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DZ. EE 1tg§eanpmpk%er 1@53 e@g]ectg_‘on ers to produce a desired extrinsic material. Implanting ions
generated from source materials such as antimony, arsenic or phosphorus results in “n type” extrinsic

material wafers, whereas if “p type” exurinsic material wafers are desired, ions generated with source
materials such as boron, gallium or indium may be implanted.

Typical ion beam implanters include an ion source for generating positively charged ions from
ionizable source materials. The generated ions are formed into a beam and directed along a predetermined
beam path to an implantation staiion. The ion beam implanter may include beam forming and shaping
structures extending between the ion source and the implantation station. The beam forming and shaping

structures rnaintain 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.
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i npl anters are use silic fers with an ion beam in order to
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produce a desi red extrinsic materia I'ng ions genera e rom
source nat‘éﬁf?fafr@“@aféﬁ as antinony, arsenic or phosphorus results in "n
type" extrinsic nmaterial wafers, whereas if "p type" extrinsic materi al

waf ers are desired, ions generated with source nmaterials such as boron,
gal I iumor indium may be i npl d¥FELOTYRE OIINVERTHRAM i npl anters i ncl ude an
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' region of the system. A first electrode provides a first electric field. A second electrode downstream from
. the first electrode provides a second electric field opposite the first electric field and provides a potential
barrier, which repels the charged particle. As a result, the charged particle may be urged away from the
direction of beam travel, suitably out of the ion beam. The potential barrier, for example, may urge a
charged particle into an electrode where it, in turn, discharges to a neutral potential 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.




beam path to an inplantation station- The ion beami nplanter may include
beam form ng and shaping structures extendi ng between Eﬂ‘? i on ‘fogurce and
the inplantation station. The beam form ng and shapi ng “5fPUst &8s mai ntain
the i on beam and bound an el ongated interior cavity or passageway through
whi ch the beam passes en route to the inplantation station. Wen operating
an inplanter, this passageway is evacuated to reduce the probability of
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waf er qﬁei&tblgﬂ_al;@rget can be nmade extrenely pure since ions of undesirable
mol ecul’ar wei ght are deflected to positions away fromthe beam and
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particles. The contam nant particles, for exanple, may be | ess than about |
gmin size. The nonentum of the ions in the beamthat strike the particles,
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(or other substrate), res U ting inun 887 &d" TN At on at the wafer.
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conpl efXym; the g sutemgoprrsiagi t . As ions strike the wafer surface, particles
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entraiped 1 n the |Ion beam t am nan rricles that, col | th an
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may bedigersdioncendof yield loss in the fabrication of sem conductor and ot her

- devices thaj o &qUlGde 1§&Qgiie]1°ar RSEROC iR oh §1’t&v&%it el 62 Qﬁti\%h@m% LAt ed

waf ers. As sem conduct or vices are manufactured at reduced sizes with
gr eat eplecig'p@gihg pe@qql,d ehpt@ﬁ@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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accuracy and efficiency are required of apparatuses for manufacturing such
sem conduct or devices. Accordingly, it is desirable to 4lb'lgaguce (ioge, | evel

of contam nant particles in an ion beamso as to mti ga%e:-"'ﬂﬂ?%

contam nation. DI SCLOSURE OF | NVENTI ON Enbodi nents of the present invention
relates to a systemand nethod for inhibiting the transport of a particle
entrained in an ion beam The particle within an ion beamis charged to a

polarity dugjng ra egltéljg?a%% a Ee%&id%ﬂgﬁi il G Y phen tnéioh bk do%%%d'é ‘ﬂ?{% Ryovides a

first electric field secon( ectrode downstreamfrom t 1rst
el ect r BHE@EFPeki eposite dis shlectiic dgld fo the frtsleeirinfighb §i sesondislsctyic fidd wgingte rj ¢
field amekeppadricicdasy fonPBé R df &k ionbatt i er, which repels the charged particle.
As a result, the charged particle may be urged away fromthe direction of
beam travel, suitably out of the ion beam The potential barrier, for
exanpl-e, nmajr wcgdnee withte §éldaspert bf b évenitig taere 8 lpeeidedd eecthdiiefoe inhibiting N t ur n,
di SChaEr%ﬁortto,@pa?tic@?HHﬁ liod ¥4 'rr@!hoc?&)m?xﬁsi QR dpON Where it is unlikely to
bounce back into the beam path. As a result, particles may be trapped or
di verted fr &teraipgiadist clsiisfield in thepedofthnierbaaint h enbodi ments of the present
invention, tek@hMBkd loget iif e GRAMNMe@R iR toRR oPfhe First WRHiKPHRCRith £ pddig-ebruary
2005 In a}ggot dance _\Méh the first aspect of the invention, there is
provi dBFHENESPUITTSPY i nhibiting transport of particles with an ion beam
conpri si ng: gaerhting stsecetdsddctrio Ged tnhixt pathrod the the Dean dawnhsicanetetadterthechirftietide havi ng a
first i i . L ; ticl ) I in the
on' belharCr s PRaS phEnbiEh ptent B Efle R R oRRl s ol
mat chi A§ charegaépatislss Hay frm fhedprdeaecond el ectrode | ocated downstreamin a
direction of travel for the ion beamrelative to the first electrode, the
second el ectrode proyviding_an electric field having.a polarity natching
t he-i on bea 1%&“ DF'@B%‘P‘F‘?W%%F regding Yedelpat £19% & S‘faf‘lﬁerﬁsf"l‘fé Hdnst r eam
di r ect in@etiof art desorided hdrein &C@onedidun oathwhd fllévies seaiptich @8 Eecihnaéd driveingsnvent i on,
t her e ll"ﬁespgsgéég%?edm@ica%ﬁfé 51&!%%&951’ ﬂupglfew (gfltl%gva 15&5%&%&3 8rv$hri1c(ﬁftheg;§{n£il lgsl gtsthew th a
positive I oh beam conprising: a negative el 'ect rode that provides & negative
el ect r ngenfipromey begemppinyed i dhegmesprd iinyengion i inthrded foningdedg ¢l syghtapiiegfs andribeit on of
t he negivialé@s. EbifdtddlBitabdsednd BRI eI aIraB idvhtitn RO bldoM6 apaledl ?‘BM;th@nd a
ownst r eam

posi ti electro adj.acent .t he negative e|ectrode in

di r ect %{’ﬁﬁwﬁ geﬁllﬁ“g‘gefmp% 0? fhe invegfon ﬁﬁ?“s'gﬁ%‘l B 6YyYFHPR Wah g‘& PBWE provi ding a
positive electric field for repelling the positively charged particle away
~fromthe direction of tr]ﬁ%’}%kbEEERﬁﬁ?Bﬁ%}?xx :H'glgsthe third aspect of the
invention, there is provided an ton Inplantation system conprising: an ion
source for Hedltisd-sidp seatipml viov efeeaticlarauhtir ia pecidgcatviddheairesem invengibmnt at i on
station; .an anal yzi ng nagnet system for diverting ions of an appropriate
mass to an inplantation trajectory; a trap systemfor inhibiting transport
of particles with the diverted ions fromthe anal yzi ng nmagnet
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system the trap systemconprising: a first electrode that provides a first
electric field having a first polarity opposite that of_the ion beam a
particle entrained in the i on beam being charged to a p%)‘ﬁ%‘('l"iufwz‘??ﬁtchi ng an
ion beamfornmed of the diverted ions; and a second el ectrode |ocated in a
downstream direction of travel for the ion beamrelative to the first
~electrode, the second el ectrode providing an electric field having a
polafity oppodistZis brvehef iiavsdf tedsesesirt df Gigf 1, @lutratihin ek @RRIoE & Pticlhgjeabghged

parti cl e pecalifhcunisy gsg;tgw%tég‘ported at the inplantation station for
treatnent with rons Tfromthe trap system whereby particle contam nation

at the subst r &g’ if sraphiqe| rgpiesenation of ancleoretairdldpbiattreugh ehersjsknagPact; of t he

