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the I nvention *166166* The present invention relates generally to an ion
source for ion inplantation equi pment and rmore specifically to af Augrst2002
source having a magnetic field that enhances performance of the ion source.
Background of the Invention lon inplantation has becone a standard accepted

technol ogy used in dopimgnmvmll\qggqlsgggpq@hsSb gwafers or gl ass
substrates with inpurities in the [arge scale manu acture of it

integrated circuits and flat panel displays. Conventional ion i ﬂmmmnwmm ““I
syst ens Fiekd afdbednvdmipnsour ce that ionizes a desired dopant el ement

is then accelerated to forman ion beam of prescribed energy. The |on eam
is directed at the surface of the workpiece to inplant the workpiece with
the dopant el EReRfesentiveniy lates genesally (oraning spyre Fuden ivamlentatine t he

sur }‘ ace @fuiprhent\wad Wr@ﬁ;&ciﬂ@alfyqlblm\aor{ ﬁ?ﬂr&'lhagfng@ﬁlhgh@dﬁ gelddtgtdntidcys The

i mpl ant a ically performed in a high vacuum process
chanber é\% Hﬁéér?eeven ‘Oncf’oé%eerm on of the ion beamby collisions with

resi dual gas nol ecul es and which mnimzes the risk of the contam nation of
t he wor theﬁgoth@it‘l’t@@[lmnﬂ@ﬁti cul ates. Conventional ion sources consist of
a plasma confinenent chanber, which may be formed from graphite) having an
inlet aperture for introducing a gas to be ionized into a plasna and an
exit apert ur e lomimaplghatign ol bedrengd stendard scaepteddechadlogy usakimdohisgi on beam

The pl as %rﬁ&%&'sﬁ&?ad AnSn et 8p l‘?lssfs‘?x[)sﬁm @ith ﬂ’ﬁﬁtﬁﬂtek m@xe‘i’arg@ﬁdﬁw ece as
well as ions are not desira [ ant a; rch

[
by- pr odué‘fanﬂfacf‘ﬁﬁ OF BEPSSHEN SR “b‘?g(%tég §“°"ﬁ§é‘“ & papelisiays, %F%é%“oé‘la Pr ons of
varyi ng emplagtation sgnteneelopé en oh saurce oimt mm:gpsgatesxrai qdpaspdiement WRIH3) is When

phosphi ”Qhér?a&éﬁ%&ijﬁganﬁ aﬁ'i&%e%%ﬂ%ﬁ%ﬂb‘{]&&er th A5n BLAL isSHREQY LECt rons

or radio nc ener ospn| | SaSSOCI ate to

posi ti vel 'ﬁg"r‘ﬁ t ‘M%’;‘fﬁt?%gé"tpl‘m}theo‘ﬁ%f kpisee a@bﬁh@dqmt e ¢ and
hydr ogen énerigetic Tytpiofatd igh bphin patetrae: the sirficeadyedotipiete tdforil @xzpidn of
confine &% irGd RGLGARA W&aﬁﬁ&?gﬁgréc%sslg? é;h&a%g gsﬁg&%ﬁ ing ré\evafcg rBrOduce

bot h phosphorous 1 ons g& gg@' orous io
hydr ogen w@ﬁw&k\mbm@@xwa@ﬁ spassien ghthenen bsan byeallisiopsavitihiesidide | on
beam |f fasdnolgaries aaswiich htmReameoisk bf gl @nemgiat®hetitiowsridpidad by hei r way

to the su &t?cﬁﬁeﬁgmﬁﬂgt yor kpi ece) they may be 8 August 2002 2 inpl anted
al ong esrred ions. If sufficient current densities of hydr ogen

i ons or hlgh energy electrons are present, these ions and el ectrons may

cause an unmnt@ﬁkvuﬂwn@lasesmcésft@n§lararear;ﬁistpﬂaec&hn&h@twm«wemch hﬁy beray
damage St U ubst.ra

i
or ot oy S BRE e 68 o Wls s P L RS ei Rl p T PhRL Bng o ©
nurmber of plasmarand@niesihspertide mrg\hg?ewbmbjyh@ablma'@nstrmmm foesd the iohibpamhe i on
?ﬁgrr: oln It Zg&\emgm Jo%ﬁfsék\ﬁbﬂgggﬁgdgﬁﬁ?ﬁgﬂp&htaﬁgfx pﬂofagkkfrﬁﬁleégﬁmﬂ ab Q)é{?] gfar ate
el ectrons ¥ E‘éafﬁéﬁ’tSHS‘@quﬂ%‘“?&waé@“éﬁﬁﬁa@ nyBﬁ‘l"tS‘ ﬁga&f’?‘gagk?é‘rt u?g and

confi nes tatecetesiThablasmp elyg inchues dmptemsrcgﬁyvae'llfe:@necmss to a region of the
source chanber near the exit

One example of an ionizing gas is phosphine (PH3) When phosphine is exposed
to a high energy source, such as high energy electrons or radio frequency (RF) energy,
the phosphine can disassociate to form positively charged phosphorous (P*) ions for
doping the workpiece and hydrogen ions. Typically, phosphine is introduced into the
plasma confinement chamber and then exposed to the high energy source to produce both
phosphorous ions and hydrogen ions. The phosphorous ions and the hydrogen ions are
then extracted through the exit aperture into the ion beam. If hydrogen ions in the beam
or high energy electrons find their way to the surface of the workpiece, they may be

AR

*G00002*



aperture. Such a magnet arrangenment is shown in the applicant's
commonl, y- owned, copending U. S. patent application Serial No. 09/8AdqdY2002
filed Jan. 28, 1998, entitled Magnetic Filter For lon Source, now U S

Pat ent No. 6,016,036, issued Jan. 18, 2000, which is incorporated by
reference herein as if fully set forth. Oher rel ated exanples of magnet
configurations within an ion source chafber are shown in U S. Patent Nos.
4,447,732 and 4,486,665 to Leung et al. The Leung references show a

magnetic filter c rised of a pluraljty of |ongituyudipally, extendin

Tagnet 5. oriTeRtied S miaihe dostaliiots Hasutioan: cRGMglensBas ShhEpoeh B8 Fows
negative i 80815 ¢ @ldtirohs) Gred pfseht thdbel iBn9 28 Bl ctrond heaytABEBarg UhWategenbl y
has a plurality of spaced-apart congu_cti rid nmenbers positioned adjacent

e
the ion eX?¥¥ 'Bl‘f‘%@ﬁ@?’%& b g porspiess thah iy ARMagR SEHEERT SUSh @8 TeH§i¥ ove

upon knowpnithe serfateCst thd@ubsiigteNWEIRR ars emplolyéd fo sk rRYItnE of B Watkpiess!r ce
havi ng an enhanced ma netdélc fbel d. SUI\%/ARY OF THE IN\/(FI\[I’I ON The i on source
[ by h@n

of the present ' RIEHt {9 FPAUCH; tBE SLIMREE @anted, fons NN ERYFAY 1R)EGHPBR di ng

a pl asna ebagireddathivningiore Béarh af iBkAo@R IEpRVIdE rtdghees witkih theSsstirdeéhapibean 1 0N
sour ce confinenment  chanbe

and ving at | egst one pr.i mar net and an
opposi ng HRGABATa: NERIAPY RRSIA JDe Bages GeinR S NdBS TR [anSSe NSh.eRvghe.
such that didteroree & tedidrodfihésstRe Sidrtodrialay froxt edixi GparliresmdldoafityRane ng.
This magnetic field i onfinenent o asma Wi thin the,

