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(S'T) Abstract; A system for inhibiting the transport of contaminant particles with an jon beam includes an electric field generator

O (12, 14} for generating an electric field (28) refative to a path of travel {20} for the ion beam (16). A particle (66) located in the ion
beam (16) and in a region of the electric field (28) is charged to a polarity according to the jon beam (16), so that the electric tield
(28) may urge the charged particle (66) out of the ion beam (L6).
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travel (20) for the ion beam (1 % (66) located in the.ion beam
(16) and in a region of the el e%m@&%g 3-8 is charged to a polarity
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fabrication ofy R0 idab89imti8 Cdel use nduct or s,
an ion beam |yr$pl ant er i:h%j ec{sg‘{céﬁésji lcéncs%gpﬁof)ﬁngmen WS & %l‘%gl?ﬂ% U desi r ed
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vvafers wher.eas if ey '""extrinsic nateria ers are esir
gener at eﬁu%r%sr%xtgrgm, (l?gt\»e n'the ion source and the implantation stanon The beam fonmng and shapmg

structures maintain the ion beam and bound an elongated interior cavity or passageway through which the

beam passes en route to the implantation station. When operating an implanter, this passageway is
evacuated to reduce the probability of ions being deflected from the predetemuned beam path as a result
of collisions with air melecules.
The mass of an ion relative to the charge thereon (e.g., charge-to-mass ratio} affects the degree to
which it is accglerated both axially and transversely by an electrostatic or magnetic field. Therefore, the
o beam which reaches a desired area of 2 semniconductor wafer or other target can be made éxr.reme[y pure
* since ions of undesirable molecular weight are deflected to‘posiﬁons away from the beam and
implantation of other than desired materials can be avoided. The process of selecti\;eiy séparatiﬁg ions of
desired and undesired charge-t o—ma.ss ratios is known as mass analysis. Mass analyzers typically employ
'a mass analysis magnet creating a dtpole 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 to a predetermined energy level to penetrate into the bulk of

a workpiece. The fons are embedded into.the crystalline lattice of the material to form a region of desired




materials such as boron, galliumor indiummy be inplanted. Typical ion
beam i npl anters include an ion source for generating pogitively charged
ions from ionizable source materials. The generated i &45513?@’¥8? med into a
beam and directed along a predeterm ned beampath to an inplantation
station. The ion beaminplanter may include beam form ng and shapi ng
structures extendi ng between the ion source and the inplantation station.
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creatlng a dipole magfnetlc field to deflect various ions in an I on beamvia
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ions of dbdthgnende d(’sl'bﬁﬁe@%ﬁl@l‘[e%&i andﬁl@atjﬂb&ﬁme did@inedIR th @AMednS ChRLHISAE and
directed at des @ce regl on . of the su strate é{)l cal

I
ener get i @ 8??3“6?0 lidﬁ‘g’ﬂi ’m &8 1A PRl 3?f8rt°é8t ¥ SUbgTafsy %pr‘f?i’lﬁ'é‘ﬁ OI?éner gy
| evel t 0 ngebet oakeofiyiRlddost nahelfebrikatioh of semivedlcpir @cdetherldeeicds dnasreqiire enbedded
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1. 24 Feeb;’rbglgérﬁ&%&%&%deﬁ%% %@lthtgir?a&e%’aﬁg‘t he beam energy determ ning the
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an ion inplanter or other 1on beam equipnent (e’g., |inear accelerators)
may resulAccqrdingn i *Spslﬁsaehhft) Fedvre 81 leve) 9f WRPRIARE PIsEcies @R i98 beatria aie MitigHF nant
parti cl esyafcf @htaBitiatibR| €, may be | ess than about himin size. The nonentum
of the ions in the beamthat strike the particles, in turn, cause the
particles to be transported with the beam although typically at a speed
much | ess than the ions. ConpespuesURg OHIAVENTI@®S entr ai ned in an ion beam

may be transp t he amto her .s strate)
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be conﬁgured to inhibit reentry of a particle back into the ion beam after being urged from the beam. The
~containment system also may provide a mechanism to discharge the charged particle to a neutral

_ potential and/or to reduce the kinetic energy of the particle so that it does not reenter the beam. As a
result, particl_es may be removed or diverted from an ion beam in accordance with embodiments of the

present invention, thereby mitigating contamination of a workpiece.




.particles that collide with and adhere to a sem conductor wafer or other
substrate during ion inplantation may be a source of yield loss in the
fabrication of seniconductor and other devices that reqdiff&a ¥ cr oscopi ¢
pattern definition on the treated wafers. As sem conductor devices are
manuf actured at reduced sizes with greater precision, higher accuracy and
efficiency are required of apparatuses for manufacturing such sem conductor

devices.  ACGOLelRleYwit the ikt A2t 6ARL Gvblor, %%Cﬁ prdiRied & \¥RlemOfr RRBHAM Nant

particles in an jon beamso as to mtigate wafer contammnation. DI OSURE
- OF | NVERFFRN ERiBistt wiEpdondpant o@piiesent i nvention relates to a system and
nmet-hod for | filad 48d kdcogl eldagodey fanspedting ardflecaicf@lithegdbawedn tgtr@talie dankversard 4 on
beam As s dalt bLehEioRMES Wi th an ion beamthrough the electric field, the
particl ecomes I ncreasingly charged with a polarity matching the polarity
of the ion b¥kgsin TREtclRloged i the fignchegm gpdyia e regien efthy estticfigldtis eeedigta of t he
i on beapalariyhRdhing &elidnWesin, MR)EIBEC HQ@Hing MAE ChaftePpiticleGlv@y frébDiht pitNGTRIRtiorSY St em
operatiyely associated with the electric field generator. The contai nnent
system may’ be configured to inhibit reentry of a particle back into the

i on beam af t &pariied erytaipmge dysamo prerafivelyoassomipted ish atlsst gienefethr firghyand sepoed S0 may
pr;)vi ?f%lﬁmﬂ&%ﬂ&iﬂhi&ifﬁér@bﬂ}&f@t{éﬁﬁ gbﬁ%l&ﬁl&th@%@lb&ﬁﬁ&:{dﬁ' e tOtf'i Ineu”a!th .
potential and/or to reduce.the kinetic ener e parti SO . [
foes ot r ootegn s s epioiie S i e s

di ver t ewitlf qaghmf the fitstand peendheleitodaccor dance wi t h enbodi ments of the present

i nvention, thereby mtigating contam nation of a workpiece. 2 24 February
2005 In accordance with the first aspect of the invention, there is

provi ded a sipeearime it insepind pipget of theiREpip thetsris paYider ap ias ingfapttion 5¥stsBin  beam
conpr i seongiisidfet r st and second el ectrodes for generating an electric field

t her ebet ween PR r t h,of travel for the ion beam
wherein a pa?ntg ‘l%g?%gel %rceé{{l&e“%rl‘?n%%tiﬁgt ais%ﬁ@att)eggbtﬁ%e%% 1mr}|)§a5t§trwé1§§%0rrf’ of the electric
field is chatigetlyzing masneirytie fof diverting éons 9@ @ik ndseia g implartatoh sgestins fiel d
urging the chpir@ROrepaval kydleR fAMEANbIlikORBNiRR oP iR fwilhNBe Hi0ded RAAFOmaneparticl e
cont ai nent. sr%{as;tl mstgrﬁet at i vel%ma§soci ated wth at |east one of the first

