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‘This application claims priority 16 co-pending United States Provisional
Application 60/243,690, filed October 27, 2000, for all subject matter common to both
épplications. The disclosure of said provisional application is hereby incorporated

herein by reference in its entirety.

FIELD OF THE INVENTION

The present invention relates to ion sources and semiconductor fabrication
ifxrocesses, and more particularly relates to a detection system for detecting a parameter

of the ion source.

- BACKGROUND OF THE INVENTION

Today, semiconductor fabrication processes are utilized to generate various
silicon based devices. In a conventional semiconductor fabrication system, an ion

source generates a plasma, from which an ion beam is extracted to implant a

" substrate, such as a semiconductor wafer, During the development of an ion source,

it is desirable to evaluate plasma parameters. For example, it is known that plasmas

genefated in semiconductor fabrication systems are generally non-homogenous.
Therefore, particular plasma properties such as plasma density and electron

temperature are detected and mapped using conventional devices, such as a langmuir

probe.



Abstract: A method and apparatus relating to an ion inplantation system
(10) that enploys an ion source (12) for generating a pl7admeilhd% g an
ion, and a probe assenbly (30) for detecting the ion of the plasma is
provided. The probe assenbly (30) includes a probe body (36) and a focusing
device (60) for extracting the ion fromthe plasma, and a filter (40) for
filtering ions extracted from the plasma. 7 April 2005 PATENT
APPLI CATI ON FOR A PROBE ASSEMBLY FOR DETECTI NG AN I ON I N A PLASMA.
GENERATED | N AN | ON SOURCE RELATED APPLI€ATI ON Thi s application clains
priority to co-pending United States Provisional Application 60/243, 690,
filed October 27, 2000, for all subject matter common to both
appl i cations. TheA diaydiack of thinéorsantonml detesticomnszherap i thetit icanmoit pravédeethy

FI ELD OF THE | NVENTI ON

i ncorporated herein.by reference.in its.entjrety.
The present 1%9%??33%01{3@%% eﬁ&%t%ﬂs‘g%ﬂ?‘%ef%ﬁﬁaé% conductor fabrication
processes, and nore particularly relates to a detection system for
detecting a paraneter _of the ion source. BACKGROUND OF THE | NVENTI ON
Hence, there still exists a need in the art for a detection system suitable for use
with an ion source of an ion implantation system capable of mapping these

parameters within the ion source.

The invention will next be described in connection with certain preferred
embodiments. However, it should be clear that various changes and modifications can
be made by those skilled in the art without departing from the spirit and scope of the
invention. For example, various detection systems employing various system

components suitable for detecting an ion source parameter can be employed.

SUMMARY

There is a need for a probe assembly for detecting the ion composition of a
plasma generated within an ion implantation system. Embodiments of the present

invention is directed toward further solutions to address this need.

In accordance with a first aspect of the invention, there is provided a system
for determining the presence or absence of an ion in a plasma, comprising:

an ion source having a plasma chamber sized and dimensioned for generating
a plasma having an ion present therein, and

a probe assembly coupled to the ion source for detecting said ions of said
plasma, the probe assembly having a probe device adapted for extending at least
partly within the plasma chamber for extracting one or more of said ions from said
plasma and a filter coupled to said probe device for filtering said one or more ions

extracted by said probe device from said plasma.



Today, sem conductor fabrication processes are utilized to generate various
silicon based devices. In a conventional seniconductor fabfPedt 26 system
an ion source generates a plasma, fromwhich an ion beamis extracted to
inplant a substrate, such as a sem conductor wafer. During the devel opnent
of an ion source, it is desirable to evaluate plasnma paraneters. For
exanple, it is known that plasmas generated in sem conductor fabrication
systens are generally non-honogenous. Therefore, particular plasm
properties such as plasma density and eldct ron tenperature are detected
and mapped using conventional devices, such as a langnmuir probe. 7 April
2005 2 A drawback of this conventional detection schene is that it cannot
provi de the i onlncemoente withardtcaihagpect oftthe mventomn,ithexeiio providddrepmobasma.
Hence, there stjll exjsts a need in the arf for a detectjon systemsuitable
For use i EREBAS SRR e S than foskouien hcaler GRS ) Sbin L elatinh 9w &

nmappi Ng t hegigsm#p eh AT ITEhdMdntolrdeNEorhAidsia@ur ce. The invention will next be -
described i'n connection with certain prefefrred enbodinments. However, it

