SYSTEM AND METHOD FOR REMOVI NG CONTAM NANT PARTI CLES RELATIVE TO AN [ ON
BEAM (A systemfor inhibiting the transport of contay 200
particles with an ion beam (16) includes a particle charging system 312)
for charging particles within a region through which the ion beamtravels.
An electric field (50) is generated downstream relative to the charged

region so as to urde ehaiess ABREALSS rORHENbIRE CNESHLOIST travel (18)

for the ion beam (16). PARTICLES RELATIVE TO AN ION BEAM

TECHNICAL FIELD

The present invention generally relates to ion beam processing and, more particularly, to a system

and method for removing contaminant particles relative to an ion beam.
BACKGROUND ART

Int the manufacture of semiconductor devices, an ion implanter is employed to dope a
semiconductor wafer or glass substrate with impurities. In particular, ion beam implanters are used to
treat silicon wafers with an ion beam, in order to produce n or p type extrinsic materials doping or to form
passivation layers during fabrication of an integrated circuit. When used for doping semiconduciors, an
ion beam implanter injects a selected ion species to produce a desired extrinsic material. Implanting ions
generated from source materials such as antimony, arsenic or phosphorus resuits in “n type"” extrinsic

- material wafers, whereas if “p type" extrinsic material wafers are desired, jons generated with source
materiais such as boron, gallium or indium may be implanted.

Typfcal jon bearn implanters include an jon 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 station. 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 maintain the jon 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 ratio) affects the degree to
which It is accelerated both axially and transversely by an electrostatic or magnetic field. 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 weight are deflected to positions away from the beam and
implantation of other than desired materials can be avoided. The process of selectively separating ions of

- desired and undesired charge-to-mass ratios is known as masé analysis. Mass analyzers typically employ
amass analysis magnet creating a dipole magnetic field to deflect various ions in an ion beam via
magnetic deflection in an arcuate passageway, which effectively séparétes ions of different charge-to-mass
ratios, _ 7

The ion beam is focused 'and directed at a desired surface region of the substrate. Typically, the
energetic ions of the ion beamn are accelerated 0 a predetermined energy level to penetrate into the bulk of

a workpiece. The jons are embedded into the crystalline lattice of the material to form a region of desired
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a particle charging system for charging particles to a polarity that is different from that of the ion

beam; and
an electric field generator for generating an electric field downstream relative to the particle

charging system, the electric field being operable to urge a charged particle Jocated in the ion beam away

from a direction of travel for the ion beam.

In accordance with the second aspect of the invention, there is provided a system for inhibiting
transport of particles with an ion beam comprising:

a plasma generating system for providing plasma into a plasma region that generally surrounds the
ion beam; and

an electric field generator for generating an electric field generally parallel to a direction of travel
for the ion beam and downstream relative to the plasma region;

* wherein particles located in the plasma region are charged negatively, the electric field urging

negatively charged particles located in the ion beam away from the direction of travel for the ion beam.
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avai l abl e from Axcelis Technol ogi es of Beverly, Massachusetts. Operation of
an ion inplanter or other ion beam equipnent (e.g., |linear accel erators)
may result in PREeorsprse ik the thirdfasneesof Bieninyention, theretis powded o finn implevttation matan
particles,compfisigxanpl e, may be less than about 1min size. The nomentum of
the ions in the beam that strike the particles, in turn, cause the
particles to K& sgHeepitiogipnste e Sb@ﬁ?ﬁ logafod B GAPANASPLSATPY at a speed

much | ess than atnra@uzmgsaag&m@qmemdmg 10npaﬁatdeﬁlle@§as§fbtah ahm@@nmrafe&oﬂyon beam
may be transported. or .ot her substra

resul ting in urfd®&is r(ﬁm%‘ﬁﬂfyétﬁ'i“ﬂ o ‘“Er'ﬁ “’l”’ﬁ‘é’“vﬁfpé‘ft“’l i H“%Weldb‘ﬁ”‘fdrr'&‘sa‘?ﬁ“éflieon

system fmnalmmg@;syemﬁ,tmamelere@fovatmﬂeﬁmm]amhg particles is photoresist
mat eri al . Phot or esi prior . ta.

i npl ant ati on and a?ﬂs‘:ﬁzu{1 ar?m‘"isgét elf’cgorofe?rg' %paﬂécl?ers &if “?elay“%nf%rﬁ Ogln%?té’E 3'8%“"’““*
i ntegratedowsianduit. As ions strike the wafer surface, particles of

photoresist ¢ Oaﬂteieagc f@y log?e&gb\%lsﬁ)&gﬁgatlcvg R)rﬁletlﬂﬁ cfé@ﬁa %:' asps(EIenF% 5@8&9{% beiné

entrained in the 1on beam nt am nant partlc es
adher e t o ®erd¥nP gAdUETiGPmawefths chyygedarticles 2vah §om adeccor dfitrgvel tonthi divéredioati on
may be a sQurce of yield loss in the fabrication of sem conductor and ot her

devices that require subm croscopic pattern definition on the treated
waf ers. As sermiicHBRicTBroTErA) the duplantagionsiation ftreatmeet with igng fiere Bel pasiickagmappl h

