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FIELD

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

compounds, compositions, and methods of making and using same.



DESCRIPTION OF THE RELATED ART

[0003] Ton implantation is used in integrated circuit fabrication to accurately introduce
controlled amounts of dopant impurities into semiconductor wafers and is a crucial process in
microelectronic/semiconductor manufacturing.

[0004] In such implantation systems, an ion source ionizes a desired dopant element of a
dopant source gas. The ion source generates ions by introducing electrons into a vacuum
chamber filled with the dopant source gas (also commonly referred to as the “feedstock gas™).
Feedstock gases used to generate implant species include, but are not limited to, BF5, BioH 4,
Bi;Hazs, PH3, AsHs, PFs, AsFs, HaSe, Na, Ar, GeF,, SiF,, O,, H,, and GeH.. The compositions
containing the dopant element to be implanted are typically referred to as dopant sources or
precursors. Collisions of the electrons with dopant atoms and molecules in the gas results in
the creation of an ionized plasma consisting of positive and negative dopant ions.

[0005] The resulting ions are extracted from the source in the form of an ion beam of
desired energy. Extraction is achieved by applying a high voltage across suitably shaped
extraction electrodes, which incorporate apertures for passage of the extracted beam. The
extracted beam passes through the aperture and out of the ion source as a collimated ion
beam, which is accelerated towards the substrate.

[0006] The ion beam is impinged on the surface of the substrate, such-as a
semiconductor wafer, in order to implant the substrate with the dopant element. The ions of
the beam penetrate the surface of the substrate to form a region of desired conductivity.
Implanted ion species variously include B, P, As, Se, N, Ar, Ge, Si, O, and H, with boron
being a particularly widely used implant species.

[0007] One of the main steps in manufacturing of integrated circuits is implantation of
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 (BI) is widely used as a feed gas for boron implantatioﬁ (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.



[0009] Some increase of B* beam current can be achieved by varying the process
parameters, such as by raising the extraction current, and by increasing the BF; flow rate.
These measures result in reduced life time of the ion source, high voltage arcing leading to
tool instability, and poor vacuum causing beam energy contamination. Even without drastic
adjustment of the implantation process parameters, it is well established that implantation of
boron requires more frequent preventive maintenance interruptions that present other
problems for integrated circuit manufacturers.

[0010] The problem of throughput limitation because of low B* beam current has
become more important in recent years due to the semiconductor industry’s general trend
toward utilization of lower implantation energies. At lower implantation energies, the B*
beam experiences a greater blow-out effect due to space charge and the low atomic weight of
boron.

[0011] In addition to the foregoing problems, it has been mentioned that elemental 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 opcration 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 o 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.



[0018] The disclosure in another aspect relates to a method of improving beam current
for an ion implantation process, comprising: flowing the compound of a type as described
above; and genecrating an ion beam from the compound.

[0019] A further aspect of the disclosure relates to a method of synthesizing the
compound of a type as described above, comprising contacting a boron-containing gas with a
boron metal.

[0020] The disclosure relates another aspect to a method of preparing a source of the
compound of an above described type, comprising filling a storage and dispensing vessel with
the compound.

[0021] Another aspect of the disclosure relates to an ion implantation method,
comprising flowing a compound of the type described above to an ion implantation tool with
at least one co-flowed species selected from the group consisting of inert gas, argon, nitrogen,
helium, hydrogen, ammonia, xenon, xenon difluoride, isotopically enriched diborane, and
natural abundance diborane.

[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 m 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.



[0027] A further aspect of the disclosure relates to a storage and dispensing vessel
containing a compound of an above-described type in a storage medium selected from the
group consisting of physical adsorbents and ionic liquids.

[0028] Yet another aspect of the disclosure relates to a storage and dispensing vessel
containing a compound of an above-described type, wherein the vessel contains a restricted
flow orifice located either within the vessel or within an output port of the vessel.

[0029] A further aspect the disclosure relates to a storage and dispensing vessel
containing a compound of an above-described type, wherein the vessel is pressure-regulated
for dispensing of the compound at subatmospheric pressure.

