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-scale rranufacture of integrated circuits. lon dose and ion

energy are the t wogNOSITE=NPOAND W FOR CLEANINGan i mp ant
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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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i on beamdopersemiconductors with impurities in the large-sca!e manufacture of integrated

circuits. lon dose and ion energy are the two most important variables used fo

define an implant step. lon dose relates to the concentration of implanted ions for

a given semioonductor 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 rriake 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), witiie 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



sources in ion inplanters typically generate an ion beamby ionizing within

a source chanber a source gas, a conponent of which is %I“»ﬂﬁ%. géhpant
el enent, and extracting the ionized source gas in the form 0Hb§ﬂ2| on beam

Internal parts of ion inplanters |ocated along the beamine and in the
target chanber may beconme contanminated - during the course of continued
oper at i onion sotncgHfoc outpetiing en idmbean, diisa Heamlineaimpluging arrgass analysis ar e
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dopant el gg@ieks imdirdmpaneisaypicall gsrairate drofontbeant basenising Withiit a sbercause
ion inplanters are operated using a variety of process recipes, different

types of sbamber gasmgcaigasr arcanparneat sbwrhieh isoadiasiied daparbeiamentcengri si ng
the desired s&eci s .of, dﬁgant I ons. ver, . the target disk (or other
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the particul ar species being run. Accordingly, it.is an object of the
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i pl ant er gy@frefidp@r vacuum processing equipnent. It is still a further
object to provide such a system and net hod for _
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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2 5 Novenber 2003 cleaning an ion inplanter target disk. Summary of the

| nvention A nethod and system for controllably stripping SNARHP B0
silicon- froma silicon coated surface, for exanple, froman interror
portion of an ion inplanter. - The systemconprises (i) a source of gas
conprised at least partially of a reactive gas, such as fluorine; and (ii)

a di ssoci gbh@ dio frequency (RF) powered plasna source
| ocat ed |ﬁéusgg gﬁ?ﬁ%@@ﬁ%ﬁgﬁ[%ﬁon coated surface for converting the

source gas to a plasma of dissociated reactive gas atons and for directing
the dissociated reactive gas avemarysf thednyentiem toward the silicon coated

surface to be stri pRQﬁethJcﬁ‘%nS“s?s?@ﬁ' Bt b@rﬂroll&ﬁy ﬁ)pfﬁﬁ@ngbﬁ?ﬁﬁ o?@ﬂfé]‘?ﬁgﬁwsaat on
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exposure of the silicon coated surface to
useful , akwR et gissodatedhipactiveogas alamsiang far dlmla@rﬁhfadiﬁsoczfded] réa:yw&r gad

silicon Giowe m e fRisms HARRd tmeng. i ko d’:lt%lj %féc%nto'seomap&& ﬁYQ%{s% a&&e

silicon coated surface has been or e &y ying a' Tayer of si |con onto
the surf @RUC®GOMEPIResARENSdisation @lamens far reofmcﬁnermeuptssa dismla\itIBE@um)nber .

process. wRbth g%%bla@ﬁ‘nboébrﬂérswﬁeogu?é‘“ aHa Fﬁﬂl%efo% du%cf?nﬁg el [§§0% &'té)cp al

plan vi ew of anlonlnp antation ystemlnto or pora one
embodi mefRachye gasatompim dhejelpsta fowart thecsiliepnaceatediisugacen A Ic:entrquayatenpl es

o {ne PaBRTol BB of oy Upch B Wty B tBhGTg BRSO 31
cross se&PYER RS fpwintgand HQB gupepet-af P@W§ks'dﬂpllﬁﬁi duthe dissaciation device, and (i)
the time of exposure of the silicon coated surface to the plasma. The invention is useful,
among other things, for removing a contaminantladen layer of silicon 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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along.the lines 3-3; and Figure 4 is a graphical representation of silicon
renoval achieved using the present invention as a functi '