great er prsgsdns ivBdisby Bbrmontalﬂﬁlﬁtlbﬁaﬁh’e s@lﬁkdrat@fsfrdlt?gaﬁ@cy are required of
apparatuses for manufacturing such sem conductor devices. Accordingly, it

is desirable to reduce the | evel of contam nant particles in an ion beam so

as to mtigate Inwab@ince ofh &i%ifouathiagpect dDIEGhRRIREMEE id IWENT [aGhbtdnid foa GahitElaNC e
with the first aspect of the invention, there is provided a systemfor

i nhi bi ti ng 7" AREPOFT I SAPEMEPBESWEL h an i on beam conprising: a particle
char gi ng syst emehxurforcclmgl@pagicpamhlcm@mmng agolpity diffefent fohaliat bfshedorffegfi;@amd f r om

that of the i oy, algq’é{&nepaﬂ a?i@le ({ éogvp%ttle%?m gla \%qe{hg;[ngai:r]ls or cha%ener ating an

electric field downstreamTelatl "System the
el ectric fiel dvheieimdghegiretriafiple IStqpeIalrlfg@ uageshmeg@@mgaratwmcﬁmn e ggetigdofitiavel e i on
beam away gfi4m2 direction of travel for the ion beam In accordance with
t he second aspect of the invention, there is provided a systemfor
i nhi biting

In accordance with the fifth aspect of the invention, there is provided a method for inhibiting

transport of particles with an ion beam, the method comprising the steps of:

charging particles to a charge having a polarity different from that of the ion beam;

generating an clectric field downstream relative to a region in which the particles are charged; and

using the electric field to urge at least some of the charge particles away from a direction of travel

for the ion beamn.

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

emitting electrons into a region through which the ion beam travels for negatively charging
particles;

generating an ¢lectric field operable to urge the charged particles away from a direction of travel for
the ion beam, wherein the step of generating the electric field further includes accelerating the ion beam in

the direction of travel for the ion beam downstream of the electron-emitting region.
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conprising the steps of charging particles to a charge having a polarity
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downstreamrelative to a region in which the particles are charged; and
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beam such as may be utilized in conjunction
It will be through which an fon beam 16 travels. The ion beam 16, which hasabcam ax1sA travels downstream in

a

a beam direction indicated at 18. The ion beam 16 is formed of, for example, positively charged ions that
produce a positive electric field.. Consequently, a boundary is formed between the ion beamn 16 and the
plasma sheath 14, such that the plasma sheath generally surrounds the ion beam. The plasma sheath 14
provides an environment that causes contaminant particles to accurnulate a negative charge, which
matches the polarity of the plasma, when in the plasma region located outside of the ion beam.

By way of example, the plasma generator 12 may be a plasma electron flood (PEF) system. The
PEF system includes an electrically conductive housing 20 electrically separated from an electrically
conductive coil 22 located in the housing. The coil 22, which may be formed of tungsten or another
suitable material, is energized to a voltage potential relative to the housing 20 sufficient to generate an arc
from the coil to the housing. The coil 22, for example, may be énergized up to about 40 kV relative to the
voltage of the housing 20. A source 24 of an appropriate gas material is operatively connected to the
housing 20 for injecting the gas into the housing. While the gas source 24 is schematically illustrated as
being connected to an upper end of the housing 20, those skilied in the art will understand and appreciate
that gas may be injected into a sidewall of the housing, such as through an appropriate conduit that is in

fluid communication with the interior of the housing.
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control, thereby increasing the plasma density within the terminal electrode. The plasma sheat

advantageously tends to neutralize space charge caused by the 1on beam 16 in the terminal electrode

' region, thereby improving beam stability.

An electric field 50 is generated downstream relative to the terminal electrode 32 for urging
negatively charged particles and plasma 14 away from the beam direction 18. By way of example, an
electrode 52, which may be a variable resolving electrode located downsiream relative to the terminal
electrode 32, generates the electric field 50. The electrode 52 includes an aperture fe.g., a variable
resolving aperture) 54 through which the ion beam 16 passes. A power source 56 is electrically coupled
to the electrode 52 for placing the electrode at a low voltage potential relative to the terminal electrode 32.

In particular, the annular plate 38, which is electricaily coupled at a downstrearn end of the terminal
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sidewall 30 of an electrically conductive term nal electrode 32. Spacers 34
of an electrically insulating material are interposed betweg.f g, hRysi ng
20 and the term nal electrode 32 to electrically isolate the housi ng from
the el ectrode. The sidewall 30 of the termi nal electrode 32 may be
substantially coaxial relative to the beamaxis A The term nal el ectrode
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exanpl e, © 3VidH g desiret g efaedon UpHteRm Felgfive to a downstream electric field so as to

urge contaminant particles away from the bearn direction, in accordance with an aspect of the present

invention. By way of example, an electron shower or a system for introducing microwave power may be
utilized for charging particles to a negative charge prior to entering the acceleration gap 58. Moreover, for
a negative ion beam, those skilled in the art will understand and appreciate sujtable mechanisms that may
be employed, in accordance with an aspect of the present invention, to charge particles to a positive charge
and to create an appropriate downstream electric field for deflecting particles and accelerating the ion
beam.