[0030] The disclosure relates in another aspect to an ionized composition useful for
AMU separation to generate ionic species for ion implantation, said composition deriving
from a boron precursor compound other than BI;, wherein said boron precursor compound is
isotopically enriched beyond natural abundance in one of '°B and "B, and wherein said
composition comprises one or more species from among B,F,* B,I5", B,E," BE;" BE,", BE,
B*, ', B.F,™ BoFs™ By BEy™ BE,™ BF™, B, F*, B,E,™ ByF;™ ByF,'"' BF;™
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:F ™ B.F™ BoF,™ BEy™ BF,™ BF™ and B™, 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 isotopicaily-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 DRA WINGS

[0034] FIG. 1 is a schematic illustration of a semiconductor manufacturing facility
inchuding 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.



DETAILED DESCRIPTION

[0035] The present disclosure relates to isotopically-enriched boron-containing
compounds, compositions, and to methods of making and using same.

[0036] 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
that is greater than a natural abundance concentration or ratio thereof (of the desired isotope).
[0037] The boron-containing compound can be of any suitable type, and can include any
number of boron atoms. In one embodiment, the boron-containing compound contains at least
two boron atoms and at least one fluorine atom. In another embodiment, the boron-containing
compound contains from 2 to 80 boron atoms, including diboron compounds such as B,F,,
B,Hs, H;B,Fs, HaB,F>05, HoBoF,Og, and H,B,l1%0,, triboron compounds such as Bsl,
tetraboron compounds such as H,B,F5, B(BF,);CO, and (F,B);BCO, pentaboron compounds,
hexaboron compounds, septaboron compounds, octaboron compounds such as BsFp,
nonaborane compounds, decaboron compounds such as BjgF),. undecaboron compounds,
dodecaboron compounds, etc., up to Bg, compounds such as Bg, 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, €.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.



[0039] In another embodiment of the isotopically-enriched, boron-centaining compound,
the desired isotope is atomic mass 11 boron and the natural abundance concentration is about
80.1%. In such boron compound, the concentration of atomic mass 11 boron isotope can for
example be greater than 80.1%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, 99.9% or 99.99%, in
specific compositional variants. For example, the concentration of atomic mass 11 boron
isotope can be 81-85%, 85-90%, 90-95%, 95-99%, 95-99.9%. In a specitic embodiment, the
concentration of atomic mass 11 boron isotope can be §1-90% or 90-99%. In various ones of
these various embodiments, the boron-containing compound contains two boron atoms and at
least one fluorine atom, and in other compounds, the ratio of "'B to °B is in a range of from
4.1 to 10,000.

[0040] In wvarious embodiments of the isotopically-enriched boron-containing
compounds as described above, the boron-containing compound has a chemical formula of
B,F,. In various other embodiments of the isotopically-enriched boron-containing
compounds as described above, the boron-containing compound has a chemical formula of
B,Fe.

[0041] Morc generally, in isotopically-enriched, boron-containing compounds of the
present disclosure, the concentration of desired isotopes in the two or more boron atoms can
be the same as, or different from, one another. In various embodiments of the isotopically-
enriched boron-containing compounds of the present disclosure, the boron-containing
compound contains 3,4, 5,6, 7, 8,9, 10, or 11 boron atoms.

[0042] The present disclosure, in one aspect, relates to a method of implanting boron into
a substrate, comprising ionizing an isotopically-enriched, boron-containing compound as
variously described herein, to generate boron ions, and implanting the boron ions into a
substrate. In such method, the isotopically-enriched, boron-containing compound may be of
any suitable type described hereinabove. In one embodiment, the compound has a chemical
formula of B,F,. In various other embodiments of such method, the isotopically-enriched,
boron-containing compound has a chemical formula of B,F;.

