5 Novenber 2003 SYSTEM AND METHOD FOR CLEANI NG CONTAM NATED SURFACES | N-AN
| ON | MPLANTER Fi-el d of the Invention The present invention rel ates
generally to the field of ion inplanters, and nore specidNewnber2803n

i nproved system and net hod for cleaning contam nated surfaces of an ion

i mpl anter. Background of the Invention lon inplantation has becone the
technol ogy preferred by industry to dope sem conductors with inpurities in
the large-scal e manufacture of integrated circuits. [on dose and ion
energy are the two nost inportant variables used to define an inplant
step. lon dose relates to the concentration of inplanted ions for a given
sem conductor material. Typically, high current inplanters (generally
greater than 1 mllianp (m) ion beam current) are used for high dose

i nplants, while mediumcurrent inplanters (generally capable of up to

about | mA beam curr, e I 5 INf| } Ons. . | on ener gy
“1.s the dom nant par ﬁ%%é@@ﬁ“ ?FGWQL@%&EQ . conduct or
devi ces. The @@MVAM@NIATED@@RE‘%E Jﬁpmgbﬂ LWE@m

determ ne the degree of depth of the inplanted ions. H gh energy processes
such as those used to formretrograde welts in sem conductor devices

require inplants of up to a f%@é%\é?@%gg%ﬁgww volts (MeV), while

shal |l ow junctions may only I 5 emand ultra | ow energy (ULE)

llevel s bel ow one t houg@psteSdiiteivention /lldtes Gendiall) to thé\fiehf éar inipghnte@pl ant er
conprises three sections or subsystenms: (i) an ion source for outputting an

i on beam (#1d merespadiically forme impavgd sysiemsndiaeied ©r claaging conlgmingied
l_fwe)sol Vi ng tQﬁf&iC%Qo?gﬁ%n f?ﬁBiar(tH.‘.i ) a target chanber which.contains

. Background of thé [nvention

lon implantafion has becomie the fechnology preferred by industry to
dope semiconductors with impurities in the large-scale manufacture of integrated
circuits. lon dose and ion energy are the two most important variables used fo
define an implant step. lon dose relates fo the concentration of implanted ions for
a given semiconductor material. Typically, high cument implaﬁters (generally greater
than 1 milliamp (mA) ion béam.cu(rent) are used for high dose implants, while
medium cument imb(anters (generally-capable of up to about 1 mA beam current)

are used for lower dose app!fcations.
lon energy is the dominant parameter used fo oontrol'juncﬁon depth
" in semiconductor devices. The energy levels of the ions which make up the ion
beam determine the degree of depth of the implanted ions. High energy processes
such as those used to form retrograde wells in semiconductor devices require

implan‘ts of up fo a few milfion electron volts (MeV), while shallow junctions may only
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t he sem conductor wafer or other substrate to be inplanted by the ion beam
lon sources inion inplanters typically generate an ion beam by ionizing
within a source- chanber a source gas or vapor, a conponerfiowembeh2eB3is a
desired dopant elenment, and extracting the ionized source gas in the, form
of an ion beam Internal parts of ion inplanters |ocated along the beanline

and in the arget .ch na tam nated by the s I n
i mpl ant ed dl(J]Irel r‘l’:‘sg%’](caj L{ltﬁae%(%%}esrgy gLf'Lb@gﬁ{mﬁﬁgﬁ o%%er @\tougﬁnal@g %rh‘gtﬁ'tcss(?t at’” a?‘e
prone to contan nati oA ty@ie! ichhi®sRntdt@bmphised tAfed b BARILSystHHE:NE) an

processing. _Along the beanline, conponents which may become contaninated
i ncl ude t he i%t FPREe PraEPItaY @8 iphoeamadl aRaapEne wﬁgﬁma masscaAnA S ng

el ect rodes
target charrbniafg%% fdr asgﬁ g§&l“ﬁ§ﬁhe {?H?)re ghﬁﬁ #"Ié i%@ettcer S, ?%?Sectoﬂ\t/\%%er s are
posi ti oned -dine séralcpaducpdﬁawafeﬂbr atheabutmstratartadbs knplﬁhl@ddjyshe ioh thedeh. (grpt at ed

and transl at ed past, a ,stationary i on beamsq that the bheam | nplants ions
into the enﬁpv@%mlpaé‘éplaﬂtef%@p%aliye@eneﬁate&mrl@%QP@m %@@%@Mtt@n & $BIRA- sk not

covered by RamBbes s&ﬁ'ﬁé’gg s GOHRN L @rshndnt Qf\%ilﬁgh RAPaired H‘B‘iétﬂ%ie ause

ion inplanters are operated using a variety of process Treclpes, different
types of soandextjasies the éonized saurtcdrgasinthe domobint minrbdaom beam; conpri si ng

t he desired ' f _dopant t he t t. th
beart  ne. commonent) HEISRAEoEsAT B WREEE PCei drpa i hne Rt fieg of

speci es dur figefchiner Py BERARSSortSRInAGd By the spRBRsIHAYRY Mp%téﬂ’@@rﬂij” ous),
a later process recipe (e.g., one involvirng arsenic) be adverse

.. effect ed bythwr%e@fwntlwdtm@m mmnmen@xbmreprmedQMamﬂmafm has
been sputte rface of ,an al.um. num.,t arget
di sk olro bea?rqeodsr?e a?nig'gn'é)rq ﬁﬁ%acg sq%@geﬁ %’?S%ngubﬁ eme &Fé‘&%‘f‘ ?on

beam resul bbn@ohéntprvﬂﬁ@ﬁmaqwﬁc@mertairﬂt@ﬁmatdd inBlukBAME strike GRAIElidSiGe & | ON
beam conprised of a reactive species, such as fluorine, between successive

i npl ant pr ofeAsSANA§iscMagnet; ﬁ@@l%tm@slemreﬂgs deselMing GipertHissaAee plassige f or
exanpl e, U foofebabndils. T Brftafind ch8mBeRkftdeast in high current ion implanters,

target wafers are positioned on the periphery of an aluminum disk. The disk is both
rotated and translated past a stationary ion beam so that the beam implants ions
into the entire surface of the wafer. As a result, portioné of the disk not covered by
a wafer become contaminated with the dopant species.
Because ion implanters are operated using a variety of process
recipes, different types of source gases are run in the source fo obtain ion beams
| comprising the desired species of dopantions. If, however, the target disk (or other
beamline component) becomes contaminated by implantation or sputtering of a
species during a previous process recipe (e.g., one involving phosphorous), a later
process recipe (e.g., one involving arsenic) may be adversely effected by this cross-
contamination. For example, phosphorous which has been sputtered onto or
implanted into the surface of an aluminum target disk or beamline component may
be dislodged by a subsequent arsenic ion beam, resulfing in process contamination.
It is known to generate an ion beam comprised of a reactive species,
such as fluorine, between successive implant processes o clean intemal portions
of an ion implanter (see for example, U.S. Patent No. 5,554,854 to Blake).
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5 Novenber 2003 However, Bl ake suggests the use of ionized fluorine to

ef fect such cleaning, because the beam nust be ionized (positively) to be
transported through the inplanter. The Bl ake system does Notershag@e68 t he
use of an atom c neutral reactive species for cleaning the internal
conponents of an ion inplanter. Accordingly, it is an object of the present
i nvention to provide a system and nethod for cleaning surfaces to renove
cont ani nant slioiieseefBlake spggeds the fuser pbiongisidetyortng tor 6feelesushsgleaming.and

met hod for i.ng .t ' . : f | | using the
I on beam toségg;\l%re at & ?%%ré% @%nﬁéeﬁ?'ﬁg%??%gkawrt%gﬁcg Esdo#%ga@f@é;ﬁi ge gas.
It is stillimpléntet. Ee Blkesystah dobe npt &8@Bst thausndi Anatohric peudal @acirch a
system and nmethod for use in_ cleaning either silicon-coated or uncoated

i nternal i npPefeRior slapiedhe interogherinporants akan iPpdmplastera met hod and system

|s provided for cl ear}&&%nﬁnﬁgﬁft %"dﬁa;]%jef:i('ﬁ e g%‘ébﬁ@ﬁﬁeﬂfio@ﬁ’ g;?(g}éﬁaﬁm%hha”ber-