T PoHes B

and secBAd™™ FPEHCE OB DPRG SYRERYE y of the charged particle into

t he i-on beamn ekpidc ftideeairaonfpracprting alckctaoiid in perric Sjdcmerpernble troes 2a

pl ur al i fahicRhockE AR aBARGM SorRBES e AN Y iASHAG rdrh § direcnl R tRACHr tR jof Ragmf 1 1 St
and second el ectrodes. In accordance with the second aspect of the

inventidfi there is provided an ion inplantation system conprising: an ion
source for ewhetein tieglactoin Seld gentrateefirthar isdiliisd fira tiel scoddfectatiesdon genaplimnieat i on

statio Nelecffd fi@H lﬁét\ye%h {?19 sRPAA ?eg:onﬁ %‘I%&rf}ﬁ@s Eé?l'éraﬂj t}éﬁsrvgljsencg th;L: RiFE%tio(ﬁfof e 3R T iate

mMss to an I np antati on tl’aj ectory,
-~ beam,

a substrate supported at the implantation station for treatment with ions from the particle removal
. system, whereby particle contamination at the substrate is mitigated;
a particle containment system operatively associated with at least one of the first and second
clectrodes for inhibiting reentry of the charged particle into the ion beam; and
wherein the particle confainment system includes a plurality of trap members operatively associated

with each of the first and second electrodes.

in accordance with the third aspect of the invention, there is provided a method for inhibiting
transport of particles with an ion beam, the method comprising the steps of:

generating an electric field;

charging particles located in the ion beam and in a region of the electric field with a polarity
matching the ion beam;

| urging at least one of the charged particles away from a direction of travel for the ion beam; and
further inhibiting reentry of the charged particle into the ion beam.
3




a particle renoval systemfor inhibiting transport of particles with the
diverted ions fromthe analyzing nagnet system the particle renoval
system conprising: an electric field generator for gene?r“eﬁe]i’rﬂﬁy%ﬂqsel ectric
field, the electric field being operable to urge a particle located in an
ion beamfornmed of the diverted ions away froma direction of travel for
the ion beam and wherein the electric field generator further includes
first and second of electrodes for generating the electric field between
the first and second el ectrodes generally transverse to the direction of
travel for tRectaignceputinthe Pugh BRee of dhesinispitm dureas Prorided #pioa FPRITf8P st ati on

for treakmmrbmpising: | ons fromthe particle renoval system whereby particle

cont ani nat i of ool oSSkl fnd il L IBLE el PR EGHS0EARLAT NTENT SYStem

operatively assocl th at 1Teast one o and second

el ect rodes f®Mass arAlEertsysRy ere@bie roydivst iqnp ef apgerigteseses fram e jopsepreetiead on
beam amglwa@h@bjectddie particle contai nment systemincludes a plurality of
trap nmenbers_operativel.y associated wth h of the first and second

ol o6t odes. 1 ARGERGH dle ARREE SERE priirm S pR pbts ot e B ARG o r o |
pr ovi detjangporief devsaminant partivkes kyith thindjverted igmgpthe impdntationrstalian) @scopfamiarg parfichn  beam

t he net RegvaCQiRk boxlphéand: he steps of generating an electric field; charging
particles located. i r][_h]e ion beamand in a.re ign of the. el ect_rei[]c fd'cel d
with a pol ar % i '%e"t“ﬁé‘aY'%a'b'éUé‘FﬁamLFP&iaﬂga PSRRI fEPEFVPh 8 C har ged
parti cl esrablameereragm alechia febithaong aokaghitude/at the upstrednhead thatris lew dhap a anghitudear t her

i nhi bi t y0gwh8RNAE & 4 the charged particle into the ion beam 3 24 February
2005 In accordance with the fourth aspect of the invention, there is

" provi ded an ViR hyflesiic 8¢ Siepesplerempsiotly cyiopth2 rhma Brthesigriged Wihdbabl e to
em t i oinplahtatioh k@t haviglihsdubsatte supmead @etedn] thaimplaffadon Riatdni l@fted dodiniteim ol NMASS
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source to an ntation ‘trajectory, a contam nant par e reroval

syst em HORISEID &4 9f B clechis figld gereraineiyirepntamitpnogricls rmeval systempiugh that Paticdnspor t

of cont amixR@Rion Mathé dubdnes iswhifidatet.he diverted ions to the inplantation
station, the contam nant particle renpbval system conprising: an electrical
field generator having an upstream end and a downstream end, respectively,
and oper able® the aggemplishment ghthe |feregomig eand ireddtel éndyi codping illsighivet asokstsanf thehe

upstr _eame'ﬁm %@@Jscrib@d Le’?e%? int @ﬁtﬁctﬁn YR ket fdﬁ’cﬁv' des&i%n%&vﬂétaﬁlﬁzﬂé@ @Mﬁgs.and
wherein the electric field is operable to substantially extinguish a plasm
sheat h "Qg:geoaépeatg a4 1valqaﬂvet hewever, 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;
Fig. 2 is partial cross sectional view of an electrode of Fig. 1, taken along line 2-2;
Fig. 3 is another view of the system of Fig. 1, illustrating an example of a particle tfajectory in
accordance with the present invention; .
Fig. 4 is a schematic block representation of an ion implantation system employing a particle

removal system in accordance with the present invention;
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inplantation station having the substrate supported thereon, the
inplantation station | ocated downstream of the contam nant partl cle
renoval system and operable to receive treatnent from dFAREPEEY29%Nns exi ti ng
the downstreamend of the electric field generator of the contam nant
particle renoval system such that particle contamnation at :the
substrate is mtigated. To the acconplishnent of the foregoing and rel ated
ends, certain FiglSust paaital wexoazspeethSanQRanﬁpl&ﬁbfaﬁB}{ﬁxg}ld'n%onas&&exgﬁ " bed herei n

n
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the opposed sidewall portion 30. An aperture 42 thus is forméd between the downstream ends 36 and 40
of the respective electrodcs 12 and 14, through which the.ion beam 16 may pass. A plurality of elongated
trap members 44 and 46 extend generally radially inwardly from the respective sidewall portions 30 and
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A variable resolving electrode 60 may be located downstream and electrically isolated relative to
the particle removal system 10. The variable resolving electrode 60 is operable to accelerate the ions in
the ion beam 16 to a desired energy level. The variable resolving electrode 60 includes an aperwre @.g., a

variable resolving aperture) 62 through which the jon beam 16 passes. The support assembly 50, which is




i nterposed between the negative el ectrode 12 and the term nal el ectrode 26
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After the particle accumulates a sufficient amount of posmve charge (e.g., particle 66B), the
electric field 28 urges the particle in the direction of the field toward one of the electrodes 12. The
electrodes 12 and 14 may be oriemgd relative to each other so that the electric field 28 is'substantially

