13 June 2005 WD 02/48425 PCT/ GBOL/ 05477 METHOD AND SYSTEM FR, BORANE
| MPLANTATI ON Rel at ed Patent and Patent Application The followng U'S.

Pat ent and patent application, conmonly assigned to the assignee of the
present invention, are incorporated by reference herein as if they had been

fully set 5 <U S. Patent No. 6,107,634 to Horsky ent, CABORANE
VAPORI ZER, gvfr?gfz%fﬁés patent application ser. no. 09/416, %@g}éﬁgﬂ% Cct ober

11. 1999, entitled DECABORANE | ON SOURCE. Field of the Invention The
present invention relates generally to sem conductor inplantation and nore
10 specifically to a nethod and system for inplanting icosaborane,

triant aborane, and sarantaborane ions into sem conductors. Background of
the Invention Conventional ion inplantation systens, used for doping
wor kpi eces such as sem conductors, include an ion source that ionizes a

desired dopant el ement whiMETHODRAND SYSEEMJEQR form an i on beam of
prescribed energy. The i i [ c]?ﬂi; e of the

wor kpi ece to inplant themvmr %;Be('gg{%b{% e %%&plngMt. The energetic
ions of the 1ion beam penetrate the surface of the workpiece so that they
are enbedded into the crygtalline lattjge of the.wkpiece material to
forma region of desi red%ﬁﬁ&fk?ﬁfﬁ'}tﬁn @t‘?"rfp‘{ﬁﬂpﬁ?ti“b‘ﬁ process is
typically performed in a high-vacuum process chanber which prevents

di spersion 20 of TheTellowing Ues) fratbit ab@paidnShppicatith! dbnirfsnlyiddbned asndRLigs! es and
whi ch mnim £8s the risk of contam nation of the workpiece by airborne
particul at e§* 'f SISO SWenliy. aRapcgiported hyefersnee hesein ab ifisben hed besrafullnbttes used

to defi ihF j I t
o defing arorine).SPhtenNEB, 1606343 ﬁ&@ﬁf&ﬂﬁ%{?@i@ﬁ?%ﬁ%’?ﬁiﬁﬂ Shyes to

the concentration of inplanted ions for a
patent application ser. no. 09/416,159 filed October [ 1, 1999, entitled DECABORANE ION:

SOURCE.
Field of the Invention

The present invention relates generally to semiconductor implantation and more
10 specifically to a method and system for implanting icosaborane, triantaborane, and

sarantaborane ions into semiconductors.
Background of the Invention

Conventional jon implantation systems, used for doping workpieces such as

semiconductors, include an ion source that ionizes a desired dopant element which is then

15 accelerated to form an ion beam of 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 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

20  of the ion beam by collisions with residual gas molecules and which minimizes the risk of
contamination of the workpiece by airborne particulates.

Ion dose and energy are the two most important variables used to define an implant

step for a particular species. Ion dose relates to the concentration of implanted ions for a
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WO 02/ 48425 PCT/ GB01/ 05477 given sem conductor naterial. Tyai galloggshi gh
current inplanters (generally greater than 10 mllianps (rr&l) I on Beam

current) are used for high dose inplants, while nmediumcurrent inplanters
(generally capable up to about I mA beamcurrent) are used for |ower dose

appl i cationg, @400 €nergy is used to control junction d I
sem conduct or ﬁgv@ces. The energy of the ions that nakeﬁgyafl"'hgusf‘gn beam

determ nes the degree of depth of the inplanted ions. High energy
processes such as those used to formretrograde wells in sem conductor
devices require inplants of up to a fewmllion electron-volts (MeV),
whi |l e shallow junctions may only demand energies below 1 thousand

el ectron-vol ke and ultra-shall ow junctions 10 nmay require energies
a5 Tow as. 28 EutEieunhipaitted Sop i bR e ety SRR nd
smal | er senmmtiiadpc(nX) ide Yemesurfeaq Ui 86 for Hizh ABieSiplattst HhilORedOH caSsn: t hat
conti nue to.nqlgl iver, higher beamcurrents at | ower energies. The higher

hi
beam cur r ent™BRBH? é@e‘gﬂ% c3paple JPAP RO Slald baapresusteniiiard wsed e lowakdosener gy
| evel s per apdlicatia@l | ow i npl ants. Source/drain junctions in conplenentary
met al - oxi.de 15 sem conductor (CMOS) devices, for exanple, require such high
current, 2l ow enePagrergpphsed trdoninrl junctiendepthiin seticongnctenierices The elcrgyef an

. . bl d . . . . t f )
conbr essed Hagots R 8 oo B Alinicl I ceell DPERINes hEMATR oG ©' °
el enent s ar Highenergy préyessep babphtwsused BYormgeatrdgratawieEah, setitghdbdiof BdVices

anti nony (Sh),. 2 n rsenig ( . st of t squrce el enents are
comonl y us%émf%%g’tn% OESP i?%a %Wdiﬁ%od'seg%ﬁgn?’ @Fﬁ]‘?ﬁgﬁc‘@ﬁ# SEQP&HP“W%W“Y s
al nost  excl oy dehyrdpnayied eeow HRBEALEIORNOIEKSY), 2AS ultAQRARW fuhddomer | de

(BF3), gé} as_a co.n;pound in solid (gowder) form as decaborane ('B10H14).
Decabor ane PB T8MI 3 CR&sS Py B 270 eleeteqnrvalis (@Bur ce of feed material for

boron inplants mowﬁﬁﬁuiﬁgqgnai%laéa&man@nwh%'s%nﬁ@nél'éler)dé%b%g aReL i zed

and ionized can provide a 25 nolecular ion conprised of ten borbdn atons.
Such a sour'@¥lanieryidibion spyrges shit eeninue P oeliver ishefdsan baventrme fogser enepdiant

on beam can e P RS e R SR R Brie ™K "Can o
permir{pshallow implants.-  Source/drain junctions Fi)n complementary metal-oxide-
15 semiconductor (CMOS) devices, for example, require such high current, low energy
applications.

Conventional ion sources utilize an ionizable dopant gas that is obtained either
directly from a source of a compressed gas or indirectly frorﬁ a vaporized solid. .Typical
source elements are boron (B), phosphorous (P), gallium (Ga), indium (In), antimony (Sb),

20 and arsenic (As). Most of these source elements are commonly used in both solid and
gaseous form, except boron, which is almost exclusively provided in gaseous form, e. g.as
boron trifluoride (BFs), or as a compound in solid (powder) form as decaborane (B gH4).