The nmet hod and system i nc nmeans r géenerating an io avi ng
a reactive systemend(racthod féd ceaninedudaogsdo emhove contamdinaatd thegfrotrhdt ison beam
toward a surface to be cleaned; (iii) neutralizing_the ion beam by

i nt roduci ng® ﬁ'ﬁ‘?‘Sf 1hedt HanBwvi rgxﬁ pE ARd @ﬁ&‘f’acg’rt glegaing | BgnBternal

neutrali zi neomﬁéﬁer(tso@an.iér?ﬂﬁmnt%\v"aﬁinﬁnggtﬁé iérhﬁeérﬁ'loﬁ%ﬁo AQbadiGs n\%ﬁQ[

nol ecul es of the neutralizing gas, a as a resu charge exchange
reacti ons bstomie radi¢als pbmcleaning gad. tikstill afutheabbjechef the presehtiovtrdion
creates a bgam of ener etic reacgtiv %utral.atl '

st ERdanggiod P

ons _of. the.react]ve
species; Q | t C
' O RIeXIg S M Y SRR AREETS S\l ‘E?Pé"'b%&ﬁﬁ‘%rfs"@ﬁa?caé{%d or

r“ef?ctive neyhésted in@éfmalimpldifer @afpdnedtspeci es to react with contam nants
t'o’create reaction products; and (v) renoving fromthe chanber any

vol atile reaction products that result fromthe cl eaning process. The
neutral i zing gas may contain second J.eacti speci es conponent, such
that the neutralizing gas nolsaé'&?lnag%rog t?& @E%“?ftétsgd into reactive atomc
neutral atoms upon cod Heﬁiya I%Jétérﬂ‘?s E@%@%ﬁ} cl8hhiRg Bddntshiantdtsin ZBT hod

and system i ncl ude neans gener
surface of a vacuum chamber. The method and system include means for (i)

generating an ion beam having a reactive species (e.g., fluorine) component; (ii)
directing the ion beam toward a surface to be cleaned; (iii) neutralizing the ion beam
by introducing, into the chamber proximate the surface to be cleaned, a neutralizing
gas (e.g., xenon) such that the ion beam coflides with molecules of the neutralizing
gas, and, as a result of charge exchange reactions between the ion beam and the
neutralizing gas molecules, creates a beam of enefgetic reactive neutral atoms of
1 the reactive species; (iv) cleaning the surface by allowing the beam of energetic
reactive neutral atoms of the reactive species to react with contaminants to create
reaction products; and (v) removing from the chamber any volatile reaction products
that result from the cleaning process. The neutralizing gas may contain a second
reactive species component, such that the neutralizing gas molecules are
dissociated into reactive atomic neutral atoms upon colliding with the ion beam.
Altematively, the method and system include means for (i} generating
an energetic non-reactive (e.g., xenon) ion beam; (i.i) directing the non-reactive ion
beam toward a surface to be cleaned; (iii) infroducing a cleaning gas proicimate the

surface to be cleaned, comprised af least partially of a reactive species (e.g.,
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an energetic non-reactive (e.g., xenon) ion beam (ii) directing the
non-reactive ion beamtoward a surface to be cleaned; (iii) introducing a
cl eaning gas proximate the surface to be cl eaned, conpr iSddaleaiber 2883
partially of a reactive species (e.g., 3 5 Novenber 2003 fl uorine)
conponent; (iv) dissociating the cleaning gas using the ion beamto create
a supply of energetic reactive neutral atons of the reactive species; (V)

cl eaning t hduodrglcapwoRenta (i)siiFsegiating thefdeing gas eurg thedon Baamdp ceddrs of

the reacti ' : « WM ] : e '
broducts:  and Fom eobRiait Raldhe i AR BARS Ikt fIERC () EREp G e
product s t haurfees by tlldwiomthd enalyetmraagtivr nedssd atohheof thk eandtivg spasiesy be

characterized hy a high sticking coefficient and is allowed to_ collect
ot o and aad6ie Wil GoRAETANS Lgers KactoLaRdichs FOR ) THRPHIIITES s ot ed

by the ionhgaFer Bri ?(f)la%f?ééc@tﬁ%i i?éﬁ&jts fraerddRWohPfheld eg'}l'ﬁr?q %Wc?s‘é@ oSS

i
sectional plan viewof an ion i antation system into wh
i ncor por at edleamingegasomiaynbatchafacterizee dyiangabl elickirg ceafldtientaretis alloged th ng t o

th i nci pl f th Ssent || tion: Fi 2 l an,.vi t h
ool st bp DRt AL 8Pl G BlEGefold S BB USRSl | e
2-2; Figure gk ich feafk 0SS sectional view of a silicon-coated version of the

support disk of Figure 2, taken along the lines 3-3; . Figure 4 is a cross
sectional view of an uncoated version of the support disk of Figure 2,

t ak | the Ii 3-3; ' e .5 | ded detailed vi f
port on of the ion 1ol arter I SHIBLATBf g ERINEs 2l FeaDescr i pti on
di)a Preferred Enbodi gl 1 BS{ Sl g AR hin sy O MoRSFpiaFAlhSydiom

cl oses an ion inplafiter, generally designa
source 12, éntomskichrialigyseérporated one embodiment of a cleaning device constructed

according to the principles of the present invention;

Figure 2 is a plan view of the wafer support disk of the ion implanter
of Figure 1 taken along the lines 2-2;

Figure 3 is a cross sectional view of a silicon-coated version of the
support disk of Figure 2, taken along the lines 3-3; .

Figure 4 is a cross sectional view of an uncoated version of the
support disk of Figure 2, taken along the lines 3-3; and

Figure 5 is an expanded detailed view of a portion of the ion

implantation system of Figlire 1.

Detailed Description of a Preferred Embodiment

Referring now to the drawings, Figure 1 discloses an ion implanter,
generally designated 10, which comprises an ion source 12, a mass analysis
magnet 14, a beamline assembly 16, and a target or end station 18. One
application of the present invention is in a low energy implanter, such as that shown
in Figure 1, wherein the beamline assembly 16 is relatively short due to the
tendency of a low energy beam to expand (i.e., Ablow-up=) during propagation
thereof.

The ion source 12 comprises a housing 20 that defines a plasma

-4 -

conprrses an ion



magnet 14, a beamine assenbly 16, and a target or end station 18. One
application of the present invention is in a low energy inplanter, such as
that shown in Figure 1, wherein the beam ine assenbly 16 Nevendiea2pQ2|y
short due to the tendency of a | ow energy beamto expand (i.e., Abl ow ups)
during propagation thereof. The ion source 12 conprises a housing 20 that

defi I -4,5 . ' .
Gl y 24 CafRep S R ey 3o LN, Bhe bBR R ass BRI o o6
which is evdiyuntembiyg hacsingouwhicR8s avdcwdtied by verotiad premp 28eand malich

aperture 30, a resolving aperture 32, a flag Faraday 34, and_an post
accel er at i orfoBtainst Htgmiabarebie sOvthicsalvVipg\RPERUTS s 8fad FRERdsY #4 éi’fbaw i) a

beam neut ra'dogﬁécc%%rmrp& ROL A RBBs Rk ey OO 3R nd1BRC M (Ieligl or m &

part of the resent 1 nvention. Downstream eam neutralr zer S
t he end st atnieafralisr 36nhicin comtainsdeglasmdifleld 8Bapent: oakkich surppo partdif e 40

upon which wafers Wto be_ treated are unted, / ed herejn, wafer shall
i ncl ude any ArgsROt pvesypRy P&Wé‘,sﬁe%micgﬁh%g%ﬂfﬂé‘ewﬁ@}ﬁgédﬁ s ?Pdagtap%'tgeam
Energy is i e %[J&s%&isk—%@éﬁ&?%@fé?%@éﬁért QAR 4 uYPRhich WA&RANAbSe | ONS

