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(57) Abstract: A system for inhibiting the transport of contaminans particles with an jon beam (16) includes a particle charging
system (12) for charging particles within a region through which the ion beam Lravels. An eleciric lictd {50} is generated downstream

relative to the charged region so as to urge charged particles away from a direction of travel (18) for the ion beam (16).



system (12) for charging particles within a region through which the ion
beam travels. An electric field (50) is generated downst rearg_,il;r@{l kd()? to
the charged region so as to urge charged particles away froma rection of
travel (18) for the ion beam (16). 25 February 2005 SYSTEM AND METHOD FOR
REMOVI NG CONTAM NANT PARTI CLES RELATI VE TO AN | ON BEAM TECHNI CAL FI ELD The
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gl ass substrate with inpurities. In particular, ion beaminplanters are
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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
bearn which reaches a desired area of a semiconductor wafer or other target can be rnade 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.

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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i nhibiti ngvafqucomm of partl cI es with an ion beam conpri sing:

DISCLOSURE OF INVENTION

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

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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a particle charging systemfor charging particles to a polarity that is
different fromthat of the ion beam and an electric field gepgrafQpsfor
generating an electric field dowmstreamrelative to the particle ‘charging
system the electric field being operable to urge a charged particle
| ocated in the ion beamaway froma 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 i on beam conpri sing:
a pl asma gener api¢rgrdangs wishrihe gird gpngziodlihe ipvesttians here in providedph desrimplrsagion systemat
general |y guphisgnds the ion beam and an electric field generator for
generating an electric field generally parallel to a direction of travel
for the ion bedhi % ErerdtFatRedPns fafreaks syRstrtplotatrd s ienfantaigniiaion: wher ei n
particl es | ocatdndiying bRgned RSB IoF BN ichE 6f :GlodegRLks RAE ahjlanativh rafdbsryel ectric
field urging negativel har ged ticles located in _the jon beam away
from the directd B fre’f’%/‘ﬁﬁgiﬁe‘%of?r F‘ﬁ Iting, FAnsReET Partisles withh fhg Alixsrtesiyiges fron fie
accor danc enyly ity niaet dybteh,dhegaipiele tendial tykemicong@idig:on, there i s provided an ion
i npl antati on sys onprising. an .ion source for jtting jons to treat a
substrate | ocatotihl SHER SRRt MrrEPai it € il S5 Mg Ales et
for divertipmppniions of a desired mass to an inplantation trajectory; a
p_art icle _rem)vaaln RAU &1 IE&Eed IdMs@éa&'ngivg {3 Ri’;:lte cﬂ)aF_Flr%asggtén% Itq%%lemié Ikl]el(} tP:%g
diverted ions fromthe analyzing nagnet system the particle renova
syst em corfprrrtlg tagree at epstrsping pichecdhareesi patiicles/aviag freth @ diresHer o itag! fontht dicérted iong a
polarity dpdferent fromthat of the diverted ions; and an electric field
| ocated downstreamrel ative to the particle charging system the electric
field being opferattesuprrtesd e pplangtan stadiepier trptmeniavith foad Gt thp prtidearraalaway
from a di rspsdni, Rerély pirfiad/@htaihbtich BRhHubs@bit Behidig@s; and a substrate
supported at the inplantation station for treatnent with ions fromthe
particle renoval system whereby particle contam nation at the substrate
is mitigated. | aac@dce @it heVibirh abfee df aherikfenap@at iOfrodidte al NN tdr Mhibitnber e
LZaFn){ g\élngﬁrfal%a%%&/f%g&squt ax'lf?nrﬂl:e%htchrﬂ is‘ing:r ansport of particles with an ion
means for charging particles to a charge having a polarity different from that of the ion beam; and

means for generating an electric field downstream relative to the means for charging;
wherein the electric field is operable to urge charged particles away from a direction of travel for

the ion beam.

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 particleé 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.



means for charging particles to a charge having a polarity different from
that of the ion beam and neans for generating an electric F%QJ 005
downstreamrel ative to the neans for charging; wherein the e ectrlc reld
is operable to urge charged particles away froma direction of travel for
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 nmethod conprising the steps of charging particles to a charge
havi-ng a pol ar i Toythdiaédompléshinerdt roﬁmetﬁ]&goiﬁg‘ aztdhelaiemmndseeammgiﬁmamiaqg:ctamf the

el ectric flh@ lntgon a?e de% iy bgcfle mrgu? lnactolnﬁ/ﬂ thIl %téee %Illowm rf]es Ti ti% dh t%e Qar)t(eld%lraes _I’ e
char ged; nd usi ng e rc 1'dto ar ge at T dast *Some the cirar ge
particles Hmawswept@meanfﬂtrarx@ehwmero@f ltur avey of th@rarmhﬁeway@m biginthe Ipnntad@c;lrf dence
with the slh%hnnarﬁ@%temgoyéd%d ti{év]ﬁ&teﬂt Qrg/entl:oﬁ'?{ ﬁteh aks 91\4&1%6:91 &he sh&?sdantl %EII‘
inhibiting transport articles wwth an i1on ean1 e net conpri si ng
t he steps GPIVEfE tqtli*f»‘g aéYa@@schfwé oyl deagiirgseefi b invertpnghillvitstas areredt ofprb&em

travel s f opnd@gedelal&d déschPndk RYinve@bit wﬂeln%&sma@mrcaﬁjadagomth%eecﬁ;vmgg field
operable to urge the charged particles away froma direction of travel for

