5 Novenber 2003 SYSTEM AND METHOD FOR CLEANI NG Sl LI CON- COATED SURFACES I N
AN | ON | MPLANTER Field of the Invention The present invention relates
generally to the field of ion inplanters, and nore specidie@nmher2803n

i nproved system and net hod for cleaning silicon coated surfaces of an ion
i npl anter. Background of the Invention lon i npl ant ation has become the
technol ogy preferred by industry to dope sem conductors. with inpurities
in the | arge-scal e manuf acture of integrated circuits. lon dose and ion
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processes such as those used retrograde wells I n’sem conductor
devi ces rsagfi@ces of anpbaimplaoterup to a few nmillion el ectron volts (MeV),

whil e shallow junctions nmay only demand ultra | ow energy (ULE) |evels
bel ow one thousand el ectron volts (I KeV). A typical ion.inplanter
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desi red @ﬁ'ﬁlé_ﬁtﬁ &nedeae angdnigh energy are the two most |mportant variables used to
define an implant step. lon dose relates to the concentration of implanted ions for
a given sémioonductor material. Typically, high current implanters (generally greater
than 10 milliamps (mA) ion beam cu'rrent) are used for high dose implants, while
medium current implanters (génerally capable of up to'about 1 mA beam’current)
- are used for lower dose applications. |
lon energy is the dominant parameter used fo control junction depth
in semiconductor devices. The energy levels of the ions which rﬁake 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
implants of up to a few million electron voits (MeV), while shallow junctions may only
demand ultra low energy (ULE) levels below one thousand electron volts (1 KeV).

A typical ion implanter comprises three sections or subsystems: (i} an



extracting the ionized source gas in the formof an ion beam Internal
parts of ion inplanters | ocated along the beanmine and i
chanber may becone contam nated - during the course of anlﬁl%lrpeb%?ﬁ@@é
operation. In high current ion inplanters, for exanple, target wafers are
positioned on the periphery of an alum numdisk within the target chanber.
The di sk ion bodree foobatpeidtirgndntiombelat, i) adsanalinet iacluding ¢ mass Bealysiso t hat
the beaminplants ions ipto the entire surface of .the wafer. As result,
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reci pe, alum num contam nation may present a probl'emif the ion beam
i npact wi tdrgehehddlers malyabecomes esntmitatedi dgring thee cdusde ofetantinged A

known sol uti toth bl em of di sk f terial ttering. t
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present i ptated and transiataivpast Dsyichary isndbezet Bodhabthedbeanimplanty loases to
renove contam nants therefrom It is a further object to provide such a

syst em anthterdichentireguriase of the whatiniAsp aultaperiops of Bipdisk ROSCOVRTE@RY
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an ion i "Rl fonkar get di sk. Summary of the Invention
First, because ion implanters are operated using a variety of process
recipes, different types of source gases are run in the source to obtain ion beams
comprising the desired species of dopant ions. If, however, the target disk (or other
beamline component) becomes contaminated by implantation 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 croés—contamination.
Second, for a particular process recipe, aluminum contamination may present a
problem if the ion beam impact with the disk surface causes sputtering of the disk
material.

) A known solution to the problem of disk surface material sputtering is
to coat the disk with silicon. However, the coated disk still presents cross-
contamination problems as the silicon layei' on the disk is implanted with the
particular species being run. Accordingly, it is an object of the present invention to
provide a system and method for cleaning surfaces to remove contaminants
therefrom. It is a further object to provide such a system and method for use in
cleaning surfaces of components in ion implanters or other vacuum processing

equipment. It is still a further object to provide such a system and method for
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A method and system for controllably stripping a p_ortion of sili con- from a
silicon coated surface, for exanple, froman interior porgtiQRnferd r
i nplanter. - The system conprises (i) a source of gas conprise east
partially of a reactive gas, such as fluorine; and (ii) a dissoci atl_on
device such as a radi o frequency (RF)fpowered pl asmatt hsource | ocat efl I n use
roxi mat e ce for converting e source gas to a
BI asma ofc%lé}grs}%%bgﬂ@ %gng%r?éljr %%a@ atons and for directing the dissociated
reactive gas atons in the plasna toward the silicon coated surface to be
stripped. The dissociation deYv@@arypptheslaventiorner gi sation eLerrent for
directing energy inhQn&nsd SRR
conver si on occurs; AQn a ngggggﬁggﬁeagrect%{ sl’:@ﬁfn@dé‘g @é?té)?g@ &?gg@t"’il ve
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system  dedieiboRRFistdg) 4 SRcObf JRH ¢ ruBt é e by
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constructed _accordi ng t principl'es o ent Ihvent on |gure 2
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support disk of Figure 2, taken | ong t
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Enbodi nent Referring now to the draw ngs, gure
i npl ant efMoNg other things, for removing a contammant—laden layer of SI|ICGI'I from a wafer-

supporting disk in an ion implanter, wherein the silicon coated surface has been formed by

applying a layer of silicon onto the surface by a plasma enhanced physical vapor
deposition (PECVD) process.

Brief Description of the Drawings
Figure 1 is a cross sectional plan view of an ion implantation system into

which is incorporated one embodiment of a stripping 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 the support disk ot Figure 2, taken
along the lines 3-3; and

Figure 4 is a graphical representation of silicon removal achieved using the
present invention as a function of time.

