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 nethod for cleaning contam nated surfaces of an ion

i npl 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
inplants, while nediumcurrent inplanters (generally capable of up to

‘about | m\ beam cur g A NAT WECTHOPPEORSELIBANING ons. | on ener gy
ovi ces. The GORTAMMNATED SOROACHS (N ANION B LANTEE, ' '

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%l{/a'e%g?@%gggﬁgww 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 subsystens: (i) an ion source for outputting an
i on beam (#1d mareepasiiically forgs inaiavgd sysiemsndiasifed r clragiRg conlgminaied

Sehi condact BNEEr & SBPLMMEELLY: Fat e To be | mpl anted by the ion beam Ion
. 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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sources in ion inplanters typically generate an ion beamby ionizing within
a source- chanber a source gas or vapor, a conponent of which is a desired
dopant el enent, and extracting the ionized source gas i@ Mevemies@0df an
ion beam Internal parts of ion inplanters |ocated al ong the beanline and
in the target chanber may becone contaninated by t he species being

I npl anted duyin hec rse nti.nue one B‘ge are
brone 1o cofPamAl PSSy RueD Bher bR B Pidih FREREL A s
processing. Al ong theAb@acfﬁHonempiaﬁm@m@ﬁ&@s tWhdeCdecliBiys @@@@g&t@;ﬁ@t @marhat ed
i nclude the strike plate inside the mass anal ysis:magnet, accelerating

el ectrodes, IQEER}HGP rff@f qifferling a8, ionhgap, él@)raabeaunb@ﬁjlr@mﬂm@ma@s analysife
target Chamﬁ‘i‘a{g[rh?forln%%greéﬂwng";% BHHeERT ahggllljs%?al@%t&{ﬁn or A W ers are

positi oned on e periphéry o alum nu ot at ed

and transl attl@s@a&bnmcﬁfbratfafenar ytheosutizta@te R0bd Maplanfed H?ﬁamommémt fori ons
into the entire surface of the wafer. As a result, portions_of the disk not
covered by SaUiR&S i} OB ERRARtCRMPISAY-ERNSRIRANHOR h@ara&aawagwéhle@ SoHE AU e

ion inplant ghgmBkea e&ﬁﬁégs o0 foam;sdn%wommeﬁ gcaeaés[rea%g&ﬂ%qerﬂéﬁtf erent

types of source gases aré& run I'n the source to ob n-ronb conpri sing
t he desir ed asfdectrestingfthd ipardd sanmee gad in thefeveof an loa bemnget di sk (or ot her

bean i t) b by i t tt f
Speci 'e;‘edﬁ?{'ﬁsr‘z”pi e A s £5 DR iBelepiert locgted ad Inedbrege °rw§%‘ém§ﬁ£?oﬁs> ;
a later %‘%éﬁcﬁaﬁh%d@%éﬁb&omél&ﬁ\térmﬁétéﬂ wtr@rs%@eiéé)bwn%neéhleu

effected by this cross- contam nation. For "exanple, phosphorous whi has
.. begn sput t ethaicansaofsontinues eperalioni Gonpchentsithatzse patnedn cantamination aaar get

eam °r coul kg (RTRECRNL B, KhFecdh FURAST Bondn PReHs e RS, | O

beam conpr i setpohedts vefet Mg tRReMeesontarfinatedmciube ahd BRike PRitvagiids Urcessi ve
i npl ant processes to_ clean internal portions of an ion inplanter (see for

exanpl e, U. 912SANSSINGagBetssacekeating elchirdss. reseviRg AprEEies2 803 PlASHa, er
Bl ake Sugge?lbéd ChfmpHRénts! 14 B BRgEtIchdfbeP St idadtlid Agh i@t BhaaRidigers,
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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because the beam nust be ionized (positively) to be transported through the
I npl anter. The Bl ake system does not suggest the use of an atom c neutral
reactive species for cleaning the internal conponents of5 idevendreri26pBant er .
Accordingly, it is an object of the present invention to provide a system
and nethod for cleaning surfaces to renpbve contam nants therefrom It is a
further object to provide a systemand nethod for cleaning the internal
conponent s bPwgher. dilakensiaaeds theivsg ehionized bdinet o goeer such eleamingve
neutral atQplg ragic 2an] | S. St fu f | ect of
t he present Blg(lr:\évhésr??ﬁ] gngé%q{ﬁ?%vﬁ%g&g%‘%ﬁ (‘g?sitg\/setyzgé }r?d{r?ré%%ogt(f df{cr)]? he{%ﬁ%ln

cl eani ng ei tihygantsi.| TieoBlake ey steh @dbes notarjgest thaliss oban atopliandutia! @aspenent s.
Summary of the Invention A nethod and systemis, provided for cleaning a
cont ani nant SPeGRS for clegpingdhe fterpal srmpeneaabat ontmelai@hod and system

i ncl ude means for (i) ti N LAO; ' | es
(e.g., fluorine) corrp%or?gﬁ?'?él?i i|t)rigc??1r 8!8&%?%8?@{@?1@%%%9b@ghﬁ%\t}\%x}gﬂg&%%face
t o be cl eansyghteridnd) methot fad dleaniny sinéadesrto baaove tontaminaotiuberedroni. it t he
chanber proxi e the surface . to be cleaneqd, a neugralizin as (e.g.,
xenon) suchatmef Hglﬁ?‘grﬁob%’r‘ﬁd@olal syRiem,an Wﬁﬁr@gul‘%sdﬁf-‘mp eth%eﬂfqrﬁ?[i zi ng
gas, and, agofobietib bf ah G RhAETRX ERAARCIGRELARAS RRAENRE Reddife haligeam and.
-the neutralizing gas nolecul es, credtes a beam of” energetic reactive

neutral at oa®mi¢ raditals oeacleavieg gaecilfas stilGr furtilee abjentoftthe psesehbioeertipn

al | owi ng thf beam of ﬁneé#gtic reat%‘t idve neutral ato hof .’t he re{active
species to FeROVIAR SUSH ML fadiBethgd dpeusein Jeaning sihe HlisgBroated ol (v)
r“e‘govi ng frafeddied mtebBampiiteM@mdrleptd. eaction products . that result from
th '