wi thin the, sma chanber . CGenerally, positive 1ons are generated,
al t hough t hdrgatesk eret monuiedt iAnusesl beypin, waldreshall inshadeeamy Whercdisubsiegjat | ve

ions are generated by. the source. .Th gsitive ions are extracted through
aslitint ‘CIbP?grPe?y'm?gar%%cfwg aByel ﬁ%aom‘on extractor assenbly -24 which
conprises a pluralitygabrgy@s Rep4rRAES tHeionPeBR dipEt Yas bheagoR o g¥hératd or
assenbly functions to extract a beam 44 of positive ions fromthe plasma

ghpnber  t hr degh vdifinethe alesmenchyeberu?d. pPapeallycPesiiyealons| are ganeraied.
it e L S S e
t he bean i ngjeagste® by the.solinee. NiAs pasiivy dors aragrtedcteidthiroedhudesit &n the ved
beam pat h 4%le\a/\slhni1§ Qheiurrsxbgregzi t?yetﬂe ?3;1 gxtr%%t%rrnagsuémdtﬁy 85, which comprises ;'a plurality of
electrodes 42. Accordingly, the ion exiractor assembly functions to extract a beam
44 of positive ions from the plasma chamber through an extraction aperture plate
46 and accelerate the extracted ions toward the mass analysis magnet 14.

- The mass analysis magnet 14 functions fo pass only ions of an
appropriate charge-fo-mass ratio to the beamline assembly 16. The mass anal?sis
magnet 14 includes a curved beam path 48 which is defined by a beam guide or
strike plate 50 connected to the source 12, evacuation 01; which is provided by

C vacuum pumps 28 and 54. The ion beam 44 that'propagates along tﬁis path is.
affected by the magnetic field generated by the mass analysis magnet 14.

The magnetic field causes the ion beam 44 to move along the curved

beam path 48, from a first or entrance trajectory 56 near the ion source 12 to a

second or exit trajectory 58 near the resolving housing 26. Portions 44' and 44" of

the beam 44 comprised of ions having an inappropriate charge-to-mass ratio are

deflected away from the curved trajectory and info the walls of aluminum beam

guide or strike plate 50. In this manner, the magnet 14 passes to the beamline

assembly 16 only those ions in the beam 44 that have the desired charge-to-mass

ratio.



strike plate 50 connected to the source 12, evacuation of which is provided
by vacuum punps 28 and 54. The ion beam 44 that propagates along this path
is. affected by the magnetic field generated by the nas$ Nowembsr 200&agnet
14. The magnetic field causes the ion beam 44 to nove al ong the curved
beam path 48, froma first or entrance trajectory 56 near the ion source 12

44 “and 44" of he balevaF hiprr dBEA ot E SRR L gl BRreri ' O

char ge- t o- neEBise digk shapydesup@eftldsi €8 RWRY afeWhto@\ey tdrédmjisotasy sand
into the walls of alum num beam guide or strike plate 50. In this manner,
the magnet I12°pREa¥angdlar MalopiBahy Aieotorls antisypprert gifkyOin sxved yegically t he

beam 44 t hatg ' Q- ' 03 The
vat o suppor{iaacy oYfoe brge of BRLST I3 AR for S e Iega ol (PG T
di sk shaped Asipydy;, thedintike stifachaV & veafovan®yrtse Wvplanied bylatstatioean beas widtlat ed at
a constant angul ar, velocity by a notor . and support_disk 40 is noved

62
vertically %i%ﬁyo%%t'@ﬁtwéﬁrst ‘Pl‘é'yp?aﬂ'_éa[bPO'hP@Lﬂf &he yaigy. gh?ngi'stgr“%ﬂn‘éﬁéﬁ a | ead
screw (not SPAMR nositioRed tidteod BRs ESHAIRED Rithih AG5roREs SonMaitRE hBBYn |86'ti‘i'é)T ant ed

by a stationary beam-whic at any given tinme covers only a snma portion
of the waf erintefibeckhimnber4d dhitthis evarfiged bpagbtugbinggutripsi®on are cont ai ned

i t hi ' h h ' 66 th interi mher 67 of, whi [
Svacuat od by a roughi A6° SURPEANerBn frs bA S4e o BeaR IHag b GUIEEE b cf ean
i nternal surdggemefis of SRTTAMDMHIES1 PSUdHES theBERBHRite b0, hdGpeAdres 2@, 82 b ke

plate 50, the apertures 30, 32 or other electrodes contained within the
riesol vi ng hoitbemglegisodasorandained svithin {heeresplvingnbodding d63eompencids ok thet o

{ : . ; : .
i sic 40, "o P BRLAE R Eue TRaR AR yREReht BRe Slnb A PeRER beam
with a reacterthe spegisepportdick 465 Theldientieh isdmglonestitedby eitng (i) hendratimg Wi th
an inert species, such_as xenon, proxinmate the area where the beam strikes
t he an ion beam with a reactive species, such as fluorine, and neufralizing the beam
with an inert species, such as xenon, proximate the area.where the beam strikes the
surface to be cleaned, or (i) introducing a parent cleaning gas, such as NF,,
proximate the area whe(e the beam strikes the surface to be cleaned, and
dfssociating the parent gas using an ion beam generated from an inert specfes, such
as xenon. Using either method, reactive neutral atomic radicals, such as fluorine,
are generated for cleaning surfaces of desired implanter components.

Aithough' the invention may be implémented at various locations in the
implanter 10, as further explained below, implementation at the wafer support disk
40 is set forth in the drawings and fully described herein. The wafer support disk 40
(see Figures 2 through 4) is made of either aluminum, or silicon-coated aluminum
which reduces the amount of aluminum surface contamination during implantation
processes. The present invention is embodied in the form of a gas supply 70 that
interacts with an ion beam to either (i) clean the aluminum surface of an uncoated
disk (Figure 4) or (ii) controllably strip a finite fayer of silicon from a sificon coated
disk to remove any contaminants that may be implanted into the layer (Figures 2
and 3). As u_sed herein, the terms “erode”, “clean”, “etch”, “remove” and “strip” all

refer to selective removal of contaminants from a surface such as the wafer support
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surface to be cleaned, or (ii) introducing a parent cleaning gas, such as
NF3, proximate the area where the beam strikes the surface to be cl eaned,
and dissociating the parent gas using an i on beam gener & Movembem2803 i ner t
speci es, such as xenon. Using either nethod, reactive neutral atomc

radi cals, such as fluorine, are generated for cleaning surfaces of desired
|nplanter cefgpastents. Al though the invention may be inplenented at various
| ocations in the inplanter 10, as further expl ai ned bel ow, inplenentation
at the wafer suppor t ‘thesgras giprilys 76 storéna ghs ifrat thetaihrseaviaagtveasmangaridny,

d bed h Th t di sk 40 F t h
made of i { REEY 26 THOHN O/ofn G191 B SEEAE ASapD A AU A BROPE RS e

amount of alpHBhaHEPEHdsBS & sleah e ArkoN ﬁ\’égé‘gus'éﬁypﬁéﬁﬁ:tth@mterﬂfrfﬁ?e@ﬁes
The present 4 nvention is enbodied in the formof a gas supply t hat

interacts V\n‘tfnmpme%mmmus@gtaﬁerome yxm@a@farg@sammmﬁnssﬁmmw@dof an

uncoat ed di re 4). i), ,control.l abl fini of
silicon fro ‘E?W%%BS)'B‘% ‘é‘?fe@fﬁﬂgoa'?g §éec§:(if @83 gﬁ{ %a%hgtasnay be
i npl ant ed i Ab@ fd1A th@)é@pp!f( Footy e tabeamdsaﬁom{b?e&saﬂd db@érﬂilrﬁbd b eohRb(Ts
"erode", "clean", "etch", "renove" and "strip" all refer to selective
renoval of §h§$f?mﬁ4‘1ants froma surface such as the wafer support 6 5
November 2003 di sk 4Qg,]] ﬁb%vsgﬂfq ﬁ%%ﬂb%bépth%u%mﬁe ﬁ[b%ar'sz EQ\% Sﬂ%ﬁ‘ﬁ&iﬁa@
reactive conponent, SUCh as ne, —or as = xenon or
argon, depenglisiT§ (s@oFighiies), mchﬁmmtmbagtemetmo@éseamamber l@busingm Thee gas
|s supplied to the_interior 67 of_ the process chanber. housing 66. One

