR {Baond Boclc HIRRABLCL R e rd Bod e REATM ARG forkiiy e er

~ (or other substrate), resu q I n undesired contam nati

I'n an i on b writherels theshasged particlo As a seaipthe charsadpastislemeay be freedomenfrim it

- particl es dirsctiBhsto i@l suitdWRLRY dfde ionfRRA. GhESHeRtial Bﬁ%l@'rt’o?éxaﬂlﬁe aRakgda on waf er

surfaces pLIOI’ toQ |n‘tpl antation and is utilized to def
arged particle info an electrode where it, in turn, discharges to a neutral potentlal or to a location where it

is unlikely to bounce back into the beam path. As a result, particles may be trapped or diverted from an ion
beam in accordance with embodiments of the present invention, thereby mitigating contamination of a

workpiece.




circuitry on the conpleted integrated circuit. As ions strike the wafer
surface, particles of photoresist coating nay be disl 09:91?9 frg&&t he waf er
and may becone entrained in the ion beam Contaninant partic?és that
collide with and adhere to a sem conductor wafer or other substrate during
ion inmplantation may be a source of yield loss in the fabrication of

sem conduct or and ot her devices that require subm croscopic pattern
definition daecprdance et B (i feeped of A invertionohdde ést opvidde wisesdem Br éhipiingif act ur ed

at r edyeRgorbrpRbclddwitRaribER 8 bonpFiied: S| On, hi gher accuracy and efficiency
are required such sem cqonduct or devi ces.

f a ratuses for nufacturin
Accordingly? f?"[t e]ie‘g'%%e@‘i‘trpéf’ﬁ}d&s { gstesdtie gel? ﬁ%f}ngge% Polarfty eRpgtiE Mehofrite Bhirti cl es
i N an ibeam, b eatinlesotraisd inghenibit begra twvithin wafiar eleoin fiddbeat chaged 1 [BEHOGAIRRNOF

II\NEI\rrltl?\an@QﬁQ%dTents of the present invention relates to a system and
met hod Tor Inhibiting the transport of a particle entrained in an ion

beam The pastied dechide raedalawistemie a firdetion ofhsavelder theoorbepip edativa tg thddirst ng a

first ef@EkQMhmeOkcohdBlet¥dd SONidify i dilric FeRTViRIL pRERY ndBSngihd-lok DbanfloBCL i C
el ect.r ode streamfrom the first electrode provides a

field. A secon 0 (

'second_reé’FlZ‘Egttﬁei"ga’ﬁdé’%"l‘bw&gﬂ? ¢ EsFrP i@t I# P field and provides a
potential barrier, which repels the charged particle. As a result, the
char.ged par t . he i | avel ,
Uit abl y out™ SpEling LA Qi %r bt AL ol FEAAD P BIEIAE 1 ge
a chargsepriphparticds with ppositigajondieate panptidngphere it, in turn, discharges to a
-ne;Jt r?|h pgt am&gaas}ehéw‘ct;id@ it ﬁ@ﬁ%rs iaql@gawt%@ieletrii; tield,! §T?dli&%ei Jﬁ@diﬂég tirpthp?rlrb@e@r% bgc]lf
into the beam : ares ,.particles nmay he trapped or diverted from
an | on VB ECR oL ORI B o RS tRe R AP PO’

HE: B¥esent i nventi on,

t her eby m t i gesitiveigecvoditadjateniabd ogatiod el@trodatr kdpiwagieam dire2dbn o ipdveldorytheZ®05 | n
accord e W th {.rst . .- 0f . L hed on,.. there | Lovi.ded a
ayat em Far U pretut Pebd B ARl ek e Rh e pdBE B T RO BELAET. & o
a firsevafeprthegtectipheiirayst ovi des a first electric field having a first
polarity opposite that of the ion beam a particle entrained in the ion

beamwithin the first electric field bei n&@%harged to a polarity matching
the ion beaff 2" "B &y irdammseof e Bvingem fherg HRIRHeS AR RRmpRlenation YE | on of
t ravel cémyrisihde i on beamrelative to the fi rst electrode, the second

el ectrode providing.an.electric fiel v a.pol arity matching the-ion
beam f or r%nplgil °|”fﬁgf°{ e %lg?sgt%taﬂatpaﬁ Sg%%ca%\gvgtf nfrgpga%%{'?{'es@%\’mst ream di rection
of travel . hmengpargmeantestm fondivétengiae ofad appspagt mof totah enplanie@n trizjediery;t here i s

provided a §¥§)_t s?ganf 2f 1nhlﬂlhﬁ£t'ra}|§pglgo }Jalrtl@‘l fthe &?\tenmsl{siﬁgln% aﬂﬁnl)trzﬁlg%agrfé{ﬂ tive

i on beam conpriSing: a negative el'ectrode that provides a negative electric
field, s¥ePHdhs g puteB PrRsRed in the i on beam within a region of the

~negative el eaikddettrddt BhiGhrddRENGirE Ah@eFIdhevink aPBS hdldriveoppRltaihdt bithe i d
beam, a particle entrained in the ion beam being charged to a polarity matching an ion beam formed of the
diverted ions; and _

a second electrode located in a downstream direction of travel for the ion beam relative to the first
electrode, the second electrode providing an electric field having a polarity opposite the first electric field
for repelling the charged particle; and

a substrate supported at the implantation station for treatment with ions from the trap system,

whereby particle contamination at the substrate is mitigated.

In accordance with the fourth aspect of the invention, there is provided a system for ihibiting
transport of particles with an ion beam comprising:
means for generating a first electric field in a path of the fon beam, a particle entrained in the ion

- - beam when within the first electric field being charged to a polarity matching the ion beam; and
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a positive el ectrode adjacent the negative electrode in a downstream
direction of travel for the ion beam the positive el e%{lgg gcgogw ding a
positive electric field for repelling the positively chargéd icle away
fromthe direction of travel. In accordance with the third aspect of the
invention, there is provided an ion inplantation system conprising: an ion
source for emtting ions to treat a substrate | ocated at an inplantation

station; an@alfafifiPOMn SHERUE B wflpdP b h0n hS il BRIAPT 1 a1 €

mass to an i nplantation trajectory a trap sys Iting transport
of par tP&ReSokiiy pPree tyifitsesizcats firld FPsth@r ﬁraﬁieftﬁfeﬁ%ﬁvwmﬁlgleﬁm"gw urgigg ¢ em t he
trap systgdpamanasidghe gutfdf theton6da@Ct rode that provides a first electric
field having a first polarity opposite that of the ion beam a particle
entrained in the ion beam being charged to a polarity matching an i on beam
fornmed of t heaccaldanesr widdthe Gfils pspechdf the $weting tekeeis tproodeal ¢ eethtdefdr inhibiting

downst il paich Ot Afior et He nlfRba b nglr%@het;@ pretative to the first

el ectrode, the second electro provi ectric field having a
polarity opﬁ‘ﬁ‘%‘lﬂf‘@atﬁFFédWFlcﬁPldéﬁEf‘dlaﬁlloﬁth?P@PQ‘}m for repelling the charged
particle; aﬂﬂrgihg%idﬁiﬁl%d’ Blafed SMAP QInt 1R & &t a tbBn bRk @Rt abdu@Nhsd R QBOI&Q}
treatnent. W Fh |l())ns a]Eﬁ;om the trap system whereby particle contam nation
at t he ™8 BBRPLPLOPE A ti gated. In accordance with the fourth aspect of the
invention, gdemégiasccpudolaceie deld inghestathrof fhe fonibsdm dniwhitagn relan&rtﬁquﬁtteleaf:c
partic | Si DRAN
el ectr :r%éfﬂ}@lefcgmfen%{ggﬂe@ﬁﬁm?g? ﬂ%{q% %h& %tgm a%f)tfzral?%i ?Rg%%{éﬁ%df Qﬁgh’%aa 5t he ion
beam V\H’éﬁh%e‘ivﬁtﬁleﬁﬁ’@yﬁpff‘ﬁlel@lbé%{ ric field being charged to a polarity
mat ching the ion beam and 3 24 February 2005 neans for generating a second
electric fi |nth ath of the ion beam downstream from and having a
polarity opg‘bgl taécc‘frﬁ '}tsc’tf the, %’i‘??‘f”?gca“fjlrélf“ﬂd £rls1 freaip jilfugtrating apectsi o S el d, the
secondinedngat are destribed bertin i cvgnebtive witihbyr avippddsirptien adaly dntieaed drvengat h of
the io I n t here
is pr O\ﬁ/‘lllr%.e %mcts A% ﬁgigp(t)igéj %&?e%ﬁmkgﬂ% %\ge%v {flrﬂfé_en\ts;rlg'r% g# mQVhlcthq}? prmyﬁkeé %fotan i on
beam tﬂl"i@“?m%‘%'éf epaped Ay rresent dnvensien ésf mtglélﬂfémaml aa smthasnecte pralctheit ¢ field

in theecp%lbntpfOthJaehdvéafagéae@mnoﬁénaéagirdagofnﬁé tdvsdue§ wilP 6&doRél abgarehi §oth QR beam i n
rst el chlng the ion

a reqgi tric fiel t
bean %ﬂﬂlw‘ﬁ%éf&?lﬁ‘{ CREIPIRS g&‘&ﬁ‘ﬂ"‘“&?’b‘&]{e}l f“&“‘fi?" Hc‘?"ﬁ‘“‘ftl’?éx’ﬁgga fi9%8¥1%he i on beam
downstreamrel ative the first electric field, the second electric field

