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< (57) Abstract: A method and apparatus relating to an ion implantation system (10) that employs an jon source (12} for generating a
o plasma having an fon, and a probe assembly (30} for detecting the ion of the plasma is provided. The probe assembly (30) includes

a probe body (36) and a focusing device (60) for extracting the jon from the plasma, and a filter (40) for filtering ions extracted from
the plasma. .



Abstract: A method and apparatus relating to an ion inplantation system
(10) that enploys an ion source (12) for generating a plasm having an
ion, and a probe assenbly (30) for detecting the ion of the plasma is

provi ded. The probe assenbly (30) includes a probe body (36) and a focusing

D eri o o ot WD p3lrsEE A P M DA it
APPLI CATI ON FOR A PROBE ASSEMBLY FOR DETECTI NG AN ION I N A PLASNMA.

GENERATEDrik o-1- do el R0k idlal, AR ERABRY | CATI ON Thi s appl i cation clains

priority tweeMgopedsindptraidcerstratidstsrovi si onal
ning of each regular issue of the PCT Gazette.
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Appl i cation 60/243,690, filed Cctober 27, 2000, for all subject matter
common to both applications. The disclosure of said provi $Poralz005
application is hereby incorporated herein by reference inits entirety.

FI ELD OF THE | NVENTI ON The present invention relates to ion sources and
sem conductor fabrication processes, and nore particularly relates to a-
detection systemfor detecting a paraneter of the ion source. BACKGROUND
OF THE | NVENTI ON Today, sem conduct or fabrk cation processes are utilized to
generate various silicon based devices. In a conventional sem conductor
fabrication system an ion source generates a plasma, fromwhich an ion
beamis extracted to inplant a sPhsiNraPeIcsmNEaRS a senm conduct or waf er
During the devel opnent of an ion source, it is desirable to evaluate

pl asma paraneters. For exanple, it is known that plasmas generated in

sem conduct or f abr AGROBP ASSEMBISY FOR DETECGHNG ANTOMNDVAPINSMA Theref ore,
particul ar plasma properties s plasnma density and el ectron
tenperature are detected and(§§%€3333§YﬂbA§Hﬁvﬁ%9 devi ces, such as a

| angrmuir  probe. 7 April 2005 2 A drawback of thi's conventional detection
schene is that it cannot provide the ion conposition and charged state
distribution of the plasma. Hence, there still exists a need in the art for
a detection syeticmpAteirdloN Or use wth an ion source of an ion

i npl ant ati'on system capabl e of nmapping these paraneters within the ion
sour ce. :

‘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
applications. 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
processes, 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,

tis 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.



The invention will next be described in connection with certain preferred
enbodi ments. However, it should be clear that various changesilagees>

nodi fications can be nade by those skilled in the art w thout departing
fromthe spirit and scope of the invention. For exanple, various detection
systens enpl oyi ng various system conponents suitable for detecting an ion
source paraneter can be enpl oyed. SUMVARY There is a need for a probe
assenbly for detecting the ion conmposition of a plasnma generated within an
ion inmplantation system Enbodi ments of Zhe 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 determning the
presence or absenkdrayfbaghk of s convanipdred defectimnyshéerse iggthatit carmmot pvidsethhavi ng

Fon present DREyRR R A¥enareSB SR RS R on BEBF ePR”: ne Ton source for
detecting said ions of said plasma, the probe assenbly having a probe

devi ce adapted fqor extending at least partly within the plasma chanber for
xtracting one orlgpsg.dhese Sgﬂiealsrwgeeﬂrmﬁh%@t éJf agleteetign sydem spitable fordsapl ed

e

to said pro devyi i i i 0 o] i e sai d
pr obe devi cgﬁ r%}r% g)gll B%Féasan%%ﬁ%pmhzt u%l ZJJS"{E&{ gg@%ﬁ%a‘?\tﬁé&%ﬂ%ﬁ% ghésgécond

aspect of t Iparaniewesivithin the ier @urc. provi ded a probe assenbly suitable for
use with an ion source for detecting an ion in a plasma within a plasm
chanber of the ion source, conprising: a probe body adapted for extending

at least partly whthhiedidf RIIP%EER: 603F0& bed 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.