Decaborane (BgH,4) could be an exc_:cllent source of feed material for boron implants
because each decaborane molecule (B oH,4) when vaporized and ionized can provide a

25  molecular ion comprised of ten boron atoms. Such a source is especially suitable for high
dose/low energy jmplant processes used to create shallow juncéions, becéusc a molecular
decaborane ion beam can implant ten times the boron dose per unit of current as can a

monatormic boron ion beam. In addition, because the decaborane molecule breaks upintoten

individual boron atoms of roughly one-tenth the original beam energy at the workpiece -
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nmonat om ¢ boron ion beam In addition, because the decaborq@qmﬁgbﬁ&yle

breaks up into ten individual boron atons of roughly one-tenth the

original beamenergy at the workpiece -2 13 June 2005 WD 02/ 48425

PCT/ G601/ 05477 surface, the beam can be transported at ten tinmes the energy
of a dose-equivalent nonatom c boron ion beam (The individual boron atons
of a sWARJRAfS@har ged decaborane nolecule (B 10Hx) of PCO/GBIEsTHTcCal boron
atons accelerated with a voltage V each have an energy of eV/I0, and thus
the ion beamcan be extracted at 10 times the required energy). This
feature 5 enables the nol ecular ion beamto avoid the transm ssion | osses
that are typically brought about by | ow energy ion beamtransport. Recent
process and ion source inprovenents have enabl ed the generation of ion beam
cur r entefachake twkgletn reoanspdrredtabien fiticsithe efid@gdef asivfd @i @Rint hofat@hieduct i on
appllc%g%gq&lggnLd abor.a ;gplants- Keys to such Inprovenents are ion

e
source ¢ool'i hg mechani ‘Q‘L"H TPl PE AT g <ddErd drshogre prkccabor ane

ol ecuk@oHgy of (RYERILBEJONa0stbeIGasd taf aRANSAY 40l RCUkAnetQbr( Bi OHX)
ments and el emental boron. In addition, in known

into bo e fra
decaboFgﬂﬁ' 3“8*”351?1‘%‘?,3”’3?&8 ke geiracied et Khouss thareqrisd epergpn Thisdeatge 107, 634, a

| ows deBgibley theRth@lsdiur ich BB YolvBRdnd RaREENERtoLLELR il fir om causing
such di ssoci ation and fragmar‘{t ati onz.l 15 As gt at ed ag%{%@lé:%ﬁ}?%{oa he[ ultra

shal | ofPPREIPOIRg ey ipnsspnetmaret ors wil | |ikely require boron inplants
Wi th | ] ke g OGS FR AR AL HER AW ENET Of ERr o Dear

current densities wll necessari Crease. ng even st afe<Bf-the art
decabotureatsi thisl might proge hmdho fyprestentiec sufficiedtofor ipnplhaiin igplioaphpuwt Wi | |
i ncreased for. the sane | evel of ion

decr eagg. sl &35, 100! 80t dasgs, can be
beam current. %ﬁ aggé’dl t1on, ¢t W T ICSE AESP B ‘108[‘?%8‘%’&5’@“‘26‘% he ion beam
en&d gypeveandportatibeveihs datbdbbeuit nidleueasidng dltawease bghel @Yiglipaed: t he
i ndi vi dgglcmarbor@ Iflt,oms i npl afnt ed. ACéO{edi ngly, these are objects of the
present ot nventt one "S{J‘ﬁ‘ﬁhl?(ﬂfgﬁf TR S D8 GRS %:‘lémbﬂé‘?éﬁ'tﬂoi"ﬁ@éﬁ?‘?"bn provi des
a met haxdat@kank i@l sontdeR|Gutipnd ZRsHGNArU 8r d8en:DM. 3R 634, a tow-density
plasma is maintained to prevent the plasma itself from causing such dissociation and
fragmentation.
15 As stated above, future ultra shallow junctions in semiconductors will likely require
boron implants with implant energies as low as 250 eV. At such low energies, ion beam
current densities will necessarily decrease. Using even state-of-the art decaborane implant
technology, semiconductor implant throughput will decrease unless implant doses can be
increased for the same level of jon beam current. In addition, it will be desirable to increase
20 the ion beam energy transport levels without increasing the energy levels of the individual
boron atoms implanted. Accordingly, these are objects of the present invention.
Summary of the Invention

The present invention provides a method of implanting ionized higher order boranes
into a workpiece, comprising the steps of:

®» vaporizing and ionizing decaborane in an ion source to create a

plasma;



into a workpiece, conprising the steps of G vaporizing ang ni
decaborane in an ion source to create a plasm; 13 June 2 85‘0 5)
extracting ionized higher order boranes within the plasm through a source
aperture to forman ion beam (iii) nass analyzing the ion beamw th a nass
anal ysis magnet to permt a selected ionized higher order borane to pass

t her et hrough; and @@ v) evcmuagtqnﬁgdhﬂg&r%eicesérﬁstslw@ﬂﬂhﬁﬁg %ger bor ane
into a workpiece. A net 0 i npl anting ionized |cosa orane

triantaborane (B3oHx), nucfcc%PﬁF[&rﬁt abolP4AB EB2BASY™I nto a wor kpi ece i s
provided, conprisi r(gl)t henass @Bk Helidn BeARANHZL MG aﬁ:ﬂ?sré;% % Ng Qecabor ane
in an ion source (50) to create a plasma; (i) extractlngélonl

i cosaborane, triantabor BFEW WW@QF%WP‘&B@F‘HW@G{b@hhﬁe@mahmtﬁﬂoug{aer or der
boranes”) within the phasma through a source aperture (126) to forman ion
beam (iii) mass anal yzr ng the ion beamw th a mass anal ysis magnet (127)
to permt ionized ¢osal¥iaKias tezelksed ionied BeliunalePB@ 5002/ 48425

