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FLUORINATED COMPOSITIONS FOR ION SOURCE PERFORMANCE
IMPROVEMENT IN NITROGEN ION IMPLANTATION

FIELD

[0001] The present disclosure generally relates to nitrogen ion implantation. More
specifically, the present disclosure relates in various aspects to fluorinated compositions for ion
source performance improvement in nitrogen ion implantation, to methods of improvement of
ion source performance utilizing such fluorinated compositions, and to gas supply apparatus

and kits for use in nitrogen ion implant systems.

DESCRIPTION OF THE RELATED ART

[0002] Ion implantation is a widely used process in the manufacture of microelectronic
and semiconductor products, being employed to accurately introduce controlled amounts of
dopant impurities into substrates such as semiconductor wafers.

[0003] In ion implantation systems employed in such applications, an ion source typically
is employed to ionize a desired dopant element gas, and the ions are extracted from the source
in the form of an ion beam of desired energy. Various types of ion sources are used in ion
implantation systems, including the Freeman and Bernas types that employ thermoelectrodes
and are powered by an electric arc, microwave types using a magnetron, indirectly heated
cathode (IHC) sources, and RF plasma sources, all of which typically operate in a vacuum.
Dopants used in ion implantation systems are of widely varying types, and include arsenic,
phosphorus, boron, oxygen, nitrogen, tellurium, carbon, and selenium, among others. lon
implantation tools may be used on an ongoing basis for implantation of a wide variety of dopant
species, with the tool being operated successively to implant different dopant species, with
corresponding change of operating conditions and chemistries.

[0004] In any system, the ion source generates ions by introducing electrons into a vacuum
arc chamber (hereinafter "chamber") filled with the dopant gas (commonly referred to as the
"feedstock gas"). Collisions of the electrons with atoms and molecules in the dopant gas result
in the creation of ionized plasma consisting of positive and negative dopant ions. The extraction
clectrode with a negative or positive bias will respectively allow the positive or negative ions
to pass through the aperture as a collimated ion beam, which is accelerated towards the target

material to form a region of desired conductivity.
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[0005] Frequency and duration of preventive maintenance (PM) is one performance factor
of an ion implantation tool. As a general objective, the tool PM frequency and duration should
be decreased. The parts of the ion implanter tool that require the most maintenance include the
ion source, the extraction electrodes and high voltage insulators, and the pumps and vacuum
lines of vacuum systems associated with the tool. Additionally, the filament of the ion source
is replaced on a regular basis.

[0006] Ideally, feedstock molecules dosed into an arc chamber would be ionized and
fragmented without substantial interaction with the arc chamber itself or any other components
of the ion implanter. In reality, feedstock gas ionization and fragmentation can results in such
undesirable effects as arc chamber components etching or sputtering, deposition on arc chamber
surfaces, redistribution of arc chamber wall material, etc. These effects contribute to ion beam
instability, and may eventually cause premature failure of the ion source. Residues of feedstock
gases and their ionization products, when deposited on the high voltage components of the ion
implanter tool, such as the source insulator or the surfaces of the extraction electrodes, can also
cause energetic high voltage sparking. Such sparks are another contributor to beam instability,
and the energy released by these sparks can damage sensitive electronic components, leading
to increased equipment failures and poor mean time between failures (MTBF).

[0007] Electrical shorts resulting from excessive deposition of solids on insulating
surfaces are known as “glitching” and are highly adverse to the achievement of efficient ion
implantation in the ion implant system.

[0008] Regardless of the specific type of dopant that is used in an ion implantation
operation, there are common objectives of ensuring that the feedstock gases are efficiently
processed, that the implantation of ion species is carried out in an effective and economic
manner, and that the implanter apparatus is operated so that maintenance requirements are
minimized and mean time before failure of system components is maximized so that implant
tool productivity is as high as possible.

[0009] A particular glitching problem encountered in the manufacture of integrated
circuitry and other microelectronic products is associated with nitrogen ion implantation. When
an ion implant tool utilized for implantation of nitrogen (N) is thereafter switched to operation
for implantation of arsenic (As+) or phosphorus (P+), the tool is prone to severe glitching. The
mechanism of such glitching is not fully elucidated, but may involve deposition of conductive
tungsten nitrides (WNy) onto ion source insulators.

[0010] Prior efforts to address and minimize such severe glitching related to nitrogen ion
implantation followed by either arsenic or phosphorus ion implantation have been
unsatisfactory. For example, it has been determined that conducting an intermediate short
duration (¢.g., 5 minutes in length) step of processing, i.c., ionizing, a boron feedstock gas

between initial nitrogen ion implantation and subsequent arsenic or phosphorus ion
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implantation in the ion implanter tool can attenuate the glitching behavior, but this requires
resetting of the tool operating conditions and a disruption of the otherwise applicable processing
sequence for the tool.

[0011] It would therefore be highly advantageous to prevent the severe glitching of ion
implant tools that is experienced when such tools are switched from nitrogen ion implantation
to other ion implantation operations susceptible to glitching, ¢.g., such as arsenic ion
implantation or phosphorus ion implantation, by a preventive approach that is effective, cost-
efficient, and avoids the necessity of disruptions of scheduled sequences of ion implantation

operations in order to suppress such adverse glitching behavior of the tool.

SUMMARY

[0012] The present disclosure relates to compositions, methods, and apparatus for carrying
out nitrogen ion implantation, which avoids the incidence of severe glitching when the nitrogen
ion implantation is followed by another ion implantation operation susceptible to glitching,
such as implantation of arsenic or phosphorus ionic species.

[0013] In various aspects, the invention relates to a nitrogen ion implantation composition
comprising nitrogen dopant gas (N») and a glitching suppressing gas comprising a source of
fluorine and/or oxygen. Without wishing to be bound by theory, it is thought that fluorine and/or
oxygen can intercept the reaction of nitrogen with the internals of ion sources, for example to
form nitrides, which can mitigate the formation of deposits associated with glitching.

[0014] In one aspect, the disclosure relates to a nitrogen ion implantation composition for
combating glitching in an ion implantation system when nitrogen ion implantation is followed
by another ion implantation operation susceptible to glitching, the nitrogen ion implantation
composition comprising nitrogen (N») dopant gas and a glitching-suppressing gas comprising
ong or more selected from the group consisting of NF3, NaFs, Fa, SiF4, WFe, PF;, PFs, AsFs,
AsFs, CF4 and other fluorinated hydrocarbons of CFy (x>1, y>1) general formula, SFs, HF,
COF>, OF,, BF5, ByFs, GeFa, XeFa, 02, N2O, NO, NO3, N,O4, and Os, and optionally hydrogen-
containing gas.

