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since jons of undesirable molecular weight are deflected to positions away from the beam and implantation
of other than desired materials can be avoided. The process of selectively separating ions of desired and
undesired charge-to-mass ratios is known as mass analysis. Mass analyzers typically employ a mass
analysis magnet creating a dipole magnetic field to deflect various ions in an ion beam via magnetic
deflection in an arcuate passageway, which effectively separates jons of different charge-to-mass ratios.
The ion beam is focused and directed at a desired surface region of the substrate. Typically, the
energetic jons of the ion beam are accelerated to 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 desired
conductivity, with the bearn energy determining the depth of implantation. Examples of ion implantation

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



conductivity, with the beam energy determ ning the depth of inplantation.
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is 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 the
present invention, thereby mitigating contamination of a workpiece.
Another aspect of the present invention provides a system for inhibiting transport of particles
with an ion beam. The system includes a first electrode that provxdes a first electric field having a first
polarity opposite that of the ion beam. A particle entrained in the ion beam within the first electric field is
charged to a polarity matching the ion beam. A second electrode is located downstream in a direction of
travel for the ion beam relative to the first electrode. The second electrode provides an electric field
having a polarity matching the ion beam for repelling the charged particle away from the downstream

direction of travel.



charged to a polarity matching the i on beam A second electrode is |ocated
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To the accomplishment of the foregoing and related ends, certain illustrative aspects of the
invention are described herein in connection with the following description and the annexed drawings.
These aspects are indicative, however. of but a few of the various ways in which the principles of the
invention may be employed and the present invention is intended to include all such aspects and their
equivalents. Other advantages and novel features of the invention will become apparent from the

following detailed description of the invention when considered in conjunction with the drawings.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a side sectional view of a particle trap system in accordance with the present invention;
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field relative to ground potential, indicated by field lines 26 and 28. A suitable DC source (not shown) is

electrically coupled to the 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 coupled to the electrode 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 electrode(s) by a spacer 46

formed of an electrically insulating material. The thickness of the spacer 46 and, in turn, the distance

between electrodes may be selected based on, for example, the relative voltage potentials provided to the

respective plates, the energy of the ion beam 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 ground potenti al.
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the trap §r§6$f&i@imy31{3,tra§ ggtenez«ama& @asnra@seeth\sg&nashene@&a@fgetsg&ecmg@@au% bl e fPwa@ Mass
anal ySI S bits interactions

round el ectrode 12 in
bet ween tﬁ%gkgg‘heé%imgiepéﬁnﬁ"%‘f’ FHe e Rag R felps ramEn ey Redigrse by bems Tl ds of
the trap sistehathAnsheatchn ofnipimesuTahSizy beam S irdittiesod shéadi R raRelinele@ednt ONS,
exi sts oumécﬁ& z@fart,& & WREhE hegaa‘v't: eLAS: fieRf 90%1 gaebg tPevnet ft}%e cggde%ﬁfh%m 10. The

pl asma sheat ds to neu Ize spa 'on beam
44, ther eB‘jﬁa‘I“’élelﬁ‘élll‘yﬁe@ Hravideci thf‘g*@@%ﬂé@ﬁ%@@& éqtlemshqséorfoioevls dfé) thepdsmmihgit

ot her wi se SQ!h&Qf@rf&ﬁnﬂglaﬁmﬁ%tﬁM bdlBen (Rl A AR sHRhIL Ak he SROANGER (DEARamRRE BbANMENT .
The i on beam 44 a t he 5% sheath 52 nove in the beam_direction 20 and

d
interact #ER"Y Wbp R SR et P]iasén i BF Gbsﬁ‘i“%?flﬂlfé’éfswhfﬂ‘fészﬁ‘éﬁw?eve
el ect r ode eldadrodelembln @ Gataiey en eehemtnem moife|caiddcx\pn@wappﬁegorWemh@a pragRirdlAle to

Form no. ot bnth] AL ANER 6 Lo Aol RS TR RER bR IRREYY

form ng a boun et ween t ric 3 ds
(e.g., a &rzEmad rofepvirlithibis doynyusgh Ewewfplhsﬂpﬂ Ha@ﬁaeltqt)‘wé?ekde@lqmrqmdtddum lezsi asma) .
The absen 6@ dPthe tiRCanRbBSIRISBEA therdbd eMMatdMgheiBRitioR F &R the PGS RDhY 21

creates an envi @onrrent nmore conducive to trapping or diverting a particle
rel ative P&GHE T8H beam 44 in accordance with an aspect of the present
i nventi on. Thelon®etnts alay @l cegicretizhe ad 2weabhlasha coiBisting of fast ions, plus slow ions and

electrons generated by collisions with residual gas and objects near the beam path. The “plasma” tends to
reduce the repulsive forces of the ions in the beam which tend to all charge to the same sign. Microscopic
contaminant particles moving in a beam 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, electrons tend not to follow the ion beam. Insucha
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. h

Fig. 2 illustrates an example of a trajectory for a particle 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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at ground potential, inhibits downstreamtravel of plasma into the electric
field region provided by at |l east one of the first and second el ectrodes,

t hereby evdanci3ng the transition fromthe plasma regi on tBCT/oB01/ed768tri C
field region. lon beans may be characterized as a weak plasnma consisting of
fast ions, plus slowions and electrons generated by collisions with

resi dual gas and objects near the beam path. The "plasna" tends to reduce
the repul sive forces of the ions in the beamwhich tend to all charge to

t he sane diagghin theigrbome gséveral axdsrtod magnitnde slomerttiag the Sonsrofuherbgarn. "Caaseeatly, pl asna
may beCOnﬁnﬁéﬂaﬂtdf\ésérﬁ'cl&d@%tg%’bemqy% 2 RS & ﬁ'mo tf?enraB fe5f mgrﬁlerr.{tupﬁ m her
than the positive 1on flux striking such partplc I es. en such Beam enters
an el ect r ii2sPf By jpam o R magicle potential greater than the el ectron ener gy,

el ectrons tend Byciay biﬂaxirﬁﬂld ﬂw\/peirthﬁ do%eglﬁbet@ffhjedtdﬂy aﬁﬂﬁ)bat@n witi@8 the PlasnllsKeh@SE OPi C

egat i ve. UrBe0 g el gheParldy HrEouim Bt preR rer & HERP EHL St ha

t he entraiondd ppam 0cdsesmiz@s ek@ropdsi thd pagicly. Tiokalegedicle 60 gsunids 4 ﬂelgzun_sé dhages an
exarrpl € Offroﬁ'x tﬂer ﬂsﬁﬁth%kYSZf e 1&159%& loﬁ lb%mQQ de@noglngdo%ge?m at]DQ eps gﬁ"tudl’ I n
which identical reference nunbers re to parts prewousc} T

wi t h respdester thgn t Ryrticle 60. psrthq partigls 69 giigrets ioy beam 4{pthemme g ey Pt tﬁlﬂ¢¢ss1t}1@3758