Fig. 2 illustrates an example of a trajectory for a particle 66 in the systermn 10 of Fig. 1, in which
identical reference numbers refer to parts previously identified with respect to Fig. 1. Particles typically

travel in the ion beam 16 at speeds that are several orders of magnitude slower than the ions of the beam.
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16, for charging contaminant particles 66 to a charge having a polarity opposite that of the ion beam. The
particles 66 may travel from the ion beam 16 into the plasma sheath 14 through their own kinetic energy.
The particles 66 accumulate a corresponding charge while located in the plasma sheath 14 and, in turn,
may enter the ion beam 16, such as in response to colliding with one of the magnets 46 or another
structure. The ions in the beam 16 collide with the particles, moving them toward the boundary 60. The
e!eclrie field 50 operates to urge the particles away from the direction of bearn travel 18, thereby helping
to remove contaminant particles from the ion beam. Moreover, if a particle 66 travels downstream
through the boundary, the particle likely will still be urged away from the direction of travel so as not to
collide with 2 downstream workpiece or substrate.

In order to provide context for the present invention, Fig. 3 is a functional block representation of

an ion beam processing system 100 employing a particle removal system 102 in accordance with an aspect

7
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y dg'y {or gamerpbetween the particle 3131"31[1“ region and region of the electric field. The electric

field 110, for example, is generated in a directioh substantially parallel to the direction of beam travel for
accelerating the ion beam to a desired level. The electric field 110 also exerts a force on negatively charge
particles and the electrons in the plasma to urge them away from the direction of beam travel. The more
negative a particle becomes and/or the greater the strength of the electric field, the greater the particle
deflection relative to the ion beam 106. As a result, the boundary inhibits transport of contaminant

particles with an accelerated ion beamn 106 as the beamn exits the particle removal system 102.
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The mass analysis-magnet 212 functions to pass ions having an appropriate charge-1o-mass ratio
to the beamline assembly 214, which comprises a resolving housing 229 and a beam neutralizer 230. The
mass analysis magnet 212 includes a curved beam path 232 defined by an aluminum beam guide 234 -
having arcuate cylindrical side walls, evacuation of which is provided by a vacuum pump 238. The ion

beam 228 that propagates along this path 232 is affected by the magnetic field generated by the mass
analysis magnet 212 to reject ions of an inéppropriate charge-to-mass ratic. The strength and orientation
of this dipole magnetic fieid 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 ion beam 228 to move along the curved beam path 232 from

a first or entrance trajectory 247 near the jon source 210 to a second or exit trajectory 248 near the
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assenbly 2 on| ant 338 t rate
one i £ hi 8% PSS broich IBSA G0 1 Sociluly R0 SRRGR R ), BERSE
gener at ed, lca:httdrmmghhetpﬂternpmmmumm@mhmgmhamg appdritc@lpl ﬁ:gﬁtﬁe)ﬂl}%ts dif%remher ein
negative ig . A . SSTRARVIIIN )
extracted f mag’gl%? “?%Zﬁqt%“h@s e an%éﬁg ’?Eggf?p 7e ot fﬁ'e g Rl by o
assenbly 2212? ﬂ!vmp%dx frowprdirsaion of qgmmtr-'abh Bycaosk llelumsirrtmsm zmave'ﬁpp;os@d ectrodes
224 are cpmrge,dxawemhmgmeg i eie%@ﬂ&a ééms zﬁ%&é‘&ﬁﬁe iohd Wi aoilgaasea gﬁgﬂhé ude

as the distance fromthe E asnma I nCr eases. cor
i on ext r acfosre onbe dgrgpagtiz S)ftﬂuﬁfé%l?f@ﬁé’elﬁé‘t@@ﬂe%t@ﬂ ofzhbepyp ipve 28 agsult, H@Qiﬂt“ﬂ‘ve

ions from teh@vaplyeeiBo2RANRE b dke? Ain@idf it PeeP @Bt R biuilawaxkbiRht Bflclidag 1 nto
the mass apalysis nagnet 212. The mass anal ysis magnet 212 functions to

pass ions W&Wl“ﬁﬁl*ﬁﬁ’eﬁﬁw&ﬁ’ﬂ‘ﬁtﬂ@‘%w@?ﬁo mass ratio

The beam neutralizer 230 may include a plasma shower 266 for neutralizing the positive charge

that may accumulate on the target wafer as a result of being implanted by the positively charged ion beam

240. The beam neutralizer 230 and resolver housing 229 are evacuated by a vacuum pump 268. It is to be

appreciated by those skilled in the art that a separate beam neutralizer 230 may not be necessary in view of

the space charge neutralization provided by the plasma sheath in the particle removal system 202, in

accordance with an aspect of the present invention.

