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FIELD

[0002] The present disclosure relates to isotopically-enriched boron-containing

compounds, compositions, and methods of making and using same.
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boron into silicon wafers. Since elemental boron exhibits very low vapor pressure even at
high temperatures, utilization of volatile boron-containing compounds is necessary. Currently,
boron trifluoride (BF;) is widely used as a feed gas for boron implantation (for example, it is
estimated that the 2007 annual worldwide consumption of BF; for ion implantation was
~3000 kg).

[0008] Despite its widespread use, BF; does have disadvantages. The BF; molecule is
very difficult to ionize and only about 15% of all BF; flowed into the ion source can be
fragmented. The rest is discarded. Further, only about 30% of the ionized BF; is converted
into B” ions that can be used for implantation. This results in low B* beam current that

severely limits implantation process throughput.
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di scl osur e wel1at esmta@di@nda e sdrbRg probitds, dinsfRASIMGPonte 8k edlemental boron
has a very low vapor pressure. Accordingly, if a boron-containing precursor is susceptible to
excessive decomposition resulting in deposition of boron residue, then it may be unsuitable

for ion implantation, from an ion implanter tool operation perspective.

[0012] In consequence of the foregoing, the art continues to seek improved boron
precursors.

SUMMARY
[0013] The present disclosure relates to isotopically-enriched boron-containing

compounds, and methods of making and using same.

[0014] In one aspect, the disclosure relates to an isotopically-enriched, boron-containing
compound comprising two or more boron atoms and at least one fluorine atom, wherein at
least one of the boron atoms contains a desired isotope of boron in a concentration or ratio
greater than a natural abundance concentration or ratio thereof.

[0015] A further aspect of the disclosure relates to a method of implanting boron into a
substrate, comprising ionizing the compound of an above-describe type, to generate boron
ions; and implanting the boron ions into a substrate.

[0016] Yet another aspect of the disclosure relates to a beam-line ion implantation,
plasma immersion ion implantation or plasma doping system, comprising a source of the
compound described above.

[0017] Another aspect of the disclosure relates to a gas storage and dispensing vessel

comprising a compound of a above-described type.



conprising a conpound of a above-described type. 0973 CIP PCT [0018] The
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[0022] A further aspect of the disclosure relates to an ion implantation method,
comprising flowing an isotopically-enriched atomic mass 11 boron B,F,; compound to an ion
implantation tool with an isotopically-enriched atomic mass 11 boron BF; compound.

[0023] Yet another aspect of the disclosure relates to an ion implantation method
comprising use of a compound of an above-described type in an ion implantation tool, and
periodically cleaning said tool or a component thereof by flow therethrough of a cleaning
agent that is effective to at least partially remove deposits formed in said tool or a component
thereof by ion implantation operation.

[0024] A further aspect of the disclosure relates to a method of carrying out ion
implantation, comprising using a compound of a type as described above in an ion
implantation tool as the only dopant source compound used in operation of said ion
implantation tool.

[0025] Another aspect of the disclosure relates to a method of carrying out ion
implantation, comprising conducting said ion implantation in an ion implantation tool
processing only isotopically enriched atomic mass 11 boron B,F, as a dopant compound
therein.

[0026] In another aspect, the disclosure relates to a method of carrying out ion
implantation, comprising conducting said ion implantation in an ion implantation tool using
isotopically enriched atomic mass 11 boron B,F, as a dopant compound therein, wherein the
ion implantation tool also processes at least one of arsine, phosphine, carbon dioxide, carbon

monoxide, silicon tetrafluoride and boron trifluoride.



[ 0024] A further aspect of the disclosure relates to a method of carrying
out ion inplantation, conprising using a conpound of a type as descri bed
above i n WO 2002i31pl ant ati on tool as the only dopant sokctaScanpeimzl used
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pressur e- r et Abwe AEsPreh PRt AGerdtan thie "OERB St BPrel PrEUBA RBBPHE ¢
pressure. [Ghilhenddh&IClcdsudr Rufelaiingscd h aRaifNE adsPeCind tvhe@i dafani zed

COITpOSI ti On %%gsﬁtloln cf)mprlses one or more species from among B2F4 B2F3 B2F2 BF3 BF,", BF",
B*, ', B.Fy™ BaFs™ BoEy™ BE™ BE;™, BF™, B™, F, BoFy™ BoFs™ BoFs™ BE;™,
BE,™ BF™, B™™, and F'™, the boron-containing ones of which are isotopically enriched
beyond natural abundance in one of '°B and 'B.

[0031] A further aspect of the disclosure relates to a boron ionic species selected from
among B,F," B,F;" B.F," BF;' BE,", BF', BY, B,F,"" B,F;"" B,F," BF;"" BE,” BF™, B™,
B.E,™, BBy BoE,™, BE™, BE,™, BFT™ and BT, and isotopically enriched beyond
natural abundance in one of '°B and ''B.

[0032] The disclosure in another aspect relates to a method of improving beam current
for an ion implantation process, comprising use of an isotopically-enriched, boron-containing
compound that is effective to form isotopically enriched ionic species producing such
improved beam current, in relation to a corresponding non-isotopically-enriched, boron-
containing compound.

[0033] Other aspects, features and embodiments of the invention will be more fully

apparent from the ensuing disclosure and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1 is a schematic illustration of a semiconductor manufacturing facility
including an ion implantation system arranged to receive an isotopically-enriched boron-
containing precursor from a precursor supply vessel, according to one embodiment of the

present disclosure.
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B2F2, 13F 3, BF2', BF, B, antAerDyseRre@PioN ni ng ones of which are
i sotopically enriched beyond natural abundance in one of nB and 11B.

[ 0031] A further aspect of the disclosure relates to a boron ionic species
sel ected from anong B2F4+, B2F3+, B2F2+, BF3+, BF2+, BF, B+, B2F4++, B2F3',
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isotopicaII% enrigﬁg ion!c sg§cies Rr dugin such i nproved beaqlcurrent,
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clainms. 09 BRI EF DESCRI PTI O THE DRNMVN&S.[OO JFIG 1 is a'schematic
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boron-contalnlqﬁ precur sor Er§f1a precur sor. S%Bg| vess%l, acc &ang to one
embodi ment SFPYTHE BYEER™ AT Lm0 ied ompounds uch &5 BaFs,

B,Hs, H.ByFs, HaB,F,0s, HBoF,Os, and H,B,F,O,, triboron compounds such as B;l,

tetraboron compounds such as H,B,F o, B(BF,);CO, and (F;,B);BCO, pentaboron compounds,

hexaboron compounds, septaboron compounds, octaboron compounds such as BgFi,

nonaborane compounds, decaboron compounds such as BgF;,, undecaboron compounds,

dodecaboron compounds, etc., up to Bgy compounds such as By, analogs of fullerenes. In

other embodiments, the boron-containing compound can contain 2, 3, 4,5,6,7, 8,9, 10, or 11

boron atoms. Additional embodiments may comprise cluster boron compounds. In still other

embodiments, the boron-containing compound can be a diboron compound. In other

embodiments, the boron-containing compound can comprise diboron compounds other than

particular boron-containing compound species, e.g., diboron compounds other than diborane.

It will therefore be appreciated that the disclosure contemplates a wide variety of classes of

boron-containing compounds, within the broad scope thereof.

[0038] In one embodiment of the isotopically-enriched, boron-containing compound, the

desired isotope is atomic mass 10 boron and the natural abundance concentration is about

19.9%. In such boron compound, the concentration of atomic mass 10 boron isotope can for

example be greater than 19.9%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,

70%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, 99.9%, or 99.99%, in specific

compositional variants. For example, the concentration of atomic mass 10 boron isotope can

be 20-25%, 25-30%, 30-35%, 35-40%, 40-45%, 45-50%, 50-55%, 55-60%, 60-65%, 65-70%,

70-75%, 75-80%, 80-85%, 85-90%, 90-95%, 95-99% or 95-99.9%. In other embodiments,

the concentration of atomic mass 10 boron isotope can be 20-30%, 30-40%, 40-50%, 50-60%,

60-70%, 70-80%, 80-90%, or 90-99%. In various ones of these various embodiments, the

boron-containing compound contains two boron atoms.