Detailed Description of a Preferred Embodiment

Referring now to the drawings, Figure 1 disclose an ion implanter,
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5 Novenber 2003 generally designated 10, which conprises an ion source 12,
a mass analysis nmagnet 14, a beamine assenbly 16, and %I\rlcﬂfeﬂ]%ter%ofnd
station 18. One application of the present invention is in a |'Ow energy

i npl anter, such as that shown in Figure 1, wherein the beanline assenbly
16 is relatively short due to the tendency of a | ow energy beamto expand
(i.e., A gerevalpdesiinated 16k opightcompriatsededen sphECe d, shiirass analysigpri ses
a housing 20 that, defines.a plas anber n i .ext ract

assenbl y B#9N¢ 3%&&%@’“&38@%3’1@& ﬁ@ﬁuﬂéérge(%i ‘sr %%e%%ﬁ@ﬁn@ho@éleng 26
which is WHPN4S j i i '

aperture %@%ﬂéﬁggﬁ% Hnrgggggp t urené%f@%ﬂhﬁgéﬁg%éiu?ﬁggﬁé@ﬁ?\iNP) a
beam neut inaFiguee B6whbraih therbesmiineamsstmblyr 8 ishrehativeds shodnéuefto vihiech
form a part of the present invention. Domnstrea]gl of the beam neutralizer
36 is thetesdgncyhE oW eBeraxmbeditaceXnaed & eai ARIOVMEREIAWRRG PIORASFEPE di sk
40 upon i ch ﬁ/\afers Wto be treated are nounted. As used herein, wafer
shall inc hi?('i@éoany type of substrate, which nay be inplanted with an ion

beam Energy is inmpapsqsh Qufdie 1D QdnfiiEed APRABINGURS thet 9EMRIAADIANNAS
within the plasma chanber 22. CGenerally, positive ions are generated,

al t hough ¢thambar2gent smive eixtractor assgmibly 2d4bThetbeamlinecrasentbly 6 mchelgsat | ve
ions are generated b the sourcge. .The positive ions are e act,ed .t hr ough
oo b s i RereSai g Houh RS2t Vsch i, SyaBIteH iy RORie IS o A SHPGH! o
conpri ses r.al t : ' 1 | I o]

oabnbly AnE e ap e 0BT diiing APEARFCORMN o G PRI 30HOT

chanber t (i) auganfnestrdlizec 86 whictpesritsine apl ekt etroftstower 38; nehe vhwhidhiform
extracted 1ons toward the mass anal ysis nmagnet 14. . The nmgss anal ﬁ/si S .magnet

14 funct i @Rertas tha peesant ynveptignoDoxmstreapt ebihedieare Rerlalizes 3048 4he &bflo to
beam pat AR AL ingRrg e ShedR iR pBER Wy 44 BRI WSy Vo
the sourcey f2bearestbatdremenintédl Chsivselr fareite dvafier shuiendlnde RngTypEdHfand
54. The ion beam 44 that propagates along this path is affected by the
magnet i ¢ $uhstiteemkichneay 89 implanted withsal ippibeamhgnet 14.

Energy is imparted to the ionizable dobant gas fo generate ions within
the plasma chamber 22. Generally, positive ions are generated, although the
present invention is applicable to systems wherein negative ions are generated by
the source. The positive ions are extracted through a slit in the plasma chamber 22
by the ion extractor assembly 24 which comprises a plurality 6f electrodes 42.
Accordingly, the ion extractor assembly functions to extract a beam 44 of positive
jons 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 to pass only ions of an
appropriate charge-to-mass ratio to the beamline assembly 16. The mass analysis
magnet 14 includes a curved beam path 48 which is defined by an aluminum beam
guide 50 connected to the source 12, evacuation of which is provided by a vacuum
pumps 28 and 54. The ion beam 44 that propagates along this 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
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The mpgnetic field causes the ion beam 44 to nove along the curved beam
path 48, froma first or entrance trajectory 56 near thed' IS 2 to a
4 5 Novenber 2003 second or exit trajectory 58 near the re@%\feﬁé ﬁg si ng
26. Portions 44" and 44" of the beam 44 conprised of ions having an

i iate ch -t o- t] def | d .
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t he magnet .14 S . h.ne. . ' = h
boam 44 ¢ hile RETR e Qelr LB raGrBSaF b ool tarob R R hRIg et 1°
40 at the gpflodtb@lanwaiy frdd the dupledt aejdeloriainerinf2the Wakts df alunsihapedesppor t

di sk 40, having wafers nounted thereon, is rotated at a constant angul ar
vel oci ty bguidetss: 62hisamhrendhemagtied d44msses tnthedoaaitineasseibyy H enlyand
out of the page of F or, 64 and screw (.not shown). As

[ 1
such, the ﬁmsﬁr'%“%mth LLH?%B? Aﬁ?l%/@if te%@dﬁ@lf@%ﬁh%ﬁg- 8'rB."§'/SSarag‘Pat i onary beam
which at any given 4y afé?\égb;?%r?aﬂsk 48 at R EndPGlibie 78 & rotdied Bgfrﬁdtor gne disk