cl eaning process. The neutralizing gas may contain a second reactive’
speci es conponent, such that the neutralizing gas nol ecul es are

di ssociated into reactive atm.c neutrgl, at colliding with the ion
beam Alternatively, the net SHURErY tt@% ﬁ%#@@ﬁmans for (i) generating

an energetic non-reac{ Hé%cfoeanjasysur g%‘ rdvitledis a&ihg)a %nﬁﬁiﬁéﬁﬁr& @

non-reactive ion beam towar to be cl eaned; I ntroduci ng a
cl eani ng gasugfaxohatvacutra chamticsic el v nimthad aad eysteovinpitideecicans Fara(@)t
partially OBer?er% tr?é: %\fc?n Egaer%ih%%in%eé gééctive 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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3 5 Novenber 2003 fluorine) conponent; (iv) dissociating the cleaning gas
using the ion beamto create a supply of energetic reactive neutral atons
of the reactive species; (v) cleaning the surface by al I5dvevegniien@003
energetic reactive neutral atons of the reactive species to react with
contam nants to create reaction products; and (vi) renoving fromthe
chanber any volatile reaction products that result fromthe cleanin
process. ThdUoue£rmngngak (wedjssesiating ectieaninedapysing fegan beraup fepate
coefficientaaéag]' : E 2t syrf ace to
be cl eaned pri |P I@J@g{%@%@ﬁi&&%ﬁ%@géﬁﬁg @ﬁé@%@%@ﬁeg%{%de%? ﬁ/«gyé%g@grﬂiﬁ%tion
of the Drawsngacébygaliewihgitlse anagetisrenetite nawdtal plans of teevredctam spedes to

i mpl antation system into which is inCO{

.por at ed one enﬁodi ment of
cl bani ng deVFad WHERHERINES BueBRlR FRECHET PRAUSIS A6r (VB EeBPR o Bent
i nvention; khakb8r any §ol§til@'réébt\5hﬁ)%c‘}ﬁct§ 1?1_%t Y&Lﬁ”fro%f?n@‘?ﬂéarﬁ%géﬁro‘&ésé.hﬁmé on
i nplanter of Figure 1 taken along the lines 2-2; Figure S a Cross
sect i onal -vickanifg gasinay berchaateated by s igh sfickimg coafligigurandiis sdowéd b gur e

2, taken along the lines 3-3: . Fi e 4 is a cross sectional view of an
Uncoat ed verole OB ARCAIGI It the sy o b glipedordk bring Eingoiad BY nes
3-3; and Fi gt Bnhdagn.an expanded detail ed view of a portion of the ion '

i npl antation systemof Figure 1. Detailed Description of a Preferred
Enbodi ment Referring now to the draw ngs, -Figure 1 discloses an ion

i mpl anter, generally desigpated, 10, .which rhses.an ion source 12, a
mass anal ysis naghet 14, g@"&ii?ﬁ?%%&ibﬂg?ﬁgﬂfa‘ﬁmﬁ target or end
gtation 18. One applj ' i ' S : rgy
Tobl anter,such as ¢ hoPOS b crog Erarar gen BP A Bn  RpldhonBERRETBY
16 is rel atiintel whishas tinchrpotated bee dmbatbment of aacleaningndeiee leeasiniobedxpand

(i.e., Abl Ové/-cggr%?ng l('llird.'lg 8:1.%&23 %?%hieopr}esent 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
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thereof. The ion source 12 conprises a housing 20 that. defines a plasma -4
5 Novenber 2003 chanber 22, and an ion extractor assenbly 24. The beanline
assenbly 16 includes (i) a resolving housing 26 which i $ Nexgsmber 880y
vacuum punp 28 and which contains a term nal aperture 30, a resolving
aperture 32, a flag Faraday 34, and any post acceleration or other

el ectrodes wal,¢h By b eﬁr@@g%&ﬁ%%ﬂ%lﬂ@ﬁfé%ib%a%ii:?ee%@eﬂ}%ﬂgeeﬁbﬁé&és 36

whi ch contains-a plrasm orma par pr esent

i nvention. Pounsddobany dbusing Aoeahichdutevatiated bybvdcautrhpurap8saad mtichl 8,
whi ch includes a di sk-shaped wafer support di sk 40 upon whjich wafers Wto
be treat ed QPR HRre¥nal aRerfiie 40 ferasPifingRRERYestta pflag ﬁé‘fﬁﬁ’&ée’én@m{We of

substrate, ol Eh B dFod AL ANARANE Whichndy e BR3GH (FEIBIYn ) biERBRT 0 1O

t he ioni zabl'e dopant gas or vapor 10 generate ons withrn
chanmber 22. neafrelizdridg, whiols contamsisoplssaa dloge 381 adredof whith foogdh pafief fireesent

invention is applicable tg systens erein negatjve_i.Q ted b
t he source. %&WGE‘F‘Q% ﬁ&ﬁé‘sgi?%m tﬂFG’ag?%B "Fﬂfr_ﬁ' 3§ 'gﬁ]ecaé‘%%srgﬁaﬁﬁgi ;smay
chanmber 22 RyyidihghdiRie s bicRShape PRI UYpore disMU Ll GPRRICch WFerd WitHTHY i ty of

el ectrodes 42. Accordingly, the 1on extractor assenbly functions to extract
a beam 44 dfeapmbatd reunieds Ag osad herejn, asf shiall idadede amolygh oisubsiratact i on

aperture plate, 46 and accelerate the extracted ions toward the nass
anal ysi s rradﬁﬂ‘_fh Tfy%ﬂf@pf?ég%aeyﬁéWﬁ%?mhet 14 functions to pass only ions
of an appropriate chghggyli9®mpdted Bith®idnabReddiRmibaser e&Re th¥ndate The

mass anal ysis magnet 14 Tncludes a curved beam path 48 which s defined by
\?.’Vn})eam gui ddonsr withiry fhee ofsisaEe ClaMbenA2ct Ganerglly.heosilyer was 1are gangsalati on of

hi . 4 - i
pr ogag;ts eg r %Ythgg&t' |espr\ég§'#q'iwse%8}§sf %&@%ﬂ%?o ?%%Qﬁggﬁ%{%@?‘%#gt'g@%g?eat ed by
the mass angeyetatediynie sbéircel hThegositive dorfs aledexteatsmitHrinegh arslibéathed4 to

nove al ong the curved beampath 48, froma first or ent [ ' 56
near the ?orpl%ﬁ'i'ﬂﬁ chamber 22 tetion e)gractorassemnyQi which oornprnéslgg a p‘urrgl%tf 8% ory

