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delistipgobe basp W@F%Pf?@“f%? fgrborptiusigmplaigiftisor s, a source

of boron hydri de precursors and a net hod for
[00$@] i v EThie beroit yelriteodilmrank(Byiis b des tpit Beaxcs Gasmdbie; pyegrhotc, dangerous

and l’l% r@ ujsi Jgédgrml?ﬁ'k%\wl {%chg?oﬁé:o%rh? r&%rtglﬁgé?mgl fglﬁ‘llng higher order

bopspeso pmb rap @Hadaﬁ@eBébs andaiiel s Decorengsitier tréct@avomay frclufg the
follgwn to deconpose at roomtenperature, formng higher
order boranes, such as BII3, B3H7, B4Hg, and the
i ke. Deconp |qﬂ§%eact|ons may include the
follow ng: B H3; BH3 +B2H6 -. B3H9; B3H9 -->
B3H7+H2; B3H7BH.EoB4EL —>B&YHI 0 + BH3; B4H o ~ B4H$ +
H2; and B41- %&Q,+B§ﬁﬁ%H7 + BH3. [00551 Because of its
hi gh rate of

&3@ ng gas is generally
commercially H ? concentrations of 30%
or less. The B&Eﬁ&ﬂhﬂyﬂﬂgmﬁnon utilizes this natura

deconpositio rq &pd the formation of higher
or der borane2B¥§ ggﬁé?ate boron hydri de precursors for

use in cluster boron inplantation. Preferably the
[oé33f mat B&Ehs@f)f ﬂamgcﬂrﬂat@uﬂifebdﬁ@oﬁﬂmpm s SeensralpbohaiRy kvilable

roximt he poi nt o]
only at concen atlons o? 500/61 Itess Tr})le present mven%on 1%111233'1{9"13 lga‘ruralua{eccrrnposmon
process and the formation of higher order boranes to generate boron hydride precursors for use in
cluster boron implantation. Preferably the formation of boron hydride precursors is performed in

proximity to or at the point of use of the precursors.
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11 WD 2007/ 027798 PCT/ US2006/ 033899 [0056] In one
enbodi nent the invention provides a
wd&oﬁ‘ﬁmﬁ' controlled or flowcontrolled borangce@uidasnizsee
fromwhich the borane source material is introduced as
[0056] gasint eneembedintwrihd mwentipre protitlare prasrreicontiobedf @ ffow-controlied

bor;l% %&ﬁf ?%?P%h:&%@ ri)ofahéj §Juﬁ:'é§natn%ﬂgf s nntf'daﬁ&d K %s%%) B teakiBr for

oron uster 1 npla t1on, wn I n
reaqt!prg thersinto fpryplggher p;dgumnlclwsgrsawgﬁh @Watarecﬂowed to a tool for boron

cluste® RARS®MbR bt QowRn Beed Wst er boron delivery process
system 10 according to one enbodi nent of the

[00%‘@?/ Ie ﬂfa":ggrgall 13@%&%1’%“?0@@%&5%@%“0% ¥ 2 cﬁxs rq&]} ‘3' Jég@gsél'o%%sl syste_;[_tgr 10
accydip g tocahe embodireent phibe inpention. oThed’pron meecwecg gseqontmmbmmbr@rwal
ves@Dfh ﬁh@fﬁg aVavy ﬁea@%&ﬁﬂi} Y4 b0 'ﬁ{e%ﬁh@ Qoﬂtﬂih é}“ tﬁ!@«&s&@p XThé Qessel

ead val've asse
andtheﬁgﬁiw@r aSFqﬂﬁ%y 38 conyRed (IR 4f2F B9% 6 s wigh 3%(@?‘? ES‘?‘YE‘y"S%ﬁmblY is
coupla® willa 8arefax lirkG 8C afi¢ BdnsiBr line 118 8Gerivkly opthe gﬁlbbﬁ'm contains a mass or

presg:gre %&ﬁ)rohe% bo %Qrem§ [n%éhp até tﬁ%g@g?)ﬂ t%]b%m‘ﬁ? e.lc n d&w C[% the

ecursor vessel
referabl cont a| ns the boron source material in

lﬂﬂaﬁs eoa"ée %*P%Ftcé‘ vepsgh opreferebly coriains g Yoromiopsse Mglerigldy 8 gascons
statpr ef erred, the vessel may contain the boron source
material in a solid state, with the vessel being

[ﬂﬂggjat esi.[ltelg'}?t}vhlﬁ,‘ ?ﬁ% %r foss I%fe?rfe«I etﬁé vgsgé]l é}J E ?a&r} B3 QJr%nt Eb%rce

ecu sor vap
malydad freaisolid staieywithihe sdssebbaingrheatpd lelrﬂm&as h@f wcqﬁq?idﬁléwtzstwn of the

solfar}si/f% ﬂ@‘ﬁe@%or%ﬁorsﬁ%séeﬂ czE'ﬂ BUted Jin ﬁntabl@)haﬂﬁ? (Rbting
heat i ng#eac ket, convective transfer, in

conpogents il % gt sheyn w&wr%ﬁp?w {48 B JEF e?°a¥e@g"e%eat

tratisfe@inkioy B LYY adhlkyQitheydfmer Appropriatedo gesiateaich Laron prebursor vapor in
0069 transfer line 18 is coupled at its

the own %‘r‘oélgﬁ end to a reactor 22 in which the boron
recursor IS submtted to process condjtions effectin

fo“@@ner de §anshr ling hirooupiefert s dpupstreapand fag repetqy 22 in which the
bmlalh g&airsda i€l QbrRRE 38 Pfocess UEHRitRGS &fﬁtmngdxﬂ»amB%ﬂanghamddérmmn

ks eGP RO TR o BT o TR On G P B2 shovn

is lodateil adjanamiyl ty the edneitdndurtpin kool 24 whth the feecterdoflyid spply h%l'cttlonile) with
thel?%og Q@fhaﬂﬁéiﬁgheF gé}%?r%nefs BBV Bl tHe tb atffamttﬂ@resc@upl from
€ reactor I'n various aspects of
i nvention, the reactor nmay be | ocate E)afaac\lrate from
[00§H ac dRtariopyespieis i R iTYeRtRe thrgictor 3 bt lggite Adjgcent

to browitiex aBdcE dRe {06Ncah Rph@Re & emtpﬁe, anoion ﬁﬁﬂlﬁlter looit, @ other boron

pregnrlreo LR utxth];:lln%fl Ito%l “EI! l?lpzfeplgd gxggodlm B(r)i L& dxﬁ%n%electromc device

he'to ISR M CT 08l &ctr Oni ¢
manﬁmmiraletmh ng tool. [0062] In preferred practice, the
borane source is a gas. Such a boron-containing gas