~having a polarity opposi lﬁEFlﬁ%sEkfﬁI{ (ﬁ:(:[%% ﬁ,H{Ibgl d so as to repel at |east
e

sone of the charged particles awa ion beam
Fig. 1 is a-side sectional view of a pamcle frap system in accordance with the present mventlon,
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To the acconplishnent of the foregoing and rel ated ends, certain
illustrative aspects of the invention are described hereipn i n_connection
with the follow ng description and the annexed draw ngs?“F"’lT'I”@%%OO&spects are
i ndi cative, however, of but a few of the various ways in which the
principles of the invention nmay be enpl oyed and the present invention is
intended to include all such aspects and their equivalents. O her

advant ages andignbiv elotfeeddwifals: spfent di@igi 1) IRBEiA i thdnlpleBECQARIARRALSH from

the fol LQWufide q]ttg,jgr% (lSsGLi.ption of the invention when considered in
h the ’

.conjunction wth iraw ngs.” BRI EF DESCRI PTI ON OF DRAWNGS Fig. 1 is
a-si de secti ofit§l 3 i ranficgfrensespaiation off ap cestmpatyfetdgneital txowph tigagee ofFighi;t he

present i nVentigon; a &fedm@Obibd Yo Piod t%n iof i pﬁan@tﬂ&;[sgs?crmé/rﬁ;??o\éyin
rn

og Mcqes st em of
Fig. 1, illu an exanpl e of a particle trajéctor 2 DD t8nce

| lustratin
with thesyﬁtf'@é‘bar?f"“}aﬁ‘%é’ﬂ'f‘i&’&erser—“f‘Q‘.’“’“%O“i s graphical representati-on of an-
el ectrostati cFigish dppwt entonglviewlf SUFindd 28168 tBn@fions)tbm chiployihk gFam‘}:lei s a

schemati g, Rl ogk L& ion of an ion inplantation system enploying a
particle tpggp S s?‘ggmn%?ﬂﬂhg%%%?sa‘ah“g%m\ﬁ'taﬂdthe present invention; Fig. 5is a

partial secti Bigdlis yflewdiegramifusetmep nethafology for phibiingxharsh&lboit 6 pati it B

enpl oyi Nn@nBeap@rticle trap systemin accordance with the present invention;
and Fig. . 6 is a flow diagramillustrating a nmethodol ogy for inhibiting the
transport of particles in.an ion beam MODE(S) FOR CARRYI NG QUT THE

| N\VENTI ON The present NOBDES)FOR CAROWINESO®T $HE e vkRidnNTet hod for renoving
contam nant p I s froman ion beam such as may be utilized in

conj uncti on V\ﬁewegéﬁlﬁlméeﬁﬁolnr?fﬂvédﬁ a@?’“ﬂ/@?@ﬁfh"%&” TP fingsRrtappArERartigle fom amowever |
that t heloppegetieh & maebrutitaed rasnjpcdadeih aa pplimgaitet et ARITREppEREM th an ion

i pl ant efowe@s, tal thd YseR GrveBBPLL e gminant. particles froman
ion beamin a SI iég%tsfonge otggrqergltgﬁhg{]&?l cggggl\{ﬁggogp%eg’e amﬁ‘élrngc‘l“.er’ﬁiﬁr@?f\}’ér,

whi | e t hEPEXEHPIeEeYs Pryepnsragilenttem srusthenb dnkpplicateony @ieptet thisoddsiged  1- 6 may

be confliegtr ebrdoos, FHEEDY bAGpBANTst-GbESd bdseHPeAwROSHid ¥&idk A% REIM t hose
rstan ppr eci atpe that the present

skil led Joghglijgagfo?‘{: towill urdg d and a ci at ¢ )

i nvention 15 equal Ly aBpiret 8T RPE G HOngRt Poreskilsh ingis arwilbrngerstendiand yst r at es
a part i cirerediatatpat §x preeqwt it @niian icgedly aapticelew 4 fegaine iaspast of the present
Jinvention.  THE  sMStSAY 1044 n rangenent of el ectrodes 12, 14, 16,
‘and 18 arr ange% [ near | %/Q?érl\&%b %g“g‘?‘nlaﬁ‘. a?‘!é’é‘i%i‘%ﬁ",“ ?"naé?eﬁtao? 4§ PEIEIpvendqge

el ect r o0& $YPBm 14 jpcludeg an igpgement piglasirasios 1) e 16, enld 8 asmenditingeri@ib.a beam par t i cul ar

t he el ectitdig SndikRedddo. 1e aitQro@k PUN4 16].681d RLES BIRL Al t glative
ground potential. in fgggeé%luﬁ%i%@;lo' Tﬁﬁe el ectrgdeso@ééegﬁ 2?'&#?’%%@‘%? ovi de

neutral & et rrdiAPe PEE™RTaipg At grefativsgEountpogpipl e systassiPect i vel .
The el eclhr deleroded 11 sida g megadiidteehiettrio dadd hata@epaidlRsfanggat i ve el ectric

[Thes 2 bRdied ottt fira S e B Stetmbingtie SeiedBPkrEatY coupl ed
to the diclctFgele soand porentist, indicated-try fivldiatsi 26 endeize ststitabla DCeaetgyot Edwhiie
el ect r odRcadallpcHRS b @M electrode 14 for providing negative electrical energy to the electrode at a desired
' level. The electrode 16 is a positively charged electrode that generates a positive electric (or electrostatic)
field relative to ground potential. The positive electric field is indicated by field lines 30 and 32. A
suitable DC source (not shown) is electrically cbupled to the eléctrode 16 for providing positive electrical
energy to the electrode, '
By way of example, each of the electrodes 12, 14, 16, 18 is an annular plate having a respective
- aperture 36, 38, 40, 42 that circumscribes an ion beam 44 passing substantially coaxially through the
apertures. Each of the electrodes 12, 14, 16, 18 is spaced from its adjacent electfode(s) by a spacer 46
formed of an electrically insulating material. The thickness of the spacer 46 and, in turn, the distance
. between clecr_rodes" may be selected based on, for example, the relative voltage potentials provided to the

respective plates, the energy of the jon bearn 44, and other system constraints,
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| evel . The electrode 16 is a positively charged el ectrode that generates a
positive electric (or electrostatic) field relative to roun%z%géentl al .
The positive electric field is indicated by field Iine

- suitable DC source (not shown) is electrically coupl ed to the el ectrode 16
for providin I t

exarpl e eac%Jl agg%%\(’g’? g%’?%%g O(Eﬁ‘fgmgegﬂg{gn(gi@qﬁe 3 i Qccfr?ade% ate haV| ng a
respect jogased danspeapyfeomapd clgmricaliygisolaie relptive toélilermrﬁ;fdtrdrb@sl 8affihd arablyeam 44
passin greﬁﬂ@@te&mdd@hé Mcltﬁ:l@ﬁéﬂ a@é&uye b RO Rsdig: ap&fel Ilgutf'lz%ﬁoh FaGNA 3&1

el ectrog%; fL E7|paced fromits ad] acent electro
spacer aSSE o?ﬁ%&“ N f%?ﬁ V&géi‘?f? 2 43 1S SYaes iatt e Y “ﬁ""é’fléfafgél"d%ﬁ@@?ﬁl c kness of
t he spackiivedGthamihcent frodnd eRerddh €5 ﬁ:lastoal&ﬁl@rate rtie eNhaberhnad ﬂﬁenﬂ@)étetﬁ%

sel ecte f latl e vol t age pot ent rovided to
the r eg%cg@%i:?%ea%‘:;s Fg{exg‘?ﬁgmecﬁ'%?atbb resf’ inﬁdec 8% 485‘3}’119%4%05?1@ %‘?‘r‘f@?gﬁlst em
const'r alihgrgund 214CtPé431r81§aW0 POOE: } hraae@dpr@t@n field W fohacosierataig e in tfiodt Haem pr esent
inventign a variable resolving el ectrode 48 may be |ocated downstream from
and el ectri Cﬁlgl‘%/ isolated relative to the ground el ectrode 18. The vari abl e
resol vi ng el BEEFYUE A AE PRIEAES ofrmpdisdearieliqlids sonsratcdlyy heclegstsissilgndaper t ur e)
49 t hr olsgtWhahine haptsaeeni Nfobe@mple Adcepasth@scroht@any@rdoabd Bask 8804 inRgerel ect r ode

48, for f|C|e ar voltage potential relative to
the adj ggéﬁ{m c’?(t)"t‘f!nE§ ¢ deq% e T'€% 6’“%%4\’{38“%%%%8‘1“888198%‘?18’%“8&’?%5‘?“}?“? he ion
beam 44th¢¢1ﬁcewﬁe'd$<ﬁtﬂeu'@mestelel ectrodes 18 and 48. For exanple, the variable
resol ving el ﬁ%ﬁtﬁ)gﬁ'plaéﬁa f@l‘on@i@un@tof RRANE 14 clé}:g'mfg\éxfsg lh;r egeleg{sigﬁggsr ound

el ectrode 18 so as to provide a |arge accel eration
accel erBPHELY BH&risyrerHE: Torplyea fhicah 52 e ogewising Seﬁlﬁe@t&faedelsqizbye‘pfemat es to

clanp thened, esichy Iﬁroélyalhﬁlr&u@&mmﬁseaedaﬁ ftalhﬁhﬁlrx@g%&m& ciliébeﬁglﬁle beh: THONEN the
trap system el ectron beam 44 from a nass

anal ysi %asma Shcaq? e“fham%s eaﬁ‘ing%f’ﬁlé‘m@’?to Edmb‘reé‘&ﬁ%*a e pisaihgaly %?qvﬁﬁéffee?ﬁat“} ons
bet wee ndntehen Pbagd atteract Wiihghethegdrive he:ma"glﬂetovsg&yemnagadve euelandehecmel c fields of
the tr afdg AL ft' i E@%@E{d@g%&: nQJ' &é«%& 1-9&9@3&%35 Bog b{gﬁs of?)@ asmaf ea?ﬂ? trons,

exi sts outS|de 0 tric |eI rovi sys em 10. The
pl asma BReebhiogping eh?alsda{yé‘* ﬁe&sqnafrqpiaén%wéené ﬂmplgemfe@ﬂaé@tg yiapdienifron  beam