Downstream of the beam neutralizer 230 is the end station 216, which includes a disk-shaped

*wafer support 270 upon which wafers to be treated are mounted. The wafer support 270 resides in a target

plane, which is generally perpendicularly oriented relative to the direction of the implant beam. A motor

272 rotates the disc shaped wafer support 270 at the end station 216. The ion beam thus strikes wafers
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to the beanline assenbly 214, which conprises a resol ving housing 229 and a
beam neutral i zer 230. The mass analysis magnet 212 incl udessg.gilkyREs beam
path 232 defined by an al um num beam gui de 234 having arcuate cylindrical
side walls, evacuation of which is provided by a vacuum punp. 238. The ion
beam 228 that propagates along this path 232 is affected by the magnetic
field generated by the mass analysis magnet 212 to reject ions of an

i nappr opr i ar%&mﬁﬁ'%rt&%déﬁnm% rﬁ@Je'upa cxr-gmﬁ pat ?'H'EPJ'nB f@tﬂ)q 29§ %?sta%% Q\I\}nﬁﬁ t

di pol e magnetic fieldis control cont ect ron

adj ust t he BMeEfeFEeiap ol paEnd76 ofth? @mgqmanféthweﬁeawon@hr g terasf plank s aﬁﬂg#éft 212
t hrough a namgaals epnnect or 246. The dipole magnetic field causes the ion
beam 228 to m)v%éal ong_t he curved beam path 232 from a first or entrance

trajectory 247 rig#&p ’Stan%o"i Breramyilfpsating pp exagpls of a Bigherlolsy Bxinhibiirgpasialedrapsepa

near the 9 i2bn erb)eramarrgc.:&%Se wlmlaweagfm@pmeﬂgm%&%n Rafit, i@ RempeRSor sBifilcid%?
avin |nappro r|ate char ge- t o- nass

of the beang amg conpr | fnl% H p
rati o) are é%f“} % &y ‘%%VS '$HE CURE ?SF%?egéscaoﬁeﬁcséﬁﬂePF ﬁ‘t‘b‘otbﬁé“q}?&f"% of
an al umi num hm&mmgclmhatehﬂ:%em imvertiiba 8 noAIRNed to e edARGREY, askdde RASHRS, ih 0 t he

resolvin a e I ltmr)ecr)l en c'c9rnl§1 nﬂ:t he f:bea 228 th hav
oot od nabRlnd hikthe ok RIS, ol N2 alob boeR ST B ut i B By rom

system 202 ii’%sqgws ﬂftdldewebbdlhpremhé’foreemlml aigllous segs 22he reqairddho ingiientehicd S t 0
be appr eci %e@gd&@tm Jck@da%yes\ln c: ol"tﬂe &gs% tlg\%n&;% with the present

invention, be located 1In otﬁ1 1ron i nplantation system 200.
For exanple, th&efaigiekie 5 @P{ﬂkvatatersﬁlecfﬁ%@BemytShWﬂm drceltienthn ddn team is

dounst  eamyeitbed Tt BE LRARKLIAGR3S: ol ife RAGLE1: LAIRYAL: a)$Y§tfo€fm~ %

facilitates renoval _of contam nant particles by providing
char gi ng r &§aipiessyil tf?déi?ﬁ}’ﬁﬁlﬁ'éthlfﬁPFCWtarﬁo%vdeﬂ»rPSW eamelectric field

generator 252 t b&&te;gﬂfoed’oﬂttaﬁﬁlam%ﬂnﬁésea?et[{egeﬁv&y @la%ed wabbEHcinS&Q& 8¢ BETn
cont am nantb ;1p:3\ré| cl ez fromthe ion beam 2 articl renoval
FMPusY Patea*

system 202 Fihach%%éw BEFUBH5 4T cofisiony yih ei*edkrm@ i”baé’llghtcbnsﬂlh at

shown and dﬁsﬁ‘a’ shflwhtich fhay 5e86dARE In alr€idnl d@nerdlly sBFdubdihdinSbRbaRhas H@&lb@@-ﬁ&él@l €
char gi ng I’?gl on 250 .includes a pl asma (generator 254 nounted in an

el ongat ed and°GemERFAFFY PAPPEAG TIPS lseimaabe Prejfided to qhaes GORRMBRE BRigihesuols 6
Tﬂe pl ﬁs ma as %enestam for gDEdtingen eleatoe Sholpflu&i(i Hﬁn&rﬁl&fve ﬁcﬁieﬁsystampi:??ﬁ&p sheak hd )

t hr oug 228 travels (the plasma generally surrounds the
i on beam wi %ﬁeswgcr?m?got% I gar) region of the termnal el ectrode 256). The
electric field |A§wgé3ﬂapat@@h«:b‘et@xeamﬁ@@d%stmaunadlazﬁé ectieede pahifieodelcharged.

d
ownstrea ée?a%&irc 9?1‘1‘1&?@9%:1 ecﬂﬁ ad1r%gn gell rgbf fquo t'('xaeq)a% (%gr {eo(f} %agmg A | ocat ed

substantla y para fo the directono rav
Wi thin t hebphéeshia esdrlishedbeawesn fha negadvely Obhaﬂdgzéastnamengaral theodicanric fiyid (e 19 the

negative) El@é’ﬁc ﬂeﬁd e%rﬂcuigef()ﬁ%ton el PR ;ﬁaclt gb%st&n?gl F}b fp?&ﬁa?zr%? di e%no% of BRI L1 Ve).