Det ai | ed Description of a Preferred Enbodi nent Referri ngSﬁ\'l(;bv\\;%fngtetggos

drawi ngs, Figure 1 disclose an ion inplanter, -3 5 Novenber 2003 generally
desi gnated 10, which conprises an ion source 12, a mass anal ysis nagnet
14, a beagénerallypsiasignajed 610, avich GoMRResoaN daA SAUEES d. 18 Magseanalysis
application of, the present inventjon,i.s_in a.Jow.ener ' r, ch as
that showfagnft Iﬂp'gtéj @%ﬂ\ﬁﬁe?@?‘?{nbﬁéﬁegﬂai%eta% e&ﬁolegglétgﬁéﬁpﬁe‘at?@ ly
short due,beifign of fRAGBEINtGhvehtioAs BIE 1Y cREJYPitnDIMOBHCH bs that shown

bl ow up:)aéulrc%ngngropagatgi&(‘)n eﬁlereowThe i%?msogrce 12 conprises a

housi ng 2 Fhatre dbf whemim the aseemlireh aisbemnbB2 16 aisdredativiebn sbrttrdie do thesenbl y
24. The beanl i ne assenbly 16 includes (i), .a resolving housi ngq 26 which is
evacuat edtepdensy @i lownpnemyahepmHPxPandnt-gi nabigvnrepsi daling pERRagalo8, - a
resol vi ng’é%fp]e(}:\ft ure 32, and a flag Faraday 34; and (ii) a beamneutrali zer
36 whi ch ¢4 ns an el ectron shower 38, none of which form a part of the

present invention. PRURSH BAMH 2 IdfnRRR APLER 26tha0défindse Masma
station 18, which includes a disk-shaped wafer support disk 40 upon which

waf ers  \ehamber 22, @atieoh ian @xtraciot asseritly @4 e d hedrasinlinevassembih 8 Includesude
t f bst , Whi be i npl d with [ [
ar s 60 QoA REONA. B0 e achy B oL RG s Lo RHIDRI 2% B0HeVIRAS T
chanber 2ontHRRS Bitial ARSI D, BBSHIANG PBREFASZEincd S HaPddYS4; BRESeN!
p e Syst éns erej g

I nvention 1s applica 0 negative i1ons  are ner ated by

t he sour cgii) aDeanpasitiilizer Bonehicl eordaihs antalecttdr shiphere8s; inohe iohwhivh form
pl asma. chanber 22 by the ion extractor assenbly 24 which conprises g
pl ur al i t ya eeriafdae perpent inventing c Slawnsiiepm ehibejRaara peplializar 308 dhe £y

functionsgdg,exbr a8lcnAnRBads 44 sh95ad ifer support disk 40 upon which wafers

‘W fo be treated are mounted. As used herein, wafer shall include any type of
substrate, which may be implanted with an ion beam. |

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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lons fromthe plasm chanber through an extraction aperture plate 46 and

accelerate the extracted ions toward the nmass anal ysis rr%grg 4. nmass
anal ysis magnet 14 functions to pass only ions of an appr %\%elniqeézgag

charge-to-nmass ratio to the beam ine assenbly 16. The nmass anal ysis

magnet 14 includes a curved beam path 48 which js defined b ]
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this manner, the nagne es to the I ne assenbly 16 t hose

ions in t hghdemk shhpcdaiuphartalisihe0 desiing dafdramgeurited tleerson aisirotatddhat aaf er
support disk 40 at the end station. 18 is rotated by notor 62. The disk
shaped supponstantasigulay velesity by meieee, arsLsinpert digs éél'ﬁ mp¥eq yedically @hiog