44, thes teé)bh drtﬂrpﬁﬂhayto glekidh RaldubglastANSY fhS6: cﬁ'{fﬁﬁfa{rﬁacshéahmeﬁdﬁthtnhﬁct m ght
t he beam. The | asma_sheat h enhances beam cont ai nnent .

ot her W ? ?ye 5‘?
The i on %E%Jﬁﬁsﬁf LRt AR HRVEHE FPT CofSUchp (ArapRing 95 &Vl ags Pagicleadiativod 20 and
i nt er acthe igd behm tihie avegaict weh &l BEdr df thepretdhtin Rficv ‘l:i&daemél él@ﬂ&omgmﬂlc\ﬁ%

el ectr electric fiel [. OVi negative

el ect r gaggm\}hﬁ tgt{z&nmﬂlggﬁlé\gns% IB ve[ olf (a)sfn? pl q.ﬁéa ieﬁnagglg reﬁg)g gfcaﬁxdecgt% a{lﬁaérr eby

f or mi ngmaofbbnfmawwsm %@M@erﬁhe{ﬂheerﬂlmgme giveisiotfraamdie plenagtgiotw he i el ds

-~ (e. 0., dctit@$ickiben from a region with plasma to a region w thout plasm).

The absence of fhe pl asma sheath 52 within the electrode assenbly 21
creates an SMACRBHIRYSE CHREFENZS AUtk BIasms cansiaiag Piast énns. @luy deviiangand particl e

“rel ati wechds gdhdi@ed @r&o;bﬁamv&ﬂ rdsiﬂua@-@&@ﬁdii&jl&?né& tﬁé’be@rﬂ p@8 PERlpRfmat REisRY esent
inventi on Theu? %feéect % WH g[round potenti al,
| nhi bi G GRS onsn FB%"W“? feadtpﬁlécfeﬁgeet b spme §ig MiFragPRin

pr ovi dedntiyyinat paltig@sthoving in a beamn plasma may become negatively charged, because the electron flux

can be higher than the positive ion flux striking such particles. When such a beam enters an electric field
having a potential greater than the electron energy, elect.ro-ns tend not to follow the ion beamn. In such a
- region, microscopic particles become positively charged due to collisions of fast ions. A negative
electrode that generates this electric field helps ensure that the entrained particles become positively
charged. | ; _
Fig. 2 illustrates an example of a trajectory fora paﬁiclc 60 in the system 10 of Fig. 1, in which

identical reference numbers refer to parts previously identified with respect to Fig. 1. Particles typically
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one of the first and second. el ectrodes, thereby enhancing the transition
“fromthe plasma region to the electric field region. l? E"gam; ey be
characterized as a weak plasma consisting of fast ions, ‘{)\1 %1%%W i ons and
eI ectrons generated by collisions with residual gas and obj ects near the

' beam path. The "plasma" tends to reduce the repulsive forces of the ions
in the beamvx/mch tend to all .charge to the sane sign. M croscopic

cont ani ndft®! F&berordrasat syyemimgdersf makrdtadnsphversiva treagns bEotERmNEghadqussay, Y

char ged, npeomuss apdie:1ed0Gh i Bedy] 44%s aedsk sitive 1on
f1ux strigking such part| cles. When suganleg?mghar?nlfbgt&ﬁ%arng&ré’rflmé’ Pn? f%c’én‘g"r el d
havi ng a poten? e é‘? ALEF than the el ectron energy, el ectrons tend not to

fol |l ow t he i oBybenshexdmpleste particle 0GR s trﬁ]bc@drpaiﬁﬂn%tﬁm Rithih iufe! Eﬁm@fr‘%&@e

posi ti veloysighadhg t i.on ions. A neg atlve el ectrode
t hat gengrtgt es tgoﬁsbgayf%c?lr‘?rg {‘weﬁ’lfﬁt%%‘:luﬁrg "b‘ﬁ%ﬂ'r‘sﬁ‘af'ﬁé‘{‘ 5¢ Wa%ht‘ﬁ}”wvh@ﬁfge

parti cl e BE Btk Bos nemogass glectrohrditgiechartiBle. gThuz, thelphmism scaisaﬁneamne@a@@émlaﬁe of a
traj ect OrmemrP&Srﬂ(%ﬁgalh(’ébeT}QQOdsrh thd B BURLE g?eq‘n%w g d wng.re raaxvﬁr eﬁV\?l ch identical

referencq;trt ers refer to parts previousl BEPBEE to Fig.
|. Partic N\ BiPEHT'E - 24 &Pé’B‘"r“En‘&? ROl i brom 4. ithe niokmentinp of heiamuags wever al
orders ofpﬁn%nﬁtuﬂmdsﬁﬁmah@&fbuﬁh@ebda the beam Consequently,

movenent .of arpagt e beam is due, at least in part, to the
transfer of nnrreéntdtﬁ%%‘r%cww ch’“%‘ﬁ‘%[eﬁfp?sl*fﬁ’eﬁéa‘?ﬁ“t frseResityapledidfisld By way of

exanpl e, 2¥¥fEe detevigh dve BOhewgmss potigvelyrchir@aticnt yavalingdn &@&ﬁhl @R ndkatifli Nt he

pl asma sbiedtciel2ewd 28 hide e relajively fast el ectrons
in the pl asnslizﬁtg%t th.50 i 691%?{85% éﬁ%{g%“??@e@ Lri:HSEFOS“we BE- t éhsgrerseel & 60, as

numer ous® “"Fh“t the qigs ?Féra{SFléleé 1R ipss Ofttflmé’eq@aﬂ HittheepaBiRle 365 LifRSna

negat i vefrgharged Vmcﬁfnotphﬁwﬁlbaﬁa% tﬁé]ﬁﬁ:t:l@ﬁ@zqcc}m Gad, %zaﬂna %@& n%'c 52T 44 are.
tude faster ﬁ ""60. As

novi ng d
the part ?%ﬁ@ﬁ&égggﬁg é\ he“ paﬁ‘ﬂa %ﬂgﬁ‘ﬁﬁﬁ’ nep b 0hp el s dg Fl"hfé He@nsg thgr ges the
particl em?SﬁOftﬂF?e?ﬂb@aﬁﬁl\{iﬁ m%tgrqanr Bh t&&'hdnstulﬂlﬂ‘lﬂbh@ﬂﬂ 44, e pRAIB b Y i feumiBE 21 ON beam

44, wWhi CRuch RrebtbHpSsith: N e, as a positive electric
field assuﬁjlaft ggs ttﬁgﬂrzg\%mﬁqtdﬁ@dﬁelg%%f% e nu?r%?@ mEFé‘ﬂY’P?‘(} RPSIEY A8 etF 4 ons -

travel i NG RE obashrm theontirg it rosidvelyshae the prtiie 60N attiabove @ i 2Bwabehr26 al SO

repel s ediegibon, @m&aﬂdaegfhitb&&h&ulﬂ@ﬁlbltelolf@pdsxﬁ%scharlrék phe absence of the plasm
sheath 52 wit tré%] eclt r(ng gssenbl 1, the 1ons of the beam 44 hit the
particle with i°C1e@ATicle PORRFBF Y Bot eFeraeiddpredded oy ie pusivyelohak ge t he

parti cl etogbs PaAGb@rsaﬁﬁngitly positively plaargeﬂ &d £ 1A r@agu B;S:h& Postilanagic rajlagRs from

negat i venkswieing ihd I t 60N, as illustrated in
Fig. 2. Because tﬁ%‘gﬁeﬂ SS g&tpﬁﬁq c? éf"& K9ftion FRe@T2yshad t he i ons

in the DEAFANEA Wit the negative pletends k. é[bt enpg uabdﬂmglamezeamdmw&ausg{@@ta&aepoa tive
‘charge |mm$mﬁ&@ge&&&&kdﬂ&ag9n’g@rngﬁgl M%Eg}m rapi gm%’ {JRV' nﬁpe&gm tive

i ons. As, A anvgl ! the ions of the beam conti nu OSI % charge

the particle 6I€II£F}H‘ ROV 1RY be Freyrled s the aysiom Iﬂw@@ntt@ﬂyb@mmdamalt

begi ns tfdl.accunul ate nore of a positive charge 600. By thetinme the
ectrig field provided by the positive

glaret(::![ ?loge 600 P‘Ige?(lzltI g.tes:[ abt%té?np?alr} g!ra}fngxcae.llreprcsentanon 64 of the electric potential provided by the
system 10 of Fig. 1 as a function of distance in the beam direction 20, That is, the graph 64 shows the
electric potential that a particle (as well as the ion beam 44) is exposed to in the systemn 10. For sake of
brevity, identical reference numbers referto péﬂs previously identified with respect to Fig. 1.

