BORON ION IMPLANTATION USING ALTERNATIVE FLUORINATED BORON PRECURSORS, AND
FORMATION OF LARGE BORON HYDRIDES FOR IMPLANTATION FIELD OF THE INVENTION
(00011The M&@WﬁW@?ﬁion relates to improved methods of implanting borBﬁ',rﬂ%ﬁ%ﬂ?ﬁ{W% methods
of implanting boron-containing ions using boron-containing dopant species that are more readily
cleaved than boron trifluoride, and compositions for use in same. The invention also relates to a
process for suppFRONTON PAPYANGA PIOSINIRGQA ATRENAHYHPINUOKENRTION BoROAe precursor
and to a source of PREDURSURIS; AN ICGRMAUHBS RIPTANIOSORON R¥FDRINS AR [0002]lon
implantation is used in integrated circuit fab i¥ERIANBAAIONately introduce controlled amounts of
dopant impurities (e.g., boron) into mlcroelectronlc deV|ce wafers and is a crucial process in
microelectronic/semiconductor manufa afjon systems, an ion source ionizes a

desired dopant element gas ("the feedstotk™) Pextracted from the source in the form of

an ion beam @igigSired Ry 1REwA E%Erﬁreﬁqadﬁasmﬁsre@@mammmlarﬂhgmeaﬁma@wItably
shaped extra(z?t?ln eI ctrodes V%‘B incorporate agertg&eos for r passage of of the ex%agted beeam The ion

tui ron—co 1riin €cies
beam is then direcied ati rrace o % v&oolr%plec SUchas am o%afec%onlc evice Wafer in order
to implant théeeridrkﬁr@&elvmﬂn moadﬁamnﬁrparﬁfwrwaf%gﬁamaa@sur%edarﬁsmew'@?. Then, the
implanted dophits atomsdazees 8ot ¥aipihy aboeallydridefprrruan:cie cineatydastifeentdapeacsrgion.
[0003]Preserﬂwnagrﬁrgmﬂggrggm%&@;&ﬂém@a@ﬂg&é@ps in the fabrication of state of the art

devices. Increasing wafer sizes, decreasing critical dimensions, and growing circuit complexity are
placing greater demands on ion 'ME&%Q% %&% m;%tg%grgocess control, the deliverance of
high beam currents at low energi between failures (MTBF).
[0004]Boron mquprldereﬁH&bf&aatwadi@ieeailhbmmwwemm@ﬁeﬁ @koﬁadaﬁarérpuﬂﬂa@cbiowever

BF3is problem t| that | It |re a srgqrfrc fenergg 10 bre 5 e, Bk thdwgsé(%? Id
mole) compare 0 gtﬁ]er op ant Zél es cé?%f;&m Omhjg d'in ion im clacrrrilactldfjl ‘(e Vé e,rASs H =274 kJ mole'

and P-H = 2FMHERBRESS r&e&w&&&w&e&%&eﬁmmﬁa@%ﬁ%@&n MR Inting boron.
High arc voltageswere aisiighdesisyoransetbatd @aaliéhe ferddnektiandght oncathedadrdifieron source

region, Contrilﬂg Mc@éﬂb‘%%% @gégnf@f l&{{s%'éelf&tb?ggf?‘%aion is achieved by applying a high

voltage across suitably shaped extraction electrodes, which incorporate apertures for passage of the

extracted beam. The ion beam is then directed at the surface of the workpiece, such as a
microelectronic device wafer, in order to implant the workpiece with the dopant impurity and form
a region of desired conductivity. Then, the implanted dopant atoms are activated by annealing to

form an electrically active doped region.

[0003] Presently, there are upwards of 10-15 implantation steps in the fabrication of state of
the art devices. Increasing wafer sizes, decreasing critical dimensions, and growing circuit
complexity are placing greater demands on ion implant tools, with respect to better process
control, the deliverance of high beam currents at low energies, and a decrease in the mean time
between failures (MTBE).

[0004] Boron trifluoride (BF;) has fraditionalty been the source of boron dopant impurities.
However, BF; is problematic in that it requires a significant amount of energy to break the B-F
bonds (757 kJ mole™") compared to other dopant species commonly used in ion implantation (e.g.,
As-H =274 kJ mole” and P-H = 297 kJ mole™). As a result, ion sources must run at high arc
voltages when implanting boron. High arc voltages create high energy ions that bombard the hot
filament or cathode in the ion source region, coniributing to sputter erosion and failure of the
cathode.



WO 2007/027798PCT/US2006/033899 [00051It was previously reported that nominally 80% of the
BF3 dopant supplied to an ion implanter was vented intact, suggesting that either the BF3 was not

ionized or, {ygpibgdsem@ents recombined. Clearly, the low ionization of BRagqitlgdvsoggMtages
exacerbates an already highly inefficient process. [00061Thus, there is a continuing need for providing

alternative B9RSh-corttaivinpreiinvalyt iepetest sentsnirinally S8%af BisrBRs slenpid it BRieLE 48 increase the
MTBF, the prpraes wiliopneyiand Hgisnpfithe-iael noBrowie ckragaHden ifldy thofrapresstlatile species

at the ion sauice fegiop, (00 ARSI IaNEoN hame el idssaslapignymplant
efficiency aft- an energy vel’lower than that required for iImplant utilizing boron trifluoride. Typical
methods of BEFSIFEIPO& S mplantation use decaborane (B10) and octadecaborane (B18) boron hydride

precursors. These precursors are solid at room temperature and have relatively low vapor pressures.
Use of thesBW@cursdPesnisrods asentnaingmesiler ﬁ%@ﬁ%ﬂﬁf&?@ﬁ%\lbﬁ*@ﬂi@%wgmainer and
transfer of thecipsuitivguwapahatong Blsidefoyslines ivircresihe MilREothequbéess effistenciraplantation.

These procgsses IRyQIve; U Rriential adwiRRIaRliass of sy figie tuniesiakiiaw and

condensation. In order to combat the former, the vessels containing the solid sources must be heated

o constant g s SRR RR ABIdE R AIRY S HONANIESLEORRRFRiRR- e aps eacing 0

the tool ne e héat trace Boron cluster implantation utilizin dfgcé%j;rane ndf
|

octadecaboPBHe/ A&/ Bl é@§%ﬂ&i%ﬂ@%ﬁﬁi%@§?ﬁ’n@ﬂmﬁ th é?ﬁﬁl%% Below: heat
tracing the $otigh cddiain impackticn sker develsmisncoGIle) canh bstadenabomiféidit &b herpreydridsn an ion
implanter, difficulito retiplit AndRIREL0 failkre: whalaieatReatdoass cariragd tevcog@ensation on
cold spots that can fseultin,clogging ar.uneyen flowfales, &ueess hea AROIT I e.agid materials
can lead to B&EShosHich FESTRISE IR puTities and aneven ow rates;

container and transfer of the resulting vapor along fluid flow lines to a semiconductor tool for

cluster implantation. These processes involve the potential adverse side effects of insufficient

material flow and condensation. In order o combat the former, the vessels containing the solid

sources must be heated to constant and precise temperatures. In order to prevent unwanted

condensation, the lines leading to the tool need to be heat traced.

[0008] Boron cluster implantation utilizing decaborane and octadecaborane as precursors

presents additional challenges, including those identified below:

* heat tracing the solid container and transfer lines is costly, cumbersome, difficult to

implement in an ion implanter, difficult to retrofit and prone to failure;

o upbalanced heat loads can lead to condensation on cold spots that can result in clogging

or uneven flow rates;

e excess heat applied to the solid materials can lead to decomposition resulting in

impurities and uneven flow rates;

e the flow rate of sublimed materials depends on the available surface area on the
vaporizer. Over time, as a solid is depleted and recrystallized, the surface area of the
vaporizer decreases, leading to a drop in flow rate over the lifetime of the charged

vaporizer;

o metering the amount of material in the tool is very difficult and is based solely on vapor

pressure;

« controlling delivery of the material to the tool is difficult and costly;



the ﬂow_ rate of sublimed materials depends on the available surface area on the vapodzer. Over time,
as a solid is_depleted and recrystallized, the surface area of the vaporizer decreases, leading to a drop

in flow rate SY8AHE8HETR e of the charged vaporizer; metering the amount%?m%?fsgmﬁﬁ tool is

very difficult and i, Rasgd Qlelx QM YARM G IR FaNrolinangiolivary of the material to the tool is
difficult and costly; the decaborane and octadecaborane materials are expensive; and installation of
the vaporizer adjaseistiniainn smhsaaposzeidacannetio innisimizeofive fose espuimizestalifsgeheat traced
transfer lines inside the, inpiANAL.ISaAPRARIMBARHCHNRbRAR Gsr Haibsoie prane apte concerns.
[0009]Accordingly, there Is_a need gq}ge rt for new systems, methods and precursors for cluster
boron implantation, ﬁ?ﬂlf?aﬂlfd“as?’fﬁtg F‘if%ﬁ?B%’&F‘methods of delivery of precursors for cluster boron

nreased bl o (B o o ho oot fons

, mpare raditiongl i n n of baron-containing ions.
SUMMARY e BREofNRPRIRPRESR Ifﬁb’gﬁﬁ B é'eﬁcrle%reﬁ ?ﬁﬂ}’éﬁ?&%gf a?géi gt)lévgqnoet%rgang? ﬁ%gar?ti ng
boron-contashister fesmen issipiantssroriocbierdiforigelapatimspaici engbla o8 FBTRHe{dhy RISYSEY than boron
trifluoride. Mghg.3paGiicalyeatae pies e inyentiton) &l atespiednpraditgdhimpHitiiocyf baeM TBF and
the life of th% il% zﬁr?uﬂ)ﬁ% hardware using boron-containing dopant species that are more readily
cleaved than boron trifluoride. [0011]in one aspect, the present invention relates to method of

implanting boron-containing ions CO%%E&Y OF THE INVENTION

[0010] The present invention relates to a method of implanting boron-containing ions using

boton-containing dopant species that are more readily cleaved than boron triftuoride. More
specifically, the present invention relates to improving the efficiency, the MTBF and the life of the
ion source hardware using boron-containing dopant species that are more readily cleaved than

boran trifluoride.