. aligned with gravity. In this way, gravitational forces and the forces from e[ectﬁc field 28 operating on
- the charged particle 66 may coeperate to urge the particle out of the jon beam 16.
As illustrated in the example in Fig. 3, the particle 66D is urged away from the direction of beam

travel 20 and out of the beam 16. In particular, the particle is urged into an interstitial 5pacé 68 located
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Patent No. 5,523,652, which is incorporated herein by reference. Those skilled in the art will understand
and appreciate that other ion sources, which may or may not undergo additional processing, may be
utilized as an ion source for use in conjunction with a particle removal system 102 in accordance with an
: Vaspect of the present invention.
In accordance with an aspect of the present invention. the jon source 104 provides the beam 106
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si des Ofs”&?d; %g rTfl g | ectrodes are energize
el ect ri ¢ felte 68 & Esécé ?‘IE’B“WWHS“G%P@%??%&& Pefﬁfckh@er}bm%tegﬁd frlomventl on,
the el ecthe b@mf iCed dmﬁ@aoﬂasymmmw o\ taysmﬁ@grdaa&ah&lumtaéschertaé? dJP 8 %hm

directio n electric field 108 may be alig SO as to
urge a pg}ﬂrlt0 @%ﬁ%gﬂle% %ﬁ‘l ﬁéémbc %4 “r?tqlg 19K 21 ”B‘?dr"é@tf‘?sbfﬁt @?‘u@rla?'w%y‘\ﬂoﬂw this

way, for eespl pigmerhe rretheﬂl:tor ¢aptuﬁngezlomtazamdtt PHriaes btk by b RUERS azft IEHMeaEIQf)per at] e
to nove gL { of exanple, the
- T OScRed Eles Ml ph PER ArREh RES

electric field extingul S
the partF’éM@VWCaﬁf'P FARTHASSFROMAD INTERIOR BRGIDMOF ABAoFasses. This

establi SMANTEM&WJOWQ@&M\E@QHb}rgl@repéeasrm sheath and the region within the
trap system 102. The absence of° the plasnma creates an environnent wthin

the trap syst%‘fﬁ”i’@?a‘tm‘af‘g f“aRﬁfqlqletfatl@’sl Syftean A rmtay plowde e A D6’ folan (inibedn | N

. accor dange:iaMidrBysRh 11054286t anQ&snstJﬂﬁropgsg&%g}terﬁsﬁy f nnttalssOa.It]h':tlysn;r,1 ?ocusm R en ions of
. the ion beam 106, which _ nove downstream nu
beam acceleration system 110, for example, is formed of a group of electrodes that establish a voltage

 gradient along the beam axis for selectively accelerating andfor decelerating the beam to a desired energy .
level. Acceleration/deceleration electrodes further may be employed to focus the ion beam 106 to

provide a focused, accelerated beam 106 having a substantially uniform intensity over a target area.

' The accelerated beam 106" is then provided to a processing station 112, By way of cxample th.e

processing station 112 may be an 1mpfantat10n station (for ion implantation), an analysis station (for

substrate analysts), or other systems that may employ an ion beam.




nore quickly than the particles, positively charge the particles entrained
in the beam 106. The electric field 108 deflects positively. charged
particles fromthe beam The nore positive a particle bé&t Y 28%e greater
the particle deflection fromthe beam As a result, the continued transport
of contam nani cqaasitet Cl08%ay t8bofdRark 1R askRidield QRMEEDEF thd iSn {caht Di4 @dyA%id he beam
exits the tr?sg %}é?tzem 02, Advant ﬁ%aotgsl g the field is selected so that

di ver gen®ROBF VML ot BRHI 5 Thd PG 18T PGerEe suya e Tresotioleldbi¥e. The
parti cl emtemnvdtonsyl Steem AR clacteheits graydel Rahe e &ing Gtatidl INMETH: cGiysilee M

subst ant j.al | urroundi ng .t he am for physical | v.inhihitin ownstream
progr esst}gfm agbep@rrﬂfefi g‘l%ég dgf’% er é}%res'?ﬁamtﬁm ad&f'érég% el %ﬁgﬁree%ﬁgllm&%%é%él\#gl e of a
syst em osonua funogndiior vitaptest iate cont amis vbhe sypamtlPClogsntaf pagmmelssiofige isnged from
an ion bgam@ e the trap nenbers 44 and 46 shown and described with respect
to Figs. | and 2. Another exanple of systemor nethod for capturing.

cont ani nant paPIECEP B vigs rdsitionnd FergpxUprglechresers ivention &g Haksiaies an s ¥oed i n
U S, Pat @Rimphbaichs B 98 Zanilled 1y crbloP Dl @thn ARRARATYE in ECRAPTURLNG AND
REMOVI NG CONTAM NANT. PARTI CLES F AN | NTERIL. OR REG ON OF AN | ON | MPLANTER
and i ncopBrUEaeIar R RIO Yt ioF SRRiaiakon st Pincldera fonsgures g0 amasshar tj ¢l e
renmoval sygiemagdd 21 Irayeapiin/iscbenbly 206 afd 2ker of ddd 8Bidn@N6. DERMpansicR higkat oOr

system 110 or. other a i S _or.processi syste e.d., mss anal ysis,
Fycust gy Pl 20 Vet e D PERA Ly e BT U Fitirnp e £8RL o o
a group stemlyetd rodes thdemt! seshaidb s khe deamdihd agebiyPladAkwigtalip A glusdwes beam
axis for I i .0or.decel erating.th . a desired
R N R s S e
t 0 f ocusprdas invention besrrpdlGalionpin offenyicele mpthmeissedll. accel erated beam 106"
having a SUbsﬁ@%lsngr!:'éﬁ_lb' B chy s 0 RN RN 2X0GR & ibRLEELorAEsSly 723€ Energy
accel erated beam 106" is then provided to a processing station 112.7°By way .
of exanpls&npafifdo angpriERis SPRTG' Bt RIEFISTHC 192 Witkly Bp elagrp rrphealaCeesilist at i on (f or
ion i npl gRfiod b2 Aok geRFhcd i AhMifh e Steddhd iR dn & appIRHIS bols Ak sk ¥ SEddive i@k Ot her
systens that nﬁ% enpl O%ﬁ.ﬁﬁ ion beam 8 24 February 2005 A controller 120
may be offéFREFEEYYPIEY t &RF RFEYF [ ER SHPCEHEOPEIT sS bl et aipreiatite>Par ticl e
renoval bysd iedaxiiidr aganel BI2awhiccoRySkeiplkdily ofaRerddBe22p) Dites:Birddes 224 &1 On
L12. The Conttol ol 20 RV, IRNL oL, And. contr o Lhe, Lan heam.,
charact ef1SF € B55EVT RIERY COPRE Br GRREE REUEEEE S G OME BB rol 1 er 120
" may - be f drambad sliofncdagsed war @diagivl/ipriosafricivasseendiy@g e Smrieds @nrekora lcantidglred t o
| mpl emeng QeS| P mOL b QR akdeYerafd 36t ik Pin ¥afLous parts
of the: séossﬁe%%grgmt o%(%nt r}b ld%ar a%gt?o er Se)é(r) [{l%é{r?%%ﬁ! lemaér; %@%S rféﬁ ‘order to
- provide aze@htﬂiil)_nal context for the present invention, Fig. 5.illustrates an
exanpl e of  anyelRLL dnfkARAL: b PSSt §Padl0hs ﬁ%g‘aﬁl'&;?p?&rita@ iRl Q¥R R ticle
renoval system 202 in accordance wth an aspect of the present_ invention.
The ion forisibarmiiag 1eATOMA tethichoompiterugelyirabrurinn’ Dot theepronmipenisThe
anal ysi s mpReREtis deder 222 RERAE; b BEvRALSRIRIN32 ddine @Yt AlubBiuGi®kaPfui®ngh St ation
216. An expansi bl e stainless steel bellows assenbly 218, which permts
novenent M8 ﬁ‘ﬁ‘@t“’éﬁlﬂ‘dg‘faéi“ii%‘ﬁaﬂ%fBa%\ﬁ“PW’ft’”é‘écb Seovidgd prerepaiggumR 8. Theion
beam 228 that propagates along this path 232 is affected by the magnetic field generated by the mass
analysis magnet 212 1o reject ions of an inappropriate'charge—to—ma,ss ratio. The strength and oﬁéntation
of this dipole magnetic field is controlled by control electronics 244, which adjust the electrical current
through the field windings of the magnet 212 through a magnet connector 246. .
The dipole magnetic field causes the jon beam 228 to move along the curved bearmn path 232 from
2 first or enirance trajectory 247 near the ion source 210 to a sécond or exit trajectory 248 near the
resolving housing 229. Portions 228" and 228" 6f the beam 228 (comprised of ions having an