[00&21 | BE pre@ASY pladict, i toRAE Sourct @QUS&B albBlofcbridining é}@wxll be

cogldy o B 8, R e bR Rl fydse nany
maiBdr e to alvsd nahedie Suﬁuitor@'eenaﬂmﬂs ¢ain mdtgd birogre naditnitedj@sneat
gag'étor ga%d sl%ﬂg &Iﬂﬁ gggﬁ a% utM‘i%mg %%mérp%agesq{u{h% %ﬁr{g@ﬁ g}goxll Relium

gases-suc ro en,  argo
or m“mgg‘gerﬁxe@d@wﬁioms« SMWagmesSmelpéee byhgresnot digtiedide dipgrene and
pefthdrdio! limted to di borane and
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pent aborane. 12 WD 2007/ 027798 PCT/ US2006/ 033899
100631 As the borane-containing gas is transferred
WO 2HHOLHES suppl y vessel to the reactor, it pr BEELRBI0§/033899

[Ookileggz\%glgcgn Qg%tau? ngg% tlﬁr ﬁalmlgf {réd[ ﬁé'ln? F1 %ﬁ@h %s;g?t%stf}é)feactor it
prelierabBus; bessed dlypuahal cowrolleraguch egibh st m@u@rcomgvs%rﬂélstraﬁvely

sho%H%th‘gE}@tl she, a%@ﬁﬁdil@ﬂ%}ﬂé a?e sk S ﬂ@s&h& %Qchstﬁa@%% ghsOemains in
ellver to th react or Contro 1S anavat

its dieplsyd ﬁsqt%@r Gyt g dRactory e °?5‘FP‘| ' SR vaES AR fehods
whith dtilfzbdalitl artig bnd st thiobgirtret tlatdddiges. Useofafcomtroller is not required
%\e "WFH%OH gauié ish a%l? Oadlga?nga%éougdn #)rgwalgg a 'd%‘{’rgcp Er'hlévg rc]ifr Pr@é{ﬁso# gas to the
reaﬁtplecur sor gas to the reactor. [ 0064] In addition to
t he borane-contai ning gas, an additional reactant or

f006HaCt 3 hlitBR Yo BR boftiPfintadthg dablGh aaaimﬂal Rakint bxeﬁmmtrﬁay be

srgit, 5Pl B sde AR e A B

to the saecttcﬁr, orﬁumribe added &cthareactaritsel & abiclaa repctad or :I‘emtansmmr@)r example
be Qﬁm&l fols fn%ge X mn@%s %v @ﬁ‘&gx‘fcy Kk ﬁﬁtfeaazon% &b %ompf& higher

I on or ormnore co her or der
ordsbboem %%1 bge 0f@§°é1 r%tagfa & allew optipizaiop ghhwgragesjo boron ratios to

forﬁlﬂfeénmi g@auc&n F6 exiislé, @@ RichQf RALORtile Bbrod Solifers §8 b8 Tnhibited by
esired. prp

s BT Uy PR S VR SE R e by usi ng
a proper H2 m xture that maximzes the yield of _
[0068In- c|Vohsert dibpranatiefi ghsutilipgioie e nsent dnvantisnr tn eoneentratipn of the

diteAse phs nlal 2Rk 4 frcﬁn 'ilhfé %Q@m by F¥ER! OABinallcBRentrations of a diborane
concentratjon of

o ﬁ’g or ane r? from 1000
g2 B othan 4% kst gieple ity FhEse s Plofreormposs, Whn a
cofteRfi@ne graa shaf 136%t ie desiritbin b3 @Edviledtorid resdtad eoncantritivemay be
ut1§239 %getehn%?raﬁs% gl'gﬂleagaqgto%e r%acgﬁconpose Wen a

concent ration an 30%is desired to be
q%%ow ded to the reactor, a concentrator nay
10066} | | weh 3 GonearBateninsshematisally djustrarg it ‘IH%PTQ%SOf éfht'fmé system shown

in me@,%&t 9r in Mlaﬁ@] diiSt¢Chibare OR&E Ritcamt iar fedds lnsC b natibwall ioythe H2

trat in.t recursor. deliv ste
e ChemaiiicR S, P P oINS SRt Pa e e
redbioe d4 If@rn@na&idnsthérhiowé digher orfier HdPanesGes disehaed @loanﬂa—e reactor in

%@qﬁgg@tor 32, with the resulting concentrated
orane being flowed to the reactor 34 for

eneration therein of rder. bor.ane
R o b P s e S Abovet s RS Topgmor s wilied
to fed0e fje dnivust oS L trethé tae. \Chelr edglieadfdydbgraradBdectictrdéliang Hy

T e

hyfpeanageayaldeom thehighehprdydgrapg opdissi ng H2 getters or
perneati on nethods, e.g., with a hydrogen

[00¥8] M5 ET1RGdaktdLutilRdil GO ﬁrab@b agthempénametdr geRbratin@ iEbher@edar boranes

cot R tE B PP SOk Pt REEr e SEF BT RVRR, oo

frdog ndjgpentes atviithin the gbider usr afdire chsiemn @éthmcﬂmred@@r Ia@cﬁamc&ads induced
il %?smté hemp Oarg&mtgﬁ HSBrf mé;l@c% ek Gitl &ik tf;AnU§ tbglroﬁs proMEN The
ocati on e separate rom ad] acent
iemaperatire of the fﬁtﬂ@mﬂ vihin the eeagigr in fyaricyp e@wﬁ%entsm h? Wlﬂﬁiﬁé range of
reactor, a reaction is induced
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that results in the production of boron nolecules with

greater than 2 borons present. The tenperature of the
wo Begbioes Wi thin the reactor in various enbodi pErius2008033899

be within a range of 13 WD 2007/ 027798
roor@@ﬁipummsﬂmawpressm withie ipeeaatouingrations 400sd@nentsreeh be within