travel in padi€e inQik bR@BdRedtion 3CME irRdugPhe 88usidaf samagni t ude sl ower than the ions
of the beam seq ently, enment of a tI;l])‘%rtlcle 60 with the beam 44 is

due, at |east in SAPETHoHRE %{‘F HROPIES APPSIG keI P BRI R &R of the
beamto t hsocpaafctthaodwah diByto thayunefouepeaimipdleshargdidond ativelin 11€th696ableg'hd’lﬁgdtﬂles
trajector o e he ion
ok Yol Ay 0L AR LD RO ASIR IS e UL B 82l 0
negative CRaEPYEcHR Wethlé the glegtiogs assegdly 2hgheriensef ware I%hzt thepasticlsiwith suf@clent
particle. fﬂgﬁusoy aﬁd\@oa@rt& %ﬁlkxﬁélﬁgar@étﬁélﬁ@&le%o nﬁ&@sdlng@ tﬁélﬁ&igr% 60 bdeRMolchi P! asma

sheat h 52. ream at orders of
magni t ude SIgPS E%chaf‘he (P’i’h‘?“H‘éthf‘)%lFsﬂaéli‘eé‘hé@ o ?%‘“11 ﬁ@" ﬁ%\?‘?ﬁ“&‘F‘é‘“@Eﬁ &ritegause thhe i on
beam 44, tohe ofthapamticlertONfs hutke greder shatl t}g&ﬁs inlte bedqaadat Ih@ﬂ)aﬁlcleﬁs 4dbheao neadiilaghiar ect i on
20 and thr e exanple is a
positive |nglﬁg%ea§eﬂﬁosﬁg§éﬂ%gg%§e?4()|n§/e-ewe &t ?lla(rzoa?] Wéhf %‘3 rag lcmoym %"a‘“ff-‘h‘%“rse@r;?% h due
to the nur®kbihs igspefithe;bgam 44 cerimpgie dosittyply charga the pirtinde GORY apcheowetam doFgremegat i ve
el ectric fairalish, bﬁﬂi mame r%t@aa@lm&@te%&@ofra%@sﬂlv%ckﬁ}g@@éd ons and attracts
positive ions. sence of | asma sheath 52 within the el ectrode

assenbly 21, tH&® qleb‘ﬁl% thgp “‘t‘ﬁlFe‘SOBé%?ﬁkl‘eﬁﬂ‘e H‘?St“"? HesrisdiFid provided fy e Petif e Flestdf

f r equency lanig pastios sfficiéndy psisivdly ahergyd s0 hﬁb@érepehlei lﬁaﬁetploﬂtll\ﬁ efblric ML Qsdi ngl y,
the parti Y e plasma
sheat h SZ?lu%)aﬁegéﬁ?%é?&pé &Fﬁhﬁ&g ?Tmé% g)g)ﬁ?a“ % b (?ré&logﬁ S eaj{lﬁavhl ngss of
the parti eqt@coe@wwt%thmwg?lecap@rlﬁ ﬁbﬂvont#\?éwmbthsnegww Hestrpdedrheahses the hatigar t i cl e

is able t@oxee lbtale nempémmgé eﬁ%%éuua%lu&& U@Wﬁn&ﬁ rhe) tAIGRRRRHE e DEI NG
bonbardedigneth the ra novi ng VPEH&PI ve ions result, the 1ons of

the beam A4STRBNEY: ﬁEFBelgg)paﬁ‘Bé‘ﬁ‘?aiy Vel hjrthe fraem A9 i‘"id(?}'eé‘“@me%?ﬁ’ﬁ npERErd t in a

downst r eafall.

Fig. 3 illustrates an exemplary graphical representation 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 system 10. For sake of
brevity, identical reference numbers refer to parts previously identified with respect to Fig. 1.

As mentioned above, the plasma sheath 52 has fast electrons, which causes a particle also to take
on a slightly negative charge prior to entering the electric fields of the electrode assembly. The negative
electrode 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 positive exit

potential 68, which is generated by the positive electrode 16. In particular, the particle charge may be
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direction, such that it begins to accunul ate nore of a positive charge 600.
By the tine the particle 600 reaches the positive electric field provided
by the poed02/v87El ectrode 16, the particle is sufficientpPgr/ossi/oirvely
charged so as to be repelled by the positive electric field. As
illustrated in the exanple in Fig. 2, the particle 600 is urged away from
the direction of beamtravel and into contact with the negative el ectrode
14. The contact with the negative el ectrode 14 causes the particle 60NNN
t 0o di scharajeuti¥ dagrere gutroiphasshwithghe pofEhtial preided &l thqadactic Gible regONNNat ib, thetphttitle MY
fall out rti ecycl ed
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t he beam di recti shows the electric potential

that a particle & ésbe\%)lrﬁmagét%%e Haﬁlﬁle g@?ﬁﬂcﬁﬂ‘) in; agCoplancE iy an a5pect f fhe gresedist em
10. For salkentph alsdmanbe ingpleniegiedby saulgle eleduedee Foeexmbpld) @k slecudliers ntag bPRIfthS
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el ectrode @ﬁs&m@h Ye sydiB@ dined Atrhd(iEns pRNREL Hy AWEzadvE pREQMI WRSHaRJRE o'nYrE el ectric
rons, and, attracts OSItIVE 1 ONsS. neg ative

field that g ? Xva%?%éeﬁ

el ectric fREFGYEPESIP SPAYAE FIPRnp BREieR f“é‘lher\Wé‘V pe sghaaped Ry b‘é’tzﬁg F‘é‘ﬂ@}? h 66.
Once in t heecingigaind/sre segvehtbd elqpande a8 beticldd sl teyid @6ttt phdeh Bitekyelf@6det fov €
such t hat el I ve eX| t pot enti al
G5, whi o PO BbaRols (SR bl DS Eh Dkl aROBL St En o R o
particle ﬁ@m@rmswgamf@wwsw PCT/ GB01/ 03758 about 180 degrees

out - of - phase Wﬁi§14lsf§éilelﬁﬂfc@l%lt ébre@ﬁtﬁféhgﬁq1dn%e£nhﬁo&isﬁlggyrsleﬁl ) &rhp%y{n Q' on. That
is, the particle ?ma gdgmreosmlve charge whe iS Wt

negative pBLEARE ?paﬂ's‘e\ﬂk]l S prp 2P “’ﬁﬁf‘“’f?h‘ﬁé’“‘f% Brhami o exafnﬁled?fnt i nue
downst r eamystasloD tnaykees ion ripldnaaien b, ia @aredM ackdlardr] & otﬁﬁ@ijs@:yh drlogiff anQbi of the

negative Ha%&n?*}lwhf'éﬂ] 1tm§§llefgs€ﬂnlﬂ% o\feerrliovéetI opcp\%lrttclor}{aelm Epa?lﬁa% thhunp provided by

the positive electro e appreclate e particle trap
function, in ackdeseened® ipgludps Qilnonastp@clm it embigiopsrtizas formh an ipmcem i@ Thalbos o  may

