10 Novenber 2004 | ON SOURCE HAVI NG REPLACEABLE AND SPUTTERABLE SOLI D
SOURCE MATERI AL Rel ated Application The fol |l owi ng U. S10 paveraberg98ri cat i on
is incorporated by reference herein as if it had been fully set forth:
Application Serial Nunber: USSN 633,324, filed on 7 August 2000, entitled
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systens such as ion inplanters, and nore specifically town ion source 10

for use in such an ion inplanter avi a replaceabl e and sputterable
solid source material contai ned‘i{ﬁwapﬁﬁﬁéﬁ%’hnd of the Invention In

the | arge-scal e manuflacture of integrated circuits, ion 15 i.nplantation has
become a standard ag:c-ljﬁfé OW%H@J%}G traRFfCl'&aﬁ?fﬂgﬁ 'PS?U)é)ﬁﬁted\Rr;Fr FEOEE such
as silicon haéiras Witthad auH il 88t fdrVYIMicaieh Seaal NUHb%&t@SSPJ‘GS:?,g?&,te”E

include an ion sqource that ionizes a desired dopant elenment which hen .
accel er at edilehon driwigusti2fR0pertilied MagpetforGenerating edVlagmetic Fietd insamidrs |

directed a S . MOF ki .inpl ant the workpiece with the
dopant go tédéj?ng%ﬁéjamggﬁblcéggiﬂl&{‘gﬁé%@g a{‘)ﬁgcé‘@‘?ﬁbeam penetrate the surface
of the workpiece so that they are enbedded into the crystalline lattice of

the workpiece nmaterial to forrr!:faelrdegif?ﬂeolfnc-};@,ﬂibﬁ:ﬂ conductivity. The
In a

i npl antation process is typically perforne I gh vacuum process

chanber whi ch preventThedpreBenSineBnticH rélbl@zsig%é'hebﬁ%_l}hefﬂ@id bFsERRoNlBtor
resi dual gas nol ecul es and which mnimzes 25 the risk of contam nation of
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Typi cal | y, matghiatcomaimedithpteimt ers (generally capabl e of generating tens
of millianmps (nmA) of ion beamcurrent are used for

Background of the Invention

In the large-scale manufacture of integrated circuits, ion
16 implantation has become a standard accepted technology of industry to dope
workpieces such as silicon wafers with impurities. Conventional ion implantation
systems include an ion source that ionizes a desired dopant element which is
then accelerated to form an ion beam of a prescribed energy. The ion beam is
directed at the surface of the workpiece to implant the workpiéce with the dopant
20 element. The énergefic ions of the ion beam penetrate the surface of the
workpiece so that they are embedded into the crystalline lattice of the workpiece
material to form a region of desired conducti\fity. The implantation process is
typically perforrhed' in a high vacuum process chamber which prevents‘ dispersion
of the ion beam by collisions with residual gas molecules and which minimizes
25 the risk of contamination of the workpiece by airborne particulates.
lon dose and energy are the two most important variables used to
define an implant step. lon dose relates to the concentration of implanted ions
for a given semiconductor material. Typically, high current implanters (generally
capable of generating tens of milliamps {(mA) of ion beam current are used for
30  high dose implants, while medium current implanters (generally capable up to
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30 high dose inplants, while mediumcurrent inplanters (generally capable
up to 1 10 November 2004 about 1 mA beam current) ar& Newmbes20 %6mer dose
applications. [on energy is used to control junction depth in

sem conduct or deV|ces The energy levels of the ions that conprise the ion

beam det e@poné (A beagh serrent) ééfptlﬁe‘é)forﬂﬁ\éfef Apsaapelications. [ef gREwWvES gy
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t housand electron voI . Convention ﬁn sources utilize an
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vapori zed source e S are or on sphor ous :
(&), i ndlellmnt(om\)oltm(n‘uﬂevr)pwynle Shallowijuhdioae may ¢wly)demdinbereming beowl eent s
can be provi ded solid r in gaseous form such as boron, which may
be provi dghoqsrard &ﬁg\}roggp!t% Iﬂ%m (B). or in gaseous formas boron

trifluoride (BF3). Qfé’hvehﬂﬁﬁ‘m%m sBHdeRitilizé széﬁﬁaglb%ﬁfbé%@ 8g8%atqé being 15

toxic and flammabl e, as we being corroesive to inpllantér surfaces due
to. its fdbmmnedeltbenﬂbes:dlytfromawrcelof amonsressed ges fopinditsctly fionyaat ons

type 30 | aiid Grams SMGHAT bedh Shp et P Bohfes Gant afe PR ®s an®
anode, an%l@sbhbmm@aﬂmﬁhma@%aw (1R}, &infimdnyqSb) uasd aﬁyémca@s'c} cat hode.