&P Wlb&j & the reactor in various enbodi nents can
5 %ﬁlﬁl}} a rgnge of vacuumto IOOOpS| [ 0069] For

suc urp vari ous, t s of re
0 s Bt abehaiompen R ke B oestors 476 O Ptz o Bt gf o ot
basddi mcho Sisl@uisdieeinn . Useloé af reaciy thaemddces pmﬂmtlon sicheoaslusters is

enoRAE LR 8 B BT MBAGR! Ko BACRINASAR oMby fn the

nvent| on. "Reactors that B% use
pradtice efribe e!}h@@mnnnctlm, withone kimigadions theaterbrepdiara rretelyic F%@Pf&d@md

cataWik R@btors! UM ihidfsl %@h@%ﬁ%ﬂ(}tﬁ@ GBS of Mdd) ﬁ‘éqlu&my discharge or
reactors, heat e cat al

- acto
PlaSmB TG0, TBITERS FHEG. PG Tty choh P ey TRt aeys and
conchnic ubuRereadtors. piThstpmes oframtoedisted are hamsytuaity xclugive f ezaywie, 2

t A
hea%w g)taaég%ﬁgaﬁlﬂe&mrg%% g;& 4G8ra Jg{rugﬁe %%ﬁéh{%g  obRAfHiHkibor (soe
Flgvfeé},qa@b%uspd wpgifigembefipentmef thajnveptienc| usi ve, for

exanple, a heated, packed, catalytic reactor (see
[eof0jgur & Khted feaﬁoﬁ‘ﬂébﬁ]llyp&@l@%@ gethd ﬁ‘ﬁﬁtﬁd of (he ivertiot ican include any

e re 5
rea‘é?@g% lsn@%‘f" S o"fCEf‘% shiil nf' ﬁeoaﬁeg g’f} Rhgeat 6 e? Ieactor, @ cold
walli s:gétor hyeagnpwalyexdmtqmaﬂh éeap:ﬁdaeqtrmc endo€f repdier dopfpining inBlipkatpge
terrllgé}%llé%%d ﬁhro&@?xﬁ e&ﬁﬁ{rolﬁiﬁe helpd Tea%ﬁﬁclﬁ&@%ﬂ%m&ﬁ@hera
eat rea

ctor, heat ed packed reactor

hs i) izt gy the achier CHHCAFACKISHH] SPRRUS T fag usiratively
shod@ai Belr&acd.i on and a reactor containing nultiple stage
tenperature gradi ng throughout the reactor volune. A
ate i : t
0077 T ARG R EoPdp A BIAGh Rl A Ayl cah Rotde an
reagtpr thet icslgmsies fhsaepchmenithin thetepciri Galplysts BRYLhghadded trjtheypastion or
ma? v&m nlit%QEZe']d] pafh OFQ:E ?JaM&r' iGelf, Tfaly9tk mdp BEMA, ldut QRO kd) metals

ce o i.nvent i o can i,nclu
L A L S T
carbiai alhesdt catalysty arb @ patidaie: réaptot, ihey mewlet manted fo stmemyrallserfices of the
rea!c:tnlI fp‘%@é& ﬁ% RAL 'ireagtgr %p%earcﬁ 3¢ E& ets' Bls ﬁllefreacgilt gyﬁglﬁdmyca’eaiyst

Ut ar as 1 ron

‘mﬂ?ﬁmﬁeﬁ wedia wish er“"‘w flow ﬁ@a@mﬁpféﬁaﬁ ﬁ@fbﬁ h%%?mb reaiing, Cafalyst

rea%t%fs%@%d@l?%&fe@%&s afbedmblbyedt ed carbon. Wiere
catal ysts are a part of the reactor, they may be
unt ed. t

structu surface t r.eact or ack
o t‘AhB gglgaselgrre 60é ASpin g E%éﬁ F.yg%gl rof t eem\r;eé%%rfmarw '%gude
anmycmrmtat allbers ehecatiitnysdccud atringlegmmredT redhdheprasburimaphyp generated
bykéﬁgg@thoh 9(&\%? ?cJ glgse in %:J] ar®tS Ffr %}H}Q e 9&3&)!%!%1% @& reactor can be

reactors of wdely varied types ma

ge@eeat@ﬁppﬂt@y%of ap@oﬁcz] or alitigh hexregiapt éherrf‘éafet Spch st pressgre fsppuilt
pamnﬁE héh@tof-’ rforS &e?itl&gn @ thé MBroh-BIHRMINO BlusiRY tb N h@lﬁcen&.&}br tool.
r acto*; | ows tge re ctlon to oﬁlgutr at 11% D cpum. e
Typias b e g i St B ey b B Gt Bh g sy o8-
subah dxpltkrik reasret 0 t hose in the art. For exanpl e,

pressure within the reactor can be generated by the

use of an orifice or slit at the exit region of the
reactor, such that pressure is built up in the

reactor for delivery of the boron-containing clusters

to the sem conductor tool.
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Typically, when the tool is an ion inplanter, the
gressure wthin the tool will be a vacuum e. %
AMEBSPheri ¢ pressure. 14 WD 2007/ 027798 CT/US2006/033899

oS! U005 033830 00k B rlsn e BRHBRE i s

tron o ressur reactor
preﬁsme inicrgpted py éS:QltﬁFf@th’ﬂsmdFQaﬁt!‘féHlﬂb%ﬂ £uch s i Rorqnariusteh frpggion

rea®dntwilhd® fhe 4éhetos béelks D A thighGr QO tha® kl!é%ir@ﬁuré Giihm theOBol, The

reacti on w e.reactor occurs at
e a2 R PSERS L R R & oG to the reacor
intéridA @blohe, e raatied thleletn t4 Zorinnlangkyi ondilusrsathe agr dikbargetefrom the
reargtlof(éu%te% i peaagr 50 htr %(?‘fll 51'9 t&- ﬂaﬁ?ﬁwﬂ i nterior
, reacted therein to formlarger boron
| usters that are discharged, fromthe reactor outle
lﬂfvﬁl t hids Paekeotepstor Sprisendn @ piothgdh gr systen ol thyy inygulion mAype
rea@®tithadtZonthifOgatking\marad e The prRihDMmatb:idl carsles used dmpip tdhipcrese the
sufi62 bR ol HE rdeLAORND 0L TR Vol f eal el 324 Dol Bty

teria
effeste érh%wacrlpng/metmal mey @@s@chtdh é cat@lmt mms@ntt@bm‘tdtadwﬂta@? keopya flow

dedi@RGkh & thiR, m@égmbg&eédmrove the heat transfer, or to
prow de catal ytic effect The pack| ng materi al my