be i npl emﬂﬁr@quchlﬁie@i kg BtEMidhQ8lEee nfa QEal@&QH&' aﬂuon‘z%e&k&%;{oﬂ% 16 may be
set to a %%tl ve potenti al aé\g{ c)itot hat is substantiall Identical to that

of the el é?:af b yupcted Freggy & ﬁ&ﬁ?‘i“i?l“@?”alé‘ﬁtg?‘ﬁfaﬁé‘a’s At PEn. eghhheam ar e
posi ti vel )phzﬁﬂrbarrtgﬁsnmbtohlbﬁnilloe (paag\ator Mgatied)e Wnlsdueced aretvell 1aben toltHdsd Uil in| S

unable to th stem 0 at ction I‘OVI ded
negative poe{%g%l?c}% fiok clcg%em{nﬁgl{cg¥ouécre arr %ﬁregre ?rﬁlhed%%ros%lfetol??/e iy ‘é‘h%%%ogn
particles. lompReceskgt ¢rinddye microspys emggyftgwem whrct wattrhaliis diglpseld én @ RFarwdd. by

utilizing seah QSZPJIH?Ch iSh@FofaRE B&reif PfteRfen@. FRINBILE uf!a8 Ghal &stan@%m«part icles
woul d tend to collect in spaces between el ectrodes e segnents

t her eof ). 2pRICciple hatoyher ion sources. (hich mpyRy maygob pnderge, Wdélﬁ‘ﬁ’i@@e&ﬁ’d TFﬁYﬂ’F yiiew o eent ry

into the ia6nkaaator aﬂ’éﬁh Jonjiuhidiied wﬂﬂ/ﬁﬁi&lé&@@yitérﬁl@hn &fzor&ﬂ&mlﬁﬂaﬁ Isp&t @she Fig. 4
is schematc block representation of an ion beam processing system 100

enpl oyi ng "a £y

The ion beam 106 traverses a distance from the ion source 104 to a processing station 108. Prior
to processing or as part of the processing station, the ion beam 106 also may pass through an ion beam
accelerator 110.

In accordance with an aspect of the present invention, the ion source 104 provides the beam 106
to the particle trap system 102. The trap system 102 employs 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 electrodes located next to each other for

providing the respective negative and positive electric fields. If the particle trap system 102 is positioned
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particle trap system 102 in accordance wth an aspect of the present

i nvention. By way of exanple, the system 100 nay be an ion inplantation
system av@ar193¢t e accel erator, or other system enpl oyi ngP@NGBomo0376%am i n
which it may be desirable to renove and/or divert contam nant particles.
The system 100 includes an ion source 104 that emts ions that forman ion
beam 106. The ion source 104 includes a chanber into which source
materials, such as an ionizable gas or vaporized materials, are injected.
Ener gy i s ¥isgshtasdurees! £ megnstin fietdegrotmt eleqtrades furtbergay be wtilieeditonigbit inatagtionn t ur n,
exit the whamIRI mdRif HaWetNenL@NuBeR MohR EndRQEbddIvIE rRfec1EBRLILNED: | ON
sources are wel|l known to those skilled in the art and details concer ni ng
such sour ™Y &l %'Figel-ef ore, omitted for sake of brevity. An exanple of an
i on source t hatByenpbiexangk, ShaViEo€ti@ Rarbepyh it &nﬂl@ﬂd Zt%fﬁdﬂélécﬁﬁ iRt 8T i Adghtivk S
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be utili Zeﬂns%§abh§1@s d RS ELLhE Bﬁsnﬁ§l§ath erdQﬂErH:glx@lq;){hgﬂhevﬂaE E&sé’mR@Zr t'I'hgl e tr ap
system 102 in accordance with an aspect of present 1'nvention. The ion

beam 106 t3PSUEPEESPIAMA FERtes IR envirpRgRent vHiBin s it a% ﬁ’ﬁF‘EéO%‘Oﬁ facijtaggs foe rgilssi ng

station laﬁpplrlgrfhrﬁﬁon it Qc@BMELGIS 2R Gspedi ofdle pEB’sleExﬁ inOdntdd ernpreRSSbRGr &b Rhi On, the
i on beam Jb celerator 110,

ss . .thr oug| h an
accor dance W %ﬁcqg“évg§ YREEAT R &Oésq@ﬁ@y thﬁ'?/gn{’ﬁnbcﬁes’ pf)ﬂtévqycﬁ'ﬁﬁ‘g&???:ﬂ‘@"é 104
provi des tm@alrbéanhelv%n 1Q60Atdweilnglretpamlcle by @pungNest adangd BRitivelchegd by @ tisy &t em 102

enpl oys a fikeSthe fsBd didcfrichiehsh. JP%Q ééavlhgg%?uvmécﬁfc el u&rape?s%fr%p%s@]&ﬁg of the

i on beam and a second electric fiel avi ng a pol ari t hat of
the ion D84S PYLTes AV ffost the douuaram diggptiop af tfavel rf%heemhem,ﬁ@wweiv preyentipn beam

106. By \Aﬁbﬁxr@&ntxﬁﬁ@aﬁﬂis@m wlmehetldsxajaalﬁy&mm exLQ&e hﬂﬁdyﬂ@lﬁﬁozaﬁd&hﬁgébﬁs@de assenbly
i odes |.ocated next to each other for

havi ng ne sitive

pr ovi gi ngqferéenrceegfnheé‘?ob ‘ﬁé‘@%ﬁe\?téve5’@8“‘88@“’??6\7%6 electric fields. If the
particle trap Spsbeam!d@Pmayshepds prbvided adthefion/foaf 2¢caiS3idrsykenT | \BBOdihdd 2nahySis or

adj acent apm%gw;él%‘;st&m §m9§$bﬁs ﬁh@h@y i) fayﬁeqm%c%fé}ah&%&mt Hblhe garl?”gey?l Sl ds.

utilized to inh eracti ons magnet| ¢ and el ec
such as sHEF Ar@osyclertndes thi estpblish g pj@@ge gagdieptpiong the feamaie for gelesivmlyl y 21 of

Fig. 1. B}écdé@x&itn@fan@éfaéﬂéieﬁnng\/bﬁkﬁﬁalﬁtoﬂ(a&l&d HErgy 0V DR ARk YR iecdodg fir st
next, downstreamel ectric field 122

electric f| ld 1

is positi verﬁ"l r'f?laé%e s g(iyﬁgg?oél] E?‘Pr?]%ea‘f‘ﬁ o B9GP T gicedradedbatm 108P iineot £) a
pl asma sheatbstaddibawdertn ittbreitpaetatgbeats. ap syst em 102 t hrough which the ion
beam 106 passe ; t gath and
the region w tﬁr%acg—%ﬁid&g?é?fgﬁ %21 icgd B%ﬂeﬁb%gss Eggsté%@g%gf B? he}, Oq?’g%rgr%hcr eat es
an envi r oPFRSTIEING FaEief 198 e de: an afpplaptaderestptianfor o Arplgngagipn)i an gradysis ?tm@n farticle

trappi ng fsubdedd ilysis)) oPGED EyIBRNE BatWiay SnphY aRBRG&GI. Of the present invention.
The nuner ous | nove downstream nuch nore

qui ckly than t COE)%I i 12?@’%‘%368§?t‘tvg1¥/@f‘§‘at5¥1\g‘rﬂbeé‘db‘§rﬂte ion sgyee 104, the particle trap

system 102, the ion beam accelerator 110, and the processing station 108. The controller 130 may monitor
and control the ion beam characteristics provided to the processing station. The conﬁoller 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
ion 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 assembly 214, and a target or end station 216, An expansible stainless steel bellows
assembly 218, which permits movement of the end station 216 with respect to the beamline assembly 214,