DETAI LED DESCRI PTI ON [ 0035] The present disclosure relates to

i sot opi cal l y-enri ched boron-contai ni ng conpounds, conpositions, and to

met hods oWorrakiazgsiand usi ng sane. [0036] I n one aspect, wPhe/utEcloa®ur e
relates to an isotopically-enriched, boron-containing compgung, &Qnprising
two or nore boron atons and at | east one fluorine atom wherein at |east
one of the boron atons contains a desired isotope of boron in a

concentrat i [@gopr I @bhdhe BabodingnQt @RliRloplcNBenAHBA bR kor@dHiRABME&nd,
concentrati on ordratlo.thereof Lpf t he 9§S|redblsotop%?. &00 7] The

bor on- cont af'h{HEFICEHBDE AT AR B! Brone 1 dreabPBEys S ediWdh o Hel ude any
nunber of bIx1oh Iatuolrborod ¢onprerdethbaticaemnion of fiemib araent doth dovpyigindanpound
cont ai ns at { t tocke | j In

anot her —entsach Bars Ry B o R oy KO PARA Y 1o 80
bor on at onsspedifirctouutpsigpnali Wwordn Felotrpopindde senctntragonBy pOmiaaRG, | IHRIB2F6,
H2B2F203,  H2R2E2060. sy HABRFA0R 054, 1d5 807,005 @D oMndSec G Aan BB A,

t et raboron conpounds. such as H4B4F10, B(BF2)3C08 and (F2B)3BCO, pentaboron
conpounds,‘W@?@Hﬁ?@ﬂ”ﬁﬁﬂ$@ﬁ%H%V“%@ﬁ?&ﬁ&?&ﬁ8'@N%@ﬁﬁﬁ??hd@ﬁgﬁﬁ?%ﬁsﬂbnpounds
such as B8F&&¢ viidradhdbaimentS arpoundstaidecabpsmn caoiip aunbisorsdudhs 86 aB10F12,
undecaboron ¢ unds, . dodecaboron conmpound ¢, 0Hp .t o 1380 .conmpounds
such as 1386 Aar HAme sl LR ambii e B of o 15 R i Sl (88 0 Nt ai ni ng
conpound cahledfbeln 2, 3, 4, 5, 6, 7, 8 9, 10, or 11 boron atons.

Addi ti onal E&Eﬁd'”E”Réﬁ&@YeQBﬁE&h§e<§|HﬁtQ&mBQmBﬂmﬁaﬁ@oU&Héambﬂm%t'|| ot her
enbodi nents, the boron-containing conpound can be a di boron conpound. In
ot her embodiomerinds astdeeripy dbavee Blﬁgalioww&l%wamﬂald dan2 st Sendd or on
conpounds ogjaer tohatridaar diheg Udngbodieto nof C dat Bébliaagdy-ERIRRAUBGoSpRGIASR, €. J.,
di boron coqpound ohper %h%n d&b%rane.tlt wi || tg%refq{e.bpfqggrqpiated
that the di'SCPOSUE Contenplat s "a W de Var 8Py or“ct §58€8 ¢F™* °©

bor on- cont aBhi-ng conpounds, within the broad scope thereof. [0038]1n one

enbodi ment he {;satopi.cal by-enr. ; - LAl d, the
0@6415 € sl gg{?érzﬁ ,Esng 1s§t 1%aﬁ9—@ﬂlch&l? %%n-g&lﬁgtﬁﬁgn{:&goﬁlgmp%

desired isotope is atomc . oron and the natural abundance

concent r at | 5efeit slisglpyist thg gongepiration of deshiedyigienss B0 REMORE ReoR RBe T at | on of
atom ¢ nmasSpelitk AOE QY of §OtOREro6ABnel Db h&@X MTPIriBugbedifdlesr thh@sopl@i@% 20%
25% 30% 35% gO% 45%. 50% 55% 60% 65% 70% 80% ﬁS% 90% 95% 96%
97% 98% dIEkhe d?"@‘%“”&?m%?@@‘?}?;‘m%sno PECPFIB! dBHE8K t“q?eo APt s, For
exanpl e, thempandentaiat’j Hn, ©OF, 8a9.dfM ¢ 1 hiess ddnsbor on | sot ope can be 20-25%

25-30% 30-35% 35:~40%. . 40- 450 .45- 500 - 55% = 609 -065% . 65-70%
70-75% 75-0M a0 baverEadaNR 13N BeaR sty R gl Bl b

enbodi ment s? subbiertes sprBEhing detione of saPplle-eprcded. Poropeenning eppendczin be
20-30% 30-Af%s1y4R: 583 hln, 60 %ench R ok R0 Yap1Ban OB¥oboRh i@R-iR9% I n

vari ous ones, of these various enbodi nents, the boron-containi ng conmpound
contains t w8PHBF oM Slbmehody gy dotopisaiy-csigBedobsron-eEY e rOBAYOH B Bitfodi ment  of
t he i sot opi @malshiyible mypt désethed hatiaiboeo Mt @le RMAGHiG@RPIUEhpoinh @adkediehra | SOt ope
is atomc ss. 1 ron_and the natural undance, caoncentration i.s about
80. 196 1 1 SUERLaER IO RERh S BN AU ROY RO, R80T Poron

i sot ope canbofarcortxpimptenpbenddaeadhemical fiamui@of BV 85% 90% 95% 96% 97%

98% 99% 9[904@)?/0 Oer%%isgl%%}e EQHMQ%L%%IQ&@Q%EM-%@J)H fﬁ%[ainﬁfi};nsglaérzrﬁr exanpl e,

t he concentration of atomc mass 1 oron isotope can 85% 85-90%

e -
90- 95% 95-Ggwsiogsngyplepgtion Ar plasai desjie systeah ST ivRA R SoufR 8l Boueieyt i on of
at om ¢ mas Sendidhel 06 B¢h-doS@InMR CofPpdund e whkleiD Ao edmpBhd9B% bk rof ey t@idSasones of
t hese various eprdLg%q}sf ghe poroniggntqigin co%qpunqlcoq%ain§ two boron
atons and at"f8ast one fiUdr I e "atom cand™i n- ot her " cohpotindd, °the rati o of
11B t o 1- B dfsB:Fn averangethgfenfoodiments of sugh 1@(h0@0he [sOORAG 1l annched dersn-
enbodi ment s.,0finh B &ohSAL@RLE 3! dh¥nEll bGREdoPBION- CONLALY OghGRROURdS as
descri bed above, "t he boron-cont ai ni ng conpound has a chem cal formula of
B2F4. | n vafiickise slake o ighipplnagmt: 8 wgich beien icascrogsheaed 3pd aqeplpratadly an
bor on- cont alidtirkGic FMAPRLTcRDN d @SB Qdh APOVRI0 BB QEVRRvERRL@ISIIhNG

conpound has a chem cal fornula of B2F6. [0041] More ner al | in
i sot opi cal I‘i?‘?“é"r‘?P? BRI BB RO NP lﬂﬁned%ﬁ% G e donizing ¥ boror:

containing dopant species at a high ionization efficiency of at least 15% using an arc voltage



present disclosure, the concentration of desired isotopes in the two or
nore boron atons can be the sanme as, or different from one another. In
vari ous ewbadizemiis of the isotopically-enriched boron- ®@cmtuseriegroennpounds
of the present disclosure, the boron-containing conpound cgntaing 3, 4, 5,
6, 7, 8, 9, 10, or 11 boron atons. [0042] The present dlsclosure in one
aspect, relates to a method of inplanting boron into a substrate,

conpri si Ng jk@MiaR il GvoRE) plef@ibBNES @b 50 RINE, ineREHeferldy Q&‘tﬁ‘dﬂ@b bIRI g np@Mpound as

variously describ to.generate boron L on i npl ant | t he

bor on; ons THEEHE Sy B8t heue: PHh S Sraeb b EHe i S8 cARPPREHEY ched.
bor on- cont avofthgagudempotierdom@ayrche Inodthad Rnbslhdnabihe idnyippladie®a rspdedidally

her ei nabove e he conpound has a chem cal formula of
B2F4. In vé?ﬂgﬁgggtz“HEB%%QEB&%%%S of such nethod, the
|sotop|calIWW@hrlcﬂ@da“b@ﬂ@ﬁﬂ@@n%@mﬁmﬁgw@omwb@%@mha§6@acﬁéﬁ%ﬁalKmornula of

B2F6. [004?a]n];1a§tmwns<gl ASHE b @ﬁ%h% s?e%m%cl;npre%&;u%ﬁs fircar, REAMSL iane i on
i npl antation, plasma inyersion ion i antatjon or plasnma doping system

conpr|5|ng‘§m§8&P§$ﬁd?r?ﬁ&“Y%E@&ﬁ?@EW?We@ﬁWF%HEHI“ﬁ%?@ﬁC@@WP&?Wﬁﬁg
conmpound, whﬁhﬁmndhh&xaﬂﬁﬁﬂundammyubﬁmﬁﬁmanyam¥QEma&uy@mweuﬁhmmd&scribed
gg erl n?ﬁoz:rrloglﬁrswme sHpé)ress (h!ﬁ%g]irg]t()f thte COl’ld%llLPg;BdZUQGCO{HHOSJIOH OE @cgn?i)oundq rﬁ}él a Of
|sotop|calhyn@mrﬁbh@dﬂmbm3@ﬂwo@nﬁgmnﬂmghm@m%m@ndﬂﬁBQMdﬁdwgwwcahﬂkornula of
B2F6. . Gl&QQ&m%&R@Q&ﬁEQ&mﬂhﬂ§sﬂm%QBQEHﬁﬁm{@ﬁ@&%§m&%ehQ@cﬁ&Pba”tat'0”
in mhlch boron ions are generated and accel erated an electric'field for
i i ngenment AL SirsSthe éﬁn@eratgiﬁeﬁthaglﬂaenhﬁ‘%%é%Séetflmgﬁ dogirdemehst r at e.
Such net hodoeds] i rrpﬂnaﬁﬁ uemgerpef 08 iopicalythiged, ®0®nicshiiey toipbarmatiat i on