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.



second or exit trajectory 58 near the resolving housing 26. Portions 44
and 44" of the beam 44 conprised of ions having an i nappropriate
charge-to-nass ratio are deflected away fromthe curvedSthajesdres200ind
into the walls of alum num beam guide or strike plate 50. In this manner,
t he magnet 14 passes to the beamine assenbly 16 only those ions in the

beam 44 that have the.des] tio. nmher 03 The
waf er support disk 40Ta‘tawta r%u @g&ggiagﬁ[ﬁgef\gs%ijgt@éﬁ ta%l%ﬁ%poéoi%% The
di sk shaped ‘srum@;ekt;h@besﬂ@u@»@orﬂwwwnaai‘ngrmfé%mwﬁ@@ded hﬁi@;ﬁms fotate@kat ed at
a constant angular velocity by a notor 62, and support disk 40 is noved

vertically 3 Frersanfraodias V%}pc Yy BaRRIoH2, rang Srepat digk 49 ispiayed gertigally a | ead
screw (not Qﬁiﬂ"ﬁbd ouféftﬁé‘ﬁgge BP%#@F& ) rtgv {H Ol %a Ad 21e48" Eie Pﬁb»b@p' ant ed
n m

by a statio eam whi ¢ ne covers onI tion

of the waferAs é’ilnrm thesdatikOs afade ohe wafafrearsequqj[ant@dlbylatstwom baam wmm ai ned
wthin a process chamher housing 66 the interior chanp 67 of which is

evacuat ed by2tRWHI¥EN H@erﬁﬁ’i‘fﬁr%%“ yeh@mah pedipe of r‘i@%i‘i‘ﬁf‘ﬂn-‘-%)‘?"sﬁe“%§@‘a the cl ean
internal surfaeespdf tlonéé’gge‘?&grghier &fnct)é E@d i.vﬁiﬁih%ﬂgrﬁ od ot ﬁﬁuél{y t6§tti‘ié ke

pl ate 50, the apertures , er electrodes contal ned in the
r esol vi ng hdotsringct2Bnbar &Fpaf vehichs iscdvaciated py asvaghingpan®®8& hat cone into

contact with the ion amdurln nmal oerati , ,or..the f support
P20, rhe § e ot one e A o e BR L i By pleBi il wiy e PEY beam
with a reactdonshorRAi o the iflptdhtas10 S dNRe siRe plREEbaIhE 2pBAudB8obgaar Wi th
an inert species, such as xenon, proxinate the area where the beam strikes

fh ? sur f aceother glectcodesneantaiped (Wlih)n thet re@dbrmgnbolasum%ncomp@rmtﬁ gt §fa, s uc h

cl eal\tlﬁgd an%égﬁég%@gﬁ ﬁ':?g%“ﬁ'&%@ ﬁ%cg‘&@m t'%%%"i%ﬁméz'rgﬁnﬁée € t% d from

an inert spesites wasstchpp@tdiska0N Thedhveatien lshmbldmérh@ﬂby et (i) genéremﬁg al
atom c radical s, such as fluorine, _are (%‘egerate for cleaning surfaces of

desired i npl #hoBDEEShYI &eaciive SHiesiaghstdieas fuRiine. oA FEYTBEING RSN od at
various | ocalPAsinbR shiifes, 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
dissociating the parent gas using an ion beam generated from an inert species, 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 impliemented 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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| npl anter 10, as further explained below, inplenentation at the wafer
support disk 40 is set forth in the drawings and fully described herein.
The waf er support disk 40 (see Figures 2 through 4) is roedevenibesi2002r

al um num or silicon-coated al um num which reduces the anount of al um num
surface contam nation during inplantation processes. The present invention
I s enbodi ed iié’lkcfd?e formof a gas supply 70 that interacts with an ion beam
to either (id) -cl ean the al um num surface of an uncoated di sk (Figure 4) or
(ii) controllably strTie gad sunpe70 alcees @pas iat containrsomeactvd cosuporeoét ed

di sk to renove any. cantam nants, t hat be inmplanted into fhe |ayer
(Figures 2 Sy =5)M0REe. QIcal HSTLORS SeHE B8 pAen s Baa™, dohandig-upondhen:
"renove” angnechibhishh cidsen teERAN R 8BLEO! | Tie FRIRVRIppAEd RARE MRMAHSof rom a
surface such as the wafer support 6 5 Novenber 2003 di sk 40. The gas supply

70 stores atiprochss clrherinosisagroSadcdne exaropip @fergas endicheans i§ pwgrdede, or

an inert gas.suych as xenon. or on. dependin on. the. chani sm chosen
fo ol ean ¢ ngYa v i 05188 Bbe 2% ing 1 BER EoP e LBRApar R es o Bed
process chambarfrdiaufé BApMH 70qREthex@bPI7T2 BfmoniBrsd SRbrdetdmansd by cBhgal ded
by a long thin gas inlet tube 72 having a high aspect- (I ength-to-dianeter)

ratio. Gas BY#@&Mfbm the supply 70 to the tube 72 is nonitored and

determ ned by control ] | At r t he
fube 72, havi nga | orgi Tl e SRamARUgRe LIte 20 AR o | RORUEH

t hrough t he apisT6gsee Eharet®) whioh pasgstiroudinthe grodssahambéthausihgosedhe at
point 78 with the trajectory 58 of the ion beam_that passes _through an