In operation, an arc voltage is applied bet ween the fil anent and the
wal |'s of tilkgserapusemalsaentecanibe W@@w@ﬂzegolrd foramenin garaoMsdammaasuch enits

hi gh- ener r t IIy

ar ounded ¢ 206, Wk ray B8 prdifed T ShERAAE DR IRDor aotk thhf

cont ai ni ngopen effiudride(BFEN BRYshdweerdsiffirs fitohe thy disalieantaged\of beimgan i nl et

. 25 Arepeller Ris Bosmloned within the arg chanber AC opposite the

filantft foxicRadflamamakle, as vl r%%bamg@@rnoylvpéeém qrHer Wﬂf%rffu%m i ed

sggfgaogzmghgtﬁﬁﬁd%ﬁthese electrons to a path P1 within an ionization
A typical ion source 10 for obtaining atoms for icnization from a

solid or gaseous form is shown in Figure 1. This type of ion source comprises an
arc chamber AC, which functions as an anode, and a filament F contained

20 therein which functions as a cathode. In operation, an arc voltage is applied
between the filament F and the walls of the arc chamber AC. The energized
filament thermionically emits high-energy electrons E that are accelerated toward
the electrically grounded (i.e., relatively positively biased) chamber wall. A gas
containing boron or phosphorous is fed into the arc chamber AC via an inlet [.

25 A repeller R is positioned within the arc chamber AC opposite the
fitament F. The repeller electrostatically repels the filament—emitted electrons E
to confine these electrons to a path P1 within an ionization region between the
filament and the repeller. The electrons E collide with and dissociate and/or
ionize the gas molecules in the iqﬁization region, where the number of collisions

30  with ionizable gas molecules is maximized. Positive ions are created when an
electron is removed from the outer shell of these gas molecules by the filament-

emitted electrons E. in this manner, a plasma is created comprised at least



filament and the repeller. The electrons E collide wth and di ssoci ate

and/ or ionize the gas nolecules in the ionization retf VAVCUpRE20¢he nunber
of collisions 30 with ionizable gas nolecules is nmaxim zed. Positive ions
are created \M]ﬁn an . ctron is removed fromthe outer shell of these gas
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repel | er  Ehérdbl pefttlg MorRdeefaf iofB! Fhe oo HRIGREE cufBhDiB daRIsRY {d|Vb)- The

repeller is permtted to reside at a floating éelectrical potential. A
ceram c i meANigizsythe extragtesd iop hearm cutrent andiosrheamndualify. r epel | er fromt he

wal | f th ' t ypi int al ned, at d

potentfal . The t i1 andrderpidils RyBlRuBREroell B BafpCmdr{eimy ang
thermal | y (Mo}l ahedebelmniggéhniﬁad%b@éid@@dafﬂo@ﬁn Reecical potertpy. vl |s. Wen
lons need to be obtained froma solid source, the walls of the arc chanber

may be cofgtaniciagulaiordy insitates hethrthe flgmenianbine spelleriromitae malls ofuch as
PO oo IR REES S e R e el Ao Bl LERE b, 25
source, aff amkthe epelleeR ayashareby ekctdealigrandAhgrmnallyf igdlated frobheacty ¢ chanber
bl asrid TR ERM e st R WBlE er of ches materi i from the boron
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arc chamber may be constructed of or lined with a sputterable source material
such as boron, as in Japanese Patent Application No. 96JP-356494, filed 12-26-
96 (Publication No. 10-188833, published 07-21-98). In such a sputter ion
20 source, an inert carrier gas such as argon (Ar) is fed into the arc chamber AC via
inlet | and is ionized by the filament F to create an ionized plasma. The ionized
plasma then sputter etches material from the boron Ii‘ner', which in turn is
dissociated and/or ionized by the electrons emitted from filament F. The
resulting positive boron ions and positive argon ions are extracted through the
25 source aperture SA in the form of an ion beam. The ion beam is subsequently
mass analyzed to remove the argon ions to produce an ion beam comprised
substantially of ionized boron atoms.”
Known sputter ion sources, however, require the sputterable wall
liners to be replaced after they havé been sufficiently eroded by the sputtering
30 process. In addition, the repeller must be maintained, as it may become eroded

