6 July 2004 MAGNET FOR GENERATING A MAGNETIC -. FIELD IN AN | @\

Rel ated Application The following U S. patent application is incorporated
by -reference herein as if it had been fully set forth: Application Seri al
Nunmber: 633,322, filed on 7August 2000, entitled lon Source Having

Rept aceabl e and Sputterable Solid Source Material, a copy of which is

el ates gonera | FIRGRE TP FOR GENERATINGA MAGRENIEESC 10 shch s
ion inplanters, and nore FiELD INAVAN ION SQURCEr 10 generating a

magnetic field in an ion source for use in such an ion inplanter.
Background of the Invention In the | arge-scale manufacture of integrated
circuits, ion inplantation hiRelatednApplication d accepted technol ogy of

i ndustry to dope 15 workpi eces such as silicon wafers with inpurities.
Conventional ion i FFBBafﬂH%W'ﬂ@rU-Ss9§E9é1tr§PPH%ﬂitI§db’Sdﬁchﬁﬁr%t69rbdergfﬁﬁf‘ci?oni zes a

O e 8RaN s 3t REApey [l bt rolReABEGR 44l NiStnbBE Badag Tyfpam of 2

prescrib amis ed a he surface

wor kpi ecentALGRStET0n, ketited kv Soercei Having Refacadble ehd8mitterdble Solif geti ¢
ions of the ion beam penetrate the surface of the 20 workpi ece so that they

are dmbeSource Materialea eppy chwhighds filed Witk this anlicak?kpi ece material to

forma region of desired conductivity. The inplantation process is

typically perfornmed in a high-.vaguu r qcess_,chanmber which prevents
di spersion of the ion beam Di/'eiélq’%%ﬂgv\ﬁqtﬁopesi dual gas nol ecul es and

which mnimzes t ri . ) | ' | ne
particul ates. 25 | %e&)@ée%a&%ﬁ@?f@%é%{éﬁléﬁlb@s%@gﬁ@ﬁngg%rﬁﬁpﬁggaﬁgbl es
used to pesdegathgrsystemkanth sisdon implantaseand natresspecifidatly toagnagnet foon of

I npl anted ions, for a given sem conductor materjal. Typjcally, .high current
i npl b@mteﬂ@neg?éﬁ@r%m%gne@agalﬁm%ﬂogeﬁw%ﬁ forisednsush %p jon; ! €M) of ion
beam current are used for high dose inplants, while nedium current

i npl anters (generally capable up to 30 about I mA beam current) are used

for Iower dose applicati oBackgroamd of the Irivention

In the large-scale manufacture of integrated circuits, ion
implantation has become a standard accepted technology of industry to dope

15  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 o form an ion beam of a prescribed energy. The ion beam is
directed at the surface of the workpiece to implant the workpiece with the dopant
element. The energetic ions of the ion beam penetrate the surface of the

20  workpiece so that they are embedded into the crystalline lattice of the workpiece
‘material to form a region of desired conductivity. The implantation process is
typically performed in a high vacuum process chamber which prevents dispersion
of the ion beam by collisions with residual gas molecules and which minimizes
the risk of contamination of the workpiece by airborne particulates.

25 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 béam current are used for
high dose implants, while medium current implanters (generally capable upto

30 about 1 mA beam current) are used for lower dose applications. lon energy is
1



6 July 2004 used to control junction depth in sem conductor dew g@s200khe
energy levels of the ions that conprise the ion beam determ ne the degree
of depth of the inplanted ions. H gh energy processes such as those used
to formretrograde wells in nost sem conductor devices require inplants of

up to a fewmllion 5 el ectron volts (MV), while shallow junctions may
only dendsgddacpgirekiupetiodenth insesigenduder dayices 1 5e @regy levslsvaint i onal

i on sour s Lt b L QIR ' ' i t her

i reot |y G s et EodBrisdMe RN odiRRitiRe hokoten oA MME' 001 4 1 rom
whi ch hasmblved . Highlendigyi prete ssasr suchedstheseasaddoformnetrdyradé0

phosphorous, (P), gallium (&), .indium (ln), antinpn Sh), and arsenic
(As). TW@'@ *@@&%éeﬂlﬁmcégrc%‘”% f?f"ﬁa\'f\edﬁ'@?qmsggpgdg@o?ﬁm '6‘{']"‘??1 gaseous
formegsu (i : ' ' ' by or in
gaseogs gcq?cr%@smgo oen\y‘){’]ri ”;ng%g Pé\gJ%@\%ngqﬁa*98&0%%?%?1%?%@%%5?8 for

obt ai ni ndhatsaml électrooroltmi{kedd). from a 15 solid or gaseous formis shown in
Figure 1. This type,of ian squrce conprijses an ,a hamher AC,. whi ch