[0015] In another aspect, the disclosure relates to a nitrogen ion implantation composition
for combating glitching in an ion implantation system when nitrogen ion implantation is
followed by arsenic ion implantation and/or phosphorus ion implantation, the nitrogen ion
implantation composition comprising nitrogen (N») dopant gas and a glitching-suppressing gas
comprising one or more selected from the group consisting of NF3, NaFs, Fy, SiF4, WFg, PFs,
PFs, AsFs, AsFs, CF4 and other fluorinated hydrocarbons of CFy (x>1, y>1) general formula,
SF¢, HF, COF,, OF,, BF3, BoFs, GeFs, XeF2, 02, N2O, NO, NO», N»>Qq4, and Os, and optionally

hydrogen-containing gas.
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[0016] In various aspects, the invention relates to gas supply packages and kits for
delivering, to an ion implantation system, nitrogen dopant gas (N2) and a glitching suppressing
gas comprising a source of fluorine and/or oxygen.

[0017] In yet another aspect, the disclosure relates to a gas supply package for supplying
a nitrogen ion implantation composition to an ion implantation system, in which the gas supply
package comprises a gas storage and dispensing vessel containing the nitrogen ion implantation
composition as variously described herein.

[0018] In a further aspect, the disclosure relates to a gas supply kit for supplying a nitrogen
ion implantation composition to an ion implantation system, wherein the gas supply kit
comprises a first gas storage and dispensing vessel containing nitrogen (N») dopant gas, and a
second gas storage and dispensing vessel containing a glitching-suppressing gas comprising
ong or more selected from the group consisting of NF3, NaFs, Fa, SiF4, WFe, PF;, PFs, AsFs,
AsFs, CF4 and other fluorinated hydrocarbons of CFy (x>1, y>1) general formula, SFs, HF,
COF,, OF;, BF5, BoFs, GeFs, XeF2, 02, N2O, NO, NO2, N2Oy4, and Os.

[0019] In another aspect, the disclosure relates to the use of an ion implantation
composition, gas supply package, or gas supply kit as variously described herein for the purpose
of combating glitching in an ion implantation system wherein nitrogen ion implantation
operation in the ion implantation system is followed by another ion implantation operation
susceptible to glitching, ¢.g., arsenic ion implantation and/or phosphorus ion implantation. The
ion implantation system may have internals comprising material susceptible to forming nitrides,
¢.g. tungsten.

[0020] A further aspect of the disclosure relates to a method of supplying gas for nitrogen
ion implantation, comprising delivering such gas to an ion implantation system in a packaged
form comprising at least one of: (i) a gas supply package comprising a gas storage and
dispensing vessel containing a nitrogen ion implantation composition comprising nitrogen (N5)
dopant gas and a glitching-suppressing gas comprising one or more selected from the group
consisting of NFs, NaoFs, F,, SiF4, WFg, PFs, PFs, AsFs;, AsFs, CF; and other fluorinated
hydrocarbons of CiFy (x>1, y>1) general formula, SFe, HF, COF,, OF», BFs, BoFs4, GeFa, XeFs,
02, N,O, NO, NO:, N,O4, and Os, and optionally hydrogen-containing gas, as a packaged gas
mixture; and (i1) a gas supply kit for supplying a nitrogen ion implantation composition to an
ion implantation system, in which the gas supply kit comprises a first gas storage and dispensing
vessel containing nitrogen (N2) dopant gas, and a second gas storage and dispensing vessel
containing a glitching-suppressing gas comprising one or more selected from the group
consisting of NFs, NaoFs, F,, SiF4, WFg, PFs, PFs, AsFs;, AsFs, CF; and other fluorinated
hydrocarbons of CiFy (x>1, y>1) general formula, SFe, HF, COF,, OF», BFs, BoFs4, GeFa, XeFs,
02, NLO, NO, NO;, N,04, and Os, optionally wherein the gas supply kit further comprises

hydrogen-containing gas, ¢.g., hvdrogen-containing gas comprising one or more selected from
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the group consisting of H,, NHs, NoHy, BoHs, AsHs, PHs, SiHy, SioHs, H»S, H>Se, CH4 and
other hydrocarbons of C{Hy (x>1, y>1) general formula and GeHs, in a third gas storage and
dispensing vessel, or in one or more of the first and second gas storage and dispensing vessels.
[0021] A still further aspect of the disclosure relates to a method of combating glitching
in an ion implantation system wherein nitrogen ion implantation operation in the ion
implantation system is followed by another ion implantation operation susceptible to glitching,
¢.g., arsenic ion implantation and/or phosphorus ion implantation, the method comprising
ionizing a nitrogen ion implantation composition as variously described herein, to generate
nitrogen implant species for the nitrogen ion implantation operation.

[0022] In another aspect, the disclosure relates to a nitrogen ion implantation method,
comprising ionizing a nitrogen ion implantation composition as variously described herein, to
generate nitrogen ion implant species, and implanting the nitrogen ion implant species in a
substrate, ¢.g., wherein the implanting comprises directing a beam of the nitrogen ion implant
species at the substrate.

[0023] Other aspects, features and embodiments of the disclosure will be more fully

apparent from the ensuing description and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a schematic representation of an ion implantation system illustrating
modes of operation according to the present disclosure in which a nitrogen dopant source
material is supplied to an ion implanter for implantation of nitrogen in a substrate.

[0025] FIG. 2 compares beam spectra obtained from an ion source using a pure N> feed

and mixed N, and BF; feeds in accordance with an embodiment of the invention.



10

15

20

25

30

35

WO 2017/196934 PCT/US2017/031894

DETAILED DESCRIPTION

[0026] The present disclosure relates to nitrogen ion implantation systems, methods and
compositions. Suitably, nitrogen ion implantation, systems, methods and compositions may be
arranged to provide implantable ions comprising nitrogen ions, implantable ions comprising a

majority of nitrogen ions, or implantable ions consisting essentially of nitrogen ions.

[0027] In various aspects, the disclosure relates to fluorinated or oxic compositions for ion
source performance improvement in ion implantation systems in which nitrogen ion
implantation is conducted, to methods of improvement of ion source performance utilizing such
fluorinated or oxic compositions, and to gas supply apparatus and kits for use in nitrogen ion
implant systems.