i nvention, theesik &tk Hi6ak rébrS3ahiSN a0 fon kAR SLansport . of

particleg with “an.ion beam co%ipr?ﬁgdirtﬁ{g%fa%gﬁrgﬁ#gkédgs ng’reé{p?‘jﬁﬁ aap?“lm(r?‘:"s P

el ect ri ¢ FIBIYrHae AP e BresqnhBvepdns: beam a particle entrained in the ion

beam when -wi t Rigrb it fparfidl seadonfilvR @ tof irCexdrip®d & 2D Rh PghlHRAGRL | &npfisyiﬂg.lisfliﬁc‘ié’ |

mat chi ng[r;prggst%plga&g[%mceg@hqhg 24 February 2005 neans for generating a second
ath of - the ToR™ 3%%

electric field 1n thep m downstream from and having a
pol arity oppo¥§iettds 1 fiew fisgran illesraing p imethbdobsizyl for phibikisy thd rapof beRitkiesinfh el d, t he
second ejogpdami C field urging the charged particle away fromthe path of
the ion beam In accordance with the fifth aspect of the invention, there
is provided a nethod for inhibiting transport of particles with an ion

beam the nethod conpryebEg) FOR calrapanefowetaEatvRIrN i rst electric field
in the path o | on. pbeam .chargin articles |l ocated in the ion beamin
a region of t’vﬁ;heetp ?ernlsltmeélﬁoen@f Pices afs?%iﬂbg\%%HW%%bﬁ?’%’qgtC?“m%EWﬁbs frereag on
beam anidn fremereitas may ke wiizsd indogireddar it afi iodlidpldater {ykem. AN tafippidetion beam

downst r egivet i@l he/Ged R Gvidib St bGangidl €l he second el ectric field
havi ng a nﬁ)"'ea” ty %E)posivtél thaé%i%r&ts{pblgcﬁ%%tﬂr%f]gdrf' éleé‘il%ans‘(c)mgl Ipigh, phBEY %5t | east

some of SPREUREFGEFOHETPIEPEElentirny arf ipwbpam freapplisriobecirer thatothdsh described

acconpl i ishime Mor@fertiife hobagpksiGusaieh dhehatdd §Rdswpe E6HAI s hdylst rative
aspects of- h:gfori nvention are described herein_in connection with the

fol | owi ng descri pt1 ohe BERISY HE PRSP P ihergeilied ingheer vall wderptandznd
i ndi cat i aperecidtoms the presenf infputonads dyeally afplitabie to/adepausiongys. | N Whi ch t he
principles ofmf hanstaepkidlt-gR% A5 fIRLO%Ed ARG, Lhe present, Lavention is
‘intended_to include all E]%sréﬁc spects and (%éﬁcéeiwr‘ a"eaqs“iﬁ“\?gfh@ﬁ'ﬁef“ YR
advant agt€ SYai5e 1 irgledes pramrapgement efclackietes 1ov bat 6, end Miatrdngdddioenipinappan ent  from
the f ol direstiom grafi@bcde e drne @15 GbER 1 3, 31 16fan fﬁo&&%@ﬂ&&oﬁ%ﬁr ﬁ%ﬂﬂ%&%‘é{ﬁ ed in
conj unthEe(-)e?ecV‘éthlgt hcg drawi ngs. BRI EF DESCRI PTI ON OF WNGS Fi g. b is
a-si de secttong “Hel %ﬁgf%\l“‘gﬂ???déf Beiptpiggst 2 ylebingrandpoearadlinthesyim K- t he
present ihnvlmdeam angd4 8 fredyprasede YieuZ QIR cthit gelds_ZinHiSateaIBS?EQ@EneVﬁ@é_Nd of the system of
Fig. 1, r&sbécﬁ'&qf %é 854 11? é%qulat?ve %Iectra()dg t%gttglcn%l'atees ;[. ge%!iti%'g élg:lérx: (clarrglectrostatic)
field relative to ground potential, indicated by field lines 26 and 28. A suitable DC source (not shov#n) 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 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 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 jon bearn 44, and other system constraints,
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accordance with the present invention; Fig. 3 is graphical representation
of an electrostatic field potenti al through the system of Fi é Fig. 4
is a schematic block representation of an ion inplant at 1y 38%%0 m enpl oyi ng
- a particle trap systemin accordance with the present invention; Fig. 5is
a partial segt Ian atr system
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and Fi glocad; d%“”é“?%%‘“dﬂé@}?%ﬂﬁaﬁ}l isqiaedrrelatvaly tae srendwdetobdsgy. Torvaiizbh bi ting t he

t r ans poretol@fg cRarddt £9 1ﬁﬁude§1anaaﬂenu¥eQQ v%@mﬁdmg&refmhm é}l%e%eﬁ“f
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i on beafit Efﬁ““éﬁbﬁ'ioéfa]tglseﬁﬁsio Gitohiétr a tﬂtxamtlbre@e figld §&fof {vedlerathng i@k . thebarteaver |

while the exanples illustrated and described with respect to Figs. 1- 6 may
be configured for [ enoVi ngﬁoartr cles froma positive ion beam those
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a parti ohid accordance w an a of the present

i nvent i %Lt@ntaff%%ﬁ&’e% Chd %g Rt RIS egvre?“a[heg%arrgeﬁ‘f %@3 L‘I“%E’f’gnﬁdesée”iaﬂd 14, 16,
and 18 Rﬁ??lﬁh'géidldwfrﬁeaﬁttgvstpm a beam direction, indicated at 20. The

el ectrodes 1gshegt40fpia§ma ?‘f‘gonkgunzgﬂghsaﬁ chﬁ“%sd&ggo&?ﬁ m%cf%l}lc gl particular,

the electrodes 12 and 18 are ground ec rodes malntained at a relative
gr ound POHEAPY &F P aysiERel Us y 8g RigHme pheath Th@“de foeeyalizg spacq chaggn gausdl by e denpr ovi de

_ neut r al beﬁh@@tl'ﬂéleﬁy Iﬁrlﬂtﬁ} dﬁnnahﬁ&ikaﬁ@k@gei&hcffklﬁé tﬂatkﬂxéﬂ?&heg\ats@d'igegéthe bda@SPRCt ively.
The eIe tro ne ative el\;lgctro e t hat enerates ,a negative electric

(or el epcrtsrn%g\cat? e“hsmes PEER v HeEP sLAtd hﬁg‘ﬁ‘é‘?ﬁsflﬁ‘th ZTRRyF BateEFhy fi el d
| i nes 2&regtiod2P8d mﬁcrasumthalm regdi@: @mHC@eld@mﬁe@?mWﬁ}gah& eleetr@ztini Tal | y coupl ed

Lo the RELAGLEQARE aldplAhedth Al LR NEOR 1 VSUELERL 14 8RYs SRRE o gshte%ﬂgrge q

el ectrodé at a desi ctro I's a posi
el ect r oddheruforpasehontdes 54 bjyedntthoptasad deathy dng the elpctred t‘eetcts {ostatenddon fiom| d

rel ati Viregish GhQuash tpeteejaﬁ without i@ AL bkeb& R pladrhaGhdaddyilnsh hendi cat ed by
field |ines 30 sui table DC source (not shown) is electrically

coupl ed'FE°¥ ﬁéﬂ“@t‘l’gzé tcfﬁf)‘ﬁsea“ BV PBRH G FARCIfY e FoePRITa s diprEied # pagiisle reldielegy t o
the el et;etmmdemcteyr awaidarat weumqsizde;ofﬁﬂ@ﬁs@fxniel%neﬁ&%ttﬁdﬁ&tr&&12M1ch156 18 is
an ann havi a ecl ure 3

cir currg'1 (t:?rggﬁ agarﬁ'air’ 13%{) Eg‘a‘ﬁﬁ‘s aag%[ro%elasmg HYTEf ‘““é"é& pﬁmdeﬁpﬁ%ﬁgh t he
aper t uraagof it agsfseqoprbelestredss. rt!@d%s enth@ncing e tra_:@uonlfsnm the glpaeaekidunome i t S