inappropriate charge-to-mass ratio) are deflected away from the curved trzjectory and into the walls of an
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assenbly 214, connects the end station 216 and the beanline assenbly 214.
Al though Fig. 5 illustrates an exanple of an ultra | ow energy &ULE) i on

i npl antation system a particle trap, in accordance w t44 fe sent

i nvention, has applications in other types of inplanters as vvel | . The ion
source 210 conprises a plasma chanber 220 and an ion extractor assenbly
222. Energy is inparted to an ionizable dopant gas to generate ions within
t he pl asndumgivarbosn s@@P34.GRNIES @idndt, the ;ﬁa),;ﬁbttzlmpasgeg){@,sm@l&gwg@@g;lrsg% eg,om hough

-the presepf ;i me icable to systens erein negative 1 ns
generated by he%g%ﬂggéﬁi"f%%dcs‘\‘ﬁ Chﬁfé%f"f’f’%%"af“bns are extracted through a

slit in the pIBélg‘f’PHOf:ft'mmﬂdetheEﬁﬁbleﬁyovhmsttr@MEXﬁd’sﬁﬁﬁéaﬁn BSREIR: Yo Rig 229nhi Ch

conpri seSafoulM itk & Hebiypr@iared! 224. The e odes 224 are charged
wi th negat i \?grl ‘pot ent %/pé Vol :ﬁg%gegglsl ney é%accorga“f%w‘ﬁ’ab‘?ﬁr‘fsﬂﬁ8“’?5.‘%0‘1* Pidogticdt ance

from t'he 'PPEERES othuigbistplaniation syyway 285 Bsiay Pedsitadieng bqtmoﬁ fewdpQpteaigioagt or

assenbl y aleRrafidane thk ABcdnP ENtizeAlh 1l (REN4 sitive ions fromthe
pl asna ¢ aﬁg}ber 220 and d to accel }e\sﬁétel t%ge]g é%’t%rsg% m“ BREHRE S PR ARs s

anal ysi s TEgHees b barrs o imgeds wansparips F“s?elﬁfa@ﬁ@ﬁﬂtaﬂli@ntfp@mdm iomsbdam. pass i ons
havi ng an appﬁbqanrapayﬁncmn@&désan Efeaageurcﬁ\:tdf's"pan&l@ séﬁaﬁtet&’@l@éﬁohﬁ@%o%ﬁé%l yTﬁ14

whi ch co i S resol vi ng,housi ng 229 and beam neutralizer
Mmass analr%gsnl esdeorr}ﬁl%ﬁe'tma%'l?p‘)%%f‘ §8hePeay F%‘if“‘ffé‘aﬁ? pats s mdgreiZidehday an

al umi numdpgrmaty gldmter Q8Has alFarailay(lagszu BY ezaﬁyﬂ ek6ld, @R lele&iodLr59@lalSaaRVacuat i on

of Whi Ch gjeSol d The ion beam 228 that
pr opagat gls &gﬁeg%\éh?;ﬁgg%g% ggg‘qwl%%%’ércf K Hirepes it felq ‘i‘:@F‘G '‘Yener at ed

by the m#&8ndpaERtps e ﬁfhgﬁé%?m@izﬂtmﬂqcegcﬂmcoupdmm zD[ﬁota’rlﬁiaI Ke@@-BIBd’uQﬂrdr@E@Ora
char ge- t@osnﬁ§§otelrnaatzg&auv Q%G%IBE 9?%) aNgl: oF elleecg-n& Ll \)\iﬁ“&ﬁlsg\e& i s di pole magnetic

field is controlled by contro ectroni cs Pt e el ectri cal
‘current ERFBURGEOME2T Therlerross HGandES2 the brergied reRER tb J&nblomt@hhsoahﬂa;g net

. connect Okleddield FRighba R@th @rai ﬂﬁfxdt Cra\tlfaf?(anI f&%éésaﬁé b BE b QL Heam 228 to move

al ong. the Cﬂ_‘l‘\(/,ed beam path, 232 froma first or enfrance tr C°°8?%‘FS? 247 near
the ion SEUFEEPIHCEYE %“&t"&ﬁ%fﬂb?rzge&Plﬂlrabmféertgetp«j/trmmaazsqawssmaso| vi ng

housi ng 228d gdlanily radidly 2R28irdlpdnd siddsd in 8f uptstrkﬁmlaﬁé:ﬁbrzgﬁu‘e%f)ﬂpfoh %ﬁg %e L,gns

h h t t t ¥Fom t h
Cur ved + Pembci3BPLRRR Ry 5O RIS Gn ST ricin bk e aion besryzbUbEHeRgathum boam

gui de 23fF°thhbqambsﬂwahne¢ﬁeld he magnet 212 passes. to the resolving housing

229 only thosg j,9ns hat have the d d ch t
Tatior by vy SrBRu AR AN AERCLIDTAS fEieambSes ipoties SFod | n

the res O?ﬁ{ﬂugpgvhpfg siberp @@g)assesaﬂ'hehdmrgh field bétgeech ﬂ]eb&ctﬁdﬂ&%@ hxﬂtzﬁflkxﬁm;shcrs he

Syst em Ny plask-A sRGE AFHEER RS Mn Ll nyeption,  be | ocat ed . in other
parts of the i on i mpl ant at i on s@@%‘a}%&%gg&&fcfm Odw%téngﬁ%?”f"% PEFUEISS B0 ti on

" the 't rapa°§‘§7%af‘céﬁi“ﬁrail tPect & theggesst sreativno An ptictke in tmbbzae\mf (hef)lasntalshdaﬂned) so

that i ncpaerBedurkihelithhe bt Bs p@fit N HhroL LAY 0 .2dequate
pot enti aJ barrier to inpede tr%nsupo:{]t c% acc(;eﬁ%glrsgg?sﬁ gsmval atrgegartl cles

|
in the b&EA [E’ell?‘?émt rap system 202 includes an arr angerrent of spat ially
~ separated el ctbrodasiRiR: @hei2BRend 3f halHe6co Qso%l@%aﬂﬂ& %a?i[kcheyuggl?@c%engy si des
of the be ?‘E" %28 %tv\ger}hthe Mss anal ysi s magnet
_ positively chargead so that the electric field operates to urge the particles i m the direction of the field {ee,
' eg., Fw 3). The particles may be urged out of the beam 228 toward the ground electrode 252. In
" accordance with an aspect of the present invention, a deflected particle is urged away from the beam and

into an intefstitial space located between a pair of the trap members 254 or 256 of 2 given electrode. A

_parucle thus may ricochet in the interstitial space until the amount of kinetic energy of a particle reduces

such that the particle settles in a region that does not have a direct line of sight with the beam 228. Itis to

be appreciated that other particle containment systems, different from the trap members 254 and 256, may