[0028] In one aspect, the present disclosure relates to a nitrogen ion implantation
composition for combating glitching in an ion implantation system when nitrogen ion
implantation is followed by another ion implantation operation susceptible to glitching, the
nitrogen ion implantation composition comprising nitrogen (N2) dopant gas and a glitching-
suppressing gas comprising one or more selected from the group consisting of NF3, NoFs, Fa,
SiF4, WFg, PFs, PFs, AsFs, AsFs, CF4 and other fluorinated hydrocarbons of C(Fy (x>1, y>1)
general formula, SFs, HF, COF,, OF,, BF;, B2Fs, GeF4, XeF2, 01, N2O, NO, NO», N»O4, and
Os, and optionally hydrogen-containing gas.

[0029] Although the compositions, methods, and apparatus of the present disclosure are
illustratively described herein in reference to ion implantation operations in which the nitrogen
ion implantation is followed by arsenic ion implantation and/or phosphorus ion implantation, it
is to be appreciated that such compositions, methods, and apparatus of the present disclosure
are likewise applicable to any ion implantation operations in which nitrogen ion implantation
is followed by an ion implantation operation that in such sequence of ion implantation
operations is susceptible to glitching. In addition to arsenic ion implantation, and phosphorus
ion implantation, such subsequent ion implantation operations susceptible to glitching may in
various implementations include boron ion implantation, carbon ion implantation, silicon ion
implantation, etc.

[0030] The present disclosure relates in a specific aspect to a nitrogen ion implantation
composition for combating glitching in an ion implantation system when nitrogen ion
implantation is followed by arsenic ion implantation and/or phosphorus ion implantation, the
nitrogen ion implantation composition comprising nitrogen (N2) dopant gas and a glitching-
suppressing gas comprising one or more selected from the group consisting of NF3, NoFs, Fa,
SiF4, WFg, PFs, PFs, AsFs, AsFs, CF4 and other fluorinated hydrocarbons of C(Fy (x>1, y>1)
general formula, SFs, HF, COF,, OF,, BF;, B2Fs, GeF4, XeF2, 01, N2O, NO, NO», N»O4, and
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Os, and optionally hydrogen-containing gas, ¢.g., hydrogen-containing gas comprising one or
more selected from the group consisting of H,, NH3, NoHy4, BoHg, AsHs, PHs, SiHy, SioHs, HoS,
H,Se, CH4 and other hydrocarbons of CiHy (x>1, y>1) general formula and GeHa.

[0031] The glitching-suppressing gas may be present in the nitrogen ion implantation
composition in any suitable amount that is effective for glitching suppression, i.¢., that is
effective to enable the nitrogen ion implantation composition to combat glitching in an ion
implantation system when nitrogen ion implantation is followed by another ion implantation
operation that is susceptible to glitching, ¢.g., arsenic ion implantation and/or phosphorus ion
implantation, so that the incidence of glitching is reduced for the nitrogen ion implantation
composition in relation to a corresponding composition lacking the glitching-suppressing gas.

[0032] As a practical matter, since the nitrogen ion implantation composition is utilized
for ion implantation, nitrogen (N») dopant gas advantageously constitutes a major portion, i.¢.,
greater than 50 volume percent (vol.%) of the nitrogen ion implantation composition, wherein
the volume percents of the nitrogen (N2) dopant gas, the glitching-suppressing gas, and the
optional hydrogen-containing gas, if present, total to 100 volume percent. It will be recognized,
however, that the present disclosure contemplates embodiments in which the nitrogen (N)
dopant gas is present as a minor volume portion of the nitrogen ion implantation composition,
and in which the glitching-suppressing gas is present in major volume portion of the nitrogen
ion implantation composition. For most applications, however, the nitrogen (N») dopant gas
will constitute the major portion of the nitrogen ion implantation composition.

[0033] In specific embodiments, the glitching-suppressing gas may be present in the
nitrogen ion implantation composition in an amount that may be from 1 vol.% to 49 vol.% of
the nitrogen ion implantation composition. In other embodiments, the glitching-suppressing gas
may be present in the nitrogen ion implantation composition in an amount that may be from 5
vol.% to 45 vol.% of the nitrogen ion implantation composition. In still other embodiments,
the glitching-suppressing gas may be present in the nitrogen ion implantation composition in
an amount in a range whose lower endpoint vol.% value is any of 1, 2, 3, 4, 5, 6, 8, 10, 12, 15,
18, 20, 22, 25, 28, 30, 32, 34, 35, 37, 38, 40, and whose upper endpoint vol.% value is greater
than the lower endpoint value and is any of 4, 5, 6, 8, 10, 12, 15, 18, 20, 22, 25, 28, 30, 32, 34,
35, 37, 38, 40, 42, 44, 45, 47, 48, and 49. Thus, nitrogen ion implantation compositions are
contemplated in ranges such as from 2 to 4 vol%, or from 20 to 40 vol.%, or from 15 to 37%,
or in any other ranges that may be selected from among the permutations defined by the
foregoing endpoint values.

[0034] In various embodiments, the nitrogen ion implantation composition may comprise
nitrogen (N») dopant gas and fluorocompound glitching-suppressing gas comprising one or
more selected from the group consisting of NF3, NaoF4, Fo, SiF4, WF¢, PF3, PFs, AsFs, AsFs, CFy4
and other fluorinated hydrocarbons of CFy (x>1, y>1) general formula, SFs, HF, COF,, OF»,
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BFs, BoF4, GeFs4, XeF», and optionally hydrogen-containing gas, ¢.g., hydrogen-containing gas
comprising one or more selected from the group consisting of H,, NHs, NoHa, BoHs, AsHs, PH3,
SiHa, SioHs, H»S, HaSe, CHy4 and other hydrocarbons of CiHy (x>1, y>1) general formula and
GeHs.  In various embodiments, the nitrogen ion implantation composition may comprise
nitrogen (N») dopant gas and a fluorocompound glitching-suppressing gas comprising one or
more selected NF3, NoF,, Fy, SiF4, WFs, PF;5, PFs, AsFi, AsFs, CF; and other fluorinated
hydrocarbons of CFy (x>1, y>1) general formula, SFs, HF, COF,, OF,, BFs, B,F4, GeF4, and
XeF2. In further specific embodiments, the nitrogen ion implantation composition may
comprise nitrogen (N») dopant gas and NF; in mixture with one another, optionally with
hydrogen-containing gas.