over time. Still further, if the sputterable wall liners are changed to effect a

different ion species (i.e., from boron (B) to phosphorous (P)), previously



resulting positive boron ions and positive argon ions are extracted through
the 25 source aperture SA in the formof an ion beam 10NavareherZ88f i s
subsequently nass anal yzed to renove the argon ions to produce an ion beam
conprised substantially of ionized boron atons.' Known sputter ion

sources, however, require the sputterable Wll liners to be replaced after
t hey have been sufficiently eroded by the sputtering 30 process. In

over t| no. P feieSRipteRl B4 PRAEIIPRP By R ik aPE SBPBef anged 1o

effect a cohfdnsinatién. THuss Reeffés dr iof-bednt epeles eRands, Boh phwspiesabe (P)) .,
previously 3 10 Novenber 2004 sputtered nmaterial coated on the repeller may

pose a ri ¥l dmer%ﬁngﬁw@@lfe&wbmﬁa@n@ﬁd Thus, to effect an ion beam
speci es change, bot %cﬁcﬁﬁjﬁ@ytufﬁr{)}%@ %@ltt\%‘g'r&eern?t%ﬂtlgp?o a{ﬁr mst be

changed. Accordingly, ‘an o resent |nven 0 provide a
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a repeller and as a sputterabl |'1d source nmater I's yet a further

obj ect of mrhenmlan@nncbmaommerihat/ﬁuaetms beithama sepdéler amdraeralsputtgrabllﬂa
characteristics of th ea tive ont r ol t he. vol t age

appl 1 ed 1 601 Eopisntarer bt AT Hreh bt o FRORV R B SR i th o
first aspmécr@huérﬁ%rnfm@nmgltﬂé@hbtédtenétl&gr&thé prbéuth dgthdinelyon source for
an ion inplanter, conprising: (i) an ionization chanber defined at |east

partial | yCBS)tr@'Ha@rﬂéﬁP Vﬂﬁﬂg%a@ﬁwdﬁﬁ\lhﬂge%@“&l"nl et into which a sputtering gas
may be injected, and an aperture through which an ion beam (B) may be
extracted; (ii) an ionizing electron source for ionizing the sputtering
gas to forma sputtering pl as‘iummawgfthq ll&VWlﬂerabl e repeller for (a)

:)reg\e/! lj: 28 Sl ectr Onslr?@c%re anéé w%da fl?ql a%s'pr}a%t feiﬁteré)rrésgg Encveentlon, tf(nel)e

is provided an ion source for an ion implanter, comprising: (i) an ionization
chamber defined at least partially by chamber walls and having an inlet into
which a sputtering gas may be injected, and an aperture through which an ion
beam (B} may be extracted; (ii) an ionizing electron source for ionizing the
sputtering gas to form a sputtering plasma; and (iii) a sputterable repeller for (a)
repelling electrons emitted by said ionizing electron source, and (b) providing a
source of sputtered material that can be ionized by said electron source, said
sputterable repeller comprising a slug of sputterable material and a mounting
structure for mounting said slug within said ionization chamber, said slug being
removably detachable from said mounting structure, wherein said repeller is
electrically isolated from said ionization chamber walls, and wherein said repeller
is negatively biased with respect to said ionization chamber walls; (iv) a variable
power supply for negatively biasing said repeller with respect to said ionization
chamber walls; and (v) a controller for outputting a control signal to said repeller
power supply to vary said negative bias based in part on a received ion beam

current feedback signal.



source of sputtered material that can be ionized by said el ectron source,
said sputterable repeller conprising a slug of sputt¥MeyenbaieP4al and a
nounting structure for nounting said slug within said ionization chanber,
said slug being renovably detachable from said nounting structure, wherein
said repeller is electrically isolated fromsaid ionization chanber walls,
and wherein said repeller is negatively biased with respect to said

i oni zati on chanber s el VArJ (o} [
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i oni zed by@ndaiuathes moreprisiag (1) snyariablen eowes rgurpdy dgr Erovidingasi aggativeower

supply for el [ . .&l rj i Ld repeller.. and (2)
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(Cs), ger man:Jum | l(JGe%élgr%lpegéﬁ%lﬂﬁné%?ﬂ}bb@wgﬁ%%ﬂﬁ/ﬁ%%fg%@hg%%ﬁgmsd%? : ;J
The repel cempoapdbecindipgt ameb thHesesadmaints alempeéatn (Ad), thoeon i(B)i bEayliiom
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i de_dynafpe oo BEY c28am o) GirTimiTey R o Tatenuie oBed) iimamor "t he
Draw ngs (Sb), or silicon (Si). The repeller may be negatively biased with respect to the

ionization chamber walls, and may be continuously variably biased to provide

for a wide dynamic range of resulting ion beam currents.