Funct ons as. an ahguvenfiind Ten SaHERS iR ardpEable GRRITGaRTEHST unct i ons
as a cat hypglsg ; | LAQmi o : filanment
 and. £ he T e o o et tinb o8 o o Lk raf &

t her m onisolidl fpnewhich hagheemyapgrizad cTypiosl ©urtaelementacseberen &), t oward 20

h i call d i, ... rnelatively. positdvely, biased), chamb
L7y P05 BhoSBhirus BIrtiuhiceBa: e bR ARl bl BRI e, ac
- via an i mpiselsourdes ERPGENS Calt HeSprdQRicd ifkefld b bR it §8setus PRANBEEH AC

opposite the filament F. A ceram c insulator C insulates both the filanent
and t he @sgwrpa; whichgneay he pravided i either solid forma{Ba or ingiageous formas cal | y

mai nt ai n ! otential. The repeller electrostatically repels
rdh YRS Pl

the filament-em trons E to confine these electrons to a path P1

wi thin an ionizati ¢utypkgil wn dairced fohebtdinihg atonsdodionatioag@mer . The
electrons E.collide with and di ssoci ate and/or ionize the gas nolecules in

the f8ni 28t Gh 9PB8EPYH IorRhIEsRoMEINTgHke: 1.0 hisolyPe Af éTL SOICR GagRrisssIan 30
O ovou A e B THiod yrRaph sl RS0t AEb M Bl o0l o0 12
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
20 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 1.
A repeller R is positioned within the arc chamber AC opposite the
filament F. A ceramic insulator C insulates both the filament and the repeller
from the walls of the arc chamber, which are typically maintained at ground
25 potential. 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 ionization region, where the number of collisions with ionizable
30 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 partially of



elfectrons E. In this manner, a plasma is created conprised at l6eAgyt2004
partially of 2 6 July 2004 positively charged ions. A generally positively
charged ion beamis drawn from this plasm, typically through a source
aperture SAin the arc chanber, by neans of an el ectrode at negative bias
(not shown), In addition to the repeller R a typical ion source also

i ncl udes PosE¥al@araghians. svoenpeallynasitvehnehasoed am baands diawadrasai c fi el d

o1 cotr ondn PSR RRRYS forolf STRARES eBehU SATRMRER EpRRLE.AY oy

i ncr easesnédres of @ dieetrodect riegative bidst(hot bleowar nol ecul es. The source
magnet SM t hereby increases .onization efficiency in the arc chanber. The

source magnet curr é‘hﬁdﬂgi°§&96§? éepealier i axtypisab lons3RIEes alseoincldesn) t o
Tgner s SRARETERRBISENT PThe RATcE hadibes ST A %aandlRoid AbrgHec

el ect r ongrechamber BC. t Tiee magnatictfichd tauses thierpdth® 1 ohtheadlectronsegi on  of the
are chanber, he .el ectron nfinement efficiency at a given electron

Cenper at Gratted 8%t FEAGSR: &£ he hia: pbiah BrHocncEhaths haEIGY | oni zat | on
rates | nebifsitiile\Gas MRS NIt SALEOMASHR M iR by icrEaled her ef or e

be desirable to induce”strong nagneti I el ource 1oni zation
chanber . iomiaaticer efficiencyinythet arc dhashber .oThsistareehmagost eatréntis cldjusted, and

in patticular within the ign beam path. shoul e kept | ow so that the ion
i mpl ant ePY SpPPEE’ 39@'%2‘?0%&9@39ﬁ%ﬁ?“i"?&'@&e’gﬁ%{gﬁq 59_,"%9326 HEEBGeneous
field i nAdserdifdly! Sothfthe Reur@inEghbRSHaTP e #e?)eﬂslerféﬁ{:ﬁorp @dhiifhe | OW
field gradients provide better confinement and nore stable plasnmas. The use
of a souihehighgererggrlecironsamidteddey peditamient Ftto within theoionizatioomegioanber
however, _i u ay fields which adversely affect beam quality.