shoul d be cl ear a pabebady @dapteth forgedersiing atddastipeetly withincthe plismasiventivy

t hose skill(%d( in the art without departing fromthe spirit and scope of the
i nventi on. opeé%sr%’f%e,’ various detection systens enpl oyi ng vari ous system
conponents suit @E&Jsﬁfé eRhRmt 'o@g%l%ﬂ 1008Ri@ QHOBE BRIRIBLERg GAB:IEG S MRIIQY ed.
SUMVARY There is a need for a probe assenbly for detecting the ion

conposi t i onwishinghe ptobehendyenerated within an ion inplantation system

Enbodi nents of th resent.. invention is. directed toward further.solutions
Fo address t hi s O CRRN o AERCLS o fledrie S Sorl BARIFE dhited S BbE o,
there is prgdietedciad Siomh SaM plmaddagibel.ni ng the presence or absence of an
ion in a plasma, conprising: an ion source having a plasm chanber sized

and di nensi oned for generating
Other general and more specific objects of the invention will in part be obvious

and will in part be evident from the drawings and description which follow.



a plasma having an ion present therein, and a probe assenbly coupled to the
ion source for detecting said ions of said plasm, the ptébellagd8énbly
havi ng a probe device adapted for extending at least partly within the

pl asma chanber for extracting one or nore of said ions fromsaid plasm
and a filter coupled to said probe device for filtering said one or nore
ions extracted by said probe device fromsaid plasma. 7 April 2005 2a In
accordance with a second aspect of the inyention, there is provided a probe
assenbly suitable for use with an ion source for detecting an.ion in a

pl asma wit hi n BaiErEscRereideoaiE MfawiRgs i On source, conprising: a probe body
adapted for extending at least partly within the plasma chanber of the ion

source; a focusing elenment coupled to said probe for generating a sel ected

field wthin the PhcieRgoiagendothdr bbéts, q%ggldtagv%@%ggs &rtgggd; r f| | tering

said ion passi through sai d probe and extracte rom sal
chanmber. O he e the Qéloyﬂwﬂeﬁqr@n@%mmgmtﬁmethpmmpmmm Il in

part be obvi otgwi anhidhlikE' édc
description dx.gﬁﬁl%?bl | ow. / Apri | eg%%%\{%r %é@%@%&i@% DRAW NGS
The for egoi ngHAEPGOYIFET 73191‘18’6‘{%5 iliystrata pdaciplasioftbey immerdige snd) hlthdugh hotvent | on

will be appar®Rtalé, rsﬁtﬁ%l*él'&vé@ﬁﬁeﬁﬁb?&g description and apparent fromthe
acconmpanyi ng draw ngs, in which ke reference characters refer to the

same parts throughout the different views. The drawings illustrate
principles of the grgyeid @henditd show rel ative
di mensions. FIG 1 is a schenngdtﬁl bk)@{( | aggﬁamq%{ftf%éﬂ?a’a@&SelFF%W%f an ion

source that ecmploysa probe assembly for detectmg an ion in a plasma according to the
teachings of the present invention;

FIG. 2 is a schematic depiction of a probe device suitable for extracting an
ion from the plasma chamber of the ion source;

FIG. 3 is a schematic depiction of the probe body of the probe device of
FIG. 2 according to the teachings of the present invention;

FIG. 4 is a perspective view of the electrodes when wrapped inside the probe
"device of FIG. 3; and

FIG. 5§ is a segmented, cross-sectional view of the filter of the probe assembly of
FIG. 1. | | |

DETAILED DESCRIPTION

The present invention provides for an ion implantation system that employs a
probe assembly for detecting, sensing, identifying or determining the‘presence or
absence of one or more ions in a plasma generated in a i)lasma chamber of an ion
source. The probe assembly comprises a probe device or element that extends

 within the plasma chamber of the ion source through ati appropriate aperture in a
wall of the source, and extracts jons therefrom. The ions are then transferred to a



enpl oys. a probe assenbly for detecting an ion in a plasma according to the
t eachi ngs of the present invention: FIG 2 is a schematid #pilcEPbh of a
probe device suitable for extracting an ion fromthe plasm chanber of the
ion source; FIG 3 is a schematic depiction of the probe body of the probe
device of FIG 2 according to the teachings of the present invention; FIG
4 is a perspective view of the el ectrodes when w apped i nside the probe
device of FIG 3; and FIG 5 is a segnmentged, cross-sectional view of the
filter of the probe assenbly of FIG 1. TAI'LED DESCRnnoN The present