Brief Description of the Drawings

The invention will now be further described, by way of non-limitative
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The invention will now be further described, by way of non-limtative 4a 10
Novenber 2004 exanple, with reference to the acconpanif Nevemieni2R84, in
which:- Figure 1 is a sectional view of a conventional ion source; Figure 2
is a sectional view of an ion source constructed according to the

princi pl e$x8MRlgewih sefergngerfodhe peppmpanyiga deavsings, @ whishi-onal vi ew of the
repel ler portion of fifiGiel PR SQUKER-Pliew i ESnRintBhBLER hulcyan el ectrical
schemati c bl ock di agramshow ng the power ~ supplies at” ‘power the ion

source of Figure 2; Rigareft gur sechiohal vew ef eatioh salircecvasttcted kicookindj &gr am
of the repeller power 10 supply control circuit. Detailed Description of a
Pr ef er r ed tBRPBHACIPER OFHBLATRSIY IMNGRYOB: t he drawi ngs, Figure 2 shows an ion

sourceg10 for an 19j ' i ' | of t ' ntive
Tapel 121 100 of t ho WWaSe 4 Sutarroion phihe boelel BeRbRRK B selrcd ¥ e
wal |'s 12 tHigdref2;0m an ionization chanber 14 in which a plasma is formed. A

source aperture plate 16, having an  aperture 18 forned therein, permts .
the ion beamB to bﬁﬂ‘i‘%'ﬁﬂﬂe Ftr@ﬁbsﬁtﬂwgtﬁ:tmﬁq(d@gméﬁmﬂn% Wt i on

| ectrod ; i t ti | ectrod
et e peplorth Rpe Ry, oot on o e ous o

ative respe to the aperture plate 16 and the
ot her ion source walfigueX issm albcticdl lsehematih bk deagramatfdhe fepmiet pewer
ionization chanber,. ,is conprised primarily of positive ions. Al um nium
suppo |§&QPS/4C%{HE135§E§C§| pport half rings 28 and 30, respectively, which
gui de the ion beam B through graphite inserts 32 in the source housing 34.
25 An ion source assenbly support tube 36 surrounds and supports the

i oni zati on charber ddetaibadDescriptionpf hdupfettedbBmizodiment 40
electrically isolates the nounting flange 38 and a flange 42 on the source
housing 34. The insulator 40 isolates the source housing 34 fromthe

ener g zat i on Vol | A9%(LRM Toifto e dARRRGE FighR"SsH B IGHA&ES 30 for S

15 ion implanter into which is incorporated the inventive repeller 100 of the present
invention. The ion source 10 comprises chamber walls 12 that from an ionization
chamber 14 in which a plasma is formed. A source aperture plate 16, having an
aperture 18 formed therein, permits the ion beam B to be drawn out of the ionization
chamber 14 by extraction electrodes 20 and 22 along a path P2.

20 The extraction electrodes are typically negatively biased with respect

_ to the aperture plate 16 and the other ion source walls 12, so that the ion beam
extracted from the ionization chamber is comprised primarily of positive ions.
Aluminium support legs —24 and 26 support half rings 28 and 30, respectively, which
guide the ion beam B through graphite inserts 32 in the source housing 34.

25 An ion source assembly support fube 26 surrounds and supports the
ionization chamber and abuts a mounting flange 38. An insulator 40 electrically
isolates the mounting flange 38 and a flange 42 on the source housing 34. The
insulator 40 isolates the source housing 34 from the energization voltages required
to generate ions in and accelerate ions away from the arc chamber 14.