2an e of HRPRXIGH ineregeimat F?%“tﬂ BowitrtBe trajggtory PBegterdembeae thaltl P8$s&Sube 72

hati ng a hi ot ﬁg% uI0I0|y
70 to the t%g@@@%ﬁ%n%ﬁ?%@edﬂg @%ﬁ%‘ﬁg&d&% ggmt};do ség émo'ﬁ
flows into sheplg@mbarthe lwcatinhofithe |mpjarder7®mmnh@lmd¢mgdtgm!ﬂom rateam s 76
(see Figure 5§y’ be mlmmtzg‘f1 wﬁ? t%liharc e %lnga (o] ro g%sa éﬁ] S‘f‘ﬁﬁ prggslﬁ% Pagldfsg%s The

concentration) within a surrounding area 84 of lower pressure inside the evacuated

process chamber 67. The divergence of the gas flow from the tube 72 lessens as
the agpect ratio of the tube increases. As a result, a high gaseous concentration in
localized area 82 produées more reactive radicals from collisions with the ion beam.

The cleaning mechanism provided by the present invention involves
the creation of a high concentration of reactive atomic species of a cleaning gas,
such as fluorine, using either of two mechanisms. First, the reactive atomic species
may be created by using a fluorine ion beam generated at the source 12 from a
source gas such as NF;, BF,, XeF,, CF,, SiF,,.- or C,F, and directed through process
chamber entry 80. The ionized beam is neutralized by injecting an inert neutralizing
gas such as xenon through the inlet tube 72. Xenon is preferred because i is
inoffensive to semiconductor devices residing on the wafer, and because it has a
large charge-exchange cross-section that enhances the potential for collision with
the ion beam. A béam of energetic, ‘reactive neutral fiuorine atoms is thereby
created by charge-exchange reactions between the neutralizing gas molecules and
the energetic ion beam.

As a subset of this first cleaning mechanism, the neutralizing gas may
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tube axis 76 intersects at point 78 with the trajectory 58 of the ion beam
t hat passes through an entry 80 in the process chanber. qﬁu5| . B
i ntroduci ng the gas from supply 70 near the |ocation of %XMN§ rgﬂg%r
conponent to be cleaned, gas flowrates nmay be mnimzed while stil
achieving a |localized area 82 of high pressure (and gas concentration)
within a surroundlnq area 84 of |ower pressure insjide the evacuated

process charffef&En R oas VEWSé?H@e&aS?ﬁ@Sf&Q@bPV%WFWSI‘%Qeﬁse""*ﬁiﬁfb@di‘ﬂeﬁessens
as the aspegieddild Q:ogf oh@ﬁt e'-ﬁ’eﬂh&ﬁ{ Ghe r@té[iiiﬁ%éﬁh& pr@\n@é@gd(ﬂ

concentration in Tocallzed Sréa 82 p uces nore réactive radica rom
col I i si ons wheartefitshia thaiﬁh@eaﬂra!fhg galsetaalf hegcomeeheractve qor Dve st dbf b‘yolachkar

present invention.nvqglves t cre n of a hi gh concentrati on of
reactive at o‘ﬂ?%o %@Ble& %Id @‘Bﬂ‘ﬁ JON bERY, "as fluorine, using either

of two mechanisns. Fi mbmatnbay,rﬁaehé@@t.@h@mr@aows%r%a gb%ﬁb gAkhsg by
using a fluorine ion beam generated at the source source gas

such as NF3,beaF3erded 2f-themourcs) 4andatirecieAghroagl pdmeefcchaﬂnbdﬂeotlgBOpﬂ'beess
chanber entr 0. The iopized beam.i utr.alized by injectin |nert
et al i 21 ndon dFant foyedh i Eheat A Befith 1R € Hisahs Gaofding
preferred bagasse ddmpsnent,tRh @RIUVE whechsie lihteadeg tRougie HE Rt t@sd #dng on
the wafer, and because it has a_ |arge charge-exchange cross-section that

enhances t heC?Jb?tl‘é‘?ﬁl ibxprodgetsgesulting termihe impagief thenbepsawith e gascente a
energetic, ;see% Hf%n@?%gt a%a%n}éoﬁé@ﬁalﬁ&(‘? qgn}shereby created by

char ge- exchan eactl I'ZTng gas nol ecul es and the

fngrgetic i on beam Adsa sulseedf this almraaﬁ\tdsbmﬁih@mmlmﬁﬁnlamm he
ﬁe . g
trali zi ngmgﬁs , 7 5 Novenher 2003 he chosen from one of the source

gases liste Weatt eligking epefirieninman be dateryeed through dhe (letdyRpdRedld (e. g
f1 uori ne) - ashans Ybfidth hidndads b b saHlid bORBIUiRNCThS Babehifat the

neutralizing gas |tse beconmes reactive as a resu nol ecul ar
di ssoci at i ormasFfeact wdidnybearh Imay ba usetl Hothireak dowhethm chahtieal rminds alf the an
energetic no dsoFba%ltrEc\)llgcdleosn thbeer y élSS(%la’ting T ggs mof\écules adhering to the surface
to create reactive neutral atorns. An example of such dissociation is the breakdown
of inert, non-reactive CF, molecules into CF,, CF,, CF, and F radicals. (The fluorine .
may also be provided in the form of NF,, éFs. XeF,, SiF,, or C,F; gas.)

These reactive radicals will subsequently react with contaminants to
form volatile byproducts that will desorb from the surface and be removed by
pumping. Both the surface chemical ;eaction and the byproduct desorption are

- accelerated by the energy provided by the ion beam. In the case of phosphorous
contaminant removal, the reaction byproducts will be volatile phosphorous fluorides
which can be easily pumped away.

The cleaning mechanism provided by the present invention may be
used to clean uncoated (e.g., aluminum) internal implanter components, or coated
(e.g., silicon-coated) internal implanter components. Also, the ion beam may be
either stationary or rastered, depending upon the intemal component to be cleaned.
In addition, the gas from supply 70 may be introduced at various locations along the
implanter 10, depending upon the infemal component fo be cleaned. Although the

cleaning gas used in both of the mechanisms described above is fluorine, other
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be generated at-the source 12 and directed through process chanber entry
80. The ion beamis used to inpact and thereby dissociate a | eaning gas
including a reactive conponent, such as NF3, which is irftNododed 2008 ough
the inlet tube 72. Collisional byproducts resulting fromthe inpact of the
beamwith the gas create a supply of energetic, reactive neutral fluorine
atons. As a subset of this alternative cleaning nmechanism a cleaning gas
Wi th a hi gh dednikg ggseoerfjopiamplalagye.be chigrineluced t hrough the inlet tube
72, and allowed to cglle nt o d orb.into the.surf.ace of the disc
40. The energetic noﬁ{hﬁeg%?&\r/‘ ik %a@isgﬁncﬁaglebg%usggg'rﬁ%n&&ia‘ﬁﬁd&%e{ﬁe
chem cal borgiplamed hedetall fathhefrdibac ¢leadingt dfed sildordicRres sappdtodiskaogas

nol ecul es adhering to the surface to create reactive neutral atons. An

exanmpl e of Y YFGEeRIN e afihruabitee rlganing machamgnds apRlisablede pihpe Cr4

nol ecul es | radi.cal . g Luord I be
provi ded i nqﬁg%%r & oﬁo?\ﬁ;& gg% ﬁfgﬁgﬁlg@i é%%&'-érgg(éﬁ@ggggs?d ﬁ%;sr%nr gnact Ive
radi cal s wi Irherstidheeqiive| that Bacsingvah leneastia monanadive don beam (2. atdron)

byproducts that will desorb-fromthe surface and be renpved b’é}‘. Eurrpi ng.
Bot h the surdeAceatedatitharoyreadeiapd diratedirosppiierses chasdepenty 88, and