of the ion source; a focusing elenent coupled to said probe for generating
a selected field within the probe; and a filter coupl ed % 8r54di d0Pr obe for
filtering said ion passing through said probe and extracted fromsaid

pl asma chanmber. Qther general and nore specific objects of the invention
will in part be obvious and will in part be evident fromthe draw ngs and
description which follow 7 April 2005 3 BRI EF DESCRI PTI ON OF THE DRAW NGS
The foregoing and ot her objects, features and advantages of the invention
will be apparent fromthe follow ng deschd ption and apparent fromthe
acconpanying drawi ngs, in which like reference characters refer to the
sane parts throughout the different views. The drawngs illustrate

princi pl es of thm dcowelancowithrackecadd dspacthofithe inventis,ahere is hrowideel aapriobe

di mensi ons. _Fl i S hemat j ¢ bl ock di agranmat.i cal ,depiction of,_an ion
Sour co. ¢ hat @t oyl TPDRE Wk animy sauBee HeQeeing aaion B PR Bt
accordi ng t@laihe chdBRGHMESicfsobRe, 86 dhod Nvention; FIG 2 is a schematic -
depiction of a probe device suitable for e%tracti ng an ion fromthe plasna

chanber of the iaprobedodyadital f@ dxtersling hideadt iparthepitbin the pddsmachapmiteibe
body of the%fﬁ{lobe device of FIG 2 according to the teachings of the
present inv FORSME 4 is a perspective view of the el ectrodes when

wrapped inside tgdusie eledfnt @@upledMoGsaid: prabél for generating a selected field
within the probe; and
a filter coupled to said probe for filtering said ion passing through said probe

and extracted from said plasma chamber.

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.



FIG 5 is a segnmented, cross-sectional view of the filter of the probe
assenbly of FIG 1. DETAI LED DESCRnnoN The present inventi énrir g99des for
an ion inplantation systemthat enploys a probe assenbly for detecting,
sensing, identifying or determ ning the presence or absence of one or nore
ions in a plasma generated in a plasma chanber of an ion source. The probe
assenbly conprises a probe device or elenent that extends within the plasm
chanber of the ion source through an apprgpriate aperture in a wall of the
source, and extracts ions therefrom The 1ons are then transferred to a 7
April 2005.4 BrigrDEscRivaicN o6k Didvikckt ered according to velocity, and
then anal yzed by the probe asse y. nce, the probe assenbly can

determ ne the spectral content or ion conposition of the plasma within the
pl asma chanber . FI Thdlfoidgbi iR obfectd Dol AR 8RR, Aoh P! ant ati on
system 10 that ...includes an iqgn source 12 for generating and emtting a
beam t hat i npi"HyEs FERGEH fomuthe fellopinecicecription endoppaprentifronnthe rerompanyismnber

(not shown). diaeirgk,il WhichUiRE refQéhce ' conponent s,
and in part;%ﬁ;aﬁthcludes a_stanggé%ﬁﬁ%ﬁﬁﬁﬁg&%gﬁ#ﬁéﬁsﬁ%&#@géq% asma
chanber 14. erepf YeWn tiearsdnes dipstratg pengiples ¢fsheinyéntian pad, altiongpoped, or
can be bucketto$ba@eBow HdMive 8RAaARELs. 14 can include an inlet aperture for

i ntroducing a gas froma gas source 20 to be ionized into a plasnma, and an
exit aperture (not shown) through which the plasma is extracted to form

the beam 13. The nirgs 1% £BARRGE bk GABRGOHRLEN L0 of e Ga5, Fource 20 via

any suitable fluid network. The plasmd conpris
employs a probe assembly for detecting an jon 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 throuéh ati appropriate aperture in a

wall of the source, and extracts jons therefrom. The ions are then transferred to a



desirabl e or undesirable ions, as well as electrons of varying energies.