[0011] In one aspect, the present invention relates to method of implanting boron-containing

ions comptising:

jonizing vaporized boron-containing dopant species in a vacuum chamber under ionization

conditions to generate boron-containing ions; and

accelerating the boron-containing ions by electric field to implant boron-containing ions

into a device substrate,
wherein the boron-containing dopant species consists essentially of species other than BF;.

[0012] According to another embodiment, the boron-containing dopant species contain less
than 20 wt % BF;, based on the total weight of the boron-containing dopant species, preferably
less than 10 wt %, more preferably less than 5 wt %, even more preferably the boron-containing
dopant species are substantially free of BF;. Most preferably the boron-containing dopant species

are devoid of boron trifluoride.

{0013} In another aspect, the present invention relates to a method of implanting boron-

containing ions comprising:

ionizing vaporized fluorinated boron dopant species in a vacuum chamber under ionization

conditions to generate boron-containing ions; and



ionizing vaporized boron-containing dopant species in a vacuum chamber under ionization conditions
to generate boron-containing ions; and accelerating the boron-containing ions by electric field to
implant borgypcaotaimmegions into a device substrate, wherein the boron-coptainismebapasdspecies
consists essentially of species other than BP3. [0012]According to another embodiment, the
boron-containing G854t EISSRiROrSHeamPIIas ionsrby elriis fisiddo faslent SAreRsqpaitinfeigt of the
boron-containing dlapardtepesibsrapeferably less than 10 wt %, more preferably less than 5 wt %,
even more preferably the boron-containing dopant species are substantially free of BF3. Most
preferably the bor8HEEIR i ieshbype dees & erisrotarar e @ AOtRMIBH RSl 159Mm Hother

aspect, the presemrényemitsting it BgF OB RMOO RO BRI BBsOLHBECH BIR(OH,)aMNOBRYprising:
ionizing vaporizechiupinAgAROrR AoRARIARSEIARH) BMRITHERIRCHUIERS IqaiBRAkeN conditions
to generate boron%%%r%t mgﬁ%ig)as;gagd \ﬁ%elergt{’pé%)t%%ﬂ%oron-contaln|ng ions by electric field to
implant boron-contAMiNGIoRs i G devicE “UBStra&*Wnérein the fluorinated boron dopant species
A e T W o e A
FioboF 206 FOTISA A SN (B R, 110 £ PSR Te ot e SN ML, D
[0014]Moth&pHRipas et WelaRiE o vetias Wase sipvdimsas B reBgetensomisAzIng eonsist
boron-contaisingatlp pdnpsiiackasr wherBR. saiccadmnp asiiotsranieateais tebdsafubiaining

boron-contaigiing (R-RIRIARIANL-AECEIHNS, BrNRLMRCHINMGN IS EOFIRPRIiaN ALIgATeNtS consist
essentially of s#e(:les_other QO%PWWB 3. Accqrding to another embodiment, the boron-containing dopant
70

species corft A ST P B B LY Bh i SRR I EBorolt B Fopant
species, prafefehylgeiemcotiaining dnpartspreifte rabhpHsensivhiafe: wi BF;.c M prefeaphefagably the
boron-contajgiftgcdppmiisSResias aperybatartaid fegcwaids Faiivieat Prefemiinihe baignecontaining

dopant spegigs 41g devgid ot baran ilvaride, According fo angther embadiment he gompositions or

Mernt, n apatl] spec
reagents comprise %oron-con%mm doFEan species that are reacﬁllgl Geaved at energ|esaTess than 700
kJ/mol, prefErdby, Jleaedhgiersaiesi b hay PP kyrrbrarlssbly lesstian S B0 anerenesiding to one
preferred emisteibe fesstierfloiriiated bacandtippanhs petiescanpdisesiathofhornaridoitg compound

e nin s s SR T
, a : , - : ,
H2B2F402, E z,éﬁ gé’&%i%s%ﬁ% l?,%?%@f@@rﬁcf ‘(Fééﬁ%{:’@“ﬁ HaBFe,
HyB4F1o, H;BFO,, HBoF,03, HyBaF:0s, HaByF4Os, FiBF;0z, H;BF:0z, HiBF,0s, BsFz, BioFia,
and (F.B);BCO,

[0015] A still further aspect of the invention relates to storage and delivery vessels suitable
for use in delivery of a material to an ion implant source, wherein the vessel comprises boron-
containing dopant species according to the invention. According to one embodiment, the vessel is
a cylinder. Accerding to another embodiment, the vessel is a subatmospheric vessel such as those
described in U.S. Patent No. 5,518,528; U.S. Patent No. 5,704,965; U.S. Patent No. 5,704,967;
U.S. Patent No. 5,935,305; U.S. Patent No. 6,406,519; U.S. Patent No. 6,204,180; U.S. Patent No.
5,837,027, U.S. Patent No. 6,743,278; U.S. Patent No, 6,089,027; U.S. Patent No. 6,101,816; U.S.
Pa"tent No. 6,343,476; U.S. Patent No. 6,660,063; U.S, Patent No. 6,592,653; U.S. Patent No.
6,132,492; U.8. Patent No. 5,851,270; U.S. Patent No. 5,916,245, U.S, Patent No. 5,761,910; U.S.
Patent No. 6,083,298; 1J.S. Patent No. 6,592,653; and U.S. Patent No. 5,707,424, which are hereby
incorporated herein by reference, in their respective entireties, Preferred vessels include, but are
not limited to, SDS® and VAC® delivery vessels (available from ATMI, Inc., Danbury, CT,
USA). According to another embodiment, the vessel is an ampoule such as those deseribed in U.S.
Patent No. 6,868,869; U.S, Patent No. 6,740,586; U.S. Patent Application Serial Number



[0015]A still further aspect of the invention relates to storage and delivery vessels suitable for use in
delivery of a ion implant source, wherein the vessel comprise g dopant
species accO [rglégggﬂ%ﬁe%?wentlon According to one embodiment, the vessgléi?flr[a?éc}o?m%%g ccording
to another extegivee il ShEasagbikAiG Sata Qapiterq 0/BsSHIBULS. Mo FppleatsibSetint U.S. Patent

No. 5,518,5¢8, béxsm%%el%’\{? S5pl%t ‘ﬁh&ét%n S%%Me?i%%@ﬁ& Y-8 FrAERLN @atnP 35,305

U.S. Patent No. 6,406 Patent 0; U.S. Pateni N 5 837,027; U.S. Patent No.
6,743,278; 8! I%B?Erﬁeﬂf’é 1‘8‘6‘%@ 6955458 ﬁ%‘le‘ﬁ@hﬁi"‘ési‘tﬁ‘i é’i‘%“tﬁgp AR SR A9RFY 76: U.S.
Patent No. 6/6812,883 which aRdeeiyNwof G8ROBSIN hSreferommt iNted EaRdige entirglieRatent No.
5,851,270; U.S. Patent No. 5,916,245; U.S. Patent No. 5,761,910; U.S. Patent No. 6,083,298; U.S.
Patent No. §885,653mayu adtheP adget, Ne. (5e26T Rehtinhielater ¢ohensifiyoihednpordactdringrein by

reference, i GlidSOARCHNS & iRl ReRICIEHBALHE SRl sl oBbR MG BiGH d8paBDS(1) and
VAC(r) delivery, vessels ava"%‘,ﬁ fro ATIVlI

ng' 10nsr¥ e éra S@r A—%Cr? rdin Eo ana
embodimentPiHE JREEFIVE S 6&1‘&- H4S ?ﬂog HRuEHHEATH a en 8“@’6@ 69 U.S.
Patent No. Bczderag;ths. sormasenemml*@am@ﬁ eleqtrig ﬂﬂ%emm BT AORIRIPIENENS 9% 7006/033899
101201,5183dvide sttt A pifiaiiag, Seciabbiyabbnit &t o00]dvid whhtend AppbcabatSerial
umber 10l eHu§r£935695r€rpﬁ>4m{'§;ac%§@%M@L@%M%%M@g dthei-REpigionRIPatent

Application Serial Number U.S, Provisjonal, Patent A}é)#)hcatl n Se”%L gg)ber
60/662,396 RiFahtar oS RaeBTy IRtEDTAE doRat Sesein B Ferirainl seR E’tﬂ%pé fi3tes. [0016]In
yet another ﬁnspew-mmmesdwpmmmﬂareMtgféﬂmemﬂdouﬂmanufacturlng a microelectronic
device, said method comprising ionizing vaporized fluorinated boron dopant species in a vacuum
chamber un[lm'ipnizaﬁammlﬂdiﬁm&sttﬁfgeﬁevmeobammrﬁt@myimpdﬂdradcdbﬁa@m?ﬂwe
boron-contaipiRg-IORR ¥ ARG G HE thind MRRThD HKAR:E0 Ha I BIRG semsD R HRYIGergHPslate and

optionally, assemﬁ%gg{ sald micr electronlc dewﬁe with said ddewce substrate, wherein the fluorinated
boron dopafiPLY& E%H%ﬁﬁfgge %&Hﬁ&ﬁ&?‘%‘f’%ﬁ% 8% 3t ?1 SRS BF3. More preferably, the
boron-containing dopant species are substantially free of BF3, and mo erab the
boron-conta[ﬂ%é dopAHE SYSEHE 215 dRGdDR BRTBRHRHITRRHTE T(?@Tf‘]%eg USRI 88 %ot the
invention retatgsddiniprplye aticroetediidmicedasdceloanepesiberlivtshintyepteatelgiesdoierenade using
the methOd%?&ﬁ&qm&iQrEeﬁi@ﬁ%ibﬁéhh%@@r@iﬁ&ﬁﬁgo@@'Womqmm&aﬁﬁi&thﬁﬁnaiﬁfm}ectroniC
device into EN o) %Y %?%JEQ% ven |oansgd§o re ates fo.¢ ac{nethod of forming a boron hydride
precursor an a me o supplying a boron h ydri ide | precursor. r. More specifically, the invention
relates to boron hydri precurso generated fro boron fining gas for cI ster boron
|mplantat|on R@éltlon%lfﬁ%sﬁﬁ?}eﬁ} JRFaIR RS %E}}‘Ee‘%f nrmr%\/drl e %ﬁrsgrecfgf?b]ln one
aspect the iffoertse [h@vidé@hmﬁéﬂﬂod’@ﬁfowﬁmb QHBIEA Wdf‘i’er@ @ré&%ﬁ?"ﬁ@lﬂ“&l&ﬁ Bron
implantationindigpethedicosraisescpraviding sehamnsnanigi hgogasandiadlstag. conversion of the
boron-containing gas to higher order boron-containing clusters.