- adj acermecﬁkggarc%g[e(s) by a spacer 46 fornmed of an electrically insulating
material . The thickness of the spacer 46 and, in turn, the distance

bet ween el edpttsaESTHRS CIERCERAed &y Tl plawE caspisting B fas joamplue slow igas #nél at i ve

“vol tag&[eﬁ@dn@ﬁ%tr&kcﬁbyﬁﬁiﬁsﬂbr@Qﬁth'&a@ldﬁiﬂgasaﬁcﬁ&ﬁ%ﬁdm\/{ﬁe RhAPAS., Tﬂehglaﬁrﬂe{egié pf the
- ion bea | n ‘accor dance

her stem str Febr uar
e B B R BF otatien ko Sihetaiap iodos Sma gt AUaIeRt T ode. 48

may be contaminant particles movmg 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, electro-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 particlc 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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| ocat ed downstream from and el ectrically isolated relative to the ground
el ectrode 18. The variable resolving el ectrode 48 inclgg:eﬁg an agerture (a
vari abl e resol ving aperture) 49 through which the ion b mﬂmﬁ sses. The
vari abl e resolving el ectrode 48, for exanple, is at a sufficiently large
vol tage potential relative to the adjacent ground electrode IS so as to.
accelerate the ions in the ion beam 44 internediate the electrodes 18 and
48. For &S4ihI%e lonbem 4 syvpraltsirdersod gegnitidegloptsitniiedens 4BhaEymbEoddquagut 40 KV
rel ative rovementd 2 G vl with @6 bROR 1dQeSP1AS; 482 ar cel eration
field 50 igng;)‘r)f'_ﬁlacbgmenl1 erat | ng ions in the'sa?lg%?lg %tm%[ﬁ%/&gﬁgogffngﬁ%glﬁo& % ode 12
operates to clanp PAS P& %t ric fields generated by the el ectrodes 14 and

16. \Wen the tByapy Syesineir hOpardctss0B¥ RIS Qajedi@F R b YR ich BERE lﬂﬁ%fa{r&r}ﬁ%a@%im 44

froma mMygsiial@lYsiss. BIREL tem the ground electrode 12 inhibits
i nteractions between t é%farélﬁ%%ﬁgﬁg%lﬁﬁ” S AT 10¢ M TRSAR OO impar e Aasativelchatzhe

el ect ri c °F B PYLIP. 3 Remearquapleaspesthisnte partish et tefpafitiasovRsEms GRS &yggg of

i ons and feheRphanSheatsh SR QLS t tric fields, provided by the

trap system . 10, Thﬁ | asma sh_rgdé?%n g""rza‘“{‘g%&g‘l"t@‘% é\oé”ﬁ’ft?e%rpf‘?éde?ﬁé%mﬁwar ge

caused by> T H&WHsRat e dnAL fhe pprige sntarsiiciet ram 4. micreomemgmf dnismersehel ect ri c

fiel ds t Inaticlan giabeantdiesivi Dendisngl Gevduf@n@am The plasma sheath enhances

beam cont.ai nmgpt:.. tLNE 4 Qi %a%qyﬂi and. t'he,LB,I' asma sheath 52 nove in the beam

direction 20 and interact wth tAe nEGRPYVE CBPEET bas @ Pesiter glegyicdivldded by t he

negat i ve 284 thsgeitndye wTvgumpregaiosivrelyehegididng rdvelzth B Rsind €6k u'@%?ti't'ehe

negat i veeledrRGield®elRech 42 Stk %'Lf‘e? fs of f.).the plasma sheath 52

t her eby flor m ny th?’? boundar yglgﬁk El,‘t V\%:(é%s,fuﬁiéﬁ}g‘asé Oﬁlg}eszﬁzgatﬁtgmsegﬁggtg? ectric

fields (B¥FRS0HM TR Bs BiFredestiembly Rl dic inns olithetpeqsh #chiehd martiale et fubiviend t hout

pl asme) . [iFhecyis etely opodihely phARTR fiEALN bl Lide (PLEGLL odg assenbl y
on 53 i VErting

21 creat I.ronnment re Icive to trapping or feg
particl eﬁg:héﬁgrtrl?%}é(tlv? gwme‘% ﬁethe”lr{jg mﬁsg‘&"r'ﬁ‘ G sk 0By datseaiediin Fizah Bagpedie of the

present [y efies paficle GURGs meaitaraler wiratd ivadethd GamWhningdpaiisle istble & LRt Nt i al ,
i nhi bi t smEl@WRELHEAM: LAY 6l i nt he electric field region

pr OVi dedmt‘)li/:%_ Feast &ggngll S?B?sﬁ!é’a“’? {A?gétnggﬁ%#%@ggﬁ ."}l}é?’%"d‘fgr‘l?ﬂ%‘@,“’" ‘HerPeby
enhanci n§* 1ps 9hhg hermd i ganiipve torpesipiveliohes thapianiale 60N brivamove ke doivsstrbare | d

region. diegioheadBialTee:giRelo Ghanatkt Able2EHhRTvanMRAHOP! asma consi sting of fast
ions, plus sl | Q0 and ectrons generated by collisions with residual
gas and object’s near "ﬁ’ﬁ&"‘*’g THepest e POt eleyricy ovidef iy the positivedhstale t he
repul si v gl isohifitioely penively thatdee sdue &7Be WhkiRh bf @D pbshiOe aldncGRAr g¢ to the

sanme’ Si GflusedMdGh @S IhC: tanj, nan articles nmoying in a beam plasma may
become n_egsgt' I &%ﬁgg‘é‘gff Q’l&% gt[t}glg%?cﬁlé“‘éF‘gac“fa?‘g?f“thﬁWcu%?{bE?@%V%ﬁ@r "t han

I ve
‘the posi'f'f {8UFGHN i pseade eletiodgl 4s Tbhcqpaettviith ke segatith electaide M @uPdEAIPaRBLEr S an

el ectri (ﬁONNEh(ﬂdiSCﬂ?Qé'tMcﬁrapg{a%@.t Tl'ﬁ:l nellfa Ie 6%1%@1@, illi {qren I%llyetcaﬁ o2 D Lﬁe::h%r Y, .
el ectrong tend not Eﬁ fol low the i on beam [In such a Tregron, "oscopi c
parti cl 65 BEComd FYEr PR By R Erydd vethia the oyssml 1D iand eyentually bdcasd neitmhad A
negati vdalkl ectrode that generates this electric field helps ensure that the
entrai ned parﬁg’r 9’1!@8%’ [QSea%%rLe 0si ti ,vgl %) char gﬁgd. Fig. 2 illustrates an
exanple of a tfajectory Iora parti-trerayeion o Rethesedrisporaiaboegby the | n
whi ch  isgeti0eaFis i ef elemicwofiistheris the Biddirkedo I thar B @Y heptsd¥howalgat i fi-ed
W th respeagd poteglia!: hila plv.rtic}é:) @l \t»&!:lf:is et 1&1’%@&? I) !syaxp%séled It:oe ig Eh‘é%{(ﬁ/engp ?’or sake of