PCT/ GBOL/ 05477 one of t{ggrkgfeggr hi gher order boranes to pass therethrough,;
and (iv) inplanting the ionized icosaborane (B20H, () or one of the other
hi gher order boranes into a workpiece. The step of vaporizing and ionizing
t he decaborane conprises the substeps of (i) vaporizing decaborane in a
vaporizer (51) and (ii) ionizing the vaporized decaborane in an ionizer 5
(53). Brief Description of the Drawings Figure 1 is a schematic, partially
cross sectional view of a first enbodinment of an ion source for an ion

i npl anter constructed according to the principles of the present

I nvention; A method of implanting ionized icosaborane (ByHy), triantaborane (BaoHy), and
sarantaborane (BqoHx) into a workpiece is provided, comprising the steps of (i) vaporizing .
and ionizing decaborane in an ion source (50) to create a plasma; (i) extracting jonized
-icosaborane, triantaborane, and sarantaborane {collectively “higher order boranes™) within
the plasma through a source aperture (126) to form an ion bearn; (iii) mass analyzing the

ion beam with a mass analysis magnet (127) to permut tonized icosaborane (B,6Hx") or
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10 Figure 2 is a cross sectional view of a connectlng t ube %ﬂl 0
alternative enbodinent of the ion source of Figure 1, take éﬁSﬁa ?he
lines 2-2; Figure 3 is a partially cross sectional view of the ionizer
portion of the ion source of Figure 1; and Figures 4 and 5, taken

t oget her, a t of current versus atom c mass unit i on beam
ob?alned usﬁﬁﬁ {heglon source of Figure 1, showi ng the p%géQ%QIMAE

i cosaborane, triantaborane, and sarantaborane conponents. Detail ed
Description of a Preferred Enbodi nent of the Invention Referring nowto
Figures 1-3 of the drawings, and initially to Figure 1, an ion source 50
conprising a vaporizer 51 and an ionizer 53 are shown; constructed
accordi ng 20 to the present invention. The vaporizer 51 conprises a
non-reacti ve™® ﬂﬁﬁeﬁﬁ’ﬂ Mishes priseleqranes tanapy therathuglyrangd (ivdintplastisgthe ionfesdt i ng

medi um r eserieiborird BAHIG3 bLIRAMTIMER S bofne TR AALE FRILLO! | €T

56, and a nmss flow controll er | oni zer I's shown I n nore
Fi gure 3. THY vapaiizing|aad Hpizing thexdegabothne epropriseythe suhsiephef (ivepirzerz 53 and

d d I
Croot. in 1 nacedy s AebBRACH VR @SR B TR eflopiiiPuca by an

out er sirgl 3®hanber annul ar sheath 90 along substantially the entire

length thereof. -4 13 June 2005 WD 02145425 PCT/ GBO1/ 05477 The cruci ble 52

provi des a contai ner 64 enc#agﬁgﬁa Vi tq’f}gﬁ d}_ r containing a source
material 68. The container T& *‘) e LywIngs; ¢ abl e non-reacti ve
(inert) material such as stainless steel graphite, quartz or boron

nitride and whi clFigug IGiapatheiad, parfiallyirb@ sél:u%hkflfvle‘id SMtfiradXRWBdinkht QNI Ce
material such as dﬁ%[abor ane (B, oH14 5 The decaborane is vaporized through

a process of “SWHIF AN & BY aﬁ@éﬁ‘?‘ﬁﬁu"c‘%’é‘:ﬁﬂlpém the prinpiplesov theipmsent64 with a
heati ng medii@ndéh;cont ained in reservoir 54. Decaborane is typically
available in fine powder form having a vapor pressure of 0.1 torn at room
t enper atlfre and Fukegyipa gioss1BeOnalChew bt eingeclinpmbe 2Bah adlematier ane exits the

cruci bl e 52 empodiment of the ion source of Figure 1, taken along the lines 2-2;
Figure 3 is a partially cross sectional view of the ionizer portion of the ion source
of Figure 1, and
Figures 4 and 5, taken together, are a plot of current versus atomic mass unit for an
15  ion beam obtained using the ion source of Figure 1, showing the presence of icosaborane,

triantaborane, and sarantaborane components.
Detailed Description of a Preferred Embodiment of the Invention

Referring now to Figures 1-3 of the dr_a_twings, and initially to Figure 1, an ion
source 50 comprising a vaporizer 51 and an ionizer 53 are shown, constructed acéording
20  to the present invention. The vaporizer 51 comprises a non-reactive, thermally conductive
sublimator or crucible 52, a heating medium reservoir 54, a heating medium pump 55, a
temperature controller 56, and a mass flow controller 60. Ionizer 53 is shown in more
detail in Figure 3. The crucible 52 is located remotely from the'ionizer 53 and connected
thereto by a feed tube 62, constructed of quartz or stainless steel. In the disclosed
25 embodiment, the feed tube 62 is surrounded by an outer single-chamber annular sheath 90

along substantially the entire length thereof.



via feed tube 62 and enters nmass flow controller 60, which 1%ouptnre(%ﬁSthe
fl ow of vapor, and 10 thus neters the anount of vapori zed decabGrang which
is provided to the ionizer 53. Alternatively, in a second enbodi nent of
the invention, the feed tube 62 is provided in the formof a capillary

tube and shggiBuflsis provided in the formof a coaxial - er
sheat h, corrﬁ?llt sf‘ngsan i nner sheath 90A surrounded by an Sg?@?“’@g.@?h 90B

(see Figure 2). The heating medi um may be punped into the inner sheath 90A
(l ocated 15 adjacent the capillary tube 62) and punped out of the outer
sheath 90B (located radially outward fromthe inner sheath 90A). In this
second enbodi nent, the nmass flow controller 60 is replaced with a heated

shut -of f val ve (H_gt shgwn% | ocated at the feed tube/ionizer interface, and
mass flow is i ncrleaSHeELIs 2 RERides d sontpyerdrHendosisg xgaxigPhigr eonciniagper at ure of

t he reser voisoufed maal BRE ThOBdntLHer %r&fﬁmﬁf}%é bfla {FRGB1e A& Abtive Ginkhour € 3.

The ionizer 53 conprises a generally cylindrical body 96 and a dgenerally
annul ar basen¥eriakiighes Hiyniesssirgh so@hitd; gedstzion borpm pitfideaind whistt iseapailé nfent

construct ed 1fy; Mw ] ' | means of entry
cool i ng passagél\?\éhy 100 ﬂ&@;@{%ﬂ&@ “%%gg%ﬁl? %Ae?ab%%% ﬁ%&ﬁ%)assageway 104
whi ch exidt s body Th&dechlzrawtis epodHE. thifingh cprodessdf satdthiation by ednag Watvells or any
ot her 25 sui I luid having.hi gh.heat capacjty. The_eniry and exit

cool i ng pas s°t£§§ﬁ§‘§‘é’“§‘r%v"f‘ & hegu%%ﬁ”ﬂfﬂgh§°$§?ﬁkﬁéﬂsﬁ?"\m?‘chﬁéﬁ‘i’r§?6 ¥l ows

t her et hr oughypicilig aalilablbé fir@Hosder AR Ya Vil a vapbl i@ 0Pl YorRafrb@gMeENt ed
portion of the pr)at hvvac}/’fi s shown in phantomin Figure 3, the pathway may

ext end near "SRRFrAWEatd e sl i CpLpmpletsiy vagprized deqgbergnd gxita g cRisHS2

confi gurati Gk feli hRSEY Hidleh@ls hRe nER bR RO wi t -5 13
Stne. 2008 WS LB B el el nENLLIRI nng‘ﬁtégi'fé‘?gff ok of 0BT -5 13
i oni zat i18n dhrmisiars the gmewns ofieaporited deeabprnawbice s prdvadedwp Hie ieizoAdrodat e

decborane 2SS, e AT RIS W e
t enper at ur e pkayided fothg Forfil of 8 sajitian ndb @ndshamb 9P isgir@nidddl iy tHedbmesin B38HalC and
350 Q) to dual-chamber sheath, comprising an inner sheath 90A surrounded by an outer sheath 90B