[0020] In another aspect the invention provides a method of supplying a boron hydride

precursor for cluster boron implantation. The method comprises providing a boron-containing gas,
inducing conversion of the boron-containing gas to higher order boron-containing clusters and
supplying the higher order boron-containing clusters to a tool for cluster boron implantation. In
one embodiment, the conversion is carried out in a reactor adjacent to the tool. In another

embodiment, the reactor is within the tool.

[0021] In an additional aspect, the invention relates to a boron hydride precursor source,

comprising:

a boron-containing gas source;



[0020]In another aspect the invention provides a method of supplying a boron hydride precursor for
cluster boron implantation. The method comprises providing a boron-containing gas, inducing
conversion wiahedsmamegontaining gas to higher order boron-containing clusGrastvdég3psging the
higher order boron-containing clusters éo a tool for ¢luster boron im lantatiop. In one embodiment, the
conversion is carrfel 5} rir?da%%?éj r ng‘gn?%v?ﬁ@?o%fti?F%ﬁ%ci’ﬁ%r?“@%%sdl R QYL tor is within
the tool. [0021]In &pniséningaassarprete hibketoudanhioretateining ¢lusteren hydride precursor source,

comprising: a borgrvw eiéai gt GasneRtifEahe BIn2AEIARAE (RGIR6dY IntRONGLIPINRA9 a reactor
adapted for inducigﬁi&%w%%g% chf P%R}fggo%%q{éﬁﬂ%ﬁé‘ﬁ%%ﬂcﬁ i ‘boron-containing gas source, to

higher order boron-containing clusters; tlow circuitry interconnecting the boron-containing gas source
and the reactor; and optionally a mass or pressure controller in said flow circuitry. [0022]In another
aspect, the [fi22htion kelatebetoaspenicibe ipetroioic miztdc doranisfectormyefdSidy reonfptising a boron
hydride PreeidiRey E&H{a?ﬁiﬁg H"@o&‘&ﬂ%ﬁe LA BRicERRICEH BRIGIaNISS m@rwtaﬁwsi@ar&mahlcoupled in
flow commuc{ucatlon W{Ih the bor?nchérelcggnpﬁe%ursor source. [9%%1@ furthqilr aspest of the invention

: ev1?ﬁ raam"g achurin, tcio . Ommunical .boron 1de” precursor
relates to a method of manufac uhng microelectronic device, comprising cluster boron ion

implantatiorf@i¢R a cluster boron species formed by the method described above.

[0023] A further aspect of the invention relates to a method of manufacturing a
microelectronic device, comprising cluster boron ion implantation with a cluster boron species
formed by the method described above.

[0024] Yet another aspect of the invention relates to a method of cluster boron ion

implantation comprising use of a cluster boron species formed by the method described above.

[0025] Other aspects, features and embediments of the invention will be more fully apparent
from the ensuing disclosure and appended claims.

DESCRIPTION OF THE DRAWINGS

[0026] Figure 1 is a schematic representation of a boron hydride precursor delivery system
according to one embadiment of the invention.

[0027] Figure 2 is a schematic representation of an in-line diborane concentrator such as may

be usefully employed in the practice of the invention.

[0028] Figure 3 is a schematic representation of a high pressure reactor, in which the high
pressure is created by a constriction in the exit path, such that the boron cluster formation reaction

within the reactor occurs at a higher pressure than the pressure within the toal.

[0029] Figure 4 is a schematic representation of a heated packed reactor such as may be

usefully employed in the practice of the invention,

60306} Figure 5 is a schematic representation of a reactor with a concentric tube design such

as may be usefully employed in the practice of the invention.

[0031] Figure 6 is a schematic representation of a cold/hot reactor adapted for use in a system

of the invention.



[0024]Yet another aspect of the invention relates to a method of cluster boron ion implantation
comprising use of a cluster boron species formed by the method described above. [0025]Other
aspects, feal DY Effbodiments of the invention will be more fully appar%ﬂ?ﬁjg ‘{ﬂgsrlﬁ?guing
disclosure ajooBapperrigarcitisnschimSic RifrdsdobliofofTitniRAduGitrd Bexa] rtguise fir isa Schematic
representatign of A bgran. bydride precursor delivery system according to one embodiment of the
invention. [0027]Figure 2 is a schematic representation of an in-line diborane concentrator such as

may be use%iﬁ%’sfmp!ﬁié%geig ihe practice of Fgedpﬁeﬁ%%@ [Q9ZSIEIONE 2 1S asenemaliGn
representatibn of a higit pressure reactor, in which the |g'i1 bressure Is created by a constriction in the
exit path, sUifFipge 498 i afaried futeresrmTutien sEBe B HMhin the reactor occurs at a higher pressure

than the pressure within the tool. [0029]Figure 4 is a schematic representation of a heated packed
RIPTIONIOF NV ONE AN 4) NTS

[0034] The present invention relates to producing ion beams rich in boron-containing ions
using alternative boron-containing precursors that are more readily cleaved than boron trifluoride
to improve the efficiency, MTBF and the life of the ion implanter.

[0035] The present invention also relates to methods of forming a boron hydride precursor for
cluster ion implantation and a method for supplying such a precursor for use in cluster ion

implantation. Additionally, the invention relates to a source for boron hydride precursors.

[0036] One embodiment of the invention relaies to a method of implanting boron-containing
ions using boron-containing dopant species that are readily cleaved at energies less than 700
kJ/mol, preferably less than 650 kJ/mol, even more preferably less than 600 kl/mol. The

invention also relates to compositions or delivery systems containing such species.

[6037] As used herein, “ion source region” includes the vacuum chamber, the source arc
chamber, the source insulators, the extraction electrodes, the suppression electrodes, the high

voltage insulators and the source bushing,.

[0038] As used herein, “microelectronic device” corresponds to semiconductor substrates, flat
panel displays, and microelectromechanical systems (MEMS), manufactured for use in
microelectronic, integrated circuit, or computer chip applications and packaging. It is to be
understood that the term “microelectronic device” is not meant to be limiting in any way and
includes any substrate that will eventually become a microelectronic device or microelectronic

assembly.

[0039] As used herein, “precursor” includes any molecute or structurs that precedes and is the
source of another molecule or structure. As such a “boron precursor” is a precursor that contains
boron and can be utilized as a source for boron ions in various implantation methods. Similarly, a
“boron hydride precursor” is a precursor that contains a boron hydride and can be a source for

boron ions in implaatation,



[0030]Figure 5 is a schematic representation of a reactor with a concentric tube design such as may
be usefully employed in the practice of the invention. [0031]Figure 6 is a schematic representation of a
cold/hot reagigradapteddor use in a system of the invention. WO 2007/02 $¢a85200k432896/033899
[0032]Figure 7 is a schematic representation of a multiple temperature heated react}r useina

2 ation fo
system of tH94AentiBRTDIFESBId 3re BRI A% EN TR 2R RARJRESR 4T & SHieP il Ftﬁaﬂ{ﬁzes plasma
or electricaholievkrarife conttiephttatediids umetindobystofrcofites migerelstroMEIEARe B IRRSCRIPTION
OF" I lit INVEEMEKIN AN RREGERRAREMBORIMEN Tshs dRRESZhIRA3AH Fhespiesantivention
relates to p{l?c%g %f(qlgeé%g !%E%H?Sﬂé‘% Q;.;'Qm% er,oanrh% e%?a!p 109 S0 %s BF," may be implanted in order to

attain low effective boron energy at higher extracted energy of the BF," ion.

10041} It has been postulated by the present inventors that lowering the bond energy of the
boron-containing dopant compound will result in a concomitant lowering of the required arc
voltage, thus increasing the life of the ion source.

[0042] Accordingly, one embodiment of the invention relates to a method of implanting
boron-containing ions comprising ionizing a boron-containing dopant species at a high ionization
efficiency of at least 15% using an arc voltage less than 100 volts, preferably less than 90 volis,
more preferably less than 80 volts, and most preferably less than 70 volts, using a conventional hot
cathode fon source or comparable voltages using another ion source. Towards that end, in one
as;iect, the present invention relates to a method of implanting boron-containing ions into a
microelectronic device substrate, said method comprising vaporizing boron-containing precursor
feedstock to generate vaporized boron-containing dopant species (when the boron-containing
precursor feedstock is a liquid or solid), ionizing the vaporized boron-containing dopant species to
generate boron-containing ions, and accelerating the boron-containing jons by electric field to
implant same into the microelectronic device substrate, wherein the boron-containing precursor
feedstock is devoid of substantial quantities of boron triflucride. Preferably, the boron-containing
precursor comprises a halogen species including fluorine, chlorine, bromine and iodine. More
preferably, the boron-containing precursor is a fluorinated boron precursor. It is to be understood

that reference to a fluorinated boron precursor hereinafter is not meant to be limiting in any way.