. th t he pl
T i T s et e amLoY Py Siefigne S 6 Teg o P ine S ST AR Sop e (i
Onef as pectatp@ﬁ?]rbh Submym&&ﬂa@é@ﬁn@ﬁ isf SHowan itieen ap‘%maméc cjtcmhomya@nad,mloas ma
conti nenen na rrn | C X S | S e ea.a I N u a sma
el ectrode Heaﬁ'ﬂp 2@'%61 RAESNt PR ?%Gﬁ %‘Frﬁﬂ\éo'c(g%&f‘{\g?erﬂ'eQHéﬂbéb: q%‘% Tﬂt&g&a
el e](c:_t rode Mnaaguet hn%aﬁer |Ft6ﬁ$dn_ St\drcOPEIW :ygs.f lgateﬁtl No.;m’s,og%gse,ii@snehegm e, 200d, the
conri nenent . a er | ove nt . . us CcO r.sin r1nar
et ot B haratan Ry B e a5 T SE R TwT Smed renpRsis
t hat texEI e?ﬁbgiiw@gnffgerIwEPNiﬂﬁn :;jaheim:if%[lﬁ:‘e, clemnbsbr Hre rmbynmﬁgm.st mmmos.t ]
oriente 0 en al (0] S (0] an e e 0 e openi . e
O e ) oA g 88 8 38 L oS £E8H Tre kRl aBrheRh sh A Rednr it o
anddhavi Ngonpriséd ana plorality efoloagitudirally extepdihgamaggete driengdhpailiel he szegnet ,
sal d oppos]

n net bej riented to present a pole opposite the pale of
Lhe pr i mard Shad ME LoUe REC I AR Hep "G SegriNe, nepuiien B0 erilesiya e
el ect r ode assehbly h@he plashgngtid aséerablg rest & pilarality rof Spatdrkamgre nomductive grie
pl asma el ect rode thgoqufg}ﬂq‘r_ﬁhi C[]tht he i)gn Peam asses, wherein said prinmary
magnet and"$'HE" 3 FBILY Gt G AHLPEESY Alfnetic field that extends over
t he openings in the plasm el ectrode through which the ion beam passes for
filtering ions fromthe ion beam Accordjng to another aspect of the
venti on. & prALRIEHE e BreasR gl il et S U KiowASBE SbyRaa k%o | on
sour ce i nchaghetigfiltery bg formirgoant ion et habiagiaarenhanashi magreetip fialsma i s
generated and wherein the plasm el ectrode is adapted to forma wall

section of the confinenent chanber, the plasm el ectrode including at | east
one openi BYNMMARM OBVHEGNMENTd@Nbeam t o exit the confi nenent chanber, the

electrode conprial BgcofcBld: IR brelBAIlerfONRERS d b BRI A R ShERIbAES and
oriented to present One pc?le ar'ong an edge O {fe opehl ng 1 n the plas
el ect r ode,pravidingia pipp0a ictegtrote miichcecanpfoed a gendrallypplasarawall eedtioodd annidn

oriented t re i 0 i f t ni ng
i the. pl SonibeRBftetin BaRe ff Ralind b BHFCShe BRSY et Bnd rp 60 RR6
openi ng i Mmagdret plierted relbivet tocaieopdnirguiphthedpilasma electrae, Isecmthah reemagndter ei n
said pri . i . : t i.eld_ that
oxt ends. oein Eragiesfihd SReRBRE 3ss 1RE SPbuE o RS el W8 bross e
beam passe®nfimemdnt| dafethe ngaseé exithind the eenfirenmant ihaimiver @adnfilters) highoehengy
aspect of etlé}!tl%ng ﬂgﬁ%-é?d?vbe%pn ion source is provided, the ion source
One aspect of the invention provides for an ion source including a plasma

confinement chamber in which a plasma is generated and including a plasma electrode

forming a wall section of the confinement chamber, the plasma electrode having at least

one opening for allowing an ion beam to exit the confinement chamber, the improvement



i ncluding a plasma confinenment chanber in which a plasma is generated and
including a plasma electrode formng a wall section of the confignQiget2002
chanber, the plasma el ectrode having at |east one opening for allow ng an
ion beamto exit the confinenent chanber, the inprovenent conprising: a
power source electrically coupled betmesn the other sections of the plasnma
confinenment chanber and the plasnma el ectrode, the power supply for
negatively biasing the plasm el ectrode relative to the other sections of
t he plasma conf.inenment chanber, for inhibiting negativye igns from | eaving
 elechpderand

from sai d °BMREFAI GhRHBAY TRERRIFPURedLOSHE F! N9t bLapt ed t o
t he pl asmgogthepsleodratagdetd\aldhg 80efidih asTdtheOomblndl0kaid briraaryermaghst BéiRGY a

| engt h of the net, said g{l r’r_gr ma% et bei Bg oriented to ,gr ser]t one of
sai d pol cONEMSAGO-Rresen]consr Of RERRER ABNErAT fAde of U qPepingobAhs PRaa

el ect r ode eleztrdd@ narRP#® dppesintRaaghetCsuupleddotthe phRnd dsckodk! &vd hadsy abth
havi ng nortg a length of the nmagnet, said

and sout ol es that extend.al on ,
o oe o b santhyaen Mol BURte 0g aiengBrer e BapRety S0 cPPESIDg BAgBRLPSIG { pa
primary negeetedab Qrésedn aQiid Spisite Ak pole dfftke PAMANNMaYRett d16nd> A DPPosing
el ectrode such.t hat a,n&%&ﬁtl%flﬁ d extends across the fo (inl ng in the
ol asma ol €008 GhLNS SRENNG e DlasiacelPefots sich shat s magnelic 1A RriThs AFOShe
pl asma el g bpstang MNtheepldshsd eRBREHArAlghNUINE!R theSloAtseah! paddes URErePPSIId NJS
al i gned al gng an axi case of an array o

S. %n the ca f cir_c? ar openiqr;gs, t he
primary nif gRgnetn Wﬁo%qpﬁa'”ﬂﬂ@?%‘ﬁt grRerpiss? fMmaghetic el ghat extengis; gyer
openi ngs $Wbﬂér’ﬂﬁds inhiteNBIGRS iefecirb@d throSgroRARKENE YorP begmt Risad failrAgge O

relative to the ﬁ\)ﬁjéhpmere the angle O1s greater than O degrees and | ess

than 90 d&jisdEm fi¥8ntion can further include cooling tubes for

transferring heacodivgytolahothet Bspathoithé hventitd, adlasnaelbttodel fasuse ialamabm ode.
The cool i ng t uhes czyﬁ be nmounted adjacent to the r}a net r the tybes can
u I ed, g'u 1”%

0
encl ose t REUESREE A0 LTS R RS TiSL Co B EB SRRt dn W g
The f or egpiasehanis Genblatsd Ay Wikdreih the pladmaseldidda i addpiebd fofm tahgall sactioh | on
wll be apﬁ r ent fron1%hﬁ foll mﬁn% desqrh tion and gggar?nt fronlthﬁ
acconpanyi‘ &%P%ﬂ“ﬁa?," Champec e PlREMAtIetiadeneHAIRG &t doast 08P FPENNG: 106 sane
parts threauehingtard ih Bédrhabesiit theeydhfinérgntr ehanbbe®, thepelkesPedd cudphisityy #f an
i on inplantation Sﬁﬁten1¥aﬁo whi ch anlipn source ?onftructqd acc?rqiqg to
the | nvenfrBYY BBt sRUBEE e BAYT? £lesPpde dnd aianied fo piEgent apg Aole alon
per spect i \aa edgewf tfe @geningrin sieplasma ezetrodd) antiant dppoping $eatnet colgidd torthéi gur e
3is acrqg Ss_seclteit(r)naz‘el ry(jceyvesrgé gjgrl asme, el ect rode% tlaken al ongnl iege 3-f3 of
Figure 2; PROQU €59 Atpiied I, Piegiah o PRRASEF PRle aPPY PR-ARPORIgIHTRS
el ect r ode ti®beging dhithe; pldsngu eectBodd ush dhdtop nvagnetioffiel pitasds aetosstthede
chat can %%eﬁlltn'glihztﬁg p'lansn:[Iah %1ectiBdE ?r%ﬁ&n (\)A];hicllz'll the %nzbeam passes, wherein said
primary magnet and the opposing magnet generate a magnetic field that extends over
the openings in the plasma electrode through which the ion beam passes for filtering
selected ions from the ion beam.
In another aspect of this invention, an ion source is provided, the ion source
including a plasma confinement chamber in which a plasma is generated and including a
plasma electrode forming a wall section of the confinement chamber, the plasma
electrode having at least one opening for allowing an ion beam to exit the confinement
chamber, the improvement comprising: a power source electrically coupled between the
other sections of the plasma confinement chamber and the plasma electrode, the power
supply for negatively biasing the plasma electrode relative to the other sections of the
plasma confinement chamber for inhibiting negative ions from leaving from said plasma
chamber through said openings;_a primary magnet coupled to the plasma electrode and
having north and south poles that extend along a length of the magnet, said primary
magnet being oriented to present one of said poles along an edge of the opening in the



Figure 6 shows a top-view of another alternative plasma el ectrode
configuration that can be utilized in accordance with the i nvenigi QRusfd’ e
7 is an enlarged cross-sectional view showi ng further details of the plasm
el ectrode of Figure 2; and Figure 8 is another cross-sectional view
illustrating other aspects of the plasqgﬁelectrode of Figure 2 Detailed
Description of Illustrated Enbodi nents gure 1 shows an ion inplantation
system 10 for inplanting large area substrates such as flat panels P. The

system 10 conprises a pajr of panel cassette and 14, a | oadl ock .