. (see Figure 2). The heating medium may be pumped into the inner sheath 90A (located

15 adjacent the capiilary tube 62) and pumped out of the outer sheath 9OB (located radially
outward from the inner sheath 90A). In this second embodiment, the mass flow controller
60 is replaced with a heated shut-off valve (not shown) located at the feed tube/ionizer
interface, and mass flow is increased or decreased by directly changing the temperature of
the reservoir 54. :

20 The ionizer 53 is shown in more detail in Figure 3. The ionizer 53 comprises a
generally cylindrical body 96 and a generally annular base or mounting flange 98, both in .
the preferred embodiment constructed of aluminum. The aJumiﬁum body 96 is cooled by
means of entry cooifng passageway 100 fed by inlet 102 and exit cooling passageway 104
which exits body 96 via outlet 106. The cooling medium may be water or any other

25 suitable flmid having high heat capacity. The entry and exit cooling passageways provide
a continuous pathway by which water flows therethrough to cool the ionizer body 96.
Although only a fragmented portion of the pathway is shown in phantom in Figure 3, the

pathway may extend near and about the outer periphery of the body in any known

configuration to insure that the entire body is effectively cooled. .

-5-



5 .. prevent dissociation and fragnentation of the ionized,gﬁfaﬁgbage
nol ecul e. Referring back to Figure 3, within the confines YRe& T dni zer
body 96 are an extension of the feed tube 62, surrounded by annul ar sheath
90, term nating at ionization chanber 108. Wthin the ionization chanber

reside a ho{,voq]%mge 110 and an anti- cathode or repell ei’&&%ﬂ%@éﬁ hot

cat hode 110 cofiprises a heated tungsten filanent 114 10 by a
nol ybdenum cyl i nder 116 and capped by tungsten endcap 118. The heated
filament 114 is energized via power feedthroughs 120 and 122 that pass
through and are electrically insulated fromthe al um num body 96. The
repeller 112 is also electrically insulated fromthe body 96, via a

thermal |y conduc&i ve electrically insulating material (such as sapphire)
whi ch physi cal | yCeQingithssbady g6 inspiss that the fpnizatonchamber [08mesides flon 15 chanber

108. In openghjetiured thet Mﬁ@@é&ma%@@e{aﬁ@ﬁ[eagwthiﬁ &eﬁ&gﬁﬁ%&am&é’ the
i oni t 119. e

ionization chanber via feed tube 62 at zer 1nle en t

tungst en fi [thayisisutlicendy kigh.clibagheze fouad dat the dmizey Shshoaldieinparitaiord 20k a
potential diffeLENERWASK 1 122 ~d.he fi t emts
el ectrons t ﬁat’ﬁ aaglgeﬁ)gra&aito ggrtF %ﬁﬁ%ﬂ?é@*&?%ﬁdgé&gﬁfj@gweﬂgﬁ 3@%“51 Jiﬁﬂﬁs endcap
118 i s saf f ipsivendisyocktiat entl fizgnednecivn ofthd mnizad deabdrane holeduld. urn enits

el ectrons into ionization chanper 108 that. strike the yaporized gaé
nol ecul es to cr e%%}gm%ﬁgéﬁ%ﬁﬁg(“ﬁee ’%ng‘ﬁbtg‘? congings Qft H’él'rz?r?"gi‘)ﬂgﬂf’&%rra i's
thereby cr eattesbjonfof g fodd tGbe 62) sirfunBRIY abBul@shéas @ ermbd=0AE hi6nigiaber

e 126. The plasnma includes decaborane ions 25

t hrough source apieqrt%g_ . C )

(Bi oHx' ), whPeni(8s Within thedopzatiop qhamher resideachobenthods 11OaRd 7BRBHK' ), wher e
X is an int egRdde obRptiRr 782 THe 1AL | ' 2 118 an
integer up to 450 agd éar ant ablg&?aﬁ%ﬂe?gﬁgd%%%%éﬁ%ﬂgﬁt\gp@aﬁgﬁaﬂai nt eger
up to 580 apyraypdedihy apmelybsenyp cxlindai) 16 ahdheapped byvonistineodeap The Tier m

oD oL R LB 55 TR,
i ncl ude . - éndi@e Jentacall® d5uded GhYBd ABminum body 96. The repeller 112 is also
electrically insulated from the body 96, via a thermally conductive electrically insulating
material (such as sapphire) which physically couples the repeller to the cooled ionization
15  chamber 108.

In operation, the vaporized decaborane powder is injected into the jonization
chamber via feed tube 62 at ionizer inlet 119. When the tungsten filament 114 is
energized electrically by application of a potentiél difference across feedthroughs 120 and
122, the filament emits electrons that accelerate toward and impact endcap 118. When

20 the endcap 118 is sufficiently heated by electron bombardment, it in turn emits electrons
into the ionization chamber 108 that strike the vaporized gas molecules to create ions in
the chamber.