i nvention pr oflitéeehdrOthef fre ifididrel BRARS b vefdcity, ahe Mkl Aly £ B Y SroBe Pr ObE
assenbly for dete ' '

ting, sensing, identifying or determnirg the presence or
absence of o n@sﬂ?ﬁhoﬁg“‘iedh%mioﬁe #sgpmbly pan ‘é@ﬁ’@lﬂatﬁ@ﬁpﬁfﬁmhcomﬂamom hamber of an

ion source. dhgoBtiORes 1B HIBARA ViR IRHIAES chadticpDe devi ce or el ement that
extends within the plasma chanber of "the ion source through an appropriate
aperture in a wall of the source, and extracts ions therefrom The ions
are then transfer me. { MRudedRbiokk %ém ' i igﬂ% f iltered
according to velocity, and thenoangﬁ zegbéghéﬁ%n% 0 g&mgggéﬁgp§¥$kbnce, t he
pr obe. assenb!Helades an mnaonice 82 fdr genspating red emittingertearn that tmpingeonpmsthe i on of
the plasma W dihiedeNBoudt@Sihich 1 Fh& i | rates in block diagram
forman ion inplc%ntation systenﬁ%&{%a |¢?8Hl} ée@t'an i on source 12 for
generating and emtting a beamthat inpinges upon the workpiece nounted
within a process ﬁgg ) sbNE L Ll UStrated i on_saurce 12 can

i ncl ude standard g‘gﬁpﬁ@ﬁﬁ@?ﬁgn YY%C&%%JF |%ﬁtfl%d?ar({(f1°ﬁpﬁ S 8% P andar d housi ng
18 that f or mpagicplasisoidestastdndard hdusinphi@ thalfaana pimaoRimieand. tEiee t he f or m of

a parall el epipefh, QImied i HEKED of I Szg‘gﬁielep-{p%& or can be bucket shaped. The

- chamber 14 can include an inlet aperture for introducing a gas from a gas source 20

to be ionized into a plasma, and an exit aperture (not shbwn) through which the
‘Plasma is extracted to form the beam 13. The plasma chamber 14 can be coupled to
the gas source 20 via any suitable fluid network. The plasma comprises one or more

desirable or undesirable ions, as well as electrons of varying energies.

The ion source 12 can further include an exciter 24 (e.g., an energizing
electrode) that is coupled to a power source 22 via any suitable electrical connection.
The exciter 24 ionizes the discharged gas to initiate the creation of a plasma within
the jon source 12. For example, a selected dopant gas, such as boron trifluoride or
phosphorous pentafluoride, is housed within the gas source. This gas is introduced
to the plasma chamber 14, and is ionizéd by the exciter to form a plasma. The
exciter 24 can be formed of a biased tungsten filament, which when heated to a

suitable temperature, thermionically emits electrons. The emitted electrons
- generated by the exciter interact with and .ionize the released gas to fonn‘a plasma
within the plasma chamber. The exciter can also introduce other energy sources,
such as an RF focusing device or element that ionizes the electrons by ermitting a
radio frequency signal. For example, the energizing.electrode 20 is energized by the
' power source 22 upon actuation, The foregoing structure of the ion source,

electrode, power source and fluid networks are known in the art, are commercially