brevity, identical reference numbers referto parts 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
on a slightly negative charge prior to entering the electric fields of the electrade 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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travel in the ion beamat several orders of magnitude slower than the ions
of the beam Consequently, novenment of a particle 60 ng‘{]]‘fféhe gﬁgm 44 | s
due, at least in part, to the transfer of nonentumfro Fuaty of the
beamto the particle. By way of exanple, the particle 60 begins its
trajecto Lol QL i) > h s outside of the ion
beam 44. Mfﬁgéore Laeg ?‘gé};fg&fast %Ppeortt:e{ﬂ tr?%ﬁljg%?%q? %55%%5%“‘3 cat atéso&leﬁflé % a
negat i vena piaisgRositiyirhargevisaritis pitin Gonesyiye paientploig. &3 eetuttohspalticte i fmeble
particl ep caﬁlﬂMﬁdpﬁrﬁ@ca@x@istid&Lﬁno@l@v@ﬁ%ﬁﬁ%r@ﬁ%@ fo\e&t oGMW%egafiJegaeBm pl asma
sheat h 52.“ TEQe ions in the ion beam 44 are noving downstream at orders of
magni t ud&! PEEFEME FPHAY FPRRIH MPP A idsdhby the pestie §%Fededfe 60 enters the ion
beam 44, the Inpneatppracifed tHacthe pRBlethPRGetibhn acP@ddnteOlifh ah BspkdiBf MEFMWeAI r eCct i on
20 and t 4. .The,ion. beam 44, which jn this exanple is a
posi ti veﬂ{;egﬁqglé%&r}n% bgggm%%%g?ﬁs\}néﬂéﬂ“e?tg ?'ib%“ FrerG [heé”ée%%c{?a\? B hafEY' et t h due
t o t he nifAHreRISNFbE X thas és|sybsganually wehtrca rsthat pbrhedlichedeiln Inhigs Beapariclhae negati ve
el ectri Cenfrii@h th RAEIREN 28 FosFM1y 20 A S0 ﬁpﬁégﬁiv@!ﬂ@&rﬁcf f%[bsané‘,’?éj o gruﬂa%e

I h h Wi h the el ectrode

positive ions. In the absence of the plasm sheath 52 Wit |
assenbl yPrFfirough e ySRE dit o prractgpsprqvidad by anegaee poserial wrlbtheiiopssatag P fhei ent
f r equencypsianty chieded pirticfest TheRRSick inkBlnyg GG hett By B Ednhiek £0/0RZIACGQEM NIl Y,

the part] 6 ins to.change i.gns from negat.ive en in the plasm
sheatn 5o fis B RILARu D ENRROR o B0 R T REHRE b e B bt o
t he par t thesegmedd Kerkef). Mscitesgltgrtielrs tayamertsind spossind mitgherchegintdds idnbemparti cl e

is abl e L@nasubRbE udve JUGH G8at er positive charge in response to being
bonbarded with the rapidly noving positive ions. As a result, the ions of

the beam 44 dht iSAtE™IL b6k repieFRRYpn ehaiepebeah arograsing sdtem BORmpladngwve it in a
downst r e@fitle Gipls@eehi 10D in Hebedhnthath ah ispREGiIRDrdsth ACGHI B Ry PRKSAE, ¢ POSi tive
char ge GSOSQém ?g tqj% tinme tlhe L‘_\garti cle 6Q0 reaches the positive electric
field provitded ™, hE" SERITA0RYEPR EPPFBARccT B0 FOMEEYRITR FEPIQYERESR{P ci ent | y
. posi ti veleyn gwaiclyedeste dagrable tdyemave pelol dickrizpnthhieanppsicles.ve el ectric field. As
illustrated i _ I J -particle 600 is urged away from
the directi or}mf)%ygg%gan@?&rmggsé %‘E&g‘:ﬁ Iﬁ?%ﬁ{}gﬁgg&éﬁgf?ﬁaﬂ% b?]aénég?'l \&/ilée I%ri ectrode
14. The wfftl8tincliges #rhpmeer eqyuhichseures| mageriplp dech elandenizsbls sastpevapenizziicl ¢ 6ONNN
to di schaig@s, b@ infecR@Udedl iseBRARGR the hGc R o PR i6ds8nad AN, exditnet Ur N, MY
fall out of t Alternatively, a repelled particle my be recycled

he beam \ . e r
wi t hin tﬁ‘i@“"%’;}%%@?ﬁiilﬁnaﬁw 100 &30 OF JPEBRBo M SRS pgWelk e watohese skl in 3
i | | ust r abees amnieeisenpkamy sghapihdcat, tiee i saittabi ke Baretfy. ARRxRIgRCrad C
potenti- vided by the system 10 of Fig..l .a function of distance in-
t he bea?r{m |‘¥r%c'%a?%%loé’%?ncﬂv§¥e e P IE Z%Sroﬁrﬁﬁmgt “aisﬁsb‘\%%‘:%ﬁ?é“ Begr gaé"t“f FB‘ pot ent i al
That a .paife] ehighassnagerotated dereh by iefsrendse Tasd Killell ;1 thoqpos dndesiatdariihe syst em
10. For SakGicOfa ouldf Y kduoes, WAt @ mal £f BLERE SadHaIR $loSeslig] 8Ly 4l
previ ous 13 ic?er?t?fi ed vvlotesh respe)gt‘mta% It:i g.&% As rrgr?teisd_[ﬁgégl %%o&g,?eﬁt_ e
pl asma SAEAERS BT psgdn ogibetian Wik 3 RoRisle whiveiem dFUS acsordangrith aplagpegflo§Be t 0 t ake
on a sl iggsdnlivemgat i ve charge prior to entering the electric fields of the
- el ectrode asa_gn.bl gﬁ;&e negati ve electrode 14 grovi des a negative electric
field that pd8hes™ BV ER T AGRE S O™ S 1 ate I50 L apraressingiition 1% Priflagat i ve
el ectri o proedsitlg alas parf d eHEBrodcssiegation/ the pabedmt 108 hiso by pa@\iibugh aPphBedrengt h 66.
. Once in aEJé{?aB?ﬂ@ti ve well, particles usually are sufficiently positive
such. t hat rhey are repelled by the increasingly positive exit potenti al
68, which i s lyereheteadhbyasphroipgrsinipveatiet the vdeouid 104 proyides the budmalds t he
particl g ﬁbﬁﬁﬂﬁ trWsth?lOZ. 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 Qf 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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24 February 2005 about 180 degrees out-of-phase with the potential provided
in the electric field region. That is, the particle ha§4kabl arg ‘ﬁ’ p05| t| ve
charge when it is within the negative potential well. A§ a res t5

particle is unable to continue dowstream as it does not have suffl CI ent
ki netic energy to get out of the negative potential well and over the
positive potential "hunp” provided by the positive electrode 16. It is to
be appr eciBRE spHigsf & megngrisfielde freund plagirobiesifarthieny be n:;té@&@ﬁdﬁﬁﬂ%d%&? an
aspect ofbetvd URIMRERHE and e RMEOEL R by a single

el ect rodg, qrme(ﬁg.npé , the el e(r‘jstu?lo%gh %Xn?&“blgp ?‘e ?58“51“’ hy&letors e

pot enti aI '{])”5 S substantially identi cal to that of the el ectrode 14.
In this way, ;Bar“@mfle&snpleewhdfnalpaﬁzdzehdﬂ baﬁelsbﬁﬂoﬁa@%mfﬁétge&;g L] g[ gly charges

wi t hin t hgypegat inturn, is una P58t hr ough
~the system due’e}ttc“cj)‘)!'g%r ig"!rmage;c{hg)%'gldﬁg ‘?/?od‘é‘?f' 6'9‘&aegﬁ‘éﬁa'tei"vfeﬁq&bk@mqnahshmbd t hat

operatin ogﬁoff)ﬁglasrﬁ@gqmm adliakapt mhmtgeckap%ﬁemabﬁﬁroum:dﬂﬁfc ibrHefin 10, ing

function mibléstabﬁhes%&n&% @z@é'lﬁ p miltiple electrodes and/or a
segnent eq, el ect mcpﬁ ;éartl eg] %5% %‘Idtt%erfgﬁg“w‘@m 1P SPRMdPacEs bet ween
' t

el ect r odes"Fes Pt SViroREER Gitlin [Waaswteslllﬂ]lthatpﬁmﬁateﬁlheﬁarﬁ@é’ ent er
~such spa@a&pmaﬁmcmtnlagmdandeeaﬁhﬂa)épdcmf%etp&@enm% ‘fﬁa aad further downstream
bl o

travel of:,ﬁa&q@@wgl@i{&l&gdgéﬁme 8 cgﬁ%ﬁ%(‘}g}? emati o ol ions

ck T epres@RealF 8 of an
i on beam processing system

»

thap theparticles [pesitivelyphasap ptreehs102 i n
accor dan&&afidtinthebram dPe ctccafingihe ppm&esmytactu&mamtau@sbpogfyve\e@ay <@} af4aap! e, the