A low-density ion plasma is thereby created, from which an ion beain is extracted
from the chamber through source aperture 126. The plasma includes decaborane ions

25  (BioHx"), where X is an integer up to 14, icosaborane ions (ByoHx"), where X is an integer
up to 28, triantaborane ions (B3Hx "), where X is an integer up ;o 42, and sarantaborane
ions (B4pHx ™), where X is an integer up to 56, all of which are implantable into a
workpiece. The term “icosaborane” is intended to includé both B,gHy molecules .and/or a

cluster of two decaborane molecules. The term “triantaborane” is intended to include .
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PCT/ GBOL1/ 05477 bot h B3oHx nol ecul es and/ or a cluster of thrﬁgJ‘_?\%%ggrane
nol ecul es. The term "sarantaborane" is intended to include ™0 Hx
nol ecul es and/or a cluster of four decaborane nol ecul es. The extracted ion
beamis then mass anal yzed by nmass anal ysis magnet 127 to permt only ions
having a pr | charge-to-mass ratio to pass 5 there he | ow
density of ?@gd’z}ég‘ggborane/i cosaborane plasma in chanber %g@%?;gn?sa‘% part
provi ded by the relatively |ow arc di scharge power naintained in the source
(about 5 watts (W at 50 mllianps (m)). The constituency of the

| ow-density plasma in ionizer 53 is shown in the graphs of Figures 4 and
5, which taken together show a plot of current versus atomc nass unit 10
(AMY) for tAE)e components of an ion beam obtained using the ion source of
Figure 1. AS° PRletHesswdfor geluaser ofjthrae @qcehvaanemlmgm Eheyemks repr esent
decabor ane (Birgththo is i i 1 , and
BAOHX in Figure 5. rf‘ﬁ’d‘éi‘%ﬁﬁiﬁﬁﬁ‘?ﬁ% g"gﬁgfgﬁﬁﬂé’n&é’ﬁﬁggﬂdﬁirg i
AMJ, and t héesabpraapmplaeidesp Ebdexiractobivr bean isaherd86s andijded bymBisgnalgsis, t he

B30Hx peak i roximately 350 AMJ and Bd4oHx 15 peak is
observed at “?aéggﬁ?zy"i%ﬁ‘ iﬁﬂ%‘ﬂg?ﬁ%‘an% ar‘l%r)ég%lg’?%@%%g?naﬁ BUPEPESS n an i on

i npl ant e, drrampighe The da denaineofithd dehbRanclitRiboame PRs@b @Ndhhmbéer 0RM @nt ed
into the work i:%%;?cl‘ Thﬁm g%l eclul e bredggkfl up at the workpiece surface such
that the en8Fg¥roSHedRE e BERERYdP Y Aicdse Hﬁgﬁ‘?‘%’ﬁraﬁ&‘%‘@?ﬁ’t‘ﬂtﬂcﬁéméﬁ@?’@%}5 of the
t en- bor on gmauP(WS at0IBiamps(thAg. case of BI1OH14). Thus, the beam can be 20
transported at t tinmes the desired boron inplantation energy, enabling
very shallow i nﬁ?‘&ﬁ?@“%‘i%@ﬁfheé?“gﬁﬁsﬂﬁahﬁmb@aﬁﬁ“@qf aAdnihewhn émtbe gmphs. | n

addition, abfBgley#andSAhicneh filemeA6R agagéjttotfg&emg,ﬁg.{rgﬂtam%& hM& Rt en Ui mes

the dose to the workpiece. ‘Finally, cau e per unit Jose is
one-t ent!f t FAMUpforahaomppanniscof be & tieamp|clrined weing the émesouch af Bigmg 1praabl ens

are nmuch | egs, : - Ol rate. 25 Wth regar th
i cosabor ane ( I\3‘§I§I¥b< eg%%%%ﬁé%“@@ &qg'gblg%e%ééer%rets%tde‘fag’o‘%%&&’%g? &‘EfF fromthe
i on source ichsaboghe Ghulh) én Biger tuael Bigy arid B.b13, ey 6.0In Hale 2hRe | cosabor ane

![ ﬁebel ng f Oﬁég?ﬂc)jorat.)r}é &eg(eis Ioltf)srear'\%lzld %;[ llc}nA.l\(;I{J, gl’le{jC tﬂg ?cros?élggr_ar\g\é [geg.kli_é t%rservezd a{t %Qf'is W thin

AMU. In Figure 5, the ByoHx peak is observed at approximately 350 AMU and BagHx
15  peak is observed at roughly 470 AMU. '
Using the source 50 of Figure 1 in an ion implanter, an entire decaborane molecule
(ten boron atoms) is implanted into the workpiece. The molecule breaks up at the
workpiece surface such that the energy of each boron atom is roughly one-tenth the energy
of the ten-boron group of atoms (in the case of BjgHys). Thus, the beam can be

20 'Lransported at ten times the desired boron implantation energy, enabling very shallow
implants without significant beam transmission losses. In addition, at a given beam
current, each unit of current delivers ten times the dose to the workpiece. Finally, because
the charge per unit dose is one-tenth that of 2 monatomic beam implant, workpiece
charging problems are much less severe for a given dose rate.

25 With regard to the icosaborane (BagHx) component of the ion beam that is
extracted from the ion source through source aperture 126, it is believed that the
icosaborane is being formed by the irradiation of decaborane with H or H; ions within the
tonizer 53 of source 50. Under specific source conditions, decaborane vapor in the

ionizer 53 results in an adjacent sub-spectrum from mass 130 AMU to 240 AMU (see
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ioni zer 53 of source 50. Under specific source conditions, %ﬁéﬁbg@@ge vapor
inthe ionizer 53 results in an adjacent sub-spectrun1froﬂ1 0& AMUJ to
240 AMJ (see -7 13 June 2005 WD 02/ 48425 PCT/ GB01/ 05477 Figure 4) that
appears to be simlar to the decaborane spectrum Thus, the ion beam
extracted t&;o%%% the ion source aperture 126 includes, in addition to the
fragnent ed SSEBHE ane spectrum a fragnented decaboranepaﬁpﬁgwﬁ¢?also
referred to herein as a dual cluster of nol ecul ar decaborane or

i cosaborane (B20Hx)). lonized icosaborane (B2oHx') is 5 inplantable at
energy per boron atom of bel ow 500 eV, and even as |low as 250 eV, at boron
particle currents as high as 1.6 mllanp (m). Using the source 50 of
Figure 1 in_an ion inplanter, an entire icosaborane ion (twenty boron
atoms) is i FigMeD &t appeds torhs sioita i e decalivrand spectinme SRtws, ule iah bedwe  wor kpi ece
surface suc . om._l.s..roughl y one-twentieth
the 10 ener 8’;‘*32‘?3 %*f%@‘pg%‘%ﬁ?‘g-%Ig‘l;%ﬁgfé?%%‘ﬁ?‘“a‘{sbﬂ’ﬁd@%ﬂ BES HasliRisp B23HX) .