accel erat ed Ry, 4 i@ iBAYDH fbrrﬂyéo‘é%@’?-ﬁ%léal?\ﬁw;g[ %’%"‘E@g% déu Roddife oRént

phosphorous contam nant renoval, e rea cts wl e volatile
phosphor ous sukhasihlés whihi is mtodncdubtheagghl the inlefdable @day. The cl eani ng

nmechani sm provi ded by ,th resent inyention b sed to clean uncoated
(o.g.. alum num i nt ePRadNELIHEWE SolfsrRte: diSk 40d5 e genpilly croular
11 i con- coategshhehtéShpaded HIRISHIEM KAVIRE 1S B cabd WNitebARIGRATY Lo By be

ei t her stati'onare/ or rastered, de\gendi ng upon the internal conponent to be
cl eaned. | redgatals 8 in which gawfenymayipp held7 dsraipwidn Figuredurewatrs War i ous

o2t one 50 sl A0 lopdR s dCPERShAR, RN B T nGgRALe
descri bed alpaéiions tHd wafer npon tichiak. & distowesrelot 82P8mits a portion of the ion
beam passing through the disk to be analyzed, and charge sensors 94 provide
information regarding wafer charging.
As shown in Figure 3, the wafer support disk 40 is coated with a layer
98 of silicon. Thé silicon covers the entire disk 40, except for the pedestals 86 upon
which the wafers are positioned and the portions 100 of the disk between and
around adjacent pedestals. The silicon layer 98 is applied by a plasma enhanced
chemical vapor deposition (PECVD) process. Surmet Corporation of Burlington,
: _) Massachusetts is in the business of praviding such PECVD silicon coatings. As
opposed to a plasma or flame spray application of silicon, which provides a highly
- granular surface having unpredictable efching characteristics, a PECVD applicafion
of silicon provides a homogenous, uniform éuﬁace grain structure that exhibits
predictable etching rates. Preferably, the grain size is sufficiently small and of
sufficiently high density to provide surface finish of Ra = 0.2 — 0.4 micron (gmy} in
order to insure predictable uniformity and repeatability of silicon removal.
The silicon coating is applied so that a fayer having a depth of about
25 microns is deposited on the surface of the disk 40. Such a depth is considerably

more than would otherwise be deposited on the disk 40, in the anticipation that a
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cl eani ng gases are contenplated (e.g., chlorine). The cl eani ng nmechani sm of
the present invention will now be explained in detail wth reference to

cl eaning of a silicon-coated support disk 40, using a stdievsmbey20@h beam
al t hough the cl eaning nmechanismis applicable to other inplanter
conponents. The nechani sm described is the second nechani sm nentioned
above, that i usi,ng, an.energetjc non-reactive jon beam (e.g., xenon)
Gener at ed-ar TR ETRRE T 155 Bl Decraal TR g He R CeL PR HGE PSR 80,
and using tih%wes}@ugﬁﬁmé BleHhiRg QFhiBHCarRl Sl0B8EH HAhERFeseNCVENRR @ Teactive
conmponent, such as NF31 which'is introduced through the inlet tube 72. As
shown in Figure 2, th&usingopaniglisk both ihe wafgendriastaliedain tbalpadestalsditent

conpri sed of I pum havi in this case, thirteen slightly rajsed disk
pedost a5 567 th i PoblE MaPshr 4 ik BetRER et dharifiadedritinstiptl:
vafers W arigmpeged wihedpat ibhe TheaRPldnted Bhs willirAFBIndidis 1H0%S tingisk St op
90 positivel positions the wafer upon the disk. A disk current slot 92
pernmits a potdiexiside ehéhg grpfehéensiipassinay plesenigRontaaingitioR peblsenarial yzed,
and charge s j de information regarding wafer charging. As
shown in Fi gﬁjﬁégéﬁerﬁﬁgB@/ﬁﬁér support disk 40 is coated with a |ayer 98 of

silicon. The silicon tdwebeeh RRindntidtiiRpldhls idis (@) tRidn drghokpitorpesiess al s 86
upon which the wafers are positioned and the portions 100 of the djsk

bet ween and nigcpastienst 109eaf dha disks at depthssol upde ebpuly@00Faigsomph) ed by
| 1,Cal . It eSS . t
Cor por ari on G- (aterofrERIE Mou@Re, it ge afe St il /R Aa BT o g

sugh PECVD sdifidof@f oAlgaitionys00 A-‘(.OSQ.I_@?QQ%@rﬁﬁtaﬁt PlhpbifPofdie fhaMes Bpades
application of silicon, which provides a highl ranul ar surface having
unpr edi ct abl & remeyaddepre Hi disk 4v. Beeause the ﬂE@Vd% § hestangerigingt thicknessn
provi des a LISy i : ' u : LR

pr edi ct abl et@{ggﬁl ng rg{%@_(&%é&%&ﬁ&eﬁ hgéég;(r)gl}gn gﬁy{é&?g}gﬁf §B|él§:l{:%fl¥tﬂl§?/ snmal |
and of suf fdigk 40hinhy bhistiippdéfetitiey up o pOimde belord theenfitersilshn tfyeRB8 Rad. 2 -
0.4 mcron (Vr%figh qorder to insure predictable uniformty and

r epeat abi | i tRFEEFEtH9G QYA r enoval .

. The preferred gas used in supply 70 is, for example, a commercially
available gas such as NF;, BF,, CF,, or C,F;. The use of SF; is also possible,
though less desirable due to the increased likelihood of sulfur contamination. &, is
yet another possible fluorine source, although in such a form, presents minor
handling difficulties. |

In a preferred embodiment, the fluorine-containing gas is a non-

reactive gas stored in supply 70 and introduced into the process chamber 67. An

y ;
P

energetic non-reactive ion beam {e.g., xenon or argon) impacts the fluorine-
containing gas fo create either a plasma or other supply of dissociated reactive
atomic fluorine fadicals. Once the fluorine-containing gas is dissociated into
reactive atomic fluorine radicals, the reactive atomic fluorine radicals in the plasma
react with and consume a portion of the silicon layer 98.

Dummy wafers DW are installed on the pedestals 86 so that the
wafer-supporting portions of the disk 40, which have not been contaminated, are not
cleaned. Thus, only portions 100 of the disk between and around the pedestals 86

are subject to the silicon stripping process. While the non-reactive ion beam
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The silicon boating is applied so that a | ayer having a depth of -about 25
mcrons is deposited on the surface of the disk 40. Such depth is
considerably nore than would otherw se be deposited on 15%% \(ﬁn&grgg%, n the
anticipation that a -9 5 Novenber 2003 sel ected depth of the layer will be
uniformy renoved (etched) at regul ar operati ng i.ntervals using the

cl eani ng- sy ol eI B0 BLAP 53808l 48 MSoRIERENE (hAYEDHLQfect PUE TS g 2L i 00

bot h the waf'ers Ied on e pe esta e por i Bns- 100 of

t he di sk bedaﬁ/mﬂ’oranmoas expubeddy eabictivedeshialspeciey i the pabmatedifvdtidtedopant
i ons. The mPI anted ions within the portions 100 of the disk 40, outside
of the waf e?"GVCHIPRIAG, nmay present contamination probl ems in subsequent

i npl ants. It has beeﬁ'ﬁe%e%na'i'xr&ﬁ’;form@&ﬁ(%ﬂei%gé}ﬁ?\fﬁﬂfgsll&omé Bé‘he&Edt Aot up

phosphorous) are inplant I nto portions sk at
to about 108€hréagsdp prosessAli) adsmtrptuoh mﬁthemmipajaton‘rrbﬂmw, raldtcarsaatoathso been

found that hy renovin I er |co of q abouyt 500 A pm, a
si gni fi cant S'Hg oY %Peg "?tSH& F‘ﬁ'i‘ﬂ‘ba %‘Besré]'ICQE W‘{ﬁéﬁ?éﬁ%ﬁ%’ﬁ RIBMH Enﬁu sk 40.
Because t herggidaL @dt fb@wona% P@&u@ﬂ &bugbteaéu&hagm%ﬁ ﬂﬁnd@oahﬂ?@.)m crons