Cortt anl 1 ek Rl of fieFadel of ¥iolle 15 b0 InoBP BaHPPR ad bnd ot BBRUE s,
screw (not st enths suffd&diof 4 Waf@thay Be firplbatel 19/ a atatioh&ry beayn tichmal ant ed

by a stationary beamwhich at any given tine covers only a small portion
of the wafany giVae tidiestovéts amiy atsvaallpdrtion of theswafesndhe diplefe endihe wedsrsai ned
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i nvention is enbodi €thd wafdresdppon diskat0 is made of aluminum and coated with
silicon in order to prevent aluminum sputtering during implantation processes (see
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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di ssoci ation device 70 that controllably strips a finite layer of silicon
fromthe disk to renpbve any contam nants that nay be i Iﬁnteg igéaéthe
| ayer. As used herein, the terns "erode", "clean", "etc TNOVE and
"strip"” all refer to selective renoval of silicon fromthe wafer support

di sk 40. Eemeheeoapate@bf dRIhiRBN RadAFPH thRScasd)AHFicRE sfightiP #disb§ diapunt ed
to the process chanber housing 66, usihg bolts or other standard fasteners,

at the | pedestals 86 irawhinhey wafer Wrmay baiheld. 78s siibeniimfénire2, ab wdfersidusi ng
72 provides a (jssaqci a&i on chanber, 74 that is powered by energi zed el enent

76. Al t ho @R POSEIRRET; oy thi SHRROR 1h$Hh e Clampinghiing i and i Starere Posttwelyay be
| d i - 74 < ' ' h
chanber o Lo Hle vifer DRATAE oK, QK ENRBEL 2 flrrif 2 PARER R Bl °
i ncl udes peant phesing th@ughl thecdiskdo bd 88419, ethd ERSIgeVErdPs BUOHBVIdeOM

i nside the chanber /74 toward the support disk 40. A'stripping gas source
80 i s conideraatieroragasdingygafagciarging.neans of a conduit 82 and housi ng

i nl 84. As sh [ Fi .2, theé t disk,.40,1 Fl
e B g B o A e o WP eI SRS e
case, thi @B%@,niébh.gi*rsbxéinbgh%éer%'tfﬁéenﬁl%dcﬁ&ab,;e&_éﬂ fgﬁ‘gﬁé Eéb&té(@fsﬁrug%”ay be

hel d. As shown in ure 2, no wafers W are posi on the support

di sk. C amhicigtiE nwaf&8 aredpesitored 8Adtheipaortiens 100 adi theadisk tieéweerd andupon
the disk. A disk,current slaot 92 permts a portion of the ion beam passing
t hrough t ﬁ@tmiﬁdﬁaeeweoemﬂa%ea’ heaadwoeﬂay@re‘f%@@ﬂh@d &Y HPEsMEeniEGERat i on

4 . _ e . _ Cob 40
< coat eqcliPirital YABbRLBResf TRLV)broba. Spimbl ColFhflor HERMHhekt; S
40, excepMdseachisetizeidds tthé uSMmesB T proditivl duvh PECVM siticén Roatitgnnad and

the portions 100 of the disk between and around adjacent pedestals. The
si li con | apeeseybtq a plasmna edflaypespsan spplicatinn e sdicoshwhichairovidps @ kighlysi ti on

( PECVD) p59&\(}1%?3%'suﬁ'é[:g%tav%rtﬁ'l%rrg&iic%rﬁleoétcﬁfﬁrglcjh%géc?gﬁstics,- a PECVD application
of silicon provides a homogenous, uniform surface 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 (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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Massachusetts is in the business of providing such PECVD silicon coatings.
As opposed to a plasma or flanme spray application of sil.i,con, whi

provi des a highly granular surface having unpredictabl ed %W‘?Wﬁr%&
characteristics, a PECVD application of silicon provides a honbgenous,

o S ! & evhibt . ; .
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to insure &;edi ctable uniformty and repeatability of silicon renoval. The
si | i con cebakaiy 259migpiisi (eanerally withindhe sgnrge okl ngoamigegns), theorbioalty thes

m crons ig§ osited on t urface the di sk 40. Such.a depth |

consi deraﬁ’ﬁg(flr rﬁﬁ“ég? ﬁg{WRﬁg{eﬁt Ch Y AlL=S g@%’iﬂ%ﬂ}ee%&ﬁﬂ sfligan Eﬁ@kgﬁg‘?si n the
anti ci pat hbo&n bhedawsg! ected depth of the layer will be unifornly renoved
(etched) at regular operating intervals using the system and process of
the present inventiOhe peired siippingfdetnimietchimgragdnt uged B the\idgasiatibhed on
t he pedestals 86, _and the portions 100 of- the di sk between and around