h )
qrn?)r y 80 i nReut AR iierseatmmteaint 18ouit the traisptarn bF gk theiforyPears thah passesm
supply 70 ngah I i f i . . shed” gas
flow rates rra§‘5'j§§“ r%ﬂﬁflirano ?gtdh%vﬁ{?{?%ss{@ | g@ﬁ‘l’%‘vgngpgﬁfogggﬁn?%%é area 82 of
hi gh pr essusapglaidd ngarthe boatanofithe inoplanter ¢cdmporenbiorbecerhed goasrfiow ratesof

e DT M -k o 3B e SRR SR Bl e
i ncreases. A8n@erit@Eoh iwithfh 2 5GROERRGPHSa BAYF RIWSrPrésHurd Mside 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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| ocal i zed area 82 produces nore reactive radicals fromcollisions with the
i on beam The cl eani ng nmechani sm provi ded by the present _invention involves
the creation of a high concentration of reactive atonmc ?:‘feé@e('iao%

cl eaning gas, such as fluorine, using either of two nechanisns. First, the
reactive atom c species may be created by using a fluorine ion beam
generated at, the source 12 froma source gas such as NF3, BF3, XeF2, CF4,

Si F4, or C2F chigndianeereal RO droee dsled abrymbElFing Rtgap wajch inglidedni zed

beam i s neuty gabiged cgﬁdoﬂbﬁﬁxge'.@gﬂ?(gﬁdgy%rstth@ ‘iéhiﬁ%@g? tp?n?\gdééiﬁé‘?i@ndsfem”

t hrough the 1 nlet tube'72. non eferred becau I NO ive to
sem conduct drerfits iodisaities nelitradizing gak dselhbecomenetabibeaasse rasultivmoleculaar ge

char ge- exchapge cross-section that enhances the potential for collision
with the ioﬂg%%onﬁf% %ﬁl%’fm@ﬁé@b‘@‘f @ﬁe IPRREEMe neutral fluorine atoms is

thereby created by ch#baR1FXFNANERLBAChOANSaIRE B edrh % BEWEhah) RhPY. gas
nol ecul es and the energetic ion beam As a subset of this™first cleaning

mechani sm theegewsnted bt-thersgutpas! Zrand diresteNidhronpl praveesctizentsdrestn 80r dhe one of

t he source ses _|listed ove. i a _gas which includes a reacgtive
conponent (08, veant Fofiset ¥ KibadeidnBrti o rle o BrH0Rd . lndingra
benefits in rehativel dfnpsidn, auch 30N awhidtﬁiglifﬁtr&ﬁ@@a&ﬁmng@mé Mestaghea7g esul t
of nol ecul ar_ dissociation effected by collision with the ion beam

Al t er nat i vel olligiona hyppsrts rastineiemithe impactioé tin beanywith theoag cieale abe
generated atg r 12 | " process chanber entry 80.
The i-on beasnultppglifg%gpqeeéél mnggﬁtfedg%@%lﬂg?@%&gﬁ%éoci ate a | eani ng gas

iingl uding a reactiveAsegbventf ttisialterastiviFdeanihd eliechanisii. moslemtiag hs ough

t inlet tube 72.  Collisional byproducts resulting fromthe i ct of the

beam wi th t HEyAdigh signacoalisiptyhar be fererisced thicudh the Blsiciibs 4P, Adior i ne
atons. As a a?l'é%@.tto%llé&%'of-tc?éﬁcfé&?érbY@o‘iﬂm@%ﬂﬁ%ﬁacgﬁﬂﬁgﬁi?éc%qi ?R&bﬁé@'eﬂa gas

with a high sticking coeftficient may be intro ou e I nlFet tube
72, and al [reweattivec oinl lzeam oy banged dedirbak ibwnt the chenficad doafls tdfidheli sc
40. The enera?ﬁtoirb%d molecules, thereby dissociating the gas molecules 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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non-reactive ion beam may be used to break down the chem cal bonds of the
adsor bed nol ecul es, thereby dissociating the gas nol ecul es adhering to the
surface to create reactive neutral atons. An exanpl e of Sshiolentbies 2008 ati on
is the breakdown of inert, non-reactive CF4 nolecules into CF3, CF2, CF,
and F radicals. (The fluorine may also be provided in the form of NF3,
BF3, XeF2, SiF4, or C2F6 gas.) These reactive radicals will subsequently
react wth ctgarang gasesategontempatediai.icBlopppr.oducts that will desorb from

the surface and be re[f?.\éegleQXinggnl%e iaglgﬁ.m B&t{hgt ggesgaﬁ{eﬁrﬁ/ﬁegpégew[cgé%;%ag;i on

and the byproduct desorption a erate oVvi

the- ion beampidimed hed&ak eitbfrefehngpho k@afingCom aillbonadaté® BByt diske0,
reaction byproducts will be volatile phosphorous fluorides which can be
easily punpéing§tationary irekadm glthastghdhe §|ﬁﬁ@'ﬂ6\'ﬂi‘%@m'ﬂ? g ﬁ@?%@@@é@l@ther

I nvention gy %ter“ﬁ&qg&(?elﬁé.ea@eu?\%%ﬁér‘ﬁgm( ﬁe&ribeéliy%@%&oﬁ@tﬁé{h@niw‘

i npl ant er conponents; Of coate €.g., silicon-coated) Tnternal 1nplanter

conponent s. réstinnedhgboventhaeanusiny ab@nerjetib@onatattivenal pearh (easared)
dependi ng upon the internal -conponent -to be cleaned. |In additiogn, the gas
from suppl y SROCHGd 36 theeewae dé @nd direslied Shouob Papsesh shambre et 80; &gl ant er

10, _depend! agidipR bhbdafl & ABlockRBUEHind GabRickFRNL fbachls RakBBnble

cl eaning gas used in both of the mechanis ove iIs uorl ne,
ot her 8 5 NeuehtasrNR)OMBiatliséntiodgcagbthesughrtbe ddetttebplated (e.g., chlorine).