[Olﬁﬁg\%nl ¢l u 1s&es§$e&? i éﬁ%ﬁelnﬁ‘@t{ne& taﬁlsazed r%.gked reav%rgr{)gb su@ﬁlas may be
us&fda/chmpg:yec[ ﬂ@%&fp}acmeg:ﬂ the inpention.a Teobaston hisgn uréfré 168 b whigh iliberane

or %Br glt‘eg Qanp ﬁéélﬁﬁ‘gduﬁ(%aiﬁ{DQﬁe r’é&to? lﬁﬁého@%olﬂﬁy ki’ﬁ‘e nﬂeé?i@]f \LHldnié 52

Int ractice of the Invention. The reactor
comtags aawrfaqqla@@l fﬁ@ﬁwwnl%ﬂﬁe&lﬁﬂt & 'aatf&tﬂewﬂtdﬁtatyétr 2 @rodpset [ragsboron

chGRR tiRCart MbdrAGeCRsh hofedetdriedifchagd e se.nt eri or vol ure.
The interior volune 52 <contains a surface area

[067%@85'({2 s g‘!r?:r?cgtrﬁ‘g@% p%aﬁtgir for Hse QI?&IK %}q'ﬁﬂtoﬁ Qan 19 @deyaﬁ§ rea&tﬂ'dchat has
mtflt:ttbfnmbtsse Aea&tsttptnte rexgihple tﬁathgem |1 FéguB6?, 1[10@7(81] m}ﬂlﬂple gases are
cofBREERE fhk Ceabtith Wi heREKR] wiliOthe K8ioh BochitBg i 8Rfcd @Bint in the
cap include any reactor that has multiple tubes. An
heptpqd 298¢ 1 at i ve exanple is shown in Figure 5, in which
mul ti pl e gases are conbined for the reaction within
[00%ie r cBretreactor T oftFigune5 indudss pintegercagnaentrig tuke 72 thet i eqagig] with
th%‘ﬂblﬂ t:asing of i€ rea&&%ﬁ defRNG: anL@Q{aZJsagE%re%&%@no tth anglfar passage

ure I ncl udes an 1 nterior concentric
comgpiatse T UGIEN IR REHRY R A S s 78 ShERH e e
in @RI Jir8@iSn dAicABIHY Afow B STRE BirbliesiatRtanes ﬁt thél' bielepdan of @ interior

onun in fl |dflowr ons h.
coB R R AP R B VUER: Fheishe 2% brire e Rl B Bl idp e
divertion limlicdted &g tirom Al ez eldpibsylaamrgms Et}trOSumth tq e mgmt;‘@d?md
stlefRCh@ rr‘rh}( ﬁt)th@Ieaéthr‘ 2@ t7b 8ha )ﬁgl@ 139§er B&L@n LMY 1@ are discharged from

concentric tub mx wt bor ane_or borane
therfesqiaf @ at th %\ttztélerqqf beipglischngd mztée diFpoQRdndigHfer SR FTGHC

i ndicated by arrow A. Thernmal or plasnma energy is
{0078(_] r odaGedipletstdgh Beated Sgaetot swfal if fheipehcti@tol ¢a im/ettlvatamiholude any
rear.‘ltor ttl'{thats %?%L? rr1] teﬁl%grlgtgge%rggl e dgzigﬁlf ‘ale I etetE) ggégl%eg PSus/‘.B reactors may
ingliwte, bttakeenot fiméiedotof coldfkdt m@ctdtSs@ﬁé%@Hmthft éh dﬁﬂrpé@tﬂreo%tadmg
Such tieS 8¢ ErdpiurdVdr BMbrSmal BO0% SlaxifriA el ditieRcySdraE8e RaFeRibn rates,

reactor useful in the practice of the inventiqn %te
Oft%qnﬁ%iéheafﬁf’}?mf‘r%é@’td&t‘“atﬂﬁ spenngs, oy sxample; thgreacipr CAgYS Aeppdzone
fromone part of the reactor to another. Such reactors
may
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i nclude, but are not |imted to, cold/ hot reactors,
and heated reactors with tenperature grading. Such
Wd‘?ﬂ?ﬁﬂf]fwst enperature variations may be to maxi pgEesido€ossseo
efficiency of cluster conversion rates, or to control
that is6cate@ a@hyl din the edhof tikaSdciog Heebyminireizing Eoggx@@kp’h@t othdneise
reactor can have a heated zone 15 WO 2007/027798
oce / US2006/ 033899 that is |located away fromthe exit
of the reactor, thereby mn|m2|n cl oggi ng that ji ght
[00%] her Figwe 6 ipesthemaliygmegentation of @ og Bingt rgatd ﬁ‘g g for e in &

systbiR Bf 88 BRérbh. O'meQéacf%r 8wihélédaoin 1&1@562&&6\1@1@%@& diigbrane br borane
use in a

th
mlxru'rﬁﬂaﬂ:d]@godél éél tﬂl 1& mgﬁortvﬁpllgxgéﬁ o% e r?,'acti E T%ae’)gﬁ%x%{] Veoﬁlg‘lrg 83 has a
heated rzamees4 thesetnyi mbishanay optibmadyl lsnmdn waocatalyet. | Hecelerast beren glygiers
pro%%edqfl g{el?:%cﬁﬁﬁ%@ ischarBR o \Flbntﬁer teffor ¥iQhtidT86.83 has a