[0043) Boron-containing precursors contemplated herein include, but are not limited to, BoF,,
B(BF,);CO, BF;CH,;, BF,CF;, BF,Cl, BFCh, BF(CH;),, NOBF,, NI,BF;, HyBFs, thB,F,
HyB4F 10, HoaBFQ,, HaB,F,0:, HoBoF,05, HoBoF,0,, HaBE,Oz, HiBF30;, HiBF:05, BeFiz, BioFia,
(F,B);BCO, and combinations thereof. Alternatively, the fluorine atoms of the aforementioned
boron-containing precursors may be partially or totally substituted with other halogen atoms (e.g.,
BCl;, BBr;, B,Cls, etc.). In a particularly preferred embodiment, the boron-containing precursors
include B,F,, which is expected to undergo homolytic cleavage at the B-B bond at arc voltages that
are lower than that needed to cleave the B-F bond in BF;, Accordingly, another embodiment of the
im;ention relates to a method of implanting boron-containing ions comprising cleaving the boron-
containing precursor at the B-B bond. Another embodiment of the invention relates to
compositions or delivery systems comprising boron-containing precursors having at least one B-B
bond



using alternative boron-containing precursors that are more readily cleaved than boron trifluoride to
improve the efficienc 17MTBF and the life of the ion implanter. [0035]The present invention also relates

to methods KA E¥Boron hydride precursor for cluster ion implantationpm%‘}@fﬁw%r
SUDplyl?g Sbm‘ﬁrﬁ”ﬁgém’f@’r HCalR SIS binth ipaRianialipRee inaRlYrtiad Wankisrielates to a
source for boron ride precursors. 6]0nRe embodi t gf the invention.r -method of
implanting ﬁg?ﬁ-%arﬁg?ﬁ?ﬁ%oﬁﬁéoﬁ%}ﬂ%) %%?é%—c%nﬁ%‘ﬁ%% oﬁne@ﬁ é%@é?@é%?@g%aégg |§/%cleaved at
energies led8 #hah 50ddomol, preferably less than 650 kJ/mol, even more preferably less than 600

kJ/mol. The invention also relates to compositions or delivery systems containing such species.
[0037]As usifédbreinlt ontisensedogivhtbised dntratioaceal EramsEed ehenpltiss drethamber, the
source insulgismith foasdERcignRBErotRI-ie sitbpiessilimeiasliatesisthevapghzgtageninsulators
and the source, bushing, [00381AS ueed NeIeln iGePRsironis: ARNIC Gl SSRAN IR emiconductor
substrates, ﬁ%‘ft%%lﬁglp |g%?§§/3§ a??a m?cr%eegé%bfrgar‘glécigfn%:al s_ystemsb’c(l\z%M , manufggt_ured for use in

microelectrdieTFREGIIREAERUEOF, BreiorfibiAdioeH ﬁréﬁﬁ‘i’i}zé‘lm%g%vﬁ%f@gl TR understood
that the ternddipmitspediestin peoetisyipetnscodéiniegpionsoabe divelérain thepawenycanidifingdesdiny substrate

thhat will evepidally ﬁ&&lqglﬁatmicgaﬁéeﬁ{fpme daMic-armictRolar tagisssambl He039IASs used
erein, "precursor." includes a olecule ar structure.that.precedes apnd.is th rce of another
molecule or SFGHTRP" csurssﬁrclg adr%gllgo%)% ggeﬁrijglfqrﬁsgé%%?gg% raélgrat?a?ta%oﬁ%iﬁcgd@g%ﬁggﬁ) “can be

utilized as acoBaitiBZSreBERh SROPREHh RRIR HiesEioipl SARals e PiRBe 8 BFestin PECHe BR-ffdride
precursor” IBRONCONEQr HFECEDR ! aNTHEA,D ofElBIRy,d HigleFan H,8a, b8 B 54, r EREBODH diiaBRafis in
implantationy We20Q 6024 79843/ ULBRE/REBBRY, BeF 1z, BioFiz, (FaB):BCO, and combinations
thereof, Alternatively, the fluorine atoms of the aforementioned boron-containing precursors may
be partially or totally substituted with other halogen atoms (e.g., BCls, BBrs, B2Cl,, ete.).

{0046) In another embodiment, the alternative boron-containing precursor species include
higher order boranes and carboranes, small nido-carboranes such as CBsHy, C;B4Hs, CiBsHy,
C,B.H;, and C,BiH; open cage catboranes such as C;B;Hy, CBsHs, CoBsHs, CsBsHy, CyBaHs,
C,B,H,s; the small closo-carboranes such as C;BH;, C;BHs, C,BsHy, CBsHy, CBgHs, CBHy,
C,BsHio, C2BoH,1, CoBioHy. In addition, derivatives of these carboranes may be used to modify
and optimize the chemical properties of the carboranes (L.e vapor pressure, foxicity, reactivity) in
combination with a fluorine source, Higher order boranes and carboranes fend to be more stable
compounds than the halogenated boron-containing precursors and may provide B,H, fragments at
lower arc voltages for ion implantation. Optionally and preferably, when the boron-containing
precursor species include the higher order boranes and/or carboranes, the boron-containing

precursor feedstock includes at least one alternative fluorine source (e.g., Fa).

[0047] In yet another embodiment, the alternative boron-containing precursor may include at
least one aforementioned halogenated boron-containing precursor and higher order boranes and/or

carboranes, optionally in the presence of a fluorine source.

[0048] In addition to lowering the arc voliage needed to dissociate the alternative boron-
containing precursors, the alternative species preferably dissociate into byproducts that are volatile
and will not plate the inside of the vacuum chamber and other components of the ion source

region. Further, the alternative boron-containing precursors preferably have a low carbon content



[0040]Boron ions (E) are typically implanted to form a p-type region in a silicon substrate however,
also contemplated herein is a method of manufacturing a microelectronic device having a shallow
p-type dopesloegurmsyosnplanting molecular ions containing boron as is wellkoseencio3dsese skilled
in the art. For Ie a oIecuIar ion such as BF be implanted in or r to attain low effective
boron eneréoﬂfareﬁ%g gﬂ“@d’@ﬂﬂ’@?ﬂ'\" %’%rﬂa { S8 a{goﬁé’éﬁfeﬁ uﬁ’i??&a% the present
inventors tmmmbveﬁnysﬁetbdﬁd@n@g?l@)ﬁmef Herion seuvstiemmgrdoisant compound will result in a
concomitant lowering of the required arc voltage, thus increasing the life of the ion source.
[0042]Accoitivfly, oe edvhdaiendnsiog theninved ienretatasitg premeshednoludepirrgine ation
b?frqn-cont?ﬁmriﬁ@i%ag/am@m iQniw @%&%&@aﬁpﬁmﬁ%&%ﬁg%ﬁw&mﬁﬁﬁﬁg&m@izaltion
efficiency o 0 Using an arc volta n ts, preferafly less t volts, more
preferably Iévail ESIGHVS&%CE% ThETERY raLEF %bé's Vo E usgﬁgqg%%oﬁf/en%gr%aaf hot cathode
ion source Gmboﬂﬁmméf%i@ﬁg‘%%m@ganﬁtﬁé?ﬂdw S@Iﬂ@@.ﬁcf é@vﬁ}ﬂ@mﬁweﬁioér@%ect, the
present investigifice tasitovatneihipshaft img hating: bR piotaia gvien shinfln@imiat @etestronic device
substrate, gl agRTIRKEING YanaHangRaIar R ARG R RHESORIARAR! AR IndigRorate

vaporized boron-containing dopant specjes (when the boron-cont alnlré%é)recursor feedstock is a liquid

or solid), |0ﬁi§#@‘t‘ﬁ‘éW&BBP%BPB%%ﬁ%ﬁﬁ"t&%ﬁ’rﬁ@&ﬁ&ﬁ%‘ﬂ’eﬁ%@?@ﬁ 7 SPBEPS A2 (B Rining ions,
and accelerdiiergiiineg by ros skiilethinithg duns Ayrastiuglyc dielehtbotinpsiairmisherievintisrhelaicikotlectronic

device subsiaed whearianthe beranceraiaiinghpresy sopdRadsRakiig @@@iﬁb@fc&ubﬁﬁa@tal quantities

of boron trlfgjorlde%n?refer R\%ntk;eetgiggosnl&%rat%nln%gre%ugrsogsqsm ri &2 e &ggles including
fluorine, chidTinG Bromire Ine. More prefera t oron-containi écursor fs*4 fluorinated

boron prectfedk: REFSER: ﬁﬁé@i’@t@&cﬁ?a??e%rﬁﬁ@b %Fé%brlﬂ%ﬁ ﬁr@&ﬁ’s@ﬁgﬁemaﬁer is not
meant to beHiB#RdBROY HByF,ROHH,BOYo HERIQINB R SO AN Bl h8efn.include, but
are not imigiklond82PA, B ABEAHERACH BERCES BE 261, BREIR, B DB HOBFA
NH4BF4, H f H2H2 0, "HABAFIO; H2I§F§ 2%’%’&%{28’%&5 Féﬁ%{HZEé{% 24% 5_1:202
H4BF302, r&%&%@sc%ﬁfz S, (BB snSkreot Rit&n S “the fluorine
atoms of théGliB)yaGentivironhinrdrmcharihisng pfaetnrssrstanigesecpiastiaty Bo-totally substituted with
other halogen atoms (e.g., BCb, BBr3, %CIE:, etc.). In a particularly preferred embodiment, the
boron-contajolifg] predurantbeinahbddirB2F4f tvhioteitiex pedieghis snilegedn medpticrppeanveage at the

B-B bond at, g6y ﬁgﬁg@&Iﬁ@ﬁ&FﬁdﬁM\ﬁE o ataeedRdAe Q&@é@emtan&mweﬂma; shccordingly,
another embodiment of the n‘k |on relates to t% ethod of, |m%%ntlni boron- onta| ng. ions

comprising SeBViNg HE SBFERSE ARG SH e Hother tem )Gdiment of the
invention reI@t@nﬁnacm@bﬂﬁeﬁgﬂmﬂﬁW@W@Btéﬁ@é&hﬁ%ﬁﬁ@%&ﬁﬂd&mrhh&‘%cl}@ors having
at least one R RaRE NA/63620 94649 24T I8 WSRO 06/ 3R [ dditafetilmdhaislterhative

boron-con NN IESHESRY PREUSSIP Qe SRR SRR RRIAJIAM BN 4RI mole” 0

about 650 | more preferab d mole' to about 550 kJ mole!. 100451In another

embodimenbfRE %@Wlﬁ%“l‘ﬁﬁrnwgﬁ'a’t}é% n8°Y RSER ST D Iﬁfﬁﬂﬁ‘%(ﬁ?ﬂﬂ“‘ms more benign.