~ system 1&6):}1&&13&;36&1\@@1 4 Ph AR S rticle accél erator, or
- other system enpl Oaéx ng an ion {)%tg%ﬂi%e V%H%ch%l%qﬂ’éé‘?ewa%qﬂ@h’to renove
“and/ or dfGEFPa AR the fetynsireameisectiqhel nsyeuoem @ Beamnertautles paRedtifN SOUT ce
104 t hat themiobtsuidommspérhaith dOLALAR mQ@asl}Feamnﬂr% F8: f9Naa,sQur ce, 104 i ncl udes

a chanbeg,d.at. h.source mterials, such B ol 22BTEYRY or
G ol 1 P s 4

vaporized hater| al's R PSR Rl dyP applied to the source
nmaterials to @éh@ﬂ’dﬁ@f mensert Haatoyidédto thH[dﬂ,be@ﬁ(dc&eIetreﬂ& s;rs&mrfpgrr otl}exoanfa [ the ion

beam 106pr‘c&@i§ $AME 9L, r%géﬁal IF)fOCugl 2 Qur ces ar e we known to fhose
skill ed e art_and detail's contet i m %FF@%?&%@“‘&F%“WWW!We

omi.tted Ef"g}c 2 RPE WWF%‘W‘ Wil@ﬁa{nlpigegrodxemadongm&rbeﬁﬂwm sElQ@bexﬁnpl oys

m cr O\Na\ﬁeceéﬂﬁxrggyd/«ir(ﬂedeﬁﬂhﬂg&h§%%ea BB LA 9 S. Jpatent No.
5,523, 652, lxc/j@a bei 9 gor ated herei ne?gl;};?ervéeiT é?‘:g%?éo"%%ﬁ% °'§TJ?°I‘IP‘?&I in the
art will underst aﬁ) y OCRYpt B Peamd Oy prayidn e focyserh aggemedEamWEahvisgy o
may not ﬂdvfﬁ@fﬁgﬁytad@hm:mmmﬂovp:rnﬁgﬁ%ﬂg, may be utilized as an ion source

for use in cafpetda icle trap system 102 in accordance with
an aspect of 'the prteggér%ﬂtdq%ﬁv %ﬁm HEREOSP TS Btiem! 9% Byiwean ofeamnte, te di st ance

 from t h&FHesHIitCEs ravbetap lfwlq@WMDm@or%namplQﬂanﬁﬁb&n aPiljsRVstaidnQec! OCESSi NQ

or as patthiaefandlfRR), W%?@%Mé%g H},% ,Lon beam 106 al so may pass
t hrough an |gn b6ﬁ1m accelerator (5 n accordance with an aspect of the

 present i nveftPBR £ HEm3Y bR oRstiy %Jeasaoeme@ wish éadied thietion sbeamolﬂﬁe pattiole irye

particl eystema@z gy Bh em;ﬂae&mmeld ErRiRhe Yot S I irst electric
e§> hg% ﬁ;g) 'I'E?Q/CSonf’él ller {33 Eﬁ%lm%{“‘gecond

- fireld 120 cfpsg“gb ocﬁar té SOFFgOSItet
el ectric f| el d 122 havingas l‘qe‘ﬂSP“FFeR"‘?Fﬁﬁsﬁ@ﬂ%tWa{ Tf@fcomméerllmmaymeam to
facilit &reedobhnesirate ﬂlyﬂorpa’t\&am:ﬂr@amﬁ Brdion eshfied 1B Sndl R RnREGTY fogé% By way of
a

exanpl e fundiB@ulityAR reSpbet ncI des an el ectrode assenb Vi ng
negat i veunand l}(05| 'El%ee “Zimécagn es ?f c3Eg ng?tco‘f"é?l RN teEoR e !Oﬁ(b?am 106.

n order to provide addmonal context for the present invention, Fig. 5 illustrates an example of an .
1p_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 sotrce 210, a mass analysis magnet
- 212, a beamline assembly 214, and a target or end station 216, An expansible stainless steel bellows
assembly 218, whlch permits movement of the end stauon 216 with respect to the beamline assembly 214

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




provi ding the respective negative and positive electric fields. If the
particle trap system 102 is positioned 7 24 February 2005 adj acent a source
of a magnetic field, ground electrodes further may be utffP2&d2%%G i nhi bit
interactions between the magnetic and electric fields, such as shown and
descri be ithre t to the electrode assenbly 21 of Fig. 1. By way of
exanpl e,ugr\ﬁlr\i?gvnc“g%@g‘%?io{}g“pllaé‘ﬁm?f’eséff?‘f]’sa PEHTF Bl 2°cpiiance Wik the gregatipyealiqn el d 120
i s negathrsegplicativet it héemexd ofdoplmsdrs sawellel ectric field 122 is positive. The
negative el echli g Jud bR 1A0:EXE lingui she r..blows off) a pl sheat h
adj acent the par tiscl:lfce trca;g)lggyst%%g‘%ﬁg t(B %rzgggdan ﬁ“\é\%ftﬁ%%fe%g&g’%?"f@é
passes. SPPred et igpizibisieranygds frgenesite loest widhémhe Hpsmp thawba 120 é3ehéralgmpbsiiie

region Wk ke Benkded, hiidRehSbeSHr&BA d¥entiod REpplid A S SR wilh: &%ﬁ%&%&i&? alt es an

envi ronment W%’t‘gi n thgpt %&%ﬁ%st,em 102 that facilitates e particle
t r appi ng FLIE Y 81O ade TEE GRS AF cAFRCle fetueh dilit inhe pswaehambar 3ot i on.
The nunsiedes:xironsasginblyl182, mbith chgaizes h@fralintif eltuomy 224 qup Stdea I NDr e

. qui ckly Cﬁép&ﬁuﬁtp%ﬁﬁg{;é&%ﬁ%lﬁ% i‘{ngrlt:a\égli!%nga%r e particles entrained in the

beam 106. Accor a par & Ry accuml Aty KUPe He PoRPTRr ¥ R Har ge by
the ti melifiereases dsprsdingh erepeicticie autmbt 27 durkiont 1 cii@:.a bhem 205rc pasictve T he
POSi ti Ve th hibsrhalcfinfer38 af P RlcSteduB e PASLE NGl i¥o e sgﬁacliys LlghBs away

fromthe do treamdirection of travel for the 1on beam e??{eaétl vely
preventing tHEFHS UEHT HEEE 2 7 IRLIFBT P P4fF 1ORS HeKes I0GaPTRRIAIn cHOBNO-JEsS etioe X t S
the tramp tytsteinm: 182nblyAl ¢ antiAgeonskya resoBMRLGRNERa b biAtnchOMegmins snal |

relativ rticl i vergence.. . The 106N may, t hen be provided to the
i on bea%agasgﬁagﬁ é%%‘c’fngtfmg%lf %%aﬂrﬁedobrga%’faﬂ':j?ﬂgﬁ%fz%?aBF“““‘ﬁ‘rbB%%”éqeﬁé‘* syst ems
(e.g., hudns g oyBidecal fidovrdls vgicuatibhef whish ibgavideabE evaeruat puenp 23y Sthemnl10, for
exanmpl € ez E]%{BBQ%QI 21éhg QO 35 s EEEGLHI IS bRl ﬁel?d's«;e %E%br}acﬁe Vgér tage

gradi ent al ong the beam axis for selecti vqe&?%y accel eratin
decel er LAY TERE 2hRMITHO% esiPrRRPrEHRTgsEe fares ratindbe besngth prsiatidweish er at i on
el ect r odesis dipblé hidpaEtcTRY i28neIIRd BYRd QeduBfitkS 44, Mich 9usP 82 B RGN oty Pr OVi de a

focused, accel erated be 1060 Vi n a substantially uniformintensity
over a %bfiorué%ﬁc%ll e“a"_“g’ﬁﬁgﬁg]%8‘5%“&%22?8‘50"%15%?}?%6‘6@“?%0f6?%vi ded to the processing
station 108. TBydiptymaghetiefeldplue;s tielien beqar T3esatvaglody thd dudied béid pal PR3 PRomAN

i npl ant @h}sp&e&ta@ct: ILerQctér% U7 %8%'15@40@&@& ﬁbltcp{' ;ecom?‘gr-e%? Fell'élc:?ol SE&tnggrlth%n (for
substrate anal ysis), or other systens that nay enp dy ah“T°0R beam A

cont r ol FEvingpusingy?2h Fopiet 18| 2@t 3R 028 do biagt B8 (coinprivedd adus bdvinghe i on source