Thus, the béwabaans spectruny afrspumteddiecdbotane Miyet”i (Aiesrefdned delsdrdig ds HAr0N

i mpl ant ati on _ener. enabl i.ng very shallow .inplants w thout signjficant
beam t r ans ma‘slsg?roorg%éesc g!g;s&c t??gaé‘aaf %‘/:Pi?ﬁ?mﬁ‘? Xﬁﬁo}gﬁ%éﬂm%ﬁqsa%ﬂﬁéﬁ%“%xéé%h uni t
of currefit dhellanrshiesatens@gy per bbroR atohi 6T bRSESCOR W, Bl VB K1bRGS 25Wak | Y,
because the, char elgggur unit dose is one-twentieth that of a nonatom c beam

i mpl ant, 15°¥%6P TERYEAYgE 2 S BHEIRP @R8) much | ess severe for a given

dose rate. The nBfp BO&ukeisd FRGOR ih2d idrAMpRRIeRGh Ui thos@rdid jdgnOWn i n the
art, to permt to pass therethrough only particles having a charge-to- mass

ratio w thi iventsperen ptpmsyisimgmlantedipiochelivadipigce. t The ioralwsakamakitde s magnet 127
may be adj ugb&e; ' Wi I r Q B10H14) or
i cosaborane (B 1(%I—ix UH?%J%ghs[gbttt e%ngt rogg% i%ogtn%?qq&gﬁér;‘%ﬁiar({mtjf ﬁeenjnﬁ'glgtﬁeet 20 may
be adj us? edenergypé theitwentpboray grothef @bs Goidie cafe o Bhdik). THust thebeihen tai gher

O o g R0 o LS SR e P BEIE  e
order bor anigplann witteui dghifzahi REmehasieiort Bsset.cata@difon] ACAROERRAMOT
current, each unit of current delivers twenty times the dose to the workpiece. Finally,
because the charge per unit dose is one-twentieth that of a monatomic beam implant,
15 workpiece charging problems are much less severe for a given dose rate.

The mass analysis magnet 127 can be adjusted, as is known in the art, to permit to
pass therethrough only particles having a charge-to-mass ratio within a specific range.
Accordingly, the mass analysis magnet 127 may be adjusted to permit either molecular
decaborane (B1oH14) or icosaborane (BagHx) to pass therethrough. Still further, the magnet

20 may be adjusted to permit passage therethrough of either of the other higher order boranes
{BoHx and B4oHy) in the ion beam, )

Electrons generated by cathode 110 which do not strike a decaborane molecule or
one of the higher order boranes in the ionization chamber to create a decaborane or
icosaborane ion move toward the repeller 112, which deflects these electrons back toward

25  the cathode. The repeller is preferably constructed of molybdenum and, like the cathode,
is electrically insulated from the ionizer body 96. Walls 128 of the jonization chamber
108 are maintained at local electrical ground potential. The cathode 110, including
endcap 118, is maintained at a potential of approximately 50 to 150 volts below the

potential of the walls 128. The filament 114 is maintained at a voltage approximately



i cosaborane ion nove toward the repeller 112, which d6f|60t1?ia.{xfhe§805
el ectrons back toward 25 the cathode. The repeller is prefe I"?
constructed of nolybdenum and, |ike the cathode, is electrically insulated
fromthe ionizer body 96. Walls 128 of the ionization chanber 108 are

mai nt ai ned el ectrical ground potential. The cat i ncl udi ng
endcap 118, iosdzfrar%i?%]t ained at a potential of approxinatel 98'@%3&%"9{%0 vol ts

bel ow the potential of the walls 128. The filanent 114 is maintained at a
vol tage approxi mately 13 June 2005 WO 02/ 48425 PCT/ GB01/ 05477 between 200
and 600 volts below the potential of the endcap 118. The | arge voltage
difference between the filanent 114 and-the endcap 118 inparts a high
energy to the electrons emtted fromthe filament to sufficiently heat
endcap 118 t8Meeedfiasf p8Qirelis belepithe patentink aftie dndeap IIRe Thohigabltaga chanber
108. 5 The i ' ism.for controlling the
operating tdg%%?ﬁﬁ%ég?@%%#%ﬁ%?ljbcftggér@?!ipag%\?\/e Plllsaasmf’ %%er%;l b Ehrgie feed tube
- 62 through witttedns empisdifwecthe doriap anfcipatyses: eaticadpt 148 vapeintomadly ehlttough t he

i oni zer 53. h ing nmedium 70 i heated within the reservoir 54 by a
el-ggfons Fﬂgér lhﬁgor}magan éﬂagl%‘%lhﬁ)s

resistive or sim eatin 80 and cool ed by a heat exchanger.
The tenpérat ur e Tleridim SurdEesdsovid2RbRRS nRCHABRREDAEIALBIRE Helopbrhfg 56 10

whi ch obt ai ns as an# ﬂngt _h]gggerat re feedback fromthe reservoir 54 via
t her nocoupl EPRFZEHINGTHRE D228 htas giet & thised fube fetiroush vdichvaparizgd, as

further desaédabsshelaiseyon RPwhBhnd iRGIh RSN B?.dﬁ"h%e;igné Redifl 7hgServoir is

heated to a suitable tenperature. The "heating nedi um conpri ses m neral
0i | or ot hehedad Wit be mservoisd4 By gresistivear sinilar hestinp eloment € and frcid Hyeat
capacity. TRg Qlchadesr. (Y =To B o - r 1t hin 15 2 to 250 C
range by the _heact?_ gr Zﬁgrrgr%e %’8 5‘?\‘5@&?%%@5@%? ‘%@ﬁ%?lggc‘%{}rtréjg?\r 6t he

cruci bl 4052 whish obthias fsadnpul enBRtirk feodigphk ShmaldreSOvoiivevipthiepndbupls pr ovi ded

with an inhke . 8 nd.84, re ctivel and. the reservoir 54
is simlarl )b/.,%?@@ﬁ%gga g&q’%‘JﬁF él%“r?? toeQingglemeneRt is %‘ﬁ‘g?%{ﬁs%@?d Pfg%"ﬁéeff?%el y. The
fl ow pat t er rhe béatinpenchimat 70ig tirereketmvirdbhuated t6 hauitbMeindesar®?. and the feed tube

62, al though sh in.a unidirectional clockw se pattern 20 in Figure 2,
may be any pattgﬁghf:ﬂ’é’ﬁ ”EBBW OMBLISESIRAFTREPIrother siitabls mpdiuhe. svedi um about

water) that provides a high heat capacity. The oil is heated to a temperature within the
15 20° Cto 250° C range by the heating element 80 and circulated by pump 55 around the
crucible 52 and the feed tube 62 through sheath 90. The pump 55 is provided with an
inlet and an outlet 82 and 84, respectively, and the reservoir 54 is similarly provided with
an inlet 86 and an outlet 88, respectively. The flow paitern of the heating medium about
the crucible 52 and the feed tube 62, although shox:;rn in a unidirectional clockwise pattern
20  in Figure 2, may be any pattern that provides reasonable circulation of the medium about
the crucible 52 and the feed tube 62.
Referring back to Figure 1, the crucible cavity 66-is pressﬁrized in order to
facilitate material transfer of the vaporized (sublimated) decaborane from the crucible 52
to the ionization chamber 108 through the feed tube 62. As the pressure within cavity 66
25  israised, the rate of material transfer correspondingly increases. The ionization chamber
operates at a near vacuum (about | millitorr), and thus, a pressure gradient exists along
the entire length of tﬁe feed tube 62, from the crucible 52 to the ionization chamber 108.
The pressure of the crucible is typically on the order of 1 torr. |