The electric field exerts a orce ont ar e ur ethem
away from E#EL- dis ﬁf@é'@ﬁir%ﬁé coftarjaashparticley exlter tFBe@fabs:% thehrponientvgn of meméae:beeamnezzs

have opposint Bartidk@hdMald He ﬁ]&hﬁtbb%@mij Orﬂe*aﬁmﬁ@hém ElefiSa ol d6n @L &%&Jea farkdi&l d
exerts a force on the ions |n t he op osite |rect|on 0}
(sirmular to that exerted on the plasma) to urge them away from the direction of beamn travel {step 340).

The electric field also exerts a force on the jons in the ion beam (o accelerate them (step 350) in the
direction of beam travel. Although the invention has been shown and described with respect to a certain
embodiments, it will be appreciated that equivalent alterations and modifications will occur to others
skilled in the art upon the reading and understanding of this specification and the annexed drawings. In
particular regard to the various functions performed by the above described components (assemblies,

. devices, circuils, systems, etc.), the terms (including a reference to a "means") used to describe such
COmponents are intended to correspond, unless otherwise indicated, to any component which performs the
specified function of the described component (i.e., that is functionally equivalent), even though not

structurally equivalent to the disclosed structure, which performs the function in the herein illustrated
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force on the charged particles) to accelerate themin the direction of beam
travel . As a result, the particle renoval system 202 perfongkaa..ALRb
function; it urges contam nant particles away fromthe direction of f)eam
travel as well as accelerates the ion beam 228. The beam neutralizer 230
may include a plasm shower 266 for neutralizing the positive charge that
may accumul ate on the target wafer as a result of being inplanted by the
posi tivel y ®WERPGRETPefimpdeaithe yentiomHe thisaegard 8 wilf dfoi bz excodB8d dumdheriesmlower
housi ng 229ia@s eV at-ed By rdqg; - y LSk reci ated by
those skilled in ,tﬁ?*art taﬁa;“é‘él“f?g’ﬁué@é:? félﬁmgee%?n&#gﬂ% lrngt |Cé(§]? Rgggﬁ%grréi}g Hot be
necessary i i %A ‘@PwMethofer! §ip dventien dp additioavhila p partiqulap fratre o ihel ndentiyn thiyehave

pl asma sheatdan discidsbewipdeiped l@nfy%@&%veﬁb@ﬁb@%&%’suc'h@ea@%qf?{y%@&ﬁfnia%(vlﬂ % .
aspect of the r(g%gpeta i nventi on. Downstream of the beam néutralizer lé IS

the end stafi'®n {RFFS Hhg SRer grpfodimgniy psapay bR dpsisef andagvaragsensfesaey @0 oupon
whi ch waf er prtcolabpplicag@l ertamersTRURE Rent (thi the WRHETncRMAPOMEEAS heSIHR% 4N a

target pla jich i ener al | rpepdicularly oriented relative t6 the
di rection o?ﬁ? ﬁ%m%sﬁrr]ﬁ egtfl?g’bs%‘g@ne“hﬁyﬁg%baﬁe&gﬁpP‘B’t°é¥}@§1?{“ﬁe‘h‘?ii’ SENSHFFpafeduaber
support 270ingesivelea madiessdaital ©me2dt."coblpeisihgon beam t hus stri kes wafers 10 25
February 2005 nounted to the support as they nove in a circular path. The
end station 216 pivots about point 274, which is the intersection of the
path 276 of the ion beam and t hENDRSTRIAWAPERBICARKELITYie target plane is

adj ust abl e  aboutpeta éatlﬂghcmssopigﬂe@mgtﬁqdrﬁy%c Léeﬁ tgé el cﬂ’%nlblf:zllrrlil Sr%ge%tinl I’[lg rcafvrll e
exanpl e of a nethodol ogy for inhibiting particle transport “in ar i on %eam
i n accor danfé s i “Eﬁ’og%é"@t""‘% CONFEINAR @Y ERes rElANMe T dndon beihi | e, for pur poses
of sinplicity of explanation, the methodology of Fig. 5 is shown and
described as a series of steps, it is to be understood 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 descri bed
herein. Moreover, not all illustrated steps nmay be required to inplenent a
nmet hodol ogy i n accordance with an aspect of the present invention.
Referring to Fig. 5, the illustrated nethodol ogy begins at step 310, in

whi ch an ion beamis provided. The ion beam nmay be a positive or negative
ion beam For sake of brevity, the followng mnethodology will be described
Wth respect to a positive ion beam At step 320, contam nant particles are
negatively charged (a polarity opposite that of the ion bean). By way of
exanpl e, the charging may occur due to collisions with electrons in a high
density plasma sheath, which may be | ocated in a region generally
surroundi ng the ion beam as descri bed herein. It is to be appreciated that
- negative electrons also nay be provided to charge contam nant particl es,
such as by a systemfor generating an el ectron shower or a m crowave power
system From step 320, the