Accordingly, another aspect of the invention relates to a method of implanting boron-containing

jons using any boron-containing precursor (e.g., BF; or the precursors set forth above) and adding
noble gases to increase the ionization efficiency. Preferably, for this aspect of the invention, the

boron containing precursor is BF;.

[0051} 1t is also contemplated herein that the feedstock includes boron trifluoride, in addition
to the alternative boron-containing precursors disclosed herein. For example, the feedstock may

include about 0.01 to about 90 percent by weight BF;, based on the total weight of the feedstock.

[0052] In practice, liquid and/or solid boron-containing precursor feedstock is vaporized
usihg vaporization methods well known in the art, e.g., reduced pressure, heating, etc., before or at

the vacuum chamber, while gaseous precursor feedstock is introduced directly to the vacuum

10



containing ions into a microelectronic device substrate, said method comprising vaporizing
boron-containin%qﬁ%ecursor feedstock to generate vaporized boron-containing dopant species (when
the boron-cohth @ﬁ?@éursor feedstock is a liquid or solid), ionizing the v T34 ﬁgg%ntaining

dopant specigsntegeneiaieRRpkeataIRIRGchFdRthackeIRIRtNG theharen-aamiainmgdons by
electric field fo implant same into the. microelectronic device subsir kel -containing
precursor feﬁ%égoc??%so%%aﬁgg %%gr'o%e?rr??ﬁ%ﬁ %ogﬁotﬁl g?ﬂrecg%s?r gr?g%ﬁg%ﬁ?ﬂ%&%%%%%%?ﬁ? ng precursor
selected froifRRBIGISLpEEHS shsldns e Femm pod Germe Jynes Vi demaskdfen prd
BF(CI-13)2, paRE AyNin | BiEetid 28 F ntit2Bai6 1yid/Bdig ey fhdbRE8B) 2ntiRHBHREBH H2BRIS206,

112132F 402, HAHE20R rHAHA0 4 LAGE IR 52 Ypara 2E D3RG 2RdisReRbistions thereo,

Alternatively, the fl orine atoms of the aforementjoned boron-coptaining precursors.may he partially or
otaly b ERERR s SPTRETS SEFT R en Ao s CHRPE oo e PP A e

embodimentoiivatetnepriy it doraifmerindion sepmie il massahRjRepibra&iabdfines and
carboranes,resmativaig aikar ey poatve s hepivd indioGaRAhtofgB ks kpdstézd Bl o ek GGAB3H7; open
cage carborgnes Sch 35,G2R8 Ll hGROHRS 4 34 B GBI, G4 1ARHELGRR Lidddy the small

closo-carboranes such as C21331-15, C2114146, C2B3H7, 0351-17, C2B6Hs, C2B7}19,
C21331-110YEPESHI1, C213,01-112. In addition, derivatives of these carboranes may be used to
modify and optimize the chemical properties of the carboranes (i.e vapor pressure, toxicity, reactivity)
in combinati@ﬁmith a Alisrnowginplantimalion o Bisrease on eplatsHIdMS tsi D ERBre stable
compounds ithditiciiab fuedageantetsbmrhrac bortai nitipgids ixsonstafebnideydfroudcaB] IHy ikmgments at

lower arc vojfagesforian MRIRTAIER. QRtaR!Y AWLPEERERD Y hRRiHIRP AEpRsE ABkRiRyNg precursor

species include the higlher order 1#)oranes and/or (Ej';\rbgéa es. th bolron-c ntaig;p% recursor feedstock
includes at IER§T 3" ItENRatE HOCHNESOurEe (e.598., ‘,“[E‘}bie%ﬁ]"ﬁé{f another emboar ent, the
alternative bovdiplebarernm#ignsrdner Sthe praspin Elverdaatiwaisies ie wiirarawsto feerfafogeheded

boron-contajtingmmtpcesar addeighanssden Raianes andiohrRiRopRResoRMianaleivthpresence of

a fluorine sougeg|QASINAAGAAN IRIME! RYMNEAaKeHage Aesred Lo dissociate the altermaive
boron- containing p%ecursors, the afternative species preferably dissociate into byproducts that are
volatile and yyjll not plate the inside,of. the vacuum chamber and.other. components.of the ion source
region. Furtméﬂr%ﬂwe al eren,éé e grrlgﬁf@())oﬁ 3%% 9 af)ﬁaesc%%losrgoﬁé é%%ﬁ?%’eﬁygogﬂ%wg% jon content (i.e.,
less than 3 cafdsn atePrsipePdtoldbisiEnprafierSeRIBss farrD, SHECHBS Hunabighsgdsan 1) as
carbon depagitsntenshid sh@ipNRie, iR thelidr ditarc®eompsiiontscdQ49 Ay dostadetae of using
fluorinated bggap;gentaining precursors includes the generation of fluorine radicals created in the ion
source, said radicals reacting with boron deposited on the walls of the ion source region’components,
thereby keeping said componergzs}ﬁlga%m};owards that end, fluorine-containing species, e.g., F2, may
be introduced to the ion source région during ionization to assist with component and chamber
cleaning processes when the fl trizketde o ﬁl-%ontaining dopant species do not generate enough
fluorine radicals during ionizatioR:Hshe Bulddidht of fluorine-containing species relative to fluorinated
boron-containing dopant specieg,is, -eadily-deigringg, by one skilled in the art. Accordingly, one
embodlmen§ qf the invention relgggﬁ)gg> 8, se;riggagé |rr.1pllant|ng boron-cqntalnlng ions using a
boron-containing precursor comprising a boron-containing dopant species selected from the group
consisting of BF3, BCI3, BBr3, Bfha 1 8g&13MH(BF2)3C03 BF2CH3, BF2CF3, BF2C1, BFC12,
BF(CF13)2, NOBF4, 1\1114BF4, 112BF7, 112B2F6, 1-14134F10, H2BF02, H2B2F203, H2B2F206,

a7 e 16 o 113,
C2B3H5, CAH11EN %i‘%’f?ﬁ,?@i?ﬁ %Y, §%e|5é{g,‘ aki ?@?ﬁ%gﬁfﬁﬁf%@%"é‘g’fﬁﬂ, |
C2B10H12, poteRysshoionmiienehbiskmcrst heirset A akibrae boHtsiprryspe &EEsEy., F2).

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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[00501In another embodiment of the invention, noble gases such as neon, argon, krypton or xenon
may be co-blended with the boron-containing dopant species, or alternatively separately fed to the
vacuum chawgomforzriesng with the boron-containing dopant species therel'lc’lrnmmby/{immg a vapor
phase reagent composition. Although not wishjng to he bound theor htt t the noble
gases wil At w|tﬂ%?é‘%%ﬂd%ﬂlfam?rﬁv%‘ﬂ’&rﬁ‘%’&‘éﬁe%Pé?ﬁi S Ffff LR Q Rlion of the
dopant spebicmastower fom vaticyde: horartdstione thetablbie indiedpestithe Herd e corsesim@precursor
with the noklgERsAsEake BHIREHRRRFING 6a0A LIRS aRiY ArARSRIE Bl toa TetREASpect of the
invention relates 1o thod of implanting horon-containing ions using any boron-containing
precursor (e%? B]Tg? tiﬁw ’pre(g]u%%rs%s ug?(?rth above) and adding noble gases to increase the
ionization eff|C|ency re bly, rths aspect of the i fve tlonbthe gron contaéglsﬁg rsor is BF3.
(005111t is A% ]:onte%ﬁ‘)’fﬁ & BT IR TR Rk eIl 0olron YERUBIOERES 5 ition to the
alternative Berastingsaternirigbordnentsol $elisvestien ﬁépérﬁrm@reéuﬁﬁﬁméomﬁodwéﬁagl include
about 0.01 {esarapt:84rger oeRt hyawaighivhHa, sanetiomshpiatphiaightiel tsefedustasikl [0052]In
practice, loyg AU/ OLPUARARAONANIAG A S5URLI SRR Aldr MaRRIF SheIRaparization

methods well known in the art, e.g., reduced pressure, heating, etc., before or af the vacuum chamber,
whie gase LB AR Ok | R AR AR R VBt R fcsomains & mass or
2007/027798Rsuk t@2008/H3B8R thandbler: bnflon etbedergepseates Yepw.by introducing electrons
into the vacuum chamber filled with gaseous dopant species. Several types of ion sources are
commonly yeesslin conumeyiatiiahviesgelait atiderabis temansbtusling Hoeréer eiviah armBesmas types
using thermgelectrodesr and powered by an electric arc, a microwave type using a magnetron,
indirectly heated cathode sources, and RF plasma sources, all of which typically operate in a vacuum.

Colisions ofyfielectiaus b leigtsap we%éd% RADAPHICTLET ey LR AraRlisnaf an.anized

plasma con IStI posmve a ne ative ant ions, An extraction electrode with a negatlve or

positive bia@ @il ﬁeﬂﬁé@%ﬂ?ﬂ%ﬁqéwwgﬂ’?%ﬁ%‘ﬂ\}g igsoRs R e iRIgitAP R sEltire and out
of the ion seuli¢aadHanciltimatecoovipenrithevineielisaacee keaitd ducwarddafiie mroreelfeeiingmic device

worlcpiece. JORRAISIELPRARATR UM FRlNS, 3% 6T 8RR A0 ladlee liniRisye Kelative to use
of tradltlonal bo on ggcur%ors such as ‘!Eoron trlfluonde oron tnf dt&'dﬁo diborane, and the like.