Sy sebl y DESTA SSo0S oAtk OepdRi BRGS CoUPIS & et e Ta g eaode SO t he
| oadl ock asskERY xeoathobcnésethaaaﬂbn@ amgté I%ﬁ@thaofﬁh@ﬁfagﬁelc Iaamﬁ:'poﬁuﬁg $hayhe 0
prOV|d|ng Panel's P are serlally

BI’ ocess chanber 2 an 1 on saqurce
pr ocessedPPRIt ien FPeB%ese”tBaA&%@p%*GZ theneglp <t the nsynasy, magnehalong a
enmanat i ngoppsting &y Fhs @pksrmg thé BlaBmaseisctioBs eUEthaha ARRALIG IS ekidnddre

process chanber housin I nsul atjv ushing 30 electrically insulates
the pr oce§§r°éﬂ5menﬁ‘88§f 'W%ﬁ@cv?fge ﬁ?‘(ﬁ\‘ggdﬂ}'%t h& dRnsPeasn PESSePom each

other. Panel P is processed by the system 10 as follows. The end effector

18 renpves a el to be processed from cassett rotates i.s 180, and
Frstal e the FIRE phRinns b e pRSE e P B b frshineH A gonasled ol o

assenbly &ﬁcula‘frr@ehmgdlaﬁ@iedaaa h ¥ixié SInthe \chske 6f an airuy af ditculapopbsiAgs, itiees
i nto which %anels be |nstﬁ?§ed The rocess ﬁ1égﬂer 22 |sp rcgﬁded W th

a transl aPl'gANYI¥8a I%Pdtthﬁtopf’ﬂﬂp%&@"ﬁt RARione \fhioctheapeaings sHeh |
design t OtHa?ﬁweeﬁ\QgﬁétchFéid)l‘s g%%era‘ﬁ?%ﬂéﬁt@d tahSn I%'n@l@t@ r@rétﬂ)'eetg tﬁ@HﬂM%hé?é'ﬂﬁ‘é S
fromthe sane position, ock assenbly is novable in a vertica

di rect i onangle § i greater éha;ne<D degregs @adé%s than 198 degiessn Thejnvention sarpfumther i ty

of storag | o Por't h I a
not or 34 g‘ﬁ!ugggédgqﬁ%)tdﬂgcrgvrv 3 ertlétcg\'v%wr?w\i(taﬁ wggﬁoad%&l?Edg‘,s@gnb y.

Li near bea&aismgselstgrqﬂeoxTheéeom tqbesw@acheomua@deawﬂwmstq the mpanris for kel
cylindricglpeshaf bacid & proper positioning of the |oadl ock assenbly
16 with the process ¢ anbe ousi ng 20. Dashed |lines 42 indicate the
uppernost vertical position that the | oadl ock assenbly 16 assunes when the
pi ckup arm 32 renoves a panel fromthe | owernost position in the |oadl ock
assenbly. A sliding vacuum seal arrangenent (not shown) is provided between
t he | oadl ock assenbly 16 and the process chanber housing 20 to maintain
vacuum condi tions in both devices during and between vertical novenents of
t he | oadl ock assenbly. The pickup arm 32 renoves a panel P fromthe

| oadl ock assenbly 16 in a horizontal position (i.e. the sanme relative
position as when the panel resides in the cassettes 12 and 14 and when the
panel is being handled by the end effector 18). The pickup arm 32 then
noves the panel fromthis horizontal position in the direction of arrow 44
to a vertical position P2 as shown by the dashed lines in Figure 1. The
transl ati on assenbly then noves the vertically positioned panel in a
scanning direction, fromleft to right in Figure 1, across the part of an

i on beam generated by the ion source and energing fromthe opening 28. The
ion source 26 outputs a ribbon beam The term "ri bbon beant as used herein
shall nmean an el ongated i on beam having a | ength that extends al ong an

el ongation axis and having a width that is substantially |l ess than the

| ength and that extends along an axis which is orthogonal to the el ongation
axis. The term "orthogonal " as used herein shal



8 August 2002 6 nean substantially perpendicul ar. Ri bbon beans have proven
to be effective in inplanting |arge surface area workpi eces becg se t&eq()
require only a single unidirectional pass of the workpiece thro éﬁ‘gpﬁ n
beamto inplant the entire surface area, as long as the ribbon beam has a

| ength that exceeds at |east one di netsion of the workpiece. In the system
of Figure 1, the ribbon beam has a |l ength that exceeds at |east the smaller
di mensi O'ﬁrﬁffl)%s%rjiﬁﬁouno@fn(% m.g(‘:p,%sprocessed. The use of such a ribbon beamin
conj unct J i ation systemof Figure 1 provides for
several advantages in addition to providing the capability of a single scan
cgrrFI et e i npl ahk forlegsing xadpiher olijéues, Iféa]lthenammagesmﬁma:iavmieuivdleset he
ability t Si . d] i j js ane

cour ce. wiPRITRITET RORGy Bl B Blofhid Slopithy ROHRREMABRUSaBRGEETT

cont r ol | itm#yhichdiks eefprened eharacierprefar e theasanie parts Huaygheskthe diffasent yigwst ed i on
beam - current. Figure 2 illustrates a perspective view of the ion source

26 shown in Fiéﬂgre 1. ign sour set of || s defining a

The e 26 .incl (%es a
ol asma. conf i ndf@HE |dhaRgapecase PEY Qlan Pl ied st ie s AR 0Bt | nement
chanber 49ucarotaketddrecdrdingtoftheainpatiah issheppprtkd; as shown in Figure 2.
Alternatively, the confinenent chanber 49 can be shaped |ike a bucket. The
par al | el epi ped_.confinenment chanmber 49 illustrated [n Fi ‘gure 2 includes a
rear wal | SO, HEWEHE 2RATALIESUL a3y, RITERSHRYY WCR AT A ION sgRITEARCABNE {1t shown) .
The wal | sthefprdstre invenfibmenent chanber 49 may be conprised of al um num or
other suitable materials such as stainless steel. Wile graphite, or other
suitable materials, can be used tq line the interior of these walls. The
rear wal | SO i RHapigdels agrefssestinat viey ohaglasna elesirods taken atprg lipgpStofi s used
to rel easkigaregas from a gas source (not shown) into the confinenment chanber
49. The excitor 64 ionizes the discharged gas to initiate the creation of a
plasma within the ion source 26. The excitor 64 can be forned of a tungsten
filament whi chFighesd beatress-seotiepabvicwaib ke atermpieatasme dlastrode esnfiguratipneni t s
el ectrons. The emtted el ectrons generated by the excitor interact with and
ionize the released_gas to forma.plasm within the plasma chanber. The
excitor can al $BURR° g‘b‘?‘”ﬁse‘ﬂtoé’fv‘%”f ﬂggpﬁf’rﬁﬁelgﬁté?%{lhgtocﬁfjggggggeﬂd%ﬁ'ﬁs}o'én RF
ant enna t kairce ofiFige= Z;he el ectrons by emtting a radio frequency signal.
The ion source 26 further includes a set of bar nmagnets 66 that urge the
pl asma t owards _t he cept er of t.hedﬁl asma aﬁonfi.nerrlent clhan:?oér 4?. The magnets
66 can be for nEEWF O QEHRFTRINEY B AN 7 TERALY 2 P'ANE? PIRErfigFRBY & ralen
t ypi cal | y thitxedbé ntilizedrimacesdanne tvtb tielinséintienof the side walls 54) 56) 58
and 60. The nmagnets are preferably arranged 8 August 2002 into assenblies
in which the pal.es of the magnets alternate z%]nd_ rovide a ymulti-cusped
magnetic fiel d KABYRi’HS fhenlpgas Prags-seiiona) Maves ovfikg Rths deeilsp ﬁ?eglﬁmﬂaz, t he
bar magnetdedfodaveFpatel;aag¢d so that the north and south poles of each
magnet run the length of the magnet. Accordingly, the resulting field |ines
running fromnorth to south poles of adjacent nagnets 66) create a
nul ti-cusped t yKieudeSeis @npther crapsgestiangbvigadypiratiegiahgsasppds ebheolaspe t he
chanmber. Télectidde cFCYue€226 al so includes a plasma el ectrode 70 that forns a
generally planer wall section of the front wall 52 of the plasma
confinenent chanber 49. An insulator 74 can be positioned between the front
wal | 52 anBetailed Degeniption; oEHlusamtedIdmhbadingmts n order to el ectrically
isolate the front wall and the plasma el ectrode structure fromthe
remai ni ng sectigns of the plasma nf. | nt el . t i l'ls
54) 56, 58 and G Irﬁ‘é"“f) $idR ™ lé'?:?tr'%dsfg' }fﬁ}cg’l%{‘]'ﬁ@%“‘g“eﬁ 'gfgstap%ﬁé"%%é% ng 84
for all ow mecheas flapparsisdin Be systeax1Q carmprisad priAGE Panebcassesiend2 endit.riode