process proceeds to step 330. A step 330, an electric field is generated
downstreamrel ative to where the particles are charged. TheselgghyJiesfield
may be generated in a direction generally parallel to the path of "an ion
beam A boundary is established between the negatively charged pl asma
sheath and the electric field due to the electric field exerting forces on
the plasnma in a direction substantially opposite the direction of beam
travel . As the charged contam nant particles enter the ion beam the
nonent# ®flaipRdisi on beam carries the particles toward the plasma boundary.
The electric field exerts a force on the charged particles (simlar to

t hat gx rted on tbhe gl asma) to urge themaway fromthe direction of beam
travel ¢ SFEP Py Arybiting Fpnspoxy oL particleg with 2y i bypr eomGisipE s 5 force on the ions in

t he i on beamutide dogmk ersehdortcheghgfatielps (35 Plaritythit aliffetkint et thanf 1 iochBam and

travel. A ] ' een. s nd described W th respect to
a certain %E%g%g{f ?%Qﬁlgésn?&ﬁp%\fm%ﬁer 13 apeg?cggiq%w;%f%%g?m éegalﬂliwflg)l tg% argﬁkf g’rm%fnlgons
and nsyiem baelpairstiold teing ersrable tq W dharess parsiple ldcaiedl if the idndeaamavap Someligectienddi ng
and undel 6t @odh B@mof this specification and the annexed drawi ngs. In
particular regard to the various functions perforned by the above descri bed
conponents (assenblies, devices, circuits, systens, etc.), the terns

(i ncl adihagysamroEtleimen e@ertio tha elediiafittd’ dendis@Gedetited @5 Gletthiefidlah direfopapnemtiglyar e

I nt en?ﬁgl&ﬁ tﬁ:eoc[ilregi%ﬁ %Pﬁj \Y IL{FQFI t es 1%n géah,eE Wleﬁac icl: H(gél Cc%é eergjcin Eh% i(?n eaC_ClJnITRlQ 1? r(]:honv\c,{}! ch
perforns the speci Ced FuRCtT On 6 S<das &t B coﬁ‘ponen Tl el TERE Y s

f unct tatskiet e legbiaipal ent ), even though not structurally equivalent to the
di scl osed structure, which perfornms the function in the herein illustrated
11 25_February 2005 exenpl ary enbodiments of the invention. In this regard,
it wi P1TREPSEHY cleigt bgvhersa dhernagicle chaseineyeett fusther inchides i slcten Sanestiversiie fabl e
medi usepblaidg cleptrosipu i egiceteagh veidh ehelidhedriedvelO Mg cfebfonpoizitemtagidzie patiaps  of
t he various nethods of the invention- In addition, while a particular
feature of the invention may have been disclosed with respect to only one
of sedethalkystepiyd dlaimehtvdereis tleteleticmt agnesatingmsyston fgthebindhelds apiesmasteetrondloodreystem

Ot er uhEdfiWiRamAl inld e REBERFor SRR TR AL 3% ARM.OR. defis Rl Badhaf¥anbAgEOUS

for any given or particular_application. Furthernore, to e extent at
the t EFFrRnsand,be prgatyely charged pagtifia e uree thpeleotronsapd;the prgatively shagged particlgavay free e of
ar e usiedtidnnf eivtifaithdibicbestet ai | ed description or the clains, these terns are
intended to be inclusive in a manner simlar to the term"conprising."

| NDUSTRI AL APPLI CABI LI TY The apparatus and associ ated net hod nay be used in
t he f f-elhd sysfemi afslalyed mherendlespritinly chaygipg oreterd éncludes sy stoagrted nidewnlltplaidn hiaying an

I eV inhy s&ﬁsﬁtﬁdﬁhaﬁ&m&@@&d fhb SRtk Shrbbd NGudin@ aBiBhsi P pRRAt mhgnelRedY H&fuYer 2005

VWhat is claimed is: | . , ,
surface of the sidewall portion for increasing density of electrons throughout the region.

6. The system of claim 1, wherein the electric field generator further includes first and second elecirodes that are
spatially separated and oriented relative to each other so that the electric field is substantially aligned with the

direction of travel for the ion beam.

7. The system of claim 6, wherein the eleciric field is operable to exert a force on ions in the ion beam to accelerate

the ions to a desired level.
8. A system for inhibiting transport of particles with an ion beam comprising:
a plasma generating system for providing plasma into & plasma region that generally surrounds the ion

beam; and
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1. Asystemfor inhibiting transport of particles with an ion beam
conprising: a particle charging systemfor charging particl arity
that is different fromthat of the ion beam and an el ectr?gF#bﬁlgﬁ&B@
generator for generating an electric field dowstreamrelative to the
particle charging system the electric field being operable to urge a
charged particle located in the ion beamaway froma direction of travel
for the ion beam 2. The systemof claiml1l, wherein the electric field
gener at or geslestng feld gehaater ferpendrating fredlettric field sefierally piradial to gldgection fataye) for the

par al lig@lvedi®addREwidirdaRGELRB oM pidsBYRLiof;0r the ion beam the electric field
accelerating the ion beamin the direction of travel for the ion beam 3.