i ncl udes iani zi cont al ni ant species at. a i oni zation
f 1 01 oncy 0t P B W B R RGP RS SR 5 a8y g Al B Pes

t han 100 vodgsmfpweienabbyHM$msrmhawusemmobm&mﬂnbl@mpmeﬁemabhkaess t han 80
vol ts, and npst, pr &L&l ﬁf%ﬂ% mtolﬂ@l@ 11Ze0h§/d?$gte§1am‘ﬁ§)hﬂ fr GABY flaki-QRAl  hot
cat hode ion Solfce of compara e vol tages using another ion source. In

ot her enbodiffeft BaurlREUIdaFC | bRish ritcareTd Pl deiopraliengched eprprtedtapings ma

| MYer si on pirQeessSther P flediRraDOMRN B6SE ldphe rdd@and | dr B draidrd dTleant at i on,
pl asma i {SIOH ion |nPIantat|on or plasma doping system in specific
|nplenentat°8ﬁ§m?ﬁg?@8? conprise a conduit adapted for delivery of the

i sot opi cal [[9e4snr i chede bmhsadrmaemon]teaqoropmglyceomhecurbdronmrmmmmmp@.mnmr‘g chanber,
wherein_t Ne GG bicl B TBHOLRIOGH Bhuflih BIRAL ALMLRA &I LEEE IffnkPofi i M ze or
ot herwi se suppress cl oggi ng conddi t “and/ or econp05|t|on of the
conmpound |nWﬂh@fﬁﬁﬁ@®P®mmeﬁsEd@ﬁmpﬂWm©§@ﬁmmh%Bﬁowh%@wN@nmehﬁﬁﬁéﬁ and/ or

the preCUFS@ﬁqLﬁﬁﬂa@&Qd%niw&ﬁmmb%uﬁgMbQﬂﬁdw&BRha&&hb&%m&@@kk&gm&@pabl|lty
such as by provi si on of heat exch aqg» |l ow circuitry serving to reduce the

t enper at ur e JF PFRESY AFPRRéhEossEs Ahicedass BMtediol iy urhess BRPAR B Hanber .
[0045] In th@mdﬁmmmeﬁywaﬁﬂmh@nm&oﬁ@@mﬁahiymanmpﬁhedmwbahmmaﬁﬁmkﬁwn|ng
conpound to thelenoQle L] Ceg@e (%rthetl(())nosl ared the isotopically-enriched,

bor on- contalnln % del i ver ed, e.g., co-flowed to the ion
i npl ant er tI06d7] mn@hwmmhemmtomﬂgm@mm@g)d’@@@hﬂa&mém@@@ygmsh@bé@bes e.g.

argon, Xe”QﬁnmﬂmgrQQﬁﬁst &MHBP%ekﬂ@mﬁ&&ﬁmn@%@&&ﬁﬁﬂm<§HUPGMQme$her bor on
precursors such as natural abundance boron preecursors, other

i sot opl cal | SRFTeREEPTINEREN L BRYARH HE! 45 P8 QY Sigrdeanipg 3¢&ht I HaMEBr ecur sor s
(i.e., non-&epeoilic dapARdntsRiROEHO EiSdned, @fpeﬂ(ﬁtﬁc iAferva®.IMhe af:antn@agd‘nomﬁgﬂl ng

corponents. Rk, on EFBOTL BN LS, S0 ORL SRl b BRSNS,

i sot ope- conti@igan miguBREAr Oihsr agcm fHapiwelflctiv i bentdcowii dmsanbenedtlm@lb loni th an
enriched at dilution
of the |sotg%%%%%ﬁéﬁgﬁﬁfgﬁkgﬁC&ﬁgkaﬁﬁﬁggﬁgﬁ%ggggg?géﬂ%ﬁﬂgﬁg?%ﬁ%Q%BFS serves
t o enhance YHedepesdt skhgdecatiqyfto ppsleped Huthe i igplpaipntsyen bBygichgedticf eed |i nes
to the toolinudddctolehcleARe ,aganheanb@alm &Y b Nhe zﬁaaqabﬁermwnﬁ@l &ady ahed evel s
that provide a S|?n|f|canF enefltuqyeratlonalh g furr ntI

maxi m zi ng PHECESE FEOB 1 PeOBror PR OSSR R W de%’?f‘ frfaR & 1088 Bt her

i mpl enment atdhenisal gfecicheilivsien bf ion soglopiticaddesati@nr i ched, boron- cont ai ni ng
precursors, operation of the ion inplantation systemnay be carried out
with in-situ cleaning of conponents of the system such as by flow of a

cl eaning agent into the systemor specif¥ic conponents thereof to be
cleaned, at periodic intervals. The cleaning agent utilized in such
operation can be of any suitable type, such as for exanple xenon
difluoride, fluorine, nitrogen trifluoride, or other agent that is
effectlve i n contact mnth dep05|ts forned in the |on |nplantat|on systen1or

o e " Y o . o, g,



0973 0973 CIP PCT [0048]1n another inplenmentation of the use of

i sotopi call y-enriched, boron-containing conpounds as precursors, an ion

i npl ant atworzot20m#310s operated wi th isotopically-enricheaCatusaiig/onmss 11
boron B2F4 as the only dopant precursor. In yet another ingl.eggptation, ion
inplantation is carried out with isotopically-enriched atomc nass 11 boron
B2F4 as the dopant species on an ion inplantation tool that also is used to

carry out dogsng %%&Bdr@rﬁplbrﬂéﬁ&hb!ﬂ mh@usé@p@%plwi@@hﬁoﬁ&r b&Bi-8taBkhef r om t he
group consi st 1?‘%80]: ar si ne, phosphi ne, carbon di oxi oxi de,

e,
silicon tetPIPIUST FURCUSAY HoPBAPRTHIon ! dboPardat Als?tﬁﬁl‘faﬂ%Fnrﬁ %ect of the
di scl osur e a@hiates 11 doran s ashosBgépan gredirpenscngotieSsgbmaipr, idi ng an
I sot opi cal '1}{1 F‘aﬂt!lﬁo%h?@ @@&9%&%@&@&1&‘ S CRAPLHNG QL ANYorbY EG‘F %§t ariously
descri bed herein. ch" stora |s ensi ng vesse el may ‘for exarrpl e
contain an dopet @mclet’am w@nﬁm@ﬁwm trot @Slhf—?éf@riﬁ ai»eﬁltmgartydwpm Qﬁ’af@‘ilqli‘g t he

chem cal f ofyoWidk LdopBe bteursbhf10RS fre%(ﬁ{eag%p %&Qmﬂlg&u@%@% Mos Eﬁi@e’s elribdnn specific
enbodi nents_na corrprl se.one or nore. of regul ator, check val ve,

adsor bent, {i¥deerarbon panozids; SFI‘IC%Prt?“aF]P?fWeraEQ’E"F?IHf‘ﬂW %evi ce disposed in an
interior voﬂocm]a OfAtflh‘&lGIVZBﬁfﬁtE(l)f théf(ﬂi&lddﬁ&ﬁeﬂﬂteslt@a@ﬁsl‘lsﬁfrageﬁﬁDdil;pmﬁﬁgSfeﬁHy contain

a storage nedi Foron ont ai ni n such so| i d- phase
phyS| cal a SOIp]bSHF‘ﬁ an 1s0t0p1 a ye?nﬁlg.}tlel%\lg TON- conp%mﬁl ounéjbf angftt e as VaI'IO # um In

still ot herdesmlb@dhmmt §ucht e sue%eihd danenﬁlngzlveﬁ@lfé naayrfelst%xanmh qsoetalrnl @w orifice

| ocat ed ei tl&ﬁ(y 16&41}1 Qﬁl@he@rbokdﬂtcgﬁtﬁlﬁ}lﬁ% é/ Hﬁlﬁ hQ\tmgt th@ch\é%ﬁ%)rmqra OYVBchl Thed
connecti on port ng out |l et he vessel. [0050] Anot her aspect of
the i nvent | $hsPEgatdgispensige Wf%auspmlﬁ%vlwpﬁlé@?timaﬁgcwrlﬁesw&ﬁméﬂq - enri ched,

bor on- cont adkeguldid, GOKPALEhd@bead) Yilte Udntl ki €iryt ﬂqaereaﬁct@eslexﬁdebﬁgosla@r@nn above,

conpri sing contacting a boron-containin I n such
RO R A b R W S

i sot opi cal | fpr @nbdirghe@dtainiil ygmpobat, suek angdobd-pliabephgliicit ddosrbime ocdmnelmvplyat es a
conbi nat i O”an%m gﬁgg%gﬂn@{urﬁ g L 2% Q&%Qﬁwﬁ@tﬂf‘é've%QQa&%lweﬁlresﬁQ%da”Ce

boron trifl uor| I ng cont act i n one enbodi nent. |In another

i 11 ustrati vioveridislopasgteither WéhlaP@@Feagwbm@@ﬁﬂlémﬂeé?re@th@cﬁﬁ@watﬂqn@ﬁrtof nat ur al
abundance bhog QRudrBéabr @deksdesot opi cal Iy enri ched boron trifluoride as being