The ion source 12 can further include an exciter 24 (e.g.” 2efileARtYi zi ng

el ectrode) 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 ion source 12. For exanple, a selected
dopant gas, such as boron trifluoride or phosphorous pentafluoride, is
housed within the gas source. This gas ig introduced to the plasma chamber
14, and is ionized by the exciter to forma plasma. The exciter 24 can be

formed of a biinGeehdigs heHifich aRfing WHeRBityBENHBE RlaBFed B tﬁe{n%ﬂét abl e

t enperature, ther ically emts electrons.” The emttied €l ectrons
generated by Tsﬁ"én'g‘&cﬁf%e tP%P@P%@ﬁeWIYP@mfm@ﬁﬁeéw gogteatarden gas to form
a plasma  w t&uﬁpoglh@nmﬁﬂasﬁmme 16 Slfhlefr Can al so introduce ot her
energy sources, such as an focu5|ng device or elenent that ionizes the
el ectrons by em' tting a radio frequency signal. For exanple, the
energi zi ng el ectr gg FIQ%

actuation. The foregb?gghg?gﬁgF%Féﬁg jgnﬁg%ﬁggﬁﬁh&QM&ﬁﬁﬁéﬁlgagwpomer
source and f 10 qﬁéﬁmr%gcaﬂ%fﬁﬁmﬁmﬂmamd@@mgammﬂwmgﬁalbdn)the? Apri |

2005 5 availl %Iﬁp;e&f}ﬁ!o&u&@'vﬁtb%ﬁeﬁgﬁsé &{%ﬁlggllrl@ LRELALIon wi Il be apparent to

t hose of ordinary skil n ‘source 12 can further include
magnet s nmount ed about the exterior walls of the ion source to urge the

pl asma towards a h 4. by form a multi-cusp

field therein. Thgﬁggﬁgg%%drlég%‘%%2%&3%@%%“&&%@?%% | ect rode (not
shown) at an perigulapinolyiese stamgard housingr1 82Uat farms alplaswia oharibee 1D eri® 13 to exit

the source. Mhsfbraild O kAR RS SRR 50 Bb ek Shias Bhs™

chanmber to extract
- 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

the plasma through the plasma el ectrode opening, as is known in the an. The
extracted plasma fornms the beam 13, which is directed tdwards 2¥e

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
within the plasma chanber 14, .and a proxi mal 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 t e apaelsei dossio’ £ dbftaaGyil bd i b @M bARPONEN! S

and generally | .aﬂ]gpt ed to extract an ion fromthe 1on chanber "to sense,
detect, or detskﬁlrﬂl the spectral content or ion conposition 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 ﬁ*@ﬁ’@ﬂf?ﬂé@ I&ﬁabﬁyﬂph@clpgmégnbgswtegiah@tmxmmwse .

vol t age therewmemhﬁtcﬁ\ngéhﬁe?ﬂa?%?%‘%Q@nterﬂ?%eﬂ%&%cﬂ%ﬁ&%ﬁ? can al so

be coupled to_a vacuum source 52 f ‘educing the pressure wthin the
probe devi ce. {EERsAIMHE-cuep field theredtn t Thedon sonese 19 ganisn isdudecapl&®a s a vacuum

punp that cregl8sodd @R S f . 10 Ltk n . e.pro The field
generated within thé trobeljgtz“gle(";(lt’&llr'e'g tlt%%ﬁgx @%0%@0&1%%5b9%2%§F 14. The

extract ed i onéhespucy. Ktiaetionchlesrdds ean bh bocited owsidel e pHama thdntber todRtrdck | t er s

t he i ons base h _as ,ion velocity or mass. The
filter 40 7. Aglre ?%s%%ggé%ﬁg%&ﬂ%g{%ﬁBg&eﬁ?%@é% a?fsll?lg‘fméﬁhf’é% i'h‘f Wa?t?‘ft ering
i ons based onPlesiea formuthe beaophd, which is directed towards the workpiece.

The illustrated jon source 12 further includes a probe assembly 30 that can
include a probe device 32 that has a distal end 34 mounted within the plasma
chamber 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 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




paraneters, exanples of which are a Wen filter or an EXB filter. A
controller 50 is coupled to the filter 40 for assisting thérgdnéf@ti on of a
field within the filter to sweep the ions when passing therethrough. The
controller 50 can further determ ne, sense or detect the presence or
absence of a particular ion or ion specie within the plasma. The
controller preferably includes structure for applying a potential to the
filter 40 to filter the i-ons passing thergthrough and for determning,
sensing, detecting or identifying the presence or absence of a particular