By locating the crucible 52 remotely from the ionization chamber 108, the material
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the crucible 52 and the feed tube 62. Referring back to Fi 1, e
crucible cavity 66-is pressurized in order to facilitate ?rg{‘gﬂea%otogransfer
of the vaporized (sublinmated) decaborane fromthe crucible 52 to the

i oni zati on chanmber 108 through the feed tube 62. As the pressure within

cavity 66 2%}6&/45&%%@, the rate of material transfer co%ﬁﬁ?{)%mgly
i ncreases. e 1 onization chanber operates at a near vacuum (about 1

mllitorr), and thus, a pressure gradient exists along the entire length
of the feed tube 62, fromthe crucible 52 to the ionization chanber 108.
The pressure of the crucible is typically on the order of 1 ton. By

| ocating the crucible 52 renptely fromthe ionization chanber 108, the
material -9 13 June 2005 WO 02/ 48425 PCT/ GB01/ 05477 within crucible cavity
66 i s ther matifyn FrIgiplscayty 66tz themallp iselpted: thepeby prawidivglaitiermallitstable envi r onnent
unaf f ect ed_biicdinehPRBEALIE Lt Rl ikabhioliofh RAHGL. AlScRURD. L he
tenperature of the crucible cavity 66, In I ch the process of decaborane
subl i mat i on tepYes of theyrisibleanity o, inedhicntie pacessof Hgcabdratelseblopeioat i ng

tenperature honi Lon er 108 to hi gh degree of _accuracy

(wWithin 1 (SQ EUA%’E%,Y bggb&rrg}tuﬁ?gﬁd?ﬁeﬁ%%g? ((’:f{)t%% %aﬁ?ungﬁeéﬁlf)egﬁugf’ ﬁ?@e 2R vapori zed
decabor arfe dhuriixg 108 anstigl degice of Reulaeniva@in BC)C RAGBY m¥infinidgdecdiqased feed
tube 62, no condensaéi on or, %Frgrmal deconposition of the vapor occurs. The

t enper at ur e "FORTIHE O e 3aPaLig t f5pROranR duringrHaFRAFUP dhedpnizatien ehambeptia 52 and
the feed tuReneardRedadRi620d doR@nidien BPEER 8 oRbodifie S8R Va o%éﬁgﬁnt 80

for the heating 10 nmediumreservoir 70. Thernocouple 92 senSes t
temperature of tAbe fempenatas qonirolles féiconsrelsdie tempgratuest ofthe dredtdbsdndghgnal 93

t the t t N . . |l er ds t
0 the tenpgLy ttﬁe%z%gi%gﬁqugﬁ thcgg;[gram:?ott tﬁﬂ&ﬁﬁ%%ﬁ%@ﬁxgt&@?{;rﬂ% he?a{nhg[ rezlpon S to

this input feedback nown manner ing co si gnal
94 to thé rewdyoicserymail. rikheshemeri 9BEnsek thettbrngeraraevé the résetydir 770 bid
temperature | hase

decabor ane and- \[/egﬁ gkr/alhgeg?fe%bga(r‘flé%lgllﬁ%2%{Oftﬁ‘%%%lpt‘érg%’%‘!tf’gg@?cr}gﬁ‘s?%Jel t?’ﬁ FIpYat i on of
t he i oni zat icomrotlmereipends Byhis mptifeddbidkGighklan 6 ikhéwih Mahe bPdutplien@akbing
medi umin t Qlegn:ﬁ% tt_c()a t eg'e}/siar%of? %T}t)ing gl)emcnt 80. In this manner, a uniform temperature is
provided for all surfaces to which the solid phase decaborane and vaporized decaborane
15 are exposed, up to the location of the ionization chamber.

By controlling the circulation of the heating medium in the system (via pump 55)
and the temperature of the heating medium (via heating element 80), the ion source 50 can
be controlled to an operating temperature of on the order of 20° C to 250° C (+/- 1° C).
Precise temperature control is more critical at the crucible, as compared to the end of the

20  feed tube nearest the ionization chamber, to control the pressure of the crucible and thus
the vapor flow rates out of the crucible.

Because the plasma density using the inventive source is kept low (on the order
10‘°/cm3) to prevent dissociation of the decaborane/icosaborane molecular structure, total
extracted ion beam current will be low when using a conventionally-sized source aperture.

25  Assuming a comparable beam current density, the aperture 126 in the ionizer 53 of the
present invention is made large enough to insure an adequate ion beam current output.l A
lem? (22 cm X 4.5 cm) aperture permits a beam current density of about 100 microamps

per square centimeter (uA/cm?) at the workpiece, and up to (less than or equal to) 1

mA/cm? of extracted beam current from the source. (The actual focused beam current
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and the tenperature of the heating nmedium (via heating ele the ion
source 50 can be controlled to an operating tenperature O?F%h”%ﬁ%mgrder of
20 Cto 250 C (+/- 1 C©. Precise tenperature control is nore critical at
the crucible, as conpared to the end of the 20 feed tube nearest the

i oni zation gl L0 control the pressure of the crucible and thus the
vapor flow rates 3at of the crucible. Because the pIasnaPﬁgﬁ?P'vfﬂsing t he
inventive source is kept low (on the order 1010/cnB) to prevent

di ssoci ati on of the decaborane/icosaborane nol ecul ar structure, total
extracted ion beamcurrent will be | ow when using a conventionally-sized
source aperture. 25 Assum ng a conparabl e beam current density, the
aperture 126 in the ionizer 53 of the present invention is made |arge
enough to i Aglikceeddnthadegriace is aly bsantior of the ttal oxtrgstedt bedn ciromR) (. 22 cm X 4.5
cnm) apertur ki el Adensity.of about .100 nicrpanps per
square cent?ﬁgfggk%%%?éﬁfﬁgk&t%%?§%?§§Fﬁ%@¥“§ﬁa%ﬁ%“Y%c V@géy?ﬁgh or equa
to) 1 mV chbia bext naehed abani0CpAaeht workpiace.h wiodlowenerg NG BCt ual

focused beaﬂhqg%&gnt -10 13 June. 2005 V%%02{48425_PCT/GBC&/05477 del i vered
to the workpiece s EhrFeL R YEFIEEHUB O {hem P BEASEUE r act ed beam current.)