40 and the wafers positione ereon are contained wthin a process

chanber hoyRé @gskoshdded duppertidisk 40 Neatiey wafersimatnited thereonaisiratated by aa
roughi ng punp 68. The wafer support disk 40 is made of al um num i’md coat ed

with silieenstant anawtar velochy by enetonbrandlsHpperdigs 1Ak maved yertisalyaliniat i on

Phe Tor m o outPLEBFafy B Figluf dLo7inoRb BB s Mad RACRL(rBR showRPAS 27 1
layer of sihdif @b EntRBsUN8cEbBX wafer rheYBY ﬁn?lﬁ}éitémﬁyi agiatonary Bozat wiith die

I nplanted 1nto the layer. As used herein, terns "erode", "clean",
"etch", "rampgiwendime covers prilyal sSmalbpertion of thel wafer.vdhe dislodaiandithe wiaferson

fromthe wafer support disk 40. The.di ssoci ation devi 70 '

housi Eg 7 2PeHRNGAINRERAN G COp '?%@WBE'BC%E@CEﬁ%ﬁﬁ%'P%%‘F@fW é@%%@?‘%g’rgol ts
or other s r- 1 | t [ 73.
The'i nter | HIBEGT BRLARATS evBlud I by LBABHR m Ba 0 ot 7 that 1<

power ed by energi zedTsd ersert sufporidiskol@is sizmlenof alugiidemt ared chatedewitii4, t he

energi zed el enent 76 may be |ocated outside of the  chamber 74 and enabl ed
to direct geanyip ardentorieveriaweinuherieling ngiiipiantation processes (s6e

also Figures 2 and 3). The present invention is embodied in the form of a

dissociation device 70 that (_;ontroliably strips a finite layer of silich from the disk fo

remove any contaminants that may be implanted into the layer. As used herein, the

terms “erode”, “clean”, “etch”, “‘remove” and “strip” all refer to selective removal of
- silicon from the wafer support disk 40. ‘

The dissociafion device 70 comprises a housing 72 that is mounted
to the process chamber housing 66, using bolts or other standard fasteners, at the
location of an aperture or opening 73. The interior of the housing 72 provides a
dissociation chamber 74 that is powered by energized element 76. Although shown
inside the éhamber 74, the energized element 76 may be located outside of the
chamber 74 and enabled to direct energy into the chamber where dissociation

‘occurs. The dissociation device 70 also includes a nozzle 78 for directing
dissociated reactive gas atoms from ingide the chamber 74 toward the support disk
40. A stripping gas source 80 is connected fo the housing 72 by means of a conduit
82 and housing inlet 84.

As shown in Figure 2, the support disk 40 is a generally circular
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occurs. The dissociation device 70 al so includes a nozzle 78 for directing
di ssoci ated reactive gas atons frominside the chanber 7% I%oward gﬂg

support disk 40. A stripping gas source 80 is connected"t ‘feﬁ'épeﬁ ‘?’ng 72
by neans of a conduit 82 and housing inlet 84. As shown in Figure 2, the

support digiméht bémérlgétl‘@f aldr¥inGhi ﬁa'\h , @ tﬁ.é\@y@ﬁﬁrne%ﬂ%gﬁgﬁméd GRgRpr | sed

of al um num having, in this case, een slightly raise sk pedestals
86 i n whi gledastatd 86 :rVthyt dwalas W, maﬁbsﬂm As shogorie Fyura@, nafveafersW ar e
positioned on the s |ns 88 and a stop 90 posjtively

posi tions qr@,@qﬁgpgpgﬁﬁﬁq Cﬁiiéslé‘?@%is e ? E‘Grﬁ"@ﬁte’ Age aj?”;ﬁ’e?%%'t'é{ebfort i on
f th i,
of the i OE)OSHSE&JE@‘?J% r[]zg)ﬁrtﬂé'gpskt ')fggk%hrréﬁt H6t aﬁé%ﬁl?s a Rgﬂ%ﬁl e?ﬁ)nFl gure

sensors 94 provi I on regar er cC

3, the watbeanspapshg tﬁrcﬁllgh"i‘ﬂel @sm@tb%dam:yfeca érﬁyéha §%8sérfso$s loucmrovidEhe
silicon covers the entire disk 40, except for the pedestals 86 upon which

t he waf er énfarraatiersragasdisg V@farch@gmt i ons 100 of the disk bet vveen and
around adj acent ped er 98 .i a lied b asma
enhanced ~ cheni cal g}‘ﬁﬁ\o“‘ﬁb‘ﬁg@g‘ﬂﬁe )S”BPBGéi%k @l?r‘??@ttecé‘yﬁﬂ aYefon of
Burli ngt og of%%éﬁ‘(:"FHé%ﬂlbén 'cévér% tﬁ@% {?l‘ésd@@@@ ?Icgéf ¥l PEISal 8 8'1::@59
silicon coatings. opposed asma or 'f spray appl I cation of
silicon, whichihpe wafetesam ;bms;hrbned gndrtbéqrorbmmsf 400 dfahendiskiheteekre aall e

et chi ng charllanc# eristics, D application . of sili congg ovi des a

homogenou&f® ?@?ﬁ?%ﬁﬁ%@'@r ang sdlicondaypredd isaprdigdibyi sprecRfianesde
St o enbhERice VEhGF ABbdsiiof SoBCHE) (3b68sd. Sspithi foffirtilo BF By