As mentioned above, the plasma sheath 52 has fast electrons, which causes a pam'éle also 1o take
ona slightly negative charge prior to entering the electric fields of the electrode assembly. The negative
electrade 14 provides a negative electric field that pushes away electrons and attracts positive ions, The

- negative electric field also forms a negative potential well over a path length 66. Once in the negative
well, particles usually are sufficiently positive such that they are repelled by the increasingly pbsitivc exit

potential 68, which is generated by the positive electrode 16. In particular, the particl;a charge may be
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16, the particle is sufficiently positively charged so as to be repelled by
the positive electric field. As illustrated in the exagrﬁp%ﬁg @5 t he
particle 600 is urged away fromthe direction of beamt oY A |nto
contact with the negative electrode 14. The contact with the negative

el ectrod el Ig;x;;“! 0 ) rae Lo a-neutral charge.
The neut Fﬁ?g‘llgt%(g‘or@%@egg £ ogglf\lag l%é ?)ber tﬁag) Wded n ﬁ-xf: §lgc % fﬂ% r%gﬁo %hs] the particle
Al't er nat &y é\asgc pogitiyeshaiet whpn e ’Mﬂt&!} the mgiIVbEOt¢reer@ll 24 yyetulti the gattislesysigen 10 and

event ual loyorRfe es®hsnamt £:al do@smi)t haﬁi@Ju{’f}mcﬁ'kﬁeu@enEH éd%:%@éo‘?%a%&a&%ﬁﬁ%hﬁf y
graphi cal representation 64 of the electric potential provid y the

syst em 18°'gpd Eprghe Rosite Pﬁte?‘t?ﬁCtFT“B rPeYyfdediPXihe pRewVS sectrerls Lheam dir ection 20.
That is, the Igs a>pa|a afpdeciiro vimr ﬂl‘xhﬁmcl-&hﬁlﬁ:ﬁihdtﬁn Picediddned mfﬁr&a'@sp&:t Pkt bisde@ (as

wel | as dtou the s or. sake of
brevity, M]e t(1ec'htgllsnoca rﬁt{e}%n(leehce ere!seafog er°r f ‘mﬁ‘é’rt{‘e eleﬁ?‘?ﬁl gf?%’f Y sedRhti fi ed
W th res‘ﬁ?é@t’e Hoeﬂttai@’ -) that ISASbSFFemHV olprsidal gizhay ef the dhetrpdedd.nim tsheat parG2shas f ast
el ect r ONGuraifh inGik i6:44SE Sre Bodddelylchik £ FhnPint Qeogtﬁggecug:rhe%l a%!i ngm l ¥ JRA]L i ve

e

charge prior to entering the e lectric fields of the ectrode assenbly. The
negat i veP*Serh thpgatep Augp 6\?‘?8@%5 PEPVHled R npeatt RoER L gl heslogeratingon Pashes away

el ect r ongsiary chdrged ﬁa‘?ﬁcﬁespmﬁd gtah}tﬁ whpPMg fanddva furﬂﬁgﬁylbh’ &hﬁc@@ﬁyr duﬁz:icﬁ ahighal so

f th t
ol T o ERRL L8R A Rt o DL bR DDA S e 60 ¥

r epel | edhdrgemehis thppef). eéaseilrwgleamdsﬂ rhay emer@xdhtspacpohe mitigad re&ly indhthe lonib&m

gener at eglq Bhe B RRSL bbwEoreh&Ghigde 16. In particular, the particle charge
may be 24 February 2005 about 180 degIa ees out-of - phase with the potenti al

provi ded in et BFReniicolork epgsepaisn ofan ipgam pracessingsysrar 100employihgs a | ar ge

posi ti Vepaﬁlhaﬁ'@&ys\’&ﬂﬂlﬂz Edacioﬁdahﬁtet‘hmlan isbé%t Jf%ﬁeﬁ'dséﬁemp&hﬁﬁtﬂy@}ay E\Felxgmnlé‘%ea result,
t he partlc to conti nue downstream as it does not have

suf fici-ef llozr)lgfiy%e a%ﬁ@ﬁrﬁ%}awobgfter&&tp”ﬁ‘fle R HE gAY POR ERRGYAS 2048 | and
. over thebepmxswhxch/em@dieeinmaub ' rlammpéndprmvancbeaiarhyantbmm&@m tive el ectrode 16.

L1 to be anpreach Bkl LG.BAD 1) Gl {O%Emlty DL 20y fmgmgy Rigpnce with

an aspect of resent 1nvention a "enen T ngl e
el ectr ocFé'm’teBAr m‘é hipghamber jigo whighsoyresdratetigs, rmgh apn ISIeltabIP @as@r vageripat | ve

pot ent i ahateids, )lreH‘bafed | Bnefy RSpARY fodhe sYurbedRI a6 B gediePud :BRtnLfn ddd€egluCt rode 14.
entrained in the ion beamare positivel char ges

In this e
within t%ﬂﬁ%ﬂé‘ggﬂ WE‘OEI%?& 0P &PopifrysiognegRiye)- flof spyipes areiwell oy ierhesg skillpddss t hr ough
t he systismtdueietis camcemg'sucﬁm@rcpf m( Mdﬁﬁl:»rebymmecrregsakd dfGrefe @Rlekahplarzhi t hat

operati 0sitivel article h ar appi ng -
functi OQQ}S‘&H dm?emr%f & en %err\’c mze Ut ieF Iznﬁtﬁ‘ba%rf{l;f&’ﬁ%é“ I”egr %aé"t“f é’&es and/ or a
segnent.eeb2d$@ chich deancopsrasd hereio Iblesfeml @hase sidllet o thaodrd vald tmdema&pades bet ween

el ectr OCL%ec(aQrthat $ultSios SAIRN badrich hl%f &%) not ﬁ%ﬂe@o L&f gf&hgﬂ propé@%ﬁ%,' JERYg G er

such spaces and mtigate reentry into the i'on beam an er c?ownstream
travel Of %8 sRuFe PRFEEIoaiynctipp it %P&rﬂgleemﬁmﬂ@ I%P%eRMPew&eewewfeﬁ of an
i on bearprd@drnaﬁ&&s,hng system 100 enploying a particle trap system 102 in
-accordance w w%ct of the present invention. y of exanple, the

system 100 ¢ 1Bre PRSI AP HE 18R e yRRcete 18 E?é’rpf‘i‘:ﬁ*’ég %{?ﬂ% 184 d¥i8F , or
ot her syspromssiegiaoyirng taprocasing aidthe Bnbdse 106 ko ABYpalieh0Qf iak Rhlbeant 0 renmove
.~and/ or %c‘é@xrattm gant am nant particles.
' In accordance with an aspect of the present invention, the ion source 104 provides the beam 106
- 1o the particle trap system 102. The trap system 102 emplo}/s a first electric field 120 having a polarity
opposite that of the ion beam and a second electric field 122 having a polarity matching that of the jon
beam to facilitate removal of particles entrained in the ion beam 106. By way of example, the trap system
102 includes an electrode assembly having negative and positive eiectrodes locatéd next to each other for

providing the respective negative and positive electric fields. If the parﬁcle trap system 102 is positioned
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‘The syst.em 100 includes an ion source 104 that emts ions that forman ion
beam 106. The ion source 104 includes a chanber into V\@hl_ce soyrce
materials, such as an ionizable gas or vaporized materfals, ~afe"injected.
Energy is .applied to the source nmaterials to generate ions that, in turn,
exit the chanber to formthe ion beam 106 (positive or.negative). lon
sources are well known to those skilled in the art and details concerning
such’ sourBBEntgsgicefamagneicdicldogrpind eldctfooss ferekeamayfbe DHIOM :Bmhibﬁ\'iht@ﬁéé'mFl e of an
i on sour cewtdnatic rRBREONE cRHEE BURYEERSK ionize source materials is
di scl osedassim;";WlJzISO.f Patent No. b, 523, 2503% oh ?ef:ﬁﬁlg?dgw’ft’ﬁ???)‘f”b@rﬂ?teﬁﬂlﬁ%r ein by
ref erence. 68 E®il1ed in the art will understand and appreci ate that
ot her ion souByesy ofwkingle, W a@bsiti YonBeim & BLRSEP A, LLYS recessing, may
be utili zgflndSy sl %e%%gi)r:?leldf%. use in coﬁj%nét ﬁggﬁg_l\%m&@%eéﬁﬁg?bﬁeﬁwé trap
~system 102 in accordance W RYATF SRPEET Thr nigpire elsptaastinit 120 pxtmptisher(or The i on
beam 106 "FaYBrobEAshetadarmmeh pagivictiapsysom 19DHHo6e W4 dl-Qofhe Rl Hﬁsgéé ing
station T68estaBlish®Mh barki@ tRGEESIILAE, rt.of the processing station, the
i on beam, 106 al so rrlg% gass th%ougﬁ%ﬁ??“gﬁﬁ ree%or?\w‘élf‘éiéq“@?&tsﬁ‘f“ lﬁgdl.’hel n
“accor danée "\ THCRRS PEEt 2T ViEnEeyihia fe tensyerrn il @rha: thitated the fREHICE 104
“provi des tedres bectivn h@6eordade Wi aP@pdel R pldk APiInSNS4L 2. The trap system 102
enpl oys @eafniléé%hﬂ,%&%ﬁl,\f}mya% d 120 ha,vipn% ampol _e{lf ﬁ‘%%mgﬁjﬁ%lg?stog%leﬁét of the.
i on beam and a second el ectri ¢ P PTG TALYT Regiclss pesitively chergvperddiésng t hat  of
the ion 158871 8¢ teamilf. thatedingyne paticlofhaypasiniuleaJars EiéJeQﬁQgreibSJ tﬁe%gle j.on beam
106. By wetes@e pBXAERk&c fNEIhS tem 102 includes an el ectrode assenbly
havi ng ng}g{%t J.ve and posci tive e g%lt%%{@ e‘:spoflt%)iéeaefeétawHglﬁtlzztrﬁpeéé@l?%@"ﬁbr f or
“provi di ng" the  FEE Eet i thn dejemsiaa dirrtlopyfsiate foethe log béar, effebiively@venkifg t he
par ti cl ethtir @pingadstieporl Oith theiof SintibENRG: oLl r¥%, 2005 adjacent a source
of a magffldete bi @i nglound el ectrodes ef_hrtehgﬁp%s%@' %Sjé' ‘g Vlmi'tiigfé‘g]y’t o inhibit
interactions _between RS™RALEREYS (e pasicle divergsei ¢ fi el ds, such as shown and
desor 1bed uf (T Pesgset maanira obiceto oden aseitthlo et Fifinclu X A2Y O
y Pr g Sysh -5 i i ] . .