* be employed to inhibit reentry of a particle into the ion beam 228 in accordance with an aspect of the

pr_escnt'invention. Additional acceleration may (optionally) be implemented by providing a variable
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dosinetry indicator, such as a Faraday flag 258. By way of exanple, the

el ectrode 250 is a negatlve el ectrode electrically connected to a suitable
DC source to provide a negative electric field rel atlvezﬁﬁm@f%?ﬁﬁ
potential. The other electrode 252 is electrically coupled to a potenti al
(e.g., electrical ground or a positive potential relative to the el ectrode
250) so TSRS 25T Bletuedec2o0itet if 24 Igw piegasiolestrbrtlap et tpareyrit pprature of thrRaftisfes 250
and 252.renddi@ sRle8Cion 068 %0 frofddd Wsida ety ridtar RidnER bR Wik SbAtitd GonlbRan€ BB Ot her
so that the electric field is aligned d with gravity, so that gravitational
forces dMd°Theing ettt e el d may cooperate to urge charged particles from
the ion beammz&mﬂcm}aumhxamy@ﬁclﬂk sm@a{aeﬁb\&fmafmm%ﬁngz&é}mm cRbge may

t end | | d t d t
rol ot v e B e B R P agd b B e R ol e "
reintr odﬂ@tmneamfneplaahtar EJS(B@d ba@kerlhmsmg ey e@ﬁtuh&ﬁb’ﬂa&%umfpumzsbm ng ur ged
fromthe b earBoQ%st;em oﬁhee§e%lnguJal %5%3 15’Ar§heo | tatlon tf %hc%%%%de?ﬁhmsxt sh a reglon

bet ween the mass anal ysi s nagne e Sys oug mhlch t he
beam 228vafrn sipeast 279 heoneshish tiafees 16 beetlredtecb@@ We'@ltf-‘dt ﬁ@e wedfe gtpp o tierd rel6 immtire262

exti-ngui p?’alag Shich REeRlAP B@pc%@i@ﬁ&rf}’ ordMaGhla ﬁ)athéacﬁre&ﬂm SAKd RS R N @l‘h@tor

conduci ve to diverti ng cont am nant partl cles in accordance wth an aspect

of the prewoEss e AVSHERCHTarr HoReRr AP edicard sqtan £1e Thbicr brem Uk stikre “plms ma

shle?t h, . mcﬂﬁtﬁdtbﬁk@xﬁap@tﬂﬁsrd@dymelz nra,cerdfthziﬂeal‘ﬁh&%&tﬁérﬁfﬁI@(aﬁrb& h%@ﬂg)émpmf@ﬁ& dUﬁ to
Cco isiqQns wt t he |tLye char 1 ons n the beam rior toreacmg
the dowrShs BERFEMOTR PRHETe P Slipn B afi‘ét’f—' W V252 thatthrdarges plpgeds dinsahle

suf fi ci endd yisppiesi tively charged so that the electric field operates to
urge the partPL cjslessadow t he d rection of L The

particles may $He ec?lagrt?fn OF TS “HEaR %r?cmmgg%gg%?féﬂhébr’tgﬁﬁﬁf' 7%@fplpodé 252.
I n accormiangrebevmtrfncquaacs:pewtan afpedt h@themmsremvenunméﬁmte fonpurmmsed eff sirepditigdot

part i Cl Bﬁl&at‘r%%éjmmxmw %J E'E SP&&% gcnb!:c{z]aégsé?i?s %fg%&é% Isgc; ﬂe%hde?s&% e

| ocat ed bet ween pair of the trap rre ers gi ven el ectrode.
A part iaed wresived thatyhepicsaye ingantionis ﬂqﬁénutqﬁt@#ﬂsmd@ruoé#teps;ﬁaweamwmlhe amount of

Ki neti c eRehLEY wah 1 pﬂ?eﬂ:hﬁ:ln@onr @Q%@@ffer&k‘grlaerg Qﬂﬁor Eclﬂ@un@ﬁtfyt\hﬁlo@ieﬁ E.&: &S In a
regi-on that does not have direct line of sight with the beam It is

to be dfpFiert %FPé‘EFC“E“I’FSPerB‘PhE{PmB‘ﬁ t“P‘élléI“é‘Ei‘FFfié‘FWﬁ’Eﬁtbe %@F%Wémplﬁﬂl@f%r ent from
t he trapnmad)@@&iaﬁdaa&dwaﬁﬁaspeabfmqﬁesM»aweﬁi to inhibit reentry of a

particle |nt he i 28 i.n nce W t ect of _t pr esent
Pventi on. | AGIIETEAoE = 2o Col Brater G RRPE BHOT BAGP Py Po0ek A ERE ARG by

provi di I’@newtedafa didattion Fthedlly Eﬂbfetkﬂltc;ﬁhe&ﬁ(ﬂ&firﬁ&ﬂ&e\imn‘ghaaﬂemt ﬂelemal wect r ode 260
hat 1% sl YRLLAGR OLETS halort GLAL B 84A0 LA nARGLIULE.AT 100

particle “renova feld
gr adi entchargrdtpmclmonetflthem bodm. t’ﬁ@ L=:itcmc ﬁﬁé&h&hﬂ@ﬁ@ateﬂt@cxtlasIMIaefreab pirdpsimons in the

beam M. SAMRM Whith & 8 teatfis 8ok, ML HGh26BlAR 0B gﬁru%?&@g&pr

neutral izing the positive charg y accu rget wafer .
as a regayiongfnt hat induoi i raee tapiclehie ajso ke dmagkegativdrherge dThe patidse agd iorB40.  The

beam ne%mh& La%vgd%%@eagn fn%emalréa%%a RPaRde Huk RMAcURLed by a vacuum
punp 268. Downstream of beam neutralizer 230 i's the end station 216,

whi ch i ncI ude stap 3i0stke gaﬁta:ﬁf@aeﬁm to'take on a positive charge due to the interactions with the ions
in the ion beam. Next, at step 340, the charged particles are urged in the direction of the electric field and

out of the jon beam. In accordance with an aspect of the present invention, the particles may be urged
toward a particle containment system. The movement of particles may be facilitated by gravitational
forces as described herein. The process proceeds to step 350, in which the particles are inhibited from
reentéring the ion beam, such as due to interactions with a containment system that may be operatively -
“associated with one or both electrodes. The interactions with the electrode and/or the containment system