adj acent ¢Rdesdiisirea chloringgr.pretegally Feeitiperine, which mayde ehiredda angns

within th ' | S 4 f,Si f. th fer, | ocations,
may. pr s eSS ETR AR o o PRI frarte B AR BBl RS, RaEge,
found t hagadaspswsh a8 NRNTH,L08 C,FROTAB We 8NSFP P ERYSPoHile, tHIIghNEd into
portions 100 of the di ssf<_ at depths of up to about 1000 Angstrons (A), or

. 1 ni cr ordegiigble divavt the increasad likelhwaseefsutfonndntaminatinn. r episvyiebgnatheayer of

6 5 Novenber . 2003 sili f.only about, 500 A (.05 pm, a signifjcant
o or 1ty Tl TR catrpeeifaoh 'Rk adiarmwpsens sindo haadiBice « ne

silicon I@RItRS. has an original thickness of about 25 mcrons (generally
within the range of 18 - 35 microns), theoretically the disk 40 may be
stripped/ et ched up ihoa g9efarrate snibetdiment, ke dhidrine-intaicinyg bayds HHohas
been ef ched anay. The Bf ¢f Shied, st 4L RPAOLS, SaRLAGLE] Shing agent used in
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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device 70 is free chlorine or, preferably, free fluorine, which may be
obtained in any of several nmanners. For exanple, fluori SudIR e 6 nd in
comercially avail able gases such as NF3, CF4, or % ﬁwﬁég @ SF6
Is al so possible, though less desirable due to the |ncreased |'i kel i hood of

sulfur cog gﬁmaﬂﬁtéoomat e 'ehirdl (ﬁg%JPSﬁs 1@g$i§icé¥g%lsfehL{Brt'h@ere%eﬂvé?f%torﬁlé hough

In such a torm resents . mno tres. In a erred

enbodi nentspetiee n‘ﬁ theopiagmeactordffisotiate sgitdnistrigpingn- reactive gas stored in
source or tank 80 and introduced into the dissociation chanmber 74 via

conduit 82 and housiThg meghanign forrthe wpﬁedwﬂ@v@reéﬁtllwals@@lqy@d tother

exanpl e, a ant enna_power It her m.cronaye source or i

Fr equency 3 res SERRBESSET0 el o el ar B danie HLlng dopBibB.or
operating o'h?d"g% difkorPsufac; @i a?:%%ﬁ@tidrﬁopl'ﬁetéﬂﬁ:dhrﬁﬁﬁ tHY re%cﬁ% GheraRer t 2
(GHz), for a source Is on ‘the order, VHz) , d for a heated
filament dootihe radidals kmffdmﬂﬁolatlle?:muoﬁ:quedmts{ ﬁmd (Iin) cwsbrpmmeef thdse
energi zed el ement 76 energ_‘qzes t he saqurce_gas, which incl udes reactlve

spec: es ](C:&Fﬂ_%'ﬁ@rﬂfo qrsy phiase. lp a@ﬂ@gpeb%c‘,quﬁgrth%rea@tlggﬁﬁo toTeer
or v des MORIRSAAIER 58360 Hhiadh. 3] gt EOMMBUERNEHR N AR AR EFOCRes

cont ai ni nghgmber57(bystﬁgcgvgbg§t[¢mf)gnfp%:t ive atomc fluorine radicals, the
reactive atomc fluorine radicals in the plasma may be directed by nozzl e