[0043] The disclosure in another aspect relates to a beam-line ion implantation, plasma
immersion ion implantation or plasma doping system, comprising a source of the isotopically-
enriched, boron-containing compound, wherein the compound may be of any type as
variously described hereinabove. In one embodiment, the compound has a chemical formula
of B,l. In various other embodiments of such method, the isotopically-enriched, boron-
containing compound has a chemical formula of ByFs. . In another embodiment, the
disclosure relates to ion implantation, in which boron ions are generated and accelerated by an
electric field for impingement on a substrate, such as a microelectronic device substrate. Such
method of implanting boron-containing ions in one implementation includes ionizing a boron-

containing dopant species at a high ionization efficiency of at least 15% using an arc voltage
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less than 100 volts, preferably less than 90 volts, more preferably less than 80 volts, and most
preferably less than 70 volts, using a conventional hot cathode ion source or comparable
voltages using another ion source. In other cmbodiments, the ion implantation specifically
excludes plasma immersion processes.

[0044] The above-described beam-line ion implantation, plasma immersion ion
implantation or plasma doping system, in specific implementations thereof, comprise a
conduit adapted for delivery of the isotopically-enriched boron-containing compound to an
ionization chamber, wherein the conduit is maintained at a temperature effective to minimize
or otherwise suppress clogging of the conduit and/or decomposition of the compound in the
conduit. For such purpose, the ionization chamber and/or the precursor feed conduit can be
equipped with active cooling capability, such as by provision of heat exchange flow circuitry
serving to reduce the temperature of the influent dopant gas entering the ionization chamber.
[0045] In the delivery of the isotopically-enriched, boron-containing compound to the
ion implanter tool, the isotopically-enriched, boron-containing compound may be delivered,
e.g., co-flowed to the ion implanter tool, with other component(s), such as inert gas species,
e.g., argon, xenon, nitrogen, helium or the like, hydrogen, ammonia, other boron precursors
such as natural abundance boron precursors, other isotopically-enriched boron-containing
precursors, other dopant precursors (i.e., non-boron dopant precursors), or one or more of the
foregoing components.

[0046] In one embodiment, the isotopically-enriched, boron-containing compound, e.g.,
enriched atomic mass 11 boron isotope-containing B,F,, is co-flowed to the ion implanter tool
with an enriched atomic mass 11 boron isotope-containing BF;, whereby the dilution of the
isotopically-enriched B,F, with the isotopically-enriched BF; serves to enhance the resistance
of the precursor stream to clogging of feed lines to the tool. In such case, the beam current can
be maintained at levels that provide a significant benefit operationally, while concurrently
maximizing the service life of the 1on source.

[0047] In various other implementations of the use of isotopically-enriched, boron-
containing precursors, operation of the ion implantation system may be carried out with in-
situ cleaning of components of the systeni, such as by flow of a cleaning agent into the system
or specific components thereof to be cleaned, at periodic intervals. The cleaning agent utilized
in such operation can be of any suitable type, such as for example xenon difluoride, fluorine,
nitrogen trifluoride, or other agent that is effective in contact with deposits formed in the ion
implantation system or specific components thereof to be cleaned, to at least partially remove
such deposits. The location to be cleaned in the ion implantation system by such periodic
introduction of cleaning agent can be the gas tube, the arc chamber, forelines, or any other
locations or regions in the tool or ancillary equipment in which deposits can be formed by

chemical species utilized in the ion implantation operation.
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[0048] In another implementation of the use of isotopically-enriched, boron-containing
compounds as precursors, an ion implantation tool is operated with isotopically-enriched
atomic mass 11 boron B,F, as the only dopant precursor. In yet another implementation, ion
implantation is carried out with isotopically-enriched atomic mass 11 boron B,F, as the
dopant species on an ion implantation tool that also is used to carry out doping operation
mvolving a dopant precursor selected from the group consisting of arsine, phosphine, carbon
dioxide, carbon monoxide, silicon tetrafluoride, and boron trifluoride.