zone 84 thereln, may optionally contain a
cat al The Iar er boron cl ust

(0FRact Bievisd i heheOt FraPGRGRT S APLE BB RO BPey P e s

syst@ﬁ of [HRQfHhtidni Jihe eeadtoi % iaclsdeh eniatet for inodwienefatiiosme of bogane
C

ot LR SALI 4675 Tt sl ot

gradling, tochndudt eraction teit brodusaethe fargse barprbclusigrs that aas discharged from the

rea &h&{ﬁ%ﬁtﬁ@écwm{n@a@mm%@s& Bywal,r ow A. The reactor

eat ures nul t|p e stage terrperature gr adi ng, to
ndu

{GDE} ust t}%lret act I nlgetmg?é% %{1%3; ar ac%{ fﬁmgt%ll gﬁgna ar elﬁctncal

reac
mi®@avrdve br 1adib éﬂmen@aixdcyargemjd tsaitimtbd gr vag lﬂ(jwywm pltbginyention. The

rea{;: hxgjﬁreﬁ%lgﬁeé an i?rteﬁ MRkio9 nﬁfﬂﬁ@?%@é 4 @huRfind p'éﬁ@g@tﬁ?g fhaniidly an

| Zes asna or electrical Growave or

elegtrieh of nlasm@@#@gsea?%@r%fg@n%ag reaction a&@w&%? laperborgq clusters

thaP¥6 bigdMgta fddetht RM@MtuMdlIps. The reactor 94 encl oses an
interior volunme 97 into which extends a tubular inlet

[Uﬂggésa Cr sl a?e%/éy o useld a?ﬂeraé:t% thg S b dag 3T he Fiva BT @8 such a

ucrng react 2(? the | arger
reallor, the dcblousct @rosher wohrat e .tseﬂa@h rs@rvé blg@alrmed UFWéeqc@%tbt or
outl et 98. [0082] A hot plate may al so be used as a

[00SSP.Ct Qbnck @orh@& ﬂw wedn G@eaf cah Ibe diivered td Dtvol On useLin ltluater boron
reactor, the ran

impBREBUDBY o T Pa e Ale e PRECt TR A bl fer wher

thef reacme d, adjabent oo ovithinl thstoels ®hmmb:ebm|@’fep%ﬂ@alytba thg olustsT boron
str%aﬁr[ i o e Rea oy&hﬁassﬂag&ﬁmhe hsip! antation. Delivery from

or tot can be effected in any

sui tabl e manner. \Were the reagg %s adjdgcenh !ge ) ursor
Q4L T RGBT PP g oG PF BEYBE® BriTh PRy
fot Hastalmsdneifnpbﬁram c&hﬁrﬁﬁampﬁ)vidﬁngmgbdrbnecmmamtgogas and reactor and
in %ﬁg%n Frlglfqtggf T.Ihh %o Qo(ﬁstal %?3:?' 0. th%igr 6r o?glrﬁh Q&)ténh% &b Lwithin
thgpreadarr sor  f or cI ust er boron inplantation, conprising
provi ding a boron-containing gas to a reactor and
olr)]ssﬁiﬁm (L3 &%ﬁd V@hieinRn o thiche Sd@ﬁfb@@ﬂﬁl@ﬁléﬂ fok AGmaRs of higher order
i gher. order cont ai ni n ust er.s w
PORRIPE 0 GNP S Bt gt Boron soure
reaebis e Rithg nfixteaafttivo or e offsashisaitricoergeft syecigher  or der
boron species can be sel ected from di borane,

(0B8] abr ancas @daiats 0f Hefuvatbl, 3R 1BacRP LRIcERY BER among heated

reactors, catalytic reactors, heated catalytic reactors, UV lamps, reactors containing an electric,

16



reagents, including m xtures of two or nore of such
source reagent species. [0086] In various enbodi nents
WQRMWTNR7PHvent i on, the react or is selected froRCAHIAYSO33899

mn?tg@% %r rﬁcﬁ%‘é‘e&e S@Jhgrl Iasrﬁ%c aled ! rezu:ﬁ)?é qﬂrlk&ﬁé @’Ja% Al h&ated

or S Ct 0 al ni ng
reagtgrs \No rﬂwlrlmrmge Feethesm)@este@tys golar W&a\ﬂ&@ geagipr can further

corﬁﬁgé QGJtrfI)%gH%n G¥n, qruﬁeﬁar ERp&! atlhifks mnuﬁﬁﬁdﬁ'&ﬁj chrB6lG il Biivated
e sta act Qr.s, at es

el L, S0 oL eact onss aliols B ALSSie il e voron
contditing ©8 ©/ithin tieaencfor] ptdvdling tieang of dema eoagab )ﬂ!ﬁtboroa containing gas

witlhf’n%ge’ reaa!orLJ @80% m%?@gfag% %%%éﬂhﬂ@gﬁ&?ﬁ éﬁlg){a}logh t?ﬁﬁﬁ% %fﬁ within
thegeatter, Hedorovnedbmteadtion iy eduefion of Bighes iprden hespr-eqataining qlwﬁrs at a
terrh:‘@r%tu@ﬁ ) th%e%? RoA r&n@ﬂm?é}ﬁur\é’t& 40°Q, 4nbBr 151@53@% @ a range of vacuum to

rovidin )

10§58 e Btar aprhs cayet R R R e RteE et e gty prioe o

or mnbrtnreptl vﬂmsltea‘gymaﬁ@rqferghér arder igreadbmgnihcldizes.
boron-containing gas within the reactor, performng