t he cont act@gsrquec es, and in_ yet. anather il UStI‘aLI ve_enbodi nent, the

di scl osure enpMISE 2 8fctﬂlen5‘“3’|“°1? JGEpITAl Mytheh of CRURFBBE A netal and
i sot opi cal | iyot@iailcéneidheld Osopim-donthihing eomghend HOMS khiAbleays pe cesctiedaxaimpl e of t he
synt hesi s 0 opi.C ri ,

bor on- cont ga|% Er)l%ngor%%lg%%&%gm% aolyol?dsfl Cg)n%{l fﬁ%%%sz‘gk ﬂ)(lr %lg[gor{lgg%g |n}%h Ocrlray be B2F4
and the bor@aoctnth of thi brgengantainng g@@ﬂ%b@f@hmﬁmhcﬁm h@)lrs@t@mcallf OOBRYITHESf or egoi ng

synthesis ngt Q@ﬂpll’vf&h{e HR1GaE Edn?e%pﬁtéﬁ a UShiaghid &H%%pﬂ?ﬁlﬁ&nﬂ;&e@%r&nmbt&pt ope in
the boron netal at aw?/ sui tabl e concentration. In specific enbodi nents, the

concent r at i B "grrabibypapee pqen tifohdsy a5peing B?IBBﬁ@d i Ofl%‘anbrﬁ)gllnﬁﬁt fetaiercan be
greater t halﬂus]rgtlvg%/mb&ﬂﬁ@nt %%sclBﬁ%coﬁ&%latébe%nblﬂﬁ% oBO%ral B AIan6Bon65% 70%
80% 85% 900/% 90/ or 9% 097 0973

erbodi ment s lﬁlg s%to?lﬁa'% enrlchec%: or(al trlguor%e asC %ﬁ;nrgl L dco(rleli tedC lé)!gClGE; aI{d[ 0053] I'n ot her

another 111ustrat1ve embodiment, the dlsclosure contemplates contacting of 1s0t0plcally

enriched boron metal and isotopically enriched boron trifluoride.

[0051] As a specific example of the synthesis method described above, the isotopically-

enriched, boron-containing compound that is synthesized in the contacting may be B,F, and

the boron-containing gas may be boron trifluoride.

[0052] The foregoing synthesis method may be carried out using atomic mass 10 boron

isotope in the boron metal at any suitable concentration. In specific embodiments, the

concentration of atomic mass 10 boron isotope in the boron metal can be greater than 19.9%,

20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 80%, 85%, 90%, 95%, 99%,
99.9%, or 99.99%.



mass 11 boron isotope in the boron netal, and in specific enbodi nents of
such type, the concentration of atom c mass 11 boron isotope in the boron
met al carwbeogreaiier than 80. 1% 85% 90% 95% 99% 99Pe¥USRL01994B920
[0054] In still other enbodi ments of the synthesis nethod, jhh&gh boron
trifluoride is enployed, isotopically enriched boron trifluoride species
can be enpl oyed, such as boron trifluoride in which the concentration of
300 459 S0 Sa0k B0 "Beon " To% “Bbu” Baot” é*%y LS Saoaaidne o

9 9 () 9 9 or
99. 99% [oof%%‘sil ﬁ%%rf"hésf’“’%%%ﬁ‘i Rt Eletalt Fﬂé’ lgﬁﬁetcﬁ‘ése ‘?%So‘bf Yt WE B8t on
trifluori decondenirion ofitctidd nyss @ hborahB@odedi M b&tn healear bd g@hte@um 80.1wWhi ch t he
bor on trlflé&@rb 9|5§0 Wb&Wgré ogtom ¢ mass 11 boron isotope, wherein the
concentration of ‘atom ¢ mass 1 boron i sotope in the boron trifluoride is
great er t haf08d. 1% sglbothergohpdiggus, of ggogyntlxgis geghgd. 19 ghiggbgro MOSBIT ke

di scl osure inpi@ed WolopREIyASRERY bhiSh @tfﬁlgncteosp@aamrhQae@gloyemalvamr&eam
current for anion i rrpl antati on process, CO r-sfng use of

i sot opi cal I‘V ey rdeeh BsarRis eyt %ﬁafﬂn}’l‘gm%sél% ‘HH‘S‘F‘PPSES gr%ateéfhfl'élﬁ?%?’e to
produce sucivv, opr ®oed3iveanv.cAnn, 60, 5504 60%)] At TV, 180%a85¢0 OB SPAn ddmng

non-i sot oplé‘gqjg/l ¥; éag%%ched boron-contai ni ng conpound. In a specific

enbodi ment,” thé |sotop|cally enri ched, boron-containing conpound conpri ses
i sot opi cal I[905éihr| clhedth@2 Fabodin@0 67 |tk fsunltehermalsf@e@tmg)fbomhetrtﬂlu@clboslur e
relates to g prhPthRfied R QX ibBYaRERS, G WhR R thel Har@NrifidRdd TRhAREAL ON
process, conpri si nq flowm ng an isotopically-enriched, boron-containing
conpound  of HG M| 11aﬁ%w?%ew%eﬂa@gewwgaﬂ%@f ApRS YRl ber iy@Aekat i ng an

i on beam f r@avdrddariGARON Bidaterltihin SOCH, 354, Do 954 h® %, 9090 pi Waloby - ri ch,

bor on- cont P ot ”%nﬁﬁﬂﬁﬁ%mprh%FaﬁwggﬁﬂﬁgQﬂoPa%ﬁo em?mnmﬁﬂ' Formil a
of B2F4. S oron-'contai ni-ng conpound upon 1 oni Zat orm vari ous

i oni ¢ speci fesangpdinfplaagiaprssssi qutinidignge dne 1sot0p1naillyen@qhet b@gn -fmemignong

B2Fa+, B2F34 Balidfa Brepd cuv@':@ rodﬁfe su%umgméé?ﬂ 8n PR3 BF2,
B2F4', B2F3', "BF2', BF3', BF2 0058

n| I cant
i pr ovement COESROEL A BRY- émcaﬂlﬁe%@m cW?@?ﬂtala@gac?lﬁ@Hmdt g‘f % Heeclfise of
i sot opi cal | yRilmmksh@d idepiedy Camhad, b cGRMRRUALHound REMPrRE! KoeAkaligspondi ngl y
enri ched bor orL;8 Bg;t aining ionic species and fragnents, as selected for
i mpl ant at i oA § “sel ector conprising an AMJ magnet or other selector. In
such vari ou90¥FibodA fiettsispectd tleginclenitd @khieon aohetiat @fingravigdednd cdponton i sot ope

theretrom HanhuRMOR GOTROUNG RN b A0k ABEERAELBIOMABIER S5 oo
Al t er nat i vedoypouna b rrycoitrblsi titerry desonlisd iprdigaber: |a@dq&eaerﬁtmgapeﬂﬂh9arnﬁr9§l 10 boron

| sot ope canmbomfouhd. 288 sudh- ﬁethodb(ﬁ{eoﬂdtgﬁénlyahéﬂ %roﬁ@%@@om@m can
correspondi ng i.onic speC| es and fragnments therefrom in which t

concent r at | SAPE 250HpHUad hywe 2 thenist BAMY s oltishe S“@W@“(‘EP‘F‘“P’@'“F@OWeat er than
19. 9% 20% updh ¥nizdBmap bdm vaHYUs i04ib YecitOiikl frodlnts GOXdieDUe or il spB8E&%%G 85%
90% 95% 9PN W R BE ORI BFI%E," BE, BF, BY, I, B,E,™ BaFe™ B, BE,™ BE,™
BEF™, B*, F*, BB, ™ Bl B,E, ™ BE;™ BI,™ BF™, B™, and F*".
[0058] Significant improvement can be achieved in beam current as a result of the use of
isotopically-enriched boron-containing compounds, and their correspondingly enriched
boron-containing ionic species and fragments, as selected for implantation, by a selector
comprising an AMU magnet or other selector. In such various embodiments, the
concentration of atomic mass 11 boron isotope in the boron-containing compound, and in
ionic species and fragments therefrom, can be greater than 80.1%, 85%, 90%, 95%, 99%,
99.9% or 99.99%. Alternatively, boron-containing compounds enriched in atomic mass 10
boron isotope can be utilized, i.e., boron-containing compounds, and corresponding ionic

species and fragments therefrom, in which the concentration of atomic mass 10 boron isotope
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[0059]In addition to utilizing isotopically-enriched conpounds as feed gas
sources for ion inplantation, the disclosure contenplates arrangenents in
whi ch comwpratzamsoof boron-containing source conpoundsPardsotitioi»ezi, to
achi eve various inprovrents, e.g., inprovenent in beam curgant,and/ or other
operating paraneters of the ion inplant operation, reductlon In levels of
deconposition and deposits therefrom enhancenent of resistance to clogging

