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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
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of the workpiece so that they are enbedded into the crystalline lattice of

the workpiece nmaterial to forrr!:faelrdegif?ﬂeolfnc-};@,ﬂib?ﬂ conductivity. The
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material contained therein.

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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for a given sem conductor material. Typically, high current inplanters
(general |y capable of generating tens of millianmps (HANowIMbesZ0B&am
current are used for 30 high dose inplants, while nmediumcurrent inplanters
(generally capable up to 1 10 Novenber 2004 about 1 mA beam current) are
used for [eHREE 1dBAdeamprvEant ra UsedirTdAwpyYose applieations. demensiIgyjisinct i on
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vapori zed., Typi cal, source el epgnts are boron (B), phosphorous (P), gallium.
(Ga), inditmﬁ)"‘}’}ﬁf‘?le%@”ﬂ HB’ﬁ%/t ), and arsenic (As). These source el enents
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o 07" 2 b, GBS B BRI (B8 f IR Bl e,

hi gh- ener gioréh etfiuocride (BFLIEBF A tovwees] suffdre drono ey disatibentages bf beiall v

o oun%I g d (tti»'(ice; 'ahdrﬂea:rr?%ia\éleé, Ve I[\)J\(zjeslli agsl. ggilné ctc))in%%ﬁ/%)to(irrﬁ%?atl)netér g\ll?rifaéespfjugeat%_ its
fluorine component.

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



cont ai ni ng boron or phosphorous is fed into the arc chanber AC via an inlet
|. 25 Arepeller Ris positioned within the arc chanbtt NaEBRREEI te t he
filament F. The repeller electrostatically repels the filament-emtted

el ectrons E .to confine these electrons to_a path P1L within an ionization
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When ions need to be obtained from a solid source, the walls of the
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



such as boron, as in Japanese Patent Application No. 96JP-356494, filed
12-26- 96 (Publication No. 10-188833, published 07-211®Hpvemberggeh a
sputter ion 20 source, an inert carrier gas such as argon (Ar) is fed into
the arc chanber ACvia inlet | and is ionized by the filament F to create
an ionized plasma. The ionized plasma then sputter etches material from
the boron liner, which in turn is dissociated and/or ionized by the
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It is yet a further object of the invention to provide a mechanismfor
controlling the characteristics of the ion beam by actively controlling
the voltage applied to the repammary of the Invention

In accordance with a first aspect of the present invention, there
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.



Summary of the Invention In accordance with a first a}d)ect of the pr esent
invention, there is provided an ion source for an io b P04
conprising: (i) an ionization chanber defined at |east partially by
chanber 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;
(i1) an ionizing electron source for ionizing the sputtering gas to forma
sputtering pl asng; U r el
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supply foy Bg)r %\é'rlgjcl:nnE"Cf’1 caed rum \(83) germanium, (Ge), molybdenum, (Mo), antimony
(8b), 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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el ectrical bias to said repeller; and (2) a controller for outputting a
control signal to said repeller power supply to varyl&kpewesz00de bias
based in part on a received ion beam current feedback signal received from
the ion inplanter. The sputterable material may be any of the follow ng

el enent s, S¥AMPle Wit Erfseenaededie AECRApaBYing KEaXiIngs eitaMiish-al um ni um (A),
boron (B), beryllium; : | : : Lum (Ge),

nol ybdenum (M), aﬁ'?‘%ﬁ@'s‘ %%%‘?f%gg‘%m%ﬁéﬁgélsﬁ%@g%@%’er may be

negatively biased wiRijurees getsedtiontindewiobaniad sourcelvanistuctedldcsordiiptomay be
continuously varjably biased to provide for a w de dynam c range of
resul ti ng theRripeiRteol thereseminventioBscri pti on of the Drawi ngs The

i ti i | | f i\pad., A ld i /b 0
ISP L o o I I e P it

whi ch: - FiFjgure Z; i's a sectional view of a conventional ion source; Figure 2

is a sectional view gf an, |on source constructed according to the :
principles of the prdd@std IsAraersical @?ﬁ%@lgckg‘%r%@&h%m the RAWRRF t he

repell er . Lo e  Fiqure 4 is an electrical
h BRplIR0 P dofer iR IR B Ficlhoyt and:  Fiaure 4 s i