further inglddfRk a8seRiblyTRs, % BB end 8ff6cbiP] £fbr t@néfbeinp lpasdbaiveat thede and
oriented t%a%ﬁ eient ne cﬁbe al ?ngs an edge of the oqlgnl.n22€4 in.the plasm
el ectrode THFVKXESI %ﬂp GRAME! ETSFHES o} r@cgs&fb?rggert uBipR 2 Praviingt ect r ode
70 and ori @nogeds chambeedarand an iopposdiet2d. Ranels Bl aseiseriatly opyossed in thd geocess t he
opening 84 in the plasma el ectrode 70. The primary magnet 78 and the

opposi ng magnet 80 forma magnetic field 94 that extends across the opening
84 in the plasma el ectrode 70 through which the i on beam passes. The
magnetic field 94 typically has a field strength exceedi ng 100 gauss. An
extraction el ectrode 76 | ocated outside the plasma confinenent chanber
extracts the plasma through the opening 84, as is known in the art. The
extracted plasma forns an ion beam 88 which is conditioned and directed
towards the target surface. In operation, a source gas can be introduced
through the gas inlet 62. One exenplary source gas i s phosphine (PH3) which
is diluted with hydrogen. The resulting phosphine (PH3) plasma conprises




Preferably, the magnets 78 and 80 are polarized so that the north and south
pol es of each nagnet run the length of the nmagnet (rather than being

pol ari zed end-to-end). The nagnets are polarized in the sane di r&RAugush 2992
t hat opposi ng pol es face each other. As such) the nmagnetic field line 94
ext ends bet ween opposi ng poles of adjacently positioned magnets. The
magnet i cclidngtietl 2R ibp @n iiosearcsniphagntion oid jonsomde whinllh pasdeetirowdhian filters

hi gh ene ¥=1 i . . of the
nvent | oo T EER B8 Brdb ARG O RERY Bitunlit NGRS AERRER O] o

openi ngs inshlages theyprogess ghnabes hewsingy2) andthe iqs sureg honsing ?g&é“’c%ﬁh pthef-ude a
first opening 84 and a second opening 86 both of which allow ion beans to

exit the housigg,, okhe first.openi f a.fjrst i beam 94 and the
second openi ng"@@%‘?‘&?ﬁ%“%seé& eosy%gwgg)eaé%@s'%elnldrez@a%ﬁﬁbeé‘%eﬁﬁ and the
second i eanddahe oeocesspd fram gasssite iR aptaies ion 8@ hnd mstaliethsuerhoned pafelt he

wor Kpi €C gntdRaR(eGRidMecatiBR LiPtE #ad @Rk afSmBIYOMN THR 1549 assamtily 06 frodldes M8

el ectrodes 1haﬁl n(% twq or, m)Yr%@ oBen nrgas al.so lkgcl_[gge thre IQ"EI ng,‘{].e magnet s
to provi dePlWalb B aBany inieyiAR Prict ey b intipltedy Theproceptthambes 2hise, a
primary megvided ¥8hiasranslationt asemldy graeselutiesaa piokiharpol 2which igsithiter idge of
openi ng 843R9 tilkSnaRpResH Pg agnet 80 is oriented to present a north pole

al ong the opposing edge of opening 84. In addition, the opposing magnet 80
is oriented to present a south pole along the edge of opening 86 and a

secondary nagnBécalst the plekieatne s temdvee piels feor et SamRotitish,ahgloatieclopposi ng
edge of oREngY iSRovabll i} aYehBRARIER, £ RS sale‘ééeﬁsptanéla&%?agﬂeﬁ id b d 94 -

t hat extends across openi ng 3 and Pt RO ro_(?uces a second magnetic field
96 that esfitsrRlaralioradstoragedoessionnaviesnestoge pirkep amgnBer thispueloss a94, 96
fo][[n_ a Wﬁbimgusdﬁvﬁﬁ?[&g%&evfé B@'tcdvér?_@dlly?ﬁﬁx@ﬁﬁ’élo@&l@&k hd8mBIpE MArRES 84% ?ﬁ) the
mMurtl - Cus . us et c J1.lel | rpves conrin n e

o asma. anfeeriats AL EHRed g el M bl Side APBE B il FAE R s on
beans 88) ingare prppanpesioring of thelleriacktassembly 1Gwith therpreceds clrranbenbousingower
sgﬁpl y 7226l %&ﬂequmhé ¥2 F@w@de&ﬂe @gﬁe\fﬁsﬁ v%h%ﬁpé@&m éﬁdt‘%ﬁr% roe@lscﬂ&sém@lylt he72
other sectLons O e asmhma conril nenent C er . e power Ssupply

Cr eat es. ahb AruEts PR R BB A B CrHEES ) BRSRRTEh 448 PUAE o PR HERG1 her
sections tdadidvk apdeadirn & oidingreaventn sedlaniaegenteht (Mt showis)uk ptovrded etween

el ectri Cakwlohmﬁglegésatﬁwghs allq{i %%o@%sﬁgﬂam?héﬁsﬂ{g 30 hilhinVaci i Pl asma

confi nenent cha s allown e creatfiton of the e]ectrical bias.
Typi cal | y,COP%BOW/\@Pﬂwﬁmdtrfz\gsqn%dmwnﬁé@&@ﬁ peysMenfsfdte Padloft asma

el ectrode asehdly.ve to the sidewalls of the plasnma confinenent chanber and
the bias is generally four volts. This slight negative voltage of the

pl asma el ectrode ai.ds in inhibiting negative ions fromleaving the plasm
chanber t hr oughl herRickpeimigsemavesgapangd iy fipm the jqadipsk agembly 0dR 8ss- sect i on
of Itlhe i orhos@ufitabpad@idndk &nh@bamngrelatine pSsittorods Whagith€pahel Fgides 'mula@rl Y, Fihgure
3 illustr 0SS~ i S 0. The
1 ustr at adras L2 A6TE B BEOBE pRRT i e aglidf of WROURR, Sefich 18 TR,

openi ngs atfigierimsididematoves thy ppeel Aomethisthorizartpl positien in thedirestiangfce, an
openi ng 84arrd\s 4@ltoRGBERE [sRIdE P2he shend b tiRfdagidddindd( Apstean T@geni ng 86" is

el ongated al ong. the | h of t axi.s 102,.which lies parallel fto axis
700, Open f e A Raie Gouts e P r Bvesiibs! FreabRiia Srslith o
beans havi figmde togghtde Figuom bl acrash bsrpaneafranddmpeam ggnsrated bythe iamesoneaggt h of
the sl ot 84nd eéh&gthgddns tHeQfpehing2t. | east fifty tines the width of the slong
measured al ong an orthogonal axis. The illustrated magnets 78, 80 and 82
al so have an el ongat ed shape. Each of the magnets presents one pol e al ong
an el ongat ed edddeddn sonecesiéorttputs o pidhomigag4The tgah “riittea tiepin{ 83 wsad darepl asma
e: ectr odle @f{\allFr:«j\é}aWﬁ\ Forlafd abmséaud@?s/i@h RYER Rl gh@h?p&o@gaa}wa@g&ﬁb@éﬁb ef

pl asma el ectrode. An. n nunmber o eni n van equs provi des. for a
For e uni  ofh FoinB AR Sompsreiity SR8 andRe BaKhRpl S e es Aohe o
nunber of oyhéeh ingsthogorgiitcethd elongatinraxise STherterat tarthogbnalbacusod Henemrshalbf a

pl asma el ectrode 70' again as a cross-sectional view (e.g.) as if taken
along line 4-4 of Figure 2). The plasma el ectrode 70" includes a plurality
of circul ar openings 104a) 104b, 104c and 104d for passing a stream of

i ons. The openi ngs 104a-104d are linearly arranged al ong axis 100. The

pl asma el ectrode can al so include a second grouping of circular openings
106a, 106b) 8 August 2002 |0 106c and 106d for passing a stream of ions.
The second group of openings 106a-106d are linearly arranged al ong axis
102, which lies substantially parallel to axis 100. The plurality of

openi ngs 104a - 104d are separated by a predeterm ned di stance al ong axis
100 such that the ion beans fornmed by each of the respective openings

o, T b1 Y Y o o AN A



Figure 4 also shows a plasna el ectrode 70' having a first set of magnets
108a, 108b, 108c and 108d which are oriented to present a north é)gl e aéa&g
t he edge of the openings 104a - 104d) respectively. A second set raYsh S
110a, 110b, 110c and i 10d are oriented to present a south pole along the
opposi ng edge of openings 104a - 104d,6respectively. The magnets 110a -
110d ar e radascubstaeiatle perpendinutes e Ribbanheshh hpel goadnandeteffectdadge of openi ngs
106a, 10 j i -1 ki .set.