t

chanber 14 can include an inlet aperture for introducing a gas froma gas
source 20 to be ionized into a plasma, and an exit aper tuferilnd®>shown)
t hrough which the plasma is extracted to formthe beam 13. The plasm
chanber 14 can be coupled to the gas source 20 via any suitable fluid
network. The plasma conprises one or nore desirable or undesirable ions,
as well as electrons of varying energies. The ion source 12 can further
include an exciter 24 (e.g., an energizing electrode) that is coupled to a
power source 22 via any suitable electrical connection.. The exciter 24
i oni zes the dl@ﬁwegaﬂmmieﬁsmbse&%m%ehb&&ﬂotﬁoée'ogéﬁ?nawth' n the
I on source 12. FEar .exanple, a selected dopant gas, such as boron
trifluoride or orous pentafluoride, is housed within the gas source.
This gas is introduced to the plasma chanber 14, and is ionized by the
exciter to forma plasma. The exciter 24 can be fornmed of a biased
tungsten fil ament, B SOURfrel? 43R Atrther inglude magriets apstuoted e thetentedior walls
hermi oni cal | % @Biduoalos & irplithe pibfta Elalds Ao b il SmaQBRREAURG, DY Lhe
exciter interact with and ionize the released gas to forma pl asha wi thin
the plasma chdffBénS 2 mplt-caspfield fhereim Hieden jontce 32 parealsst ineindemplagpa sour ces,
such as an RFefe ' ' | OAL €S, . | ecttons. by
emtting a radiagddﬂl{e%aencglggn%hgﬁb&étﬂﬁ&gkggn% %Pi%k eowengﬁlﬁi FG BBt 1 ode
20 is ener gi z & spErca. Hn exigniéon elestrodecag be insated autsiderthis phasm bisnfrer LERirRY |
structure of ' o wer _squrce.and flud netwrks are
known in the gﬂra? 3akI§?e c m%%gg"a]%g&gg%ooﬁg ﬁ?mét?f)g oggéq{l]:gﬁt.e{fﬁeama? ir
connect i ons abWstaformas the beamt 13, whirhdpdissced towadsthowerkpfecar di nary  skill in
the art. The ion source 12 can further include magnets nmounted about the
exterior walls of the ion source to urge the plasma towards a center of
the plasma chanberThedlldsyrated mnsburge 2 fthériinatudepa piodl dssbkiblyS0mhat ddye i on
source 12 can; 0 J | asma el ec de (not shown) at an end
opposite the 13@5%%#@4&%? %%Fl}agaﬂsﬁgdlﬁgﬂ%é‘gwp witunthe Blasp@ source. An
extraction el dembeadd, adr freximalksat eupled 5 adiltel 400 THe80HR 30RaIRBKIL O extract
electrodes for producing a field within the probe to extract an ion from the plasma

chamber 14. The probe assembly can comprise any suitable number and
arrangement of components, including a subset of the components illustrated in FIG.
1 or additional components, and generally is adapted to extract an ion from the ion

chamber to sense, detect, or determine the spectral content or ion composition of the

plasma.

A power supply 54 can be coupled to the probe device 32 to bias the probe at

a selected potential. According to one practice, the power supply 54 establishes a
potential across the probe by applying any suitablelvoltage theréto, such as a voltage
of -500V. The probe device 32 can also be coupled to a vacuum source 52 for
reducing the pressure within the probe device. According to one practice, the

- vacuum source 52 is a vacuum pump that creates a pressure of about 10 Torr within
the probe. The field generated within the probe 32 extract ions from the plasma
chamber 14. '

The extracted ions are then introduced to the filter 40. The filter 40 filters

the ions based on a selected parameter, such as ion velocity or mass. The filter 40




the plasma through the plasma el ectrode opening, as is known in the an. The
extracted plasma forns the beam 13, which is directed towards £H&

wor kpi ece. The illustrated ion source 12 further includes a probe assenbly
30 that can include a probe device 32 that has a distal end 34 nounted

wi thin the plasma chanber 14, and a proximal end coupled to a filter 40.
The probe 32 can include electrodes for producing a field - within the probe
to extract an ion fromthe plasma chanbeg 14. The probe assenbly can
conprise any suitable nunber and arrangenent of conponents, including a

subset of the canbgmyesiéded filte SiitbleTelr filferifk ns bakePbn BHl QDAL COMPONENt s,
and generally is adapted @ge xtract an ion fromthe 1on chanber to sense,

detect, or dePEPRFHE: PREPESLEVhich 2 Wisafilterorap EX&ofilwsi t i on of the

pl asma. A power supply 54 can be coupled to the probe device 32 to bias the
probe at a selected potential. According to one practice, the power supply
54 establishes a g&? 530 ig cpepied tofihe MievHiiopgssisbing the gopeaatipn ofia t abl e

vol t age. t her effigld wSthGh@A1é 1y KrddThe iol wh : [IEEE. Vi 2 can al so
be coupled to_a vacuum_ source %e% fOIIS) ?eeg%(%éﬁé etﬂ%rgg%s'gﬁeeéo\g\n&? in t he
probe devi ce. Aeatdrfichdetemning sense ardatestthe pissence/eroabsencs ofia petiGirricn a vacuum
punp that cregtigs spclWediihpRima t ' 4 fhin. the prabe. The field
generated withi n_t%é probe 3% e&l??g%étcoﬁ%r@r r?%%ms{fte}dﬁ?%sssﬁgc gﬁ%{nber 14. The
extract ed i on¥PPRHRE & potsntipkp thedfilees 40 taofilten the fidnls passing@herdthmuth dddefor 40 filters