[0049] A further aspect of the disclosure relates to a gas storage and dispensing vessel
comprising an isotopically-enriched, boron-containing compound of any type as variously
described herein. Such gas storage and dispensing vessel may for example contain an
isotopically-enriched, boron-containing compound having the chemical formula of B,F,. The
gas storage and dispensing vessel in specific embodiments may comprise one or more of a
regulator, check valve, adsorbent, filter, and capillary flow restriction device disposed in an
mterior volume of the vessel. The vessel in other embodiments may contain a storage medium
for the boron-containing compound, such as a solid-phase physical adsorbent, or alternatively
an ionic liquid storage medium. In still other embodiments, the vessel can include a restrictive
flow orifice located either within an interior volume of the vessel or within a connection port,
e.g., outlet port, of the vessel.

[0050] Another aspect of the invention relates to a method of synthesizing an
1sotopically-enriched, boron-containing compound of any suitable type as described herein
above, comprising contacting a boron-containing gas with a boron metal. In such method,
one or both of the boron-containing gas and boron metal can be isotopically enriched. Thus,
for example, the disclosure contemplates a combination of isotopically enriched boron metal
and natural abundance boron trifluoride as being contacted, in one embodiment. In another
illustrative embodiment, the disclosure contemplates combination of natural abundance boron
metal and isotopically enriched boron trifluoride as being the contacted species, and in yet
another illustrative embodiment, the disclosure contemplates contacting of isotopically
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%, 10%, 80%, 85%, 90%, 95%, 99%,
99.9%, or 99.99%.



[0053] In other embodiments, the.synthesis method may be carried out using atomic
mass 11 boron isotope in the boron metal, and in specific .embodiments of such type, the
concentration of atomic mass 11 boron isotope in the boron metal can be greater than 80.1%,
85%, 90%, 95%, 99%, 99.9% or 99.99%.

[0054] In still other embodiments of the synthesis method, in which boron trifluoride is
employed, isotopically enriched boron trifluoride species can be employed, such as boron
trifluoride in which the concentration of atomic mass 10 boron isotope 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%.

[0055] In other embodiments, the synthesis method using boron trifluoride in
isotopically enriched form can be carried out, in which the boron trifluoride is enriched in
atomic mass 11 boron isotope, wherein the concentration of atomic mass 11 boron isotope in
the boron trifluoride is greater than 80.1%, 85%, 90%, 95%, 99%, 99.9% or 99.99%.

[0056] The disclosure in a further 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 produce such improved beam current, in relation to a
corresponding non-isotopically-enriched, boron-containing compound. In a specific
embodiment, the isotopically-enriched, boron-containing compound comprises isotopically-
enriched B,F;.

[0057] A further aspect of the disclosure relates to a method of improving beam current
i an ion implantation process, comprising flowing an isotopically-enriched, boron-containing
compound of any suitable type as described hereinabove, and generating an ion beam from
the compound. In such method, the isotopically-rich, boron-containing compound can
comprise a compound having a chemical formula of B,F,. Such boron-containing compound
upon ionization may form various ionic species and fragments, including one or more species
from among B,F," B,F;’ B,E;" BF;" BE,", BF', B, ', B,F,"" B,I5"" B,F,"" BF;*" BE,™,
BE™, B™, ™, B,F,™ B,F;"™" B, BF;™* BE,"™" 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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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%.

[0059] In addition to utilizing isotopically-enriched compounds as feed gas sources for
ion implantation, the disclosure contemplates arrangements in which combinations of boron-
containing source compounds are utilized, to achieve various improvments, e.g., improvement
in beam current and/or other operating parameters of the ion implant operation, reduction in
levels of decomposition and deposits therefrom, enhancement of resistance to clogging of
flow passages in the ion implantation system, etc.

[0060] The disclosure further contemplates use of compounds that are homogenous in
boron isotope as precursors for boron ion implantation, i.e., boron-containing compounds, and
ionic species and fragments therefrom, wherein all atomic boron is B or "B, to achieve
improvements in beam current or other operational parameters of the ion implantation
operation and system.