0X, OF i an er er a ro ene recur drv
Implanters GRBHTHS Erocess can wor ower |es hga tra

itional d pan ﬁ?/ery prOcesses
utilizing suchEsIRdABRUFsors. Use of cluster technology allows for delivery of multiple borons at one
time. The present invention provides, in various aspects thereof, a method of forming boron hydride
precursors, B&dLrce Bhdtrosfdnyinddd pyeoupisdrat ddlernsbeandendrtdaliveseiny 2hébdrish Wydride

precursors fei:QopkGHS RN dBRiRsdalion o l8RS4hiRpRosge: iy Hele:dibaranei@ikisorigasitat is toxic,
flammable, Ql}lerccl) spgélchi%ﬁer%eger%oranes, such as BH;, BsHy, BsH;, and the like. The reactor 22 as shown
is located adjacently to the semiconductor tool 24, with the reactor in fluid supply relationship with

the tool, so that the higher order boranes flow directly into the tool from the reactor.

j0061} In various aspects of the invention, the reactor may be located separate from, adjacent
to or within the tool. The tool can comprise for example an ion implanter unit, or other boron
precursor fluid-utilizing tool. In a preferred embodiment, the tool is a microelectronic device

manufacturing toal.

[0062] In preferred practice, the borane source is a gas. Such a boron-containing gas will be
easy to transport. The source material, the boron-containing gas, can be stored prior to use in any
manner known to those in the art. Such storage methods can include, but are not limited to, neat
gas storage, and storage of the gas in a diluted form, in inert gases such as hydrogen, argon, helium
or nitrogen. Exemplary borane source gases include, but are not limited to diborane and

pentaborane.
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and has a repulsive odor. It is known to decompose at room temperature, forming higher order
boranes, such as BH3, 1331.17, B41-18, and the like. Decomposition reactions maﬁ include the
following: BIYS8BEFE8H3 + B21l6 B3HY; B3HO --> B3H7+H2: B3H7 + BIIGA/ESTL0ERHE° Ram 4->

Bas + H2; ajo0e3pFLOxt. B3 idraRlishibiiinbdB e duagenbii sriig eainmy deqempentienidhe gas is

?heigir:t'bﬁonég%%rﬁ igés'ﬁ%‘sr’?dgﬁﬁo?égéﬁg'%o%cﬁé‘?seuréHaaEi%S Oa].css?’c?r(yﬁrgsrs 'e%,s onliafeP B Slk{iERton utilizes

npo: s and the formation of highef or oranes to generate boron
hydride pre&if¥sr& fipued- iwgh aangelishmmraaln SRrsPYERETsBIG MHehiiatht 87 i RRIRS IR hydride
precursors ispiesiemsatt fopiciientio thoreadithe Hontainks of tdeaptageunsozevitl® methods

2007/027 793R Tilikke? QRE/ARRAA ARG BR 8 ABRA BN thE JrY RHRNP IO AR red

pressure-controlled or flo -cont)ri%llile orane source, from wlaicr;etcpﬁ bor%ne source matt%rial is

) d
introduced 4% B RLH T QU PV SRV RIS B PR YOPR HIGHEF SIE b8

TECUrSQr 10 .

ron ccfug?érs, Which then are
flowed to a t&&itddr boron cluster implantation, as shown in Figure 1. [0057)Figure 1 is a schematic
representation of a cluster boron delivery process system 10 according to one embodiment of the
invention. Ti9ddron predditior iis e hraimedortaningigaiiealadditontl rahiavi ey wagiavie hanbeassembly 14

secured to thpiepesnarkanshihRrantahal e ArReet ARCbRAR YR varsRseRIBnaER eOHRINed in a
gas box 16’thqm"¥*}é%c érh%rhlg% LANRARRIIRN f%s@%&%?'ﬁlﬁ’%vlat?eéﬁf‘”%?&"”?ﬁécﬂ%‘%ﬁ%ﬁ%&r line 18
exteriorly of the gas bdx 16 contains a mass or pressure Controller 20 therein to modulate the flow of
the boron pﬁ?dt‘f i \;ar_i}gp_rove the kinetics or efficiency of the reaction or to form more complex higher

order boron species. Use of such reactants can allow optimization of hydrogen to boron ratios to

form desired products, For example, formation of non-volatile boron polymers can be inhibited by

using a proper H, mixture that maximizes the yield of non-clogging materials.

[0065] Where diborane is the gas utilized in the present invention, the concentration of the
diborane gas may range from 1000 ppm to 30% by weight. Original concentrations of a diborane
gas greater than 30% are not stable in the storage container and will decompose. When a
concentration of grater than 30% is desired to be provided to the reactor, a concentrator may be

utilized in the line transferring the gas 1o the reactor,

10066] Such a concentrator is schematically illustrated in the precursor delivery system shown
in‘Figure 2, in which a dilute diborane feed siream in feed line 30 is flowed to the H2
Getter/Diborane Concentrator 32, with the resulting concentrated diborane being flowed o the
reactor 34 for generation therein of higher order boranes, as discharged from the reactor in

discharge line 36.

[8067] Int a situation where greater than 30% diborane is desired, the concentrator is utilized
to reduce the amount of H, in the line. Such reduction of hydrogen can be achieved utilizing H,
getters or permeation methods, e.g., with a hydrogen permselective membrane being employed for

hydrogen removal from the higher order borane species.

[0068] The reactor utilized in the practice of the invention for generating higher order boranes
can be located near the point of use of the resulting clusters. Such a location may be separate
from, adjacent to or within the tool for use of the clusters, Within the reactor, a reaction is induced
that results in the production of boron molecules with greater than 2 borons present. The

temperature of the reaction within the reactor in various embodiments can be within a range of

i3



[0058]The cylindrical vessel 12 preferably contains the boron source material in a gaseous state.
[0059]Alternatively, although less preferred, the vessel may contain the boron source material in a
solid state, withztie2/62533%| being heated in the gas box, to effect volatilizati®CofuzoeEss09form the
precursor vapor. The vessel be heated in any suitable manner (heating components and/or
devices nof%?ﬁlﬂﬂ?fﬁ&%‘%, -§" eﬁ%edﬂ”wé%tiﬁ@cfg&e‘ﬁ%%ﬁvg%ﬁvle EE régr?s‘?étﬁr% the gas box,
or in any othtngaafivaseeprdPPRpS. to generate the boron precursor vapor in the desired amount.
100601The transfer line 18 is coupled at its downstream end to a reactor 22 in which the boron
precursor igiea®imittefbtayptopepsseonditinriypefiEotimpryene tatisiizthighdr beokilbdre species, e.g.,
higher ordeyorgnes #i460:as Rbidn Bokebof Rt HEranekingalike. Fbeucaartndassions is located

adjacently to the semjcandugtor tool 24, with the reactor in flujd supply relationship. wi e tool, so
that the hig%?%?ﬁgg%gﬁ%ﬁ%gﬁoswlﬁ & Ilrrlﬁ%rﬂﬁlé' 2{8??'%'Fnﬂzﬁj[en}aga‘é%g#@%gfﬁlﬁ%évﬁ%hﬁg aspects of
the inventianatite -bromysaljoncneldee i iSwyh fimiatiormhantd et caRiHreAgSoleatth tool can
comprise fojaRKaEIN e, QTVimapl) eictiit wih elbend eikropmse wisadiiuidqutiionistbokel ora preferred
embodiment, (1, ki JAUEIOCIRGHAR Cle YR ARUIAC O 0!GP prlkhrRigisRdapgactice, the
borane soufce Is a gas. Such a borgn-containing as will be easy t transport. The source material,

~ the boron-c%ﬂ’?f‘&ﬂﬁﬁ%"‘ﬂg@f Earp sT&Fé?ﬂpﬁserFfﬁcﬁg‘"é LAY ﬁ?&ﬁ‘ﬁ%‘r%%g r’ﬁgf FthosE TARE art. Such
storage metisadd pavrihctetdiyiip ieaia frot Hieiredtor mowttiplesstags hepteda penesaiFisgecdiPIfEEYas in a
diluted forng;idneéAaRe8.aus BrasiyaipaRneaa gohe REEHIBOr Nitrogen. Exemplary borane source
gases include, but are not limited to diborane and pentaborane. WO

2007/0277%%T/US&QQ§§@3§§%§ {REaRARL IS LorPRe wastiainingossdaiiaraianddhéra the supply

vessel to the reactor, it
reactor that is heated. Such reactor can be a heated wall reactor, a heated packed reactor, a cold

wall reactor, a reactor with an internally heated section and a reactor containing multiple stage
temperature grading throughout the reactor volume, A heated reactor includes any reactor where
heat is utilized in induction of the reaction. Heated reactors of various types are illustratively

shown in Figures 3-8.

{0071} A catalytic reactor usefully employed in the practice of the invention can include any
reactor that accelerates the reaction within the reactor. Catalysts may be added to the reaction or
may be in integrated part of the reactor itself. Catalysts may include, but are not limited to, metals
such as iron, aluminim, copper, alumina, platinum, boron, carbon, carbon adsorbent and activated
carbon. Where catalysts are a part of the reactor, they may be mounted to structural surfaces of the
reactor, packed into the reactor as beads or peliets or the reactor may include a catalyst
impregnated media with any known flow design, such as a tube, honeycomb or beading. Catalyst

reactors of widely varied types may be employed.