magnet s, TTSa G A Sug@Rrt ERBAGSk b m Bl R by sl itiRElipl |

al ong t heasupkihemvorkpiecs shsrpalythe jersheam togplant ghepatir usfage arepeasdenset at i on
of the nmageeibbonlBRar Ha0@derpftdthddlO@eddsQd 14261 Gilel diRedstort dfahoRRAtpige. 104a- 104d
forma set of magnetic field lines that extend across the openings 104a -
104d. The orientation of the magnets 110a-110d and 112a-112d form a second
set of magnetiln the eystent phiGgureHathegitbentican hass lenpth thattexoedspeleasigee 106a -

égggr T P;ﬁﬁgﬂéﬁ&lﬂ%kiﬁn br £hgl JahQ%Ring pr60seAC B3 Tust BEsRREHULIA bldln n di r ecti on

agonal to, the |li1near extension of the agray of Qqpenings (i.e.
ort hogona?oné‘ﬂ‘cﬁg‘ég"“%é{? PR dMmalaRtption systegyek kigie ltlﬂ'@%‘gesn%’é ﬁé‘f‘i"t‘ aJﬁi"’é‘l‘”cﬁeFi nes
i nprove  t incaddisiohito preidingfhe chgebjitpefrasiagid scadionepléth émplant dior ekarhplgh- ener gy
el ect r onsuRMB6A Beark R shoke @m i s'ﬁ%ﬂugﬁo hgdcgfcst;{:a?El o3 of fidRRenpect i on of an

alternative pl.asna,el ectrod [ as e ode, 70" | ncludes a first
set of ci PERANIPNOYM thgsampsparce Witie thensamesystameand Rt A ualown epiating a
second setloaifge by contt@linghe stangelotRH af thepahel it hapoexstte sttt ahpld ian bemond axi s
102. The gl@@ﬂa el ectrode al so includes a set of magnets 120a, 120b, 120c
and 120d tha generate magnetic field |lines extendi ng across the openings
104a - 104c and across the openings 106a - 106c. In conparison to Figure 4,
the magnetic firghdle biinRRates B pAYdLale ¢1dR% ke idn! seaice26adoivi irFFigyfeel.S ext end

th i t | | |lel to.t
ot enei on TBF Thio e Al owahdein i s hffs confnomey ohges A o)
Fi gure 6 iholdirg 3 plasma. aThy plesmaseafingnenyichambar4Otnan talietthe fram of@ pl asna

el ect r ode péfhllelepibBE RIsRSwRInSHiBGE PO tdrRtiveethe@ohfifedtent Bhantfer &0 CEAbAT
openi ngs

4a ~..104b th t | 10 d . set , of
orentnge Lig i Sk LS bt A TOB S el SRt o
pl asma el dotindade radrswali H ladobes wall §21 ardf sidemgitie 64, X238 and B2ifnotsRGwnand 122d

that generp{&yNRAUIed GonfihGhéht bhitser 8 LRRUBnRRisaP of 4RIRRFSY fes 104a -
104c and across the, openings ,106a - 106}}4. Th ,magnef‘l c fI ql d |1 nes

i |1 ust rat Q1R BT olbat Uaiblesesds W égé”pPZ‘HF:n‘ﬁsO‘ 91 syitahle Bateright g% ent ed
general | y dusad taliod the Dteddraifithese allgxi s 100 (or axis 102 which lies
substantially parallel to axis 100). Figures 4-6 denonstrate that the
magnetic field |lines can be generally oriented at any desired angle
relative to a | Fheger wall 49 insfudshe grniglet A apdan prAORR o T inlefdeuseado

di scussed rtdleakéie gapfroandial gourcOHIO Bhawr)imedhdcdnfingmesthaappl 4L alheon, Seri al
No. 09/014,4 97.. 4 ] le to
orient theeﬁéﬁéﬁ%ﬂ%e?g#dﬁ %%E%E“d g? s té’ 'ertlgl}glp %?ﬁ#‘ Héérgog%éllagrﬁ? %tﬁ{nﬁ\f}g*%tno t he

| i near arr 89476% 26 p&ht prepdor ot eaebefoprsemoled Begsten Blamenbyhich whenhagediea t he
current degsitdble tempt@tuie tl%érrﬁlfonlcﬁlg ¢Rits d1eArBns ATGE ettt dlections gareraspeet of
the invent itP?enéxcRQre' rzg:@(\:'»}'tihca.nfdi'eli estl & %e ) atlolfx QL ?rg%\%qm%n 6]% ek lae O
relative to axis 100 “wnerd] n“@?s‘afee% &F Bthan Bnaé’garees and Ss than 90
degrees, i chambdse Tinggreitor carf dled e farmed ofipthenbighleaerey sowreeso sudh asen Kdar al | el
to the axi anddRa thiat Bulz8s theheWdnd by édiBingdPtadid Seqifenty G asma el ectrode 70
of Figure 2. The plasma el ectrode ‘i ncl udes the nmagnets 78 and 80 positioned
around opposite sides of the opening 84. The magnets are contained with a
section of the plesamsalrexlq futhe7Ocluderca smgfibar Magnets Gethar unge thef plashaan
internal subhars (R cdnb® oPtRSIRNR RAlhGRE RYarfbdraivaltetmapdkls 68l cah 8e 124a, and
t he magnet 80 |i tse%arat ed Lrlgm anot her, inter n?l sg}g[{@lefof t he %Iasma

el ectrode HY™EekananumgopplE syugtyre and the pagnets g %KL INHQ BIOOYESt es
124a) 124b outhelputsiderafele fidowalseidalss, S&anhotsThe megnetsTire préfenably mamagkdpl asma
el ectrode al so includes cooling tubes 122a and 122b nounted adj acent the
magnet 78, and cooling tubes 122c and 122d nounted adj acent the nagnet 80.
The cooling tubes 122a and 122b transfer heat away fromthe magnet 78 and
the cooling tubes 122c and 122d transfer heat away fromthe magnet 80. The
cooling tubes 122a - 122d can be filled with a suitable cooling fluid such
as water to transfer heat away fromthe magnets 78 and 80 The cooling tubes
are typically forned of copper. 8 August 2002 12 Figure 8 other aspects
of the plasma el ectrode, | abeled 71) according to the invention. The plasna
el ectrode 71 includes the first opening 84 and the second opening 86 for
formng the first ion beam 88 and the second ion beam 90. The plasma )



It wll thus be seen that the invention efficiently attains the objects set
forth above, anong those nmade apparent fromthe precedi ng description,

St nce certain changes nmay be nade in the above constructions w BHitgust 2002
departing fromthe scope of the inven%ion) it is intended that all matter
contained in the above description or‘shown in the acconpanyi ng draw ngs be
i nt er pr etieth Bsenblies Bt whith the patd ofiflie rapnatslaltsinkiengd pendde a alti-agpéetescr i bed

t he i nvent] : i | ai a i« b, Letters
patent ; anidic H88 wiiin B Bl88 27; REMeARGfiSal h¥he2 e BEHERLY > T
conf i nemete P@hamsgso thet theyngith and sough palesecfiegclymagnes rundtha frsgthrefitieli ng a
2 gas {rﬁ el xlasgrfeadgfx?&dmgwmhg gesﬁltih@ﬂeldsl?féf‘ hﬁ\'ﬂ}[n'ézfrdhﬁ néﬂﬂepdimgﬂaﬁk?%ﬂ | f:ha_nber