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



entrained in the beam 106. Accordingly, a particle may accunul ate a | arge
positive charge by the tine it reaches the positive electric field 122. As
a result wohz93ositive electric field 122 repel s the posiPCUeBy1/03T8ar ged
particles away fromthe downstreamdirection of travel for the ion beam
effectively preventing their continued transport with the ion beam 106N as
it exits the trap system 102. Advant ageously, divergence of the ion beam
is small relative to particle divergence. The beam 106N may then be
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station 216 Wi trhe diRsRfghett Beld B8scDBITH b 288 &%%bé éfox%%curv&@%%ﬁrszﬁ Remend
station 21 e assenbl 214. At |Tustrates an

and the
exanpl e of grﬁh“ﬁ‘l%e(ﬁ’/ei%% ST B0 ES 2 SEfPTdroée’PHWe&tﬂ%%%/“eﬁUPE) i on
i mpl ant at 'remhvimtlsamzm Roatiotd 22R'and 223 of merbeamam(dﬂﬁpﬁ&dm ibis Hatig; qar esent

inventi Onmapp ﬁat@cﬂ Eﬁ) ngé Ia:@ ﬂtg‘ltenggJ aw%igguz hh cur\i/e cht]c; ern% inqsthe walfs of an The ion

source 210 CoNpri ses an i tract of assenbly
222. Ener gyminyg quﬁﬁalri%@d inomamm@ﬁhqra@h@ 2 Hogrsset to glasesqlbngj@nferrg@@féonlbmssew t hin

the pl asmangiharBam 208 tha: HERNRS RlikYshaR@lddkd@to. 1 ONS are generated, al though
the present inyentign is itgpl icable to sgstems wherein negative ions are

generated by t R&“RGUFEEPSLS mriep it poyioneg dredrsalviag bsies ¥ Ayl a sl it
in the pl adreppohiandgnt tR20Qp byytem e in dodvrdant R\&lﬁﬁb@bre&ﬁﬁﬁ\l&hloﬂ, b 2atedih biidt

conpri ses pa?ts Qil d ial iimaa)éntgtflon ?)lfs?e 26(9 q? may%2 éesu;lt-)tl] to pos 1or1 9 tcria%ssys%emﬂrpri%lrr tg
acceleration of the ion beam (if utilized) so that increased field strengths are not required to provide an
adequate potential barrier to impede transport of accelerated contaminant particles in the beam.

The trap system 202 includes an arrangement of electrodes 250, 252, 254, and 256 arranged
linearly between the mass analysis magnet 212 and a dosimetry indicator, such as a Faraday flag 258. The
electrodes 250 and 256 are ground 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 positively charged electrode that generates a positive electric field relative to ground potential.

The ground elecrode 250 operates to clamp the elecﬁ*ic 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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charged with negative potential voltages, increasing in magnitude as the

di stance fromthe plasma chanber slit increases. Accordingly, the ion
extract owa@szenshty 222 functions to extract a beam 228 of PODEBDI/NIZS8 i ons
fromthe plasma chanber 220 and to accelerate the extracted ions into the
mass anal ysis magnet 212. The mass anal ysis magnet 212 functions to pass
ions having an appropriate charge-to-mass ratio to the beanline assembly
214, which co i ses a resolver housing 229 and a beam neutralizer 230. The
mass anal P¥FEc ngﬁ@rgeltef el by th o 282 c 4 plperer shestreripia bt g the ghadsianpbidis Ipperan

al um num beasmdgiindesydf 20NRYighA UhRh G 8dafh 2beds§’é§i ring dgatile gl@ctﬂ@f{ieh@%ﬁn&éf@%yat I on
of which is praovi The_ ion beam t

pr opagat ed™dFEHY e?eﬁtir%de é%ﬁeﬁt“??ﬂ‘e? %hg%{?sf”éé'ieéta Shyhich ére”r?ﬁd’i‘l%pc"ir?:““iei“é‘?ode gener at ed
by the nassndudnab ysbiag ara@pndterihl 2orianina6] patitled m Bé‘soxﬂ.’fnccﬁ\lwtﬂ alﬂamacrt Gipﬁé ptsent

char ge-t o- r Th ation. Ie magnetlc
fieldis cﬁf?}gl 1?1:53% By gat?ve%]te&?n&%%g?’{rggﬁfqgg fwovﬁ'nm thﬁ sItml ‘E Ketrical
current toRytebopvllednat qfltfélpﬂsma by chiemepitivoflegtigde. magnet 212 t hr ough a magnet

connector 246. ’ﬂ;gﬁ'engVQQlL:&crfﬁﬁQﬁ{hh%oglh@ y@h&é&'éﬁﬁt?clés l@ﬁraln@cﬂn%%@@n@ég stch\ nmove
al ong the curved beam path 232 from a first or entrance trajectory 247

near the ifGhhepATicld taE"l‘B‘ apgsitiye shapgsn By B timsihe particles eaqhdieypotivg eligig figlde
resol vi ng phmd&l wygheaazéltwelemdsttoﬁms thaﬁrtxc]aﬂﬁle 2EBQnOf polithelydrage 228 1{ saspndised of

i ons havin |atecar ss ratio | ec ed away from
the cur vec?gf va QQCQY,&P q SRes F 29 m‘c?smﬁ “d %ﬁlr%“tnogflﬁeg%ﬁlrﬁ’ Bf°e 234. 1In

t hi s mannegpntact ‘Ml@h arlmlgﬁ@tie szthp@lg:geck; lﬂmmmeom®S®hwa thgpahiolgstiodgehazd tocmeytrat hose
ions in tra@ar € r%gtgal Bmges b@t\ﬂﬁ"l &J}Qalﬂﬁl§6frﬂ%%e£‘hh@ ge%uée@stﬁ@&%m{egctémgr By Way of

exanple the trap P/stem (goa tioned in the resolvi ng housr 229,
al t hough iRepglied Paftts eb@SOamsP%fe‘fyalﬁ Hithinhiag syptera 2Q0aa¢ iyt Repamisguteal apd B domdance