schematic o am show ng the -suppl i es that power the ion
source of Figure 2; Fgurer igwaneeléctiical snhednatit block diaramnafithe rdpallekpolivalgr am

of the.repeller r. 10 supply control circuit. Detailed Description of a
Pr ef ef?edsﬁﬁﬂgﬁﬁﬁcﬁ@w rring now to the drawings, Figure 2 shows an ion

source 10 for an 15 ion inplanter into which is incorporated the inventive
repeller 100 of the present invention. The ion source 10 conprises chanber

wal I's 12 that from ddetaibeddDescripiionisf a Prefervedddmbodasent s formed. A
source aperture plate 16, having an

. Referring now to the drawings, Figure 2 shows an ion source 10 for an

15 ion implanter into which is incbrporated 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,



aperture 18 fornmed therein, permts the ion beamB to be drawn out of the

i oni zati on chamber 14 by extraction el ectrodes 20 antf HovambaigO84pat h 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 extPERPEE Fh%ﬁamﬁde-i o satiftering Bastssich 3 awsiplAirs isdingotedhinto yheof

S0, r espel ity SR 18, GBRE ke AERluARRElh SHERRR GRneatbRgRITS 527

in the sogmielbetisisndlidbe fRdmént-émitted@MBEROMRSTRERI MteINRR dnd shiRadtthe
surrounds, and suRports the ionization chanber and abuts a nounting flange

38. An i n¥dlirgelty haated cathadedt. which indu ewits edtivnatintadhe pegefandsrddd a

flan 42 . ' : l: r | spl.at .sour ce
nousi vy 33 EreReI UL ARGRSIAR O T e et el ooyt BcRlcal oRBHEr " ana
accel er at as frtieer awphirfeddeléwaepele thid alsaeond BackBdwatd tHeendiapcatioaerd4nal | s
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anti cat hode) 100, which S at a negative Ctrical potentia
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mount®ll  eetirereagrrtasse Welé@pﬁ)awemumgrmpa@@mﬁnﬁmg@le@t@nanméhm ar
yoke 46 apputhotic fields are concentrated within the ionization chamber 14 to enhance
plasma ionization 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



which is wound a pair of coils, (ii) magnetic poles 48 which are
di ametrically opposed to each other and extend from thioyesreer2804and (iii)
heat shields 50 attached to each of the magnetic poles 48. A non-nagnetic
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el ot {thdePuRSRoraBE IR neRE bt el irsts. BRERUN b Atk SEHEordes o e
easi |y i ngshamaraae. iod bredurtionicansded BRties splttéringband 6ab R YorHtioRd

operation of the source to provide an elenental source of ionizable
materi al ohthe reeellerrmat&maby!rwh\e el R5eansea boopyspuiarseneigiudleri ng gas.

APoS {1 VElika SHRTEE ARG BERINER: RAL 681 BEEUOTHE DR boarh Mlefdl (0B aoer

t hrough the 'so e ape actron elec 0 and
22 (referohlgdo kio élegtuomval):s (20 Kegyx anal ysis nmagnet may then be utilized

Lo 7 ot e PRt el B Jeseed Botne it SherelSoul By
el ect r odenfe8ing of aR UIGicdl bl RFUFR. A stem 112 on the threaded block 102 passes
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
10an'rps (10 A) and is capable of providing up to —2 kilovolts (-2 KV) to the repeller.
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



the desired ion beam Although the use of an inert sputtering s such as
argon has been described, the present invention also! QHHY%"%@@@ usi ng
BF3 as the sputtering gas with a boron repeller, or phosphorous gas as the
sputtering gas with a 10 phosphorous repel l er, In these latter two cases,

i oni zat | oe"GFaP athGslR Witk regpash o therfilamess This RAsHIveias pemdits teused by t he
SPuLt ot ! R CURRERLEBEL A0 ALiMatOloddl] thERRLLES cBREAE'Aand ' 1 e

case of BF; oron sput of B+

current h@aubemO@émewteobeﬁhod@orrﬁxeafrelen&ogy|rite\tteé onifatioadhanderkiThe
el ectron volts, (20 KeV). 15 The repeller 100 is isolated fromthe

i oni zat i oﬁagl%ﬁﬁ@w%wppﬁm? is peederabbf rated af 4& A @ng)is Fﬁ@%ﬂ’lﬁt%c)lprq\l@ngA stem
112 onst het{Rreaged. ﬁ*{;@?&éllﬂr%e%ﬁs@% c4th6859R it %uov%g gagﬁ

means for Connecti on ower suppl gure
power supgio@-300ivolss blsled/ the !ed:ﬂtgrommhbfmetnlmnbére:valspel | er negatively