Speci fi CQFWQ%@“%%& ic fields outside of the ionization chanber 25

interfere wth theTewi dloetroe confiiemnbey éffitiensy aba GarsiPelcifiund6mpBRitatd 1 to
the ion _beam path, extendi ng? into the area of the extraction el ectrode.

Furt Her , inareases vih aragnsiicdieldatipeet, prd giagdonisation ratge inaaasemifhdbe c
oot O | irchbsih Bledtfthl RidhRn O NG #BH&Bre BB Ueslranle B iAkidd birdiTg '
magnetic fields in an ion source ionization chamber. However, the magnetic field
outside the ionization chamber, and in particular within the ion beam path, should
be kept low so that the ion implanter optics are not adversely affected. Finally, a
20 homogeneous field in the centre of the ionization chamber is desirable because
low field gradients provide better confinement and more stable plasmas.

The use of a source magnet SM in such close proximity to the
ionization chamber, however, introduces stray fields which adversely affect beam
guality. Specifically, stray magnetic fields outside of the ionization chamber

25 interfere with the emittance characteristics, because they are parallel to the ion
beam path, extending into the area of the extraction electrode. Further,
traditional source magnets provide non-homogeneous magnetic fields within the
ionization chamber which leads to instabilities in ionization and electromagnetic
noise.

30

Accordingly, it is an object of the present invention to provide a

mechanism for creating and sustaining a strong and uniform magnetic field within



30 Accordingly, it is an object of the present invention to pr@&duie2@D4

mechani sm for creating and sustaining a strong and uni form magnetic field
within 3 6 July 2004 an ion source ionization chanber, in order to permt
highly efficient ionization rates. It is a further obj ect of the present

i nventi on 40 Hréaﬂt@ioﬁet%tﬁ&ﬁtd@?ﬁ}?%emm%fd ﬁéﬁnitt @@ﬂer lgdlfétﬂlri |

i nduced and concentr at I oni zat a
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Ther aby | SEREOTGS IR eIf naiced anek vt RAFIEIHON he

I nventi on ohBmiu:, ﬁ%mpamthétrba@étdfrméﬁwe%tmht @bﬂtét ng%ucﬁ%{mébﬁéﬂg (i) an
ionization chanber defined at [east ggrt i al | sTand havi ng

an apebt uifield white grinimigingtateay magnetic qumdQQf ﬂ)& oaizationathambed, pat h;

compr i 51 nan SR LB PTG oGk Srikhnte RO honna a: “Teast one ol i

The yoke is preferably toroi i n shape and further conprises a pair of
opposi ng pol es, wherein a sﬁymmaw Og(thﬁ wentiekyneti c f1ux gener at ed by

th I 15 I f t of th h
oni 7ati on chalibPn sceidad lor EaRgRlEd Plnided sindREas (l ahdarealion
oper at i on cpbnibee defifed BLIEESt pa‘-‘rtfawby BREABE! Walld §h@ﬁaqﬁa%tnaé;rétttpd tﬁrae%wagnet

assenmbly may be oriented in di rection perpendicular“to and kept
wi t hi h0t havhieh endendredny m@seam extracied adprig amatheand;ﬁe)r a2 umagnethassenibiar y

nonpgencosttay AHBHHR s HoFRARR donlad T SonbrlRY A refey fdr ke ahont
asserrbly WEICcH ewelnwd beleaghans edil. Bri ef Descrl ption of the Drawi ngs The

I nvention wll now be further describ way of nondmitative exanple,
with referendd® dok%ésdﬂ'@fﬁ@a'&(yt%@dét &Wﬁﬁ@@e a'ﬂd vikrtear comprisgar@ paif of o
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I nvent$onjeaves a first of the opposing poles, passes through the ionization chamber and
enters a second of the opposing poles during operation of the ion source. Stray
magnetic fields generated by the magnet assembly may be oriented in a direction
perpendicular to and kept low within the path of an ion beam extracted from the
aperture. The primary magnetic field output by the magnetic assembly may be
20  relatively homogeneous within the ionization chamber. The efficiency of the magnet

assembly may thereby be enhanced.