[0035] In additional embodiments, the nitrogen ion implantation composition may
comprise nitrogen (N2) dopant gas and glitching-suppressing oxic (oxygen-containing) gas,
¢.g., comprising at least one selected from the group consisting of COF,, OF,, O, N>O, NO,
NOs, N204, and O3, and optionally hydrogen-containing gas, ¢.g., a hydrogen-containing gas
comprising one or more selected from the group consisting of H,, NHs, NoHa, BoHs, AsHs, PH3,
SiHa, SioHs, H»S, HaSe, CHy4 and other hydrocarbons of CiHy (x>1, y>1) general formula and
GeHy. In specific embodiments, the nitrogen ion implantation composition may comprise N
and O.

[0036] In instances in which the glitching-suppressing gas comprises hydrogen fluoride
(HF), it will be understood that corresponding nitrogen ion implantation compositions
comprising the optional hydrogen-containing gas will comprise hydrogen-containing gas other
than hydrogen fluoride.

[0037] In any of the nitrogen ion implantation compositions or other gaseous compositions
herein disclosed, the compositions, although variously broadly disclosed as comprising the
specifically described gas components, may alternatively consist of, or consist essentially of,
such specifically described gas components.

[0038] The nitrogen ion implantation compositions may be delivered to the ion source
chamber of the ion implantation system in which same are utilized, as a gas mixture that is
supplied from a gas supply package containing same. Alternatively, respective gas components
of the gas mixture constituting the nitrogen ion implantation composition may be supplied from
separate gas supply packages, each containing one or more, but less than all components, so
that gas supplied from the separate gas supply packages may be supplied to the ion source
chamber of the ion implantation system as separate gas streams that are mixed together in the
ion source chamber, as co-flow gas streams. Thus, the nitrogen ion implantation operation is
advantageously conducted with a nitrogen ion implantation composition introduced to or
formed in the ion source chamber of the ion implantation system Alternatively, the separate gas

supply packages may supply gas that is introduced to flow circuitry upstream of the ion source
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chamber, so that the respective gas streams are mixed with one another in the gas flow circuitry,
and delivered as a gas mixture of the nitrogen ion implantation composition, to the ion source
chamber. As a still further alternative, the separate gas supply packages may supply gas through
flowlines to a mixing chamber or other combining device or structure, to generate the nitrogen
ion implantation composition as a gas mixture upstream of the ion source chamber, with a gas
mixture discharge line conveying the generated mixture to the ion source chamber of the ion
implantation system.

[0039] Thus, complete flexibility is afforded in the combining of the nitrogen dopant gas
and the aforementioned supplemental gas(es), in the ion source chamber to which respective
components of the nitrogen ion implantation composition are separately delivered, or in various
flow schemes involving delivery of the nitrogen ion implantation composition is a mixture from
a gas supply package containing same, or in which the nitrogen ion implantation composition
is formed by gas mixing upstream of an ion source chamber of anion implantation system.
[0040] The nitrogen ion implantation composition of the present disclosure thus provides
an advantage in enabling an intermediate seasoning or conditioning step to be avoided after
nitrogen ion implantation and prior to switching from N+ implant to As+ and/or P+ implant
operation, thereby increasing process efficiency. In addition, certain nitrogen-containing
compositions such as N,F4 and N> gas mixtures, or N>O and N, gas mixtures, can be used to
prevent WNy buildup resulting from reaction of nitrogen with tungsten from a filament and/or
other components of the ion implantation system, and to increase N+ beam current. In such
instance, the supplemental gas does not reduce the amount of total nitrogen, and moreover it
contributes more N+ than N, due to its higher ionization cross section and lower ionization
energy.

[0041] Accordingly, a fluoride/N, composition can be used to prevent WNy layer buildup
in accordance with the present disclosure. The fluoride content in such composition may be
relatively low, though not low enough to insufficiently disrupt WNx formation, and not too
high so as to cause a detrimental WF, transport phenomenon, i.c., halogen cycle. NF; is a
preferred supplemental gas species because it introduces only fluorine as a relatively safe
supplemental gas. Other fluorinated gases (NFs, NaFa, Fy, SiF4, WFs, PFs, PFs, AsF;, AsFs, CF4
and other fluorinated hydrocarbons of CFy (x>1, y>1) general formula, SFs, HF, COF,, OF»,
BFs, BoFs, GeFy, and XeFs, etc.) can be used with N» to increase package safety (CF4, SFs) or
process efficiency (GeFs, F,, HF). Similar effect may be achieved with oxygenated
compositions. WOy are conductive but they are less stable at high temperatures. A simple O2/N»
composition may be employed to afford a same safety character as N2 but with the further
advantage of reducing glitching. As described in the preceding discussion, N, and a
supplemental gas can be co-packaged in a single gas supply vessel or co-flown from two

separate gas supply vessels. As also reflected in the foregoing discussion, one or more
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hydrogen-containing gases might be included as a supplemental gas to further balance the ion
source condition. The hydrogen-containing gas may be of any suitable character, and may for
example comprise H,, NHs, NoHy, BoHs, AsHs, PHs, SiHs, Si;Hs, H»S, H>Se, CH4 and other
hydrocarbons of C{Hy (x>1, y>1) general formula and GeHs, etc.

[0042] In various embodiments, the disclosure contemplates other actions that may be
taken in transitioning from nitrogen ion implantation to subsequent glitching-susceptible ion
implantation operations, such as ion implantation of arsenic and/or phosphorus. These actions
may include flowing purge gas through the system between such successive ion implantation
operations to eliminate potential contaminants from lines and chambers of the ion implant
system. The purge gas may comprise an inert gas such as argon, or a gas such as boron
trifluoride, without ionization thereof to form plasma. As a further, or alternative, action, in
other embodiments, a purifier or scrubber material such as a sorbent that is selective for nitrogen
contaminants may be employed to purify the nitrogen ion implantation gas in flow circuitry,
¢.g., amanifold or flow line that is employed to deliver the nitrogen ion implantation gas to the
ion implant system. Additionally, or alternatively, in various embodiments, a gas manifold of
the flow circuitry may be purged with nitrogen gas, €.g., to remove water or other contaminants
therefrom that may contribute to subsequent glitching behavior.