30 Within the chamber walls 12 of the ionization chamber 14 resides a
filament (not shown) at least partially contained within an indirectly heated cathode

44, at one end of the chamber, and the repeller 100, located at the other end,



30 Wthin the chanber walls 12 of the ionization chanber 14 resides a
filanment (not shown) at |east partially contained witH NowimbsidOPdct |y
heat ed cat hode 44, at one end of the chanber, and the repeller 100,

| ocated at the other end, 5 10 Novenber 2004 opposite the cathode. A

sput t er i ngPBasitasthencatbode gor ERUItETiRY DAP sICBRY AfgoM (fe) IS Biticied inde tedhamber

14 via i . . ) . A v . em
ol cot t ons SRS NG 4 RS 4 oca L Flechiambul df BFee e uicBeline ace
the indieattdlyctheal ethazsatiitatientdmitisdididctiohstadcalceatettswatdesid ettadtnbe t he
arc chanmber 14. 5 The repeller (or anticathode) 100, which resides at a

negative BYAEEHY badted selipdest4. whigh indptmemits gigalions dntedne arc ehapeher dhe

el ectrons - . by
Funct  one 113 TeRe Tl shABEORer RIEING oo atd PoRBRERIEIARBoGRRAT Y e
chamber, abéurtherlexplameddddwe, repelsities tleattoheback toveird tras entapicathoderd.
subsequent  ioni zatign of the sputtering gas nolecules. 10 Surroundi ng the

i oni zat i ohhen@Rsier 180 dhaehvefunclisasdpycentmly: eenfineothase sahpde-emitedvl v
support t 3 I S ' | ' und a
oaPP ot cHRpoR VAL Shaoll e TRRAG O Eod B iiler ORIl
each ot heandsdbsadueant idnizatiarhef thelspuitéringgds (molefulkeat shiel ds 50 attached

to e of the magngtic poles 48. .A non-magnet.ic shield 52 rrounds . the 15
ont§ 1 mgnet - aseonSHyOHBSIBEtag niARUCAIING 1# ARAUIRLESSPERN, MPRISRt f ons.

The magngy fife §duﬁb@§s§érﬁbﬁr%gﬂtﬁ%ﬁ%ﬁ%wigggh?§ &i? Qﬁia%ﬁhia‘?goﬁé'%%ou%“ to

enhance plasma i1onization, . e ioni tering gas generated in
t he i oni zwhiahniscwanbdra pair 6bcois,a(ii} poagnaticnpolesadBravhitiatare riametricaliy

repeller 100 Lch i own i.n_greater O detajl in, ElLgure 3.. The
Sputtert ngPppsiihis ook QBSHAnY "t o478 sbBrhe, 4t HERRELAOMSSY o (s
(+1- 10 VattadMedsd@seh of i rRBALLIEPOIES 48C HRGM-BRfgnetis shiekPsP swaditiddané Si O)

t hreaded bl ock 102, a Si C threaded |ocking elenment or sleeve 104, which

scr el oneblirermaagnetassembly teshiald thegssarably fiom backsiieaming clegirans: Thait t er
o et ol W o chigBREALA L i e Bhalod Shefigt s TEHERREY, T
(B), beryplasmma ioBization rates. _
The ionized sp'uttering gas generated in the ionization chamber 14
forms a sputtering plasma that impacts the repeller 100, which is shown in greater
20 detail in Figure 3. The sputtering plasma resides at a low plasma potential of
between +/- 10 volts (+/- 10 V). As shown, the repeller 100 comprises a silicon
carbide (SiC) threaded block 102, a SIC threaded locking element or sleeve 104,
which screws onto the threaded block 102 by means of threads 106, and a sputter
electrade slug 108 which is secured to the block 102 by the sleeve 104. The sputter
25  electrode slug 108 may be comprised of aluminium (Af), boron (B), beryllium (Be),
carbon (C), caesium (Cs), germanium, (Ge), molybdenum, (Mo), antimony (Sb),
silicon (Si), or other suitable material. Generally, a suitable material will have a
melting point of greater than 800 degrees Centigrade (800 ° C). The threaded block
and threrade'd locking sleeve construction permit sputter electrode slugs 108 of
30 various elements, or compounds thereof; to be easily interchanged.
This electrode material is spuftered away during operation of the

source to provide an elemental source of ionizable material that is ionized by the



carbon (C), caesium (Cs), germanium (Ge), nol ybdenunlgp (M), antinmony (Sb),
silicon (Si), or other suitable material. Generally, t Hoyarar@Oféteri al

will have a nelting point of greater than 800 degrees Centigrade (800 O).
The threaded b] ock.  and threaded | ocking sl eeve construction g_rrrit sputter