, e S el ectlr e avl.n a ea n openl n or oW n an
fon boam SEER Bt dhe cehiha Muhimresecn s P RS e st ahER Cihor 1 <i no:
a pri mar ycemtggroéthe/@amoerpl ed to the plasma el ectrode 70 and having north and

wétherdamb

south poles that extend along a |l ength of the nagnet, said primry nagnet

bei ng oriented_to, present ope. of said poles al on n edge of the opening 84
in the plasm EF%E’E‘rSBHFée?éfﬂSaH&F‘%??S6;&&6%‘?:&‘%" %nﬂ}t%sbt%&'aabs@&r{lb the pl asm
el ect r odepldferandl deatidmef thofrbt \aalls s oftthb plashe sodfinaineschemberadsorn a | engt h of
the mag”ein?ul?ﬁk%%&PB@E&E‘%&JB%@B@MJ%#M&Q&&Rk»?aﬂtsﬁ%ﬁ?r\de‘){ic?e%@ﬂ% ﬁz?, fokg ,ppposi te
the pole of . the prinmary nagnet along an opqoom ng e ge 0 € opening 84 in
the pl asnflf & ¥der Godectically isplatthe frpnhyalhatd theplasmy elpatrede ERgrafippss t he

openi ng i thetreaplrgsseBtionk € thePlRnfaltoRfigimenhtitiben. 4. @he Hearalis84,056;356s;

wher ei n sa%96§yinary magnet and the opposi ng nagnet generate a nagnetic
field that"eXt’ends over the openings in the plasma el ectrode through which
the i on beam passes for filtering selected ions fromthe ion beam 2. An

oot ri ol Ly | e b St gdendinchidts Rt ?ﬁ‘gﬁ@éﬁé ©h foh OVARY ARl ¢ ¢ he
pl asma cor# iR EHE ﬁ}e%qﬁﬂ%e{ilﬁﬁgl,as‘ﬁ?\ egr%@pﬁg&x@f? S 9frig}agcppgr@é|t7# y coupl ed
bet ween t euplther theplasmarkcwbdd el grieatdeo possentroaapnte aldrerdnedgd 6f tad t he

plasma el epbriRd84 (Pehe HREMR QMR o AP Xo}?oﬂ@ﬁ&éﬁé@b& iSSPl RS uR] asma
el ectrode 70 relative to‘?ﬁ he ot her sections of the plasm confleﬁgmegt
praeny fAkti c

chanber 4dasga elgetrogs 7Q GrRIPSIH! P RACETHROLS B3R AL PAPASIIS
field 94 ak¢ epshinpBbaianbsplatieeclepanicrVg. iThe gprieatyemagieafis d0dthgappssingl. An i on

sour ce_acalelfo i Ahdfcte SUHVIA SNGAORSBLNGe Bkl dF kY ‘?ﬁ?\ el ect rode

70 is a slot” ource according to claim erein engt h of

| o)
the slot i%eckfodpdqdhrongh whighsheing beprappsses Theanagnstic field 94 Aypigally happo
field strength exceeding 100 gauss.

An extraction electrode 76 located outside the plasma confinement chamber
extracts the plasma through the opening 84, as is known in the art. The extracted plasma
forms an ion beam 88 which is conditioned and directed towards the target surface.

In operation, a source gas can be introduced through the gas inlet 62. One
exemplary source gas is phosphine (PH3) which is diluted with hydrogen. The resulting
phosphine (PH3) plasma comprises PH;+ ions and P* ions. In addition to the PH," ions
and the P jons, the ionization process occurring within the plasma chamber results in the
generation of hydrogen ions and high energy electrons. The high energy electrons and
hydrogen ions can be undesirable for implantation into target workpieces as they may
cause unwanted heating and subsequent damage to the panel. —



14 6. An ion source according to claim4, wherein the plasm el ectrode 70

includes a plurality of slots 84, 86 aligned substantially paral]l gl tp ch
other. 7. An ion source according to claim®6 including an even ﬁllﬁf%" %

slots in the plasma el ectrode 70, each slot being aligned substantially
parallel to the other slots. 8. An in source accor di ng to claim4, wherein
the primry neldratagh8tiaficld Ohgeoppmed by themimey nfafna 78 aal orgaipesingnd wher ei n
the pri ength of
the I o{*%%"@ﬁ“'ﬁg;z‘s%%@t'ﬁ Pt 3R RS BER e SRR B0 IR TS

wher ei n teereyielesHanePiEsant idbe T heam §8dard accprdinaly redycestihehigh eneasy opem ngs

104a - 1Ck4l¢ttx@hs mﬁdt@f_}, maguc&ta i80d. Sn pARiculbl) thPrit@y ad@ eppesipCRBEMtyTR L0 clai m
9, wherei ? a? {ml% L nea g?qﬁ x&ﬁ é@vrtﬁ'? 9@% Sh are 03|t|oned
rel ative eSﬁenei U Heggte Delf sXIsRURRPYE thy Qpemmgs4, 68\4%'?’1Iy

ori ent ed féﬁtld deflegtsghehighreatrgy ieleetrons witterelptively highevelavifies a®@ap Sioncthgr eat er t han
0 degr eeso;%ﬂﬁl\ |8QS${6\i?@JEr WOwEHBRIRRT parkibles @urbh'a@'?orfs%ﬂ%-%ﬁ&?i'@leeﬁoﬂ&aﬁ' aiml,
further rr? S|n ndoenaﬂ?gf% B? el ecttode 70, the
second op‘é’ ﬁlb' HH@H‘& F\@Hg qhcrfietd, ‘PFemB%JBE ﬁ'gﬁg R IIMPEYSF i es bet ween
t he opemcrgmﬁﬂdmancbftlkneplssamwhihmﬂ&mlmmmnﬁamdemcbzemmndawympmgrngtthez coupl ed
to the plashn le edge of
t he second gﬁ%ﬁg%%}géj@ﬁch tﬂﬂ: %ﬂ?gpggg s@ﬁgésgg[gﬁ%regséfg% gra%ﬁgtqgﬁe@@ﬁdary
magnet golop ﬁ‘?‘§ secondary magnetic field 96 that extends across the second
openi ng 86 in the plasnma electrode 70. 12. An ion source according to claim

L further compriakily foFAgkiO%s LS 1RIRIBNALEtPH6RN anl BSALOMET Y

magnet for tran

sour ce ac@beashmgagnet @néhmheagthwﬁﬂmagnph@atber than 9emmg¢iéftlze¢8mrléomé) ti oned
within a makhwneoetd piarizéd thazamé uﬂrédﬁdn\ébtm 3ppeitlg piflesithell dhcRBthenher ei n

the cooli "3 su&? $hé magne'fllctfef?i l%n% 94 exte?ldsageqaeen opposmg po eg of adjacenHSCf'USt 2002 15
positioned magnets. The magnetic field line improves plasma confinement and potentially
filters high energy electrons from the ion beam 94.

In another aspect of the invention, the plasma electrode 70 includes at least a
plurality of openings (i.e. two or more openings). The plasma electrode can include a
first opening 84 and a second opening 86 both of which allow ion beams to exit the
housing. The first opening 84 forms a first ion beam 94 and the second opening 86 forms
a second 1on beam 96. The first ion beam 94 and the second ion beam 96 typically

overlap at or before the surface of the workpiece undergoing implantation.