[0043] The disclosure in a further aspect relates to a gas supply package for supplying a
nitrogen ion implantation composition to an ion implantation system, in which the gas supply
package comprises a gas storage and dispensing vessel containing the nitrogen ion implantation
composition comprising nitrogen (N>) dopant gas and a glitching-suppressing gas comprising
ong or more selected from the group consisting of NF;, NyF4, Fa, SiF4, WFe, PF;, PFs, AsFs,
AsFs, CF4 and other fluorinated hydrocarbons of C.F, (x>1, y>1) general formula, SFs, HF,
COF,, OF,, BF;, ByF4, GeF4, XeF;, 02, N,O, NO, NOs, N»O4, and O3, and optionally hydrogen-
containing gas, ¢.g., hydrogen-containing gas comprising one or more selected from the group
consisting of Ha, NHs, NoHas, BoHs, AsHs, PHs, SiHi, SixHs, H,S, H»Se, CHs and other
hydrocarbons of C\Hy (x>1, y>1) general formula and GeHs, as a packaged gas mixture.
[0044] The disclosure in a further aspect relates to a packaged gas mixture for use in ion
implantation. The gas supply package is as a co-packaged vuxture that can be provided froma
single supply vessel. The packaged gas mixture comprises a gas storage and dispensing vessel
containing the nitrogen gas mixture comprising nitrogen (N:) dopant gas and a glitching-
suppressing gas comprising one or more selected from the group consisting of NF3, NoFs, Fa,
SiF4, WFg, PFs, PFs, AsFs, AsFs, CF4 and other fluorinated hydrocarbons of C(Fy (x>1, y>1)
general formula, SFs, HF, COF,, OF,, BF;, B2Fs, GeF4, XeF2, 01, N2O, NO, NO», N»O4, and
Os, and optionally hydrogen-containing gas, ¢.g., hydrogen-containing gas comprising one or

more selected from the group consisting of H,, NH3, NoHy4, BoHg, AsHs, PHs, SiHy, SioHs, HoS,
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H,Se, CH4 and other hydrocarbons of C{H, (x>1, y>1) general formula and GeHy, as a
packaged gas mixture.

[0045]

[0046] In another aspect, the disclosure relates to a gas supply kit for supplying a nitrogen
ion implantation composition to an ion implantation system, in which the gas supply kit
comprises a first gas storage and dispensing vessel containing nitrogen (N,) dopant gas, and a
second gas storage and dispensing vessel containing a glitching-suppressing gas comprising
ong or more selected from the group consisting of NF3, NaFs, Fa, SiF4, WFe, PF;, PFs, AsFs,
AsFs, CF4 and other fluorinated hydrocarbons of CFy (x>1, y>1) general formula, SFs, HF,
COF>, OF,, BF3, BoF4, GeFs, XeFs, 05, N2O, NO, NO,, N,Oy4, and Os. Optionally, the gas supply
kit may further comprise hydrogen-containing gas, ¢.g., hydrogen-containing gas comprising
one or more selected from the group consisting of H,, NHs, NoHy, BoHs, AsHs, PHs, SiHa,
Si;Hs, HsS, H,Se, CHy and other hydrocarbons of CHy (x>1, y>1) general formula and GeHa,
in a third gas storage and dispensing vessel. Alternatively, hydrogen-containing gas may be
provided in the gas supply kit in mixture with the nitrogen (N) dopant gas in the first gas
storage and dispensing vessel, and/or the hydrogen-containing gas may be provided in the gas
supply kit in mixture with the glitching-suppressing gas in the second gas storage and
dispensing vessel.

[0047] In another aspect, the disclosure relates to the use of an ion implantation
composition, gas supply package, or gas supply kit as variously described herein for the purpose
of combating glitching in an ion implantation system wherein nitrogen ion implantation
operation in the ion implantation system is followed by another ion implantation operation
susceptible to glitching, ¢.g., arsenic ion implantation and/or phosphorus ion implantation.
Suitably, glitching may be combated by reducing the build-up of one or more nitrogen-
containing deposits within the ion implantation system, in particular WNy deposits.

[0048] The disclosure in another aspect relates to a method of supplying gas for nitrogen
ion implantation, comprising delivering such gas to an ion implantation system in a packaged
form comprising at least one of: (i) a gas supply package comprising a gas storage and
dispensing vessel containing a nitrogen ion implantation composition comprising nitrogen (N»)
dopant gas and a glitching-suppressing gas comprising one or more selected from the group
consisting of NFs, NaoFs, F,, SiF4, WFg, PFs, PFs, AsFs;, AsFs, CF; and other fluorinated
hydrocarbons of CiFy (x>1, y>1) general formula, SFe, HF, COF,, OF», BFs, BoFs4, GeFa, XeFs,
02, N,O, NO, NO2, N>Os4, and Os, and optionally hydrogen-containing gas, ¢.g., hydrogen-
containing gas comprising one or more selected from the group consisting of H,, NHz, NoHa,
B:Hs, AsHs, PHs, SiHs, SioHs, H»S, H»Se, CH4 and other hydrocarbons of C\Hy (x>1, y>1)
general formula and GeHy, as a packaged gas mixture; and (i1) a gas supply kit for supplying a

nitrogen ion implantation composition to an ion implantation system, in which the gas supply

11



10

15

20

25

30

35

WO 2017/196934 PCT/US2017/031894

kit comprises a first gas storage and dispensing vessel containing nitrogen (N2) dopant gas, and
a second gas storage and dispensing vessel containing a glitching-suppressing gas comprising
ong or more selected from the group consisting of NF3, NaFs, Fa, SiF4, WFe, PF;, PFs, AsFs,
AsFs, CF4 and other fluorinated hydrocarbons of C.F, (x>1, y>1) general formula, SFs, HF,
COF,, OF,, BF;, BsF4, GeF4, XeF,, O, N2O, NO, NO,, N>O4, and Os, optionally wherein the
gas supply kit further comprises hydrogen-containing gas, ¢.g., hydrogen-containing gas
comprising one or more selected from the group consisting of H,, NHs, NoHa, B:He, AsH;, PH3,
SiHa, SioHs, H»S, HaSe, CHy4 and other hydrocarbons of CiHy (x>1, y>1) general formula and
GeHs, in a third gas storage and dispensing vessel, or in one or more of the first and second gas
storage and dispensing vessels.