the ion beam wherein the stHPEBPEGERFTAPNAY PREWeNEStric field further

i ncl udes accel efighiing stihclicdfl vkasn d garticlehtemdlal ©Gtn GNactdrddnteaVid thé prleschihe i on
bean1dommstrean1of the electron-emtting region. 3 25 February 2005 To the
acconpl i sHREM ™ of the foregoing and rel ated ends, certain illustrative
aspects of the Fig. nvesiothenviawr ef thegsten bédlghEl’ilﬁlsmatﬂng] aic oamgle tof © pariMld thajdctoey in
follomnngzgg aﬁ%Q&&%w ngngggmannexed drawi ngs. These aspects are

i ndi cati ve, Sput"a" 'few of the various ways in which the

princi pl es of the |nvent|on may be enpl oyed and the present invention is
intended to include all such aspects and their equivalents. O her

advant ages and novel features of the invention will becone apparent from
the follow ng detailed description of the invention when considered in
conjunction with the drawi ngs. BRI EF DESCRI PTION OF DRAWNGS Fig. | is. a

side sectional view of a particle renoval systemin accordance with the
present invention; Fig. 2 is another view of the systemof Fig. 1,
illustrating an exanple of a particle trajectory in accordance with the
present invention; 3a
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25 February 2005 Fig. 3 is a schematic block representation of an ion

i mpl antation systemenploying a particle renopval systemin agear wth
the present invention; Fig. 4 is a partial sectional view of an exanple of
an ion inplantation systemenploying a particle renoval system.in
accordance with the present invention; and Fig. 5 is a flow di agram
illustrating a n%thgdol %%é‘ for inhibiting the transport of particles with
an ion beamin accoPdanteaNG Terk fIRErspraies n iop epianiagen sYNEDECSYIREGRACARRY! NG
QUT THE |Wﬁbmvmsﬁhenmceﬂmémmmepﬁctemnqaﬁ@w des a system and nethod for

removi ng contam [ el at n jion beam such as may be
utilized in conj l??\ggtl o%aﬁl&l lonali 1'6% 0% "ﬁ'ﬁfaﬁ}‘i’f eog AL 08 frnfantaion syjtemm erpploying 2

appr eci at ed patigoveneyal systhmtin @h@dqacee&enhe praawmtverman @Ry have broader
applications thamfof . ¥ss 4 resent invention nmay
be enpl oyed to hel’p renove ontﬂgdr%ﬁnug ?mf)[g?r@dto?) °§‘“P‘|tpiﬁlﬁ1’ A TFPPIpE BARkCles pyith an
appl i cat i ond°PEEIR agchmpnce Wik the gusrot intsaébnher ei . Mbreover, while the
exanples illustrated and described wth respect to Figs. 1-5 mainly

di scl ose renoving particles froma positive ion beam those skilled in the
art will understand and aMSPEEPRQR CABRYING OBFBERINYENEIGN on i s equal |y

applicabl e to remgrdign: RAEdHoR Ft%sxdes alsQE B HO@ALd M€ fngﬂné)%g{zprﬁmantgamc{esr

lativ
illustrates Y partl cl e, Lemva system 10 1 n accor dance antaspect ™o

the present " 3ARVEHET 57 2P beytlizadinronipnseqnytitian sonpnplenier ngﬂwmbbe 12 that
em ts el ect pgpresiaed) bcﬁv@hﬁ/éﬂ, ﬁatpﬂeﬁkﬁtﬁ&:t ﬁﬁ@ﬂﬁrnn%ﬂve Br&ﬁ%ﬂ%hc%n&lﬂa JSQQmPa%aS” 16

travel s. Thgnloergmre " [fas a beam axis A ravel s ownstreamln "a
beam directi ndr 518 Vef“‘o_L"S“ay REMPID odalmrerepve contasyinmaipagitles o andsmbrshe,

positively Glhaﬂilgeldnﬂoﬁmsthhhadise d@st‘:xﬁtdﬂlﬁtﬁeuﬁ m@deEﬂ w&leﬂh@&fax%bigslﬁés@!ng and descrjbed
Consequentlxnhr@sppcqm_ﬁj%@ Sm? dlscbew Cﬁhe ion beam 16 and th 1asma
sheath 14, such 't hat S ?RW“@B% BITOP ARG H AR ap HRose %‘erﬁ)é*&hﬁ
The pl asnma Fhelupdertynd @ﬂ@mrm then the preseniCiverditin if dyailly GaplR e © oAk fEdtics
particles tguREs légmj:g geag] negative charge, which nmatches the polari ty of
the plasma, when_in t asma region | ocated outside of the ion beam By
way of exanple, Tiad ﬂblsﬁaé?m Pesinle Featops! syb@mrthyn doeordangl Gt HR agk@GE hOftesth00d

( PEF) syst efvenddde TheRbe trically conductj si ng
20 el ectrical |y s a?aftrgw‘rngganﬁg gglgﬁ%ggg%e?a:fbégﬁg m(‘:t?)er?l1 L‘% TV ongﬁlp#as“ﬁ’? Tgblé‘t ed
in the housP7E ""FFF agigp peagpl 6 waMile Hhprigy bisen Iﬁowlnﬂmao# bfftanuragxstAemave[n danetdaniin

sui tabl e Waatl&&ma& tidnSndRf2R A 8i 13€ Ghd ion e Y
housi ng 20 fi celcerrlltn to enerateI a%aggéﬁwﬁoﬁﬁﬁp&a%*ﬂf p%iimehcgﬁ%usﬁmﬁ 2 The

S
coil 22, f oﬁf"‘%%ﬁﬁﬁ“@’e e&%fvc Brld erRopsgPert 2 Bpyndasy istiemed BROwdew the ddndbdmy 6 dndtht he

vol tage of fidi@a iheaasiagicR Mt the SO SRR denbrhllARrBRAL @Proh@:éa% 91%@ iﬁl@rﬁ%‘ﬂe'aﬁ'm' S
operatively _connecte housing 20 for injecting t gs I nto

housi ng. mefw S envdrggm%&Ftccé‘“?ﬁcof‘@m@@ﬁ%ﬂ‘i’ﬂﬁiséﬁcﬂvﬂqlq‘? QJ%GB?‘HF éwg&S”hlch