Brief Description of the Drawings
The invention will now be further described, by way of non-limitative
example, with reference to the accompanying drawings, in which:-
25 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
principles of the present invention;
Figure 3 is a front view of the ion source of Figure 2, taken along the lines 3-
3; and
30 Figures 4 through 6 show various views of the magnetic field strength

generated by the magnet assembly of the ion source, taken in three mutually



Figure 3 is a front view of the ion source of Figure 2, taken & dig26¢te
lines 3 3; and 30 Figures 4 through 6 show various views of the magnetic
field strength generated by the magnet assenbly of the ion source, taken
in three nutually 4 6 July 2004 orthogonal planes. Detail ed Description of
a Preferre En(%%?l ment Referring now to the draw ngs, Figure 2 shows an

I on sour planes. i on i nplanter into which is incorporated the
inventive repeller 100 of the present invention. The ion source 10
conprises chanber walls 12 that froman ionization chanber 14 in which a

plasma is formed. ADetalled Besdriptioh ofaa Pfreféaweasmbo&nﬂ@mre 18 formed

therein, permts the ion beam B to be drawn out of the ionization chamber
14 by extraction elReferingpsor@o mwﬁwlragmﬁ@gtme QéEthmB%n ib8 sbineceetd farcin on

| d [ Iy, fi I to the aperture
ol at 516 JBRAMPIRIER (e Wit & o YalacEernvepie, ERIRE 100, PIHBBTATOERE! act ed
from t'he jhoshis. "Pﬁe Wm Fléé@@hé% BR{valY 1 fthBPﬁ*b é(ﬁ idri¥ktion

su

Al um num support |egs 24 an port ha rings and respect ively,
whi ch  guthganbérel4 imwbichna Blashnnmegforgrealph@\tseurcrsapesu:@zpiate ﬂﬁ,ehamng@m

36 ind.
cuppor U ahstife d fomRed el BT 1% 151 BB B e b i putghg dorizgtion
i nsul at orcrifnisdrers by%%lrh&tloﬁ é@c&baéstzbear{mmfaldi@ég 238 and a flange 42

on the source housing 34. Th i nsul ator 40 isol at e source housing 34
fromihe ener gi zat i Bie exractipsseleciqedesare WDICg&meegaWQlyohlased wdticreapeet er at e

h 12 of th
ont zat 43 thi Brstfurd ot RREN e ufer ibhiStdied WanS oY S0 hAE g iokherm |y
cont ai nedextfackedh friam ithdiiosization fmahftfbrciatétﬁﬁﬁnsékﬂpnﬁ{aww oditRe oS,

chanber, and the repeller 100, |ocated at the other en posite the
cat hode. AUBIRUNS SURPAE Ie9%,3h an36 supnasf balf Bags A8 &ndr¥), |i'©$PE‘&§we]¢1nWhtchanber

t 25
o cot ; ondHie e Bibealf & BTG brach ENREEHESS i e BEVELIHEMY %45 ont et
t he 16ndi r ect |An Hieat sxlircat desdently, sygporh tilre 136 BuAGuhds edrit tsupperts nthe t he

Th |l er (or anticathode)_ 100, which resides at a
ﬁrega'f Ihsgt;&"éemn ggpr?rmrgz?%%pl gq)ut a mounting ange)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.

20 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,
opposite the cathode. A gas such as argon (Ar) is injected into the ionization
chamber 14 via inlet 45 and the filament is energized to thermionically emit

25 electrons. These filament-emitted electrons accelerate toward and contact the
indirectly heated cathode 44, which in turn emits electrons into the arc chamber 14.
The repeller (or anticathode) 100, which resides at a negative electrical potential,
as further explained below, repels the electrons back toward the indirectly heated
cathode 44. The repeller 100 thereby functions to centrally confine these cathode-

30 emitted electrons within the chamber, where they have the greatest number of
collisions with and subsequent ionization of the gas molecules.