The cl eani ng nechani sapisof t he. plg.es'en { nvention plained in
0

dotai | w th ref or ance AGPAMELIT Haar 28, FIRRSHL 5k A0S 2 BRBr Y cURiFo,
Ysing a staldi@fiant/compriderdd aldhinlRUgdvidd)en €his 2858 hFRERAJNGRHY dafsclinRsi cabl e
t'o” ot her inplanter conponents. The mechani sm descri bed i s tthe second
mechani sm  medestehedd iibebich atwater Wenayike heidafserterngdn Figurpa. newefars @ i on
beam (- 0 A8 Bkl i SEU R B0 g L SR oo
i ncl udi ng a goshiohs e wafepapemthe diskl ¢hdisls clvretit siuh B2 peinsitsi npoitidl obthetidty ough
the infet t %%%nz gzaéssing 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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As shown in Figure 2, the support disk 40 is a generally circular element
conprised of alum num having, in this case, thirteen slightly raised disk
pedestals 86 in which a wafer Wnay be held. As shown i n°migjgmbep200i%
wafers W are positioned on the support disk . Clanping pins 88 and a stop
90 positively positions the wafer upon the disk. A disk current slot 92

permts a port 0 passi ng throu h the djisk to be anal yzed,
nd char ge. seiegre Seahal sir Bee il Porioon e DGR heHemr LESERAPEFAINS AL
shown in Fi gitedvals ubing tNRERBNBYRDSER é?Hcﬁ;KfoéQsé éftﬁ@%&%&@nwnwntﬁm' ayer 98 of
silicon. The silicon covers the éentire disk 40, except tfor the pedestals 86

upon which the waf er Yuding ipplentatiomddtnine wﬁerSﬁermst@llﬁsi Oldﬁe(pbdeettalS(ﬂﬁsk

bet ween and n agent dest The silico 98 ,i s ppI | ed by
a plasma enh%'ﬂccr:g% g%ﬁgh? C@p qu’§8rds*ﬂ<eb%t§‘fet S0 ﬁﬁﬁ’,\?g) cﬁ 0 pede §E|‘
Cor por ati on jafpldpised wiigHdepant idfs SBEHERIHEd t&uslvnthtrhmelﬁémdm@a@ow‘f thy @ik di ng
such PECVD silicon coatings. As opposed to a plasma or flane SE@

havi ng-

appl i cation 4} eitpideonl t%l\f(ﬁ‘ferpll@@ﬂ@@s @ali pislspnt g@@iﬁnﬂlﬂlﬁtio@uiﬂﬁoé
unpr edi ct ablﬁ;b@é@?éﬂ?%ﬁﬁﬁ{ acteristics, a PECVD application "of silicon
provi des a homogenous unlsformsurface grain structure that exhibits

predi ctabl e etchl ng rithas been&maaﬂidtymprbh@dg@rw(@gﬁlbb@od@rm@fsbh@oaa]tdry snal |
and of suffjiciently high density to provide surface finish of Ra = 0.2

0.4 micron (‘Wpantesd l“@rmoﬁsomorfgﬂ?eedlﬁﬁ aienthmofuptaiabavti00p Pmatroms (ﬁ)
repeatabt |1 tor 3l G, SRR it RS ool b BRRYAGY RaflRild. ﬁ?o%hat a

| ayer having a rons’is osit ace of

the di sk 40. s.immfan@mbts@oﬁqm I aighificaht &a fRslingbl@itBe spesigs be
deposited on the disk 40, in the aﬁﬂm g;tlon thfgrwz;lb 9 g(ibNoverrb\éMr3 2003

sel ected dep®FerBevedieom Hediskh#o, Bﬁféa%ﬁlﬂﬁ%ﬁlm teperdifeies @ eriging thigknesgul ar
operating Dldﬁafﬁy%@%%'&dr[&%géﬁ&a@ %8(’133 5%@8‘@ @QBre‘ﬁ.fE‘ﬁlgFiﬁeese”t

i nventi on. Ion ers I NS

pedest al s 86disk 4thnhay be spippedfetched 0P t@fiom timed befordthbwate siivdn fayendélhaslj acent
pedest al s, 3§e iﬁgelc@;\ted wi th dopant ions. The inplanted ions within the
portions 10 { Way-

. 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
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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40, outside of the wafer |ocations, may present contam nation problens in
subsequent inplants. It has been found that inplanted ions (e.q., boron or
phosphorous) are inplanted into portions 100 of the di s%'&é"eﬂ%&'ﬁgo%f up
to about 1000 Angstrons (A), or. 1 mcron (pn). However, it has al so been
found that by renmoving a layer of silicon of only about 500 A (.05 pm, a
significant Holg f i | | v [ I sk 40.
Because | el b ceaarEpe MG TR RIBE BREl FR ok o iRy S B oGl ¢, ons
(general | y @figdifianst 08 is apgsseoto th8 rea@fvermtarhionpcied ihales pabealtd yfiédigatedi sk 40
may be stripped/ etched up to 500 tines before the entire silicon |ayer 98
has been et V9. The preferred gas used in supply 70 is, for exanple,

a commercially avai |T?-B![rﬁ%%1§ﬁisfrgﬁlf't CM%II?%F%nO\EFéfsilﬁ:rgn.(igggﬁevzago ge of

SF6 is al so possible, Ss desirab ue to t i ncrease

| i kel i hood athresalsfagr prooetsa il addorptinn &f.the seacfiet atontt Reorineossicalsdntol ther i ne
source, although in sugh a form presents. m nor, andling difficulties. In
a pref e_rreds'!éq;gbﬂ{rF?éﬁi 68_15H€a‘?el 'FGFYHEC %‘ﬁtsﬂlcﬁf‘r’fﬂthdgg r‘?%c"‘é{gr%‘i’m‘crf@&é?f‘?ve gas
stored in sypRlys (9 @i Joktid Bi&dn &b@u&t@esﬁhOEQSéﬁicﬁflaﬂmﬁfdeéyan r(ii%) _
energetic non-reactive ion beam (e.g., Xxenon or argon) inpacts the fluorine
cont ai ni ng demrptencafdbese reaciarpradydtaintam ther gast hese s Ipadditiof, bdcasedhat ed

reactive aton{ic fl u(g_r@'kne raqiﬁgl s. ., Once the fl‘g%ri ne- cont ai nitrg@ ggs i's