i's negative and the hext \S/\I/ris(?cr érg?h.Qﬁeé%’t%%“ﬁl%?‘ﬁ“i&?miléo’Bﬁs#ﬂtrbbes The
negat i veOBIFEE P oficlerigpdasthat esablishgurpkige sradion alorglitamBanodxis) fokelBdiggya sheat h
adj acentactehotigand/orak@icfatiaDn Stk &0 dt0R4 LILOYY, LGhLhe jon beam 106

- o, A e Blor S e e

passes. i ablishes a barrier between the p
regi on v&n%% rﬁayt% %gemp?ory 5%02‘3?%% "Bhion ppam 1843kt0 peyide mfoeused. adobierapd SITROGD IRGHES an

envi r onrfeifstapathiniformhimertsinagresptat@aed 02 that facilitates the particle

trappi ng funat J nce with an aspect of the present invention.
The nurrer'ousq?] %%%Iéé%‘?edf% %ageﬁ?l{dc%n mptr)%v\é\ﬂﬁéff’  PIOERTSER S50 40% Survsy plearmpbuth nor e

qui' ckl y HOREHNESHECYER mrcheds implwetion sesby (e harigpladiaioh) &la88ysis@Rlidaatped in the
beam 10@ubstﬁ&:(‘aﬁa[l;disﬁ&|dher@st%&it%?eﬂq@ré, ARGYouUl ate a | arge positive charge by
~the tine it Are%cnesl the positive electric Tield 122. As a result, the
posi tive el eCt PR Fi ] TRy Lo opsrasipdy assorinted sk tach afeheyion sotrar WedhqaRklGleS awnay
from t heysHowits the a ke aefetdi @M1 0D hndliedVd2bsshPhadbo b Bod. e REATL, Sh.ECLI vely

nay monitor

»

- preventi : oo : '

p _ 2 ontrol the ion beam characteristics provided to the processing station. The controller 130 may be
formed of hardware and/or software programmed and/or configured to implement desired control
functionality with respect to the various parts of the system 100 to control parameters of the ion beam 106,

In order to provide additional context for the present invention, Fig. 5 illustrates an example of an .
ip_n implantation system 200 configured to employ a trap system 202 in accordance with an aspect of the
. present invention. The ion implantation system 200 includes an ion source 210, a mass analysis magnet
. 212, a beamline ass§mb1y 214, and a target or end station 216. An expansiblie stainless steel bellows
assembly 218, which permits movement of the end staticm 216 with respect to the béamline assembly 214,

- connects the end station 216 and the beamline assembly 214. Although Fig. 5 Mustrates an example of an




their continued transport with the ion beam 106N as it exits the trap
system 102. Advant ageously, divergence of the ion beamis small relative
to particle divergence. The beam 106N may then be provi Gy ete i on beam
accel erator system 110 or other analysis or processing systenms (e.g., nBass
anal ysi S trafk}o“g:usi n The i on beam accel eration system 110, for exanple, is
fornmed ST FEEL O BF MNPEIYSYI AR PHLFIS Bra ©AcRidwsr (visly the giesal i8veAtiosl ong t he
beam axihss applicatved ie othenrgksof iapleadressatellng and/ or decel erating the beamto a
desired ener . ' enati.on. el ectrodes,  further may be
enpl oyed to fg%lf:{ﬁlgyog Cg2%&%@%%%%%%%%%%@%3%“ ar ’gﬁaﬁtgreaaf‘emg%[(gg:rg'e "$¥%d beam
1060 havi 'REreh oS igsizapiftdoRant as (e restipiops itiinsthe Neswy ehamber 1 20. géeheralyepositiThe

~accel er adnette l@@@rﬁtb&@ﬁ@péhﬁhﬁr&ﬂ@tdﬁ@ntﬁgis%ﬁlﬁcﬁﬁ&&%ﬁ%ﬂ%ﬁe&ﬂi@e 8. By way of

exanpl e, the bp%oces& ng.station 108 may bhe an inplantatron station (for
i on i npl*EKPELPH ‘35:°“‘§?121anQ‘?%S‘é‘v"s'?%staf"c?ﬁ“%%ﬁm“%%%’f indtelaamarpmbes P20 &y ot her
syst ens tteliatexnayr @saoibly\222 W hich BordeRMma pRralioNdf iedrb@s 233 Gneay.hes opesat i vel y

 aR0r UMb 6Dl U SOULER 0 LS PRLLLSL S LGB SRS 102

the ion beam acc _ 1 an pr ocessi
cont r ol |s&incie3gs. fegoriingly. the foremitiactop aserolly 2R durcions bestrrGltearaeiser peidve

provi deghat Rorh BEpINHACRSDENE0 SAAS bQBerad BE SRARES Ol i85 il ' d of
har dvvarenanc()jle%rpsoftvvare pr o ram‘rearatand/eor Colnl#silgurfhe tsgﬁ%{yr?g%leaﬁ;ee%ﬁgesi red

control functiBHSTRYYS WReRe Z RPEEPs 1P Bt 198S KpKng W raprpriiateshasge-tHessygist em 100
to cont nathe panipresentty Tf, v coagtisbaamsol8boudidd 205 4ah bish RuevEdes@dgit i onal

cont ext rt re t invention, Fig. illustrates an exanple of an 1ion
ool ant G a8 epEEEE Bloch B8 Mo o o223 cigredft By et S0 2o
accor dahengaictdy caindaica edt wadlf, evdyaatioppfogdhtis prowded by Ovacuufheimip B8, i Thplicant at i on

syst em 208 hg %&:ﬂ%%fgpaign%d%@ P8 isza}fgcted%y %ﬂﬂ%d%ﬁerﬁ%n NSfe rna.zs 12, a

beam i ne assenb _and a target or end station yexpanssi bl e

st ai nl e&%eif @éﬂ“ﬂéé? o RSt i0g5cef @M iRRPropYBe chifge-thmaseratg- tThe prrppathrendiorigitatione  end
st at i on oA dipblé fagh@mpRE ks cohollbd1y) dae@IThiRenaS3L Wty s@dhhe (6B ESt he end
stati onm_g%thggﬂ he .bea 1 ine a giﬁgl y, 214, Al t hou%h Fig. Sillustrates an
exanpl e Of Zan HOEARP W‘ﬂ%‘z?@ HFUER: PHRFSHEFST f9LE) i on i npl ant ati on
system a pailhd difdol nhageegs fi¢ld cames Oredlarbe:n 2Wistihimiva elofy Bs@pled béreathi2dNfrom has
appl i cat,i ' ' 5 r | I.... The | source 210
conpr i sggggég?nggc%a%gﬁ%&n%@%%?% I%l{r:%hrgghigéna %?(Otng\grcef( lct)?ra%gos%%lnf/ar 2. Energy
i s | nparedyng hsusipg 22 diogiany B HeHAFO o ths biagn 38 fremprised df daws havinghin t he pl asna

chanber ilgibprifemaialoibss BRS feldVifecle@ Aty Aok 1HLRSEAtforyahd AU H0E: R esent
i nventi ?ln is licable to systens whérein negative ifons are generated by

the souPlB™HEF nHyige Hdsintuy pagngny de gractAl patct Odbarting housing 24 onlibeshe
pl asma ®hsinidebead208 Iyt hatehie: deciRd ehdrdeachk assenbl y 222, which conprises a

lurality of ectrodes .224. The .el ectrodes 224 are char i th negative
Bot enti aIy voP? lé‘%e"t%? Pafnﬁ%rthéggﬁg ?'Yéwrf_‘r%srrﬁa’rﬂ“toﬁedlé“ %quﬁ"é“g&’logsﬂ’g%gg awf%‘rthlf‘ﬁg pl asma
chanmber © bg ripreciatpbthatdeasp syNewory iimglydanteheit dprprasut maaition, balbeewi yth2 22
funct | o bt irBRhadby IRAM A28 L, ROSILLYE pod Ml PN B a5 chanber

The
220 and to accelerate the extracted ions o the ysi's magnhet 212
. acceleration of the ion beam (if utilized) so that increased field swengths are not required to provide an

adequate potential barrier to impede transport of accelerated contaminant particles in the beam.
The wap system 202 includes an arrangement of electrodes 250, 252, 254, and 256 arranged
' lin:é:ly between the mass analysis magnet 212 and a dosimetry indicator, such as a Faraday flag 258. The
electrodes 250 and 256 are grouﬁd*electrodes configured to provide neutral electric fields. The electrode
252 is a negative electrode that provides negative electric field relative to ground potential. The electrode
254 is a posiuvely charged electrode that generates a positive electric field relative to ground potential.
The ground elecrode 250 operates to clamp the elect.n'c fields generated by the electrodes 252

and 254 and inhibit interactions between the magnetic field of the mass analysis magnet 212 and the
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The mass anal ysis magnet 212 functions to pass ions having an appropriate
charge-to-mass ratio to the beanline assenbly 214, Wmn%g: l():orrp%iges a .
‘resol ver housing 229 and a beam neutralizer 230. The %% s magnet
212 includes a curved beam path 232 defined by an al um num beam gui de 234
havi ng arcuate cylindrical side walls, evacuation of which is provided by a
vacuum punp 238. The ion beam 228 that propagates along this path 232 is
af fect ed drypuiclieldvgrgnatdty deivap dsganes. af A Yhed BxifPiRovecANAYS b IRIRSL, 212
to rej ectah aRSpdap Ml r}gp@;og riate cbharg%es-to- Ss rafio. Ihe strength and
orientation. of this dipole HEagREtTC T erdars: dBiessive depisyficldsmera by
el ect r oniBanegHixe clapipds 35 et inayishds he plebrecdhedtic s, whith dr@ftk an dnkikabeh dohe fi el d