The syst em OFCRPEFfFsocalif By thY pfastn seeipn ate; breed apestiviidh e S etiefisld veing ageatively
i ncl udksged parédls ddcatahin the e bed angy S5 the firdeiin of SavlFbr\tierieh BhRCt rons into a
regi on through which the ion beamtravels, the electrons negatively
charging the particle. 4. The systemof claim3, wherein the electron
gener &t Thegysiapsafelint 8 rherein therslertricl Ged genpritasinduded Grsttandsecdnd glodrodssshagare sitatialy

en t's @Rl e Sach 01, HH Qe MR bubhaHaly a‘Y’i?rle)( with Bk Alrdfort & RALLhGboeati NE
electric field exerting forces on the electrons and the negatively charged

par t i dr@eginedws ke o tser Paifeishlivedhe negativel y charged particl e away
fromthe direction of travel for the ion beam 5. The system of claim4,

wh : . : t i nel | ted si i o
T OL0 4086, BN ELT SE LS R T A e

i ncl udiringregpingdengist of gladiropethnyeshedi thepagipnet | ocated at the inner surface of
the sidewall portion for increasing density of electrons throughout the
region, 6. The systemof claiml1l, wherein the electric field generator

f ur t héb AT gRaEaten Eem seEprisig ond el ectrodes that are spatially separated
and ori ent edliofi &duftt fov @nitting RACH ek haibstaR 1dchad at hhigipRh@oh Ethionf 1 €1 d i S

subst ant i almll%éwl liril ned tWi th i l&e dir ecki gn. %f travel If or.the ion beam 7.
The system of - 3 M6, Aer 8in TR OB SR IPYE psdt & MRIEHISP HHFE Y 0 exert a
force on i emstiflyremowl seRmbfeninhibiongicanelon roé paticlds vdth itiendivettal @ndiesn the dndlyeing| .
8. A SYSEEIUED ne pIUIDIhbNOLLARMALL, Of particles with an ion beam
conprising a plasma generafing systemfor providing plasma into a plasma
regi on thafP HEIRg SYS'EP £95 chitrinetpRticlpsima pavainrAifteaetionsthat ot fedirayad in2@d5 an
electric fueketgenad #cRtd iWns@8A QEIRVE Y 1R paRk B Chirkife §ys@mdmdenefidlieM being
paral | elf)alb%g a diyection gf travel, for the ion, be m%‘ré]d downstreamrel ative

to t h&PPEITEELETOR™ (HET BrrEeIPATFIF ey M h R difcaipn ohma Héor fledbRErdiugiah ar e
char ged negatbtae] syppottdient b éniianiatorf statibrdfotir@ineat viegadsifieal the pagRRBr@ectalpastc, Cl es
| ocat ggl. ' ML) , irection of travel for the ion beam
9. The é)})gtpge'ﬁ?%%og%rgﬁﬁ% V\,ﬁ%sgr%?ﬁt gtegl ectric field generator includes
first and second el ectrodes that are spatially separated from each ot her,

t he el2ehd dyGierd bQ@Nah PEWRLeiS H\@%&ﬁ(ﬂé &h@llglng sﬁ{eingﬂ'ﬁlgr MirddBs &Qﬁ:ctmnrg%hiti%ygém kf avel

of the ion heam | ) . . .
supplying electrons into a region through which the diverted ions travels.

13. The system of claim 11, wherein the electron generating system further includes a plasma electron flood system
that provides electrons into the region to provide a region of high density plasma substantially surrounding a beam
formed of the diverted ions, the plasma region charging the particle when located in the plasma to a negative charge,

$0 as to be urged away from the direction of travel for the ion beam by the electric field.
14. The system of claim 13, wherein the particle charging system includes an elongated sidewall portion having an
inner surface that defines the region, the system further including at least one permanent magnet located at the inner

surface of the sidewall portion for increasing density of electrons throughout the region.
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for accelerating ions in the ion beamto a desired level. 10. The system of
claim8 further including at | east one magnet | ocated at an 9H;QL Pesd phery
of the plasma region for increasing density of electrons t rougag t he
region. 11. An ion inplantation system conprising: an ion source for
emtting ions to treat a substrate |ocated at an inplantation station; an
anal yzi ng magnet system for diverting ions of a desired nass to an
inplantation trajectory; a particle renoval systemfor inhibiting transport
of particles with the diverted ions fromthe analyzing magnet system the
parti akernt GRMAE cISithSE SR firstleRErod@is RRLL lff)Lt%arﬁ F@di:}gé 4 %e%é’c%ﬁcﬁer@c&&% fr Etgl ng

particles to a polarity different fromthat of the diverted Ions; an
el ect relegtrodf kaing OP%QQTI%WH%WQW@W?@G&@ phike megicle pharging syt e char gi ng syst em
the electric fleld bel ng operable to urge at | east some of the charged

parti ec n_ of ivert ions: and .