As shown in Figure 2, those plasma electrodes having two or more openings also
include three or more magnets to provide a strong confinement field for the plasma. For
instance, a primary magnet 78 is oriented to present a south pole along the edge of
opening 84 and the opposing magnet 80 is oriented to present a north pole along the
opposing edge of opening 84. In addition, the opposing magnet 80 is oriented to present
a south pole along the edge of opening 86 and a secondary magnet 82 is oriented to
present a north pole along the opposing edge of opening 86. This arrangement produces
a first magnetic field 94 that extends across opening 84 and it also produces a second
magnetic field 96 that extends across the second opening 86. The magnetic fields 94, 96
form a multi-cusp magnetic field that extends over the openings 84, 86, the multi-cusp



14. An ion source according to claiml1, further conprising a nagnetic yoke
124a positioned between the prinmary magnet 78 and an interior surface ép
the plasna el ectrode. 15. A plasna electrode 70 for use in an i @BﬁFg ?
the ion source 26 including a plasma confinenment chanber 49 in which a
plasma is generated and wherein the plasma electrode 70 is adapted to form
a wall sectio . of the confin t chanbe 9, the plasma, el ectrode 70
et udi TGEHR i ihsnet SoBmnBar P pasir 81 fediss FonTREE AT BN o exit ¢ he
conf i nenesrgy cleatrbrsy enti@ingttheios|beams 8%&S070 conpri sing: a prinmary magnet 78
coupled to the plasm el ectrode 70 and oriented to present one pol e al ong
an edge of t and an osi,ng magnet 80

opening,.in the plasm €| ectrode,
Coupl ad Lo ¢ ne P 2a usbelsd Salor R e aRadies suhs LRSI os t e pol o
al ong amooppdbetvger tipeplomatdiectrode @0 ngd 84 other séiops afttm plsmat r ode 70 such
that a ' ' 'HQ | asnma
el ectr Ogigﬂt?:ﬁeﬁrﬂée&t %ﬁﬁ#g %ﬁl't ﬁé& ﬁg‘%&b&ggwgz c?)%gessgagx’ee'ﬂéc eragt?ira]g lgeé{v i@tlrﬂ% mary magnet
and t he R ml@maa end Jermthatsectipnsabtieplasmpicenfinemeat chambends Bler  t he
]gplem ngsmunhtzlmhm abaﬁaﬂlya?@mésqﬁ@ptahﬁm&rdmll fgdin tHeebulloss the msxﬁ@szes for i
iltering selected ions,fr t.he .i on hea sma.el.ectrpode accordi ng

to of ai nrRReri ShenS bl Abing i dReaiSR Rl eng teeticBL AT T TR 4RSS P or o 07
A pl asnmepeatesstprly &2 alightlydicgaively bidsas the Dismatelectpde tefrive entielsidowvalihe sl ot s
at | eastofafe plabMe chifmeilefl dhafbed 44 the Bibs is k8nerflyPloas U&ItsC G dlighke accor di ng
to claiml6,. mth%In h?e £Ias electrodeglg |n%#§des aﬂpl ral.ity of_ slots
84, 86 atsediwavdinss APk ‘%%F‘SFT & PgriGitine grgplye fopg: °K‘ul|8?"é ®el ectrode
accor di nplasma chaaiber tBoughuthe hpeningsiBdy 8&i ng an even nunber of slots in the
pl asma el ectrode 70, each slot being aligned substantially parallel to the
other slots. 20. A ﬁbasna el ectrode a &étding to clgin116,,mherein t he
pri mary magnef'8HEe AHHSTHES BpskesomabiedonipusieLodakeyaenglingiad Rher ei n t he
primary Figgre2. Badichlady, Biges 8 hifustrags eh essniptarg cBdseagetiofof kieydismaof the sl ot
84 in th C ctrode
accordi ngle q@%‘i@' ﬁ@%‘?lﬁ%gﬁd& l%sg? e&g'fbtgg r%g?rgﬁl%dgg raﬁgal%% ﬁgﬁ@g’ 8a plurality
of | i neaPp§ningsraligpecisubptentinllymamyelipsadh atbera Eor jusiance, 2p opanipg 84’ el ect r ode
accor di nglongated aioig e lehgth ohexis COMXd & d@ning 86' is elongated along the length of

the axis 102, which lies parallel to axis 100. Opening 84' and opening 86" are slot shaped

so that they form ion beams having a cross-sectional ribbon beam shape. Typically, the

length of the slot 84' along axis 100 is at least fifty times the width of the slong measured

along an orthogonal axis. The illustrated magnets 78, 80 and 82 also have an elongated

shape. Each of the magnets presents one pole along an elongated edge of the slotted

openings 84', 86'.

The illustrated plasma electrode of Figure 3 also includes an even number of
openings in the plasma electrode. An even number of openings advantageously provides
for a more uniform ion beam, as compared to an ion beam produced within odd number
of openings.

Figure 4 illustrates an alternative embodiment of a plasma electrode 70' again as a
cross-sectional view (e.g., as if taken along line 4-4 of Figure 2). The plasma electrode
70" ingludes a plurality of circular openings 104a, 104b, 104c and 104d for passing a
stream of ions. The openings 104a-104d are linearly arranged along axis 100. The
plasma electrode can also include a second grouping of circular openings 106a, 106b,
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extend across the openings in a direction generally orthogonal to the linear extension of

the array of openings (i.e. orthogonal to axes 100 and 102). In addition, these magnetic

field lines improve the confinement of the plasma and reduce the number of high-energy

electrons entering the ion beams

Figure § illustrates a cross-section of an alternative plasma electrode 70". The
plasma electrode 70" includes a first set of circular openings 104a - 104c that extend
along an axis 100 and a second set of circular openings 106a - 106c¢ that extend along a
second axis 102. The plasma electrode also includes a set of magnets 120a, 120b, 120c
and 120d that generate magnetic field lines extending across the openings 104a - 104c
and across the openings 106a - 106¢. In comparison to Figure 4, the magnetic field lines
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linear extension of the array of openings (i.e. parallel to axes 100 and 102).

Figure 6 illustrates a cross-section of a further alternative plasma electrode 70",
The plasma electrode inctudes a first set of circular openings 104a - 104b that extend
along an axis 100 and a second set of circular openings 106a - 106b that extend along a
second axis 102. The plasma electrode also includes a set of magnets 122a, 122b, 122¢
and 122d that generate magnetic field lines extending across the openings 104a - 104c
and across the openings 106a - 106¢c. The magnetic field lines illustrated in Figure 6
extend across the openings in & direction oriented generally at an angle O relative to axis
100 (or axis 102 which lies substantially parallel to axis 100).

Figures 4-6 demonstrate that the magnegic field lines can be generally oriented at
any desired angle relative to a linear array of openings in the plasma electrode. As
discussed in the co-pending, commonly owned U.S. patent application, Serial No.
09/014,472 (attorney docket no, 97-SM9-44), it may be preferable to orient the magnetic
field lines at a predetermined angle relative to the linear array of openings in the plasma
electrode in order to improve the current density uniformity of the ion beam.
Accordingly, in one aspect of the invention, the magnetic fields are generally oriented at
an angle O relative to axis 100, wherein @ is greater than O degrees and less than 90
degrees, i.e. the magnetic field lines are neither orthogonal nor parallel to the axis 100.

Figure 7 shows further details of the plasma electrode 70 of Figure 2. The plasma
electrode includes the magnets 78 and 80 positioned around opposite sides of the
opening 84. The magnets are contained with a section of the plasma electrode 70. The
magnet 78 is separated from an internal surface of the plasma electrode by a metallic yolk
plate 124a, and the magnet 80 is separated from another internal surface of the plasma

electrode by a second metallic yolk plate 124b. The metallic yolk plates 124a, 124b can
be formed from metals, such as steel.

The illustrated plasma electrode also includes cooling tubes 122a and 122b
mounted adjacent the magnet 78, and cooling tubes 122¢ and 122d mounted adjacent the
magnet 80. The cooling tubes 122a and 122b transfer heat away from the magnet 78 and
the cooling tubes 122¢ and 122d transfer heat away from the magnet 80. The cooling
tubes 122a - 122d can be filled with a suitable cooling fluid such as water to transfer heat
away from the magnets 78 and 80 The cooling tubes are typically formed of copper.



109%& ()-! "10%<& ()- ! f##9800680C 10(S10% ()-| YO% () -
1109%0&' () - 10%0& ()-!10%0& ()-%& '' (U(}"?bC

100 100 100

10(z109%& () - 10% ()- @O%& ()-!s10%& ()-S! 10%& ()-sY 10%& ()- Ul SAyawss #%ahc
10( S& 109& () - 3#109%& ()- Y'109& ()-!L109%& ()- TL0%& ()- 109%& (

)-)
* *y**Q P, Q R aSE7 10 10 10 10! 09! 109& ()-M I . 10%& ()-|+10%& ()- 3
¥ S109& () - F' 10

109& ()-1f 1098TER

"R Y- o' ()-F9l 109 () -
UiiaseHi9 O PETS SsibolsbEnd Tlgrigrang b the'
invention. The plasma electrode 71 includes the first opening 84 and the second opening
86 for forming the first ion beam 88 and the second ion beam 90. The plasma electrode
also includes magnets 78, 80 and 82 oriented to form magnetic fields that extend across
opening 84 and opening 86. The magnets 78, 80 and 82 are polarized so that the north
and south poles of each magnet run the length of the magnet.