i on. For pgrpmaebe@@sab@édﬁnbrsmbwﬁifﬂiéﬁhgfoﬁ BastdEn Sﬁ’erﬁr;xﬂclrleﬁ)ﬁ 50 as
detecting ions al t hough onf or nore of the foregoing functions is

i nt ended to b@Wﬁeﬁu‘@agW‘Féﬂ VHich arefagWVien filter o5 g tgontrol | er can hence

i ncl ude any appropri-ate power source and a conputing apparatus. The phrase

"conputi ng apparatgs" aipus‘e_d herein refers to a programmable or
non- progr ammebl e deVPRECIER{ is ceupled g dhe fBterdQfopassisiing thegensfation nBa r uct i ons or

executes a sefeldfwithitshé ﬂﬁéﬂt@ﬁeep@x@on&zw%% p%sﬁ%&%}&&}oﬁﬁgﬂiﬁﬁeﬁ%g@ﬂ}i on of the

probe device 32 of the probe assenbly rated probe
devi ce 32 i ncPlgfudunher determing, sense orietcchbelpresics orbséree of mpdrésiariona coni cal

di stal end of ofibRséie wlilith thh bShi AHboRE-RERAMY, AEEGS30. 085 an | nter nal

passageway 38 that extends between the opp e 5 Bbe devi ce

32. The il | usthPhiRgER polessalde e filse 49 to filtee fhe icu pysstigdbaiethrotigh sidfensi oned f or
al l owi ng one guteriBMify Ld .. t-he sma W thin the.plas chamber
14 to pass ther%thrcfﬁghﬁ.gﬁ%'ﬁ%%gas Cg]glg?/\l?ag@ 1e Preseree o gssce o Haﬁucgﬁé

enbodi nent , i ¥n-apprnsposRso8 Flpriey, wrwilth tefermthe dommotiéncS0 asalBdcRiy iam) i n | engt h.

The illustr r f ncludes a.set. aof elecfrodes that, when
properly - engatrlgl?%%d)fa Qgrr]c%)l ucog%n%’éef’é%g b’lnﬁucinf t‘:?l‘?fe‘bqegtt? Eﬁﬁ’d“gﬁid‘f’lfﬁttg‘&onf i nes
the extract e dfoinp isgisedai Tikiconttdliler pamdeagdidyie 3By agpfopRiitd poStér fdurcetai@at Wi Sti ng
set of eight c%h%ﬁ&ﬂg%gsai'atﬂg.oﬁyecﬁasrase "computing apparatus” 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



a rotating quadrupole field that alternately focuses the ions in all
directions. FIGS. 3 and 4 illustrate the parts and assenti ageiloR0®he probe
device 32 of the present invention. The illustrated focusing device 60, or
focusing elenment, can be formed by creating nultiple parallel conductive
strips 62, or electrodes, on a 7 April 2005 7 support 64. According to one
practice, the illustrated conductive strip 62 can be- formed of copper, and
the support 64 can be fornmed of alum numy Mylar(r), made by E. L Du Pont De
Nenours and Conpany of W I m ngton, Delaware, or any other thin insulating
| ayer. Those suppért 64. Nadcyrdidgith bnd%ﬂaéﬁcé,&ﬁ@illhétrafeﬁ%ﬂdﬂcﬁ@e dthpbz aibesSui tabl e
nunber of conguctjve strips _ can be placed on the support 64 to formthe
focusing de OEE°J6?§°8?pef’ﬁB &Pég@ﬁﬁﬁammﬁw@qf#wwwym,ww ocusi ng

devi ce pref erBiiD PdnPDk Ne@Surk A CORpHH o8 461, Deawkd, 0P cﬁ%gm% ef erably
i ncl udes ei ght o,ndhlctive strips as shown. The probe device can be
formed by wra’Bﬂ'ﬁ‘W@g 3yer- tIhesrsehingdingrs ol ilk readibrecappize that awy sulieblpr obe body 36

of FIG 3 suchimiba H r ' | e i nsi de the

probe body 36, Thg{sfggﬁ%ﬁ%ﬁ é\%ﬁssﬁ?ggla%eg%g;ﬂ&:sﬁgﬁo oc%gﬁrr?g&agc\%%@é 60, when

wound i nsi de et B9 ot prsipt BEcntinne enartisylar, (theforusipg device prefesdhy ng