?f flhow pasis agas: thdd L, ben 25%1)@@9@8%1 m?,ay%,tmﬁ 584609, @%,Qﬂo%geo%{i scl osure
urt her con t e nds that are honogenous in boron isotope
as precur so n%f? 93%%&0{% P@%%oh%@% ation, i.e., boron-containing conpounds,
and ionic spewvies IaraddlflafragmahmIsg itdugicefiy-anirhedhen@uidsab feedborrbweddsron i1s ' B
or 11B, to E&%M%ﬁ&ﬂﬁk%%ﬁ&ﬁ%&%mk 1Q&ﬁ%&& &&%@% ch%5£§£mfgﬁg?%kgnal
par anet ers 'of the I on I mpl ant at lon opera on and system 0 e of

i sot opi cal | §pn@ining shyecd coyaroands eritiideditherhiepnpoun deproraeneen AT at ed to

af ford si gnjfldn@fireht MRIQVRE Berdiifle PEATREW RN hPlanSGle@bdL A AR 1 SPeci es,
e.g., beamcurrent inprovenent levels of from5 to 30% or nore, dependl ng

on t he par t Pet ‘ﬁrde‘f"(‘ﬂl?f’%“%ﬁééid%F‘é’SIEéF‘?i?jr"%F‘e‘é’E‘“éH‘ﬂTté’F rqs’éﬁnﬁeﬁbldél%&“&’t? on. The
ionic speC|mﬁvpasﬁ@tsﬁﬂhazlaﬂlimplaﬁmﬁdrﬁp@dn led. boron content, can be of any

suitable ty ude one or re of B2F4+, . B2F3+,
Boroe. Bradtogs Al BREEL ol M lP o R pgina B hogghith g2 "
F++, B2F4m bOBQlIi®'tOPe BZJF@UrsorBiﬁBbororBﬁQimplaB@wn B. boramdorﬁinmgqumsounds atdopi ¢

enrichment Al (ReeUiddl t4Rchd BelefiRh QMRAMI MRGESboR N BELE 0B, RfachigRs of a
desired type, such as for exanple ‘BF2+, BF + or F. By increasing the beam
current in PREVERRS] Rteatcuirgiy|or wiheh oRIIANG! PRBHFE 1Y épr MePhedi%peci es, it

i S possi bl eopbtid@vad &sitihe need for i ncreasing the source gas flow and t he

source ar Cv@ﬁgﬁ} r ﬁse\lﬁlsg‘i e I'lC (%rb\é)\%ofl%on zgmr e(g)m oun(JS Itl gbge(r:lrae e&l%tramﬁldgher beam
current bu ess e I CI en resu { owutilization

of the sourtgeiffglalsmg‘mfrcantompnomnieammdtemorcurrf{riD@BZS]eFEhei losie sgefcws e.g., beam
i sot opi cal | yz&Rnl, @B&%ﬁ%%s'&f A § L £ Yabl Yok @%%dﬁnggog ntgéo Egﬁecuﬁy% bor on

sour ce comnpoun en at natural a undance I sotopic tion a fords
si gni f i cantSPEaRbeierreRed fon B dBpRHRIOP-cibe ol seesippdiotdionlly BeEdsd euhorent s

obt ai nefl USdoR@nth@h 8hoftahy iulnmuypleaﬂartdlefor thgps aRICaRE hb&:&SBf’Pﬂ*CBZFfI t he ﬁam?
ion inplant_taq pecil. u al LS L ¢..enri chnent
can furtherB%%hgépétatgg2 t fie- E'agpfn 1?%“6 %a‘?s s]?fg’n Pﬁ‘br gg’engﬁ\AEB "I'he

di scl osur e B:h;"dnFHEr BRSHatt T BIal &t adgeiier s, OSDtc!pic ¢rmm®|necane® in

| oni zation lfnze%rlo ugﬁ&%p/&ﬁ%'&l%ﬁ&’!ﬂéc%&gf ool % ﬁ?‘&%a{!{ ﬁ:@h coppound,. as useful

for ion inpla e I sotopl y-en ‘bor on- ontalnlng
i on speci esBlfzs BEeqf &et ingreasie Sabefg BIFY N thﬁBQFsﬂplaﬂmﬁﬂth s dsptopRREY+  BF, WE,

F, B2F4", Biféed s&glgsz it 155(3331bIBF02aV01d3126FﬁEéd foB?tF%asmgBﬁer%urce %F?ﬂoaw &b dne, BM

andThe d| scl osure further contenplates AMJ rra%befevt sel ection of one or nore
of such i ons"%fﬁ‘“e%rF B%We@esﬂ‘é’r"ét‘@éi "th‘B‘Pﬁe b6 Ry Eed; o A e high ?Qﬁ'frb‘b‘i“&%l tWlsenrl ched
bor on- cont auumwmgq SORPREMENt M ebsuldTP loafninaiahﬁlfbfﬁi’fe sSLl.iﬁéhgas 0P163 infplldRtal&nT

i sot opi caII ri ched bar.on- c tal pef: % A substrate, such as
. ﬂ € use 0l isot nrlc e 856# tcu arly re erre Fche such bor(1~I
amcroelec evi ce sus 64 sotopl call'y-enr ed

bor on- cont aﬂowmg;oepeeq'l egenraly nberall 9@m@qypmﬁotoylce¢wnpeﬂ¢em affords significant

improvement in beam current as compared to beam currents obtained using boron trifluoride
under the same conditions and in the same ion implant tool, e.g., for species such as BF," and
B* Isotopic enrichment can further increase the magnitude of such improvements.

[0063] The disclosure in another aspect relates to generation of ion species in ionization
of an isotopically-enriched boron-containing compound, as useful for ion implantation, in
which the isotopically-enriched boron-containing ion species is selected from among B,F,",
B.F", B;E,', BE;', BE,', BF', B', F', B,F,"”", B,F;™, B,F,"", BF;y"", BE,™, BF™, B™, F",
B.E,™, BoF™, BoF,™, BE™, BE,™, BF™, B™, and F™™".  The disclosure further
contemplates AMU magnet selection of one or more of such ion species generated from

ionization of an isotopically-enriched boron-containing compound, and implantation of such
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to provide a concentration of atom c mass 11 boron isotope, or a
concentration of atomc mass 10 boron isotope varied fromnatural abundance
| evel s, awoaniz/@i3ibhe concentrations previously descri b@edT/tusS2@.1/047942
concentration of atomic nmass 11 boron isotope in the ionic,ysResigs greater
than 80. 1% 85% 90% 95% 99% 99.9% or 99.99% or an

i sotopi cally-enriched boron containing species in which the concentration
of mass 10 haspeany-&RkRRSolod cei@dheion khdRs h% Hbrak0%n e5VmickRiknddr% 40%
45% 50% 55% 60% 65% 70% 80% 85% 90% 95% 99% 99.9% or 99.99%

[ 0065] Anot h ?”C%l%lgséfé‘[e of the present disclosure relates to a method of
reduci ng ti‘[@ﬂml dﬁeom&allyl-fmﬁcmmHordepm&lnﬁng(}pec&ﬁ mapberotadicatin eigighddaces of
the ion i mpl, 304t h OchBlonBudhil RN} ndbn ULI0 L SALARLERL Ko fRLLENed

bor on-cont al hi ng sour ce conpounds cfecorrpom

bor on- cont alhbaign sviepe eared mdgral gbhdinge jleyals; htp#ran?fathpm?n@atrﬁﬁp@sult in

deposi tion QfvigkieaBREGRE, QOE&IBenWatIoh oPEtQHféQ&absOﬁ vefon %{oﬁeﬂm'ﬁtﬁé 15&1&%&1&19 or other
byproduct gas species, Even |f line is sufficient] K cool ed,
qds

sone t her medreafs 58801 Gn 33 Frede %TZO 9%&6)&9? Ut RE- 8 & EHAHGEY oK The
deposit forveea oaﬁalﬂmg q&u&stm @hlcﬁuﬁhordaﬁ@mmﬁmassqn basd isa® i€ kattedhaeposi ti on

can be a m xt r c t ungst en
or nol ybdenfl?r%u/r ?8%1 %%(Oé) 3@% O/d%% %(%’ st%é 0S| gsgg% ﬁ@?h%’e gas feed
| i nes near Et5ﬁte99%r99§6mr@%99”/as vveII as inside and on surfaces of nozzles,
arc chamberph@se PARIuRS asp@06t REPOVLRASB ! RIRs lof NELE U rdfhEnd BRHnFET - Such
deposits require periodi c maintenance renoval, such as by abrasive cl eaning
and cheni cafectmpeHpRnsind dengsitionsqf gigtepipl o8 GefRegsHS e dest MBBRLLANAPRES WEPYsi ts of a
sui tabl e cl @akih§GogpiSallylemricvial lﬁir(bnl-doﬁl@lnfnﬁleoﬁ@pﬁﬁlpéuﬁd§ Qhdrid@tdetdnysi€an be

removed. Th% blz)r%glilzlr}taml ourcle lélenq 0] %m ! 01 eantat on c n resu?t n I at On fOr
recovery ofspecitic materrals flrom He 'BrfPaeh t &3 Tnl? the ion

i npl anter idenmotal ldne(uhlmartm@iutt@n@pbmat riworide tnhotm byprcbloct@ns gepantsn ifvar i ous
types of s éga @@eh%hé i@'s&ﬁaémg%lﬁed”?o}’ne%rﬁlﬁ g Qymé\ﬂ&tﬁ{ ?&Bﬂs QﬁthQ%I Jeen the
ions derived fromt boron Source conpoun material s erw se present
in the vacuiianbsharier Thegépesidiortpdott # trulingf éP‘ihaﬂ%OIBHOS@@Th§N geeddd, such as