[0061] Use of isotopically-enriched boron-containing compounds has been demonstrated
to afford significant improvement in beam current for selected ionic species, e.g., beam
current improvement levels of from 5 to 30% or more, depending on the particular ionic
species being selected for ion implantation. The ionic species, isotopically enriched in boron
content, can be of any suitable type, and can for example include one or more of B,F," B,F;",
B:F," BF;" BE;", BF', B', ', B,FE,"" B,F;"™ B, BF;™ BE,™ BF™, B, F", B,F,",
BB B,R,™ BE;™ BE,™ BF™, B™, and F™™". Thus, isotopic enrichment can be
utilized to improve AMU magnet selection of ions of a desired type, such as for example
BE,”, BFfor F'. By increasing the beam current in the ion implant tool with such isotopically
enriched species, it is possible to avoid the need for increasing the source gas flow and the
source arc power, such as may otherwise be required to achieve higher beam current levels,
but which are less efficient and result in low utilization of the source gas for ion implantation.
[0062] The use of isotopically-enriched B,F, is particularly preferred, since such boron
source compound even at natural abundance isotopic composition 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 1mplantation, in
which the isotopically-enriched boron-containing ion species is selected from among B,F,",
B.F;", B:E;' BF;' BE', BF', B, F', B.F," B,F;"™ B,F,”™ BF:"" BFE,"” BF", B, F,
B.E,™ B,Fy™, B,R,™, BE™ BF,™, 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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isotopically-enriched boron-containing ion species in- a substrate, such as a microelectronic
device substrate.

[0064] The isotopically-enriched boron-containing species may be isotopically enriched
to provide a concentration of atomic mass 11 boron isotope, or a concentration of atomic mass
10 boron isotope varied from natural abundance levels, at any of the concentrations
previously described, i.e., concentration of atomic mass 11 boron isotope in the ionic species
greater than 80.1%, 85%, 90%. 95%, 99%, 99.9% or 99.99%, or an isotopically-enriched
boron containing species in which the concentration of mass 10 boron isotope is greater than
19.9%, 20%, 25%, 30%. 35%, 40%. 45%, 50%, 55%. 60%, 65%, 10%, 80%, 85%, 90%,
95%, 99%, 99.9% or 99.99%.

[0065] Another aspect of the present disclosure relates to a method of reducing thermal
decomposition and deposition of material on surfaces of the ion implantation tool as a result
of using isotopically-enriched boron-containing source compounds. Thermal decomposition
of boron-containing source compounds used in ion implantation can result in deposition of
elemental boron with production of boron trifluoride or other byproduct gas species. Even if
the gas feed line is sufficiently cooled, some thermal deposition inevitably occurs on the arc
chamber walls. The deposit formed as a result of such decomposition and associated
deposition can be a mixture of boron metal deriving from the source gas, and tungsten or
molybdenum from the arc chamber walls. Deposits can form in the gas feed lines near the ion
source, as well as inside and on surfaces of nozzles, arc chamber base plates, and below base
plate liners of the ionizer. Such deposits require periodic maintenance removal, such as by
abrasive cleaning and chemical methods, e.g., flow through the tool containing deposits of a
suitable cleaning gas, to volatilize the deposits so that they can be removed. The resulting
effluent can be processed for remediation or recovery of specific materials from the effluent
stream.

[0066] If the ion implanter is not dedicated to operation with only boron dopants, various
types of solid materials or ions may be formed by interaction between the ions derived from
the boron source compound and materials otherwise present in the vacuum chamber,
depending on its materials of construction, such as the tungsten and molybdenum materials
previously described. In a tungsten arc chamber with aluminum insulators, ions may be
formed of widely varying type, including WF,* wherein x =0, 1,2, 3, 4, 5 or 6 and AlF y+
wherein y =0, 1, 2, or 3. Such ions can react with the isotopically-enriched boron-containing
source compounds to form corresponding isotopically-enriched deposits. The isotopic
character of such deposits may afford opportunity to utilize 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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hereinabove, in which the method comprises filling a storage and dispensing vessel with the
compound. In such method, the isotopically enriched, boron-containing compound in one
embodiment has the chemical formula B,F,.