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.



bei ng connected to an upper end of the housing 20, those skilled in the art
wi Il understand and appreciate that gas nay be injected mtgr_%r?%]gg(ggll of
t he housi ng, such as through an appropriate conduit that is in I
comuni cation with the interior of the housing. 4 25 February 2005 The are
generated between the coil 22 and the housing 20 causes electrons to "boil
off' (e.g., be dislodged) fromthe nolecules of the gas provided by the
source 24. As a rmsit kgncfalk@ bdi@ets iagoiP el afnﬁltﬂe$towrﬂg|20 cagheg eltrtonsto Gfoiltofils e.5., be
injected ga [ LOHaf ke
housi ng 20 ?5%%1%%}}?"“1 ‘H%mﬁlé?’f‘gﬁsﬁf Lg?jgaﬁpf'%’r?g% \ws ﬁf r%gf%%%l?lﬂﬁ%g‘%ln F region
of the housic:Rerdnhsfonegifedrdicaapemteting, 26, ;aasmanAn eeitgn Eadxicods t@etﬁ!tt@rhoP%anBQ s0
per pendi cul o the he.i o i, l4as) A9 Afd4r N,
forms a hi 3?‘? %‘%ﬁe“erfte&)%fsé“§n“ﬁly?ﬂ%gf)‘ﬁqiﬁ%gyv%gan %H&%eh%g%nl yggucﬁar g&u I t he
exanmple ill mstmaibed:bsmuﬁliyg:erpbum@hetomeaamf@emerbaﬂtﬂblé if”zewttffﬁammédn fup. Eprms
general ly cyl i of-a0 gheetrical ly conductive term nal

el ectrode thlgg%m rpslasgl%s ?t\ﬂghh‘gﬁggt rrcal | Lu%l nsulating naterial are

i nter posed bet vveén the preamiptrulisigedioFignd fftfm@srfl%%eﬁ’?fﬁ% 1249 raupied it g3perglly cylindrical

el ectricall 3@1(:1{3 :Qll B tc’ﬂs%mch@‘é%dﬂ&w@ AfhhiRRcRe et rS@ﬁj;@rs 3qd Bﬁan%ledlﬁhfﬂl'y |1nsﬁ€hr@f
the term nal ectro 32 may be substantially coaxial __relatjve t pe

beam axi s A. mﬂ*‘ihléf afféfifhli?‘?ﬁa‘li besyese the Betsing 20 prgshedrmiigt 157w a5 R fARE S8 Yt aée i
upstream engousd3ehRQe cldcié@UTR: sibkvalBotdiene E&Iﬁﬁhlkﬁctﬁﬂé BT Sayl H&tsﬁbs&ﬂudllﬁi t@xiaor

region of the termnal electrode. The tegg%zr}% el ect rodgs & Sueamle gl udes
an el ect ri cAflpyye LEMdERE PXiRA afheiearng) Flsg it B PE S YO ream end of

the term nagerdk @6duc®IBich b aeaa:rlﬂ ghtars mmd ﬁtlﬁerB:B reigioe birtkesmeiini dxqtrtodqaﬂép teomieal 40
t hrough whieh the |on b

it termnal ele
terninal el SEEFYES 3P ‘?déﬁ B ef’tf%aéy F?}'dg%we T‘nnﬁ‘ ci)at%% Sower- g &4 a@?&é&%ﬂn %E{E]lg%me
energi zes t h&nﬁia&ﬂﬂcﬂ’r@demdaﬂmﬂmpmm.’iﬁ in¢lndesah t:ageeperpm@hhm@h wheszlhaftewebeﬂfelféﬁay
el ectrical gerﬁ Pﬁ'ﬁt ent i 44. The coil 22 also nay be electrically
coupled to t ? HEFE ec7trode 32, with the housing 20 being coupled to
the el ectrical gl’mwnnﬁnyﬂ@teetmdpaﬂ:s didctridatly ecpled Waypoweriurs g2 thapanesgizes theydectrode
terminal el ectrode. 3 afm 2lin i Riele & EIRANR QS ARSAR! ANAL2 ubifey asa

sheath 14 sdb&b&i an interior region he term nal el ect rode
32 general | wecsmurywmw trofhe tyeninabeiedyedad2] Gith ‘F‘ﬁh%‘ﬁl%?o 'Wa RRPlsd Frthsrlestisala

desired hi g%rcﬁ.lgﬁ'zdténﬁa} Qh gl Lt‘ﬁg&*Efjﬁ@ difb ot NS mk REEhi Qlectrob €D 1th B ar it @arheVoliagaal
on

el ectrode 3 _ mor e perrmanent nagnets 46 may be positioned along an
i nterior sursegeesl.of the terminal el ectrode. The nagnets 46 create a

magnetic field alfaglenknnes susthhdiaAG Sills & inte e rdafh BT tﬂadenﬁh;ﬂielbd.‘tﬁdexﬁ’g@netrhlat
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el ectrode. ngﬁormf @S Bmiaheatdudd 42, one or more permanent magnets 46 may be positioned along an
interior surface of the terminal electrode. The magnets 46 create a magnetic field along the inner surface
of the terminal electrode 32 that loosens electrons relative to the interior wall of the terminal electrode
control, thereby increasing the plasma density within the terminal electrode. The plasma sheath 14
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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Will am travel direction 18.