Wi t Ih t he micesanNi28 Apemtlt my pamu&l@m& esh siy:ﬂerﬁmdiﬂfowe\@aﬁﬂlt%a@;ufffcﬂﬁ ch&@By to

i npl antati_on ,syst osition t trap system
prior to Pacds éh t%ff' P OSQW%‘?O Ne thalm% il %tdcg‘%ﬁse(tl? le?d[s’trf’rigg‘éﬁ‘)ay l?dncf‘?ﬁf& if; ﬁﬁased
field str eprgstnhlsatlarIersmytabqveqmlﬁlceubnﬂeyelprBmlpd@wanlecna@b@qmatdexxpgb@nt:ieatoddaar rier
to i npede 554 h egzuoagtﬁqén@foaﬁo@&mgQmo@aaca@r@&ngmérog, bEdnPSs! Radif gﬁalbeam The

trap system 2 i ncludes an arrangement of electrodes 250, 25 254, and
256 arr and@dlera}l‘?“ﬁ’é’éfqpf}°fﬁ’@t) hriERlenped iy Broviding YAsiphle tesolyine APestyr clagigde26Q 8t et ry
i ndi cat or ,lsasmgrhvoasge@otaa;madayefolt@ggrozlﬁ&leﬁb@zs@l ectrodes 250 and 256 are
ground el ectroq%s conf Zerezqo rovi de ne tra

el ectrode 252 sbegmr?eeuga Pve” &ft %IUdS(%Blaf"ﬁaa? %@%ﬁé’%“trﬁézéfgt“?e\i’gs“é‘ie&aﬁel c
field rel &l vey atomglriegntde p@ttemfer &larestinef beinemtpiamd@by tRpbsitiwlyahgpgegiidn beeth y

char ged ehgethpgdamhbahiLeAsLALESVa hm&mm &Lc%&w G vzau@r|1 gm'; %gt' ve to

ground potential. The ground el ectrode oper at e e electric
fiel ds gener at GPVBYeames e neygplizer ??925 thﬁﬁﬂ SQ‘EM! 286 c}’hich’ﬁFlbqeﬁ a flipl-Bpgdt i ons

be'; ween t hﬁfeffﬁgﬁwttﬂ/@uﬁoh Ghich wifert 0®e HRKS alalﬂ@{lﬂféﬂl %W@Jpp&ﬂ-ﬁoad@ﬂestxhﬁta%etm
02/ 19377 P

electric fi e ted t.he trap system 202.
A pl o SETHOLE PRFE s e e thn ey 5 A £ ap
syst em 20273 lrputhdiwtvhapkd viie smammzehep@ssmn 2Th dhaieg bdainviess etiles tvafes i el d
gener at ed nbied e USRI 8y FLEGH{ Alfrpar. ARLAIWLAABSN B BRIB SRR N 52

whi ch cr eates an environnent
is the intersection of the path 276 of the 1on beam and the wafer W, so that the target plane is adjustable

about this point.

Fig. 6 is 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 a series of steps, it is to be understood
and appreciated that the present invention is not limited to the order 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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conduci ve to trapping and/or diverting contam nant particles in accordance
with an aspect of the present invention. Also, the negative electric field
forns a be@or/e37for el ectrons in the beam plasma, so theyPCEG®/MIS8t 0 be
pul l ed out of the plasma by the positive electrode. The negative electric
field further positively charges particles entrained in the beam 228, such
that the particles take on a positive charge. By the tinme the particles
reach the positive electric field provided by the positive el ectrode 254,
the particles drielystaeliagietheddigey poaseardage|with ghapeged s oresest inenie emeloslal ed by

the posi t ipyieor@bREitelelebirif fidddsGhrbi38 Fhick arflon bekth §-direled. ﬂ&%om%f &d @é:trmmdpe ur ged
out of the beamand into_ contact with an electro t he el ectrode

14, whi ch ") AEEOHRE 8 Bhethen aPgsikiye o QPR d9R iz H%{’Izﬁb AtfHStéleﬁé‘ﬂ’f‘qMa‘F char ge.
The neut r gknepad tnitie pak of thétioh bida, whighyeld@it Fiel®htds a@élmﬁﬁ@p&eammto@maloh eguced state
of kineti r pelled particl es ccledvvl hin the

syst em Zoglal%ggs e i n tur iz oy bﬁm?:orrén anrg%}fmo ﬁ%el?n’g%élﬁelg F Sﬁ%l FREBRAMS28. A
particle rmssthlpa@slom bﬂamu@hecphbelepmﬁels}}ﬁgtremeémhe fathwétheiop bafn dotndresn

suffici eNtel FRELIN stleRetriPRIS 'lt’hlé] Ee@&lﬂh&le@@@flm Lbo\{eﬁlty%%d?mth@#irstt%ﬁgtﬁk ﬁgld soq$
course the field strengths may be increased if particle contam nation

persi sts &bERAbatiepiqmeiopthe Fhareeq Refrisles avay flam s dgnidrape el ect r ode 254 and exit

ground el ectr odaefemagﬁ, R0, QN3 ri@dieddlde) Ségak ht(éteb e1MSn mﬁh 4 Redist Hgurnd/ or
accel er at I

ea acceleratio nal ly) be
ol enent SRR s SRR 1 RS TpE R PR e SRR R ¢ b
i's at higte groint pgatigoTiemtdatie cieetriafiely epetass tolratingvigiastkathlof pitsnadecp23@. The beam
neutral i za&ou%ﬁgmwe ibfGehH & &inp)! %%éﬂﬂw el Jn%laa@aérnhgést czulséag {!%2 .

positive char e that may accumul ate onthetarge waf e

bei ng i rrpltoaarllsl" © pyA @%V%m i Wepayticdes anddeny congpre o dovmstreampinthe begin

neutral i zerreca&ﬁnaadasmmw@uasrhmsaﬂng 229 are evacuat ed by a vacuum punp
268. Dovvnstrea Q{ bea utral i zer station, 216, which

i ncl udes a di s epam%p% i ide azpf’ﬁl%‘(fﬁhﬂg%ﬁf E’Hhev\%f?ré‘i"g“st"ﬁth t reat ed
are nount eetatlﬂfhlecwme@r Nexipgpetert 350, Aposies icdasc fiad iaganerntefizidjacqpt ad downatdamh i S

gener al | yr&ﬁ%@ﬁ&@h&%@%é&@#é@ﬁh@ﬂos{u% e?etcw%el&g émﬁe gla%%legg; ed%m%rﬂf‘?anl npl ant

beam A nptor 272 rotates the disc e end
station 2PEUClpkEErPel Baatirtlake Pé’f‘PYel@@%‘“?/\Bﬁ‘l‘b‘?Péfateﬁ‘eélﬁWé?i”ftaédPlﬁegeélﬂi’pport as

t hey nove tthBct(ﬂ:y @pbﬁn%@r:hafgaa bmncEaeAmﬂag%mylma&ll@s @hawpbxs ueBRW palQhrBiigh 274,
whi ch |sthe wafer W

so that ¢ e EEETRER " Pere aptvERbin “dBe iy i b Mo Heppeds e 1 o
di agram i k4 gJ,Sttwa&t)l Agaawlt@aambk@tamﬁnaaommma@gymﬂugmedl nhibiting particle

transport in @ﬁeeu%aéaaésrﬂaterbe&qgﬁr&qaﬁﬁom anle?og b@a?rpo?glli faédlﬁmajtg{]&%eﬁlé

i nvention. Wile, pur poses expl anat | on
met hodol o{Peesf M4¥ipgpceeg g ssp %MS‘W%@S‘@??&B‘E@%@ ageelsriefl o defiredensgg levilt i s to

be under stwaes byaneidappEasad@eic FiBlabralife cdinRsRnte will VR MvEIQRadcSeritRh ddsirél t ed to
t he order of S, SO n accorgance with the present