the tungst epanmdn B Né@ﬂﬁaﬂm pEdRl B defiaNd QLS ki FRECE DA wikflerdort UNGSt €N

arc chanber th aI m num i | at or i ons .be for of widely varying
A o S S R e R A
0, 1, 2, Ol’s.oﬁ?r.pe Suell as(msie @@honrsedgts ofindfzlet,he dhaotteolpise plhtby alribrlogives

bor on- cont gj;pi H&rssq iGni % TR Elosﬁs refiu% g&%ﬁfcr SRARAL Dhoyal, such as Doosi

i sotopically-enric ed eposits. ‘The | Ic character of suc gposms may
af f or d oppobragi¢ ¢lganing apgd ¢h|elin@é mthedne g ﬂa‘gémugh theaeol gmgrindiey| depasityed af or same

as a resul tofoid d&hing g&okqm&lliéqw&%bétk@@that[t@@ﬁgﬁfﬁefréiﬁotv&ﬁfrhéiﬁa@tﬁﬁ{g of the
di sclosure relates to a method of preparing a source of the isotopically

enri ched, bSMSALCOAE EP‘E?F% f"éé‘?ﬁ‘}S’ﬁ‘i‘ﬂﬂ‘ °6FeC%Y‘?§2/ @&P?ﬁ‘ﬁln@wf@lb&o‘&éhecfé@@?ﬁ bed 0973
ClP PCT herﬁbmbove in which the method conpri ses filling a storage and
ghf?gﬂ:ldngb[ég% el ﬁv%hte Dontlhelarﬁ rrspnoyctpeg1cateciq to O%erzsnl n% w dh onq%lgotranedolp:%sn st \(f)a 1'&1%%' lC)a/J
formul a B2Rgpes Pﬁ@@@}lﬁﬂqeals @fo@r@mamt Foymerhyi intragiion lb@wmn-ﬂ@eomsaiemedéromorrpound of

the presentgydiygehQsite cérﬁiﬁhﬁlﬂ%‘d TalMifE oMBEAELT MesOfe i AAPOMRAER, crei i C ones
of which are in gas, solid or liqud forns at standard conditions (1 atm

pressure, 25e3ding 9pEY TS Oft"ﬁ’é“rﬂ‘it@’f’:l B B EHPIRAE IgH BiiAtd
conmposi t i onpreisdbiyldedcabed ANb aSeiaied aicOdRarhier GG Qhdfi@ini RRilGor§ &GRS HeOr i0n

i npl antatio aLd. co 05| ion g roma%p n, pr ecur sar anpound
ot her than %"—“3?% 0%/\?(51?1& nylélély(?e I%C?ugr?g\é{rfﬁé]‘cuéesr%? to gi%hd"i gmiés %o‘%:ﬁéal ly
enri ched beyerih yiad.ur alor Abburt @ne enirqacionth tofisdpBaliyrairiditBboramcbnwhérzei n sai d

conpositio ope C 4 , BZF2+
BFrBrE BF2+ nsoﬁrgmr)llnﬁ(ﬁﬁds £y f(%?llil Mﬁ)o&ﬂ% ﬁsgl%plfxfll %WQEBQF The I3’%’5%10

| 32F4+++, 10312@:(3& oj_ gxz]g:gepoqig may 3ff0rd opportumty to utlhze cleaning agents that are selective

for same as a result of their isotopic composition.
[0067] A further aspect of the disclosure relates to a method of preparing a source of the

isotopically enriched, boron-containing compound of any suitable type as described
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BF2, BF' , B, andthe boron-containing ones of which are isotopically

enri ched beyond natural abundance in one of 1-B and 11B. [0070] 1 n such
conposi t iw0,20te4310r on precursor conpound can have the ehemiseah/ofimamul a of
B2F4 or any other suitable formula. The conposition may begsisdt uted so
t hat concentration of atom c nmass 10 boron isotope in the Bor on-cont ai ni ng
ionic species is greater than 19.9% 20% 25% 30% 35% 40% 45% 50%
55% 60% Q@%&naﬁ&% in $8% 189%hod @%pri@e% %)llin% %%lora%g ar&lo/&isp&fsing 99 %ith the

Al ternati vel%,f tge co osht' on .rra%}. b? co.ns%i uted so.that concentration of
atomi ¢ massPROYGr BrivfsBE! ?Sfe e st A DL BF G BHSTCRT G S ORPYIS Jeties i s

gr eat er t hamb8dimdhas8bheBi0HForRABIYB.199% 99. 9% or 99.99% [0071] A furt her
aspect of t i scl0s .rel at.es .t . . LQni ¢ s [ d from
among. BoFa g3 RAEGIR DR R0 AN ARG IR R B3I ARYES. BTy,
BF2' , B2F4"inclgprgwide vgpiypf ¢omppmgls, sp@ER onesBFwhigihgie B' 2as. iid oF Beidopinesal | y

enri ched beyaRdAabidi@hs @RMNganee ok@one of " 13 and 11B. In the boron ionic
species, the concentration of atom c mass 10 boron i sotope in said boron

i oni ¢ speci 18069 o gTbé‘ézt & dfsﬁ]ﬁﬂ‘rel@“@%ﬂa%%“ IQ’B‘%d %’6‘%’51@8%56%% /ﬁ@% 50%
55% 60% GbParatib)U 2eBOHe iETUpe RO For iSD Upl DAL, 98d B%hpotitiondRriGi8Y/Fro@ra
alternative| t he concentration, of ,atom c. nass, 11 boron i sotope.in said
bor on 1 oni oL BeRsdr Snpouidohet Indh bEo Whbein b bagy HRa L0 CTHIERES 996 or

99. 99% [ 00FRJpAakiy pirichddureydndrnamsp ebundofe irhenedifsdl esiuf® md|véees w¥ a net hod

of i mprovi g, BEAh CifRAonf B M speOBs frdRLARL LE,OB, Y BESSSH,” BONMH SI ng use
of an isot glgl cal |1¥ enriched, boron-gcontaini mpound_that s effective to

- ng conpoun at
form i sot oph c&l-IBFienbifehéd i 'oblisc. Bhedhids Hr ﬁu@PFﬁJ’ Sefeh . Bripr oPBd beam
current, | nBK,EN BFTQIB*t" Oand FCOJ the BRONEHNAGING Wied FOIHAAI GBisdypi@NY bigRRd,
bor on- cont atl’ ni ng tcor%oudnd. J 007f3}];rh%11iBsot opi cal l y-enri ched,
bor on- cont ai‘Mi NG~ CEMPoUAY” HaYy Rave™t'he  chemi cal fornul a of B2F4, or
conpri se anY0mi her nswilt abh@siiigotiepbaal bigcvesnr icah@dyd bor lpme dlgnthainigilng

compound. | 3., Q@B fPHber sLiliBle FARGRMHALMBOi Ry (A BTebns RS soHfuPOT ON
i sotope in the 0973 C P PCT I sot opi cal I}g enriched ronic species is greater
8ok

t han 19. 9% copgoyationohatogpomass Kdporopgsgiops Boe lmgoysconmume RELFPEEYs S70% 80%
85% 90% 9B 19997092592%80701558%089%%,150% 23508, ber, Bbagi, ket 854, ber,
concentr at |9§§0 %é%aﬁgo&}’c n@.:?g 1 QOVQQ iatgotc(glgg iiin said i sot ogc'gcal Ity enri ched
i oni ¢ speci€s”i’s ‘greatel #- 8yl cly59s P5UYSEAY Bosrsygeo®, B 99. 999
[ 0074] A f urdohentraispet ttomfc hise 1dibsoh a®wpe i elidb@sn-todtaing@ iodic dpcbioy &ane ( B2H6)
in combi natj On.. man 80.1%, 85%, 90%, 95%, 99%, 99.9% or 99.99%.

[0071] A further aspect of the disclosure relates to a boron ionic species selected from

among B,F," B,F;" B,F," BF;' BE,", BF', BY, B,F,"" B,F;"" B,F," BF;"" BE,” BF™, B™,

B.E,™, BBy BoE,™, BE™, BE,™, BFT™ and BT, and isotopically enriched beyond

natural abundance in one of '’B and "'B. In the boron ionic species, the concentration of

atomic mass 10 boron isotope in said boron ionic species is greater than 19.9%, 20%, 25%,

30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 80%, 85%, 90%, 95%, 99%, 99.9%, or

99.99%, or alternatively, the concentration of atomic mass 11 boron isotope in said boron

ionic species is greater than 80.1%, 85%, 90%, 95%, 99%, 99.9% or 99.99%.

[0072] A still further aspect of the disclosure relates to a method of improving beam

current for an ion implantation process, comprising use of an isotopically-enriched, boron-

containing compound that is effective to form isotopically enriched ionic species producing

such improved beam current, in relation to a corresponding non-isotopically-enriched, boron-

containing compound.