(generally wthin the range of 35 mcrons), theoreticallyt di sk 40
may be strlcﬂmdwtwmféﬂeameadloﬂmodmmm@ﬁfmaﬁ pﬂalee.ehtacﬁdancm becauselthger 98

has been etchged avva The erre as used i 70 is,. for exanple,
2 comer ci aieBgtomphntlsty 85 SURURAGiP Rrabis eBil el ESruthunBhols ol
SF6 i's al sorepstlitdin thd rodes dr@&me@waﬁhé RvaBIbA plifp BaICT eased

| i kel i hood of sulfur contam nation. F. yet anot her possible fluorine

'SOEr ce, although in dadthe %as#e&fmnoprré@m %lumlm{ﬁfrl disk griguierd). acentaginartes. 1 n
Stored 1 n OB SOP R bREs R SR A Bl afpdp it e 0
ener geti c niaiplart peddegs utiizhglegimtsplo@us ioneiaim. oReatige AjomicoPasrng radieatk! uori ne
react with the phosphorous fo create reaction products {i.e., phosphorous fluorides).
These volatile reactive products are continuously removed from the process
chamber 67 by the evacuation pump 68.
In addition, at the surface of the uncoated aluminum disk, the reactive
atomic fluorine radicals react with the aluminum to create a stable, inert layer of an
aluminum fluoride compound that will remain on the surface of the disk. Once such
a layer is created, the atomic fluorine will no longer react with the aluminum surface
therebelow. This inert layer, being non-volatile, is not pumped out of the process

chamber. Below the surface of the aluminum disk, no reaction of atomic fluorine

[—

OCCUrs.

Free non-onized fluorine atoms are found to be the most reactive with
the portions 100 of silicon layer 98 that are stripped (Figure 3), or with the
phosphorous contaminant 99 to be removed from the disk (Figure 4). F,, and F+
and F- ions are found to be less reactive. The method and rate at which the reactive
fluorine atoms etch the silicon layer or react with the phosphorous contaminant may
be carefully controlled by monitoring and controlling several operating parameters.
First, the gas flow rafe from the tank 70 to the process chamber 67 may be

controlled to determine the amount of gas available o be dissociated into reactive
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containing gas to create either a plasma or other supply of dissociated
reactive atomc fluorine radicals. Once the fluorine-containing gas is

di ssociated into reactive atomic fluorine radicals, theoMNexsanibes 2803 c
fluorine radicals in the plasma react with and consune a portion of the
silicon layer 98. Dummy wafers DWare installed on the pedestals 86 so that
the wafer-supporting portions of the disk 40, which have not been

cont ami nat edfluerning ragicalse| Bamads flomukate will gensoalty defermioo e prelseurgi iskhdet ween

and around th destal s r ubj th .l con ri ppin [ OCESS.
Wil o the. noRGeBSERbd 67 hedle T RRL oL e P oubiiah Pl PR B i FoRE2 T o
di sk 40 is rof thkgioad chaanst 8¥ eémukrfidedal |y so that the entirety of

portions 100 is exposed to the reactive atom c species in the plasnma to

effectuate silicon stPhppiagirs delernive fmnsthodeindirate QE@'ﬁ@?iBQ/Ie&%iﬁgel’ﬁWal of
A S ol T ! f
Ceactive at oot B Rl bl B ST EE Do Ui RTERMALAERD

reaction of tharginldraivgeh tdirdduee Heaahowe obfluorine dvhitabtd foedissattitioal Théo form
vol ati'l e reaction products such as silicon fluorides; and (iii)  desorption

of these reabtesgirest viisditle oas 5 itrdugad infhihechambepalar i Rt deterEinpsdhe he
t i t i e
reaction progyci,gqREE gtmn@ Nid:8, @20t Be@m%ﬁ%@fﬁ%g?@jﬁ'\fih%@@fés%ﬁ]tp.osmon

conti nuously rem)vedCl rom the process chanb evacuati on punp
68. In the casy befcamimited toaktenhind tha mteofdiissocigbomguinaddition athe alotadionednt 99
such as phosphorous (P). has been uttered.onto . the disk.as a resuli of a
ori or i ol s Reseigh fie 2fieeh I B Mo SANBRLEY S4RERd o dhen o
fTworine radigative fliGielatdinsmbf Be REAGHIRAL 94 TohRe bR it thiSAxbbSUte liRRJUCt S
(i“e., phosphorous fluorides). * These volatile reactive products are

cont i nuous| ytheetatation dndotiandietiqn speaskof bR ditief0 arabhe chrirallplywariedn dunp

O 7o P SR 10 A R ASAPHE lsbephlBgiarct v
| ayer of an monitor and control some or all of these parameters to precisely control the etch rate
of the silicon layer 98 or the removal of contaminant 99.
An optical emission spectroscopy (OES) system may be used to
monitor the constituency of the gases present at the surface of the disk within the
process chamber housing 66. F(_)r example, if phosphorous contamination is
present in the silicon layer 98 of a coated disk (Figure 3), or on the surface of an
uncoated disk (Figure 4), the reaction products created will be in the family of
phosphorous fluorides (e.g., PF, PF,, or PF;). At some point in the monitoring

process, the amount of phosphorous fluorides will drop off, indicating that the

[—

majority of phosphorous contamination has been removed either from the silicon
layer 98 or from the surface of the disk. {n this manner, the cleaning process may
be optimized so that the process may be ended when the level of phosphorous
fluorides falls below a prescribed level.

The invention has been described in detail above as an embodiment
wherein an energetic non-reactive ion beam (e.g., xenon) colfides with an inert gas
containing a reactive component (e.g., flucrine) to create reactive atomic fluorine
radicals. The present invention also contemplates the use of an energetic, reactive

ion heam (e.g., fluorine) collides with an inert gas (e.g., xenon) or an inert gas
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al um num fl uori de conpound that will remain on the surface of the disk.
Once such a layer is created, the atomc fluorine wll r% | onger react
with the aluminumsurface therebelow This inert |ayer, Vﬁﬂ‘%erzoos’
non-vol atile, is not punped out of the process chanber. Bel ow the surface
of the alum num di sk, no reaction of atomc fluorine occurs. Free

non-ioni zed fluorine atons are found to be the nost reactive with the
portions 100owmtkirsnd iac ceacliey epr@8nediato arcatsthd ppee (Richve et@hic tworidet h t he
phosphor ous cent,am nant 99 to be renoved fromthe disk (Figure 4). F., and
F+ and F- f%cﬁ%alﬁrre found to be less reactive. The nethod and rate at which

the reactive fluoring sdeiw, eiCivédtdnHds K detitAbed®in 88BRabYWIE Bs tdhe
phosphor ous contam nant may be carefully controlled by nonitoring and

cont r ol | i ngegdpdinaentydwreiniangmplantareoaronentrthesdisk dAkemgees Wit vespgretof r om

the tank 70_t he pr.ocess ch er _67.n n t o, deterntne the
bountof oAl SEamh e Ty Shsnsdbnioh s R DR LE B A, o
2003 f | uor i pestéradiidrabsam Thdedips stativiry Mtaved dongitentl th gusteh eystemetiehe
pressure in the process chanber 67, because the speed of the evacuation

punp 68 andCPhEol\sypigfe 74 ebtpuhto theseeles 64 Marlsdnstead berrustputitp padon bear
factors det ?é%é%&&%?pﬁ@ﬂ%ﬂ%gand rate of cl eaning/etching. For exanple,
uce 0 cha

the gas intro i'n er 67 may be diluted with an inert gas such
as argon or nitrogen Far exathpie 4 bearanastatingbydtemagucheasathat kb irf OLS.