104, t heapaiptihCdnggt-fofhss SIS bR A Rd a‘x'ap?roin% cE’:’éé’Jﬂaj”e%S('aﬁ& tQfe v;a:l'lgoliaﬂnd the
pr ocessi ng. tion 108._ The controller 130 may nohitor and control the ion

st
beam chZPHEYRPFREHES S5 r BV BEREs the FRIE 202 8t Rogbesesqtving ousipg @240t thest | er 130
may be ichoindedenf228 andvanie: @fl ciargad-inwakfiopr ogr ammed and/ or Configured to

i npl enent degj[. ntrgl = functionality with respect to e various parts
of the syst e%%%g)ftggmglgnerwg? R P‘f 8?35"\66;#“5 %refozﬁ“gg‘g‘éﬁﬂgfég.amT"Hgtb‘f‘der to
provi devadatrricierdihattionepsstehony, ihecpipsenth heprsat ingmpiofbglocatediid bttt r at es an
exanpl egm ot iod ig,anahtsmhé%ﬁ%o@.m UL [%%gmfpg;éﬁoh% usgﬂgst%ﬂ%%'t y atrap

) r
system 202 in accordance W th an ‘as_pectl pres vention. The ion
i mpl ant #E5IG8 gidhednf brarp (f yrilizefdieosthatinciesed SddierstB 20O notgequirsstoareaidy i s magnet

212, a bramleipeniasaeb ¥npedérndbd ofacleRIBRcoRmiSR bt Rl QR e AN

expansi bl e stnzlai nl ess steel bell ows _
. e 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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. .238. The 1on

assenbly 218, which permits novenent of the end station 216 mﬁth respect.
to the beanline assenbly 214, connects the end statioq%§;6 an
‘beanml i ne assenbly 214. Although Fig. 5 illustrates an € an 8 24
February 2005 ultra |l ow energy (ULE) ion inplantation system a partlcle
trap, in accordance with the present invention, has applications-in other
types of inplanters as well. The ion source 210 conprises a plasma chamber

220 and aaecidoficldxdeneanidtly tRSGE FOkY 2022 plERRERY: clifs B&%@& Ehsﬁlmégnag@,s}ngmzab' e

dopant ¢ thin the asma chanber 120
poSi t i vea‘?%%\@ tgeﬁggég%glrzg?mﬁmg STFRSTTR Al Bsess it "eﬁ?weﬂfqumﬁeldeewubnam e

to syst erthe REFSFetlasireis §a% dxvirguishas sheptasma tyenteFatvitch dodhrel BeenSiRdale® ndk2. The
posi ti Ve coffsiverh Bafif %ﬁg&@gﬁ | asma_chanber 220 by
the ion extract o%[:?srsgerrb 5 HEE W ﬂ“ %Erlrctpl)crslmgaégsmga“‘%lwd AT PRSP O s ®t r odes
224. The "&f ¥ 0 éhezﬂgﬁe“&re@cteﬁ&%@mw terienfsgeltciroms ipibt rtipabmay o hages,

i ncreasi mgt th he pritgitiut ofdie: piSmi BlahdhoSitid ¥eudgeom t he pl asma chanber slit

i ncreases. Ac extra assenbly 222 functions to extract
a beam 228 of C%gs%g@g’v&“mchtﬁ%d fﬁ&ﬁ'ﬁ?‘l&r‘l‘eq’b‘ﬁ'ﬁ’@??e?@ﬁ%é?‘“e&@mew@mﬂés astel erate

- the ext r 4 beipirisies takena potidvenass. By alcyink she PROOE ead Re poklie: ARES rARAl YSi S
magnet 2}evig heQRSitide 0 iate charge-to-nmass
ratio § tvhzmﬁtbet;%l trlleQH(glgg’géﬁ‘t ﬂéﬂ%@% qupcxe“ﬁ ?ospmsly %{‘a‘fﬂé%s(?lag/@rbe Fr8tlsd ng 229
‘and a be Hhﬁéﬁﬁ“r"%‘fl?%rﬁ‘a%ﬁe e‘Fh ig. %%@Mﬁﬁlﬁ&m@emgm@toaﬁe&eandudes a curved
beam pat ho2@2witeh elB@BIOY.z iR aémcmumrbmm.tma%s %@gmaé?eg\(dby a%e% ats

cylindri ool . evacuation of which is a vacuum trﬂurrp
R TSl bR D T e iy waskisesgiark oogteis st et od by

t he magn&epeded agiles agvemeyaa:edclbg/wmethmtsm 2000l S g, FRGASTeueal gadli £l €Ct
ions of @R btRAREr QP& a The tren th and orientation
of this di Eol e mgﬁetlé%:ﬁ%yﬁ)g?é‘g&écon ps&f m%ldzb?})w&‘éeﬁt iphes QTHA SRR 244,

- whi ch adP¥ Wf%*ﬁeheeﬂoeemoewalwﬁe@&coumm@ﬁ@dmmsmgmmmhm&cm t he

nmagnet 2&&tahinfamg&s@sa@gg@g ERIRESER! THRDEsivE BE net i o field causes
the ion b nove, P t he curvgdsullz)vearﬁugg 4%??"““ 9% st or

entrance tra jyé%r{“o? aecfﬁsfmﬁ At °?¢?%“Si“§ AN Afceleradng thetiqy byam &8o hdditenak x| t
traj ect oPﬂyelmn mexdoptidngly) Hieeslﬂlsﬂmn&g binpraGitiiAga vaddble EVilgQPStu2Retr AN 0220 Of
t he beamsgaﬁgh(ﬁ&gpﬁdt&ﬁg re?au]yé tgra%lgﬁoun eri‘f%tro ods 2?%, nappropriate charge-to-mass

rati o) are defl ected away ajectory and into the walls of
an al uni num M%m"%lz?gw m¢mncthhlp3p1mnn®wer 26 cormagnrBtingdehonanelsgd 0 t he

r esol vi ngachi! Sdcmgla%%hmc a rds / 28 :thal ve the
tay r gtmﬁf é919§fble %&ﬂ%@&@&% rsgp&‘y tharggd S

desired g a&ﬂett gés ra
posi tionéd i eﬁ‘e“ef‘ B g Froplsr H@j‘“ﬂ&@ﬁ 2| ev3sBARST by iatvaduwm pamp 368 appr eci at ed
that the t raprs¢MOmybeainrme:a@E&f SBARCEe odb bibkick R RS, RERS BRkdek E‘E{:?lmhh%Q be

| ocat ed |, on inplantation system 2
desi r abl eﬁ%rga%gt{sﬂo P‘g S"ng “fa}r.eés t°!’ cf‘te%f)?’f"ﬂ’r‘e t Ghe é‘fpé‘i’rh%7i0(§‘?ﬁldesf1n?ﬁéeq on

beam (i fPlaei Whlcileﬁcﬁ?nesaélypmdlmﬂmkyeam rélativt @ dRtdirefigt SFShedinladd Odand @0Hded t O
provi de & roradepuat de, transport of accel erated
08 BRALER Lol U flend B LIRSRIN s S555 ©