[0068] The isotopically-enriched, boron-containing compound of the present disclosure
includes a wide variety of compounds, specific ones of which are in gas, solid or liquid forms
at standard conditions (1 atm pressure, 25°C).

[0069] Thus, the disclosure contemplates an ionized composition useful for AMU
separation to generate ionic species for ion implantation, said composition deriving from a
boron precursor compound other than BF;, wherein said boron precursor compound is
isotopically enriched beyond natural abundance in one of ‘B and "B, and wherein said
composition comprises one or more species from among B,F," B,F;* B,F," BF;' BE,', BF,
B, F', B.R"" B;F"™, B.F,” BE™ BR"™ BF™, B, F, B,F,™ B,F"™, B.F,™, B

BE,"™ BF™, B™, and F"™, the boron-containing ones of which are isotopically enriched

s

beyond natural abundance in one of '°B and 'B.

[0070] In such composition, the boron precursor compound can have the chemical
formula of B,F, or any other suitable formula. The composition may be constituted so that
concentration of atomic mass 10 boron isotope in the boron-containing 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%. Alternatively, the composition may be constituted so that
concentration of atomic mass 11 boron isotope in said boron-containing ionic species 1s
greater than 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, B', B,F,"™ B,F;,™ B,F,”™ BF;"" BF,™ BF"", B™,
By, ™ BoF™ BaF"™ BE:™ BR,'™, BF™ and B™, and isotopically enriched beyond
nataral 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%, T70%,-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 1s 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 1sotopically 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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isotopically enriched ionic species is greater than 19.9%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 80%, 85%, 90%, 95%, 9%, 99.9%, or 99.99%. In another
embodiment, the concentration of atomic mass 11 boron isotope in said isotopically enriched
ionic species is greater than 80.1%, 85%, 90%, 95%, 99%, 99.9% or 99.99%.

[0074] A further aspect of the disclosure relates to use of diborane (B,Hg) in combination
with B,F,, as a dopant precursor composition. The B,F; in such dopant precursor composition
may be isotopically-enriched as variously described herein, or alternatively in a non-
isotopically-enriched form. The diborane in such dopant precursor composition likewise may
be isotopically enriched in boron isotopic species, or alternatively in a non-isotopically-
enriched form. In the use of such dopant precursor composition of B,F, and diborane, the
B,F, and diborane compounds can be premixed with one another and delivered from a same
source package, or alternatively, each of such B,F, and diborane compounds can be supplied
from separate source packages, and flowed to the process tool from such separate source
packages, in any suitable manner. For example, the respective B,F, and diborane compounds
can be co-flowed to the process tool from the separate source packages, or alternatively, such
compounds may bc delivered to the process tool in a scquential or alternating manner.

[0075] In another aspect of the disclosure, boron compounds and compositions of the
present disclosure can be utilized for plasma doping of substrates for production of solar cells,
using boron ions derived from enriched, or non-enriched, B,F, and B,F,-containing
compositions variously described herein.

[0076] Referring now to the drawing, 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.

[0077] As shown in FIG. 1, the semiconductor manufacturing facility 180 includes a
dopant precursor supply vessel 182, arranged to dispense dopant precursor to the ion source
chamber of the ion implantation system. The dopant precursor supply vessel 182 may be of
any suitable type, and may for example be constituted by an adsorbent-based fluid storage and
dispensing apparatus of the type commercially available from ATMI, Inc. (Danbury,
Connecticut, USA) under the trademark "SDS", arranged for supplying dopant precursor gas
at sub-atmospheric pressure, e.g., a pressure below 600 torr, such as a pressure in a range of
from about 10 to about 500 torr, when the 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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provided in a vaporizer-vessel of a type commercially available from ATMI, Inc. (Danbury,
Connecticut, USA) under the trademark ProE-Vap, in which the dopant precursor solid is
heated to generate precursor vapor for the ion implantation operation.