It is to be understood and appreciated that other sysiems may be employed (alternatively and/or
additionally) to provide a desired charged region upstream relative 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.



accunul ate a net positive charge prior to reaching the boundary 60.
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accunul ates a | arge negative” charge € located in the plasm sheath 14.
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reaching t fb@regﬁbm&lw pfégen( ﬁ’xbénh&ﬂgg\u&eg a quﬁo l‘o@ﬁép:ﬁ'ftg%rﬁo\cg con[-a!lrmnant particles
from an jon beam 16. The system 100 employs a region, which may substantially surround the ion beam
16, for charging contaminant particles 66 to a charge having a polaﬁ'ty 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!eclrig 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
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charging region may be utilized to enhance the particle charging. The plasma may be provided in a
direction substantially perpendicular to the beam direction.

The downstream electric field 110 extinguishes {or blows off) the plasma sheath to establish a
boundary (or barrier) between the particle charging 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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beam travel . e%lm)re 92?‘? Lve a gs article becopnes and/or the great er t he
strength of the ‘€F EEFTYE BFigdes £ RIS BAPRST 230389 PR $XEIRGOr 288MmPIE @3- Jeray is
rel ative t dmpdmed io@miohisbia dbﬁﬁu °a§«$o Qenéraswlni wltHilhlﬁe ﬂﬁu&ﬁdﬁ:{m‘oet yir ]l lmeﬁesmy JpRfisRor t
of contam n an .accel erated i on beam | 06’ t he beam
exits the pgnstaz eC?éamregr?l')tgoéJFh 3 g‘i“é’ﬁ% i} ¥pauon ‘?@pll'—céﬂ? fay i}e"fd’d"oere‘l“l‘f@g%‘é"r Prdre
removal syseemcl 02 thesoprge 2| ’ﬂe ptbslmare reaare a)&ﬁétedtmro@ghprsﬁmﬁsmpngns&}ﬁ:ﬁqb@ @20lE}2.

13y way of Ef&i\aemc%r stsJ?x‘?b a%p% on}% ggsteTa ! Ilasll.?r ity %12 elquéldes %ﬁa?'h cgf)zgeg‘t. 4' a(r)en

station (for ron 1 nmp fant station {fo
anal ysi s), Cbﬁfgeétvﬁbneasﬁy\swetwatMtgesmx}creemlmylamude@mthbdamnce,@rounm;ﬂshher 120

nmay be Opercﬁgaﬂb&%ll%n%& C'A?ctoﬁ:gngw I‘h@ 10%%5&?5(:81[ asl'-.e'ﬁ%ly 299 Qe S e}Tp:a%t ab a.rg 288 ticle
positive ions from the plasma chamber 220 and to accelerate the extracted ions into the mass analysis
magnet 212.

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



removal system 102, and the processing station 112. The controller 120 may
nonitor and control the ion beam characteristics provided 49 glfGry 2005
processing station 112. The controller 120 may be forned of hardware and/ or
sof tware programred and/or configured to inplenment desired control
functionality with respect to the various parts of the system 100 to
control paraneters of the ion beam 106. In order to provide additional

cont ext f orredolving pseiaery. PoraRRE And Ei;’gafthdbéalrdnstdoabxes'&d aﬁor@l(a-mlaﬁf of an ion
i npl antatiop t 200 confi artlc ere m202
in accor dancaé’s'\%\éfrfae ant. aepact [gg gﬁ%‘%&%iragsyef%" 5?1?15“ ﬁdor’i'ﬂgorit%ﬂe SARGE

i npl ant at i mmnswtemm%ﬂdhmhesanaﬂ thmgs&b@l?qess%]l@;he&sm8§h0uam29ml$thmgnet
212, a beang,isREna55E8 Y Nar Bok2 the A0 o Ponls end station 216. An

expansi bl e stai nl 6ss sttaég%' be F&os\s aggs%ﬁ%afsqgtfm whi ch permts novenent of
the. end stati orFYZ"fE’BOWXPIhPI?,é@Wé@fIE teziswtahe/styea@a ip prémomsrethbﬂegolvzmousmgﬁ%ct S
the end st afithdabh idit® tﬁ@ﬂ)r&ﬁﬁd%ﬂﬂé iy.&@m Ay %éddag&%mh'ﬁ'letpt%@éﬁgmveﬁhcﬂ befocated

illustrates an exa an ultra | ow energ ‘éULE) ion | nplantation
system a gaPPyreree ww‘agg?g?f@mtem OB S¥RIsciac PaRicierfernyal syitemsdR may be

i nvention, iasd appbvudan@iGofiti ua&imgﬁdetzy@es of i rrpl anters as well. The ion
source 210 incl u[(ges a pl asne cha 220 and i on extractor assenbly 222.
Energy is i rrpart%'%f"rtfcfi3 TRV oM ac&'ﬁf‘beéﬁefm&’ég PREGEHE PEYE PHEVIUME hi n t he
pl asma chamagcle @2Qing Ggive 231 ih yonjuypaiin tvity edow::exmareengﬁemegeaérad 252aiitheeghst he
present in S | i ens . wher e S

gener at ed %@%ﬁe%@u"r"@@gﬁga‘%ﬁﬁm é"%‘é’z’.}{l th amﬁci]egﬁ‘smy:éfoén tg‘;(%r aé ?ﬁ' Bar{l “a slit
in the pl asweevdhaive@p2 Pipgrategin Fidié manbp sabstaniady Giﬁntaé%mblsl}o“@zﬁq devdnbezrlhwth
conpri ses fesplch el it BBthf[y s?zlté?iclrhé Bptﬁ:& cgzg4ngr Q&\ ﬁb%fuﬁégq?%ﬁazgggé{t 2s£har ged

wi th negative pot ent | al "vol tages, 1ncreasi nlg I'n magni e di st ance

fromthe pmeutied in#tslonend aad gonerplpycybnggesb sidene @frad?rwgllakﬁlcctr%’é 256 TheResmact or
assenbly 2 %aleifaléﬂﬁct igBRftet Pashalthadfobmsh PREBMNEABRligh PG dhd i¥PbebiR B dal@the