(with respect to th Ctl’l I rounded chﬁg)er wal,l s 12). As, such, 20
the repeller will \Peffﬁ ?Iﬁc'?@‘%%r £4PRIKp é%tﬂﬁ%‘ﬂ@e%ﬁ?ﬁr&ﬂ@?e@ler ons
confined ﬂ;@éﬁ r I
114 :s ratﬂoﬁcliFI gﬁt%&thgtrr%s (yzt ﬁéﬂr@Bnﬁ% cg%% g&ﬁrﬁpﬁg{\% i ngﬁtd Y U?BRP d
kil ovol ts 1201s pxaferablyt taded a0 Aend is Tapaklaldf providieg uppeDaf. Typitallyste: t o
about vol t.s h resp ct t IIs 25
it o BT eoRung s ey deheiBen S RORS pEg i of

provi ded yBltageakhi¢h! i bum&.érﬁetoenéatam\@aémp%w&amue B&SRLehaf G hrs%

grounded chanber walls 12. The negative bias permts the sone of the
cat hode- emQTf@@nlcéliké@Wt@rﬂithmf@dD@fbﬁ(ﬁf@mmrd the chanber walls to create

L, 18820 3 gy BBk ko, LI B BRBR T B TR RLRL ,
-150 V. Tyarigblel in, ordee teatd povsHitrslliip resdilting Rﬂﬁbeémdcwﬁerﬂbc@énerhﬂ? the A
cat hof 5e p?ng rer %heppepéllérl \Ergoltlasge (In%¥é gggat}v?a V\Ff)l?hsrletslpggtl t% tr?cla gﬁar%ger walls 12), the
higher the energy that is imparted by collisions with the ionized sputiering gas, and
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_,'oe 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.



10 Novenber 2004 endcap cathode with respect to the filanment. This positive
bias pernits the filanment-enitted el ectrons to accel ¥ ¥pemiaizP84t he
endcap cathode 44 and cause it to generate cathode-enmtted electrons into
the ionization chanber. The cat hode power supply 118 is preferably rated at
1.6 A and is capabl écobrdngy,ialprejerréd emboglimeooiva rapelierdbt gn ietheowed cap

t hode 44 | hel d, at . t ial of bet 400-500 volts bel the | I
oround of NeRcbemsarGed Wi fha Foredaing Aseitons e Cepiy st ftals O
provi ded_LAgeRes i e debd BRI maRoldI by WalfRY cXHRTIR ARLORE!vaifpRr at o

el ectrons. The filanent power supply preferably rated at 60 A and
i s capabl & odt pmited doripeupartioulao embotiiipetsl described herein,| am thatpateussuppl y

120 is.operated at hetween 5:10 volts l.ow the end c vol.tage which is
suff1 & enfeattasite o naficali®. 4 sfestiitls B2 riifos e MRS &0 1§
emts el egd tforedbingtdRcAPRIP KitholiNdépating &loat ke seshe &f iR invehfien apel | er
power supply 114 s nade Vvariable in order to aid in controlling resulting
i on beam dgfinethby tiwe frflowing claime and their gadivalents.r epel | er vol tage (nore
negative with respect to the chanmber walls 12), the higher the energy that
is inparted by collisions with the ionized.sputtering gas, and the higher
the resultant ion beamcurrent withdrawn fromthe chanber. 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
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 closed |oop control system shown can be used to continuously
vary the repeller power supply voltage, based on real-tine neasurenent of
ion beamcurrent, to control the ion beamcurrent to desired levels. 25 In
addition, the pressure at which the sputtering gas is provided to the

i oni zation chanber: will also effect the degree of sputtering of the sputter
el ectrode 108,. and hence, the beamcurrent in the resultant ion beam In
this manner, a