{0078] The dopant precursor in the illustrative FIG. 1 system can for example comprise
isotopically-enriched diboron tetrafluoride (B,F,), or any other isotopically enriched boron-
containing precursor.

[0079] The dopant gas is flowed in feed line 184 to gas delivery unit 186, which is
constructed and arranged to suppress ionization of the dopant gas upstream of the high-
voltage inlet 188 of ion source 190, in which the dopant gas is subjected to ionization to form
dopant ions of the desired character.

[0080] The resulting dopant ions are transmitted in passage 192 from the ion source 190
to the implant chamber 194, in which a wafer (not shown) is disposed in ion impingement
position in relation to the ion stream of the dopant species.

[0081] The byproduct effluent from the implant chamber is flowed in effluent treatment
line 196 to effluent treatment unit 198, in which the effluent may be subjected to treatment
and/or reclamation processing, to producc a final cffluent that is discharged from the efflucnt

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 mcluding all such variations, modifications and alternative embodiments,

within its spirit and scope.
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THE CLAIMS

What is claimed is:

1. A beam-line ion implantation. plasma immersion ion
implantation or plasma doping system, comprising a source
of 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 system of claim 1, comprising a conduit adapted for
delivery of the compound to an ionization chamber, wherein
the conduit is maintained at a temperature effective to sup-
press clogging of the conduit and/or decomposition of the
compound in the conduit, optionally wherein at least one of
the conduit and an ionization chamber of the system is
actively cooled.

3. A gas storage and dispensing vessel holding a boron-
containing compound comprising two or more boron atoms
and at least one fluorine atom. wherein the compound con-
tains a boron 1sotope in a concentration or ratio greater than a
natural abundance concentration or ratio thereof.

4. A method of improving beam current for an ion implan-
tation process. comprising: flowing a boron-containing com-
pound comprising two or more boron atoms and at least one
fluorine atom, wherein the compound contains a boron iso-
tope in a concentration or ratio greater than a natural abun-
dance concentration or ratio thereof: and generating an ion
beam from the compound.

5. A method of synthesizing 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 con-
centration or ratio thereof, comprising contacting a boron-
containing gas with a boron-containing solid, wherein at least
one of the boron-containing gas and boron-containing solid is
isotopically-enriched beyond a natural abundance in atomic
mass 10 boron isotope or in atomic mass 11 boron isotope.
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6. The method of claim 5, wherein the compound is B,[,
and the boron-conta:mng gas is BF,

7. An ion implantation method. compnsmg flowing a 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, to an
ion implantation tool with at least one co-flowed species
selected from the group consisting of inert gas. argon. nitro-
gen, helium, hydrogen. ammonia. xenon, xenon difluoride,
isotopically-enriched diborane, and natural abundance dibo-
rane.

8. An ion implantation method, compnsing flowing B,F,
isotopically enriched in atomic mass 11 boron, to an ion
implantation tool with BF; isotopically enriched in atomic
mass 11 boron.

9. An ionized composition useful for AMU separation to
gencrate ionic species for ion implantation, said composition
deriving from a boron precursor 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, wherein said boron precursor compound is isotopi-
cally enriched beyond natural abundance of '°B or ''B, and
wherein said composition comprises one or more species
selected from the group consisting of B,F,*. B,F,*, B,F,",
BE,*, BF,+, BF', BY, F*, B,F,++, B,F ++, B,F,+4, BF 4+,
BF + 4 BI“{MF B++ F++ B I" b e at o B I“ +++ B I“ +++ Bl‘ +++
BF, R ,BF***.B*** and F***’ the boron -containing ones of
which are isotopically-enriched beyond natural abundance of
lOB or “B.

10. A method of improving beam current for an ion implan-
tation process. comprising ionizing an isotopically-enriched,
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, to
form isotopically-enriched ionic species producing such
improved beam current, in relation to a corresponding non-
isotopically-enriched, boron-containing compound.
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