- also operate to draw electrons from the particle (step 360), thereby causing the particle to take on a neutral
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waf er support 270 upon which wafers to be treated are nounted. The wafer
support 270 resides in a target plane, which is general ky per end| cularly
oriented relative to the direction of the inplant beam? 272 rotates
t he di sc shaped wafer support 270 at the end station 216. The ion beamthus
~strikes wafers nounted to the support as they nove in a circular path. The
end station 216 pivots about point 274, which 1is the intersection of the
path 276 abhrgt dve haveardieadtiaatitledelpe. Wah REul)Yar&® cbhidtindiBeorta@b GRlred RPGral S

adj ustabl,ﬁl Ahout this point. Fig. 6 is a flowdiagramillustrating an
exanpl e met hodol ogy for inhibiting particle transport in an ion beam
i n accordance Aiet e panticies pave beeo fentohal fpmaseint bdaﬂnvaaérloﬁtrbmebhb@m ér@h apur poses
of sinpli ol 6 is sho and
descri bedﬁ%cﬁsﬁéggisﬁecﬁoﬁes 2 Léﬂ?&ggs %y P r{'J%):@d '!g%&? %b A?gy gfed‘%ﬂjear&ﬁ‘ﬂy %epfﬁ? 1'%t ed
that the tﬁﬁé%*é‘ﬁ’tﬁﬂﬁf&i’\)em $Uelhas|b§ pwwlngamma@delto@rmtﬁhie goiid@icomtfensir@p®ith @6 SOME

st eps MaYdesited leval 6GRERRAGE TV {o ¢ fferent

- orders and/o concurrentlyt\% mﬁs%fecgfeggl?%%)cgegr%%Edy%ﬁcufp %)émtﬁp%“ Yescri bed
- her ei.n. S6YB pecelpfaton Jray ngt b ¢raplqyad digediten rsacpradands evith eyasbecedf tepriseml ement  a
met hodol ag»;enmcm accordance wth an aspect of the present invention.
Referring to Al@ou gm he£I Illlug %?vd met hodol ogy begins at step 310, in
which an el ectricofiard®i'e" "ge% BA°] °H0 IR EEpegic g esrain aRPsdimangnsver se
to the patihbodfopragiatddoimt d@;eamnt mlmnedseﬁd mbdificaiiek dﬂlm&mr B thes ulta&tiaxm&ia &t hdbn

al i gned g9 ravitational ces a electric field
may coop\gfrw;rftbgmt’ %ﬁ‘éb%%mn&ﬁga & f% tTCrES d‘Pex?)&ri‘“H‘égs EW ‘i‘?‘hre“ﬁ?é" Bfectric
field al §’6“Q5'bé‘ﬁ%l?@§efqumei>wmgmvs Idcsenbsheaxuphnemlfs (4demlivs, dev(laats efacud2 Qystdnfay ough
whi ch t hewd)oRe t%ﬂﬁdlvﬁlmﬁ@%&r&ge to 4 AGeaRL" ?&g@m%a‘?@& %9&%’ ly ena ar% 1&61% Lvely
charged environnent t in turn, tends to cause aer t Pso take
on a neg&PTVREHAFY 3fhe“rﬁemﬁaq&tdn e IE@S‘:O&IE@PCWOYIP@ peslomtsi ﬂmseectf@d fmm&ndmhmst ream

i n the belaswtist E@pbheai: d. rl!hatQﬁln@t&ﬁﬁﬂ(‘e@ux&ﬁenb@enﬂﬁcﬁ%tﬁﬂ%i@ étlal fRp330, the
partlcles bﬁgln to take on a positive charge dué to th |nterac'}|ons W th

the ions # RSPV IHRE BFHOTNERG funcipn gt persmlustard e@ﬁ’alﬂgéﬂibm@nt%qfes are

ur ged i n itvagiodli Ih eixtregand, iofiiltahe b@ﬂe&@ﬁxl’zdd@haf thelnGenddhlnclbt a. c@&p&t&?@eéd% beam - In
'accordan%%dl\ﬁnﬁthman aspect of g resent _invention, the particles may be

urged to OSSP Rkt eé?s P e Pttt R Sernof WL TRethody ofithel es may
be facil iisvattion hyddifionwhtlas pagivalbr fe:f.tmct‘eise;a&uttteﬁﬁjf hbeskeh BERsttl withtespli RCESS
proceeds i i nhi bit from reentering
“the ion ggg%%og%ééégmb 3%6\4@38&5%%?%%@ gﬁgmwefi FUL0ne Shirase ﬁ‘?f‘é‘r{ PG Of B t hat
may be op@pErPyEmsts axmaydeidesiresthodvadvhntageess Gor afycivin mmtnﬂndﬁmcauﬁne

i nt er act IFaMEmbd B ulelge® BGh Og: lﬂaQJeQr il 90‘}&?' AR oRY BhEN i L3 0re
_to draw el ectrons fromthe particle step er eby cau thé*
particl e "8 ke the fetaflegdesfripgn of the QIAWFéBEG?MW a@@@@d@hfabegechand:mgna reduced
‘ki'neti c  einflEQythe ¥n Roh@S#HEt, particle contam nation of a downstream
substrate is mnitigated. After the particles have been renoved fromthe ion
beam (either out of the ion beamor on a nodified trajectory), the process
- may proceed to step 370. At stQmDEMAmHWGAm”BY be accelerated to a

desi red ener rovi a suitable electric field
gr ad| ent ¢ orr?ré]rlles p?arattds a IJJ aﬁsixn %mé/thc% may he useéJ in the field of ion beam processmfr to provide:

a system and method for removing contaminant particles relative to an ion beam.

0 operate
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desired |l evel of acceleration. 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 tHéF

i nvention. Al though the invention has been shown and descri bed vvlth respect
to a geklal {pﬂg odinents, it wll be appreciated that equival ent

al teratl ons nodi fications will occur to others skilled in the art upon
t he readi ng and understanding of this specification and the annexed

- dr awi 1n93ystelnrfoxpﬁfﬂitin§u-hraportroegarc(&s tith 4nfiéh beat@dohPrisngf UNCt i ons perfor med by the
?Egvfe?ﬁchr I ncc{j chrgre% ?or %gfl%x%gngtan e%ctf,lc P eqd/ {hf;rs: etwegn déefxé’t"él%%‘n‘ansvé{' 5 eto 'él Bath 01'e te. )
conpdﬁe%f%tharﬂebi’am ended to correspond unI ess ot herw se indicated, to any

corrpOnent wna;'em ﬂaﬁrclt% OB inhe fs.pesahlfan@% £ up6t boMe AfcticRid ﬂeﬁaege& Reslpsgmponent
ona

: ven ucturally
Gqut VRS i 5% pir St SRR ey S SR e PP PR RS 1 on 1t he
‘her ei n i | |lapstticlat@tinexe sysicmropergivblp disorpfet sith it I¢akt@ne ofthedindt prdrsecohdeldctadss feregar d,

it Wlﬁﬂlbl@g?&nt%ﬁ)ffh@%&@ﬁﬁﬂﬁglem it)xtf'ﬁ'eafnna\{@n“ on includes a COITpUt er-readabl e
medi um havi nr%g o nput er - execut abl e_ i nstructj ons formgerfor mng the steps of
t

the vari od¥® d’d‘%‘dﬁfc’“faﬁ'é’e“tls?‘ﬁ'}eéh’f‘? wlss @ Plaraliy 8f 9P 3! %?ﬂe@t“&'y&éﬁ"flf't&%‘f”g‘r
f eat ach obthe fulsend Ruwadtlcondesray have- been disclosed with respect to only one
of several enbodinents, such feature nmay be conmbined with one or nore other
features of the other enbodi nents as may be desired and advant ageous for
any gt Vensygrm ghfltimcly wagrein His| fegtse ifiglf is S“Pﬁfﬁ“?"r‘\‘é ehged with grayipre whersby graviiaiere! t he