78 toward the silcbred a%rorwdﬂymmﬁai@rnéuagefqgmate@euthgmsté%a@wew@
pedestals 86 s

have not - MECRORigHE Aok et Bveh YRR ethulBbad ls Sl bl Polbsal o
the disk hﬁrdﬂ%rbeaags ?éa%og rhe sased taﬁbsra%f%at viiGh Bebieaetivd fudife Abhiscon
stripping process. The disk 40 is rotated and translated 7 5 November 2003
verti cal | gtabotitehailicomdayartmagthe cargioiht comtsollsiby Inenifwigdand comdrollipget i ve
atom ¢ several operating parameters. First, the gas flow rate from the tank 80 fo the
dissociation chamber 74 may be controlled to determine the amount of source gas
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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species in the plasma to effectuate silicon stripping. The nmechani sm for
the controlled renoval of silicon is believed to be a thr, ess:
(i) adsorption .of the reactive atom c fluorine radicals Fﬁ§8%§§%r2h@ t he
silicon surface; (ii) surface reaction of the silicon with the reactive

con surface; (i o | ne react
Gesor pti ofOnpO e dth Edehrif LAET KBEFSR) & WA 8 RLABHRR oRBPptor)

because t BRichg @edHebpitRodetivagoringbidhid. elnasite embadgesd@f themaeation,hey
are continuously renmoved fromthe process chanmber 67 82%[ t he evacuation

punp 68. Bndiutadsuifunhexefiuarider(She) gasohewed &omthedtant 8fktorthe digsociatioact i ve
with the portio 1Q0 of .sil.ican ] ayer that ar.e stri,pped. FE nd F+
and F- i oﬁga@&@r n?‘%_)@gdatr@t%é’fl gfgs S{E’éé@fq 3@‘?FSTH%" et d(%{ﬁﬁ' %apﬁgé i ch
the react gﬁggg&é{md SRR ofbizfied E ShONEPIVEAYPD RAAR GALld the
controlle nmonitoring and controlling several operating paraneters.
First, theiliges cohtod fzke 98ranthehdisk 40kw89 exposdrk to thies suciontavergastesatedr 74

may be controlled to determ ne the amount of source gas available to be
di ssoci at elasmaias sbduée@haecondsri ne radi cals. The gas flow rate will

gener al |y det er i e} o BG83 8ol Bel o RIRGASSERAIRER B qARRIAREN®

speed of the evacu e ‘vol'unme of rocess chanber 67

remai n fi xad.of Shitg(66)asdconds Aot @hrbfficoRavaetdmevantiomathe disk,sibng with
etching. For exanple, the gas introduced into chanber 74 may be dil uted

with' an angconigminanisi{egs, phagphowushoentsiged within theueaaved naatenat Afer
fluorine avali |l e for dissocjation. xt . the power a led to t

ener gi zat ?%ﬁ’ @gﬁ%ﬁ‘?" ¢THV‘ %#esa'lmq?% 5%%!" fggno 'eégr??*ésoeﬁhg rgtﬁ@sg[é%n

di ssoci at | 0 ' | [ S the
manner of ‘-%ﬁ%érﬁé géﬁ?’ﬁt;br}}e gﬁ"%bﬁ%%g%%%% |§%§E®§?¢%Hﬁ?§gggaog%mﬁgh%€pe of
ener gy i nparretbvied inhappriowimater 83 secoms. gashiseedlimationcisobasexr] oRRher
thermal). In addition, the duration of tine during which the silicon |ayer
98 is exfuyEwlRto the reactive fluorine atoms may be controlled. In

connection with this exposure tine, the rotation and transl ati on speed of
the disk 40 may be controll ably vari ed.