m cron (pMassachmectt@nstun th@wfsmelsmﬁlp?bﬁbing $Uhf PECMDY sifiooh coafegsbiki ty of
silicon renoval. The silicon coating is applied so that a |ayer having a

depth of &Bpesed tesa plasnemer flameanoay appliesiontas siigonawbichiprowdediadiighly. Such
PG SR R T e - e
um form yof gm@emqarbﬁaé@%ﬂhoﬁfog@ﬁgué afnifdtAT 8HfAce grathedtiRidreUial @xhibtsSyst em
and process of e present invention,
pred:ctable 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 (um) in
order to ihsure hredictable uniformity anld repeatability of silicon removal.
The silicon coating is applied so that a layer 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
selected depth of the layer will be uniformly removed (etched) at regular operating
intervals using the system and process of the present invention.
During implantation, both the wafers W installed on the pedestals 86,
and the portions 100 of the disk between and around adjacent pedestals, are
implanted with dopant ions. The implanted ions within the portions 100 of the disk
40, outside of the wafer locations, may present contamination problems in
subsequent implants.
It has been found that implanted ions (e.g., boron or phosphorous) are

implanted into portions 100 of the disk at depths of up to about 1000 Angstroms (ﬁ\),

or .1 micron {gm). However, it has also been found that by removing a layer of
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During inplantation, both the wafers Winstalled on the pedestals 86, and
the portions 100 of the disk between and around ad] acent dest al

i npl anted with dopant ions. The inplanted ions within thé Vﬁmbﬁﬁéoﬁo of
the disk 40, outside of the wafer |ocations, may present contam nation

r obl ens t t ns
Peog, S Mhoslleo BPaRG sl 08 AANS uerh 2 D fﬂéﬁ*“"{a@é*“ﬂ of i RBY SBRRRT ¢
at dept hSlsQ‘émmetidrcﬁlﬂ?mé ditRQ0. B&éué@ﬂﬁ $itdon laQér 9& hés eh@higirizNhickiagver ,
it has al so been found that by renoving a |ayer of 6 5 Novenber .2003

silicon off @y 288Bigrors0geperl wntbum)theaarsgeg | 18 eéﬁtmmrm),uthgzo@ﬁuca!ryethe

I npl ant ed les ,is,re fromt di sk, 4 ec I 1icon |ayer
08 has andlaﬁié.m%!r be &t wﬁ@g&e&ru oo Gasben T GRE supy Fvet B haphe
range of %yl theoretlcally the disk 40 may be stripped/etched
up to 500 tlnes befor the entire silicon layer 98 has been etched away.

The preferred stri pphagfeferansiigpietteanthgleehingusent used hethdidissoelatibhon
device 70 is free chlorine or, preferably,- free fI uori ne, which may be
obt ai ned $¢viegy0 infreq ghloriae onmpiptarably.Heee Buaring, shich teyibeohiaipeddn #8knd i n

o oo poce B m iy, FRR ERa B A0SR Ay tourflin oREerslY ARE R oo o

sul fur cogdses s@dH a8-NIR2 GFS, &Sﬁbzlapoq”héruseP@ﬁSF?h@afdo%éé’lﬂeSﬂWL@ﬁ legkt hough
in such a form presents .mnor handling diffrculties. In a préferred

enmbodi rrendeSIltalb& due o thesincreaseil mka@ag@soﬂsm!far pontarnigation. vie, igaet anothed i n

condu t  SRSbe pihyEiR, Ui “Biftoushe sl 2ciore) cpienEn iR AT HENdIng,

exanpl e, difficafitegnna powered by either a mcrowave source or a radio
frequency (RF) source, or an electrically heated filanment. A typical
operating range forlnaa prefermshembedimest, itke dudrime- (mrrﬂamrlgr gds45 aingahert z

1£ﬂ_lg)rrenI Orrgﬁgtg\g g%ggétgs ?@%ggﬁq%goggé;%?%’@e qidgtr@éyced into th%ng:s]:sgcr;laﬁog cated
chamber 74 via conduit 82 and housing inlet 84. The energized element 76 may be,
for éxample, an antenna powered by either a microwave source or a radio frequency
(RF) source, or an electrically heated filament. A typical operating range for a
microwave source is on the order or 2.45 gigaher& (GHz), for a RF source is on the
order of 13. 56 (MHz), and for a heated filament on the order of 2000° to 3000°
Celsius (C). ‘ |
In all cases, the energized element 76 energizes the source gas,
which includes a reactive species'component such as fluorine, to create either a
plasma or othér supply of dissociated reactive atomic fluorine radicals. The nozzle
78 provides both a pathway to the disk 40 to be etched. Once the fluorine-
containing gas is dissociated into reactive atomic fluorine radicals, the reactive
atomic fluorine radicals in the plasma may be directed by nozzle 78 toward the
silcon iayer 98.
i 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. The disk 40 is rotated and translated
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In all cases, the energized elenent 76 energi zes the source gas, which
I ncl udes a reactive speci es conponent such as fluorine, 5&’ creabte ﬁ@%her a
pl asma or other supply of dissociated reactive atomc fl MEIDLLG | s.
The nozzle 78 provides both a pathway to the disk 40 to be etched. Once