di ssoci at ed SPHIY PFAAUAS g XPBHE AR bR §2SO4EI %P8, NYeateaSUNYRUSY o ¢
fluorine ragngiled fidin tHiepBLasBhamtRAGY bYithB c38sLiztioApURR g8.portion of the
silicon |layer 98. Du wafers DWare installed on the pedestals 86 so that

tthe  waf er-supporti ndn Pisr ¢asevs agontgater alumimim disk (Howe\A. acentaainant
coht am nat eg e | Thus I ans . f e i bet ween
and around 8 phe%g@tg%ﬁp g‘og%g%g’r %asshﬁlubefne%uﬁt%g)&fﬁ{etb g{lél ?'%@%S gtr?%@p?f% prrc')c ess.
Whi | e t he niaplar peddegs utiizingasitspidrobs Momsrder Re4fi3e nwnmic Ngoreatdiosary, the
disk 40 is rotated and translated vertically so that the entirety

react with the phosphorous {o 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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of portions 100 is exposed to the reactive atomc species in the plasma to
effectuate silicon stripping. The nechanismfor the controlled renoval of
silicon is believed to be a three step process: (i) adseériievesrbes00Be
reactive atomc fluorine radicals into the silicon surface; (ii) surface
reaction of the silicon with the reactive atomc fluorine radicals to form
vol atile reaction products such as silicon fluorides; and (iii) desorption
of these realt¢i@ne @disdisct She gas flomeraimwilbgenrasally dgetadalne tiunpreseergusdhe he

cont i nuousl y o eRe T 6T ricd B e et RERB VS 0BT b B8RRI vy

68. In the capedfrocesdWharbat 6d rameim fivem di sk (Figure 4), a contam nant 99
such as phosphorous (Bthhas been sputtered onto the disk as a result of a

prior inplant procesOtielfectarndetanphe fimmoeted andriatsel fleamagetoahing. d1o6ni ¢
o a i _ . t
(1o e 2ok, RIS oL b BLASRAT o) Be 81 i BRI QRSREGA1C! o

cont i nuousl yas argownast nitfogen tdeeduce ¢esamourit affherring avhjabldtor digsuimibhoMheunp
68. In addition, at the surface of the uncoated alum num djsk, .the reactive
at omi ¢ f | uor PIRSSYEAL ¥hich theges isdpireduceg ing theihambepalse BRast determipsdhe ner t

layer of an b hRUGEAONAR, FRTBIHES e ichk.d ARl Beflls LhRpaUTLACE Of

t he disk. Once suc ayer 1S created, atom rine w no | onger
react with tmaydleumintrotiedstordederming trerrateadialiasodiatisn. ineadditioaytbe dubsiongf
non-vol atile, is not punped out of the _process .chanber. .Below the surface
of the. al un fime e, WHER T Bltaf afer GCER orranATREN bl reover dg e
noy i oni zed fdaA¢ave AGorfHeOABra Ray BEREntAICEE 1k RBnABbn AR This \ekpdUr8 tinfd)e
poftions 100 of silicon layer 98 that are s_trlgped (Figure 3), or with the
phosphor ous #entodatianagnd Bensliatiarespeatbofchefdignd b eayxibe kogtrlighyevatied. A, and
F+ and F- i f ound .t | e tive. n whi ch
the react i velTPEBEIAEE S0uhE stfient TR O ERIE ol B TEbRR I B kR R

phosphor ous geRitaardaRhtrofemds diarf diask prrapestérsab bestisbly conto! ties &tog raad
controlling several operating paraneters. First, the gas flowrate from

the tank 70 Pbthetrlicpp dyes 98 on imeamayal esprgaminant 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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controlled to determ ne the anobunt of gas available to be dissociated into
reactive - 11 5 Novenber 2003 fluorine radicals. The ga% flowrate wll
general |y deternmine the pressure in the process chanber 28YOVeRbeR4E@S t he
speed of the evacuation punp 68 and the volunme of the process chanber 67
remain fixed. Qther factors determ ne the nethod and rate of

cl eani ng/ etching. For exanple, the gas introduced into chanber 67 nay be
di |l uted wit hoslminimert regaive wotmpoasntatogoreaty i spogereactve edivroe filin@nmount
of fluorine _ayailable for dissociation. The pressure at which the gas is
i nt r oduced f#%al?'he chamber also in part determines the rate of

di ssoci ation. Next, tiReadd@idnb8RNhGeHtIcAMas IRREr dscAPEY FPEStaR AbERSTRE Hnt | ON
may be controlled to determne the rate of dissociation. In addition, the

dur ati on of entiogimenirwhegeinsindmpltanterSonipeoant (Hipedislod0pmoverewit respechient 99

connott on 8 YR O el o MO aecterf KRERUIEABr o SRBRb AR 1oL foca of

the di sk 40rdgrelorCiostnd &) dedN ¥ staBdrzRdimpanteipiRIMNENS | M eustasystbmSiHet em 102
or separate control systens may be utilized to nonitor and control sone or

al | of thes&opElfyeteat €4 putpyt tcthsangtogbhmiogld inslead berputaitdo agrion heaw | i con

| ayer 98 or EWB : .contam nant 99. An optical em ssion spectroscopy
(CES) systeﬁ%ér?rgglé e K@Jg&ﬁ%n&&ﬂmm tor the constituency of the gases present

at the surface of thefFelesdampld,ld bedrheagtedns systemasdohrashibias shgwd t UESr

exanpl e, if _phosphoro ntam natjon .is resent in, t siljcon | ayer 98
of a coat edpgf%ﬂe\(qii%\%g"eg maybeottilizge t‘éd?%a@@ HpaRgHc ttt}?r?i%-c%ﬁdeﬁe%ﬁes&'e( Fi gure
4)) the reaghi ¥o 105 i) e b Letsae WY us
fHior 1 des  ( SogUdBEORRET oFMBRIAS MaliRabucia? e Ry rae PRI
process, thbepositintedheattbs plrgnetentiangey éxitesr withih tiy cqyityf Neutraldieadlivieng t hat

e el L R Sl DR B BT SR B i o e
cl eani ng pr egp&feritdYa cOfredPidjgttssd RRtddinthdsRerdacaee nsuti@y Wik seildethewhen
the | evel of phosphorous fluorides falls below a prescribed |evel.
surface 1o 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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The invention has been described in detail above as an enbodi nent wherein
an energetic non-reactive ion beam (e.g., xenon) collides with an inert gas
containing a reactive conponent (e.g., fluorine) to creattdNovester ¢803t om c
fluorine radicals. The present invention also contenplates the use of an
energetic, reactive ion beam(e.g., fluorine) collides with an inert gas