t he ions baseghi@Rifns [ee s h_as ion vel oci oL ss. The
filter 40 7 Apri i B oSt ’gc%teggﬁé‘?@&%é‘?e’%ﬁg%PﬁePf%?’ ERTEE Bt LA 1) 1 e i ng
i ons based onioBnEorguIpeensef clarity, pavaliefetesthe eommlitres0 idewbimgionr € a W en
filter or an FXB.d troller .50.is.coupled fo.t ilter 40 for
assi sting the gep”élrdg{slglz)%oéf&g{éf%%é{) & fmpiann i ]ﬂtgl?‘*eﬁlt? mﬁgﬁg‘{/mté‘ﬁe i ons
when passi ng fmeisastk: dligleontiller caritena ihaide abPappadhriat foWRE sohede@hdh ne, sense

or detect the ence Qf a particul i on
coﬂﬁ)ﬁﬁt@bﬁﬁﬂgﬁm.aﬁ% ﬂ]rase Q<:ompu8.ng ap;m.ramg“r as used herein refers to a
' programmable or non-programmable device that responds to a specific set of

instructions or executes a set of instructions.

FIG. 2 is a schematic representation of the probe device 32 of the probe
assembly 30 of FXG. 1. The illustrated probe device 32 includes an el&ngate probe
body 36 that terminates in a conical distal end or tip 34. The illustrated probe body
device 36 has an internal passageway 38 that extends between the opposed ends of
the probe device 32. The illustrated passagevﬁay 38 is preferably sized and
dimensjoned for allowing one or more ions present in the plasma within the plasma
chamber 14 to pass therethrough. The passageway 38, in accordance with one
embodiment, is approximately 6 mm internal diameter, and 25 cm in length. The

~ illustrated probe 32 further includes a set of electrodes that, when properly
_ energized, produce an electric field distribution that confines the extracted ions
within the passageway 38. Tn particular, the twisting set of eight electrodes prc;duces
a rotating quadrupole field that alternately focuses the ions in all directions.

FIGS. 3 and 4 illustrate the parts and assemblage of the probe device 32 of
- the present invention. The illustrated focusing device 60, or focusing element, can
. b formed by creating multiple parallel conductive strii)s 62, or electrodes, on a



or ion specie within the plasma. The controller preferably includes
structure for applying a potential to the filter 40 to fi kbe¥l £P@ i ONs
passi ng therethrough and for determ ning, sensing, detecting or

i dentifying the presence or absence of a particular ion. For purposes of
clarity, we will refer to the controller 50 as detecting ions, although
one or nore of the foregoing functions is intended to be included when this
formis used. The controller can hence iRclude any appropriate power source
and a computing apparatus. The phrase "conputi ng apparatus” as used herein

refers to a mpp@rmmb@r@rtom@p@mermm&%d%ﬂd&ﬁvé%61@&%”0'5 to a
specific set @W%t(gstructl &se executes a set of instructions. FIG 2 is

a schematic r GPRRSF- GRC Be sepport Gb‘ébfif@W@é) 3puipum Myler® isade B senbl y 30
of FIG 1. ThEI.IDde%EDaN@ﬁio%QE&CQﬁig bit! $RFavidie %k&i}&pﬁ i obe  body
36 that termnates in a _conical distal end or t|p 34. The 'l lustrated probe
body devi ce B81Rg layar. iThogs ¢f ordipary padily reengnize shag agssubielveen t he

opposed ends ﬂﬁnbei&l%oﬂdn%ﬁ‘eﬁ%‘c%ﬁb@ﬁlaceﬁ tﬁels ggﬁd@it‘é%ﬁi"ﬁé?&m 38 is

preferably sized and _di nmensioned for al ovm ng one or nore I ons present in
the pl asma wi%eKics 69 pltbeprssenpinventiony By particulap tlmfgglsmeiemchpmtegably The

passageway 3 B;BEQQ! ely 6 mm

i nternal di a%%lg%s%ﬁgfﬁ%%ﬁﬁﬂﬁﬁ%%h ﬁ?Fﬁ de§ a‘{)ﬂ%z further

i ncl udes a sefriRsfs glone; Thepwbe ﬁ%wcemembqaﬁoup@byywramggleimsmgr oduce an

O o Sl abihire e W SR 985 RS S ARy lRa W LN 1 Lhe
U ? RS

passageway 3 partic Tr odes pr oduces
a rotating qlfamp‘fﬁsélﬁslﬁélsﬁrﬁlmdeahﬂmobmoé}' QGmeadumhesmm aoftheal |