Wi ndi ngs cokdutiro FRGRE bndok divid 1et . connect or. 246. The di pol e

magnetic fiel d cﬁﬁgeg the | orf%ggt%g%gl t gl)?cml)“vaé&é B9 T AR SBEFF FlF BSSHn pat h
232 from™ &P £8P 5ie negatiyesireisc fivld fomny ahegriepipTeleraens it thebdammplasoyscbey24@ t0 a
second omog bt piledajueartinplesdA® taREintd M crdd@sol vi ng housing 224. Portions
228' and 2280 t he beam conpr.i sed of ions having an inappropriate
~ char ge-to-nas sﬂg 5etgl£hgf elg%éc tff C&I‘“&E"f %‘“&%&%FWP‘%&“E Hﬁﬁ\sig‘dm? peajn@es. orcy and

i nto t he %kt Bartisfes tke oncl pasiiivewhargse Byvigiinel ene DRdcleshdrch ik SosMONREIC flfde magnet
212 passefvided 1y jofsRlel L NG . those ions in the beam 228
't hat hav?’ t he J_gsipﬁed éﬁa@g%@g‘;ﬁé séC?erg%F ?@bgﬁi}y%VV%}f ‘g’éﬁéqriﬁ’la%“’tbﬁéfp‘f”teép
system 2%§tt‘F§°Sﬁ8%‘flTert$H {efr etsh Eigr Bs Shamariglehoudi ngePaOof tad tehoughnbt is to
be appr ecomtcewitiaalbctioBs ek BPeIENSELM VB cohthbe éﬁ&?{hgg-%ﬁﬁes diflnd e present

antatlon"’sysf’e 200.

i nventio e ted in ot her rts of the ion i
It may bghatrn‘%'s fr{r‘eg% ea??a&‘CBBBé'f If”i“o‘ﬁa’%ﬁéml’ P Regr toeripdypadsiateobkinasie ewstayr at | on of
the i on BereiedHafticles dljoimpp b recyoled Wigtin ihasea 9OEhnf jieheh, SdcbRNALES 2 A8 AR

requi r ed e @i BYi 46,25 nti.al rrier 1o inpede transport of
accel erat ed cont amsnantm% r%?ild%%ugg&?gr{%%sétg LTI (1 ”Itlflﬁ’f)s URYE5F7ED 2 i ncl udes

“an ar r an§EhELeghe RopiEvanoispiiakbapBo, ODBEse REHld w2 T8y by inangadr padcRear | y

bet ween tdaemimas pasisd YihSspPRaaeh 1212 BRG.audasi Lndicator, such as a
Far aday f,;c?al% 258, The el fctqrodes, 250 a(ri:’o 256 gr;ygé%%&d;%" B «Leé%

confi guréd to provf e Hehiraier Brusie prdor picglpadns trien betre 338 ddéitior@b2 i s a
negative ;%15163&% %ﬁﬂopmulypwﬂmblde&cmeg plovidigg Ebﬁﬁme{] ﬂe&blvfidg%bfmfe%leé%ddé’ ?ﬁg}fu%t ground
potenti als 4 B RLE 254 i S a posjti y charged el ectrode that

gener at es a %ogi £ %Jng?g%aturg%g &Fisgreﬂugpereé: %ei\ég to ground potential. The
ground el ect r StPePnrruEHia 3@maytieslusk a plpsnialskovet 26 torineuthaiindgdse gamercat-ed by the

el ect r od@s: o ccuride e @R whfdPsRirdsut HHHE; ' tween the magnetic field
of the n%%s rL%l!lga/si s ma ngfj 2112‘{525% l%ﬁé:%@%ﬁla%g@;e{}%%?s] Yf&fh%'Feéid%}rLle?f“fi el ds
gener at e b}ﬁ’t PPyl aroseiver housige 28iee eytraziedrby exkosts pbmt 368en t he nass
‘anal ysi s magnBbwns@ha ofithelbda@edtfaRfr 53054 1868nd Odick BT WaL %L&Qa&iggshggﬁgm 228

passes. Jhg ] egl.ectric field generated by the negative electrode
D25 exti e dRac DNE S RS- A ar s 35 it DrrssinarT CRvikerineinewor ¢

conduci vidanegvhishiggeierrlly pempbhdiculally weertddngdativontianira st ofiRdinbigl 85w A A&&Or dance
Wi th an zrspReds ulist Hﬁ?eﬁ&&é?&épm'z%ﬁ%'e%‘stan%' 5@ thie Qel%ﬁ tive electric field
e

~forms a barrier for electrons in the beam pl asna,” ') SR Va5t to be
pul l-ed JBUEE LithsEunpPR avieey IFpve iR citrylar paty dThe brd slatiadd@6 pivots about point 274, which

is the intersection of the path 276 of the ion beam and the wafer W, 5o that the target plane is adjustable
- about this point:
~ Fig. 6is a flow diagram illustrating an example of a methodology for inhibiting particle transport
in an ion beam in accordance with an aspect of the present invention. While, for purposes of simplicity of
. explanation, the methodology of Fig. 6 is shown and described as  series of steps, it is to be understood
and appreciﬁtcd that the present invention is not limited to the ordef of steps, as some steps may, in
accordance with the present invention, occur in different orders and/or concurrently with other steps from
_that shown and described herein. Moreover, not all illustrated steps may be required to implement a

-methodology in accordance with an aspect of the present invention.
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The negative electric field further positively charges particles entrained
in the beam 228, such that the particles take on a p05|t|ve charge. By the
time the particles reach the positive electric field p7rcf\9'i’rEPé5t12°8§/ t he
‘positive electrode 254, the particles; are sufficiently p03|t|vely char ged
- SO as to ber ﬁsuta%eq @%cg%aﬁgﬁ Jo}d}[r@:e l zﬁxtagdegt off lhgtérgsegﬁg\%nuoﬂ \%plb sa 'g 2) .
The 'particles nay be ur out o beam and I nt cont ha

el ect r odair °fé’P@PS“° eferieic 8?1 fiopEevhich a“W‘th’fH“ ’é@ﬁﬁ%t%ﬁﬂ%@%%ﬂtﬁiﬂ’éf es to

~di schar gry @y @&csik b dhetht A6 of RQaREIh Bs’iln iP@NibddC W st eledirid ttidis MaY fall

out of the bea toaredu edsaeof ic.enerqgy, . Repelle articles
oo ey B i o Ty M S AR AP e e oh e e out r ol and
fall fr Gaticlediecalsémnhed@Shearh within riregicd ofmy fipeedstrit: Field brg bhat dee wit apoisyﬁt em 202,
hOV\BVEf ’ma@un%the n)ﬁ%ﬂ Uf fslfg ?%ECU?J‘@JI(QM ethrath?ﬁ%'lepgﬁlgHgJHmtx D%Jﬂ%g I Ve pOt entl al
barrier ourse t stren be ‘i ncr ease

cont ami rg#ive e feradicsic §eléb6hréc<§p<éelpqu3é"§tdﬂmﬁ Holaglylogrosiftiee f‘gsgleftrlv éelé Iseest rode

254 and £xhdi 2196QUREE 2R ehdr0d Barid @b hP¥orh BE h B&El Ctrostatic lens for
focusing and/ or accel erati &g%rﬂhe i on beam 228. Additional accel eration my

(optional |'y) B5&™%H Bednte el pfedgiopgbeging atrieRinddr YRIEA RPEHye it ur e
el ect r ai® i2@briddaduch 4s Sy alhardiriggih elatatiagieh am(ap[ﬁdiﬁriaﬁ|ne0ﬁle.le&blta‘gepd1ﬁt1il heatge ound

el ectro h a i a wer 266 for
heutr ot 1opanSpnkns, AR ARl ol SR LRR MR ARSI IBNCC "ot er
as ar esmbltﬂh @fhlclb@p 19g béapnd$ pastiesd Tbyplwm Slm@lptqvvesl ay sohrergpetthitonsaanrle40. The

beam neyf §a) iz 84 a feathivelifr € BQ! PARE1NAH nD ot L Af e BMACHALEHnDYeaf Vacuum
punp 268. Downstream of the beam neutralizer 230 is the end station 218,

whi ch i iEPieRis the 2berck oidhepfese sii@ber support 270 upon which wafers to be
treated are m@tﬂﬁﬂd thelfatticwa bein tSthRWaIpoﬁlT\Q chi®g Jle® HeMni@aduassgaih thepl ane,
whi ch is gene endi c lative to the direction of
the i npl"& ""b‘* }1‘7&9%‘5 Takd %‘? “l“t“F%ef%E?l“’st"'“‘*sf B “\R/a%“gfj‘“%‘ﬁ Bott 270 at
t he end-relttivt foolke n@é@ﬁve EEIqrew ifiglA. ﬂmwbhmbctst ﬁqlkesela/tm‘ﬁemsve1Marg¢d@dnmn¢dne
support clEJt?c ﬁ@)v%t lﬁtaﬂxcﬁlapkhggbgl@'é el%ghel ‘Iéﬁg'at@ﬂgsl%atmmoﬂd gt;]aﬁ eQi'ncy ots about
point 2 whi ch he 1 ntersection of ath 276 of the ion beam and