conbi ned control systemfor controlling sputtering gas @ressure and for
controlling repeller power supply voltage can, be enf] U9edniss 28P%vi de a
wi de dynam c range of 30 resulting ion beamcurrents. The sputtering gas
pressure control systemcould enploy a controller simlar to controller
122, and also utilize ion beamcurrent feedback signal 124 and ion beam
current set pcﬁﬂhmﬁggnal 126. 8 10 Novenber 2004 Accordingly, a preferred
enbodi ment of~a Ttepeller for an !on source has been described. Wth the
foregoing description in mnd, however, it is wunderstood that this
description is made only by way of exanple, that the invention is not
limted to thk pafiniSgureiRs@NIEAIRPIRsEe: CORPIBING n, and that various 5

rearrangerent s, 1 d GARLA0R ohfifbe? HBRRGd 4 LABOAMAPEy LABLBEPRERS o "

respect to the foregoin escription w thout
t he i nventi orhawing aeinletididwhichea splitterimggashnaybe iajetidd)eind &gapsadent s. 9

10 Novenber 04 I, 1.. An ion source for an jon inplanter, conprising: .
(i) an ioni 238706@%@33%@ 'Bﬁﬁeﬁ%(é\}.m%;?te’ﬁré‘rc?q(%l ly by chanber walls and
havi ng an inlet inj | cftitonedd | bl ;

aperture throu h?%iawrgﬂnnfgon beamd(d%)@e@0@%&3&?&5@%@%&#@9;&?@@%&&0% zi ng
el ectron sourspwittesng pasna;@nd he sputtering gas to forma sputtering

rtted by said | i(hEANEERER FaldIREfortay et g b ol bl P M e o
sput t ered natiemiziag didetion saurcBeand (bzRdvidingsasduRieasitapifte FEstlnagericl ahat

sputterable repeller .conprising a slug of sputterable material and a
mounting str @@ghlop&edrﬁyﬁﬁlﬂﬁgegarﬁs@prg@ saifl eRvterablarapsiere@mprsiog #rber

sai d slug beigg éﬁéﬂl}f@él?!le%ét%ﬁgﬁgﬁt? a'th8ting structure for mounting said slug

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



said nounting structure, wherein said repeller is electrically isolated
fromsaid ionization chanber walls, and wherein sai dl¢¥pwmear 2094
negatively biased with respect to said ionization chanmber walls; (iv) a
vari abl e power supply for negatively biasing said repeller wth respect to
said ionization chanber walls; and (v) a controller for outputting a
control signal to_sajd repeller power supply to vary said negative bias
based in parto-on H'® BBS0MEeE phanheasof elaims gitord wdisiein saidaputierablethe i on

source of cl gi ; }glrbg I E | f i l ectron
source are m@h%{e@gl at g?i%ﬁogselif%pae dési{thg f@g@ng%gﬁl{%ﬁpgﬂiﬁggpqg& The ion
soijrce of clbéi;dudingrarﬁj,()dff\mﬁ@éienwﬁst atonnit L;mgllkelbm?L(Bg, berylligmr(\?ﬁ),sed of
silicon carbide (Si.Q. 4., on source cl aj , r, 3, erein a
ol g po mCRPOR LT oAt Gl MR GR (e ) ol bR tum (MplniTDoRE GeBbs C.
10 10 Novenbegrsa%ﬁgg)_ The ion source of any one of clainms 2 to 4, wherein

sai d sputterable terial is conprised of any of the follow ng el enents,
or conpounds including any of these elenments: alum num (Al), boron (B),

ant  mony (So)e JedpR ettt AR et S e e the
precedi ng cl dongingrdlecomstiree dodfpridadth BeaRd MameptatieasPpRitibmes a heat ed
filament at least partially surrounded by an end cap cathode. 7. The ion

source of anysuidIngeddiyearpeed 6ap ¢§thads ns, 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 inplanter, conprising: (I) a sputter electrode
slug conpriséd of Thenen sourek offsinytonesgf the preceding claims, wherein a potential

of the repeller is different than a potential of the sputtering gas.