[0072] A high pressure reactor for use in a method or system of the invention may include
any reactor that allows the reaction to occur at high pressure. The high pressure may be generated
by any method known to those in the art. For example, 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-coniaining clusters to the semiconductor tool.
Typically, when the tool is an ion implanter, the pressure within the tool will be a vacuum, e.g.,

subatmospheric pressure.
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preferably is passed through a controller, such as the mass or pressure controller 20 illustratively
shown in Figure 1. Such a controller may regulate mass or pressure, such that the %as remains in its
desired stat 1%?[5%%76? %o the reactor. Such control is an advantage over p‘?g@fyﬁg ROBHBAE which
utilized solidowrsierial pigardlow hupughibentdsataibd oeshigh prasarcraiial k0, in whichabehighl in the
invention, bg];e'élﬂéggl)fr é’aa%}aag CRRIR WY HGR p E@'&ﬁ%ﬂ&\"‘u&@ REE BUESP AR B iR ERactor.

[

[0064]In addition to the borarie-containing gas, an additional reactant or reactants may be supplied.

Such additidPAstPBardkindhin AU QARrEH % PAHER oM Ranahe meseih iR A el e B the reactor,
or may be acdeok thathm rielrt it itseHic udivaneactarine mixhreasan deriffopdugetiplthbeeastiized to
improve thekigglics RrRlisie Reual thederastinmakiR oo Itomplax% highekaldrirberon species.
Use of such rea%ctantsstc ntﬁalllogv %Lr)tsic éﬁlaetigr a%B L},y%;ggre% 1o bor{gf rgti&s to form desired products. For
example, fofRMation ot noh-volatie boron polymers ca be mtpﬁlgl e&‘})y using a proper H2 mixture that
maximizes the yield of non-clogging materials. [0065]Where diborane is the gas utilized in the present
invention, %8 centraRSKeS ‘é"gig r&??e"bﬁi"ﬁ%%gr%{ns(}gtef%%Pi%dﬁvﬁlﬁt)th%nt%n%%c{‘)l%wagght. Original
concentrationastot dhefiberaine erakingeeaierizhafhepasking muerinbese ba vaed sirdylo desseasadicand will

decompose si¢henadondontiBtierniginiecinan Hiilois tesiseditmiter,psovwdedvidetbaalpictor, a
gﬁ}% amllmsytgeeﬂam@qé&sl,gﬁﬁn&ﬂe@wmw%@@ﬁlmél&pncentrator

concentratogl?%ay lﬁéﬁ&é

is schematically illustrate the precursor delivery system shown in Figure 2, in which a dilute
diborane fed PS50 /5 FRRFAHRISIECRRGRIREY S the H2 Getter/Diborane Concentrator 32, with the
resulting concentrated diborane being flowed to the reactor 34 for generation therein of higher order

boranes, as @8&hargdiesh ha shapwlicirPrrsenaion dfihered Goe P AR BANIR B YFeater than
30% diborangsthiiesiigicyehia dencanivatdils inikinid. t(Tkecacerthes amoendohHZichitiboliae. Such

reduction of QydragencaRe AT RHRIMENZING thd foORierEA5PRIMSA PR RAACR I syvith a
hydrogen permselective membrane being employed for hc}/dr, genalremO\éal fré)m the hlggher order
borane speﬁ%@?‘ﬁf@%}%ﬁ%%@&eﬂﬂ‘?ﬂiﬁ%%%%‘é%l‘égﬁ%g o‘ﬂ%‘ec SR ABR RS GeRerating Righer order
boranes carebetdschabatathsshargedlmm be cpaetafiniiseeasgitling Yusters. Such a location may be

separate from; adjacent to or within the tool for use of the clusters Within the reactor, a reaction is
induced thatjpe®t]lts inAhenpeotlisctioniaofdacioiomskenutesiwititiignaatcnthvdn 20hoastes heédent. The

temperature,gfjthe repetion withisthed castgnidny atinus s Radimensaan haunihinadange of room
temperature to Ooa%ratggl pressure within the reac O{hin various embodi entgcgﬁpml%?igv&gin a range
psl.

c on within the reactor, with the reaction ocfurting at a cri
of vacuum to

heated zone.

[0077] The reactor 70 of Figure 5 includes an interior concentric tube 72 that is coaxial with
the main casing of the reactor and defines an annular passage therebetween. The annular passage
communicates in fluid flow relationship with a reactant(s) feed inlet 74 in which reactani(s) enter
in the direction indicated by arrow B. Such introduced reactant(s) at the outlet end of the interior
conceniric tube 72 mix with the diborane or borane mixtures flowed into the tube 72 in the
direction indicated by arrow A. ‘Thermal or plasma energy is introduced to the respective fluid
streams that mix in the reaction zone 76 and yield larger boron clusters that are discharged from

the reactor 70 at the outlet thereof, being discharged in the direction indicated by arrow C.

[6078] A multiple stage heated reactor useful in the practice of the invention can include any
reactor that has variation in temperature from one part of the teactor to another. Such reactors may
include, but are not limited to, cold/hot reactors, and heated reactors with temperature grading.
Such uses of temperature variations may be to maximize the efficiency of cluster conversion rates,

or to control the reaction in any desirable manner. For example, the reactor can have a heated zone
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[0069]For such purpose, various types of reactors can be utilized, within the skill of the art, based on
the disclosure herein. Use of any reactor that induces production of boron clusters is encompassed

within the spapeootrewyention. Reactors that may usefully be employed ipdirastassiossgdohe
invention include, without limitation, heated reactors, catalytic reactors, he‘%}ed,catagticxeactors, uv

lamps, readi@iis iorvd svmIcom gD RARE the Feasierrgehy TR iaR T ez fRE AT P ¥ S eactors,
multiple stageuheated reactors, hot plates, high pressure reactors and concentric tubular reactors. The
types of reactors listed are not mutually exclusive, for example, a heated, packed, catalytic reactor
(see Figureatiyor a meitiiplessiagechanine rapaennits ofacisd/ peectigres Bjiawl e usett im specific
embodimenizol Uycaia: (/Ao dag lreacio i shlbormina hibe A el the

invention ca’ﬁ Include any reactor that is heated. Such reactor cané&le a theatedlvynallggeﬁlacstor, a heated
packed reaB¥SIIEs iR do e TELRt RIS & ‘iﬂé?ﬁg?ﬁ}(’ﬁe Ko SO aRd & reactor containing
multiple stalgette aper 8t thegriad whidh noay loptiandily eeatioraentabiet. ATHe JrserT LB riHERRles any
reactor wheyg fieat iisthdilizeBoRaustina-elithed eactafodenird se.actors of various types are
illustratively shown in Figures 3-8. [00711A catalytic reactor usefully employed in the practice of the

invention cagyip¢iudeanyseacieribialRGeplaaiRming Jaanins siibindee kaasion Halaysts may be

added to the reaction oy may be in integrated.part of the ctor.itself. Ca t Q%Mde, but are
not limited (&SR &H P8 RS0 ,%rﬁﬁ%%" r%d,]%zléﬁsé?fl a J%?ﬂ%{ngﬁlﬁ%%,ogﬁor%%a%rﬁon, carbon

adsorbent anidrastashstheinadyrTernprraied i anestsiardhs pastosfeAErs PR TESHREPHE founted to
structural syffases wfhareasiofopackemhintesthe Meaatosras teads inneleischargee femclor may
include a catalyst.impreanated ia }’\{Eﬂlﬂ ARy Knowe fow design, such as a tube, honeycomb or
beading. Ca{%g%{/osftl?ea%tg(‘%% é?v‘v’fgﬁ?/ varledctyp(legssp may be employed. [00721A high pressure reactor for
use in a method.or system of the invention may include any r [ E&I WS 16 disagtign to occur at
high pressu@si]ne hi ﬁuﬁfeslév’l?rsed?ﬁ%lﬁuﬁée lgﬁee]r"%lf%%qg? gﬁé"%ﬁ%&%ﬁowr@ to those in the art. For
example, prassewevrhadindreausnet dischaes guhisndeaded fPrree iz SrE G DELht 188 exit region
of the reactesdsioh thrlopsess ineris: oilinmeonithenactatefds delhndayigktipestrgedi-borigaiming clusters
t0 the semiconeeial iagknd WRlaallye WHERIOIaRlISANIARIT RAHSHe e Brgssinilsidne ool wil
be a vacuur‘ra?,e%g%., é’& atrﬂosphericeprélssure. WO 2007/0277 8PCT/gUSZOO6/033899 [0073]Figure 3
is a schemaltiat A Fischaresd oD FRCHPEY¥ A% reactor 40, in which the high pressure is created by a
constriction in the exit path 44, such that the boron cluster formatjon reaction within the reactor occurs
at a higher JP88%ure thakPtinkigraasale RRted die ESBToT e BREICR A5 BH THRFSS i~ diborane or
borane mixtiesfaie bibdntte duchet toithe gaacfoslintarial olum@sainduredeteditherein to form larger
boron clusters that are discharged from the reactor outlet. In this reactor scheme, P1 and Tl are geater
than P2 andjdi3{007 4pAcpasied, reacionfofusasina tettibarat systen fifrthe invdwtiarbermay include
any

implantation. Delivery from the reactor to the tool can be effected in any suitable manner. Where
the reactor is adjacent fo or within the tool, delivery may be effected simply by the cluster boron

stream exiting the reactor and passing into the tool.

{0084} The invention therefore contemplates a method of forming a boron hydride precursor
for cluster boron implantation, comprising providing a boron-containing gas to a reactor and
inducing conversion of the boron-containing gas to higher order boron-containing clusters within

the reactor.

[0085] The boron-containing gas that is subjected to reaction for formation of higher order
boron species can be selected from diborane, pentaborane, and any other suitable boron source

reagents, including mixtures of two or more of such source reagent species.