pl asma cha 220 and to accel erate the extracted ions into the nass
anal ysi s egfnc?iésm?méjs g L0 b ViRl a0 injeligpiegionafshertergngl e&'ﬁ'é"dt’ &%ass ions
having an appr ofmd eﬂﬁc&xcﬁlslaﬁsggene&dncdrﬁaﬁ@enrtmtwrmlnalte&cir&ie 2beadh ihesiesserbitode 214,

whi ch conpr, sol v h 229 beam neutralizer 2
mss sl yarE Refneldie Gietled A el S d Py R Ay R R b bt el PRy
al um num bécamdgmhdlehemna $heath sgurauigemathargchplving al polady .8 shgative)l thasis défe@atuat | on

or opagat es 3 ae " H oo BarPrAIEL BRI B8 1Al RS BT hE e Bhcente o ca
by the nmssrge @ﬁah\yﬂylf@mn@gﬁm@lom@emtmd} @eqausedwsor@fn tmrbearna%ﬂdtammpptattfe
char ge-to- gaa}ﬁy&@we%m.mﬁm&; rﬂ%re%mc A08cxAhd ef%@&d% onsQfn tﬁdguagosgaﬂg én%recgﬁet' c

field is controlled control electronics ch a trical
current t FFSagte ffﬁ@e PAEICSMP prasierars them ﬂtthfed"ﬁﬁgneﬁbemzawhrﬁéagmuialmagﬁ@q

connect or  gffGval syiem ddRHEMIBARE fuh&ioh; ik s CRAMREE PR PRI iRk clidd BV E
al ong the curved beam path 232 from a first or entrance trajectory 247

near the i BATBTHE&eD spctdratesdhedonigamez®exit traj ectory 248 near the

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

10



9 25 February 2005 resol ving housing 229. Portions 228 and 228" of the
beam 228 (conprised of ions having an inappropriate charge-zggemszobgtl 0)
are deflected away fromthe curved trajectory and into the wall an

al um num beam gui de 234. In this manner, the nagnet 212 passes to the
resol ving housing 229 only those ions in t he beam 228 that have the
desired charge-to-mass ratio. By way of exarrple the particle renoval

n s [+ [ c Tl al ah 1333 W
system 202 & e@me g;%%qam JhvehESQl Mt:;tgzcor IMrlo} t?a%%il]s ,glgctst bgttgb Fral$uid0

be appreciated. t syst'em may ance Wt

i nvention, B&e F"&?&*&‘E"@H"f 1f1<’npa{=jﬂ?épftb@pp %ea@fa"‘t the wlshWi sephaathe &tﬁemtansyswﬁmbzﬁo
For exarrpl eabodthfs eatti cl e removal system 202 may be located at a

downst ream endngé) t_.he eam ui de 234. The gartl cle renoval system 202
facilitates renoVaP g %‘Ht Waﬁﬁrﬁ“rﬁémﬂw ©f pipethedslpey foniphikiting pariqletfagsport

charging r eg hioian B4&6) id ncﬁa@pdmmdnaﬁpewcat fhe ﬁcﬁﬁﬂm@hﬂ‘cﬁamhﬁé @@rtprnlpgse{] éf%lnq:hcuy of
urges charg

gener at or ctric field, whic

cont am nant® Zlana[] o {8 metgvsg')?gt' ?fcfa ? Hsesg?”ghanﬂg?fﬁ’l’tf%s A SPRE Of)%"rpﬁ i{clf @ be P@t’fﬁt?ﬁ‘li

syst em 202 an{ kppeetined et therprdsérgy mvéhtlfmiﬂ nhl&mﬁt&b&tlﬁl’bﬁ'deabﬂ shpd, 6Bkt ﬁéﬂs nfa®, ik hat

shown and y RN ) Lo .F 1 stat partjcle
CERh g3 Me ollessl BOBEEL oCelhi® bl =5arcomuEae i e fhom

chargi ng region es T aSHe
el ongat ed drrtishgen @tdaibﬂcyb@ylbnemd Momatcr &pctﬂwalstratejfst@s ey ire@lredab egildneedes 256.

The pl asma ,QERRERPlecardcO6 h forms a plasma sheath
t hr ough wh|n(13h theﬁl or?cbea?n thga ave{%@?tg%mm %?élrra general ly surrounds the

i on beam wi t hi n B&feringtielig.dr the Biysteated okthpdeiozy étalns Redtepdll @ it wiochen 2Xm6am Fhe
el ectric figlvied STHORRBERL ﬁg' d&%tp‘é‘é%‘?»@ of &Eativgwmb el:g ﬁgé (gf%%%tyzﬁéfé’:}ﬂ%n@

downstream el ectrode 260, fieldis orient i rect
subst ant i alfsPofeiaey ke qet?“t’?ﬁlé”‘tﬁlftsé??tﬁoémoséﬁvehfé@mr avel . Particles |ocated

within the plasmsss t&n@ﬁﬁ%hrﬁ&l&a@e&%%@ﬁcﬂ%\é& aqman@gé@tlte Yot b8hion

negat i ve) ferent fromthat of e ion beam 2 , positive).