el ect r odelCSYZ55s SRUBEHIT 986- vAr PEREVElY &eheged 1@ hegmpdairfidrac 1 the pe
easily in | r , i ' '
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mat eri al R6and 22 (referdedkhy Ridiee®@)1 @\ Mags dnelysROddgnehimagdhsep etidiliced gas.
A positively charged ion beamis extracted fromthe ., ionization chamber
D ough t ettt dRe postiysly cheides 060 g i spuiTing gas (p-Br SEaodeun e ond
22 (refer IS | 5 ' L hkzed
Co 1113 o PSRN Endro@llichedoncha Bl bt i othisr FREAGIe B, bORIA) REphitibe
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I on beam energy levels of only 20 kilo electron volts (20 KeV). 15 The

repel | er abibeifepelien matatial.r bhtherceseafiBratansha breabeputieieprellerby0 neans of
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t hrough the pT OV ans_for connectron to a r er power
supply 1ddAly(2ekildrelgotren 4dlts EteKpeper supply 114 is used to electrically

bias the repeller ' negatively (wth respect to the electrically grounded
Chantid wal s 12). AGegaeslier 400 Rdsolaisel ¥ BeprIERYe ChombgT WAL BNt o
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through the wall 12 and provides means for connection to a repeller power supply
114 (see Figure 4). The power supply 114 is used to electrically bias the repeller
negatively (with respect to the electrically grounded chamber walls 12). As such,

20 the repeller will effectively function to repel cathode-emitted electrons confined
within the ionization chamber 14. Preferably, the power supply 114 is rated at
10ani‘ps (10 A) and is capable of providing up to —2 kilovolts (-2 KV) to the fepeller.
Typically, the repeller is biased to about —600 volts (-600 V) with respect to the
grounded chamber walis.

25 In addition to the repeller supply 114, an arc power supply 116 is
provided to negatively bias the endcap cathode 44 with respect to the grounded
chamber walls 12. The negative bias permits the some of the cathode-emitted
electrons to accelerate toward the chamber walls fo create the arc necessary for
ionization of the sputtering gas. Tl,h.e arc power supply 116 is preferably rated at 7

30 A and is capable of providing up to —1 50 V. Typically, the arc power supply is
operated at about —110 V.

A cathode power supply 118 is provided to positively bias the



10anmps (10 A) and is capable of providing up to -2 kilovolts (-2 KV) to the
repel ler. Typically, the repeller is biased to about!QBewEnkart2d0¢- 600 v)
with respect to the grounded chanber walls. 25 In addition to the repeller
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volts below the end cap voltage which is sufficient to heat the end cap
cat hode 4thergionigally emits edectransrinicoifiectiianybesni ts el ectrons into the
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the higher the resultant ion beam current withdrawn from the chamber. As shown

in Figure 5, controller 122 uses as its inputs an ion beam current feedback signal

124 and an ion beam current setpoint signal 126. The controller compares signal

20 122 to signal 124 and outputs a control signal 128 to the repelier power supply 114

based on the difference therebetween. As such, the closed loop control system

* shown can be used to continuously vary the repeller power supply voltage, based

on real-time measurement of ion beam current, to control the ion beam current to
desired levels.

25 In addition, the pressure at which the sputtering gas is provided to the

ionization chamber will also effect the degree of sputtering of the sputter electrode

108, and hence, the beam current in the resultant ion beam. In this manner, a

combined control system for controlling sputtering gas pressure and for controlling

repelier power supply voltage can_,be employed to provide a wide dynamic range of

30 resulting ion beam currents. The sputtéring gas pressure control system could

employ a controlier similar to controller 122, and also utilize ion beam current

feedback signal 124 and ion beam current setpoint signal 126.



in Figure 5, controller 122 uses as its inputs an ion beam current feedback
signal 124 and an ion beam current setpoint signal 1¥ENovabes@RP4ol | er
conpares signal 20 122 to signal 124 and outputs a control signal 128 to
the repeller power supply 114 based on the difference therebetween. As
such, the cl osed | oépceminglyla p;&feremi egtimaimeahoba ras@tertfor a0t aowEs| y
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i oni zati on chanber wi Il also effect the degree of sputteri ?tOf the sputter
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The sputtering gas pressure control systemcould enploy a controller ,
simlar tdeﬁﬁﬁdgﬁﬂMQﬁﬂEm@ﬂgéhmnaﬁgdtmﬁweﬂﬁwabﬂﬁibean1current f eedback
signal 124 and ion beam'current setpoint signal 126. 8 10 Novenber 2004
Accordingly, a preferred enbodinent of a repeller for an !on source has
been described. Wth the foregoing description in mnd, however, it is
understood that this description is nmade only by way of exanple, that the
invention is not limted to the particular enbodi nents descri bed herein,
and that various 5 rearrangenents, nodifications, and substitutions may be
i npl enented with respect to the foregoing description w thout departing
fromthe scope of the invention as defined by the follow ng clains and
their equivalents. 9 10 Novenber 2004 CLAIMS 1. An ion source for an ion