2l s0° i par Paim Sl ES BHE nay e uiredila 4ap he mAOnHEAadand heppeiem
¢usrent, en , j | LR trl. i ne the
R e L U e e B Gy R AEA L R

si |l i con | aybe pe8itioned heardba tragneberniradoe] exittapwithdd theocavifg. Neakskreadiviel uori ne

O e R ool B 3 sl BB Sy, I, oo,
E?Irrlplr gggnts Io ERPEWHCEOh coMEHajdRENOT [IBeRA, AdseCRIALNR nBYHBAIS VRl Faikedthe
surface to be cleaned that is located in the direction that the ion was traveliing just
prior to the neutralizing event. A wide variable area of the strike plate may i:)e
cleaned by varying the pressure within_ the magnet cavity. The number of reactive
neutral atoms striking a particular surface of the strike plate may be controlled by
changing the pressure v;(ithin different areas of the magnet cavity.
For areas downsfream of the mass analysis magnet, apertures 30
and/or 32 may be made variable in size so that the rastered beam may clean a
) larger surface area. In this manner, a widened aperture is made avaitable for
cleaning, for example, plasma flood components. During normal operation of the
implanter, the variably sized aperfure may be reset to a more restrictive position to
enhance ion beam mass resolution.
in a system that included such an ion beam rastering mechanism, the
gas supply 70 may be located proximate the component 1o be cleaned. The
cleaning mechanisms described in detail above would remain the same. For
example, as explained abdve, to clean the strike plate 50 within the mass analysis
magnet 14, the beam may be rastered across the strike plate and the gas supply

may be provided with an inlet near the surface to be cleaned. Similarly, if apertures
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nonitor and control sone or all of these paraneters to precisely contro

the etch rate of the silicon layer 98 or the renoval of contam nant 99. An
optical em ssion spectroscopy (OES) system may be used t & NowsAibes20@he
constituency of the gases present at the surface of the disk within the
process chanber housing 66. For exanple, if phosphorous contam nation is

present in the silicon Layer 98 of a coatﬁﬁ di sk (Figure , or on the
surface of &heleqHedat WHNEia% [elfigreusNg thare odetqiees Hzﬁ.@&agn fayfed wil |
be in the famdibndderostRasRBREANSsIEILURIdARN d(tRe Gas SLPLF ly rﬁggbe%gofd:e’ﬁ)wthb‘t Some
point in the nonitoring process, the anmount o p orous ftluori eS\MII
drop of f, i mdiicdatnerybyhat the 'najorlty of phosphorous contam nati on has
been renoved either f er .98 pr fro e surf ce of the

th
Gok. Tt Rt s e  ASRsREE hinre Btea Y ESiRnPhe s bR ki SRR ¢ he
process may sbecardgst vheRbifebRidanig] of of caaeRiAsPIA mbiaﬂﬂir'c%ﬁﬁaofn@ht' fadpel ow a

prescribed |level. The invention has been described in detail above as an

embodi ment  bapedeseribed. divish gt foregaing-desedptiansini rondﬁmrﬁv(ee. ibis understand

1 uor i ne) "t o FlsBSrbudT R uSl & Py Br PRERP G BFTROTRn ol

i nvention aksmeqiHienz @h@@dlmbmsuﬁgcﬁedaf%r@mﬁéﬁ@tﬂa@vaﬁcﬁm’@bw@ngéiﬁé’rﬁbeam
(e.qg., fluorine) collides with an inert_gas Xxenon) or an inert gas

-12 5 NovenB&difpgtions, and subalituliang reay %@Plﬁ@eatﬂﬁ’wﬁ‘efﬁ’e;P?Qi te thedioeegoing sane
reactive at d v, een
described i ﬁ&@pﬁlbﬁ%lgﬂg@é dgggﬂt:ﬁ&lﬁ'ﬁ% I-% g&ﬁjt %@F é{“ﬁr&gwl%ﬂp{iéﬁ[&mﬁo&ponent
gmxe di sk 4@lomingeclaimd dnd thefrequivhlentsa st ati onary i on beam The present
imvention al'so contenplates the use of a rastered ion beamto dean a
stationary inplanter conponent. In such a system the control system 74
output to the notor 64 would instead be output to an ion beam
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raster control mechanism For exanple, a beamrastering system such as that
shown in U S. Patent No. 5,554,854 may be utilized to vgr th%r‘?ﬁ ﬁ@ tic
field, and hence the beam deflectability, of the mass an I%% &N ”g 14.
The gas-supply inlet 72 may be positioned near the nmagnet entrance, exit,
or wiwthin the cavity. Neutral reactive atons created by collisions with
the gas introduced at inlet 72 wll, unlike ions, not experience a curved
trajectory. Instead, these reactive neutrals will strike the surface to be
cl eaned theéLiAthgc.at ed in the direction that the ion was travelling just
prior to the neutralizing event. A w de variable area of the strike plate
may be cleaned by varying the pressure within the nagnet cavity. The
nunber of reactive neutral atons striking a particular surface of the
strike plate may be controlled by changing the pressure within different
areas of tHe madhefocespqfojeaningra egrsarsingalirem asarfacs oftheaquasschanateysi s
magnet, apertures 30 and/or 32 may be made variable in size so that the
rast ered b&aMPABNIdcl ean a | arger surface area. In this nmanner, a w dened
aperture is nade_avail able for cleaning, for exanple, plasma flood
components. Durilhg n@enaratiogpanian kaamo(44) having afluarineecompdrentar i abl y si zed
aperture may be reset to a nore restrictive position to enhance ion beam
mass resol ution(i) n dirsgtingehe igidieamiowaned sudade @A) torbebeeamedast er i ng
mechani sm the gas supply 70 nmay be |ocated proximate the conponent to be
cl eaned. The cl{@hni m@ug@l@mﬁhgm s (44D by intreddeingiintodbe ekamiber d r emai n
the sane. For exanple, as explained above, to clean the strike plate 50
wiffhi n t he PrRIgBatgibe suface tahgelaaned, a neidralizingroan (7 M suchathebthedorabearss t he
stf¥ike plate and the gas supply may be provided with an inlet near the
surface t o4 celidanwih mojagulegdf jhe neutralizing gasend13s & reqeitefibbarg2003 or

el ectrodes within the resol ving housing 26 are to be cl eaned, the beam may
be rast er 85chaRgsdeaddigan belyeen thecion beamtangddbe newitalizing gganalequidsy cremjeshe

provided with _
a beam of neutral fluorine atoms;

(iv}  cleaning the surface (100) by allowing the beam of neutral fluorine
atoms to react with contaminants to create reaction products; and

(v) removing from the chamber any volatile reaction products that result

from the cleaning process.

:) 2. The process of claim 1, wherein the neutralizing gas (70) is inert.
3. The process of claim 2, wherein the inert neutralizing gas (70) is xenon.
4, The process of claim 1, wherein the neutralizing gas (70) contains a second

fluorine component, such that the neutralizing gas molecules are dissociated into

atomic neutral atoms upon colliding with the ion beam (44).
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an inlet nearby. Accordingly, a preferred enbodi nent of a nethod and system
for selective and controlled cleaning of a contam nated ion inplanter
component has been described. Wth the foregoing descri gtNeyerber 2084,
however, it is understood that this description is nmade only by way of
exanple, that the invention is not limted to the particular enbodi nents
descri bed herein, and that various rearrangenents, nodifications, and
substitutions nay be inplenmented with respect to the foregoing description
wi t hout departing fromthe scope of the invention as defined by the
following clainms and their equivalents. 5 Novenber 2003 CLAI MS: A process

of ¢l eanings.a cOMetbBalof b1AAMGIARE ilu ¥%H65P1§5‘:‘?‘mﬂqﬁ1pla?%?ﬁ' sing

(i) generating an ion beam (44) having a uori ne conponent

directing tdigcdsernbeBer (6?YandlirmR ssHaEC®0f W cibshddGs SRRt anpo r(nh%r Bk ot e

neutralizing the ion beam (44) by i1ntroducing, into the Chafb

the surfac abp be cl eaned, a neutral izing gas (70) such that the ion beam
(44) collides with nol ecul es of the neutralizi ng gas, and, as a result of
charge exchange reactions between the ion beam and the neutralizing gas

nol ecul es, creates a beamof neutral fluorine atonms; (iv) cleaning the

surface (1Q0) byrd AreMisRGf Liafin he@ﬁargl? tﬂ@'éhn‘fé’ég (ﬁb?ﬂﬁ'b@%!eaﬂ%@@alﬁrﬂ r{t]z?r?‘Ct Wi th

contami nants to create reaction products renovi ng rom Lhe  chamber
any vol atile reaction products that result fromthe cleaning process. 2.
The process of claim1, wherein the neutralizing gas (70) is inert. 3. The

process of zclai mg, pr%b%"s%f Bialh' @, @vﬂ%?n tﬂ@'éi nhird ! 's[]ﬁa&at? te dBankd igGRR:

The process of claim 1, wherein'the neutra izl ng gas . contalns a second
fluorine cqogaggent, such that the neutralizing gas nnlecules are
di ssoci ated into

8. The process of claim 1, wherein the contaminant is phosphorous.

9. The process of claim 1, wherein the ion beam (44) is rastered across the

surface (100) to be cleaned.