Dot A e SURE SR B, Il Aokl e Pl inf i sEikene T of ol

f r om ttrerajsd iﬁtnrl @¢°é Oﬂlerrmd' li)lcat@ytbweemam whtveadthe pamtl@ diaging eysteanihp aledtomfichd befrige
subst rs@cisﬁntiaﬁy amgﬁeld Ok B direk@on of ReiDY Bt B b 6 a@ée%}ailﬂg thé/\m%gd BstiSqBRGid Gl e
charging system further includes an el ectron generating system for
supplying electrons into a region through which the diverted ions travels.
13. THEszsﬁeﬂwm&mmmgmﬁmﬁ&pﬁthE£®mHmhﬁb&hﬁ@b@ﬂﬂggenerating system further

i ncludes a_pl a el.ectr. ystem es rons into the
region to 6%8$?w%w§m¥£mpgﬁt% a%e d@ﬁgﬁ?gy%hggﬁg??ﬂﬁgFﬁﬁﬁPéﬁwbmyurround|ng
a beam fomved fwienetdngdin vieqtmcveﬁtldl cbmﬁ;remm]aipdeasthamaegﬁomhargﬂngr gi ng the

particl e wWogn.ih te & hidd kRFerhas '

ur ged avvay fr ?)m t he d? recti geﬁ of qr%g%/%fg%?g 1.Sé“%ig\yo A?rggegi%mbon%?ﬁ %’ée)tg??)flc
fiel dP®®4. The system of claim 13, wherein the particle charglng system

i ncl udes an el ongat ed si dewal | portlon havi ng an inner surface that

defin he re .. the stem furt i nclu at | east one_pernanent
rragneﬁ @Easf’"’ée 3{)3’?1%‘]% Wﬁ% 0 the, fpgagg &F“efaﬂ‘ég g?cfg“"\ﬁ%f‘lﬁeb'o?‘ft'i‘%ﬁ“ﬁ‘“&?s nERY E¥si ng
densi topelehting lthe ddnrbeansin the dergibroaftratehfer theignh olam. 14 25 February 2005 15. The
system of claim 13, wherein the first electrode is |ocated upstream
relative to the second el ectrode, the first electrode being operatively
connedt-dde Bvgern ofidtimst fiathen inghfling fmeptseforyzaperating e Qdetiic diekd Jordyeilitating the ghargltgeof
syst emepdrticldsai m 11, wherein the electric field is generated by first and
second el ectrodes that are spatially separated fromeach other and | ocated
downstreamrelative to the particle charging system the electric field

bei ng20. aulpstiod R indibitiyg tadni;pgﬂeﬂbamctematm 1diibEz&1G1tHe(ﬁﬁth6€[ cdmpasi@tha)sfepi&re i on beam
for accele [ ve I T A system for

i nhi biti ngElt%t a%gm’{la?s to%(\:flgrgé EQ/m go arltgfchﬁ'eren?l om teoéfﬁl,l (1:08r1]),p“ sing: neans for
char gi ng paqﬂﬁmmgés ef@f@waielsliﬂamgeeahavlatwg togg reRinan whigh ¢ paftteemt cliargodratdhat  of t he
ion beam aid mdBRARS fliPto HEE IR AR Rlhe @Aa(?gfetpasnae + gorﬂg\eﬂéaa cgweﬁom ve
to the neans for charging; wherein the electric fie I's operable to urge
char g®BP$%rticl es away froma direction of travel for the ion

21. A method for inhibiting transport of particles with an ion beam, the method comprising the steps of:
emitting electrons into a region through which the ion beam travels for negatively charging particles;
generating an electric field operable to urge the charged particles away from a direction of travel for the ion
beam, wherein the step of generating the electric field further includes accelerating the ion beam in the direction of

travel for the ion beam downstream of the electron-emitting region.

22. The method of claim 21, wherein the step of generating the electric field further includes generating the electric

field substantially parallel to the direction of the travel for the ion beam.
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beam 18. The system of claim 17 wherein the nmeans for generating the
electric field further includes neans for accelerating theZk?QmBﬁ%ﬁb%n t he
direction of travel for the ion beam 19. The systemof claim 17 further

i ncluding means for generating an electric field for facilitating the
charging of the particles. 20. A nethod for inhibiting transport of
particles with an ion beam the nethod conprising the steps of charging
particles to a charge having a polarity different fromthat of the ion
beam generating an electric field dowmmstreamrelative to a region in which
the paBiThekRGoddRIaNA Bk inAREngURd P oF BBer@iin® Glnkdbferil HQA Feal M dlcHboufdary BARL
sone of.th.chagﬁgmggrtlﬁst away froma direction of travel for the ion
beam "ZI°" K RETH P RSERTEF Rt Msport of particles with an ion beam
the nethod conprising the steps of: emtting electrons into a region

t hrough which the ion beamtravels for negatively charging particles;
generating an electric field operable to urge the charged particles away
froma direction of travel for the ion beam wherein the step of
generating the electric field further includes accelerating the ion beamin
the direction of travel for the ion beam downstream of the

el ectron-emtting region. 22. The nethod of claim 21, wherein the step of
generating the electric field further includes generating the electric
field substantially parallel to the direction of the travel for the ion
beam 15 25 February 2005 23. The nethod of claim 21 further including the
step of generating a magnetic field near an outer boundary of the region
for inmproving the density of electrons in the region. 16
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