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



sputtered by an ionized gas; (ii) a block for supporti nﬂ t he el ectrode
slug; and (iii) a locking el enent for renovably attacti Ngvarker£9l¢t er

el ectrode slug to the bl ock, wherein said sputter el ectrode 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 conmprising (1) wvariable power supply for providing a negative

el ectrical bige copised ofgiisionerarbider(®iC¢R2) a controller for outputting a
control signal to said repeller power supply to vary said negative bias
based in part on a received ion beamcurrent feedback signal received from
the ion inplant.ethe @pelibeot claigh BEO oo 0c hwhigieiB,a g PoistbPsdi@cki ng el enent
screws onto said block to secure the sputter electrode slug to the bl ock.
10. The repel§Refiesable matgrigl 'érgf%tem’e&rb&p gagieasdeki ng el ement and said

bl ock 11 10 Novenber 2004 are conprised of silicon carbide (SiC). 11. The
repeller of claim8, 9 or 10, wherein a nelting point of said sputterable
materi al is dgiedherrepalier @by degrofetaids 8l2. 1 Thehareipaldicspaterable maesrHl

clains 8 to 11, wherein_,said utterable naterial is conprised of any of
Che fol | ow nde GPEWERRY of 37y B0 trifeuine Sletaemtg. ahgompolTm et lingrany @

al um num (Al Ythe&S9ERMANSS: allflidtimi 5?615 i C dHTQ Cs),
germani um (Ge), nol bdenum(l\glﬂq(gm?ﬁg}};‘y( ’Sb?,?"[gr B;G'I:)iggﬁd (q)j. 13. The
i npel | er of &@gskie(Gs) gpEmariup (Ge) molytidansinn(Mak anéigwniy(Sbi erssilidon t he
repeller is 'f)f erent than a potential of the ionized gas. 12 10 Novenber
2004 ABSTRA ' .

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.

12



| ON SOURCE HAVI NG REPLACEABLE AND SPUTTERABLE SOLI D SOURCE MATERI AL An ion
source (10) for an ion inplanter is provided, conprisihijoverphsr 294

i oni zation chanber (14) defined at |east partially by chanber walls (12),
and having an inlet (45) into whi CHB%ﬁ;%éi-erl ng gas may be injected and
an aperture (18) through which an Torm peant(B) may be extracted; (ii) an
ioni zing el ectron source (44) for ionizing the sputtering gas to forma

sputtering pl 3QNESOMRCE HAVING RERLACEARLE ARWSPWM&BLEE@LWN terable
repeller both (a) repels electrons emtted by th e el ectron source,.and (b)

provi des a source of sputtered rBQYRCGH MATER i oni zed by the
el ectron source. The sputterable repeller (100) corrpri ses a slug (108) of
sputterable material, and further conprises nounting structure (102, 104)

for renovably mounting t%@h%umé*gwfdr% :bﬁ"]hé%h'céﬂs mm c&&gb}m.ngo t hat

the slug is made renovably detach fromthe nounting structu
sput t er abl(g annanizatiah chasnbee (Hhydefinedrad gasit |pavhailg bM @mnto@ walls (d&l)r;mmds

(o) P sBfrechn T8 o FRIRh ¥ syl il BBl b B 18
antimony {§lahighaihieh ldrcieR Hedim (thﬁyﬂ%’ékﬂrﬁétedi g@%)n lbﬁlzﬂ@élbbtféh %obr@sed

wth respect to the ionization chanber wal be conti nuously

vari abl y Kf4kder ienigng.ihgespelteringrigae Wy frm (ﬂ r%W@@”OQ P'égiﬁllat iangl idh @ beam

currents. sEhﬁ&ra%lezrejp%ller (100). The sputterable repeller both (a) repels electrons emitted
by the electron source, and (b) provides a source of sputtered material that can be
ionized by the electron source. The sputterable repeller (100) comprises a slug
(108) of sputterable material, and further comprises mounting structure (102, 104)
for removably mounting the slug within the ionization chamber (14), so that the slug
is made removably detachable from the mounting structure. - The sputterable
material may be any of the following elements, or compounds including any of these
elements: aluminium (Al), boron (B), beryllium (Be), carbon (C), caesium (Cs),
germanium, (Ge), molybdenum, (Mo), antimony (Sb), or silicon (Si). The repelier
(100) is negatively biased with respect to the ionization chamber walls (12), and may
be continuously variably biased to provide for a wide dynamic range of resulting ion
beam currents.

Figure 2
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