The el ectri (e:amfS éﬁ' aaye%’é EF Qe the BRRInEFRRY OFRET RIS AR Gliopayith dsceaps trb't h*SPr Bsity hem

away from tphﬁn:dslhdsm tvhiol m@yf belOARY in2:3¥Edn s RLABUSRubDRY thOBS bdaf ot B8RRI 2L 8
have opp05|Itlsmb g arlatt%{ rtel at i ve to the particl es, the electric field
exerts a force offPERET BATFN § ??50‘565‘6? ¥ b RIPYSE fo SHRELIOrEREAT pRtitles. BRD t he
charged parmt mzalsesérnﬂonaememmiganatteamh kt@med 9 a i@odive pedcr ORteRf Fhheatptrawrl . As a
result, th m@g{ém& d@msrteerg%al system 202 perfornms a dual function; it urges
cont am nant par - fromthe direction of beamtravel as vveI | as
accel erates t heﬂmeQaamlm fielhegdoeand dwmttreaﬂmra:eive D3heraety pmfttellastmlectﬁrg;-ﬁ. asma

shover 266 rhdiech hf Hal 8L flerhl a%me% rtchtnva% &Q%bu%e petd tg < gt 9510 b i, 3 e on the

target wafer as resu ed ion
beam 240. bauagenpie avadblidhad begvden énc nmmvebfrpdarg@sﬂﬂsmemehbmdm@lez% field gueaw geuat ed

by a vacuup@imcze8ing ﬂbrc!:ssonttt% Pma ﬂggfrgc%bﬁgu%ganp X1 é}ogg&e:e t%ul:(!hlrelct‘iz"oq St E'e fhe art
that a separate beam neutralizer 230 may no
. travel. As the charged contaminant particles enter the ion beam, the momentum ot the ion beam cames

the particles toward the plasma boundary. The electric field exerts a force on the charged particles
(similar 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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t he space charge neutralization provided by the plasma sheath in the
particle renmoval system 202, in accordance with an aspect ofsglg,RrReeNt

i nvention. Downstream of the beam neutralizer 230 is the end stati'on 216,
whi ch includes a di sk-shaped wafer support 270 upon which wafers to be
treated are nounted. The wafer support 270 resides in a target plane,

which is generally gerpendlcularly oriented relative to the direction of

t he i npl ant “SEERY eROpEImENS of e fnversiomt le thistrhgardd it 361 dltvehe edosvabdthasheppenton 270 at
the end st aticiods 2dGnpuki@abBR RE: br.uary 2005
nmount ed to tpe sutpg?t as they ﬁggghﬁﬁmgﬁg§§§§m§@£ﬁ&ﬁh&%%ﬁgp%nams% i'8h 216
pi vots abouf'! Fpthods g he fpverjtign. 1 Ip addjtjep é’i‘fsléé@i‘fwlaofeamh@f patrvengF@bmafhatche

i on beam antksi h’i@:l(\&&f\eﬂth Mvpecstb dnfjahe $ehivetaBen@RbinRh@ NG hitS %&}%E@Q#t&‘ned %ﬂ%ﬁe
this point owdla ramillustrating an exa

net hodol ogyorf“&c’? ?ﬂh"‘ﬁ eBi“fels ﬁ%;‘“epc’é‘?ef PEIOSMEP S IR E desired agf a‘i"éﬁa%@érﬁ?ﬁaw gisaor dance
wi th an asppuefcuf apblvetigr @smfmdrdauﬁmatdxaﬁt thaWhl-: lteems iRMudBM " ROR&Se OhasS I "HRAAET TY

of expl ana i s shown and described as a
series of s%ng('?'!ishané p’ eregPa{:e R ﬁ’%e@%‘?ebaggd eHRIAIB B Sl EESE 1T frmeisedisdnt

i nvention |@dmm@lﬂ4mmmadumar®MEn@mdamuﬂhn§teps 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 sINHSTRESLBEPLECABILEDYt 0 i npl ement a
nethodology in agﬁq]g@mgg &ym%, invention

Referring to Fi b t he P%MIS%?E‘? fg?gtg bgt‘séhg’g{}ﬁo%ﬁda?%nn‘}s“ bg%mgméess"gfbpmme

whi ch an |6ﬁyﬁ%%ﬁ\“?ﬂmBﬁBVWH@Hg“Wﬁ@”?ﬁﬁmbﬁaﬁ?hwy"b@Iﬁﬂpgsltlve or negative
ion beam For sake of brevity, the followng methodology will be described
with respect to a positive ion beam At step 320, contam nant particles are
negatively charged (a polarity opposite that of the ion beanm). By way of
exanple, 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 described herein. It is to be appreciated that
negative electrons also nmay be provided to charge contam nant particles,
such as by a systemfor generating an el ectron shower or a nmicrowave 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. The electric field may be generated in a direction generally
parallel to the path of an ion beam A boundary is established between the
negatively charged plasma sheath and the electric field due to the

electric field exerting forces on the plasma in a direction substantially
opposite the direction of beam



travel. As the charged contam nant particles enter the ion beam the
nomentum of the ion beamcarries the particles toward the pkagpnbRpndary.
The electric field exerts a force on the charged particles (simlar to
that exerted on the plasma) to urge themaway fromthe direction of beam
travel (step 340). The electric field also exerts a force on the ions in
the ion beamto accelerate them (step 350) in the direction of beam
travel . Although the invention has been shown and described with respect to
a cer t'ihis clg § nents, it will be appreciated that equival ent alterations
and nodifications will occur to others skilled in the an upon the reading

and under st andi, of this i cati.on and the annexed drawi ngs. In
part i u?aFwwEagﬂ§ﬂwgﬁﬁw@ﬁ¢§€ h@“?5ﬁ5?1 A8 “PEFFBY med by the above descri bed

conponent s apasgectaiging systemde\chatghsp, patticeCt b&antﬁtjrl&ﬁsﬁﬁﬁerenéﬂrtﬂn that of theioh BeafiiBand

ot endan") o clBhEHaR Ghehle for SRARS b HEEH A ASRGLLDEIRHED wEURANGRIR 2T ©

intended to corres FW 86 i n

per f ofYfs™; the clegiicciield hsie prerableitmeec chire pawisle foctseddn the ma@pmimwa(/ lfrme a dlrwhert ofi s