- contaninant particles in t eam rap syst ef
ar r ange BT e hesenpett sidiey mpsoin a pisclar pgy Theerd @G 246 pianigebdut pblhma,r&hy:hbet ween

the nassis e ikeyssition SR RN 226 1@6h WRaf Q31 B EY W Far aday
~flag 258 lIF" eI ectrodes 250 and 256 areagrou%%?%g{r% gnseiscagﬁlftlgbéured to
eu

prOV| de 1 @&l ectric fields. The el ectrode
~ 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 2 series of steps, it is to be understood
and apprematcd 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 requlred to Jmplement a

-methodology in accordance with an aspect of the present invention.
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252 is a negative electrode that provides negative electric field relative
to ground potential. The electrode 254 is a positively charged el ectrode
that generates a positive electric field relative to gr lfﬁ'ﬂ“"’&b%@ﬁtlal The
‘ground el ectrode 250 operates to clanp the eI ectric fields generated by the
- electrodes 2 tic field
of t'he nass Z%g yé?eg%ﬁnée%tgb%ﬂg'a%ﬁﬁa&ﬂe 9 2 e%g)?;trhggrgéggﬁgkbé Ig@gﬁﬁc fields
- gener at @8t PP derdp dyshenghogpch %I%Ib%ﬁd‘%@‘étﬂ“é%m of hispiefieldhe mass
~anal.ysi snam@&t:ormaeltz \aadertaf@eslﬁveapn&m& RAbs m&esaugmrwgne&ﬁb fidieisbeam 228
passes. The \é ¢ | ectric & g 1cl en at ed t he negﬁtlve el ectrode
055" ot eSO it B SO S s e TR R PP b R GRUF ORTERT ror o
conduci \Pertitles lbda@ {pi tiegoretrrah e4ithid |av@dn|oﬁcge Gordeamic Neid bre parded elvespdigicaccor dance
with an e \ar i Lectric field
Forms. a ‘R e Rp phdiE g Lol ANEEbosEs A dan b BFRAL G0 T To b
pul | ed delgtivefhe f Heelogtrin Serg: By seqead ﬁ@gECtﬁeRﬂéra@E@@m@d@sneTmﬁrﬁ@gam geddepectric

field fu&kpeea[;éaa%raéat%xh&na@gﬁaemﬁr&mgm%&aﬁral ned in the beam 228, such
‘that the particles tak %@?@MOS' i ve char e the tinme the particles
t

reach the postefig e Aief gredipsioloey b "!59‘& F7d yich 3 RFgatixe ﬂﬁcfricode 254,

t he par tﬂeﬁll;ﬁ@neﬂd&susuﬁsfby chaedirigl ayl epamiid wmn)appﬁi’;ﬂi’a@eéta&@ val&g& pbcebﬁalrrmebl ed by
~the posi, el r e Th y be urged
out of t{)}%{%ﬁld Dtgn%gl II‘Ffe. Laq{vg%lgnc% gf%eiaeopg’ﬁtm o e %hash rgop 1?1 ?Jtt e @Fect r ode
14, whi chrougb rwhlakclhe @&Q@@gs padssingy dihe pledmaghepd pmvgmpgfeomrwnammm%@hmclemar ge.
The neutys alo [BAGE & &e8Re ctlafke! e bartilBYank @l cBtitfue &f mdvb oS Pmapdgduced state
of kinetic energy. Repelled particles also may be recycled wthin the

syst em ZEertiang hepbrercphibe BagasENeut ral and fall from the beam 228. A
particle may Aﬂ@tﬁﬁBﬂ)J’lﬁ@M@hle& heirltb aRe (ﬁ:}é&bﬁmeZEbzge JIOWENEE eradiibnsl wiith RS

fﬁfef ‘ f;fngéagfengmg{ ﬂeé(? rl?%s s sttefhﬁgdr’ghosﬁudc elgos'fte{d i ge %Le%”ah{[a?é tanggi%;\!néneﬁr pegl e C
above speaivt iocaketnegrrive e@:a@llc Sield THze ;pmswetEIevtec Hlerpatotepodevaha gabeottagnaund

el ectr Ogﬁm&%ﬁﬁa%& Pfellcal; &L S6hd A Sik R f%m' ogs}&esft@&[mf, BSbtnd GhaRRAAOT

accel eratin r'on beam 228 Additional ~acceleration na optionally) be
i mpl enerﬁaéﬁo%yfvﬁléwydﬁhﬁgede?aﬂ?alﬁﬁ apivantasesgy-iemgrudpastatly ee araglefo pasEros®0 t hat
is at hl;ngoM@Jen:ﬁgﬁc mi&lahdnaé uar@{oatanmhmhah@ygemadt&ﬁ@ﬁws@&heed%&uat}he beam
neutralizer qc g | a v& 6 for neut ralizing the

posi t i véeéh"’a‘f" ?—5) Aslar‘ﬁif C%‘E:OEEWH'Ia%ﬂné’ itk ﬁ@tet‘sarf“@eafe waf er as a result of

bei ng i npl antafdr bypdvies pmelbtenwblgedodmaargadaf the fon beanr o4 flodifldderajzetany). the

neutral i ger.; 230 andh £ SSOLYCL, NOUSHNL 343, AL8, LUACHALER S VaRNYILPUTD

268. Dovnstr ea eam neatrali zer e end station _
i ncl udesueh 2 bykovwdingpediablraieenc Bup getiant PrOeupBie WWhihe frvelef excderipnidesied.eat ed

are mounteth e IfhRciRl @ﬁt aSURPAS ma HReuk fidr 8Sphink Be JaRLEHES: acdRleAREh mWNC 1S
general l'y perpendicularly oriented relative to the direction of the inplant

beam A oy altagytheryip pogprdanct yith 4 Rt Oh Bp B WM &P %8 upport 270 at the end

SL ation 216. Ak ﬁh&l@ﬂi&1@%hﬁw&nﬁwﬂﬂﬁ%de\§&mﬁ\ﬁim rE@unﬁoadertam dti)ﬂaed;slumonrt as
- the move in a clrcu t T 0 oint 274,
w o g bt B BR B E: FarRth e Pl Rt el B s £ W
so that thdrteadtr@mgiemdqﬁdtzadueg pishiagheciB¢aadpl apd tha braerted thivingsp @ perticular ggardoitle a f | ow
di.agram Jan«!;u%l ?utngu%ﬁs! p@gorggd §y tﬁ%h\?& Gggcngedrggr[‘x&ggigl (%%bile%rde'vfag' Qgcﬁﬁsngm% ticle

transp
etc ), the terms (including a reference (0 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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in an ion beamin-accordance with an aspect of the present invention.
Wil e, for purposes of sinplicity of explanation, the odo y of Fig.
6 is shown and described as a series of steps, it is toﬂﬁ%mﬂﬁﬁgﬁgtood and
appreciated that the present invention is not limted to the order of
steps, as sone steps may, in accordance with the present invention, occur
in different orders and/or concurrently with other steps from that shown
and descﬂPﬁ@Hmﬂéﬁﬁﬁhvﬂﬂﬁ¢@mv@mhrhmmeafmehhﬁmﬁmm@hadbaﬁemﬁbgamkpgqﬁgqyired
t o i npl ermeRlonsot FERdAN LR @Yis i e i aspect of the present
i nvention, 10 24 February 2685%%?%?W}%§?ﬁ1%§ﬁ%go%t ASEFSAsE 2t A& or dance
With an aSHeEPORFens pumaybe desied and gdmntrdsers dmphicgjen ar papiiler blica@pOSs| t e
el ectri c Huttelndbs:, © khe extera thaftheCbrnd Minki0des D @AM, dh s ek S .- THE, vaga%ltsaﬂl;eiret Y, arOf the
- electric uggd%eqﬁmhg%y .ggge%/c accordi ng. to whet her a posi £ i