Circumferentially and entirely surrounding the ionization chamber is



as further explained below, repels the el ectrons back toward t igeluly2bodect |y
heated cathode 44. The repeller 100 thereby functions to centrally confine
t hese cathode 30 emitted el ectrons within the chanber, where they have the
greatest number of collisions with and subsequent ionization of the gas

I I . C nt i al d t di the i | zat i
Chanbor 14 gl BSSSRbl 45T Al e e, Salscs HRaial Supna ey 1 .
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fields are thereby concentrated within the ionization chanper 1
enhance PRssembly iasshield theassaolly fromh backsleaming slestrbys.4Thée snagnetio fiekls

bl ; he . I  dal Ko | i sed
of St i R tertHl Bofiercatea Tfhin 1o 30RRn bBamtar 14 e destiPnnout
whi ch coiibgiz4flompstebl are wound. Pole 48a is fornmed as a portion of yoke

hal f 46a, and pole 48b is forned as a portion of yoke half 46b. Heat
shi el ds 50a and 50blheEgeet agerrably Aduis ahewasp, greatgsdetailisl RiguterdnThehe

o 195" ArEE (oP oraRan PR RS ko BocdRCaof Aot 4, BReR
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enabl i ng ,magnets to generate a netic flux through the closed |oop
st ruct ur doBTed @8 3P0 'Parofyeﬁe.harl}? »angl pAle @ASbyip domed as iaoprrtion of yeke

ti |} ' T I: nd 51
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485 Nove TeEtmbre &Y RSP ROARBLIRE- he 1 oni 24t on chamber 19 - to the
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gener at e kinomseiRdbe art, enablingomaghetsdoigeneratecuntagnitic flux through the closed
loop structure of the annular yoke. Figure 3 shows the directions of the magnetic
flux lines F generated by each of the coils. The coils 49 and 51 induce flux lines F

20 in opposite directions with respect to the circumference of the annular yoke. The
majority of the flux is guided by the toroidal yoke. Flux lines induced by the coils and
leaving the pole 48b have a common return path through the ionization chamber 14
to the opposite pole 48a through the ionization chamber 14. A small fraction of the
magnetic flux F returns outside of the toroid.

25 The coils also generate a leakage field from the coils through the
vacuum in which the ion source and magnet assembly are located. Thus, the net
magnetic field in the ionization chamber is the superposition of the return field from
the yoke through the pole pieces and the leakage field from the coils through the
vacuum,

30 Figures 4 through 6 show various views of the magnetic field strength
generated by the magnet assembly of the ion source, taken in three mutually

orthogonal planes. Figure 4 shows the magnetic field strength in the plane of the



vacuum_ i n which the ion source and magnet assenbly are | ocat ed6 JuwzQ04t he
net magnetic field in the ionization chanber is the superposition of the
return field from the yoke through the pole pieces and the | eakage field
fromthe coils through the vacuum 30 Figures 4 through 6 show vari ous
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shown in Flgure4 magnetic field strength is strongest near
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magnetic fields generated by the corl remai n of i ent
directiorth mqbethamntrgrofttbemr@ldaiwpmtm n the .
Thus, by using the inventive magnet assembly 45 of the present
invention, including the closed loop yoke 46 and coils 49 and 51, a strong and

20  homogeneous magnetic field is created within the ionization chamber of the ion

source, enhancing ionization rates and plasma stability, without adversely affecting

beam emittance characteristics. Moreover, the stray magnetic fields generated by

the coils 49 and 51 remain oriented in a direction perpendicular to and low within the

beam path P2 and do not extend into the area occupied by the extraction electrode
25 16. In this manner, the beamline optics are not disturbed.

Accordingly, a preferred embodiment of an inventive magnet assembly
for an ion source has been described. With the foregoing description in mind,
however, it is understood that this description is made only by way of example, that
the invention is not limited to the particular embodiments described herein, and that

30  various rearrangements, modifications, and substitutions may be implemented with
respect to the foregoing description without departing from the scope of the
invention as defined by the following claims and their equivalents.