arrangenent, iaqudek fdhs bf ﬁBﬁ@oh&cﬁ*&‘mﬁé; ﬁfd%eré}’&gmg%ncﬁlﬁ@%eﬁ?t bRGRHAN the probe
odi rrent, en the

body 36. According to the present e ocusi ng devi ce
el enent 60 i SFEEEF Hlorad Thy prohe dpinss2 cewpploymaihy weapping theyoasingr sui t abl e

power  SoUr C&javitd8erh&f 48! Vil ' Eﬁgﬁﬁ ' I | ect romagnetic
field within t?}le ‘%r%lge E%%?%Gﬂrg]%nbg%gge era'P%u%%P%?ﬁeﬁlﬁgmbe ssageway 38.
The coni cal tcPpustive sgips 62 spiral dsfdeniet irore boily B6.t The chéwtive steipbbaf thegener at es
a suitable elggatdi . | r.act, the .1an mthe plasma. The ions
are then transf el:;lg ge %egdogﬁéé}]f‘?%g?&de o Pmbeq’oaygg BaVe adoverldpping,

interlocking arrangement, as illustrated in FIG. 4, to convey ions 80 through the

probe body 36. According to the present embodiment, when the focusing device
element 60 is energized by the power supply 54, or by any other suitabie power
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 {12, and is preferably composed of steel. The illustrated element
support 44 functions 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,
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controlled by the controller 50 in order to select a particular ion
accordi ng to vel ocA significant advantage of the probe device 32 is that a portion can be placed

directly within the plasma chamber 14 to extract ions therefrom. The probe
assembly 30 further includes the advantage of filtering the ions extracted from the
plasma chamber to determine the spectral content or ion composition of the plasma,
or to identify particular ions.

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.
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to said probe device for filtering said one or more ions extracted by said probe device from

said plasma.

2. The 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.




to said probe device for filtering said one or nore ions extracted by said
probe device from said plasma. 2. The system of claim 1,7 &perlef?0t he probe
devi ce conprises: a probe body having a conical tip disposed within the

pl asma chanber, and a focusing elenment nounted to said probe body and
adapted for generating a field, when energized, therein. 3. The system of
claim1, wherein the filter conprises at l0least one of a Wen filter and an
EXB filter. 4. The systemof claim1l, wherein the filter conprises a
plurality of steel strips for concentrating a magnetic field within the

filter. 5. TheTlysisesm of chfial M frthyhedn@hibind @ vabulimsblinte Youple@eb stidr pdbe ar e
bi ased at different voltages to produce one of a potential gradient” and a
uni f or m el edaviGecfarj @eafing ¢ ivelecigd prassyesyeorditions thereia Ky shreifiating cixgieption of
further co | Si for ting an electric field wthin the
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7. The systemof claim1, further conprising a vacuum source coupled to
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0. 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.



9. The systemof claim1l1l, wherein said probe assenbly conprises a probe
device for extracting one or nore ions fromsaid plasm,7 &¥fil £8¢5 f or
filtering said ions, 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 plasma wthin a plasma chanber of the ion source, conprising: a
probe body adapted for extending at |eastllpartly within the plasma chanber
of the ion source ; a focusing el enent coupled to said probe body for
generating a selected field wthin the probe ; and a filter coupled to
said probe PnHdphd grobki dst@hibIydofSalhin 112N wWiRASH REid SleavEes SRhthrise '08€ade@sbie and
extracted fromsaid plasma chanber. 11. The probe assenbly of claim 10,
wher ei n sai @cpriep slavany feoapraraiing a fighd sddinadlye peibecpdanier srideipsi Gawdsaidr
al | owi ng tggw&&gdi wass therethrough, said body having a conical end
portion th extends within the plasma chanber. 12. The probe assenbly of
claim 10, wherein a set of electrodes is coupled to said probe body for
creating a fjel.d therein. ri.l 2005 11 13. The prohe as ly of claim
e heler i ot repB fisnirbly diaiim G0 Shegsin ol SRE cOhBmsks R ESOR Glight T or
generating a field within the probe body for said ion fromsaid plasnma
chanber. 14. The probe assenbly of claim 10, wherein said filter conprises
an EXB filter. '