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

-0-



A conprehensive control system 102 or separate control systens nmay be
utilized to nonitor and control sone or all of these par

precisely 8 5 Novenber 2003 control the etch rate of the%g§§¥%@ﬁ}?89%r 98,
as well as the total ampunt or depth of silicon etched by the reactive
fluorine alemed il tRIR MEBHIRRApiRIsphBRUS Ao o UPE PiLC6r PRI UAY
hexafl uoride (SF6) gas flowed fromtihe tank 80 to the di sséci at 1 8n chanber
74 at a r aoeepoibt i the amudiodnd ipraesspibie amawritef phosphoroas fiaaidesawit drop
energi zation _elenment 76 operated at a power level of 2 kilowatts (kW, and
the sili «fhiRdieating thaj the owiesity i Phasehorgyseestamisgtien has haen removed

. ) _ D . 4 ¢
esul te ot FIEOTCTURSETE:s bafhisThEhler e B8RO Rosss R b ? sPUfIPR DS
seconds, {RafPah Bhnééedsedly MAge BRTTRINE ST 5iliedh if1Botickioved, AchMyolld AR¥%te
contam nants (e.g., phosphorous) contained within the renoved materi al .
After forhojh tin® ancksibents, .6 pm of silicon had been renoved. Because the

rate of silicon renoval .is constant overtinme, jt.can pe estimated that -
055 pm (500 8 of SAPEIRGeg DeETeh BT eabat §imaos 514 SsERe Bhds.
This esti .”é%iéc%e'a%db&fFﬁ%u@H Etdfing ' " lidon-CBhtel R icb HHVEERH dBigribedd1> X
time (t) in seconds. e exposur% tine above refers to an area oﬁ about one
squar e i n&Mith the foheyoing despeiptibn trheirdi, BlswdOer, itds tihderttood|thabthisdeseriptiore f or

the entire disk to be cleaned can be found by qultiplyinapba t he total
area to bds masignerly bprwainaf examples thaf the dayentiongs siot figtitediipithe prgligéabas ed

i ssoci at 1onbApts SOe el Bt Briofs earEhERRieEts MBrEene,
radi o fregupseimtiérnap RSfbIGABRcANIth ARpdcE® thBdorgbinidscriptistelvithonder
the brand name Astex(i), which is a registered trademark of Applied Science

and Techndlepgsting fiem the spoperai theviesntinnsas defineglioy the foilgvding glaires aner

typically, aperate t alower flowrate (and hence | ower pressure),
al though’ SIEIECHINABATS. evel
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of power (e.g., 3 kW than that indicated in the data above. An optical
em ssi on spectroscopy (OES) system may. be used to nonit

constituency of the gases present at the surface of the gﬂg(ﬁ\;evp\'fqelﬁ%o?he
process chanber housing 66. For exanple, if phosphorous contam nation is
pr esent dl—%ig portion of silicon layer 98 to be renoved fromthe disk,
the reac ‘'oducts 9 5 Novenber 2003 created will be in the famly of
phosphorous fluorides (e.g., PF, PF2, or PF3). At sone point in the

moni toring process, the anount of phosphorous fluorides will drop off,

i ndi catirlg t hdt sysiemigroeantsolieblypsisippingr oumortomtafrsilican (98)Hesmbeaslicoanoved
fromthe sili 8. this manner, the cl eaning process may be
optim zed so %?%gl[ an n88@@’£‘§ﬂ9ry | arge anobunt of silicon is not renoved,
whi ch woul d wei§t e  absyiurcé (808 cifhsddmsridad HAESdIEAN ofta RSSREGE [ad:

enbodi nent of @ met hod arjd_systr%m for sel ectivceB_andwcontro Ig% etgthi ng of
a silicon-coaflBd s@rdigseciafion devse dé8rta bedocated im usheproximedeithe silicon

description in mn it is. understood. that- this description is
nmade only by way og og%g"‘n%\f@fa’cte hg?'l t%"g""gﬁ{}'@nﬁ%ﬂ PRUIEEY qqsm'ei‘?e@ tRiasRa
particular enbodi wentaningslisddebsted abattive §asl atd1nt, ¥ AYSodiST BRGERENt S,

nmodi fications, and substitutions nmay be inplenented with respect to the
f oregoi ng descri pt CBAPREWout departing fromthe scope of the invention as

defined by the fol Low L ' val 5 Naverher 2003
CAINE: 1 A Systen oy oacrBtioR et 189 o fififinn” RIS Blan Foe)