[0049] A further aspect of the disclosure relates to a method of combating glitching in an
ion implantation system when nitrogen ion implantation operation in the ion implantation
system is followed by another ion implantation operation that is susceptible to glitching, ¢.g.,
arsenic ion implantation and/or phosphorus ion implantation, the method comprising ionizing
a nitrogen ion implantation composition to generate nitrogen implant species for the nitrogen
ion implantation operation, wherein the nitrogen ion implantation composition comprises
nitrogen (N») dopant gas and a glitching-suppressing gas comprising one or more selected from
the group consisting of NF3, NyF4, Fo, SiF4, WFs, PFs;, PFs, AsFs, AsFs, CFs; and other
fluorinated hydrocarbons of CFy (x>1, y>1) general formula, SFs, HF, COF», OF,, BF3, BoF4,
GeFs4, XeFs, 02, N2O, NO, NO», N2Qqy, and O3, and optionally hydrogen-containing gas, ¢.g.,
hydrogen-containing gas comprising one or more selected from the group consisting of Ha,
NH;, N>Hs4, BoHs, AsHs, PHs, SiHy, Si:Hg, HoS, HaSe, CH4 and other hydrocarbons of CHy
(x>1, y>1) general formula and GeHa.

[0050] Referring now to the drawings, FIG. 1 is a schematic representation of an ion
implantation system 10 illustrating modes of operation according to the present disclosure in
which a nitrogen dopant source material is supplied to an ion implanter for implantation of
nitrogen in a substrate.

[0051] As illustrated in FIG. 1, implantation system 10 includes an ion implanter 12 that
is arranged in receiving relationship to gas supply packages 14, 16, and 18, for delivering the
nitrogen ion implantation composition of the present disclosure, or components thereof, to the
implanter. Thus, each of the gas supply packages 14, 16, and 18 may contain the nitrogen ion
implantation composition of the present disclosure, so that ecach may successively provide such
composition to the ion implanter, by flow through the associated flow circuitry, described
below, to the ion source chamber of such ion implanter.

[0052] Alternatively, each of the gas supply packages 14, 16, and 18 may contain on¢ or
more, but less than all components of the nitrogen ion implantation composition. For example,

gas supply package 14 may contain nitrogen (N») dopant gas, gas supply package 16 may
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contain glitching-suppressing gas, ¢.g., one or more selected from the group consisting of NF3,
NyFy, Fa, SiF4, WFs, PFs, PFs, AsFs, AsFs, CF4 and other fluorinated hydrocarbons of C.Fy
(x>1, y>1) general formula, SFe, HF, COF,, OF,, BF3, BoFs, GeF4, XeF,, 02, N2O, NO, NO,
N>Oq4, and O3, and gas supply package 18 may contain optional hydrogen-containing gas, so
that the respective gases from such gas supply packages are co-flowed to the ion implanter 12.
[0053] As further alternatives, any other combinatorial arrangements are possible. For
example, the optional hydrogen-containing gas may not be used, and instead gas supply
packages 14 and 16 may contain nitrogen (N2) dopant gas, and gas supply package 18 may
contain glitching-suppressing gas, which is supplied as a minor portion of the nitrogen ion
implantation composition, so that nitrogen (N:) dopant gas may be supplied for the ion
implantation operation first from gas supply package 14, and when the inventory of nitrogen
(N2) dopant gas in gas supply package 14 is exhausted, gas supply package 16 can be actuated
for continued supply of nitrogen (N2) dopant gas to the ion implanter, and during dispensing of
nitrogen (N;) dopant gas from either of such gas supply packages 14 and 16, glitching-
suppressing gas is supplied to the ion implanter from gas supply package 18, so that the ion
source chamber continuously receives the nitrogen (N2) dopant gas and glitching-suppressing
gas, to mix and constitute the nitrogen ion implantation composition in the ion source chamber.
Alternatively, the nitrogen (N2) dopant gas and glitching-suppressing gas dispensed from the
respective gas supply packages can be mixed in the flow circuitry or in a mixing chamber or
structure upstream of the ion implanter.

[0054] Considering the construction of the gas supply packages in further detail, gas
supply package 14 includes a vessel that includes a valve head assembly 22 with a discharge
port 24 joined to gas feed line 44. The valve head assembly 22 is equipped with a hand wheel
38, for manual adjustment of the valve in the valve head assembly, to translate same between
fully open and fully closed positions, as desired, to effect dispensing or alternatively, closed
storage, of the gas contained in vessel 20.

[0055] Gas supply packages 16 and 18 are each constructed in similar manner to gas
supply package 14. Gas supply package 16 comprises a vessel 26 equipped with a valve head
assembly 28 to which is coupled a hand wheel 40. The valve head assembly 28 includes a
discharge port 30 to which is joined gas feed line 52. Gas supply package 18 includes vessel 32
equipped with a valve head assembly 34 to which is coupled hand wheel 42 for actuation of the
valve in the valve head assembly 34. The valve head assembly 34 also includes discharge port
36 joined to gas discharge line 60.

[0056] In licu of the hand wheel components illustrated for gas supply packages 14, 16,
and 18, such packages may be equipped with automatic valve actuators, such as solenoid-

operated valve actuators, pneumatic valve actuators, or valve actuators of other type, which
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may be operated to translate the valve elements in the respective gas supply packages between
fully open and fully closed positions.

[0057] In the ion implantation system shown in FIG. 1, gases may be supplied to the ion
implanter in any of variant arrangements, as previously described. Thus, the nitrogen ion
implantation composition may be supplied from any of such gas supply packages, or various
components of the nitrogen ion implantation composition may be supplied therefrom.

[0058] For the purpose of controlling gas flow from the respective gas supply packages,
the respective gas feed lines 44, 52 and 60 are provided with flow control valves 46, 54 and 62
therein, respectively.

[0059] Flow control valve 46 is equipped with an automatic valve actuator 48, having
signal transmission line 50 connecting the actuator to CPU 78, whereby CPU 78 can transmit
control signals in signal transmission line 50 to the valve actuator to modulate the position of
the valve 46, to correspondingly control the flow of gas from vessel 20 to the mixing chamber
68.

[0060] In like manner, gas discharge line 52 contains flow control valve 54 coupled with
valve actuator 56 that in turn is coupled by signal transmission line 58 to the CPU 78.
Correspondingly, flow control valve 62 in gas discharge line 60 is equipped with valve actuator
64 coupled by signal transmission line 66 to the CPU 78.