[0073] The isotopically-enriched, boron-containing compound may have the chemical

formula of B,F,, or comprise any other suitable isotopically-enriched, boron-containing

compound. In one embodiment, the concentration of atomic mass 10 boron isotope in the
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w th B2F4, as a dopant precursor conposition. The B2F4 in such dopant
precursor conposition may be isotopically-enriched as variously described
herei n, owoabt2znmabi vely in a noni sotopically-enriched fPorms20ih®4disbor ane
in such dopant precursor conposition |ikew se nay be isotogi.cally enriched
in boron isotopic species, or alternatively in a non- |sotop|callyenr|ched
form In the use of such dopant precursor conposition of B2F4 and di borane,

the B2F4 anghishidamy aaehea lscaaté@@qa@neﬂ%xm w54, hs0onesanphess, and

and o bor artd £ ORodNaL 8 25&?0%%8?68%%5% Shn Bt S Sa S e Buies, "and

flowed to tdeofimonesscianiraton oMsnic masdpasab @os@un cad packayesyricha any

sui tabl e ”‘%Pﬁ]@&ci&% rga?(e?m%%lo} S9! &3PES, '9§ﬁ §2J74,,39do4li borane conpounds
can be co-flowed to 1 rocess too f’rom e separate source packages, or
al ternati vel0ly74l such f%@mmﬁ@éthﬁﬁbyd%eredféws\ﬁevsedf dibpranh B-Pp)deeesbing®m| i n a

sequenti al Qikn kL & NRpAnD e RON@knpodittdd 7Rk IBrEQthEﬁWOEa@ﬁ]Q&ﬁgor Qfmpb&ion
di scl osure, boron conmpounds and conpositions o éﬁsclosure can

resent
be ut|I|zedm%bPeﬁ?@gﬁﬂwﬁﬁﬁmﬁbabﬁmgUﬂgﬂkaPE%i?%?“p@bﬂéﬁ??@ﬁ Bf2 d8%ar cel | s,
usi ng bOFOW&H@ﬂﬁHﬂﬁﬁtMﬂdﬂﬁfOB&@Eﬁhﬁhﬁﬂd}@mmmpmmﬁmfumﬁ@ﬁmmﬁﬁﬁﬁﬁﬁmd
B2F4- cont ai bnl 1rs](goplca OSrl&LédOIIr]leo\rlo%l’llso US| X e(glgss% eqitnhe y 1n a 1 IIISO (Za(laﬁef erring
now to the dra = ScHendti'e” |ff ofa enl%onductor
manuf act uri qmgclfeaéqrim thy the rved efdinehgdogmt lpwwrwnmlamlam erBzEy%rﬂelrbpaner drged to
receive an j 0L QRISAL JufhidiS DEde BRERRa GRNLA AbAY 2RI &EHYELSPEon] § AR
pr ecur sor supply vessel , according to one enbodi nent of the present
di scl osur e. PEDT7EAS 08 MUY Fckor speh Bifeand dhborpnenipwids srabefupesdr i ng
facility 18@nh kphladasure ﬁk@]&@ﬂt armrmﬂ3@thewpdsyoarexsaaduchl&garatarsaa@ged to
di spense dopant Jrecursaor to rce cha r | ant ati on
System Theaapnt St il binb e SBo e Foah TRl n it sy b o type.
and may fonmehaanBWbeHmuwgmemﬂédmmyS@Wﬂaﬁgmrﬁmmh%baseﬂaﬁmmﬂdsgmorage and
di spensi ng apRAKALHS, 1% DGO Al U ARl bR ATM . 1 nc.
(Danbury, Rﬁeé?%c§% dk f t?ag‘hém@° le 11‘fgarrnanged fo
suppl yi ng d&f/aht p@@@@h@@ﬁpe@t&% ﬂ??tdl@@ﬁlf%tbﬁ@§ﬁﬁ’@?quédsmﬂé§%1m°é‘tl"fé Oéthe a
plr)essur gobeﬂr@%taﬁao&aﬁan &ud ﬁhzea&rglaﬂﬁmugefgulshftra{esrfaﬂgalua;onfof Qi aem@lﬁt 10 It f)
about 500 ton, when.the dopant precursor is of ga S rm ysically
Bor babl e D HETG S e b EOHY ol Bt ) aste S B vel y.
t he dopantcmn@@mmsowmmnymbﬁnmﬂthQU|d formwhen stored in a pressuri zed
state, e.g. regyl.a e I ially
avai | abi e 1 06T A RASRRCS, M MEALPREE, 1 3o e COTERRE B o - e
"VAC', arr a%qg@dndpeiordinsrplé%@énggé@ﬂlat inclydieg aprieis Sumtafion fysteme arranged (o
l'i qui d- Cont@éeﬂle f&g 1s\6%§i%ﬁiy enfihed@bctbil- éohtafnhlﬂgtp%ﬁrs&'fﬁo%ugskduiéer supf1§ vélgpant
precursor of a solid form and be 0973 P PCT provided in a

vapori zer vﬁggﬁvg%Pmamﬁvﬁgw%Bﬁﬁ%wa$aﬂﬁyoava.|ab|e from ATM, Inc. (Danbury,
Connect i cut[ﬂoﬂjSA) Angetvn il €1C. riade ramionkd adr- Iﬁé’ii@f,acturﬂlgvﬂlimlﬁjﬂ 18melc1dm9ant

precuroor, 82 NECh ol QuREnt 5 RSB0 IRY Rl AL . 11

1 system caqlnalﬁw Ofeﬂaarppll@plermmn Poem Syt doping atei:lysoe FHPP](YI’YésdeldBI)@ﬁDbP of

tetraf|U0r'Q€s&§ﬁ§ e, aftf m&M¥r QLR bel SRLRARN 6Rhd s ERELE0RTRRLRR: £RANT ai ni ng
pr ecur sor 079] The dopant gas is flowed in feed line 184 to gas delivery

unit 186, ?Péﬁmﬁsapé%fﬁ‘é% P&élteeafpaﬁamaﬁrfawgé&?%e dUPpresS: 6n{2%PTon of the

dopant gas @kﬁﬁécﬁﬁﬁ,mm uhd’&:ﬁthhlt@dhﬂdm sage aﬂraﬁhg@tforlﬁﬁplﬁﬁg ﬂ(@ﬁht%@bﬂ’rﬁﬁ gélsgo in

whi ch the d RNt a€ 1S subject | on to form dopant i gns. of the
Sub-atm (&

ti
desired chat &Cter: P1oo807 e’ %eslTsv%g %%é%tlrﬁ%hésﬁ & Vrans Mgt ed in
passage 1.9 2frdnr dygutt1Qe¢o abgm 589 wrrewheh @@ dopant precursor is of gaseous form and physically

adsorbable on the sorbent medium contained in the vessel. Alternatively, the dopant precursor
may be of liquid form when stored in a pressurized state, e.g., in a pressure-regulated vessel
of a type commercially available from ATMI, Inc. (Danbury, Connecticut, USA) under the
trademark "VAC", arranged to dispense gas at lower pressure from the liquid-containing

vessel. As a still further alternative, the dopant precursor may be of a solid form and may be
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to the inplant chanmber 194, in which a wafer (not shown) is disposed in ion
i npi ngenent position in relation to the ion streamof the dopant species.

[ 0081] Thewbypraadusap ef fl uent from the inplant chanber i ®Criusemd/ouTe42f fl uent
treatnent line 196 to effluent treatnent unit 198, in whicf.thegffl uent
may be subjected to treatnent and/or reclamation processing, to produce a
final effluent that is discharged fromthe effluent treatnent unit 198.

[ 0082] Whi | epréi®d |1Iﬂye@5ﬂ1&ﬂvé§s%50ftﬁ§[ﬂ DameRRN aHEHLS ke ATRENEI. (Ddnbury ef er ence
to specific, aspect S[B%{)eatur es

rative enbqdi ments of e
oventton GERGEn. i SR OE Btk oy by dsErEervel Fon i s not
thus Iim telﬁkatecbtutgerreaatdmcu@xtv@md&r tho icanidpl@ncionpasse@s numer ous ot her

variations, [[04(5)%?' fi 'ﬁ%tcf]pﬁ)aiﬁﬁg%gmalht&%r {\%&ém‘é@ Fﬁjm%?ét{iﬁ?%?m egﬁnp‘i% Jolmgﬁé%l:ggeSt

t hensel ves hose o I nar res

i nvention, raeedoemichsd dmO@elt@@GV@dﬁéirz&) rer a@owh@swmmﬂlmﬁlnycheﬂ heroi-nvent i on
as herei nafgo%m%gfegmgrl s intended to be broadly construed and interpreted,
as including all such variatiaons, nodifi catl ons and alternative

enbodi ment sOOTR ¢ hi Hhej dogang asris dloptiingegipie 186 7 gasceprepomitriie. ehigh 5 What i s
cl ai med i s:construct&l har @ﬁng?-,-on& ampptessgloﬁmmﬁmndqemﬁm il ﬁpgtrdalﬂ@ofahe hgli-e bor on

atons and at Iea uor i con al ns a boron
i sot ope in Va(‘)ltz({%% 11 etl %}%tlonosource {b% PI gn]gl I;h\é\'g‘?peant %a?_lls suq)éec nP) 10n1 at10 ance
concentr at |®narmmn$<éﬁhede$ﬂq@¢1@0ﬁter 2. The conpound of cl ai m 1 cont aining (i)

atom ¢ massydgd; bor R @i LMHaRidna ki %hsﬁﬁtgﬁl%%a&s@éé%é%m%%e%n &)ln'ce) |qdt Om ¢ mass
11 boron at concentration higher tha . The conmpound of claim 2,

wher ei n t heto dsnaghetrhpmisn 1Y mawla?H %Wﬁfﬁrs@étfeomr%ﬁSHogeéﬂwé PRIt or t han a
val ue sel ecﬂoeldoﬁlﬁwlatfznh@twlmeﬁ@mhe&top@gsp@&esw 9% 20% 25% 30% 35% 40%

45% 50% 5 0% 70% 80% 85% % 95% .96 % 99%
99.9% and @@%9 The 3’ et eé%ur%tofﬁgr%t%o Iﬁplﬁnpmam T Oévre(e{(l)mne%[? e?ét tf:e(%trl%rétnt ration

of atom c niasd%4 @ diduearncisobiope 1PS in whigh than@kaers alag bt edijebrdm ttehgegyr oup
consi sting Qlﬁ/oglgélﬁg{ﬁ)n &%&e@ﬁﬁ@, to‘?f)Qo'dgéz% final effluent that is discharged from the effluent

treatment unit 198.