froma silicon coat elissonidtiore chambri §74)gwhetdinagass-ptashdd) cotvessisn
conprised at |least partially of a reactive gas; (11} a dissociation device
(70) to be |ocated iqu.?QBS'%‘G’xi mate the silicon coated surface for '

converting sai d sopyGené2fle (V8) forRiiReHRg 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



contai ning di ssoci ated reactive gas atons, said dissociation device

conprising: a) an energisation elenment (76) for directin r i a
di ssoci ati on chanber (74) wherein gas-to-plasna conversi g’nﬁa%g%fgabgnd b)

a nozzle (78) for directing said dissociated reactive gas atons in the

pl asma t pwar d_t he S%{I%anl co%:)egI surface, and (iiji) a control sgstem (102)
for detePnini Eéeéyﬁ Obflaing frevaeren the siicor cpatasnsyrisme is fomerhby sur f ace
by control i ngpnitibg 1dvaF eadf | 53] ' ciafd on
chanber (74 poyPSAIRL B arsfibb A L MRS B I ERIRE LAY
control a rat@5 nitraswi(@inmgas-t o- pl asma conversion; and (3) a tinme duration

of exposure of the silicon coated surface to said reactive gas atons. 2.
The systemof claim1l, wherein the silicon coated surface forns an interior

portion @f a Pheeyskim bREMIHAVARER the HRUNPERIL %%C? 2%n:l_§]§n§éft%h8

m of
claim2, wherein Said reactive gas atons are uorine a Eystem

of claim3, wherienmfamndosimplaoterdd@).ed surface is formed by applying a
| ayer (98) of silicon onto the surface by a plasma enhanced physi cal
vapour deposition (PECVD) process. Il 5 Novenmber 2003 5. -The system of

cl ai m 4, 7wherehe sybiensbf tiafn 6 WHPEinsHEfiRefiol Eoﬂﬁf%@iﬁgn fi‘r‘ﬁg@ﬁit&gisaa | ayer

(98) of silicon_having a_thickness within the rang n crons
(pm. 6. The ‘é’?gﬁféﬂpﬁprfdi%{i #0), wherein the silicon coated surface forms an
interior portion of an ion inplanter (10). 7. The system of claim®6,
wherein the interior portion of the ion inplanter is a

8. The system of claim 7, wherein control system (102) rotates and translates

- 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



waf er - support disk (40). 8. The systemof claim7, wherein control system
(102) rotates and translates vertically said Wafer-supp ti n 35 40)
past said nozzle (78) to control the duration of exposu PPi con
coated surface to said reactive gas atons. 9. The system of cI aim?7,

devi 0) i adj o RF) pl
sher oL 5ol HES PR B b Rmbi gl S RIS AT i e
froma si | icon cogy %@nﬁranii‘-igcﬁf) bnra’%evcﬁc%iii’ce %w( fitd %&rm%éédi&%n (i)

provi ding a source (80 as conprised at ast partra reactive
gas; (ii) converti¢pmber (5?43,i @@@@Wiw@phMMesaic( é@:gi%iodi clemae (g8 to a

| asma cont ai ni ng ate ctive s atons by using e from an
gner gi sation el ene téff%' d (Ei' ﬁ?'ijeq,atsi' gplﬁsmlaoW'ﬁ‘fergapgaﬂaségcﬁ fimey
reactive gas atOWBdUeriéﬂi'Q)fFé)@)%gﬁre bP e dilichR cﬁidté&%’ﬁri%@ét@d% A4"rh At (iv)
adsor bing the dISSOCIated reactive gas atons into or onto the si icon -

surface; (v) react¥3f@tORs.surface of said silicon with the di ssociated .
reactive gas atons to formvolatile reaction products; (vi) desorbing said
vol atile reaction products into a gas phase; and 12 5 Noverber 2003 (vii)

det er ni Mg tTiee nadthodfof ratamy a0, ahessin dheidilicePncdA8Y durkidesisi Mrmekfiee by
controlling g rat ?qu source gas flow into said dissociation chanber

(74): (ii) p YRg #llaved ©8) ) silicare pgtcséha gurfaceyne plasya eshancagont r ol
a rate of sai iii) atinme duration of
exposur e of t@éggci%??c%ﬁ!' co teg @TE% sai reactive \

12. ~ The method of claim 10, wherein the vacuum chamber (67) is part of an ion
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.