[008RE T CRGHLE AthediOfhe iMGhI Bfterflarky! agﬂx%oé)Bidﬁﬁ)plymg a boron hydride
bor on- cont ai ni ng clusters at a enperature, L n a range

pregiprsar o5 HustEoierand plantatany evqhen&m@mgaweﬂreﬂ coptaindg gBto arfe%?tf’f
mdh&i@@nﬁm&ﬁﬁ‘%&ﬂotdﬂ-coﬂt@iﬁiﬂg @elm hﬂg'm ofdedlsrdrodon@inmglefisters within
the{: r%‘%:go:r gxéd fUBFIY Itrhgrhlg—rer %rldergyglﬁ r;mFJ r“tH h]ee Elu%t?e%sa gohg Q)t]pfofo)rna &er boron
implintdiiogher order boron-contai ning clusters. [0087] In

one aspect, the invention contenplates a method of

[orrsyp Pl \th BihitRr 2060 ﬁlehmﬂﬁdﬂ@mvﬂéﬁé:w&l%dlﬁdérpreﬁﬁrﬁtﬁ'ts&lrcehﬂdhﬁiﬁhg a

npl ant.ati on, invol ving prov or.on-cont at

boRHEO R P P O P PR TG RE nerdatheoting
theb braneca g gHs n@mgaand cnhehtegincer ogioddly GofamingContas 0 prpssure
cmalg mrthln the reactor and supplying the higher

oron contalnlng clusters to a tool for cluster

i mpl antation. [0088], I n angt her aspect,
quﬂ]ventIF Wi b Fesoanired that AygpoYRIiF) a@re@carretaﬁw%%m%wealored for
forraGdnusti Itlﬂ:gn@er ErOdr@orof GPdcRE foir ﬂgwg‘@i’io 5 Qtitizaton fAciliig detsodh, species.

The lglésrragg ﬁ er l I ne Oazr)%?stulta%[e !f')ep ¥ rﬁc Inirnglﬁéhgé chroelectromc device

E

on-co as- sour nd
Hﬂﬂﬂ@mwma@mbmudumﬁm@mﬂhﬁvsdﬂﬁﬁ&ﬁhﬁﬁQWE,ﬁﬁss or pressure
controller therein. [0089] It will be recognized that

[0@0}/\4 d el"h\i@ Mhﬂé N‘le HveriioR Gisltedn cﬁ§cf1ﬁddgﬁﬁﬁrﬂhﬁl 8@ndeQo various specific

d b
r@“@@r%ss tull hearPsanss P B¢ iivRTPD SO P AR e fpnds to and
surphssepecibesother thelifithiidns zad iembodim@is| it Wik &r abpre@#tectah)y those
orc‘ﬁhﬁn'i b LVRE ut. og]gcordn#ﬂﬁ lrrléqﬁd%&m%%&ﬁéeﬁ‘% LOB le? ‘ééﬁ'st?d%d and

facturing as i1 on inplanters, eposr I on
m@m&ﬁ%enemméw@eWﬁbmeeﬁmm&demsmhr|e the invention has

been described herein with reference to various
specific enbodinments, it will be appreciated that the
invention is not thus limted, and extends to and
enconpasses various other nodifications and
enbodi ments, as will be appreciated by those
ordinarily skilled in the art. Accordingly, the
invention is intended to be broadly construed and
interpreted, in accordance with the ensuing clains. 17
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Docket Number: 765 PCT THE CLAIMS What is clained is:

1. A nethod of inplanting boron-containing igns

conpri sing: ionizing vaporized boron-containFﬁﬂ“ﬂﬁﬁ?ﬁf“ﬁp@T
speci es in a vacuum chanber under ionization

conditions to generate boron-containing ions; and

accel erating the bor onimgg ions by electric
field to inplant boron g ions into a device

What St 0stLgt e wherei n the boron-contai ni ng dopant species
*a conmpound sel ected fromthe group

.

B

W

cqnsi st | of BBr.3, B2Cl 2, B(BF2)3CO BF2CH3, BF2CF3,
Bg\z*&?@%g{mtgrg(b@p@)wtmmgﬁ C"h?’é?i?%‘ H2B2FS,

H4B4E10, H2BEO2, H2B2F: 203, H2B2F206, H2B2F402, oL
ré%'agz‘?@‘”ﬁﬁég%g:c%mﬂs%?p%l%&%fseava%@m@,a Aflgy, fonization
CatiRtiions (Adaadlate bOdBIbitainfag BtlstandCBSHO,  C2B4Hs,

C3B3H7, C4B2H6, C2137H13, C2B3H5, C2B4H6, C2B5H7,

CB&delratify BeH®roniiR@ng ioh B Elkaric G2RMbltihplabRted-Hodtaining ions
(c ZBE[SBCO lés:’ilrnd conbi nations thereof. 2. The nethod of
clmé?ﬁ] FICCFHRHE®N t he bor on- cont ai ni ng dopant speci es
U e SRR b e A Sl i o
BEtug cortsks(itd Bf) BBr; NS4 BBIBRED, BELBLFBF, A8, BE0 BFCH,, BF(CH;),,

RGBS IS J1¢E e SR BBl o B S8 HAFO

1 H,BIOx,e8 57 4, B, B3:BICK, IOBLH,, CHBIH;] SESHAT,BIH,| clmps &,Bat,edB H,,

<Gt at P By iy, S PR, Uk, bt cinit,

NCeBbley, €5B.Ha e dhgH\ b, €a,B),BE O] Midkohbiahimns théreoflhe et hod
of claiml, further conprising annealing the substrate

S t ron-,.containing ion.i.nplantation. 5.
TS SRR of Bhf” PrrondieL B hePoh bRl B (PR $veies Somprise 2
i pempdod s¢lentedofrom theo ploep gasistibg of BUS),06a BEF,Of;, tHRCF,, BE,Cl,

v er nme ai Lpt
n%gfég’mgBa a’ %.@?@E\ﬁ Fp hfé%l)zg‘?’l %‘Bnﬁﬁp Q%A?%gérzg’ﬁ ﬁzesf’ﬂoﬁ’
c beld-Hithi HPHOp BBFSpbipias and(F,AHRCOEt hod of claim5,
wherei n the nobl e gas conprises a species sel ected

f St d K n
ek S it |, GRARAShd el QR RRees A1e S1okB Rl g v
| ennsisinenglr seqiigpgduciar Subdwicet fldkipatd rdispp8s aRCiciookétrinmghanical
vgggms%ﬁgﬁ§)_uori nat ed boron dopant species in a vacuum
chanber tinder ionization conditions to generate

boron-contai ning ions; and
The method of claim I, further comprising annealing the substrate subsequent to boron-

containing ion implantation,

The method of claim 1, further comprising the introduction of a noble gas at or upstream

of the vacuum chamber.,

The method of claim 5, wherein the noble gas assists with the ionization of the boron-

containing dopant species.

The method of claim 5, wherein the noble gas comprises a species selected from the group

consisting of neou, argon, krypton, and xenon.