[0082] While the invention has been has been described herein in reference to specific
aspects, features and illustrative embodiments of the invention, it will be appreciated that the
utility of the invention is not thus limited, but rather extends to and encompasses numerous
other variations, modifications and alternative embodiments, as will suggest themselves to
those of ordinary skill in the field of the present invention, based on the disclosure herein.
Correspondingly, the invention as hereinafter claimed is intended to be broadly construed and
interpreted, as including all such variations, modifications and alternative embodiments,

within its spirit and scope.
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35-40% 40-45% 45-50% 50-55% 55-60% 60-65% 65-70% 70-75% 75-80%
80-85% 85-90% 90-95% 95-99% and 95-99. 9% 5. The conpound of claim
2, Wwher eiwotzhe/ezioentrati on of atom c mass 11 boron i seCOAS2013/0gT9eat er
than a value selected fromthe group consisting of 80.1% @Tg%h, % 95%
96% 97% 98% 99% 99.9% and 99.99% 6. The conpound of claim 2, wherein
the concentration of atomc nmass 11 boron isotope is in a range sel ected
fromthe group consisting of 81-85% 85-90% 90-95% 95-99% and 95- 99. 9%
7. The conpound of claim 11, wherein the conpound contains two boron atons.
8. The conpound of claim1, wherein fhe ¢cemound has a chemcal fornula of
B2F4. I,

‘What is claimed is:

1. A boron-containing compound comprising two or more boron atoms and at least one
fluorine atom, wherein the compound contains a boron isotope in a concentration or ratio

greater than a natural abundance concentration or ratio thereof.

2. The compound of claim 1, containing (i) atomic mass 10 boron at concentration higher than

19.9% or (i1) atomic mass 11 boron at concentration higher than 80.1%.

3. The compound of claim 2, wherein the concentration of atomic mass 10 boron isotope is
greater than a value selected from the group consisting of 19.9%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 10%, 80%, 85%, 90%, 95%, 96%, 1%, 98%, 99%, 99.9%, and
99.99%.

4. The compound of claim 2, wherein the concentration of atomic mass 10 boron isotope is in
a range selected from the group consisting of 20-25%, 25-30%, 30-35%, 35-40%, 40-45%,
45-50%, 50-55%, 55-60%, 60-65%, 65-70%, 70-75%, 75-80%, 80-85%, 85-90%, 90-95%,
95-99% and 95-99.9%.

5. The compound of claim 2, wherein the concentration of atomic mass 11 boron isotope is
greater than a value selected from the group consisting of 80.1%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, 99.9% and 99.99%.

6. The compound of claim 2, wherein the concentration of atomic mass 11 boron isotope is in
a range selected from the group consisting of 81-85%, 85-90%, 90-95%, 95-99%, and 95-
99.9%.

7. The compound of claim 1, wherein the compound contains two boron atoms.
8. The compound of claim 1, wherein the compound has a chemical formula of B,F,.

9. The compound of claim 1, having a ratio of 'B to '°B in a range of from 4.1 to 10,000.
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9. The conpound of claim1l1, having a ratio of uBto 1-B in a range of from
4.1 to 10,000. 0973 P PCT 10. A nethod of inplanting boron into a
subst r at eyvocorpriexabng: ioni zing a boron-contai ni ng conpeamaSeanpuiog: ng t wo
or nore boron atons and at |east one fluorine atom whereig.the,s0mpound
contains a boron isotope in a concentration or ratio greater than a natural
abundance concentration or ratio thereof, to generate boron ions; and

i mpl anting toh@ heoars 1nq;m$lmhgmo@mamsutasﬁs&ﬁ& Qomprisi _mﬁng@b&&dc&fanﬁlgal m 10,
wherein the boron-containin ound cont ai ns Silﬁ atoni c 1h0 boron at

concent r at | SAPHIRG KEPPTERE AvL ”SW For ems A Bt thedROf 398} 8 er&‘P
concent r at i@mpdningrmntamharbo&m k8ope th2a cdikentedinhodracd gedamt mhail 1a naddrelr ei n t he

concentrati g, of .. ahQH t&u@ﬁaér b Ond QI OB dga%%ﬁe%?on i st Eh% i gfaﬁﬁﬁ G RN NG

conpound is greater t val ue sel e fromt 6nsi st | ng of
19. 9% 20%101255%33@’%at635% 40% 45% 50% 55% 60% 65% 70% 80% 85%
90% 95% 96% 97% 98% 99% 99.9% and 99.99% 13. The nmethod of claim

11, wherei nt hg GERGEAH Jla%l 10Ny Afrei R Mofon rwéaﬁm{&@cm;o@fm éoﬁﬁfn@@? abofict he
bor on-cont ai ni n oun isina range selected fromthe roup COI’ISIStIng

of 20-259% s lgd%fonsﬁ cgBeppratign hepher then A88% ors(iipggtpmisomessol ‘5%0“66‘% 60- 65%
65- 70% 70-c0b%ntrafibn hi@RPehaB-186% 85-90% 90-95% 95-99% and 95-99.9% 14.
The met hod of claim11, vvherei n the concentration of atom c mass 11 boron

i sotope in the boro ound is great er val ue sel ected
fromPhe o o agR b T TR S SR o kS Ru Bl e S 0ot

99. 9% and 9rd9Yutainihd coﬁﬁh)end’mtgn@dtr dfan el valumsddetedvitvar elergrqupeomson@em rati on of
atom ¢ Massiobl, Br08s SRHOBS, | il ug%b%gorsggoeéga' MpgesogRedad byl b a range

sel ected fromth gr oup consistin % 95-99% and
95-99. 9% %6 %I%ré? %9?8%89%99(9%61?%92@9%%& ei n the boron-containing
conpound contains two boron atons. 17. The nethod of claim 10, wherein the

bor on- cont ajsNTRAnRREBAYRS 10 AheRinGREThERtaib St MhR Rss BAGhn isotbfe in Tfe€ Met hod
of claim 10, wherein the boron-contai ni n%{q\:m npound has a ratio of uB to nB

in a range RoponseopipiAg gomnguntlys pisranee geesd Woufﬁ.‘@nmf‘ﬁ%ow%gﬂ 25t claim
10, wher ei rB0s@i30k359ESZI0RY 40-85%.al5HsDEAS DA%, i56-68%, 6006592 a5 7om, T@nbes- and sai d

bor on- cont aéol% g@S&O@%&l%Olgg%d%l ég\g/e%nﬁgswgé)ugh a conduit to the ionization

chamber for saird 106niz g ¢éonduit is maintained at a
tenperature effective to suppr ess cl oggi ng of the conduit and/or
decon‘po si t i BnTlgfmetiod of;@q'npd Uvdhesiein thelvencgmraden df atomic mass 11 boron isotope in the

boron-containing compound is greater than a value selected from the group consisting of

80.1%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, 99.9% and 99.99%.

15. The method of claim 11, wherein the concentration of atomic mass 11 boron isotope in the

boron-containing compound is in a range selected from the group consisting of 81-85%, 85-

90%, 90-95%, 95-99%, and 95-99.9%.

16. The method of claim 10, wherein the boron-containing compound contains two boron

atoms.

17. The method of claim 10, wherein the boron-containing compound has a chemical formula

of B2F4.

18. The method of claim 10, wherein the boron-containing compound has a ratio of "'B to '°B

in a range of from 4.1 to 10,000.

-17 -



20. The nethod of claim 19, further conprising actively cooling at |east

one of the conduit and the ionizati on chanber.
WO 2012/024310 PCT/US2011/047942

0973 CIP PCT

19. The method of claim 10, wherein said ionizing is carried out in an ionization chamber and
said boron-containing compound is delivered through a conduit to the ionization chamber for
said ionizing, wherein the conduit is maintained at a temperature effective to suppress

clogging of the conduit and/or decomposition of the compound in the conduit.

20. The method of claim 19, further comprising actively cooling at least one of the conduit

and the ionization chamber.
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