the 1 UoriBRicafig Yoalnt Mo Wird§ H SHAGhE 1B s DoEAD! the RLLIVE atbliRy ! ne

radi cal s, actrve atomc ne ra the plasnma may

di rected Bpetiesih the/Blasmaptoceffdttuateidiivon staygng98. Dummy wafers. DWare
installed on the pedestals 86 so that the wafer-supporting portions of the

di sk 40, whi ch have Thetmeehanisoieathernangelled remaval of silisan éxbeligyed todes v

o the s PO steb BRI BB B o R sRaly <BRIS 8 e MeB iRk
Novenber ZAR3iHeeEiliddPblitac® gﬁ)fafrfa{?ger&seﬁdﬁ 81 theQitid Wit fife fdX2tive aforApsed to

the reactive atomc species’in't asma to efrectuate silicon stripping.

The mechaflusring gadichies wofurmovdlatiier mantiah prodséets] and (il desbriondof thdse a
three step process:; 'qgi ) adsorption of the reactive atom c fluorjne radicals
3

into or &eAGONIREOAYQts B the gasRhase iin pddiien skecausgdhe FACHPN PRAUGS #€on

i th Che UgRgld 48 f §WSoold HRLLOSNEALLERh il RuLS Al R e

products; (T Se” reaction’products into thé“gas

phase. | ncRdghiber 87 .bydfeavaeustich peapté®n products are volatile and in a
gaseous phase, they are continuously renoved fromthe Erocess chanber 67

by the evacuation phmge Ber-igaized flusnine@iems are faunditadedhe mosd Feadtivamdtht o be
t he nost feactive w.th . the rti 100 of, .si li | 98, t-hat

stri pped. El?f’zﬁoﬁ'ﬁ syptoa%fdsl'ﬁ'_qqr‘pﬁaxgr Qthatf %rl?ﬁ%t“?’ée%'g%;e%@algeraﬂq 'e.'%nﬁﬁ%r%net hod
and rate alunftoHd |b§§g§ﬁ9é.' Yhe bl %ﬁdgé% wtﬁél??_thé RAcH iEsihd MPRfs My

be carefully controll y nmonitoring and controlling several operating

par anet er stchFthes silicomdaygasmay dwe carsfulfy oontrdiled bykméaitaringt Ard adindrolliitigat i on

vai | abl oPEETB ORpGHD BRiEICtPR: of Hahdbr e el TR MR FHE0Ghe 11 ow
LZE: u‘é"'e' 't [esg§§i‘§g§"* ggiaﬁ’\%F?H‘n‘?é‘y b8 LoRfrEfctHotddtBrrhig thé ARfint ohashee a6
available to be dissociated into reactive fluorine radicals. The gas flow rate will
generally determine the pressure in the process chamber 67, because the speed of
the evacuation pump 68 and the volume of the process chamber 67 remain fixed.
Other factors determine the method and rate of silicon etching. For
example, the gas introduced into chamber 74 may be diluted with'an inert gas such
as argon or nitrogen to reduce the amount of fluorine available for dissociation.
Next, the power applied to the energization element 76 may be controlled to
determine the rate of dissbciation. Related to the power applied to energization
element is the manner of plasma creation or source gas dissociation, based on the
type of energy imparted fo the fluorine-containing gas (e.g., microwave, RF or
thermal). In addition, the duration of time during which the silicon layer 98 is
exposed to the reactive fluorine atoms may be controlled. In connection with this
exposure time, the rotation and translation speed of_the disk 40 may be controllably
varied.
A comprehensive control system 102 or separate control systems may

be utilized to monitor and control some or all of these parameters to precisely
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t he evacuation punp 68 and the volune of the process chanber 67 remain
fixed. O her factors determ ne the nethod and rate of Siliﬁé)\)' te(;gha?. For
ne

exanpl e, the gas introduced into chanber 74 may be dil ute5 rt

gas such as argon or nitrogen to reduce the anount of fluorine avail able

for di Ssoﬁbﬁ%‘{)lﬂgg ettg‘?i%&gtoéf e Qﬂ@@ﬁ}g@%" bbeg§ b%l!tat%eth%%fag iaﬁ%gn‘? Br BbEIFESH 76

may be con rm ne rate ssociation. Related to the

power appkiliedn etciiEsgiteaidaetive flidimnitonss. t icoremeddipderiloi theinveatidn,on or
source gas di ssociation, based on the type of energx i nparted to_ the
e

f 1 uori ne- vodiutedisufughexafbiogide (SFe) eamli@veqrfront the feak Bl tp. the disgegiatiosn, the
duration of tinme rin I C e silicon. |layer 98 | xRosed. . h
reactive Ff’ﬁgﬁbieﬁj ‘/‘gtaén% r\gg‘? Ogeé'goﬁﬁﬂgﬁrfgg'ﬁefﬁnp%ﬁwaﬂf‘% &ﬁ"ﬁﬂ ?ahgql{zlri%gw}av%
exposure t : | Lag fii [ be
controll a%rgpq}%ért!bz]d.é@k?%%?r@r gﬁgﬁg(g?c@?\?@gﬁ %gtg ]:a?n kl"(i))g% g?’ @‘Ig\{))g%g?gm gont r ol
systens melficoheoatdd |axed 98oofnbei disk 48ndas empostd swifee micramlavefgdarnteested