A method of implanting boron-containing fons comprising:

18



t0.

1.

12,

13.

14,

i5.

16.

gas.

accel erating the boron-containing ions by electric

field to inplant boron-containing ions into a device
substrate, wherein the fluorinated boron dop@ddket Number: 765 PCT
speci es conprise a conpound selected fromthe group

consi sting of B(BF,)3CO BF2CH3, BF2CF3, BF2Cl, BFCl 2,
BiQ@ig)vaporkieBfdorinatdd Bbron ddganl §2E6s inkA84Nm BB inder ionization

F206 B2F402, BF202, HABF303,
E%%@E%gé?%%&ohﬁ PRGRN i ons thereof. 9. The
SR 10 ) B By S o

swht cdavdectsrasubst rat es, flat panel displays, and
m cr oel ectronechani cal systens (MEMS). 10. The net hod

ofhertiai the ﬂp?rﬁmteﬁhlmmrc doyant Specigs a@ﬂ@@bmi&nﬁ;{bﬁ?cﬁ b@l&i{!{daifr&n the
s . tQ - L0 [ n antation.

“HRRE YRah R BPdic oBF R, RBCrEo s BRGh: RE(CH), NoBE,
| HiBTodH g, FoHLBIF,¢ INBBOS HIBSF.0L, HIB,FY0s, HARR0, O, BES,, H,BF,0,,
v%c ggggg%ﬁra. 12. iTi}e rEﬁt hod of claim 11, wherein

t BB Adbt e gat 2Bd &gninatiops etefe i oni zation of t he
fluorinated boron dopant species. 13. The nethod of

CTilai m&tﬂ(gi off\mi&im ?L‘Iﬂﬂﬁlﬁﬁ thﬂabﬂramttr@ﬂﬁﬁﬁ ra? 2RRleReRACETER the group
S romthe ro consi sti n negn, argon, .
RoSBlrR"or seiohdiEror SyiptRier P oprel dlspfve. 3§ igoekBieshoica
tdystedb (MEMSat ed bor on dopant species further conprises
BF3. 15. A packaged ion inplant reagent conposition
CARRLLE .| one fluorinated boron dopant

speci %‘Zéd;(gﬁ ‘g%fne% ﬁétg%c?rﬂ%"s&go%e%‘gﬁ §lik‘)esst"|gFﬁteo?“gseq“e“t to boron-
BeBRnj@de ingk@@ken. BF, CF3, BF2Cl, BFCI2, BF(CH3)2,

NOBF4, H, BF7, H2B2F6, HAB4Fi o, H2BFCO2, H2B2F203,

HLBZE206: F - HABF303, Bi 0F12,

(Eamy RS cgﬁg %E:ﬁ%?rna Eg‘ﬁ‘sg HigdPeEs ?t“?“n"%& W”ééggéﬁi“ or upstream

cdtisostuimothamber age and di spensing vessel. 16. The

packaged ion inplant reagent conposition of claim 15,

et Behof QERYAS I ok leeid 1€ JRACKaAged 1 on

i rrpl_antoreageﬁt Elgn\g%eg‘??itgen ng@§c"l’a§iar%'it%,w'@uﬁ}eﬁgp'mm of the

dBwyirgted bogorgiopant sugieBocket Number: 765 PCT  18. A

vapor phase reagent conposition conprising a

by Qheredandraditnn D, SRRAR e RBE Q a ,

sel ected fromthe gr oupt cgﬁglles ?%glqgl?se%go%%&??sf%f%% from the

FHRYPFBRHHNS pbncon apggnokryppmaad kewgent conposi ti on

conprising: at |least one fluorinated boron dopant

Jihe Crietifod ¥ [ cRGh &80 whERM hb BRI KRS icihi -
F4, B(BF2)3C0 BF2CH3. BE2CES, B 2611’%&%%?@‘125,‘%5%‘" comprises
¢-CH3) 2, NOBF4, NH4ABF4, H2BF7,

A packaged ion implant reagent composition comprising at least one fluorinated boron
dopant spécies selected from the group consisting of B(BF,;);CO, BR,CH,, BR,CF;, BR,CI,
BFCl, BF(CHy),, NOBF,, H.BF;, H,B.Fs, HiB.,Fio, H:BFO, H,B,F0; H,B,F,0,,
H,B:F,0,, H:BE0,, HiBF;0;, BypFis, (F2B):BCO, and combinations thereof, in a reagent

composition storage and dispensing vessel.

The packaged ion implant reagent composition of claim 15, further comprising a noble

The packaged ion implant reagent composition of claim 15, further comprising BF,.
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18.

19.

20.

21,

22,

23.

H, B2F6, H4B4Flo, H2BFQ2, H2B2F203, H2B2F206, H2B2F402,
H3BF202, H4BF302, H4ABF303, BBF12, Bl1OF12, (FE2B) 3BCO

and conbi nations thereof; and a noble gas sePagedijmber: 765 PCT
fromthe group consisting of neon, krypton and xenon

e £ reagent c 03|t|on i s adapt
F 05 VoL ohd® kB0 BB chBPGHYS £ BPBspsiOe douth it s nd o
i onlde gastselectedivare ttegirouprtoasidiag iof feoa lagitopdrdSend). A
packaged ion inplant reagent conposition conprising at

t d
o S Ry LB OB o BERUFTE: g o xS, BOCID.
N@Ei‘& %%BE’}’%F%‘E& Eé’:éﬁcwg%ﬁcfeg% Qm%%ggél%—@s:shng of BF;,
HBB2FB(H:): CRBBFATY,, BRIEBG2BR,C1,HBIR3 BF(CBH) NGBF,, NH,BF,, H,BF;,