f unct ivenredol He BAaMal ent), even though not structurally equivalent to the
di scl osed structure, which perforns the function in the herein illustrated
11 25 February 2005 exenpl ary enbodi nents of the invention. In this regard,
it w klThaksembes chiach ghérzie che tlaatic mehmgehmergeﬁemfes the I@Iél:tﬂdﬁéid i aQeegibt @bstaheagiabl e
medi u ' - C t s for ornln h of
the. varnatlo e GRbRELaEHE L B b, D LA AP R ranBie 3 eich b Befhgh

f eat ufravebfer thyien begipent i on may have been dlsclosed With respect to onIy one
of several enbodinments, such feature may be conbined with one or nore

ot her atures of the other embodiments as may be desired and advant ageous
for aﬁye*ﬁ R a‘"bbr“fl’f"ré’&}lﬂ%?rpaﬁ‘ﬁ'ﬁ chagging jptem ﬁﬁmrn@%uﬁﬁraé elegtepngpnsraging WHEm {95 at

t he t ewppiping elevbbrsd@s 4 region thehghdihig 'the ionbasn travéllahs eRgfrons negitiely etfatpiilis phdige.e of
are used in either the detailed description or the clains, these terns are
intended to be inclusive in a manner simlar to the term"conprising."

| NDUSFRIhasysmpif iclaing}, [wWhryin Tieeelegippeacrnsratisg sistem dgthecindideda pletragtéctmayflobesystsed i n

the f il GhiefelclidRs RERAM gﬁ@ﬁ?o?%bél@ve‘ﬂch&%ﬁlg 't}eraru@le Sk Ll@dmcaﬁbﬂi é@lﬁ%ﬂ)r(fe? bn the
renpvi n%_econt am nant partl cles relative to an ion beam ebr uar

What Fleepsgndibgneeanvely chajged pacticlap prgs the elerrpRsEpdige ?%ﬁﬁ%‘kﬁﬁlfafge@)?a“ﬂféﬁat“ial&ﬁ% Xlw th
an | odirdoaRr coalferts iigbeart parti cl e chargi ng system for charging particles
to a polarity that is different fromthat of the ion beam and an electric

field generator for generating an electric field dowmstreamrelative to the
parti 6| Tehe @yq@mg:if Iq@im 4, 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.

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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system the electric field being operable to urge a charged particle

| ocated in the ion beamaway froma direction of travel for eam
2. The systemof claim1l, wherein the electric field generatz'r(’)%&gmhceﬁra%%jes
the electric field in a direction substantially parallel to the direction
of travel for the ion beam the electric field accelerating the ion beamin
the direction of travel for the ion beam 3. The systemof claim1,
wherein the particle charging system further includes an el ectron

gener at i ng B ysteniidbgenergeppl sphamying tredectioisldigenerilapardigl ton dirktiouefhravihie thet he
ion be@qrne&ﬁam@b\snstréahﬁelﬁlv%ttﬁeq;m%my@gaﬁI vely charging the particle. 4. The
system of cla rein the el ectron Q!qeneratl ng system further includes

a pl asma eI“@‘E‘F'r“(?ﬁ““FIF Bﬁtegy's‘{‘%ms“?ﬁeéf‘méfﬁ Yeed | nggatiye ng‘eleﬁftﬁc tkbureing pesAtivelyr
negat ickeedeg portides drciel ih the iopdéaini alag frorh the disdcixitof travelfforahedoréatit i Ng forces on the
el ectrons and the negatively charged particle to urge the electrons and the
negatively charged particle away fromthe direction of travel for the ion
beam 95ThePptenssfstaians, gthergin gliereledrric (it gwpmiort indudonfinsti aod scald glegiode ey et emially

i ncl udgsra@n fr@rh eqnd @ﬁl@dth§ bikevateld Hafﬂﬁ t:,dbg&tlglﬁ'vdh@&d th ok ARELiordt i RE & 1B beam
defines t e |on, stem further including at | east one permanent

S
magnet " PEEEE ‘a‘PmtﬂPFé‘"ltﬁﬁgF" adesird 9% of the sidewal | portion for increasing
density of eI ectrons throughout the region. 6. The syst em of claim1l,

wher e'lB‘J‘hQ ?ys Jrl%?tt,lgllncS f]:mh%lf gcl?{ﬁrp 4t ?éas? %nefrhjg teQ ?oaatedn a(f an ?er pigr é)Fn ofatge E?s%% re(%ﬁ)n

el ect at are orren at Pve BEMea
ot her f@@cwmg dersiy @P’e@matbm‘ﬁahetltﬁlerﬂgmubst antially aI igned with the
direction of travel for the ion beam 7. The systemof claim®6, wherein the

electric field is operable to exert a force onions in the ion beamto
accel &4rdon paatighYsEy counmgEiEg r ed | evel . 8. A system for inhibiting
transport rauiwpamtcem&»eﬁmmgtomtaﬂedt@gubmﬁnnc@zamaﬁdlﬁjpraga@nah@sna generating

A o e e
gener at i ng a@mrtigé eopyal eysfeingbdinigbitiey @dnbpprt pé patidles | with oheadigitedcobd foon 0F abalyaingl
for tReen eﬂsﬁg@enb%meg%gtgﬁm [i§hative to the plasm region; wherein

particles Tocated in the plasna region are charged negatlvely, the electric

field urgi ﬁgm?*réegféel’s%wytem&ﬁahﬂ@m PRYdeles te ¢ ederinpifiranirenhihetiebthe diveriodiaps anday
fromthe dik eedtliORel®lockibBI¥RInstfetth tidRe 1t ﬂle%ﬁime cgarglﬂg" SysRMS e MeBfic GRl J8nS,

wher ei n Q r| C flfeL erator ngl ud % d second el ectrodes
that HE Sa‘ffn%%%r e3pt somg gipe a‘thg'éer‘ljfpf‘%lﬂfse?é{’% "“"Pﬁg‘raéf Eiiheioersddeng 2pdi ng
subst ant i ah kupstalei sgppedidat th iniiv@tation setibi fbﬂtr@_fmehﬂ’\athﬁbns(ﬁfomttﬁﬁapartml’d ré@R N syshen,
accel Gl BB iabhflatlol & hWbsPFATWihafa. dS1 red Tevel.