(e.g., xenon) or an ineﬁl ﬂ%s -12 5 Nove r 2003 f) containing a reactive
conponent t 8" Elegkpdes HENE dfie gelying RAUISHIGHA? 8re P GivRnedy Hi keard mayipe
addi tion, tpak@yerldeR.BRs desiddaed i ;
enbodi nment \;\h%errg?%@gr? i #pl aﬁ%&éo%enﬁgttﬁ%gﬁé?kdpﬁ?%r,rgsg’zo@mdﬁdhw@espect
to a stati enanlpt heartbpeam The present invention al so contenplates the use

of a rastered ion beamtq dean a stationary inplanter, c onent. I n such a
oystem the control AYEOREHa SR RUEGRoHITREL of o GHRBRI A Pt dObe

out put to aBefefivdBAdtortASH e8I iRy ¢tla ERAARMS ioﬁ%&oﬁﬁ@%ﬁqfoaeﬁﬁm
rastering s%;ten1such as that shown in U S Patent . 5,554,854 may be

utilized tobeangeseribesagiish ihe oregbing dasgripéarcie mind, sweaveddl isemdatsiddc y, of
the mass angl ysi. Iy 14. The. -supply. . inl 72 may ..be. positioned
near the magriPioAPRIREe: B SuraTianBR et dhnite Miknirte Welintele
atoms cr eat eslttiyp=rtdiasdransdiiehtd deberitgRBhéraln, add erl vadousVeatrangdembnts,
unlike ions, not _experience a curved trajectory. Instead, these reactive

neutral s w Modificafieas, @nd subgiitatinne may brirplemesstedivit resredt de teddgrageinghe
direction t i i j iLQr: : | .7}

event. A w Qgg?/ r?gﬁﬂ @o‘gﬁ‘ggb@?“@#gh{;ﬁ}é‘ E(Zépﬁ Q{{g%r%g{l/é?gléneacﬁng%ﬁ]i lH\/%gr yi ng
g’h}a pr essur éolioinviry clainteeambtieéteqaiaients. The nunber of reactive neutral
atons striking a particular surface of the strike plate nay be controlled
by changing the pressure within different areas of the magnet cavity. For
areas downstream of the mass anal ysis nmagnet, apertures 30 and/or 32 may
be nmade variable in size so that the rastered beam nay clean a
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| arger surface area. In this manner, a w dened aperture is made avail abl e
for cleaning, for exanple, plasnma flood conponents. Duri nor nmal
operation of the inplanter, the variably sized apertureEg’g®r 2983 (o a
nore restrictive position to enhance ion beam mass resolution. In a system
that included such an ion beamrastering nechanism the gas supply 70 may
be | ocated proxinmate the conponent to be cleaned. The cl eani ng nechani sns
described in detail above would renmain the sane. For exanple, as expl ai ned
above, to %EEUM@E" strike plate 50 within the nmass analysis magnet 14,

t he beam may be rastered across the strike plate and the gas supply nmay be
provided with an inlet near the surface to be cleaned. Simlarly, if
apertures -13 5 Novenber 2003 or electrodes within the resol ving housing 26
are to be cleaned, the beamnmay be rastered across such

aper t ur es/ ét ect roRresesHRl deraingascaigypingnifeogm Bsupac didedaaniutrhchaarbern| et

near by. Accordingly, a preferred enbodi nent of a nmethod and system for

sel ective &REAPESAYrol | ed cl eaning of a contam nated ion inplanter conponent
has been described. Wth the foregoing description in mnd, however, it is
under st ood t hat(i}t hi genersdng poiarbgas (ddbadng a fibgrinegoroporentinpl e, that the
invention is not limted to the particular enbodi nents described herein,
and that vari oudi)r eadirasilisrtbeian beamtovward asiidacs (18AMtoshebdeanedt i ons may be

i npl emrented with respect to the foregoin description w thout departing
from the scope dii) t hdeptglizing the iansbasst (44gbywr0dhe'ng,fioﬂoltbe\j:h@‘nb¢rai nms and
their equivalents. 5 Novenber 2003 CLAIMS.: A process of cleaning a

cqfit ani nanPrexpatedhe surfacedo be cleanad. aneuiliring oas Cdpuctsthabtheiiyn bearar at i ng
an’ion beamé44 _having a fluorine conPonent; (ii) directing the ion beam
toward a sif¥selides wily malpoylesdf thapeeutralizing gas, and, as a result of charge

exchange reactions between the ion beam and the neutralizing gas molecules, creates
a béam 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).

15



(iii1) neutralizing the ion beam (44) by introducing, into the chanber

proxi mate the surface to be cleaned, a neutralizing gas (70) such that the
ion beam (44) collides with nol ecules of the neutralizi rgNg@mbes2803as a
result of charge exchange reactions between the i on beam and the
neutralizing gas nol ecul es, creates a beam of neutral fluorine atons; (iv)
cl eaning the surface (100) by allow ng the beam of neutral fluorine atons
to react with contam nants to create reaction products; and (v) renoving
fromthe chanber any volatile reaction products that result fromthe

cl eaning process. 2. The process of claim1l, wherein the neutralizing gas
(70) is inegt. 3rnel f t whek e ! t: al i zi ng
gas (70) i?xengl;he ﬂ?cgﬁgﬁgﬁﬁ’égé‘é’ﬁ%@@g?’% 1, gﬁhéie?ﬁe%}(r?ls %‘ﬂ?%@ﬁ%ﬁa I?J%i ng gas
(70) cont aigiscedsTREMBEr fo7y'ahd e KRTROLBIS 1o w&ﬁeﬁ% awg?er%%gp§rﬁéa¢ disk9. 9as
nol ecul es are dissociated into atomc neutral atons upon c rding with
the ion beqm)x44). 15 5 Novenber 2003 5. The process of claim1, wherein