di rections ar.t assenbl a e of t he probe
devi ce 32 ofl% E gg?vgés}cekr?t P%\dv‘gﬁinfi%mefﬂe r bﬁ?{’?iﬂ%‘ﬁ’ PEYELAPRPEevi ce 60, or
f ocusi ng el en@erﬂockmgnrradgemﬁmmﬂuéuwednem(} Hgtomsuh\telypdm goatebgtathe conduct i ve

strips 62, il 7su t _64., According to one
practice, t hém%%"ﬁg&s){ T a??ecao%ﬁgﬂgbt %enéf’?'g% ef% %‘ %f copper, and
the support 6kmesir6Oliserergizoddyalie miweriupply 54Mflbgra(1y ptheEa@ble Yower :

source, the focusing device 60 creates a suitable electromagnetic field within the

probe body 36, and preferably within the passageway 38. The conical tip end 34, in
conjunction with the electrode bias, generates a suitable electric field to extract the

ions from the plasma. The ions are then transferred to the filter.

FIG. 5 is a segmented, cross-sectional depiction of the filter 40 of FIG. 1.
The filter 40 includes a series of magnets 42 that are seated within a support element
44. The illustrated support can be composed of any suitable material comipatible .
with the magnets 42, and is preferably composed of steel. The illustrated element
support 44 funcﬁops-to concentrate the magnetic field generated by the magnets 42
within an inner portion 48 of the filter. '

The llustrated filter 40 further include; a plurality of steel strips 46 that are
~ mounted within the support element 44 for further concentrating the magnetic field
within the filter inner portion. The inner portion can be constructed as a passageway
- that extends through the filter and Which is surrounded by the magnets 42. The steel
_ strips are isolated from each other and the magnets, such'that the steel strips can be
_ biased at different voltages to produce a potential gradient, or uniform electric field,



E.L Du Pont De Nenmpurs and Conpany of WI m ngton, Del aware, or any ot her
thin insulating |ayer. Those of ordinary skill will readi Ryr¥le€d¢ni ze t hat
any suitable nunber of conductive strips can be placed on the support 64
to formthe focusing device 60 of the present invention. In particular,

t he focusing device preferably includes four or nore conductive strips,
and preferably includes eight conductive strips as shown. The probe device
32 can be formed by wapping the focusing, device elenent 60 inside the
probe body 36 of FIG 3 such that the illustrated conductive strips 62
spiral inside #ikn e 9Rea. / t e I he focusing
devi ce 60, whe vvoung inggi e ?ﬁ’éﬁ%ﬁ%ﬁ%‘%@%ﬁﬂwﬁﬁéﬁtéﬁﬁm ng,

i nterl ocki ng 3rYsEAGE fterd0 when epergized bt tel controlier@0 cay filtey oc sapamte | ons 80

t hrough the prebgn : i gzrﬁ)rn r odi nent ... when t he
focusi ng device elggrgr%xatca%gmlég&g\ecegrrg?) éée y‘&?‘ﬁ’éﬁ%ﬁg\%&?ﬁg %rln;l/asﬁ?heor by any
ot her sui t abl €OpERNer S0 thendegests, semeesfon idesiifing tatpitivalabDnsaceatdamg ta tiwui t abl e
el ect romagnet i i Al nd preferably within the
passageway 38.f§reT%del§é c%ﬁ%%%%}bﬁ%ggﬁ%ﬁéﬁ .?IIBQH&Q kcg(;%]g%ﬁ%ﬁug%z\ﬁi at‘?%e“éﬁa%ctrode
bi as, gener at diffezenseisesiphlished therebdtwedni apltitk ibms apexpassing thtdugh thedier #0.0m t he

pl asma. The i ne ferr tp the filter. FIG IS a segnented,
Cross-sect i ong&agépﬁ%npgﬁy%)O?]aéta%gﬁ#’itﬁ;%??%n%w Sjﬁ#lé'lﬁfcognﬁﬁ%gﬁ"ﬁ? ©r 40
i ncl udes a seivFlegtyds propertionad todhe eppdied eleetric emhamietie fidld.NConssgRROY, tthee| enent