i npl anter, conprising: (i) an ionization chanber defined at |east partially
by chanmber walls and having an inlet into which a sputtering gas may be

i njected, and an aperture-



t hrough which an ion beam (B) nmay be extracted; (ii) an ionizing electron
source for ionizing the sputtering gas to forma squ%@?Y@@Pﬁﬂzggﬁa; and
(iii) a sputterable repeller for (a) repelling electrons emtted by said
ionizing electron source, and (b) providing a source of sputtered material
that can be ionized by said electron source, said sputterable repeller

conprising a g H\QSOf sputterable material and a nounting structure for
nount i ng sai wi thin said ionization chanber, said slug being

removably detachable from said nmounting structure, wherein said repeller
Is electrically isolated fromsaid _ionization chanber walls, and wherein
sai d repel | erlis Adyanisearse farandgnimplantere 6p@Erising: sai d i oni zati on chanber

wal I's; (iv) a vari : ' i as| 3l er
W th respobt to sda SAESRen ARG, Hefindl A AN B) BB EWRER Ehi;
out putting a havirig an idétintd whithsasputterpe das magwer injestehlandt an spegureai d
negati ve biag, based j.n part %n a ceived ion beam current feedback .
signal . 2. Tf{Equ@E' whigh an igp bepg; maﬁﬁér%ﬁ?ﬁc 'd sputterable repeller and

said electron soyfrsn ﬁfrﬁziﬁ@‘é'lﬁ%n%o&@@ﬁﬁiibﬁz@?;gﬁﬁ% g;ﬁtgﬁﬂ%gﬁg?t&?drhpa

chanber. 3. The ion source of claim1l or 2, wh nting structure
i s conprisedpyttedny plasmaasl de (SiC). 4. The ion source of clains 1, 2

or, 3, wherein a nRhLi | ' tterahle material,.is_greater
t han 800 degrees gﬁ‘i)%og%g%@%@?@%%z{ag%bﬁi@q%ﬁ&g%l’{ﬁ%@l %?ﬁgne of
claims 2 to 4onivingreddctrarpssursplane (Bprovidirgf £sbafcel 6f spairdce@idal et of
the foll ow ng el enents, or. comi)ounds i ncludin ry of these el enents:

al unmi num ( Al FanR& BRIZEE)bY trit wlectinn saEge. saich SBue able repslist comptising a
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within said ionization chamber, said slug being removably detachable from
said mdunting structure, wherein said repeller is electrically isolated from said
ionization chamber walls, and wherein said repeller is negatively biased with
respect to said ionization chamber walls;
(iv) a variable power supply for negatively biasing said repeller
with respect to said ionization chamber walls; and
(v) a controller for outputting a control signal to said repelier power
supply to vary said negative bias based in part on a received ion beam

current feedback signal.

2. The ion source of claim 1, wherein said sputterable repeller and said

electron source are mounted at opposite ends of said ionization chamber.

3.  The ion source of claim 1 or 2, wherein said mounting structure is
comprised of sificon carbide (SiC).

4. Theion sourbe of claim 1, 2 or.3, wherein a melting point of said
sputterable material is greater than 800 degrees C.

10



Il oni zi ng el ectron source conprises a heated filanment at |east partially
surrounded by an end cap cathode. 7. The ion source of0 Mayerehes 26P4t he
precedi ng clains, wherein a potential of the repeller is different than a
potential of the sputtering gas. 8. A repeller for an ion source for an ion
I npl anter, conprising: (1) a sputter electrode slug conprised of a materi al
whi ch may be _sputtered by an_ ionized gas; &il) a bl ock for supporting the
el ectrode sl Wy; aHte {onisodree phamy age ef elqims 2rtord, whaseiaisald sputierabley t he
sputter el ect : : P | u I ode sl ug
both (a) repe’f@%g'laﬁcs@c’ftr@' éﬁ%@aﬁé’éﬁ&h%@!ﬁﬂgﬁeié'ﬂgﬁgzéhsé’gg’?ﬁg% (b)