t he waf éYaJEWfY%POFIH?EY cheygedparigiet: Agivanngequely. éﬁjpﬁ@flﬁbﬂs‘@"f #B BEpPlethpass orsh . Fi g.
6 is a fhapssitheagiadnidd drusin&atdjda@qaaao@xamhelep&e @nabe t e bagYarddtbstrthi bi ti ng
particle tran%)ort an_1on beam.in- %gfcu%r dance wi th an aspect of the

present FEEMTHAS zlWi'iﬂf gartiglg,confaringisn oF PRI T8 of  expl anation, the
nmet hodol ogy odtfreFmgpa.rtﬁles Bave hewrepalivd (dieg ontiohdel ioa $eam & e 4 @edidd tajeapy), et is to
be unders a t t mted to -
the ord é)réc )f%gcef,:datg Rgpe;c?'() R?sq? 39@%’1&%8{ 1%%%61 dﬂeier\ét%ﬁ"toa s&e erﬂgg&éésvgln

i nvent i onch a@bmfp"ldirm adlﬂfﬁb’érﬂb?wc W@gp%enammmsummetn ﬂwéwllopawlfrﬁmtdhﬁe@d st eps
from that 30 ca@aimgl%é&retah@rﬂnﬂ%&k Brior MUfa5iVeEthe pafiles @labeelelittishdyabedd st eps

may be required to inplenent a nethodol ogy in accordance with an aspect of
the pr eﬂﬂpyqd%ﬁ‘fl?fdﬁacc‘iréa“ﬁl“”lﬂb%‘raﬁlﬁ?‘ff%‘85“55‘3%‘1“’@?90&% stated, a nethodol ogy in

accor dance W Aihodf i@ $eion 6fs bééaeh@rnasedﬁscﬂbmmt:es@m ﬁr&pkr&y&mommﬁ itof

' gglpgf: : € @#}e{i)hrréél%Tdfé Bt? ?C‘glg'al}ﬂil‘;} é.ﬁedgxons and modlf’:1 r:]mr!m(s) Qllpoecg‘umto oshers s[qﬁecl: i qie a:-!c_ ngon

the reading and understanding of this specification and the annexed drawings. In pariicular regard 1o the
- various functions performed by the above described components (assemblies, devices, circuits, systems,
etc.), the terms {including a reference (o a "means") used to describe such components are intended to
correspond, unless otherwise indicated, to any component which performs the specified function of the
. described component (i.e., that is functionally equivalent), even though not structurally equivalent to the
disclosed structure, which performs the function in the herein illustrated exemplary embodiments of the
~ invention. In this regard, it will aiso be recognized that the invention includes a computer—readable

thedium having cemputer-executable instructions for performing the steps of the various methods of the
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may vary according to whether a positive or negative ion beamis utilized.
Afirst electric field is generated in the path of the %@‘n bea@ whi ch
electric field has a polarity opposite that of the ion Heaf™ B ticles

|l ocated in the ion beamw thin a region of the first electric field are
charged with a polarity matching the ion beam A second electric field is
generated in the path of the ion beam downstreamrel ative the first

el ectri c 'FYc&ioa- In?tﬁ‘éiose@ampaedicem featare b B¢ itlveh@h ntay ROk BEdnldyscORA A Lgelie fi TSt

el ectri c dniy@hdhf se5&al 8Sbodin@nds GRS £ t of the charged particles away
oot 303 ofihee WP RO Rl ob Sy S o

fr'omtheionn_ﬁem Referring to Fig. | U1 BgY begi ns

at step 96§ RO A5 9,08 gestred and advartegepus forfanyedivin pepagienier pbieakjonsuch as by
~ char gi ng Fanheatosrb the daentihhithexBrd PREIRE, BhEudEYahdsY epy gLt %IQFV Rolential
~relative ust%e@lhc?HQﬁetaﬁ’lO&‘%”Q taI . _The negative electric Ti'el'd oper atesto

extinguish a sheath of- prashe ¥ ErFER™s3hy™ tmamirepdshio o inchsve iopmyeem i s
passing.sTH@‘%&a@ﬁﬁf@hEQMM"provides an environnent that causes particles
‘to al so take on a negative charge. The particles and ions continue to nove
downstreamin the beam direction in- the absence of the plasma sheath. At
step 340, the particles begin tIDUSKRIAInARPIIESBILKI® charge due to the

i nteractions wi th Teappnegaid el i bl inMia Fheltp 350, @
positi Vesﬁalic%ﬁéuiézbr(cb Ligld s %ener,at ed adjacent and downstream relative to
the negative el ectric § 1 gl dPaFazinesod ietiq R0 deat pickate Foust of leadivatestiphe

 posi ti veMendtsiding ad leadivrerrmiant  particles (step 360). In particular, the
positive electric field operates to sl ow down and change the trajectory of
positively charged particles. Advantageously, the particles usually are
unabl e to pass through the positive electric field or change trajectory
enough so that they are unable to hit an associ ated substrate (e.g., a
wafer). As a result, particle contam nation of the substrate is mtigated.
After the particles-have been repelled (either out of the ion beamor on a
‘nodified trajectory), the process may proceed to step 370. At step 370.

the ion beam may be accelerated to a desired energy |evel, such as by
providing a suitable electric field gradient comensurate with the | evel of
acceleration desired. It is to be appreciated that accel erati on may occur

prior 'to trapping the particles or acceleration may not be enpl oyed

al together, in accordance with an aspect of the present invention. Although
the invention has been shown and described with respect to a certain

enbodi ments, it will be appreciated that equivalent alterations and

modi fications wll occur to others skilled in the-art upon the reading and
under st andi ng of this specification and the annexed drawi ngs. In particul ar
regard to the various functions perforned by the above described

- conponents (assenblies, devices, circuits, systens, etc.), the terns
(including a reference to a "neans") used to describe such conponents are
intended to correspond,. unless otherw se indicated, to any conponent which
perfornms 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 enbodi ments of the invention- In this regard, it will also be
recogni zed that the invention includes a conputer-readable nedi um having
conput er =execut abl e i nstructions for performng the steps of the various
nmet hods of the . ' . '
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11 24 February 2005 invention. In addition, while a particular feature of
the invention may have been disclosed with respect to Qph%m S(Bf sever al
enbodi nents, such feature may be conbined with one or nbre ofh &%t eat ur es
of the other enbodinents as may be desired and advant ageous for any given
q&&{cu ar appllcatlon Furthernore, to the extent that the terns
"'inc 35§ ]hcludlng “has", "having", and variants thereof are used
in either the detail ed description or the clainms, these terns are intended

to be, h@fskeﬂﬁbﬁﬁuﬂnﬂxgﬁaﬂﬁﬂ%@ﬁamc&k Whﬂ@imn Haank &)ﬁl L&l "conprising. " | NDUSTRI AL
APPLI CABI_L| Y Th%‘éﬂ’ﬁ%{?&%%ﬁs and associ at ed rret hod may be used in the field

of back? gﬁ'&f st slegueield haynesy frpt polarity appgsify %/'ﬂ £ i dpnbeast. 2 ptigy ovi de
an acowigt & ticgeritearno fithiehefistaietris figld RHhg chpedioa @slbrily mgcHing e idbnebadi: aaime
carr I er a sel&d %l%anﬁleQBle@E XOW%Q‘%;’H Wl%heétl (ﬁ‘ Itr?\]eﬁgrqhé 1§11 be;m I‘é?étl?(.y t§ hl% %‘S[ ggcft'l‘é)d@ Gf‘l bl t I n g

transport of particles w an i on beam conp t hat
pr ovitRead ElleQ“P&sRm"é‘“@cﬁPrel‘e&mf ifiglf draving, 4 pRprisy lf’i‘t?'%ftg tbb‘P‘aP?ﬂFyfobﬁp@lgigtt@ tharged of

t he ipaniclb ewanfron tedbdrseda deatisdrae@dli n the ion beamw thin the first
electric field being charged to a polarity matching the i on beam and a
second el ectrode | ocated downstreamin a direction of travel for the ion
beam? &beatypier of Jaim H durthier ig¢ludingercground electiofipespacsd upsikmatklaiive to the fipst dedrellerfor an

el ectishiiting | dOWabirbb@Viatg ofl pR&hadiniol thie BEkr2 NieRIOprbiRd b9 Rt RAABAS @Tthd BREInk sighd he
char QFdrr Qartl cle away fromthe downstreamdirection of travel. 2. The
system qu claiml further including a ground el ectrode spaced upstream
relative to the first electrode for inhibiting dowmmstreamtravel of plasm

i ntosthe S?Jteﬁﬁéfrclaﬁn f,iviabein ElfeQ?{dt @ﬁ&!mb%ldai& ht%%te RO Bid &l Gorknk b $dzaiid got&%glond
'electr@ wher n the first electric field is a

PR (LS e R YIRS KA PO IR MK

s ec omekatvegotentiat wéll, eheteliysheapasioigd pdtontal dhraetihitéts firthérdlotvhsatanf oavaBofahepbaddi ve
potenttal barrier adjacent the negative potential well, whereby the
positive potential barrier inhibits further downstreamtravel of the
charged particle. 4. A systemfor inhibiting transport of particles with a
posi t4i;y@siemlﬁorbﬁanmgmmitsim@clemlﬂﬁ@aﬁﬁvvemeéa&c&m@d&g{ hat pr ovi des a negati ve
telhgc}[‘]rel %’E utl@&l: chtr@de%{ ﬁr{p\ﬁ&eﬁég%gévglepq%c fiell gpztrt(ljcllege?}tragugeg tlf} t\é@elorb rzlimam{hm Ir%%no& a
posi ©f @%4‘@%?1?086@‘ﬂééiuwébmedﬁwoﬁé‘ga’?lpf\'ﬁb agd ect r ode in a downstream

di r ect i Dpvsiaife dldcRoge Iadjiced’t tlfehx@gah%leb@@@hn 4 BRnstRAS kdN® ekl fopte 1dﬁrb@a¥ﬂ @#eng a
' pOSHp{)s\ége elac%roctle ovuImgOaf pq(s?we el?c%eéeld tn lgrepehl %S;!og&n\f{a% éflargtgiapraglc]g a %’(I)I‘l(l: I1:hee anay

Ir EC I on
direction of travel.

o

5. The system of claim 4 further including a first ground electrode spaced upstream from and generally adjacent
relative to the negative electrode for inhibiting downstream travel of plasma into the electric field provided by at

least one of the negative and positive electrodes.