44. The illus - n_he sed of .any sui table terial
conpati bl e wg{eﬁhgﬁ%ﬁ%g%g%‘%ds&%ﬂ? l&gr{@%irng fﬁng?é’ Py %)/3 éﬂ”%ﬁlegpléel . The
illustrated ethswertollesihiperder thefeoncpdrivnter idh cvidiegio@iRityhe magnetic field
generated. by the magnets 42 wthin an inner portion 48 of the filter. The
illustrated filter 40 further includes a plurality of steel strips 46 that

are rounted wi t hiAsighificamppantgedfhempobddevices?2 isthichGorianae sl {Sﬁ&édng the

magnetic fiel rtion, The inner portion can be

thin the filter inner po
const ructed a%mgwﬁg&ﬁéﬁéth ap rxlgé‘?ﬂ{"afﬁi’we@% The prabe and which is
surrounded byassdmsblyB@fuether iddludet B vafRdge of Kiltdrih the iBnd sx@hatEfohtn each

ot her and the e n%%% such that the steel strips can _be biased at
di fferent vo|?5‘é‘%§ bes ey ne the $ReAtral geutent geioa Gempesitionnf themlasataect r i ¢

field, or to identify particular jons.

It will thus be seen that the invention efficiently attains the objects set forth
above, among those made apparent from the preceding description. Since certain
changes may be made in the above constructions without departing from the scope
of thq invention, it is intended that all matter contained in the above description or
shown in the accompanying drawings be interpreted as illustrative and not in a
Iimiting'sense. C

It is also to be understood that the following cleims are to cover all generic and
specific features of the invention described herein, and all statements of the scope of the

. invention which, as a matter of language, might be said to fall therebetweén.



7 April 2005 8 within the passageway. Those of ordinary skill wll readily
recogni ze that the illustrated filter 40 when energi zed b}rtHe2Bbntrol | er
50 can filter or separate incomng ions according to one or nore
paranmeters, such as velocity or mass. The controller 50 then detects,
senses or identifies the particular ions ;Fcording to the foregoing
paraneters. For exanple, the magnets 42,47 are energi zed and a potenti al
difference iS48¥2 abl i shed therebetween as the ions are passing through the
filter 40. Wen separating by ion velocity, those of ordinary skill wll
recogni ze that the ion velocity is proportional to the applied electric or
magnetic field. Consequently, the electric field generated within the
filter 40 can,b riged, ul.at e or controlled b the controller 50 in
order to seet St B itk e el Forbfe oty fork ML Prasti
advant age oforift®ingr obe device 32 is that a portion can be placed directly
wi thin the plasma chanber 14 to extract ions therefrom The probe assenbly -
30 further includBdoR FRUIER\aMinggeplasma rhanghar ngjzedwnd @ﬁ@n@smcg@ EENITAIENE & he

pl asma chan‘q)%SIﬁa ggﬁ}tggyr%gﬁetsgﬁtﬁé}gﬁtm content or ion conposition of the

pl asma, or “to | rcular 1ons. It will thus be seen that the

i nvention effi ci&ptdby asdetbiin coupled abjtecivs sewte f@rdetectiap said jomnadigidtglaae,
made apparept fromth ecedi ng descr.iptjon., Since certajn_ changes. be
Tade |t DS BERE RS e G AdTRPS AOUEC P IRGUrFIGRE FES JBRE VORI Y

I nvention, pihsmhacHaRiber e Bxttdahe Shd orHbre OF s @ Wnd ioRFsaid plhsta AROY Blter coupled
description or, shown in the acconpanying draw ngs be 1nterpreted as

i |1 ustrati vie'saigimgobeodeviag fer filtéringtsardponeam grore lionsi extradted by eaid grehedievist diwmh
that the foéﬁl‘ﬂ%#ﬂgﬂ clainms are to cover all generic and specific features
of the inventl éscribed herein, and all statenents of the scope of the

i nvention which, as a matter of |anguage, m ght be said to fall
t her ebet vvee2n. TZ: April 2005 9
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system of claim 1, wherein the probe device comprises:
a probe body having a conical tip disposed within the plasma chamber , and
a focusing element mounted to said probe body and adapted for generating a

field, when energized, therein.

3. The system of claim 1, wherein the filter comprises at least one of a Wien filter and an
EXB filter.

4. The system of claim I, wherein the filter comprises a plurality of steel strips for

concentrating a magnetic field within the filter.

5. The system of claim 4, wherein the plurality of steel strips are biased at different
voltages to produce one of a potential gradient and a uniform electric field within a

passageway.

6. The system of claim I, further comprising means for generating an electric field

within the filter to separate one or more ions based on ion velocity.