12. The system of claim 11, wherein the particle charging system further includes an electron generating system for

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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10. The systemof claim@8 further including at | east one nagnet |ocated at
an outer periphery of the plasma region for increasing den§%§&) 2005

el ectrons throughout the region. 11. An ion inplantation system conpri sing:
an ion source for emtting ions to treat a substrate |ocated at an

i npl antation station; an anal yzi ng magnet systemfor diverting ions of a
desired mass to an inplantation trajectory; a particle renoval system for
inhibiting transport of particles with the diverted ions fromthe anal yzing
magnet system the particle renoval system conprising: a particle charging

syst emsf@g sﬁﬁﬁ‘lrogl:lﬂgl 1B Helefl tRSrrki QleroBOk @cfcétédYupg}egxIx RliAR0L to%{qupoﬁJ%U&g th
dlvertiad i.ons; an electric field located downstreamrelative to t e

parti ¢ é“"éﬁ%"&loﬂﬁat’é’i}%?"é?ﬁmf‘ e d@T”@Efaﬂ cad of the nartiple phaggingsyémabl e to urge at

| east some of the charged particles away froma direction of travel for the

di vert strat p rted h ant a tion for
treat r%g hevﬁ/qféﬁl QEfmlglma]flrom % ele(:%r fe’% ¥ eél?rr%va$ f?rytsafqg?ﬁcond\xhgfogﬁ %ﬂ?f‘%ﬁ‘“@
cont antpagted Gam gach pher agd) b)SittfrdadDe'nstrsanmelainga@ thel pari@e clifigmg sysstnetin elfctad fildhbein,
wher eishbstRBIPALed Gitk the BRdn g 1A ¥k 88 %oh ‘Hga%acéeﬁgtl&dtﬁ§d1%e@it)&% 4 8ired level.
generating systemfor supplying electrons into a region through whi ch the
diverted ions travels. 13. The systemof claim 11, wherein the electron

gener af. imsgstay&'rexﬂibi&mg&dﬂ@bnbnﬁhidldﬁsnhaznﬁﬂnasaﬁ&o&bﬁﬁ{gron flood system that

provi des el ectrons into OVI a h denS|ty

pl asma subs anﬁtf(irﬁ afgymgé)mﬁl?%st}?lﬁlﬁﬁr ° Vﬁléﬁ i&iﬁ‘g tg?’gfhﬁ“’fﬁ'i \P@P? adons, "t he
pl asma r egimsans € agngiating at blectyaffeld do vestrwdnemnlative cethedeannfot dhergipt,asma to a
negative ¢ or
Tho i on boama e sRupRal B ey GRe Pk LR 05, Hlf PEHLAH Pkl BYEL IR
parti &1 char gi ng systemincludes an el ongated sidewall portion having an
inner surface that defines the region, the systemfurther including at

| east gn];:i1 ermangnlt E Iocat ed at the inner surface of the si devvaII
porti &h FErIIREP &glf“n"@g& TER (87 BIRIBIEETEHE PRrGughdil ke ielrsnmeasy foss
Febr uaqcylerzt@@@elcﬁabeéﬁhaﬁsydséoemccfira\elﬁtthe idBbeamherein the first electrode is

| ocated upstreamrelative to the second el ectrode, the first el ectrode

bei ng operatively connected to a downstream end of the particle charging
syst efd- Thsystpp ef dsimtld fyrther inglygding,means foperegiting arhdectic digld fprdfacilitating) the shaggieenfat ed
by fi mSparfdMd. second el ectrodes that are spatially separated from each
other and | ocated downstreamrelative to the particle charging system the
electric field being substantially aligned with the direction of travel of
t he i 2h Abegtonl fop inhiditiogtrdsatt ofygriicRewiti aeuntbedh, i Atthbdcompresy tiettpd @vel . 1T A
system for n a an | on _beam conpri si ng:
nmeans for clila%m&l&r‘]%h%g?{m% SR % EOIaTEyJ&fere t%?/r?ﬁfatogt po armi’y different from
t hat of t heenpramslseeispiricdield dom;awsa relative tpeavegicatin wgcfathe Bitebt arp chafged g

downstr ea”hﬁl%'tl?etéle\éﬁc ;{8 F H\ﬁgerg? 02 anQrof Fh@ @lliagée ri')g:ticles away from a direction of travel for the

ion beam.

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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wherein the electric field is operable to urge charged particles away from
a direction of travel for the ion beam 18. The system of chapmp.L4 pherein
the neans for generating the electric field further includes neans for
accelerating the ion beamin the direction of travel for the ion beam 19.
The system of claim 17 further including neans 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 nmethod conpri sing
the steps of charging particles to a charge having a polarity different

from thathe @lethbd\@& cla@i2 DRAKE inQEORY 1B ddPDf BRerBiin Glnkdofetil HAN feHAVIRE ERAMN ShiRt | ve
to a r%$ n.in which rticles are charged; and using the electric

i t he
field' nd?&@”ﬁ?"@ﬁf?“§8p SIS 1S I8Py ge particles away froma direction
of travel for the ion beam 21. A nmethod for inhibiting transport of
particles wwth an ion beam the nethod conprising the steps of: emtting
el ectrons into a region through 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 electron-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?2l
further including the step of generating a nmagnetic field near an outer
boundary of the region for inproving the density of electrons in the
region. 16
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