6. The system of claim 5 further including a second ground electrode spaced downstream from and generally
adjacent relative to the positive electrode, the ground electrodes collectively clamping the electric fields provided by

* the positive and negative electrodes.
7. The system of claitn 4, wherein each of the positive and negative electrodes comprises an annular electrode
having a central aperture extending substantially coaxially therethrough, the ion beam passing through the apertures

of the annular electrodes.
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5. The systemof claim4 further including a first ground el ectrode spaced
upstream from and generally adjacent relative to the n;tﬁ_a I ectrode
for inhibiting downstreamtravel of plasma into the elec Isd provi ded
by at |east one of the negative and positive el ectrodes. 6. The syst em of
claim5 further including a second ground el ectrode spaced downstream from
and 9enQkdlihMantAsH $G&N oAl 1 Ve to the positive el ectrode, the ground

el ectrodes collectively cla the electric fields provided by the

posi ti va" QAiPUE Faemitias ’@P%&F?ZE%F@ tratylocafe @t 28 JERIBIFQTs4EPi m 4, wherein each of
t he posiad indlgzi@ithgtee gakh Ve detréliond des aﬁﬁdmﬁtb @&Sto&ﬂ uﬂﬂuﬂtdh@rtraﬁ&t&gt rode having
a centrgl, aX| er.et hr o e ion
beam pagm n % {Fb(;)g)h%fﬁ %&qﬁ E%Rﬁiegw{mft W{e anlﬁlﬁ %Fn t}e{ aentél]f’m%?d%a nlfl%'ﬁfe'?

Febr dﬁi’y"ﬁ?@(ﬁﬁm@smﬁn ion i rrpl antation system conprising: an ion source for

em |t ti ng ﬁj‘sﬂeﬂ&tr&c? thaf’ ]ﬁ«fbﬁdeﬁ? ﬁrth?Etﬁ@-ﬁe?ﬂ ﬂa@iﬁg’ﬁ ek p@fan@ Bppoiie lt}ﬁmfﬁfeltl&rbea?ﬁ @B#r@@e an
anal yz net, systemfor, diverting.ions iate mass to an

i mpl antr l?:"don tl?nabee%ﬁem nhar%e dfaps g %IF’H‘gf *‘8#"“%5%? %f“{eﬁ ﬁg‘g‘{)‘{"ém%dd?ﬂsta“‘if

particl secvndtehct@ﬁﬁeb@ted eiratdednstrwmsiﬂwlmmfttrhel fanth¢ ipz baan relaigete the Siyss ¢lenpdet the

“trap ssiad assde pRRLinE AlecRic fibld Blingh ﬁtﬁél’bﬂfgﬁosftm fer'éQ(ythéjﬁeﬁ!i@rrEﬂerliﬁé th@éh%%&cf Ic
field halw n(g a first polarity opposite that of the ion beam a particle

ent r *HEG the i on beam being charged to-a polarity matching an i on beam
- formed efubsthae seipured etk implastation tation fg rewmaht witleiohsrimeahd ©p ayseoh, wWitrdby gatakst r eam

di I e Chhtindtbn &t bR VBtrateQd mitiigeal ON beamrel ative to the first electrode, the
second el ectrode providing an electric field having a polarity opposite the

first electric field for repelling the charged particle; and a substrate
suppox Tiedysan df bleimi Shphegsit tad trap Bys@indiirth@tinciudés atﬂfsegbtlﬁﬁlatectmﬂetdﬂacb@@streﬁrhﬁﬂih Euhﬁ tr ap _

iyst %Hlacemggte@% Akl §féén% o ﬁpﬂﬁla@@%s%&m%avgﬁ? 155 %& Sed f fmd o%t ryst

he system of claim erelnt I'nc
grou le@?‘é‘&f’?’ﬂfd@“é‘ﬁé@@%ﬁ%@‘t@%am from and adj acent reI ative to the first
el ectrode for inhibi t| ng downstreamtravel of plasma into the electric

fiel east one of . the. f| st and second e] ectrodes. 10. The
syst g%plf)? ey Sﬁ]%%f Qém \/\/V%’her E' © FRSYYFLIs IDFIades ¢ £t gf"u?(ﬁ%ficﬁ?i%gpa&edéig%Hﬁmgr ound
el ectfijopcped M%dlﬂdmﬁem@ﬁw eyt Hndroan] deenles wdicttdwdanpiistiirelepos fitldsv e

el ectpp@dedbﬁ&@m@m%@h&@&@ﬁ@s collectively clanping the electric fields
provi ded by the positive and negative el ectrodes. 11. The systemof claim

10, -wherein each of the el ectrodes conprises an annul ar el ectrode having a
cent &l The pysterh of daim é twdberelin pagh sitlesdcamnddisadoingrisesca ximlat glectrdfde hetiaraeergl apértne

di vereheﬁmg Qﬁlﬁtaﬂ@ﬁﬁ bdaGally R QUEHoh NGe al %{& &Hnegasaﬁg 9 Q]%Lt%s oCda8CIhage-
udl at1 o

The s{\éstem of claim 10 further i ncl ng an acce el ectrode spaced
downSEF®S rel ative to the second ground el ect rode t he accel eration
‘el ectrode being at a voltage potential sufficient to accelerate the ions to

. a de%b.rﬁg system of claim 10 further including an acceleration electrode spaced downstream relative to the second
ground elecirode, the acceleration electrode being at a voltage potential sufficient to accelerate the ions to a desired

energy level for treatment at the implantation station,

13. A system for inhibiting transport of particles with an ion beam comprising:

means for generating a first electric field in a path of the ion beam, a particle entrained in the ion beam when
within the first electric field bei:ig charged to a polarity matching the jon beam; and

means for generating a second electric field in the path of the ion beam downstream from and having a polarity
opposite the first electric field to the first electric field, the second electric field urging the charged particle away
from the path of the ion beam.
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energy level for treatnment at the inplantation station. 13. A systemfor
inhibiting transport of particles with an ion beam corrp%A Sl glg »hgans for
generating a first electric field in a path of the ion beam particle
entrained in the ion beamwhen wthin the first electric field being
charged to a polarity matching the ion beam and neans for generating a
second electric field in the path of the ion beam downstream from and

havi nkf- Bhepitet pltoaim dp Bk insludipgmedng Sr indibisipg infecaction detyeana@n pdjecedtinagnetiefidét ri ¢
~fi el dhnd hth@stsRCTad iRl £ bdbd ekévgd fbiadr gi ng the charged particle away fromthe
path of the ion beam 14 24 February 2005 14. The system of claim 13
further including nmeans for inhibiting interaction between an adj acent
magneltSi &hef $yetpr of glaigh B3, whergig teadhrnf thef meahe fof igerstatimnidclglet o wehirell @etwrd extdnilied ds .
15. Tsh&taﬁﬁ&ﬂ? edxkiRfy thrbikh A shular WSO8 der@A QR 1(91fbeekrh[_ﬁssmﬁm RE apgﬁﬂe%r ating
includes a central aperture extending substantially coaxially through an
-annul ar el ectrode thereof, the ion beam passing through the apertures. 16.
A netlfol metbed fprriﬂiittiﬁiﬂgiﬁwgpm'lroamm tvittodn igetesm, cleasthod ¢ompasmgitentepadm t he net hod

| - CoNpPri sifgadddQ it R\icAbid in (AR LAk APpBmf 1 rst el ectric field in the path of
t he i on beam particles located in the ion beamin a region of the

first eFI@E,gE‘ﬁglpE"“p‘Fsé?Cate tﬁﬁ 'op B5Rr Briregioryph e firshdectiadield aifth 2 BRIy mairftfedierien at i ng
a sedemdasl ectric field in the path of the ion beam dovvnstream relative the

fi
f ;s; reget%&rétmggtsgaoﬁd gemfcg@gou%glg ond 015%@%@ ﬁ)&aﬁl ﬁfowln%mmehm eag.g %8 tt‘¥ld, JBAOOS' te

east sone
part |Seq°%%e‘%faié;ﬁe1drhaw& ﬁ@lqr@/nops@awhe Iurt efqvmc filsl 9 98] togrppet ptd¢aph seige pﬁm ﬁenrged

i ncl yeiticles ageysntdht D b@AmNeut ral potential electric field between the
negative electric field and an adjacent magnetic field so as to inhibit
downstreamtravel of plasma into the first electric field. 18. The nethod
of cl1&i Therrthpdof plaim J6rfethguingleding genqpiting 2 mpusral pategtial glaetrics Bdd badwash dstnegative | el ds
Wi t hieRetalc fididdad Eﬁﬁja@d’ﬁt ma'lgﬁetic field so as to inhibit downstream travel of plasma into the first electric field.

18. The method of claim 17 further including clamping the first and second electric fields within a trap region.
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