CLAIMS 1. A systemfor determning the presence or absence of an ion in a
pl asma, conprising: an ion source having a plasma chanbel 28¥iZed%&nd

di rensi oned for generating a plasna having an ion present therein, and a
probe assenbly coupled to the ion source for detecting said ions of said
pl asma, the probe assenbly having a probe device adapted for extending at
| east partly within the plasma chanber flér extracting one or nore of said
ions fromsaid plasma and a filter coupled to said probe device for
filtering said one or nore ions extracted by said probe device from said

plasma. 2. TheTlsysisedn of climl M flrthdh@mprisidd 8 vabahe sdenk GBusleiib isti@dSproBe
probe body having a conical tip disposed within thepgéasma chanber, 'and a

focusi ng el €avife fofourtog & seleaicd peswee portlitiom dhaeinptos dagibiatigs rextractiony of
field, me%f@ﬁh%ﬁ%g%pﬁﬁﬁ'c 5—?" or. The system of claim 1, wherein the

filter conprises at one of ‘a'Wen filter and an EXB filter. 4. The
systemof claiml1l, wherein the filter conprises a plurality of steel strips

for concenirating a magnetjc field within the filter. 5. The system of

cl ai m 4, ety oToe Bl Qﬁwyho‘ffﬂe;@@eﬁal trPhss A A dpyice
vol t ages t oLpFiRE UL &R hefly a el di LEPLM.eLegt i
field within z; glpa gagewaf’ %%Thgﬁsgspg@o?segﬁaﬁ%&f,@ %?‘%‘ﬁéﬁ%cgﬁgré%%
means for odambari agd am st eof rélectfodes decouptadhiter sdié pidbeebodyp Heparcatieg ome
or nore io”t?elg’ %Fed on ion velocity. 7 April 2005 10 7. The systemof claim
1, further con%'r %Ii"ng a vacuum source coupled to said probe device for

creating a selected pressure condition therein for facilitating extraction
of said iogn from said pl asma chanber.

The system of claim 1, wherein said probe assembly comprises a probe device for
extracting one or more ions from said plasma, a filter for filtering said ions, and a

controller for detecting said one or more ions.

10. A probe assembly suitable for use with an ion source for detecting an jon
in a plasma within a plasma chamber of the ion source, comprising:

a probe body adapted for extending at least partly within the plasma chamber
of the ion source ;

a focusing element coupled to said probe body for generating a selected field
within the probe ; and |

a filter coupled to said probe body for filtering said ion passing through said

- probe body and extracted from said plasma chamber .

11. The probe assembly of claim 10, wherein said probe body comprises a passageway
sized and dimensioned for allowing the ion to pass therethrough, said

body having a conical end portion that extends within the plasma chamber .

12. The probe assembly of claim 10, wherein a set of electrodes is coupled to said probe

body for creating a field therein.



8. The systemof claim1l1l, wherein said probe assenbly conprises a probe
device having a probe body, a portion of which is adapt edApoilexf@&nd into
said plasma chanber, and a set of electrodes coupled to said probe body
for creating a field therein. 9. The systemof claim1l, wherein said probe
assenbly conprises a probe device for extracting one or nore ions from
said plasma, a filter for filtering saidlilons, and a controller for
detecting said one or nore ions. 10. A probe assenbly suitable for use with
an ion source for detecting an ion in a plasnma within a plasm chanber of
the ion sourxeThe prapei bdifblydoPElaRe 1R0hhepdrRER e ods LRAMIRE Ahuddasdic
partly within the plasma chanber of_ the _ion source ; a focusing el enent
coupl ed to spsing elsmeend doy seraratiigna field wathin dke prabedbadyefog saig ioni fomhesid
probe ; andyaqfl ld-8fpgoupl ed to said probe body for filtering said ion
passi ng through salc]J probe body and extracted from said plasna chanber.
11. The probe assenbly of claim 10, wherein said probe body conprises a

passageway i.zed d di sioned for all.ow,ng,.the ion to

t her et hroug]n4,s' @5@%6@9@5«/@%&1@ m@aerlnéﬂa%w@w@aﬁrlﬁqsép%@fﬁéﬁa% Wi t hi n
the plasma chanber. 12. The probe assenbly of claim 10, wherein a set of
el ectrodes is coupled to said probe body for creating a field therein. 7
April 2005 11 13. The probe assenbly of claim 12, wherein said el ectrodes
conprise a quadrupole focusing elenent for generating a field within the
probe body for said ion fromsaid plasma chanber. 14. The probe assenbly
of claim 10, wherein said filter conprises an EXB filter.