t he vacuum chanber is an ion inplantation process chanber (67) and the
surface (100) to be cleaned is a wafer supporting disk (40). 6. The
process of claim1, wherein the surface (100) to be cleaned is alum num 7.
The procesg of ' ' ' t q | S
silicon- coat edﬁ%ﬁgﬁees S}??S[:aggg '%I?&gﬁatﬁ%%&vﬂg%ﬁ%? r%a@%ﬂ‘g‘é aﬁl&ﬁgﬂw i's
phosphorous. 9. The process of claim1l, wherein the ion beam (44) is
rastered across the surface (100) to be cleaned. 10. A systemfor cleaning

a contami nant f roig gosdisiReRiRb, @h%@&;{ﬁ?\g&@mﬁ%uﬁ lfbiesdléb%d d dilicf- | on

source (12) for generating an ion bea havi ng a uorine conponent;
coated.
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

16



(ii) 'an extractor assenbly (24) for extracting the ion beam fromthe source
and directing the ion beamtoward a surface (100) to be cleaned; (iii) a
gas supply tube (72) for introducing a neutralizing gas Pritayerrver 2e¥mnmber
proxi mate the surface to be cleaned, for neutralizing the ion beam (44) by
16 5 Novenber 2003 collisions between the ion beam and nol ecul es of the
neutralizing gas, such that, as a result of charge exchange reactions

bet ween the ion beam and the neutralizing gas nolecules, a beam of neutral

cr oat ‘el”?e?lécﬁﬁonﬂ's}reé&%% 68 4T a5 ﬁ@i%é&%f@@%f%ﬁ%@%ﬂ%% sh%‘im%ﬁ%%aaﬁﬁﬁﬁer
The ZSS?EH?%P’* §F‘§%Aﬁ§é}s>?c'h%ﬁ§$éeiaﬁﬁ{?ﬁ%be?@%%w b itléﬁ?’ﬁ%atraégﬁ ?%éo R TPy e

. 1 . . o : . i3
?Kzt g;/ns? e m'%f))%I ngeéi amb%%ﬁro\ﬁh%féeql u?rrfb ratﬁ%'ﬁg 3'5;?”! %t:eaéﬂgéga%?si%% é%rﬁrgfﬁﬁgf)sg second
fluorine C%%ns%{:e ?ougrgattg[}%%ﬁoﬂ%{cgﬁ% s{i%h%m ng gas nol ecul es are

di ssociated rat’c atom ¢ nh colliding with the ion beam

(44). 14. The system of hm 10, . wherein the v cuumc% er Is an ion

i npl antation pg ces %gﬂéﬁéfc}r(r%nﬂ?w %?ngﬁBegﬁ?mg%reartyl‘@ %netbrgaf)téoncl eaned is a
waf er supp i i ; system of claim 10, wherein the
surface (1@!8&1[1@%tlgag?%u&ﬁ%ﬁ%t@ié%?tﬁﬁ%ﬁ%%%&l6_ The system of claim 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 i s phosphorous.

18. The sysiem | ai . ther ¢ rLsing a ra .. control nechani sm
fb_r} rasteﬂ'ng ?ﬁ%%%%ﬁggg!%rég?’o‘g er?'ﬁgﬁ%ﬂ?lf ?&'g‘"eﬁéﬁﬁ‘ﬁ& IBSRU eaned. 19. The
system of claim 10, wherein said gas supply tube (72) has a hi gh aspect

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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(length-to-dianeter) ratio. 18 ABSTRACT SYSTEM AND METHOD FOR CLEANI NG
CONTAM NATED SURFACED I N AN | ON | MPLANTED ﬁA met hod _and
systemis provided for cleaning a contam nated surface o Novemheli #8%anber
conprising nmeans for (i) generating an ion beam (44) having a reactive
species (e.g., fluorine) conponent; (ii) directing the ion beamtoward a
contam nated surface (100); (iii) neutralizing the ion beam (44) by
introducing, into the chanmber proxi mte the contam nated surface, a
neutral i zi ng7gas ThdQ)stb G di ¢l im%ﬁ,@ﬁéraﬂ’cﬁgc&@gﬁlir}arﬁﬁs' %Ba;ﬁfo%n d44) collides
wi th nol ecul es of the neutr§I|Z|ng gas, and, as a Fes o1 "charge
exchange reactions between the ion beamand the neutralizing gas

nol ecul es, creates a beam of energetic reactive neutral atons of the-

react i ve spggl eSimt bydredildt G o' ARnSH ARk HBbePLofld) ARG LA, eam of

energetic reactive neutral atons’ o reactive Spéci es Wi th
cont am nant gaqidiaGhE RS- i I IS¢ ( removing fromthe
chanber any vora?iﬁe reé?ﬁ?%%b§%$§gﬁg S @Hgﬁgﬁgéﬁ%yesAlternatively, t he
met hod and systeminclude neans for (i) generating an energetic
non-reactive (e.g., Xenon) ion beam (44); (ii) directing the non-reactive

i on beam t oygrd 1 ] AR R Y ing a | eani ng
gas (70) prgg'i ma:t?ﬁégtg ilget@'?&ﬂh? %ﬁlﬂgg%liééﬁrs% gc‘g@%s Scl%h{yrtlz'%ée{}tzgﬁg#jéggﬁ aﬁg?{ii ally
of a reaCtig&uﬁﬂﬁﬁhﬁﬁﬁ&ﬁ ftic. fl UoOrine) component; (iv) dissociating the

cl eani ng ga usi ng the ?on beam (44) to create a supply of energetic
reactive neutral atons of the reactive species; (v) cleaning the surface
(190) by allowi ng the energetic reactive neutral atons of the reactive
species to react with contaminants to create reaction products; and (vi)
removi ng fromthe chanber any volatile reaction products that result. Fig.
1
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