i | T STRIET e

_ ) ve or negative ion
beamis utillzed. Fehgie eansgesririendedig b inclukies ipamimuef t he
i on beamSTipite e eg'cermdrising.f el d has a pol arity opposite that of the ion
‘beam Particles located in the ion beamw thin a region of the first
electric field are charged with a polarity matching the ion beam A second
electric ficeld is generated i n INBESERIAL 4PPRIGaBHGIAYDeam downstream rel ati ve
‘the first electri cTHeiappathtus TEasSRERDRBIERE b God InGlediclAS 12 1%0413” ty opposite
the firsgmﬁkgﬁéégﬁx&hehga]so gs, to repel at |east sone of the charged
 particles away from e ToR PPEAHTE FLEET R P Ep g cgunt efendfrdniessips at ed
et hodol #Y5p #sislipe e leatifrsteepri®20 in which a negative electric fieldis
generated, such as by charging an el ectrode with an appropriate negative
voltage potential relative to ground potential. - -The negative electric
field operates to extinguish a sheath of plasma (step 330) through which
the ion beamis passing. The plasma sheath provides an environment that
causes particles to also 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 to take on a positive
charge due to the interactions with the negative electric field. Next, at
step 350, a positive electric field 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 associated 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 nmay proceed to step 370. At

step 370. the ion beam may be accelerated to a desired energy level, such
as by praoviding a suitable electric field gradient coomensurate with the
| evel of acceleration desired. It is to be appreciated that accel eration

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
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t he readi ng and understanding of this specification and the annexed
drawings. In particular regard to the various function? pgrfo%&ﬁg by the
above descri bed conmponents (assenblies, devices, circui etc.),
the ternms (including a reference to a "neans”) used to descrlbe such

conp nts arg intended to correspond, unless otherw se indicated, to any
-conpo K perfornms the specified function of the described conponent
(i.e., that is functionally equivalent), even though not structurally

equi Vlah%f!; e #6r 1ﬁmﬁmg%1§£o|n%?&ﬂw&§ Mﬂl?&%n%a&(‘&knﬁﬁsu&er forms the function in the
herein il | ustrat nbodi ments_of the invention- In this regard,

e 11 8 bR P iR e e SayuieT TR/ PR PORFY AREPL 08! o 06 e Pisian] e
medi mrdieed inrly iodrpu tvisiimibx stisleatit feld hrbi thagikd 0 Polhry mpetifealietdntgani; ARl St eps of
L he Var b Qs OREDAAIS:AR adhred n birb AR df Hhoét BARSI0A ol RAE i e s AR

while a particular feature he 1 nvention

res pe‘Ect‘m‘{)Ble"trB‘ilﬂ Rjovgling prelestdy @Flélha‘é?%ﬁﬂlﬁ‘?’ﬁfn@§°m§l}bﬂr1‘°’l‘ aemyforrepgiing ke @ermﬁ ned

Wi t h pariele away Mo ehedbhirtreafn@itoiored L. t he ot her enbodi nents as may be desired
and advant ageous for any given or particular application. Furthernore, to
the extent that the terns "'includes", "including", "has", "having", and
var i aniles wrien efdlain Al durthgriaguding sgrpund elegtiade @@F@imséﬁnﬁefs@elﬂpﬁlp &irst eectrpdgefor

cl ai Mmibiting eIsenstr@mBavallg plashen@datt e ulReicld bl W@ af Rash ofBPSFRY firstSdnflsdcadd 1 O

t he tFrn1"conpr|S|ng " I NDUSTRI AL APPLI CABI LI TY The appar at us and
a5500|£¥e§ met hod may be used in the field of back-end sem conductor
processi ng such as packagi ng and test to provide an accurate count of

| eadf3r BTy o] (;fQﬁlm VWA Breif @1 £k BBctdidfief it Qﬁé&tfv@ RRctfAfidid Bkt -forthea $&aie gﬁt%ﬁly 2005
em for $h|b|t| transport of particles with

It B Tod S el 1Y B P P e sl e p G |

fi el dedatnei mgntal well, sherghy| ther pdsijivooppotil bari¢rhatibite furhéredoivasredie anyl @ tigadhireall e
entraifgd in the ion beamw thin the first electric field being charged to
a polarity matching the ion beam and a second el ectrode | ocated downstream
in a direction of travel for the'ion beamrelative to the first el ectrode,

t he 4skegemnd f(&hrﬁtbttﬂ@%sppﬂGﬁ/ﬁadiclﬂgmﬂ]rhpedltﬁeﬁohib&mfdoﬁbﬂm@aw ng a poI arity

mat chi ng, %}Q@e él&ﬂoég%%r;ﬁ{es 5 g%?t e fpgcﬁlth 83 Ea%em e(l)l?rau% L h S8 for W 1thfnraq-%11;c{nngl ng

downst ream di rection o aim et
grGﬁﬁﬂmﬁﬁﬁéﬂﬂﬁﬂ@déBﬁ@éﬂ”ﬁﬂ§ﬁﬂ@&ﬁﬁ@@@ﬁf@vb to the first electrode for

I n hl bl t d ﬁt@uﬁ@&%ﬁddﬁ Q@&bﬂt rtlﬁ\heéatlﬁbf eldair(% itBa Hcmnﬁreﬁ]ﬁ" @u&h&cﬁf 'ﬁhx“el fo @b Sbniepy ipded by
el ectr odes. ten1§f claim1,

at

wher Bt ARl e b R s UG VB Bl PRE PTEa eh e Py e 2
negatirsgongbiravelt i al mell, and the second electric field is a positive
electric field that forns a positive potential barrier adjacent the

negatiye pote t'al | ,. ere t he p05|t|ve potential barrier inhibits
F ur t Rt auaaetclai? g dreligpe # i s glgiod, el gpageam fom and generaly 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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4. A systemfor inhibiting transport of particles with a positive ion beam
conprising: a negative electrode that provides a negat i %/Aﬁ_.e Il,ugchidsc field, a
particle entrained in the ion beamw thin a region fve
electric field being charged to a positive polarity; and a positive

el ectrode adj acent the negative electrode in a downstreamdirection of

traveg Aﬁmﬂfnu%ﬁaﬁnah&&yg J}% positive el ectrode providing a positive
electric field rep eIIp the positively charged particle away fromthe

di rect i BhiopfouEs %ﬂ‘“m%‘ons‘ltﬁgeaé%/%‘?sgﬁ? fated pian ipplantagipn $pEen; | ncl uding a first
ground eh @alyri@degspaced fa AR Ertigass Bf@rap;ﬁ@datgﬂﬁbefo&h kn}ptaadh@aﬁﬁ&tmy,r elative to

el cctrp Py S BF hE A ifpoh Dbl 1 AEM0GE] RERALR Foeig oS SR '

el ect%@é@mcmp@% systemof claim5 further incl ud| ng a second gr ound
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for diverting ions of an appropriate mass to an inplantation trajectory; a
trap systemfor inhibiting transport of particles with the diverted ions
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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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extendi ng substantially coaxially therethrough, the diverted ions passing
t hrough the apertures of each annular electrode. 12. ngﬁg%a 3&]of claim
10 further including an accel eration el ectrode spaced downs lgan1relat|ve
to the second ground el ectrode, the acceleration electrode being at a

vol tage potential sufficient to accelerate the ions to a desired energy
level for treatment at the inplantation station. 13. A system for
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a second electric field in the path of the ion beam downstreamrel ative the
first electric field, the second electric field having a polarity opposite
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i ncluding generating a neutral potential electric field between the
negative electric field and an adjacent magnetic field so as to inhibit
downd8rTaanrethedand dhimdf fypthea snvladingwlamping ¢heffirst atd s@beictertiic fidldsalitbin a frdh regidne  net hod

of claim 17 further including clanmping the first and second electric fields
within a trap region. 15 '
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