SR P RO BB OB 5 BB SHBH:0,, HBESO,

CBE3 518 oF 1 2GR0 GaB s bibiniiRnklherco BAHS, C2B7H9,
C2BsH1O, C2B9H11, C2BlaH12, (Cl 2B)3BCO, and

c enbthlngisiseladed finam defgrouprossistiag gfition d@yfaasdnkiixesbns t Or age
and di spensi ng vessel. 21. A microel ectronic device

nwh@tmdhwapmgaiﬁwigenqconmomn s ndkfpteﬂﬁa'dlmﬂﬁ\‘k@lgﬂd:elfgtgimplantmg
i ition.as clajned in claim
cgﬁlﬁﬁ?g@ta&&gg’gg\%ﬁ rnPogf %ﬂg%ﬁi?yicleaulgtratm croel ectronic

t
BRI A8l baBhes Pl 1G5 SRR e
nmm;fram’g urqon'gowtmlectedlfmn Eﬁe%rcalp donsisting if ®@Brg B,CR3B(BA,):CO,

t !
ggir:rzp't‘rifljs Iﬁfrv] dﬁa%‘é F é’ffdiﬂnpl wit )atts‘ﬂg%ﬁcﬁﬁﬁ' glﬁ ¥ 8B.F,, H,BFO,
bﬁrﬁaﬁzcboﬂiﬂaFﬁe,r@BdEMﬁé’m HeBF:,0 i H, 5 (18,8 OO0 TBMY) €. B, H,,

B SRS SRS LR TRt oo

ChBB¥:7CB 40 524P6Hs, 104G Bs Hio BEERH, R, Q3CHB);BCO, and

(B SR sl Ry R e e s

C2B3H7, CB5H9, C2B4H3, C3B3H7, CAB2H6, C, B7H13,
GBIRISIOCICBIPB, dmwufmnﬁ fa@z%m;prﬁmgm pack%B&bﬂ dmplant

Ael Ridh2as €
o e koo, Sk T SRR IR B ifbRTea o o
b‘BlC&%LeEW‘aqemcﬁglat!@“pﬁmngip@m es, conpri si ng st oring
the boron containing dopant speci es in mxture with
hﬁgr ogen, and renovi n% hydrogen fromthe m xture at
Q'OﬂFCt@plCu@@CQ manyfeqtering faility of clniat 2id wherein the manufacturing
q%lggm § & BhRAEmgepant species for use. 25. The
nmet hodglgéfg cl ai %%24 wherei n sai d boron-contai ni ng
dopant species is diborane. 26. The nethod of claim
24 meB8 o nAn F&iehi3Qr Qlrde
conpri ses an con”pngund ge Eé{t%éghg&om%ﬁmsm?%&” ion implantation
CHHist BarphepnéinipRopanBelies caBiBray 3co©mpaﬁzlmaed BBRGRS group

e R, G R s AR B R Hefem,
M@Taogz B HeBFy, {UBIR) BAD0-CHERIE,0.CLBA0;, CRBIHD,, H;BF,0,,
HBF:0;, BiFya, (F2B);BCO, CBsHa, C,B4Hs, C3B;3H;, CyBoHg, C2B3Hy, CB3H;, CBsHy,
CoBiHg, C3BsH;, CBoHg, CiB:Hy3, CiB3Hs, C:ByHs, CiBsH;, CBsH;, C,BsHs, C,BHy,
CaBgHg, C;BoH;), CoB1oH, 2, (Ci,B):BCO, and combinations thereof.



24,

23.

26.

27.

28.

29.

30.

31

32.

34.

CAB2H6, C2B3H7, C2B3H7, CB5H9, C2B4H3, C3B3H7, CAB2HS6,
C2B7H 3, C2B3H5, C2B4H6, C2B5H7, CBsH7, C2B6HS,
C3B7H9, CC2B8Hlo, C2B9Hn; C2Bi oHr_, (Cl 6B) 3BERke@Rfhber: 765 PCT
conbi nati ons thereof. 27. The nethod of claim 24,
conprising using the concentrated boron-containi ng
dépmethod sﬁmlppigsigtadnmﬂn&élﬁmg dopantSPEGiR OFIMPEERE s@EHE BR-boron-
§0nte;mfl Jwgd of clai.m 2 ?lg%rl Si n usi ng t he
concentrated BEFER “&6’?’1{“31%\&’% PR At reBtoviBg hydiogsty from the
| miltenetabthe poindf usoroOR:1d @B@cemra&dfﬁzubﬁicbﬂhﬂl ﬁ%@pﬂﬂ?ﬂﬁcws for use.

nmet hod of claim 24, wherein said renoving hydrogen
conprises use of a hydrogen getter that is contacted

withdiethed ofl cldimrog, whdein Eie boeh-betaifihg Géplhmpgtﬁas M85 8hd)
sai d renovi ng hydrogen conpri ses use of a hydrogen
per nsel ective nenbrane. 31. A dopant gas supply for

| Die irméuioﬂrﬁfaéihxﬁﬂ 24,CONGEIh SsaRObtos-batRliNinY ARk specnes com nses a

cont ai n ont al ni ng, dO ant species In mxX
m‘?P"HS&% Pg'ﬁié# he BPBP RRISHG ADBI LRIl a%@ﬁe)&p " BB.CH,

e a3, o i T2 Fgpos o,
SBRER B EORR i h0n Suvt (BB T, ekl CiBsth,
hawzaamsawam7 E!B!;Hd ch e@;%ﬂy, hygreg @B?ﬂ t&B:13 4B H,,

T op supp of claim wher ei n
h@%&ﬁﬂ ?F% % ﬁandﬁvﬂw‘?@%@m C:Bollgr dgBmti, (CLB)BCO, and
peonitiexkiogs thateofmrenbr ane. 21

The method of claim 24, comprising using the comncentrated boron-containing dopant

species to manufacture a semiconductor device.

The method of claim 24, comprising using the concentrated boron-containing dopant

species for ion implantation of boron ions in a substrate.

The method of claim 24, wherein said removing hydrogen comprises use of a hydrogen

getter that is contacted with the mixture.

The method of claim 24, wherein said removing hydrogen comprises use of a hydrogen

permselective membrane.

A dopant gas supply for ion implantation, comprising a supply vessel containing boron-
containing dopant species in mixture with hydrogen, and a hydrogen removal unit adapted
to remove hydrogen from the mixture to vield a concentrated boron-containing dopant

species for use.

The dopant gas supply of claim 31, wherein the hydrogen removal unit includes a

hydrogen getier.

The dopant gas supply of claim 31, wherein the hydrogen removal unit includes a

hydrogen permselective membrane.