't er meortds Akl thekR:Stric field duGethit th orge the Ehaged patiibiawit BQhe iodikamyvar i ant s t hereof are
used in either the detail ed description or the clains, these terns are.
intended to be inclusive in a manner simlar to the term"conprisin

| NDUST Rreptystmppl qlang) wherein thp, alegisipotinld inbyBitsalapnsireasoisdvelt of @laprea inte dherigptric gl used

i Nt higreby Bbwldifd anie@iro R REIGER SHkdMG of A PRI viiBin (R iGbsdnem and net hod for
removi ng contam nant particles relative to an ion beam 12 24 February 2005
What is clained is: 1. A systemfor inhibiting transport of particles with
an i dnTipesamncofimhin 4, whgreinfeaghadf therfuist swicoredd diatredes Butbss chroprisggerrsalpsntiatly seamir

el ectcyunanéal @deda1rdaefoe9@emﬁ'gegab&enﬁp ?Mmél th rh@ﬂﬁw&mel e s@e\nﬁrpandfs bdifeANdihiyf Or

the ion in aparticle [ oca In the ion beamand in a region of

t he éfpé'é‘fe&?@“Fﬁclé?‘%"‘rquthaéﬁapﬁgﬁmt"d”&“?? %W"?ef‘y mat chi ng the ion beam the

electric field urging the charged particle away fromthe path of the ion

beams @he&%éfrd Sijcﬁ‘auﬁQ%r%}efmﬁ@&urﬁl}{;? Bftmg ?é}!} b I‘Sf: an@éi? Q64 At q/ltWaﬁchexgéLd L%aSt

one of thée first and second el ect ting reentr

char gengrapa pasireemeant Fpdigliyt iward disechengfigm ah’dﬂeﬁﬂefa@i % e?"ﬁé’f B‘ﬁrstdf"f‘:"lﬂé"”&‘d?ftsalahl??e nt
syst embstamtpilaieanathplonbami ty of trap nenbers operatively associated with
~each of the first and second el ectrodes. 2. The systemof claim1, wherein

the electric field is substantially aligned with gravity, whereby
gr avitt Bhiejsyytent of claim I further including an acceleration efectrode located downstream relative to the first and

second electrodes for accelerating the ion beam a desired amount,

7. The systern of claim 1, wherein the plurality of trap members are elongated sheets of electrically conductive

material.

-8. The system of claim 1, wherein the plurality of trap members are slanted in an upstream direction to facilitate

trapping of the charged particle.

9. The system of claim 1, wherein the plurality of trap members have a curved radially inner extent, with respective

members in a downstream direction extending radially inward by a greater amount.
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forces and the electric field cooperate to urge the charged particle out of
the ion beam 3. The systemof claim1l, wherein the electric field inhibits
downstreamtravel of plasnma into the electric field, %eFr"BrB@Wfﬂ“ vi di ng an
environment to facilitate charging of the particle vvithl n the ion beam 4.
The systemof claim 1, wherein each of the first and second el ectrodes
further conprises a substantl ally sem - cylindrical sidewall portion

ext en@: Ayios pleptation siiemypomeisiEl el to the path of travel, the sidewal |
-portions bealmgo@@aaﬂealtﬁng 10n§ﬁ)praita'&@drafeﬂ&ﬁfbcﬁﬁmnﬁfaﬁt&f0n&Q]Oﬁ hat the ion beam

passes t her %na?tz},\g%n et S ste ds%ﬁﬂl 10ns Of& cfipemo?rﬁte ma\sM}o antlmﬁantatmn gajec{oal I t y Of

trap menbers are-o |vey 2SS0CH At & gherally
upstream WFEG?@YNW%M@F’ ehhigiting tranknor of pmqqlqanwh rﬂwehvegmlﬁléc,f@mm galhindf t he

Si dewadghetg@{eﬁ,itggﬁnlslereaﬁvagg,stelg igfd:1 al Iy surround the ion beam 6. The
system of cl

N i ncl an accel tion el ectraode | ocate
ot oarfeBr o LB o speplte 8 o R B e il PR SRS G teB R BV g
t he ilonteth @anion batmdprmediofdhmliveted idhs awhl §omg y direetinnaf traybldoriheion bedwerwi n t he
plurality \Qiereﬁﬁlﬁgle%m g%n@fft@f fﬂh&%ﬁlﬁ&%r@glﬁ@&%n&ff el8dB ek fo'r Edbrhthe GRBEYGL | Ve
rratestj% %Stergeegeﬁﬁr m:lLl wherein the qurall of trap nenbers
are df° ‘évaen.ﬂﬁ e pEP? TR FEOETSF BTt e g BF™t he char ged
parti cl e. DubsFhesugpositdantofimphmion datiovher@ment Wit ipls diomthet pyrticlf renoegd symemper s _
have @by phRehe tAB i a’ctﬂé‘s%str%ﬁs%ﬂt‘i i th respective menbers in a

downstream di rection extending ra |aI 'y inward by a greater ampunt. 13 24
February Z00%clq gpntaiapient systemAperafiyely pssesipted yith étdﬁaété?ﬁi)‘i‘flﬂse Fﬁgaﬂdé?FO'i‘"(ﬁlFCW&Srfere for
e t tintitgting odeirytodtht amtd @rtBlshed hoibebdarad ed at an inplantation station; an

anal yZI ng uﬁ@lgﬂ%e §1¥1§15 ggﬂtaﬁrﬁ{entcl#s\{eg‘lr thﬂlgs ty oft?a? RIP&‘SO Qpera veﬁr IT%§ §te O an

i mpl ant ation trajec or e re |ng ransport
of paeﬁ‘tilloémeﬁ“w(i%?coﬂlﬁ@“ﬁp%rted i ons from t he anal yzing magnet system the
particle removal system conprising: an electric fi eI d generat or for

. generat [ t he ectr ic.fie le to urgea
par 11 TR 16 e s Al Rt Shie S B Dol Gy Bl
di r edbrceyandgle dectziy 84ld fogperatdte wigothe tharaed paripld awdy dowithry dtrmom,df erevtelrﬁmdhef lprehedm
generator further incI udes first and second of el ectrodes for generati ng
ric field between the fj and second el ectrodes gene

he el e
| t r ansy eﬁ? &g o ﬁlé““d‘ior wergbie geetrie fﬁ\?é‘?“"’f‘% fovnpigrap &ﬁveb%fa*’tli’ﬁm%\‘“?dg%"tl"r"ﬁ'f’ getd,
s uppadiretebglpratiditgve envinpingent ta facitinteShaaginemfi pdrirtes toraaitimbe ton hatnland bardeckric dintd tthve

par tiflise ﬁe@my.ﬁgchege%tpmles WRPE SN BREHoh GGy RPIE L, Baki on at the substrate
is mtigated; a particle contalinment system operatively associated with at

| east one of the first and second el ectrodes for inhibiting reentry of the
char gedrhpaystemCdf @lainn100 filrth@ ihohiding eaibcel@Midn \WRRHEI 1Bcated ext@aécﬁétecthepmmrahdvme nt

5Vt QIIIBk IR fra@hdh R e Bl R (TRIRCL 5 a0REARLyElY associ ated with
each st and secon tro em of claim 10,
wherein the electric field is substantially aligned with gravity, so that
gr aviih athe @& of claim 10, wherein the plurality of trap members are associated with and extend in a generally

- upstream and radially inward direction from an inner surface of each of the sidewall portions so as to substantially

surround the ion beam.