S|
i nvent i on "R E%arpgre%at Ra aé?%ﬁ?m%g‘@é?c ‘ygﬂ?ff%‘fap%‘%‘ LRSI ‘?r)?“ﬂe‘iaﬁ"“d’f‘aﬁé?‘ b&t eps
from thabmlsibb@vmtomr theswrdalie ovith er spaat of Mo pesguenventivot al | il | ustrated steps

may be requir eﬂltﬁoﬁgﬂ tgpln\%gg&thasabeemg\bnoaqﬁ) hegg%ed \Qmargsﬁé)& tgara&’gin%n%pdixg‘e%tsai§ pect of

t he present invention
will be appreciated that equivalent alterations and modifications will occur to others skilled in the art upon

the reading and understanding of this specification and the annexed drawings. In particular regard to the
various functions performed by the above described components (assemblies, devices, circuits, systems,
etc.), the terms (including a reference to 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 also be recognized that the invention includes a computer-readable

medium having computer-executable instructions for performing the steps of the various methods of the
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WO 02/ 19377 PCT/ GB01/03758 Briefly stated, a nethodol ogy in accordance
with an aspect of the present invention enploys a pair of opposite electric
fields twooyw3whi ch an ion beamis directed. The pol aritpCoiGBohEe3768 ectric
fields nmay vary according to whether a positive or negative ion beamis
utilized. Afirst electric field is generated in the path of the ion beam
which electric field has a polarity opposite that of the ion beam
Particles located in the ion beamwithin a region of the first electric
field are eneiogddadition vilpopaicleyfeatyraeidhv imgnticha lwme tremdizclodedsebonptceb ect i ¢

field is geR&kal ler @mgcﬁﬁneﬂl@-tsnchqgatllraﬁay'bg Borfd SR HPWME S1 &2 Bher t &t | b t he
first electric fjield. The second electric field has a polarity opposite the

first el eCfFsembedimng as Wy bgdesitpang afyantagsgqus fos aySiverppparfula RRplieaian: ged
particles FaW&ynOi‘d’ omectekent ﬂﬁﬂhé&eﬂm inERede@T Finc@ing’ O“lﬁb ’g“haﬁng”t 4e v&riaﬁtﬂﬁi@r&ﬂ'@u@d

met hodol o i

gener at e ngXedl? éﬁth 1%he gétal%%geo Scrip on or rt] e\é\?%{ll}ecs)%tg B2 Ilqn\{egﬂt%a%gﬁ,lgﬁ?sivatnea rxﬁiglbeét i ve
vol t age pém@ﬁﬂ¢étwmekammveg to ground potential. The negative electric
field operates to extinguish a sheath of plasna (step 330) through which
the ion beamis passing. The plasma sheath provides an environment that
causes particles to also take JADYSEREH: ARELIEABHEY The particles and ions
continue to move dOMéSetpbﬁﬁﬁEIahdilas&d”&ﬁtebQﬂtﬂibd iy begskd i@mhelfiam orfis@k asence of the
pl asma sheat.h am cor§(m£1 0y hqvgarticl§s b(%ln to qn ositive
charge due fagr Brost ernﬁcut BRERPPHE R o BREET %"é“'étFé%‘f"r‘i E2F8F §PSNext ,  at
step 350, “ézerpemntgluvele@lfr@mcrarrmr.fi eld is generated adjacent and downstream
relative to the negative electric field. The positive electric field repels
the positively charged contam nant particles (step 360). In particular,
the positive electric field operates to sl ow dowmn and change the

trajectory of positively charged particles. Advantageously, the particles
usually are unable 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
beam or on a nodified trajectory), the process may proceed to step 370. At

step 370, the ion beam nay be accelerated to a desired energy |level, such
as by providing a suitable electric field gradient coommensurate with the
| evel of acceleration desired. It is to be appreciated that acceleration

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.
Al t hough the invention has been shown and described with respect to a
certain enbodinents, it wll be appreciated that equivalent alterations
and nodifications will occur to others skilled in the art upon the reading
and understanding of this specification and the annexed draw ngs. In
particular regard to the various functions perfornmed by the above

descri bed conponents (assenblies, devices, circuits, systens, etc.), the
tenps (including a reference to a "neans") used to describe such conponents
are intended to correspond, unless otherw se indicated, to any conponent
whi ch perforns the specified function of the described conponent (i.e.,
that is functionally equivalent), even though not structurally equival ent
to the
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di scl osed structure, which perforns the function in the herein illustrated
exenpl ary enbodi nents of the invention. In this regard, it wll also be
recogni zadoohis37t he i nvention includes a conput er-r eadabl PCT/GBdi/eaTshavi ng
conput er - execut abl e instructions for perform ng the steps of the various
met hods of the 11 WD 02/19377 PCT/ GB01/03758 invention. In addition, while
a particular feature of the invention may have been disclosed with respect
to only, one of several enbodinments, such feature may be conbined with one
or nore other feaMSes of the other enbodinents as may be desired and

advant ageous far anyAg/lstvxﬂ(nopformaslhhgctkahs?sna@aht@@&m%mn bEaerM}%BrHﬁ?{sﬁg to the
extent that the terns. "incl I and

variants thereof aré" ﬁﬁ§1§ﬁr°&h&§|ﬁtah‘§?"“fﬁ% ‘d‘e“?eé‘?’F Held &?é%)rhiaﬁ{‘ﬁ Hﬁ“@?‘a‘%the
cl ai s, t it tet othheamebemn(demdedndlam@emraﬁmh LbShevén Bebm Q4)WBifhEhe firtieRttHar to

the term "fgm}gjg%eﬁ]g <h CNW§’§BJ1§"M@FE%L‘L %?T%éThf apparatus and

associ at ed net hod e us end sem conduct or
processi ng such as G&WW‘W@OC&N@) foeated d?‘wlsmaéw tdiregiipnat cayeldorehedaibatm @f)

| eadf r ame raktfvi PShe m&a&ub&ﬁ(ml BsedoRd aecltrgcﬁQfJ) %ﬁdﬁéw éle%{nc fidid (3%5@2)9;%&377
PCT/ GB01/ 03758 stem for inhrbiting transport of

particles p\%a’i’tﬁmét%’?gd&@ Blé%f’ﬁﬁ“(%)j re F@Fﬁ‘i’@gﬁd pagficq (P@ta“’@ fest Poleeniteay) t hat

provi des alirkdtiprsdf redectric field (26,28) having a first polarity opposite
that of the ion beam (44), a particle (60) entrained in the ion beam (44)
within the first electric field (26,28) being charged to a polarity

mat chi ng the ién bedhs §aun of dain | firberdwhiding b grotnd sltetrodd B}) sbaseditpechard ehtist r eam

ina dlreq&ahmme&oaa &} fof RiibitiRiok A RRANR bk ! t
el ectrode an;?ﬂ%; i shellcjofﬁd1 etlae“%teaf odee?lafangl 1g€gvrlnagsgggggrtlﬂégiezetgcté%ihgpr§\&c{eﬁ