provi des a sdocludingfarsmftthesedlenmaritsralaminumiAbaboroe (B rbergitiutpyBeai d

i oni zed gas, and further .co isin 1 ari ab ower pply for
provi di ng- . reaen (), reatin i) saariumglRy MepBrBam (Malabolyoay (Sb)
control ler fof fidopEsisi Ng a control signal to said repeller power supply

to vary said negative bias based in part on a received i on beam current
f eedback signal received fromthe ion inplanter. 9. The repeller of claim

8, wher ei i d q | t t id . hlock.to. th
Sput ter el cortoad N6 g SpBHER e Vit e FracSfbg i bneteBifes or o
wher ei n sai d ibpigitigeleer@nedtrcabnsaisésy RektetitfildPeNoxeiehbsr p2 @8ty ar e

conprised of silicon carbide (SiC). 11. The repeller of claim8, 9 or 10,
wherei n a nel3UriYINgsdhy @t erdcap cafiipdeer abl e material is greater than 800
degrees C. 12. The repeller of any one of clains 8 to 11, wherein said
sputterable material is conprised of any of the follow ng elenents, or

conpounds i ndl.udi peaory sofrcetdiesy ariecofithe preedding claiméAlvherdin mopotéBjial
ant | oy ( SoyP T FSHIRE e Maft PRAR B ENec U BRiSane. of ol i ms 6 1 o
12, wherein the negative bias of '
8. Arepeller for an ion source for an ion implanter, comprising:
(i) a sputter electrode slug comprised of a material which may be
| sputtered by an ionized gas;
(ii) a block for supporting the electrode slug; and
(i) a locking element for removably attaching the sputter electrode slug
to the block, wherein said sputter electrode slug both (a) repels electrons
contained within the ionized gas, and (b) provides a source of sputtered
material that can be ionized by said ionized gas, and further comprising (1)
variable power supbiy for providing a negative electrical bias to said repeller;
and (2) a controller for outputting a control signal to said repeller power supply
to vary said negative bias based in part on a received ion beam current
feedback signal received from the ion implanter. |

9. The repeller of claim 8, wherein said locking element screws onto said
block to secure the sputter electrode slug to the block.

10. The repeller of claim 8 or 9, wherein said locking element and said block

11



the repeller is different than a potential of the ionized gas. 12 10
November 2004 ABSTRACT | ON SOURCE HAVI NG REPLACEABLE HNNowsmperer2RasE SoLI D
SOURCE MATERI AL An ion source (10) for an ion inplanter is provided,
conprising: (i) an ionization chanber (14) defined at |east partially by
chanber walls (12), and having an inlet (45) into which a sputtering gas
may be injected and an aperture (18) through which an ion beam (B) nmay be
extracted; (iare comprissdzfisifioonezarbide (SiG)y.ce (44) for ionizing the
sputtering gas to forma sputtering plasma; and (iii) a sputterable
repeller (100). The sputterable repeller both (a) repels electrons emtted
by the el ect roh Heuepellesiclbim spoaritdewhersil ity SHiHt bpsHd materi al
that can be ionized by the electron source. The sputterabl e repeller (100)
conpri ses a sﬁn&kjlerq%mat@flalslwr%ﬁeam@%@éeg@es G@nd further conprises
nmounting structure (102, 104) for renovably nounting the slug within the

i oni zation chanber (14), so that the slug is nade renovably detachable ‘
from t he mourttd. Tegepelaraf @ny-onhe cigimstdetoadd, evhereinessicibputtarabe majer| t he

N o T T R S
MR . Th
92[)21Iilmelrjm ((1(%%3? gmr?g%gtgwgnw%‘?géle)gﬁﬁ th relgégmtunfga t Lgbm @fl on cﬁanber

wal |'s (12), &agshay(C g@ﬁﬁ@hlﬁﬁbiﬁ,ﬂz}ymmybcmum BVia} extimonyr(Gb),der silcora wi de
dynam ¢ rang?SBf resulting ion beamcurrents. Figure 2 13

13.  The impeller of any one of claims 8 to 12, wherein the negative bias of
the repeller is different than a potential of the ionized gas.
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