10. A system for cleaning a contaminant from a surface of a vacuum chamber,

comprising:

(i) an ion source (12) for generating an ion beam {44) having a flucrine

component;

(i) an extractor assembly (24) for extracting the ion beam from the source
and directing the ion beam toward a S:Jrface (100) to be cleaned;

(iii) a gas supply tube (72) for introducing a neutralizing gas into the

chamber proximate the surface to be cleaned, for neutralizing the ion beam (44) by
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atonic neutral atons upon colliding with the ion beam (44). 15 5 Novenber
2003 5. The process of claim1, wherein the vacuum chanber is an ion

i mpl antation process chanber (67) and the surface (100) StNpvisgber8edied is a
waf er supporting disk (40). 6. The process of claim1l, wherein the surface
(100) to be cleaned is alumnum 7. The process of claim®6, wherein the

al um num surface to be cleaned is silicon- coated. 8. The process of claim
1, wherein the contam nant is phosphorous. 9. The process of claim1,

ol cancd.  10PtRheIERRey Gp ool RE HRUGHISRT e o diflat AL 0% L acuum
chamber,  cOmf e koAl KARISRARel P bFbe 45 MEATH lsilubgabecm (49
L 0 KRB L R
orneu oft 8 O ST S B Roverbar 2003 ol s Bt
o enare”oxcrafte BBl el vl o Rudbend e Bl 1 v
cont am nah?@dﬁ(g%[ﬁ%eﬁéegsaﬁﬁoﬁ@et%g@{bbﬁ%cersg‘acti on products; and (iv) neans

(68) for renmoving fromthe chanber any volatile reaction products that
result fromthe reaction process.

£ } 11. The system of claim 10, wherein the neutralizing gas (70) is inert.
L .

12. The system of claim 11, wherein the inert neutralizing gas (70) is xenon.

13.  The system of claim 10, wherein the neutralizing gas (70) contains a second

fluorine component, such that the neutralizing gas molecules are dissociated into

atomic neutral atoms upon colliding with the ion beam (44).

14.  The system of claim 10, wherein the vacuum chamber is an ion implantation
} process chamber (67) and the surface (100) to be cleaned is a wafer supporting disk

(40).

156.  The system of claim 10, wherein the surface (100) to be cleaned is aluminum.

16. The system of claim 15, wherein the aluminum surface to be cleaned is silicon-

coated.
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11. The system of claim 10, wherein the neutralizing gas (70) is inert. 12.
The system of claim 11, wherein the inert neutralizing g%é (70% i S_xenon.
13. The system of claim 10, wherein the neutralizing gas UV@F £289%s a
second fluorine conponent, such that the neutralizing gas nol ecul es are

di ssociated into atom c neutral atonms upon colliding with the ion beam
(44). 14. The systemof claim 10, wherein the vacuum chanber is an ion

i npl antation process chanber (67) and the surface (100) to be cleaned is a
waf er suppokrti ngfli : The .cl ai rein the
surface (103)?' toTﬂ%‘%ﬁtg@%@)&I&?@q& ﬁl?n&ﬁﬁ?{nﬁé ?@tgﬁn%ngfﬁ'?thé%?%&f%%' ai m 15,
wherein the al um num surface to be cleaned is silicon coated. 17 5 Novenber
2003 17. The system of claim 10, wherein the contam nant is phosphorous.

18. The sysygmo ' I IS nt.r ol chani sm
for rastering tEESFgﬁgﬁégﬁPgﬁﬁégﬁﬁPﬁﬁﬂﬁ“{?Q@%ﬂ%ﬁ%§§&ﬁkﬂﬁgCh%ggﬁgﬁ_ 19. The
system of cl.al { i e, (7 has a hi gh aspect

(i engt h-t o- |r| aérﬁé‘g’g"r’? Wﬁg{e%gﬂ a@%ﬁi&%@@@ 'bé@#%nﬁ"%ﬁ{ébwam FOR CLEANI NG
CONTAM NATED SURFACED I N AN | ON | MPLANTED A net hod and
systemis provided for cleaning a contam nated surface of a vacuum chanber,

S . . o h G
Cpeci ea (o, 40 T nepratesh AERER A0, B ot AP A, (2 bR i Bt o
Ponta”i”?teﬂaiﬂ-&ﬁﬁﬁnk&QPENOKiii) neutralizing the ion beam (44) by

i ntroducing, into :

)
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t he. chanber proxi mate the contam nated surface, a neutralizing gas (70)
(e.g., xenon) such that the ion .beam (44) collides wth _nolecules of.the
neutralizing gas, and, as a result of charge exchange réef&?‘{em’f@fgg@%\een
the ion beam and the neutral I zing gas nol ecul es, creates a beam of
energetic reactive neutral atonms of the- reactive species; (iv) cleaning-
the surface (100) by allow ng the beam of energetic reactive neutral atons
of the reactive species to react with contam nants to create reaction
products; and (v) renoving fromthe chanber any volatile reaction products
that result. Alternatively, the net homm@vstem i ncl ude nmeans for (i)

generating an energetic no beam (44 i
directi nggt he nongrea Wsﬁ%‘%ﬁ E\/ﬁl’géo Iﬁfﬁ?@ﬂ i fjrf?ace((lz)O)

Y introduc ;
((:Iolrr;)zi !sgdrgt uﬂaggt aparﬁ'ﬁ?t?‘?gag‘?g%\ S(,F?I Ve spec?‘g@%(%&d&aa}mp c;ér aee
conmponent; (if)a \ﬂlicélﬁrﬁ%h%b&gcélﬁﬁﬁdgﬁﬂéadﬁqo%%ené@hﬂ@aﬁ 3R be@fh (hmﬁawrfbél) to

create a supply of energetic reactive neutral atons of the ‘reactive-

speci es; (v) atesafivegpecies (sm.ff&@gn@)lmpon?nfam)&meﬁ@gtth@md@e@@tqvcarﬁ @act i ve
T X TR O e R MG E R o R
reaction prodggichatbat prokia®st the Ebfamihated surface, a neutralizing gas (70) (e.g., .
xenon) such that thé fon beam (44) collides with molecules of the neutralizing gas,
. and, as a result of chiarge exchange reactions between the fon beam and the
“) ' nedtra(izing gas molecules, creates a beam of energetic reactive neutral atoms of
the- reactive species; (iv) cleaning the surface (100) by allowing the beam of
energetic reactive neutral atoms of the reactive species to react with confaminants
to create reaction products; and (v) removing from the chamber any volatile reaction
products thaf result. Alternatwe!y, the method and system mclude means for (i}
_ generatlng an energetic non-reactNe (e.g., Xenon) ion beam (44); (u) direcling the
non-reactive ion beam foward a contaminated surface (100}, (iii) introducing a
.cleaning gas (70) proximate the contaminated surface, comprised at least partially
of a reactive species (e.g., fluorine) component; (iv) dissociating the cleaning gas
using the ion beam (44) 1o create a supply of energetic reacfive neutral afoms of the
rexctive species; (v) cleaning the surface (100) by allowing the energetic reactive

neufral atoms of the reactive species to react with contaminants to create reaction

Je

products; and (vi) removing from the chamber any volatile reaction products that

result.

Fig.- 1,
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