(30,32) h té?“e%&eaf‘r“i‘i“?s?fﬁf“bqlﬁ‘l‘fﬁ’est( (6190n beam (44) for repelling the

charged particle (60) away fromthe downstream direction of travel. 2. The

system of claim1l f spaced st ream
relative to t he fi lrpké% Q?tfmo Sl r?]%ﬁbnd'gflrs fd(%f’ggg‘&(?\‘ﬂig)f?véﬁlﬁ‘i“ﬁ of

pl asma (52t forsg "f%@vewp@@lak‘r’@l Wéiledecmd@wtdeﬂeld (159 33tis d pesigte ebrtdc fidfld thdve f irst
and secondorfk @ﬁlﬁmﬁn&aj-ﬁlmﬁe@lldjacén thIn%atﬁfyﬁ&%Q&fell cv}df@tlew f{al%o 5l ‘Sfeﬂhaf he first

electrlcfleldg is a negative electric f m;anegatlve
potenti al °HEF D b&ﬁ%‘”’[‘?ﬁéo“érét&%ﬁdra@f o derchageefl patide (G@O 32) is a positive

electric field that forms a positive potential barrier adjacent the
e oy o o 2 W WG B o R B Son bRl ilng! " P15
a negauve electrode (14) that provides a negative electric field (26,28), a particle (60)
entrained in the ion beam (44) within a region of the negative electric field being charged to a positive
polarity; and
a positive electrode (16) adjacent the negative electrode (14) in a downstream direction

of travel for the ion beam (44), the positive electrode (16) providing a positive electric field (30,32) for
repelling the positively charged particle (60) away from the direction of travel.

S. The system of claim - further including a first ground electrode (12) spaced upstream
from and generally adjacent relative to the negative electrode (14) for inhibiting downstream travel of

plasma (52} into the electric field provided by at least one of the negative and positive electrodes (14,16).

6. The system of claim 5 further including a second ground electrode (18) spaced
downstream from and generally adjacent relative to the positive electrode (16), the ground electrodes
(12,18) collectively clamping the electric fields (26,28,30,32) provided by the positive and negative
electrodes (14,16).
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4. A systemfor inhibiting transport of particles with a positive ion beam
conprising: a negative electrode (14) that provides a negative electric
field (26yQ@8)/193a7 particle (60) entrained in the ion beanP(WEBIWIITEE N a
region of the negative electric field being charged to a positive

polarity; and a positive electrode (16) adjacent the negative el ectrode
(14) in a dowmmstreamdirection of travel for the ion beam (44), the
positive electrode (16) providing a positive electric field (30,32) for
repel ling the Posit el pHaged Wherp pach &f theorpyitivhaag eertiypriecHedeniite®t i on of
travel . 5coriphiees siysiametiroat Rivitl 4 cdhtidl hjeeiire (38@bUMlicRGngaubsianially @aeaRnd el ectr ode
(12) spac r from.and ner al | diacent relative t he negative
el ect rode%?rf%g%ﬁéhogg{yﬁﬁfag} (tml')ﬁagma%tﬁﬁg%hﬁheeé ent?lfeg\?fgt e%’f’marﬁgﬁrgﬁ’ﬁ(%g@)' into the
electric field provided by at | east one of the negative and positive

el ectrodes (14g16). AQ.iontRfa¥iSt §MREonplidlgn 5 further including a second
ground el ectrode (18) spaced downstreamfrom and generally adjacent

relative to the posp?ioheuer 8P iggmitingdons (10K 228y lodigid serieelpedds an (12, 18)

col | ecti velppanati@nptisig10dmel ectric fields (26, 28,30, 32) provided by the
posi tive and negative elect rerst ‘éﬁ ]f61-)d‘ 13 VWO (%2/ 19377 PCT/ GB01/ 03758

7. The system of cl &1 WM& REPE PRCB I Y TEFIEHRS [PBLT AR CPRIORMAE TEYSRET ve

el ect r odeguplahatichBpjegompr i ses an annul ar el ectrode having a central aperture

38, 40 di . or1 i. ransport e ietc1 'o. o
(38, 40) extending syhs) Sak Abd Yo Bt 2l tohg@%gcvmggdmﬂw Pgem (44)

passi ng through the apertures o e annul ar ectrod An ion
i npl ant at PBHZEgBeaThsYSspthf SIPEpensH02) ¢PEwiE ce (104) for emitting ions
Eigg, gigg to t realt a SUbsififsﬁél@tr&B@Zﬂ)q:ﬁovﬂ?‘szﬁfﬁ}?t eleBRE B4M @b0) QRVin3h &kst RMarity

: : an _gnal.yzi.ng nagnet .syste or._diverting iqgns of an
appropri af Osrlrtﬁg’ tyf eé‘ﬁ’q’e?ﬂgf’%ﬁlea%r%‘ﬁg}“&éj ’%‘2??68?‘%09’5289 PIs CE%F%EFMR"TBQ) f or
i nhi bi ti ngatthizgres pobeanoforngd of thediegediptsiand he di verted i ons fromthe
anal yzi ng magnet system ' 1,S1.nQ: £ .
el ectrode ( 25k2f?§ rovi des a%&ﬁd%fsegf%gf%%{) ?’lmbtéd?l %F%ﬁg%)‘lﬂﬁgﬂ%oﬁgﬂg f?ri%éesl?n
pol arity POFSHSZER rdating to g fighelectrerls (Bt seaondsleetradt @59 mroviding ankldcmic fitld | on
beam (106 (122&)vilxail pori§ Bfog Rehetidst AR |fidkii(120) foh bl B ciFeed SticReam f or ned of
t he diverted ions; ang) a sggond e%eg{%rioge g254, Iogatg in a downstream
direction of travel *FOFHHE FERehHE St TRl ‘??8‘5“0?@ SAIPAfer et itk jopss ¢
el ect r odefr¢? B2 rap styfwean € 6 ovidreby @oick ochgur{ridfdh)at the eubbtdiengmiagneel ectric fiel d
(122) having a polarity opposite the first electric field (120) for
repelling the charged particle; and a substrate (W supported at the
i npl ant ati on stf-ati oRbeSYUB FEBIM § yhertir Batrapeytenyil 0 firberdnclufigs g dirst greuntr ap
syst em ( 16&}rodedmey pitd PRtréalrGloth HOLH B RALJe@Nih first Bk B8 tattihiviehg M t 1 gat ed.

downstream travel of plasma into the electric field provided by at least one of the first and second
electrodes (252,254),

10. The system of claim 9, wherein the trap system (102) further includes a second ground
electrode (256) spaced downstream from and adjacent relative to the positive electrode (254), the ground
electrodes (250,256) collectively clamping the electric fields provided by the positive and negative
electrodes (252,254).