[0086] In various embodiments of the invention, the reactor is selected from among heated

reactors, catalytic reactors, heated catalytic reactors, UV lamps, reactors containing an electric,
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reactor that contains packing material. The packing material can be used simply to increase the
surface reaction for the reaction to occur, to improve the heat transfer, or to F1Provide ca@%ic effect.
The packingWﬁ’a%@HéﬂW% also include a catalyst impregnated media with a §WWﬂ sign,
such as a tubRrdwane e oRifloOfr RRRAIP CiECIh AR Flg YienflalS packel aBaakifss apipRNRienhedtelheated
packed reagigr,50 RHEN.RS MY REREIINAMRIRAIR NG RIAGUES.A e RUGBIIGR clfgreactor has

an inlet 60 by w orane mixtures can be introduced into the reactor interigor volume.

The interior AR SPRH £t 508 AR UReCPPRSC AU R PLATOLMSTBY FETBRI2RY e alyst, and
produces largéotoitha plistersafizpsmeodischaogedifrping khster ctor domjidshbegingite BB0jo076]A

concentric tubtafdeasi Qldan HRedrhie ovRianAa4 M?\Hﬂﬁa%ﬁéfrﬁ?&ﬂﬁ& shahlesmubile tubes. An
illustrative exafﬁiﬁ}l%is shown in Figure 5 intwh%'ch multiple ases ar combirt%.d.for the rtﬁl%ction within

the reactor, W TRSRh SreYd Gyt inle 5%%?“?:“&?%&&% T e P Bne DB P R teactor 70 of

Figure 5 inclbelesscianineeiionies theersatton B dustienisfdvebanpambaienrerntainieg AybT% feactor and
defin_es an m&wemmwamwmmwmmmwbw
relationship yyih a;reactantia) e dushd ol Wl GRIeACIRAKRL GBI FLeCRR jndicated by

arrow B. Such introduced reactawrggjs at the outlet end of the interjor concentric tube 72 mix with the
diborane or BSRERE AT ITET I & HebeL e’?%’fﬂ“fﬁ‘g‘tawgﬁfdﬁsﬁ?{&icated by arrow A. Thermal or
plasma energy is introduced to the respective fluid streams that mix in the reaction zone 76 and yield
larger boron@/ﬁ&ers i P25 SSHRSEHAPGBYF IS SPitepaRlees r7ieiiom STl ik i Brr el g ¥R charged in
the directiorpiacicatda iy burds ifQarditomn nkipiing ixgedientddmaactgninipeigis trtheptactice of the

invention cap iRGhids.AeNiFR R RE Tuablasmual igia 10 iemperattbe-femmashahatheigactor to
im

another. Such reactors ma 'hnclu e,gu are oli7 ited tqQ .cold{h%)t retactgrs Pnd hgatgd reactors with
{ é%wtor nga lying foe bigher o{ er boron-gontaihin cllgs eg(s 0 a 100l. for &hlus e)f' Oron
temperatureféfr Ing. es of tempeérature variations ntay be 10 maximize the efficiency of cluster

conversion rtantaial control the reaction in any desirable manner. For example, the reactor can
have a heated zone that is located away from the exit of the reactor, thereby minimizing clogging that
might othervi#888D ccuin [DEHe] Fiprsteti®: iovrsiohamuideseprosdutaidomotasevidinstinckidieg 80 adapted

for use in a sygiepe ARG PMaBTRE,; ARefRAstA R FRIFEIURS SRGHE bl thigke hebiahetngediborane or
borane mixtyres are introduced to the inter&o;&hvolun%e 83 gf tq? reactor, The interiQr volusme 83 has a
- SSure .

heated zoneﬂ§4%t?{g?é‘i?1n,t§}vrﬁ?§hgr%says/obnﬁﬁo%nalIy 8orﬁ%3l%r’a08a?gﬁlgt.Q?ﬁgl?énraear boron clfisters produced in
the reactor SOMRIA%ErRdtged from the reactor at outlet 86.

[0089] It will be recognized that a wide variety of specific arrangements may be employed for

formation of the higher order boron species for delivery to a utilization facility for such species.

The utilization facility can be of any suitable type, e.g., including microelectronic device

manufacturing tools such as ion implanters, deposition chambers, etc.

[0096] Thus, while the invention has been described herein with reference to various specific
embodiments, it will be appreciated that the invention is not thus limited, and extends to and
encompasses various other modifications and embodiments, 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 claims,
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[0080]Figure 7 is a schematic representation of a multiple stage heated reactor 90 for use in a system
of the invention. The reactor 90 includes an inlet for introduction of diborane or borane mixtures,
schematically represented by arrow A. The reactor features multiple stage temperature grading, to
conduct reaction that produces the larger boron clusters that are discharged from the reactor in the
outlet schenagiciynbadicated by arrow B. [0081)Figure 8 is a schematic representation of a reactor 94
that utilizes plasma or electrical, microwave or radio frequency discharge and is adapted for use in a
system of.the inkentibod Thieplatitty @4oeroiusesngrioirstexaotpuisingne 97 into which extends a tubular
inlet passage 95 having an electrical or plasma discharge region 96 for inducing reaction producing
the larger boron @718 aRfaR 258 BREGHEPHBH 18 FP O YBA EEHIOTIED IR J0 ORI #eA also be
used as a reactfiREHE YRGBT UM, On such a reactor, the diborane or other source gas
s flash reacted by 3. sutace. oueed reaction, [opoatonce fermed,fhg boron dysicrs can be,
delivered to a toaofjﬁ’{}rd?eg in cluster voron |9np())lan Ation. If?ellvery fro’?n STeactor 10 the 't0a1"¢8n be
effected in any suitable manner. Where the reactor is adjacent to or within the tool, delivery may be
effected simply Ry diRe, SHdSISHRREARFE iRt reaciEand passing into the tool. [01184]The
invention therefore contemplates a method of forming a boron hydride precursor for cluster boron
implantation, comhpriset®ded\odingia faaren «aigadnig arges iy aneatkarand beeiuemgocpmiaigion of the
boron-cotaioneg-gasaioigghes iotdérelsobsieontaining clusters within the reactor. [0085]The
boron-containing gas that is subjected to reaction for formation of higher order boron species can be
selected &om dib¥ra15E109eth BB anehelAth a1 BIHEPSIFtNIEbOFON yaFeeTebyabRk, including
mixtures of two or more of such source reagent species. L0086]In various embodiments of the

invention*the reg&gﬁ@%?é&éi&]ﬁlomhﬁwaﬁﬁIﬁ@éﬂé’% of the boron-containing compound is ionized in

said ionizing.

5. The method of claim 4, wherein said ionizing is carried out at arc voltage of less than 100
volts.

6. The method of claim 4, wherein said ionizing is carried out at arc voltage of less than 90
volts.

7. The method of claim 4, wherein said ionizing is carried out at arc voltage of less than 80
volts.

8. The method of claim 4, wherein said ionizing is carried out at arc voltage of less than 70
volts.

9. The method of claim 1, wherein said boron-containing compound is mixed with a noble gas

for the ionizing

10. The method of claim 9, wherein said noble gas is selected from the group consisting of neon
and argon.
11. The method of claim 9, wherein said noble gas is selected from the group consisting of

krypton and xenon.

12. The method of claim 1, wherein said boron-containing compound further comprises BF.

13. The method of claim 1, wherein said substrate comprises an article selected from the group
consisting of semiconductor substrates, substrates for flat panel displays, and substrates for
microelectromechanical systems (MEMS).

14. The method of claim 1, wherein said ionizing is carried out using an ion source.

15. The method of claim 14, wherein said ion source comprises an ion source selected from the
group consisting of ion sources of types using thermoelectrodes and powered by an electric arc,

microwave types of ion sources using a magnetron, indirectly heated cathode sources, and RF plasma
sources.
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reactors, catalytic reactors, heated catalytic reactors, UV lamps, reactors containing an electric, WO
2007/027798PCT/US2006/033899 microwave or radio frequency discharge or plasma, packed
reactors, multiple stage heated reactors, hot plates, high pressure reactors, and concentric tubular
reactors. The reactor can further comprise a catalyst, e.g., iron, aluminum, copper, alumina, platinum,
boron, carbon, amgd methvaterlcraibo TR Binehdonigingiy@EiRidaAGaR eARiABI NJacles i ean
comprisegheatixgoinedbnr enteastai himg tg as sattluontietse aaibin proiddithg tiresmedrakiplagrivaseaergy to
the boronrudatahiny geswbitiatethe reactor, providing multiple stage temperature grading to the
boron-containing gas within the reactor, performing the reaction for induction of higher order
boron-cohfainingheuBedtedapfacteimpkraniieraih dheaHarssr Mo CRIGHNEipRSEall rer §esure e &M /or
pressure58IP4A GO SIS HRIRPEE BBIOTHEPTAITINESRTBH CAH Mo SN BISHAN R addition of further
reactant(s) to th& refixhctgr Priorltotor cancurre t with.the formation of higher order boron-containing
clusters. 0871Inn<1)ene0aé)p('erEP, PEHVER .éﬁ”c%ﬂ%%%‘?%t%%mé’ Hetiod of supplying a boron hydride
precursor for Clysiey RPFoR. AR YN,y e RIRVIINGI AR A0RALATINN GRS 4P FIREtA"

inducing converginnraidh RPN GV NG SRAMANG AR order boron-containing clusters within the
reactor and supplying the higher order boron-containing clusters to a tool for cluster boron

implantation. [0@&&ldntanotitescaspesiiding iioantorelpcoid drsdadmiprani yaruhecphetuirgoioso LHioe
including a boromsgisttaiming gas source, a reactor, and a transfer line or other flow circuitry
interconnecting the boron-containing gas source and the reactor, optionally containing a mass or
pressure controller therein. [0089]It will be recognized that a wide variety of specific arrangements may
be employed for formation of the higher order boron species for delivery to a utilization facility for such
species. The utilization facility can be of any suitable type, e.g., including microelectronic device
manufacturing tools such as ion implanters, deposition chambers, etc. [00901Thus, while the invention
has been described herein with reference to various specific embodiments, it will be appreciated that
the invention is not thus limited, and extends to and encompasses various other modifications and
embodiments, 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 claims.
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