beam path P2 and do not extend into the area occupied by the e@Jun2GQdn
electrode 25 16. In this manner, the beanline optics are not disturbed.
Accordingly, a preferred enbodi nent of an inventive nagnet assenbly for an
ion source has been described. Wth the foregoing description in m nd,
however, it is understood that this deisAM®ti on is nade only by way of
exanple, that the invention is not limted to the particul ar enbodi nents
descri bed herein, and that 30 various rearrangenents, nodifications, and

substi Lut ions 1Ryiohsdurek SBPBRASH WhblintdreanAhshg: the for egoi ng description
wi t hout departing fromthe scope of the "Inventi on as defined by the
fol | owi ng cl ai k8 andan ibslzatienwheathent definredsatiabst RotallyOhACMEMber walls on

source for an ion inplanter, conprising. (i i oni zation chanber defi ned
at least partially BOCIBYIREANGKeWre Qﬁ?%&/‘f"ﬁ'&hﬁ? '883?%“? dN8RPEugh whi ch
an ion beam may be exabet flongl:opathaafnd@t h; and (ii) a nagnet assenbly

entirely surrounding said ionization chanber, conprising a closed figure
yoke about whi W i s aspaenehessasably enfirelycsiirrounglingraaidiionizetien ceambet| ai m 1,

yoke furiher conpri SRR oY REYaRe ilhdu e R iund BEIRRE AT °*' ¢

portion of magnetic coilux generated by said coils |leaves a first of said
opposi ng pol es, passes through the ionization chanber, and enters a second
of said opposing poles during operation of the ion source. 3. The ion

source of ol ai Mg iofl‘érohpé‘é chQ:iH?fni fivﬁ%r{%ﬁ%a@@t%ﬁ oﬂ[etcﬁlrﬁ%%prié’e%sé)ﬁgiﬁ'i vely,
to said opposing poles. 4. The ion source of any one of the preced ng
cl ai ns, wher ei 0f sails] arukwherein gaideyakel further@odadrises s paipef opposingor oi dal

k i nf i all di n .d ionizati, hanmber., 5. The i
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chamber, and enters a second of said opposing poles during operation of
the ion source.

3. The ion source of claim 2, further comprising heat shields attached,
respectively, to said opposing poles.

4. The ion source of any one of the preceding claims, wherein said yoke is
generally toroidal in shape, said toroidal yoke circumferentially
surrounding said ionization chamber.

5. The ion source of any one of the preceding claims, further comprising a
non-magnetic shield surrounding said magnet assembly to shield the
assembly from backstreaming electrons.

6. The ion source of any one of the preceding claims, wherein a stray
magnetic field output by said magnet assembly is orientated in a direction

perpendicular to the path of an ion beam extracted from said aperture.



assenbly from backstream ng el ectrons. 6. The ion source of any Jalye200# t he
preceding clainms, wherein a stray magnetic field output by said magnet
assenbly is orientated in a direction perpendicular to the path of an ion
beam extracted fromsaid aperture. 8 6 July 2004 7. The ion source of any
one of the preceding clains, wherein the magnetic field output by the
magneti c se ls relatively honogeneous within the ignization chanber.
5 8 Suly F004 AMTRRAGPHIRIGEATYSEBNBRATS ReS S FIRHRIETI GRS MAORRTS
SOURCE An ion i8N ol t: j hﬂ@@ i ng (i)
5 an ionizati Oﬁ%gﬁ%@%%ﬂ?%ﬁ?}éﬁg? Sgtgmlby]aslff%gﬁ%mﬂy yngﬁgﬁt%ﬁqmwal S
(12) and havi nghaipnigatianehanb®) t hr ough whi ch an i on beam (B) may be
extracted along a path (P2); and (ii) a magnet assenbly (45) entirely
surroundi ng the ionization chanber (14), conprising a closed figure yoke
(46) about which is wound a pair of coils (49, 51). The yoke (46) is
preferably toroidal in shape and further 10 conprises a pair of opposing
pol es (48a, 48b), wherein a substantial portion of magnetic flux (F)
generated by the coils |eaves a first of the opposing poles (48a), passes
t hrough the ionization chanber (14), and enters a second of the opposing
pol es (48b) during operation of the ion source. A non-magnetic shield (52)
surrounds the nagnet assenbly (45) to shield the assenbly from 15
backstream ng el ectrons. Stray nagnetic fields generated by the nagnet
assenbly (45) are oriented in a direction perpendicular to and kept | ow
within the path of an ion beamextracted fromthe aperture. The primary
magnetic field output by the magnetic assenbly (45) is relatively.
honobgeneous within the ionization chanmber (14). 20 Figure 3 10