- 15. The system of claim 10, wherein the first electrode and the second electrode further comprise a substantially
semi-cylindrical sidewall portion extending substantially parallel to a path of travel, the sidewall portions being

spatially separated from each other so that the ion beam passes there between.
16. The system of claim 15, wherein the plurality of trap members are operatively associated with and extend in a

generally upstream and radially inward direction from an inner surface of each of the sidewall portions so as to

substantially surround the ion beam.
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forces and the electric field cooperate to urge the charged particle away
fromthe direction of travel for the ion beam 12. The system of claim 10,
wherein the electric field inhibits downstreamtravel o sP¥En#%nto the
electric field, thereby providing an environnent to facilitate chargi ng of
particles located in the ion beamand the electric field, the electric
field urging charged particles away fromthe direction of travel for the
ion beam 13. The system of claim 10, further including an accel eration

el e-f:t roue seeddfedin Nt fe;h@aldihabllemﬁth efml‘rﬁeinﬁé@ddﬁﬁ%myl&]aliw sms%maas@gtei HBreen

i mpl aptation, station for acceleratin e io to a desired energy

| ever e i o @ bRt o RPN e B o bR R ey B o oo
are associated with and extend in a generally upstreamand radially inward
di 1 ecisi hethédXoR idtbidind AeKsperibt hatdRs Rfth SasHbesth, tlehRmSd ipadide iRQkpI NS SO as to
subst anti al I% . suriounge]{_he ion beam 15. The system of clalm 10, wherein
the first SIEYHsBFEHRE"he second el ectrode further conprise a

subst ant i adblrging pretivies bydtadnnihe Dabeagi adéinal régiqpar the electindielindihngolsith st thé | y
paralheleah0 @ path of travel, the sidewall portions being spatially
separated from each ofher so that the ion beam passes there between. 16.
The syst entl'®te & leaf ohe o5be hprasdppriclespayfan agitegtion eyl p MR Y e

oper at i vel fyritesigitisiimtredirywiiie chngd pxticerido ihnioabeagener al | y upstream and
radially inward direction froman inner surface of each of the sidewall
portions so as to substantially surround the ion beam 14 24 February 2005
17. THeThsynstednf slpimci8avhsreinghe sigp resnerptipgarthsr nplades geperging the dertripdisldapbstagiishy ne a
pl ur adlifzdel Wik grividy @0Gtthat gralitatipa €R%s HathsRREaric fidkBeobfet to@ A8 Sarkddgbartitls out of
ope_ratﬁiignebe 0 reduce kinetic energy of the particle and to di scharge the
particle. . A nethod for inhibiting transport of particles with an ion
beam the nethod conprising the steps of: generating an electric field;

]g_halr gionghe RRhbd &lcRifn 1ma{eeﬁlﬁ@1dmgttﬁbﬁteb QNS @Asbirbdh @avéi%ﬂﬁliﬂ;ﬂla @fih th Q)nQa]E:@:CL ric
|1 e W, t a. arlt mat.cni ng .the |an, ur gl,ng. at east one of the
* char g&8 thﬁg?"ttrimc%l%gs&%ﬁ%ﬁmf’ 'F!‘Sﬁf“aegmor"“@%"tt fog?%ﬂ%ea[ggrsée\%?"h?rg‘f’g't he ion beam and

~ further inhibiting reentry of the charged particle into the ion beam 19.

The mBtHiRthe@bd #L@Ms kR ihcrMRBILRE Re kbior 8RRk 18 RABEAT drBidhed sip bhRdingd NCl udes

generating the electric field substantially aligned with gravity, such

that gravitational forces and the electric field cooperate to urge the

char gedrhp akthodudf elaiouts, wiereint ilhdbiting reclyganmpr26. ricddhaingtie biackedpart@leapains:Bphfralitt her

i ncl ugi i nAl it I A ion

peam s efflrle KO Gl Ry 8O UL ARG o ity o7 Al bt

f aci 134 ditchargipgehspagedgprtielp Rrgrialchoge: The net hod of claim 18 further

i ncluding the step of accelerating the ion beamafter the step of urging.

22. The nrggr;iho%m%‘o glselian%lSﬁs. wherein inhibiting reentry conprises

ri cocheting e char gebf p%rf"ig'cl e against a plurality of trap nenbers,

t r ansf er r ianépnReurs pagableiesngiions tagreptialyebsisdtedpegied 2tpa mplaptadonpsigtianhe pl ural ity of

trap menber ﬁiasp)épfﬁﬁw H6bm o@é?%_lediosﬁﬂﬁrigﬂsn& 'c{nh@px_%ﬂ_ﬁfegﬁﬂs ARt the€ i@ do@rc@ ngut r al
ion inplantation system conprising:

char ge., 23. An g
plantation trajectory;
a contaminant particle removal system downstream of the mass analyzer and operable to inhibit transport of
._contaminant particles with the diverted ions to the implantation station, the contaminant particle removal system
- c'omprising:
an electrical field generator having an upstream end and a downstream end, respectively, and operable to

generate an electric field having a magnitude at the upstream end that is less than a magnitude at the downstream

end; and
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an ion source operable to emt ions to treat a substrate |ocated at an

i npllantation station; a nmass anal yzer systemoperable to divert ions of an
appropriate mass fromthe ion source to an inplantati o?ﬁFF‘?%ﬂ%%,o%ry; a
contam nant particle renoval system downstream of the nass anal yzer and
operable to inhibit transport of contam nant particles with the diverted
ions to the inplantation station, the contam nant particle renoval system
conpri si ng¥hexi thy gledrig feld ispoparphle etvbantigl FURRFINY? RISt YEdt asiecrd wihdhe
downsiinplaitioe Ritionredeibé subataye, sughatledop@éodine iniplantati@rseitiod Beatsd dolvesttdi of thd el d
havi r ; I nd. t ' h . nj t the
Gownatp BuBORL a5, S-SR ERGy e o 8 A0 ullA ol

oper Bf &f hoeledrisdieldrpenegtar pf @ eIREHRRS fariclp remgyrh syshBatth ha SPHIneBHMiRtNR 2t he

i mpl amt adbbt@R ishiagastedn havi ng the substrate supported thereon, the

i npl antation station | ocated dowmstream of the contam nant particle
renoval system and operable to receive treatnent fromdiverted ions exiting
-t he ddwhrstsyseeamat claimol3p herdirethe fostemining pirjigd wmorahsystern Sytheyfeornpiises @aphwradifyi of et

part ifdnfet SRV Adate S&MhHIMhe SRk Binid@r ti cl € contam nation at :the
substrate is mtigated. 24. The system of claim 23, wherein the contam nant
particle renoval system further conprises a plurality of trap nenbers that
m t i gatBessemtof glain24.tvhercio dw plrriy aftrappambirciredectrkgly ciidectise/aitl emcgeded &d an 24,
wher gjaf of dteerddb b Ak bibfricHetdlobRRIMBIBET of cRERIE 'b@iﬁ% bk lopefeldbichd-¥E ramd are
connected to a pair of electrodes of the electric fle%d generator, the
pair of electrodes being operative to generate the electric field. 26. The
Syst e Tfe sgdteami off Bfim 2fhveheeinnhd flealpy of @dpi tepnbad etténd padiatipifensheepairandiceiaddsal | y
from - pal . ' ' menbers toward the

upst r‘%;,{lgrr%hmgé%bder ° “g%ﬁ{é&%&g@%ﬁ?‘?ﬁ“ﬁ\é@%‘é‘f’hﬁ“éﬁé&%ﬁfé}‘%@st em of claim24, wherein
the plurality of trap menbers are operative to discharge the contamn nant
part 2] 8% syfendon@dih 2a| wichar € plurdty of trap members are operative to discharge the contaminant

particles to a neutral charge.
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