paraneters to precisely 8 5 Novenber 2003 control the etch rate of the
silicon | aiasmafor shdy (k) saeondhie total anpunt or depth of silicon etched

by the reactive flugtine atons.,. | ' j { O

undi luted sul fur he il érﬁ@?s(tgﬁg?gagsa@fbg\b\gg%y %Lﬁr@ﬂgh%%ﬁ% 0 )tﬂtbth'? he

di ssoci at kA8 of RaP E60)Kecdhds, 99k Tisilfeoh waarsasvkd frosT thepdisk, ralong eithsi m |
a mcrowave energization elenment 76 operated at a power |evel of 2

ki | owat t saik wpntaamidantsde.gsi phiasphorovis) eentpimgdrwithin e removgidJrategalaAfterk posed
to the mgr - gener at ed ma for, sixt 60 econd FiLgure .4 shows
the resul fubuAtEsEscrts  Ehm Sibat oser tambved. SEGB a8t SiSited " o)
seconds, Ldel QR r i 500 R W Sitcot

cont am naﬁ%g%?%@%%ospﬁ%@&é?%}é%ﬁs&\@?téﬁt Eﬁn@%( e erm\;ed rrga;tct)emél | .
After fobbyretrtfedscappioximtepnB8I3 sedoreisn holdisbestimatiomoisebasdtk oauthe t he
rate of silicon renoval is constant overtine, it can be estimated that
.05- pm (BBOWE: of silicon may be renpved in approxinmately 3.33 seconds.
This estimation is based on the formula:

Thickness removed (TR) = .015 X time (t) in seconds.

The exposure time above refers to an area of about one équare inch
on the surface of the disk 40, so the total exposure time for the entire disk to be
cleaned can be found by multiplying by the total area to be cleaned. Of course, the
silicon removal rate will change based on the variety of factors outlined above. For
example, one type of dissociation device 70 that may be useful in the present
invention is a radio frequency (RF) plasma generator sold as the Astron™ model
under the brand name Astex®, which is a registered trademark of Applied Science
and Technology, Inc. of Wobum, Massachusetts. Such a plasma generator typically
operates at a lower flow rate (and hence lower pressure), although at a higher level
of power (e.g., 3 kW) than that indicated in the data above.

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. For example, if phosphorous contamination is present

in the portion of silicon layer 98 to be removed from the disk, the reaction products
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Thi ckness renmoved (TR) = .015 X time (t) in seconds. The exposure tine
above refers to an area of about one square inch on the

di sk 40, so the total exposure tinme for the entire disk F@Q%EE&ETBQ%%d can
be found by multiplying by the total area to be cleaned. O course, the
Si11con r epyl Wik 1 e GRARIT ARSPHORIS MforkiRi! @Ly, F, PRC6F PROLILAL ned
above. For “exanple, one type of 'di ssoclation device 70 { hat” may De usef ul
in the presemn pomhmdhe ineonitosing praise, theegoeurt of pRbSphrrassugiesvll drogsol d
as the Astron' nf under. the brand nane Astex(r mhlch is a

regi st er e®ft meatm&tt@t %mm@&yg{.p@ﬁée or&Ha cp@éam@h 99 hasfeerorenygiss n,

e bR R LAY BB SR 1

(e. 9., 3 kit AdaRntbedsarindiafgy Qﬁtdu'ﬂtt bh@lhé@ﬁi’sﬁ@lofé‘?nov‘é@ WHidte MouRIvasteon

spectroscopy (OES) system may. be used nonitor the constituency of the
gases preémmhhameambswcmﬁace of the dISk mﬁthln t he process chanber

houe1 10 T el St R e R ekt et Bl
portiron of silicon

duct
product s QY oERrtorgRIRAATRE 1Y e REcbehe a8t Blerbosaliprpus

fluorides sone point I n e nonitoring

process, tWith thenfordgolrig gbeesiption dusmirfd, howeders itié Lihdetsiond tidtfthisidedtdipdomg
t hat the maj ority of phosphorous contam nati on has been renoved fromthe

silicon |as/a*rad@80nlvfbytwaéoﬁﬁmple tinet thedavsntignds seb dgnitedtoae partighiated so

waste botn e desbfenaeRt o Biadybts s e b G Rl S g ©
net hod angubysthifond May beshiftémuateangitlt Aaidpest todte $61e3biMg dschiption Withoacoat ed
surface has been descrlbed Wth the foregoing description in mnd,

however, idepadingniemdhesgopaaaf thaiinvantiooraspdefited by thefnllowing clajmaandof
exanple, hat t he ention is not limted to the particular enbodi nents
descri bed W@F@ﬂw %H ‘that various rearrangenents, nodifications, and
substitutions may be inplenented wth respect to the foregoing description
W t hout departing fromthe scope of the i nvention as defined by the
foll owi ng clains and
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t heir equivalents. 5 Novenmber 2003 CLAIMS: 1. A systemfor controllably
tri ing a portion of silicon (98) froma silicon coat rf.ac
stripping a p (98) | %%@&ég{q%y&g?sa