11. The system of claim 10, wherein each of the electrodes (250,252,254,256) comprises an
annular electrode having a central aperture extending substantially coaxially therethrough, the diverted

ions passing through the apertures of each annular electrode.

12. The system of claim 10 further including an acceleration electrode (260) spaced

downstream relative to the second ground electrode (254), the acceleration electrode (260) being at a
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9. The systemof claim8, wherein the trap system (102) further includes a
first ground electrode (250) spaced upstream from and adjacent relative to
the firstwebset3rnde (252) for inhibiting downstreamtraveCT/6BOpOESSE | nto
the electric field provided by at |east one of the first and second

el ectrodes (252,254). 10. The systemof claim9, wherein the trap system
(102) further includes a second ground electrode (256) spaced downstream
from and adjacent relative to the positive electrode (254), the ground

el ect r odesroltazs potE8 yuffiadnt te edcklvmie yhe ddna i dagred ¢nergeleet for ireutrfienet dis ingplomiicled by
t he positisugofigkdiggative el ectrodes (252,254). 11. The system of claim 10,
wherei n each of the el ectrodes (250, 252, 254, 256) conpri ses an annul ar

el ectrode having a central aperture extendi ng substantially coaxially
therethrough, tiBe dingtsebrinhiBiiSg RASHHBOpatRIOWE i AP&IHiRS Oof each
annul ar el ectrode. 12. [2142 syst em off. claim_10 further including an

accel eration el ectrdt é"s} By sgaLeg firs geriield 47 B 5in A3tk of thegon heam &8k and
ground el eetielo () (n@&dEY jin thdien een M whdnitieriire bleticrfode2d 22 6@ )ng beirded toatporrity 14 WO
02/19377 RGILEHBALINBLrR44) Q4 t age potential sufficient to accelerate the
ions to a desired energy |level for treatnment at the inplantation station
(108, 216). 13. A sydtam(fofor parprpiveeistrgndeleains fdd $30.83) iphe pathodf éhs ianibedm @#H i on
beam conpraowistigim FEREMS hdvikd ) pdiLfty GEELRE A [iRGIRE HEiS b6 88)@flsbdofd didc@lc Feift 26, 28)
in a path(ﬁéghe |@n bea({nqafﬁd'ld') N articl er(é{ElSQ) entrained in the ion beam
(44) when TH& FEPSTC dRigetrasigied ?e‘"f“é?y?r%,m?@?th GitP ReARFGed to a polarity

mat ching the ion beam (44); and neans (16) for generating a second electric
field (30,32) ip th : j 44 stream from and havi ng
a polarity oppolg'i teﬁpﬁ%&ﬁ?@é@ﬁe@?&{@@lﬁ@eﬁ(? Sﬂséj]% O“tnhlgﬁg IEtSrH‘EJBO& ectric
field (303P appdicenympgreticdinldrapiad lepw preiof the fisG0Y seamud yledtriofiplds kA6,2846.2)0f t he
ion beam (44). 14. The systemof claim 13 further including neans (12, 18)
for inhibiting . interaction %?tween an adj acent magnetic field and at | east
one of the first and "SREGRY BBLL Mhgeip pash ofdhemegns 5o eangratne (14,16) cludmma syst em
of cl ai m t&ralheneicrereling bubsthntiiyeoaxeain shrdugh ang@ive@r atdibdy teleds, 36 JonibeGd Wges a
central apek: I substantially coaxially through an annul ar

el ect roder?SElléérj{é%flfﬁ%{leﬁagg#%% beam (44) passing through the apertures. 16. A
method for inhibiting transport of particles with an ion beam the nethod
conprising thaest epsméfod (I SRBIRE kdhSpokr32MkicRs hit] SlionPkSE teinmbd &hlné@. 28)
in the pathh of the ion beam (44); charging particles (340) lTocatéed in the

i on beam (HA¥PS% a region of the first electric field (26,28) wth a

pol arity mat chigagratidpg3l0pnfidaerbri¢ Held (26,28)6h the path of the jon beam (44);

charging particles (340) located in the ion beam (44) in a region of the first electric field (26,28)
with a polarity matching the ion beam (44); and

generating (350) a second electric field (30,32) in the path of the ion beam (44) downstream
relative the first electric field (26,28), the second electric field (30,32) having a polarity opposite the first
electric field (26,28) so as to repel at least some of the charged particles (60) away from the ion beam (44).

17. The method of claim 16 further including generating a neutral potential electric field
between the negative electric field (26,28) and an adjacent magnetic field so as to inhibit downstream

travel of plasma (52) into the first electric field (26,28).

- 18, The method of claim 17 further including clamping the first and second electric fields
(26,28,30,32) within a trap region.
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generating (350) a second electric field (30,32) in the path of the ion
beam (44) downstream relative the first electric field (26,28), the second
el ectri c woe/3(B80, 32) having a polarity opposite the firBecT/GBbeei7rss c fiel d
(26,28) so as to repel at |east sonme of the charged particles (60) away
fromthe ion beam (44). 17. The nmethod of claim 16 further including
generating a neutral potenti al electric field between the negative
electric field é@ g)an adj acent magnetic field so as to inhibit
downstream trd eI 4 highipig %“ﬁ“ﬁ’%"@ icieg yidyan igndeany pomprisiag d (26, 28) .

18. The net hod of claaemoizaelémrmemeq) endfgzﬂemaupngldehadmvegedtmcfd(2@28) ardgisecond
electric f 32) ) 0 2indd

PCT/ GBO1/ dgl%gé loféga%(%gvg‘tglesm lV\fet(gnyllue ik e 1rozr;{ns pgmp P Osfn\‘/’\géﬂafg&gévétz\ﬂn th an

i on beam thedpgaHTeslepte fl%i(% S8t asembe l@ilbéﬂdv p%d'ém(laﬂl)e sgever gk medrattionpprovdede a
negative %b@%gﬁtlv@p&fténﬁil@zel(%@thgﬁ)smtfaﬁ by pieC QR0 he i on beam (44) travels, a
particle (60) entrained in the ion beam(44) p05|t|vely charging within

the negative electric field (26,28) so as to be unable to pass through the

system due to abtradhé Qlﬁ&n EcDih tbeﬁirthebmcladuﬁgegﬂuralmf Bleauema‘s (@l 18y¥hced fpak t he

positivel icles aim19 further

i ncl udi ng )ﬁom ur a?r "F%ORVP &rg e‘(i:l§eCtl picfge“ff?)" e%%ﬁ%éamgﬂlﬁg?pla‘icr”ﬁ?ﬁh%%}‘fleot her
in a dovvné@ob @é}mﬂm Wémtlg@mreeraryspa@ewbeftamé@) agl dewtstreasvgd hexebidi ng a pl ace
into the particle (60) may enter and mitigate reentry into the ion beam
(44) and downstreamtravel thereof. 16
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