[0061] In this manner, the CPU can operatively control the flow of the respective gases
from the corresponding vessels 20, 26 and 32.

[0062] In the event that gases are concurrently flowed (co-flowed) to mixing chamber 68,
the resulting gas is then discharged to feed line 70 for passage to the ion implanter 12.

[0063] Correspondingly, if only a single gas supply package 14, 16 or 18 is operated in
dispensing mode at a given time, to dispense the nitrogen ion implantation composition to the
ion implanter, then the corresponding single gas flows through the mixing chamber, as
modulated by the associated flow control valve, and is passed in feed line 70 to the ion
implanter.

[0064] Feed line 70 is coupled with a bypass flow loop comprised of bypass lines 72 and
76 communicating with the feed line, and with gas analyzer 74. The gas analyzer 74 thus
receives a side stream from the main flow in feed line 70, and responsively generates a
monitoring signal correlative of the concentration, flow rate, etc. of the gas stream and transmits
a monitoring signal in the signal transmission line coupling the analyzer 74 with CPU 78. In
such manner, the CPU 78 receives the monitoring signal from gas analyzer 74, processes same
and responsively generates output control signals that are sent to the respective valve actuators
48, 56 and 64, or selected one or ones thereof, as appropriate, to effect the desired dispensing
operation of gas to the ion implanter. In this manner, relative proportions of the nitrogen (N>)

dopant gas and glitching-suppressing gas (and hydrogen-containing gas, when present as a
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component of the nitrogen ion implantation composition) can be controllably adjusted, to
achieve a desired compositional mix of the components of the nitrogen ion implantation
composition that is flowed to the ion implanter.

[0065] The ion implanter 12 produces an effluent that is flowed in effluent line 80 to
effluent treatment unit 82, which may treat the effluent by effluent treatment operations
including scrubbing, catalytic oxidation, etc., to generate a treated gas effluent that is discharged
from the treatment unit 82 in vent line 84, and may be passed to additional treatment or other
disposition.

[0066] The CPU 78 may be of any suitable type, and may variously comprise a general
purpose programmable computer, a special purpose programmable computer, a programmable
logic controller, microprocessor, or other computational unit that is effective for signal
processing of the monitoring signal and generation of an output control signal or signals, as
above described.

[0067] The CPU thus may be programmatically configured to effect a cyclic operation
including concurrent flow of gases from two or all three of the gas supply packages 14, 16 and
18. Thus, any flow mode involving co-flow or mixture of gases may be accommodated.
[0068] Accordingly, the disclosure relates in various aspects to a nitrogen ion implantation
composition that is effective in combating glitching in an ion implantation system when
nitrogen ion implantation is followed by an ion implantation operation susceptible to glitching
when following such nitrogen ion implantation, the nitrogen ion implantation composition
comprising nitrogen (N2) dopant gas and a glitching-suppressing gas comprising one or more
selected from the group consisting of NF3, NyFa, Fa, SiF4, WF¢, PF;, PFs, AsF;, AsFs, CF4 and
other fluorinated hydrocarbons of C.Fy (x>1, y>1) general formula, SFs, HF, COF,, OF,, BF5,
ByF4, GeFa, XeF,, 0,2, N>O, NO, NO,, N,O4, and O, and optionally hydrogen-containing gas.
[0069] In such nitrogen ion implantation composition, the optional hydrogen-containing
gas may comprise on¢ or more selected from the group consisting of H,, NHs, NoHa, BoHs,
AsHs, PH;, SiH4, SioHs, H»S, HaSe, CHy4 and other hydrocarbons of CiHy (x>1, y>1) general
formula and GeHy.

[0070] The nitrogen ion implantation composition described above may be constituted,
such that the nitrogen (N») dopant gas constitutes greater than 50 volume percent (vol.%) of the
nitrogen ion implantation composition, ¢.g., wherein the glitching-suppressing gas is present in
an amount of from 2 vol.% to 49 vol.% of the nitrogen ion implantation composition, or wherein
the glitching-suppressing gas is present in an amount of from 5 vol.% to 45 vol.% of the
nitrogen ion implantation composition, or wherein the glitching-suppressing gas is present in
other amount. For example, the glitching-suppressing gas may be present in an amount in a
range whose lower endpoint vol.% value is any of 2, 3, 4, 5, 6, 8, 10, 12, 15, 18, 20, 22, 25, 28,
30, 32, 34, 35, 37, 38, 40, and whose upper endpoint vol.% value is greater than the lower
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endpoint value and is any of 4, 5, 6, 8, 10, 12, 15, 18, 20, 22, 25, 28, 30, 32, 34, 35, 37, 38, 40,
42,44, 45,47, 48, and 49.

[0071] In specific implementations of the nitrogen ion implantation composition as
broadly described above, the glitching-suppressing gas may comprise one or more selected
from the group consisting of NFs, N,F4, F,, SiF4, WFe, PF5, PFs, AsFs, AsFs, CF4 and other
fluorinated hydrocarbons of C(F, (x>1, y>1) general formula, SFs, HF, COF,, OF,, BF5, B,F4,
GeFy, XeFz, 0y, N;O, NO, NO3, N;O4, and Os. The glitching-suppressing gas in various
embodiments may comprise NF;. In other embodiments, the glitching-suppressing gas may
comprise oxic gas, ¢.g., at least one selected from the group consisting of Os, N2O, NO, NO»,
N>Q4, and Osz. In a specific embodiment, the oxic gas may comprise O».

[0072] Another aspect of the disclosure relates to a nitrogen ion implantation composition
for combating glitching in an ion implantation system when nitrogen ion implantation is
followed by arsenic ion implantation and/or phosphorus ion implantation, the nitrogen ion
implantation composition comprising nitrogen (N») dopant gas and a glitching-suppressing gas
comprising one or more selected from the group consisting of NF3, NaFs, Fy, SiF4, WFg, PFs,
PFs, AsFs, AsFs, CF4 and other fluorinated hydrocarbons of CFy (x>1, y>1) general formula,
SF¢, HF, COF,, OF,, BF3, BoFs, GeFs, XeF2, 02, N2O, NO, NO», N»>Qq4, and Os, and optionally
hydrogen-containing gas.

[0073] The disclosure contemplates a gas supply package for supplying a nitrogen ion
implantation composition to an ion implantation system, in which the gas supply package
comprises a gas storage and dispensing vessel containing the nitrogen ion implantation
composition as variously described herein.