conprising: (1) a source (80) of gas conprised at |east par
reactive gas; (ii} a dissociatiop dev;ce (70) t? be Iocgtgguigeuzgs o a

r oxi mat i1icon coated surface for converting sai
Blgsna ggﬁggﬁilng di ssoci ated reactive gas atons, said dissociation device
conprising: a) an energisation elenent (76) for dlrectlng energy into a
di ssoci ati on chanber %34 wherei n gas-to-plasnma conversion occurs; and b)
a nozzl e 1¢78) # systam &yt ¢onjrailably iripping atpttioradt sikaong (38 afromsa isilicohhe

pl asma toward ggged?%“acc%f cﬁ@%@d surface; and (iii) a control system (102)

for determ nin 89-of said silicon (98) fromsaid surface

by controlling) (1) soured @G)fofwr&ﬂn;ﬂ?s%df ét%‘éét"ﬁé?’hé! & Qkéa%ﬁ?%%%%on

chamber (74 2 ower supplied to said energ |sat|o el ement
cont r ol gi I’Zit (@? 2)f %s@isﬁp‘ij%@ﬁ geyradre) tmheémcated. in amd gréxinmte ithe siicont i on

of exposure of thecaéiéd\cm(gehrrfeé% t?ﬁ Sésjchf e to S‘?eaog{?%ra%lév%gas pjt O’qut eri or

The systemof claim

portion of a piece cohtmngtdissuotaleé&eaaw%qga@mhs(é&’i)j d|§505§!ﬁ)r§hﬁ§€n‘é€‘ of
claim?2, wherein said reactive gas atons are fluorine atons e system

of claim 3, wherei ROTWESES i con coated surface is forned bé aEpLyLQP a
et Sehoct o RS RSIEH iR ol 15 SARRIAE° Hord s %
dissociation chamber (74) wherein gas-to-plasma conversion
occurs; and )
b) a nozzle (78) for directing said dissociated reactive gas atoms in
the plasma toward the silicon coated surface; and
(ii)  a controf system (102) for determining a rate of removal of said
silicon (98) from said surface by controlling:
(1) a rate of source gas flow into said dissociation chamber (74);
(2) power supplied to said energisation element (76) to control a rate
of said gas-to-plasma conversion; and

(3) a time duration of exposure of the silicon coated surface to said
reactive gas atoms.

2. The system of claim 1, wherein the silicon coated surface forms an interior
portion of a piece of vacuum processing equipment (10).

3. The system of claim 2, wherein said reactive gas atoms are fluorine atoms.
4, The system of claim 3, wherein the silicon coated surface is formed by

applying a layer (98) of silicon onto the surface by a plasma enhanced
physical vapour deposition (PECVD) process.

11



5. The systemof claim4, wherein the silicon coated surface is fornmed by

applying a layer (98) of silicon having a thickness wthi he .ra of 18

- 35 microns (pm. 6. The systemof claim4, wherein thefiw$WQQﬁ$r2§§%ed

surface fornms an interior portion of an ion inplanter (10). 7. The system
rein the_interior partion of the ion inplanter is a

f claim6, e
afaf gr als Ebpor }tﬂiﬂﬁ?sslysteﬁ@?f clgim t, whetrin &g sllicen spater sudaneds forsesd byl syst em
_ . ) . SRS
bast sard nosop UTSLARSERIS of iicbhdRMnl S MU BHRRS IgPotIS S, | obr

coat ed surfacébtaickmisdumdacti ve gas atons. 9. The systemof claim7,

wherei n. sai d di ssoci ation device (70) is a radio frequency (RF) plasnm
source. 10. A nethod for controllably stripping a portion of silicop:(98)

froma sglicoThe@9a HE: TR-TRY hasdhgy <f; Lsing: (i)
provi ding a sour_?g %@gfﬁoﬁhggﬁ V%Hc?rgglpi t@%é%g&l eas;&Ei gg%?:%lﬁlr&%%hih@ﬁ%ct Fve
gas; (ii) conRettionmyanian implasderdit@).i on chamber (74), said source gas to a
pl asma contai ni ng di ssoci ated reactive gas atons by using energy from an
energi sation element (76); (iii) directing a flow of said dissociated

reactive7gas The@ysiein bhélafth & WherbAVREdnfclisr Pbl’ticﬁpﬁf ﬁ%%ﬁ%@é{snlft?lfiggan( V)

adsorbing the dissoci ated reactive gas atons into or onto th

surface; (v) WeHsupgortskisksifi®ace of said silicon with the dissociated
reactive gas atoms to formvolatile reaction products; (vi) desorbing said
vol atile reaction products into a gas phase; and 12 5 Novenber 2003 (vii)

det er mi nB.ng tTiee sgstenobf claim Valvheteindohtrdi ystem (192) rbtafss 87d tansiaiace
- vertically said wafer-supporting disk (40) past said nozzle (78) to control the
duration of exposure of the silicon coated surface to said reactive gas
atoms.

9. The system of claim 7, wherein said dissociation device (70) is a radio
frequency (RF) plasma source.

10. A method for controllably stripping a portion of silicon (98) from a silicon

coated surface in a vacuum chamber (67), comprising: .