13



gas atonms. 11. The nethod of claim 10, wherein the silicon coated surface
is formed by applying a |ayer (98) of silicon onto the %%%%?%ﬁﬁ$é @3plasna
enhanced physical vapour deposition (PEPVD) process. 12. 8% of

cl aim 10, wherein the vacuum chanber (67) is part of an ion inplanter

(10), and wherein the silicon coated surface is a wafer-supporting disk
(40) disposed within said vacuum chanber (67). 13. The nethod of claim 10,
further comprip ; 0 ' ' rogducts i e gas
phase 1 omSai i o od SRRl 16 SunchY 37 Hept ATO BRI sDulih 498 o
(68). 14. The' tonatmagmafant3diredtimgesaid shissbaistad tregethgngagtatomsab@atd tes i ne
atonms. 15. The_pethod of claim 14, further copprising the step of diluting
sai d source (%@Eforbfcoagesd \ﬁ“?"ﬁcﬁna'ienéP?Ofga@S.hefQRme aréedigdirefueny fRE), s
wher ei n appr oxpowRéRdypladPaoubedS pm of silicon is stripped fromthe o
surface. 17. The nethod of claim 16, wherein said step of controlling the
time of duration of exposure of the silicon coated surface to said
reactive gas atons conprises rotating and vertically translating said

waf er -supporting disk (40) past said flow of dissociated-reactive gas
atonms. 13 5 Novenber 2003 18. The nethod of claim 16, wherein said steps of
converting said source gas to a plasma and-directing said dissociated

reactive gas atons toward the silicon coated surface are acconplished
using a radio frequency (RF) powered plasna source. 14

4



ABSTRACT SYSTEM AND METHOD FOR CLEANI NG SI LI ON COATED SURFACES I N AN | ON

| MPLANI ER A net hod and system for controllably strippi %q?l&e%ﬁe}bﬁ of
silicon (98) froma silicon coated surface, for exanple, froman Interior

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) %ggnggg i radi o frequency (RF) plasm
source | ocated proximate the sili 9 d surface for converting the
reactive gas to a plasma of dissociated reactive gas atons and for
directing the dissociated reactive gas atons toward the silicon coated
surface. A cont r SSTE D BIHDIKR CLEAKING SISO STRECES of A9 enowelannh t he
silicon (98) fromthe surface by controlling (i) a rate of source gas fl ow
into and the anmount of power supplied to the dissociation device, and (ii)
the time of exposure of the silicon coated surface to the plasma. The -

I nvention is useful, anong other things, for renoving a contam nant-| aden

| ayer of silicon froma wafer-supporting disk (40) in an ion inplanter,

155 %7 LIS o o ant e oo ety b it
deposl t i offorpECoticoprerated surface, for example, from an interior portion of an ion
implanter (10). The system comprises (i) a source (80) of gas comprised at least
partially of a reactive gas, such as fluorine; and (ii) a dissociation device (70) such
as a radio frequency (RF) plasma source located proximafe the silicon coated
surface for converting the reactive gas to a plasma of dissociated reactive gas
atoms and for directing the dissociated reactive gas atoms toward the silicon coated
surface. A control system (102) determines the rate of removal of the silicon (98)
from the surface by controlling (i) a rate of source gas flow into and the amount of
power supplied to the dissociation device, and (i) the time of exposure of the silicon
coated surface to the plasma. The invention is useful, among other things, for
removing a @ntaminant—laden layer of silicon from a wafer-supporting disk (40) in
an ion implanter, wherein the silicon coated surface has been formed by applying
a layer (98) of silicon onto the surface by a plasma en-hancéd physical vapor

deposition (PECVD) process.

FIG. 1
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