The orientation of the magnets 78, 80 and 82, however, differ from the
orientation illustrated in Figure 2. The magnets 78, 80 and 82 are rotated 90 degrees
around an axis extending out of the plane of the page, relative to the orientations of the
same magnets shown in Figure 2. The magnets produce magnetic field lines 130, 132,
134 and 1367 For example, the magnetic field line 130 extends from the north pole of
magnet 78 to the south pole of magnet 80, and the magnetic field line 132 extends from
the north pole of magnet 80 towards the south pole of magnet 78. The magnetic field
line 134 extends from the north pole of magnet 82 to the south pole of magnet 80, and
the magnetic field line 136 extends from the north pole of magnet 80 to the south pole of
magnet 82. Magnetic field lines 130-134 aid in confining the plasma to the plasma

chamber and reduce the number of high-energy electrons entering the ion beams 88 and
90.

Figure 8 also shows the magnets 78, 80 and 82 positioned within the cooling
tubes 126a, 126b and 126c¢, respectively. The cooling tubes 126a, 126b and 126¢ are
hollow and provide passageway for a cooling fluid to flow over the surfaces of the
magnets 78, 80 and 82 The cooling tube can be formed of copper, and can be filled with
a suitable cooling fluid, such as water, that transfers the heat away from the magnets.
The cooling fluid can be pumped through the tubes to further aid in cooling the magnets
which are being heated by plasma particles colliding with the plasma electrode 71.

It will thus be seen that the invention efficiently attains the objects set forth
above, among those made apparent from the preceding description. Since certain
changes may be made in the above constructions without departing from the scope of
the invention, it is intended that all matter contained in the above description or
shown in the accompanying drawings be interpreted as illustrative and not in a

limiting sense. Having described the invention, what is claimed as new and desired to
be secured by Letters Patent is:
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1. An ion source including a plasma confinement chamber 49 in which a plasma is
generated and including a plasma electrode 70 forming a wall section 52 of the
confinement chamber 49, the plasma electrode 70 having at least one opening 84 for
allowing an ion beam 88 to exit the confinement chamber 49, the improvement
comprising:

a primary magnet 78 coupled to the plasma electrode 70 and having north and
south poles that extend along a length of the magnet, said primary magnet being
oriented to present one of said poles along an edge of the openiné 84 in the plasma
electrode 70; and

an opposing magnet 80 coupled to the plasma electrode 70 and having north and
south poles that extend along a length of the magnet, said opposing magnet being
oriented to present a pole opposite the pole of the primary magnet along an opposing
edge of the opening 84 in the plasma electrode 70 such that a magnetic field 94 extends
across the opening in the plasma electrode through which the ion beam 88 passes;

wherein said primary magnet and the opposing magnet generate a magnetic field
that extends over the openings in the plasma electrode through which the ion beam

passes for filtering selected ions from the ion beam.

2. An ion source according to claim 1, further comprising:

an insulator 74 electrically insulating the plasma electrode 70 from other sections
of the plasma confinement chamber 49, and

a power source 72 electrically coupled between the other sections of the plasma
confinement chamber 49 and the plasma electrode 70, the power supply 72 negatively
biasing the plasma electrode 70 relative to the other sections of the plasma confinement
chamber 49.

3. An ion source according to claim 1, wherein the magnetic field 94 extending

across the opening is greater than 100 gauss.

4, An ion source according to claim 1, wherein the opening 84 in the plasma
electrode 70 is a slot.

5. An ion source according to claim 4, wherein the length of the siot is at least 50
times the width of the slot.
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An ioh source accordlng to claim 4, wherein the plasma electrode 70 includes a

plurality of slots 84, 86 aligned substantially parallel to each other.

7. An ion source according to claim 6 including an even number of slots in the
plasma electrode 70, each slot being aligned substantially parallel to the other slots.

8. An ion source according to claim 4, wherein the primary magnet 78 and the
opposing magnet 80 are elongated and wherein the primary magnet 78 and the
opposing magnet 80 extend along the length of the slot in the plasma electrode 70.

9. An ion source according to claim 1, wherein the plasma electrode 70 includes a
plurality of circular openings 104a - 104d aligned along an axis 100.

10. An ion source according to claim 9, wherein the primary magnet 78 and the
opposing magnet 80 are positioned relative to the opening such that the magnetic field
94 is generally oriented at an angle © relative to the axis, the angle © being greater than
0 degrees and less than 90 degrees.

11. An ion source according to claim 1, further comprising

a second opening 86 in the plasma electrode 70, the second opening 86
positioned such that the opposing magnet 80 lies between the opening 84 and the
second opening 86, and

a secondary magnet 82 coupled to the plasma electrode 70 and oriented to
present a pole along the edge of the second opening 86 such that the opposing magnet
80 and the secondary magnet 82 form a secondary magnetic field 96 that extends
across the second opening 86 in the plasma electrode 70.

12. An ion source according to claim 1, further comprising a cooling tube 122a
mounted adjacent the primary magnet for transferring heat away from the primary
magnet.

13.  Anion source according to claim 2, wherein the primary magnet 78 is positioned
within a hollow cooling tube 122a filled with a cooling fluid and wherein the cooling tube
is mounted to the plasma electrode 70.
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14.  An ion source according to claim 1, further comprising a magnetic yoke 124a
positioned between the primary magnet 78 and an interior surface of the plasma
electrode.

15. A plasma electrode 70 for use in an ion source, the ion source 26 including a
plasma confinement chamber 49 in which a plasma is generated and wherein the
plasma electrode 70 is adapted to form a wall section 52 of the confinement chamber 49,
the plasma electrode 70 including at least one opening 84 for allowing an ion beam 88 to
exit the confinement chamber 49, the electrode 70 comprising:

a primary magnet 78 coupled to the plasma electrode 70 and oriented to present
one pole along an edge of the opening in the plasma electrode, and

an opposing magnet 80 coupled to the plasma electrode 70 and oriented to
present an opposite pole along an opposing edge of the opening 84 in the plasma
electrode 70 such that a magnetic field 94 extends across the opening 84 in the plasma
electrode through which the ion beam 88 passes,

wherein said primary magnet and the opposing magnet generate a magnetic field
that extends over the openings in the plasma electrode through which the ion beam
passes for filtering selected ions from the ion beam.

16. A plasma electrode according to claim 15, wherein the opening 84 in the plasma
electrode is a slot.

17. A plasma electrode according to claim 16, wherein the length of the slot is at least
50 times the width of the slot.

18. A plasma electrode according to claim 16, wherein the plasma electrode 70
includes a plurality of slots 84, 86 aligned substantially parallel to each other.

19. A plasma electrode according to claim 18, further comprising an even number of
slots in the plasma electrode 70, each slot being aligned substantially parallel to the
other slots.

20. A plasma electrode according to claim 16, wherein the primary magnet 78 and
the opposing magnet 80 are elongated and wherein the primary magnet and the
opposing magnet extend along the length of the slot 84 in the plasma electrode.
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a secondary magnet 82 coupled to the plasma electrode 70 and oriented to
present a pole along the edge of the second opening 86 such that the opposing magnet
80 and the secondary magnet 82 form a secondary magnetic field 96 that extends
across the second opening 86 in the plasma electrode 70.

23. An ion source including a plasma confinement chamber 49 in which a plasma is
generated and including a plasma electrode 70 forming a wall section 52 of the
confinement chamber 49, the plasma electrode 70 having at least one opening 84 for
allowing an ion beam 88 to exit the confinement chamber 49, the improvement
comprising:

a power source 72 electrically coupled between the other sections of the plasma
confinement chamber 49 and the plasma electrode 70, the power supply 72 negatively
biasing the plasma electrode 70 relative to the other sections of the plasma confinement
chamber 49 for inhibiting negative ions from leaving said plasma chamber through said
openings;

a primary magnet 78 coupled to the plasma electrode 70 and having north and
south poles that extend along a length of the magnet, said primary magnet being
oriented to present one of said poles along an edge of the opening 84 in the plasma
electrode 70; and

an opposing magnet 80 coupled to the plasma electrode 70 and having north and
south poles that extend along a length of the magnet, said opposing magnet being
oriented to present a pole opposite the pole of the primary magnet along an opposing
edge of the opening 84 in the plasma electrode 70 such that a magnetic field 94 extends
across the opening in the plasma electrode through which the ion beam 88 passes.