(i) providing a source (80) of gas comprised at least partially of a
reactive gas; ‘

(i)  converting, in a dissociation chamber (74), said source gas to a
plasma containing dissociated reactive gas atoms by using energy
from an energisation element (76);

(i)  directing a flow of said dissociated reactive gas atoms in the plasma
toward the silicon coated surface;

(iv}  adsorbing the dissociated reactive gas atoms into or onto the silicon
surface;

(v)  reacting the surface of said silicon with the dissociated reactive gas
atoms to form volatile reaction products;

(vi}  desorbing said volatile reaction products into a gas phase: and

12



by controlling (i) a rate of source gas flow into said dissociation

chanber (74); (ii) power supplied to said energisation el nt 4?,75% to c.
control a rate of said gas-to-plasna conversion; and (iii ' Bération
of exposure of the silicon coated surface to said reactive gas atoms. 11.

The net hod of m,10 V\,he ein the silico 0 rfacelsforrred by
appl yi ng a Ia@yﬁjr (%)arrglfnlréq qe e Bﬁf Yﬂj,og fi%'g %8) [8 PRIt fwiaree d
hysi cal vapour d r 0,
Rhorein the vacuun o monpamng *‘P’satga‘?*fﬁﬁﬁﬁﬁ‘%ﬁw iy amd‘)&'f%?éﬁﬁ*
wherein the silicotharebered ;u(ﬂf) ep@wars:;u@phacﬂém%a@pnetglsajlondeieme(m@’s

di d t hi d 67 3. Th t
fluf!toﬁz(ra c\(l)mnpr: rs]| flgljot %‘éﬁ(@ (9?§’>E’a‘? ﬂsmrae‘g%r{fe%ﬂgﬁr 686?!' q H”’tehe gas
phase” from sai d Vadlﬂdﬂﬂ)l@}mré)@bsﬁﬁbf e shiBRURdEd sﬁ?ﬂaée%aéﬁ?ﬁrre‘éw\fé a punp

(68). 14. The' method of 13, wherein said reactive gas atons are uorine
atons. 15. The nmet®Rfo@l®Ms| ai m 14, further conprising the step of diluting
said source (80) of gas with an inert gas. 16.  -The nethod of claim 14,
wherein approximately 500 A (0.05 pn) of silicon is stri-pped fromthe

surface.117. Tihe methbd bf afaial aOth@re:MhﬁéGéliiboﬁat@bté&i%rféfceq@%ﬁﬁéh'B}Q he
time of duratlcfn of exposure of the silicon coated surface to said

reactive gas 2RRYAE & i (©83 A otiligamgnienthe, sutfaealbyy at plasicaenhencest d
waf er - suppor t lé{@ di ssoci ated reactive gas
atons. 13 5 ﬁ a‘fibéé% fggﬁ%e@eﬂﬁéha&gg?al m 16, wherein said steps of
convertlng sald source gas to a plasma and directing said dissociated
reactive tons ,t o th silicon coated surface are acconplished
usi ng a radi oﬁ? M{%ﬁm %OpW\h@Feéﬂt ¥aehn ghapber {@7) is part of an fon
implanter (10}, and wherein the silicon coated surface is a wafer-supporting
disk (40) disposed within said vacuum chamber (67).

13. The method of claim 10, further comprising the step of removing said
reaction products in the gas phase from said vacuum chamber (67) by
evacuating said chamber with a pump (68).

14. -~ The'method of 13, wherein said reactive gas atoms are fluorine atoms.

15. The method of claim 14, further comprising the step of diluting said source
(80) of gas with an inert gas.

16.  The method of claim 14, wherein approximately 500 A (0.05 um) of silicon
is stripped from the surface. |

17. The method of claim 16, wherein said step of controlling the time of
duration of exposure of the silicon coated surface to said reactive gas
atoms comprises rotating and vertically translating said wafer-supporting
disk (40) past said flow of dissociated reactive gas atoms.
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ABSTRACT SYSTEM AND METHOD FOR CLEANI NG Sl LI ON COATED SURFACES IN AN ION

| MPLANI ER A net hod and system for controll ably stripp|%q¥ ﬁ] bﬁ
silicon (98) froma silicon coated surface, for exanple” TP6M°sh erlor
portion of an ion inplanter (10). The system conprises (1) a source (80) of
gas conprised at least partially of a reactive gas, such as fluorine; and
(i1) a dissociation device (70) such as a radio frequency (RF) plasm

sour ce | gl edTHE HIIBE dhane 16| FRBIEP LR oB rJf%ﬁvéﬂ{ COY Rlkdghde
reactive gas to a plasma of dissociated react I aRg

directing the @ asf.li)@sraa ehdr él&@@hﬂgesgds:hsﬁam&teﬁamcwe bas stbine aowead tiesl

f A 2) det ate of | of th
511 con o8y iR HHRMELARCE S BREPBPIst ek & dediooRoauenee (B8 11 ow .

into and the qﬁnyg@dqﬂaangwgmngyppl|ed to the dissociation device, and (ii)
the time of exposure of the silicon coated surface to the plasma. The -

invention is useful, anong other things, for renoving a contam nant-| aden
| ayer of silicon froma waf er - supporting disk (40) in an ion inplanter,
wherein the silicon coated surface has been forned by appl-ying a |ayer
(98) of silicon onto the surface by a plasna enhanced physi cal vapor
deposltion (PECVD) process.
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