Apert uressi zes OAcoahiingly,a pedféredletnbR@isiehdfn iMpBOSEmithe AR kGksm fohi ch woul d
i ' current of about 500 pA at the workpiece. In ultra

yield a B johHx ,bﬁanL ) ) | In

| ow ener gy I(IULIE)““g FR3PAARSIrdcosahpeane hay hren dessrbady Véithsthe Easegoing degsripBorenz) ar e

possi bl e. 5iAGHAI WG Yic istnBér@tbSd hetnS FBQHbS ' hod and

system for iqglantinéxhgcgbérane or icosa %ﬁgﬁgﬁ'%@ﬁ%ggﬁ%ﬁgggﬁﬁgéﬁ. Wth

t he foregoi Hgt Weieiteniioret limitedriortble paydewdarembodiments desadenddieread anchiat t hi s

descri ptiongj e . that the jnvention is not

limted to ¥ eugg%?Tgﬁkéygéﬁﬁgﬁfﬁéﬁt%ﬁ e§§FPBEHmﬁ%?EF‘k“ﬁﬂﬁgﬁ”ﬁt vari ous

r ear r ang@nerespect wntieti fhiegaing desssiptamdvigubisdeptrting from tyofeafitvhemtaod &d with 10

respect to r ing.description without departing fromthe scope of
 Soted B GRSk B B i

the invention as "% ains and their equi val ent s.
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13 June 2005 WD 02/ 48425 PCT/ GBOL1/ 05477 Cains: 1. A nethoqéﬁf ?@b ntlng
i oni zed higher order boranes into a workpiece, conprising ak

5(i) (ii) 210(iii) (iv) vaporizing and ionizing decaborane in an ion source
to create a plasma; extracting ionized higher order boranes within the
plasma through a source aperture to forman ion beam mass analyzing the

i on beam¥WPPH*¥42nass anal ysis nmagnet to pernit a sel eR€EEBIIITed hi gher
order borane to pass therethrough; and inplanting the selected ionized

hi gher order borane into a workpiece. 2. The nethod of claim1l, wherein
said step of vaporising and ionizing decaborane in an ion source conprises
t he substeps of (i)(a) vaporizing decaborane in a vaporizer and (i) (b)

i oni zing the vaporized decaborane in an ionizer. - 3. The nethod of claim
2, wherein said higher boranes include icosaborane (B2oHx), triantaborane
(BSOFD afalpiges: ant abor ane (B40Hx) and wherein the selected ionized higher
order borane is ionized icosaborane (B2oHx") 4. The nmet hod of claim 2,
wherein said gher ude .icosaborane (B20Hx), triantaborane
(B3ol -1x), and sar aﬁf“gﬁg‘ﬂg{ﬁ@pgﬁa ReHRYZeddHgher praprchorane inte g erkpisee. i oni zed

hi gher ordeatpribiag avetepsSoft Oni zed tri ant aborane (B3oHx ). 5_ The met hod of
claim?2, wherein sgid hi gher. bor anes i ncl ude - |cosaborane

vaporizing and ionizing decaborane in an ion source to create a
plasma;
5 (i)  extracting ionized higher order boranes within the plasma through a
source aperture to form an ion beam:
(iii)  mass analyzing the ion beam with a mass analysis magnet (1o

perinit a selected ionized higher order borane to pass therethrough;

and
10 V(iv) implanting the selected ionized higher order borane into a
workpiece.
2. The method of claim 1, wherein said step of vaporiZing and ionizing
decaborane in an ion source 'comprises the substeps of (i)(a) vaporizing decaborane
- in a vaporizer and (1)(b) ionizing the vaporized decaborane in an ionizer.
- 3. The method of claifn 2, wherein said higher boranes include icosaborane

(B2oHx), triantaborane (BsgHy), and sarantaborane (BsoHx) and wherein the sclected

ionized higher order borane is ionized icosaborane (BagHx ).

4. The method of claim 2, wherein said higher boranes include icosaborane
{B2oHy), triantaborane (B3Hx), and sarantaborane (BaoHy), and wherein the selected

ionized higher order borane is ionized triantaborane (B3oHx .

5. The method of claim 2, wherein said higher boranes include icosaborane
(BaoHx), triantaborane (B3oHx), and sarantaborane {B4Hx), and wherein the selected

ionized higher order borane is ionized sarantaborane (BaoHx .
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(B2oHx), triantaborane (B3oHx), and sarantaborane (B4oHx), ,@hp m%ﬁ@ n t he
sel ected ionized higher order borane is ionized sarantaborare™ -12
13 June 2005 WD 02/ 48425 PCT/ GBOLl/ 05477 6. The nethod of cIa|n12 mhereln
said ionizer is provided with an ionization chanber, further conprising
the step of actively cooling walls , of said ionization chanber: r during
the step of W4 ng t he vaporized decaborane. 7. The maidraghofss®l ai m 6,
wherein said step of cooling said ionization chanber walls maintains a
tenperature of said walls below 350 Cto prevent dissociation of vaporized
decaborane nol ecul es. 8. The nethod of claim7, wherein said tenperature of
said walls is rmaintained between 300 C and 350 C. 9. The nethod of claim
2, wherein said source aperture is sized to provide a focused i on beam
current of between 100-500 microanps (A) at a beam current density of ¢ 1
mllianp per square centinmeter (mA/cnR). 10. The nethod of claim9, wherein
said plasma has a density within said ionization chanber on the order of

o ; -
| ot 9m8. 6. The method of claim 2, wherein said ionizer is provided with an
ionization chamber, fur[_her comprising the step of actively cooling walls rof

said tonization chamber ! during the step of ionizing the vaporized decaborane.
7. The method of claim 6, wherein said step of cooling said ionization
- chamber walls maintains a temperature of said walls below 350° C to prevent

dissociation of vaporized decaborane molecules.

8. The method of claim 7, wherein said ternperature of said walls is

maintained between 300° C and 350° C.
9. The method of claim 2, wherein said source aperture . is sized to
provide a focused ion beam current of between 100-500 microamps (pA) at a beam

current density of < 1 milliamp per square centimeter (mA/cm?).

10.  The method of claim 9, wherein said plasma has a density within said

ionization chamber on the order of 10'%cm”.
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