[0074] In another aspect, the disclosure relates to a gas supply kit for supplying a nitrogen
ion implantation composition to an ion implantation system, wherein the gas supply kit
comprises a first gas storage and dispensing vessel containing nitrogen (N,) dopant gas, and a
second gas storage and dispensing vessel containing a glitching-suppressing gas comprising
ong or more selected from the group consisting of NF3, NaFs, Fa, SiF4, WFe, PF;, PFs, AsFs,
AsFs, CF4 and other fluorinated hydrocarbons of CFy (x>1, y>1) general formula, SFs, HF,
COF,, OF;, BF5, BoFs, GeFs, XeF2, 02, N2O, NO, NO2, N2Oy4, and Os.

[0075] Such gas supply kit may further comprise a third gas supply vessel containing
hydrogen-containing gas, ¢.g., hvdrogen-containing gas comprising one or more selected from
the group consisting of one or more selected from the group consisting of H,, NHz, NoHs, BoHg,
AsHs, PHs, SiHy, SioHs, HaS, Hs>Se, CHs and other hydrocarbons of C\Hy (x>1, y>1) general
formula and GeHy.

[0076] The above-described gas supply kit may further comprise hydrogen-containing gas

in mixture with the nitrogen (N2) dopant gas in the first gas storage and dispensing vessel, or
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alternatively, hydrogen-containing gas in mixture with the glitching-suppressing gas in the
second gas storage and dispensing vessel.

[0077] The gas supply kit may be constituted, with the glitching-suppressing gas
comprising one or more selected from the group consisting of NF;, NaFs, Fy, SiF4, WFg, PF;5,
PFs, AsFs, AsFs, CF, and other fluorinated hydrocarbons of C(F, (x>1, y>1) general formula,
SFs, HF, COF,, OF,, BF;, B,F4, GeF4, and XeFs.

[0078] In a further aspect, the disclosure relates to a method of supplying gas for nitrogen
ion implantation, comprising delivering such gas to an ion implantation system in a packaged
form comprising at least one of: (i) a gas supply package comprising a gas storage and
dispensing vessel containing a nitrogen ion implantation composition comprising nitrogen (N»)
dopant gas and a glitching-suppressing gas comprising one or more selected from the group
consisting of NFs, NaoFs, F,, SiF4, WFg, PFs, PFs, AsFs;, AsFs, CF; and other fluorinated
hydrocarbons of CiFy (x>1, y>1) general formula, SFe, HF, COF,, OF», BFs, BoFs4, GeFa, XeFs,
02, N,O, NO, NO:, N,O4, and Os, and optionally hydrogen-containing gas, as a packaged gas
mixture; and (i1) a gas supply kit for supplying a nitrogen ion implantation composition to an
ion implantation system, in which the gas supply kit comprises a first gas storage and dispensing
vessel containing nitrogen (N2) dopant gas, and a second gas storage and dispensing vessel
containing a glitching-suppressing gas comprising one or more selected from the group
consisting of NFs, NaoFs, F,, SiF4, WFg, PFs, PFs, AsFs;, AsFs, CF; and other fluorinated
hydrocarbons of CiFy (x>1, y>1) general formula, SFe, HF, COF,, OF», BFs, BoFs4, GeFa, XeFs,
02, NLO, NO, NO;, N,04, and Os, optionally wherein the gas supply kit further comprises
hydrogen-containing gas, ¢.g., hvdrogen-containing gas comprising one or more selected from
the group consisting of H,, NH;, N,Ha, B:Hs, AsH;, PH;, SiHa, SioHs, H,S, H,Se, CH4 and
other hydrocarbons of C\Hy (x>1, y>1) general formula and GeHy, in a third gas storage and
dispensing vessel, or in one or more of the first and second gas storage and dispensing vessels.
[0079] The hydrogen-containing gas in gas supply package (i) or gas supply kit (i1) may
in various embodiments comprise one or more selected from the group consisting of H,, NH3,
N>Hs, BoHs, AsHs, PHs, SiHy, SioHs, HsS, H»>Se, CHy4 and other hydrocarbons of C\Hy (x>1,
v=>1) general formula and GeHs.

[0080] The disclosure relates in an additional aspect to a method of combating glitching
in an ion implantation system wherein nitrogen ion implantation operation in the ion
implantation system is followed by an ion implantation operation susceptible to glitching, ¢.g.,
arsenic ion implantation and/or phosphorus ion implantation, the method comprising ionizing
a nitrogen ion implantation composition as variously described herein, to generate nitrogen
implant species for the nitrogen ion implantation operation.

[0081] A further aspect of the disclosure relates to a nitrogen ion implantation method,

comprising ionizing a nitrogen ion implantation composition as variously described herein, to
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generate nitrogen ion implant species, and implanting the nitrogen ion implant species in a
substrate, ¢.g., wherein the implanting comprises directing a beam of the nitrogen ion implant
species at the substrate.

[0082] It will therefore be appreciated that the operation of the ion implanter with the
nitrogen ion implantation composition of the present disclosure will be effective to combat
glitching in ion implanter operations in which nitrogen ion implantation is followed by
glitching-susceptible ion implantation operations, ¢.g., arsenic and/or phosphorus ion
implantation. The suppression of glitching behavior will in turn increase the operational
efficiency, mean time between failure events, and ion implanter productivity, reduce
maintenance requirements for the ion implanter, and obviate the need for transitional B”
ionization processing in the ion implanter between nitrogen ion implantation and a subsequent
glitching-susceptible ion implantation operation.

[0083] Various embodiments of the present invention will now be further described with

reference to the following non-limiting examples.

Example 1
[0084] The impact on N™ beam current of co-feeding BF; with N; to an indirectly heated
cathode ion source of an ion implanter was examined. The ion source comprised tungsten
liners.
[0085] The N+ beam current achieved with a pure N» feed at various flow rates is shown
in Table 1:
Table 1
N: Flow (sccm) 2.5 3 4 5 6
N*Beam (mA) 298 4.50 4.60 4.42 4.08

[0086] The N+ beam current achieved with a N, and 10% vol BF; co-feed feed at various
flow rates is shown in Table 2:

Table 2

N, w 10 vol % BF; Flow | 2.4 2.8 33 44 56
(scem)
N* Beam (mA) 322 4.26 434 3.99 2.86

[0084] Tests were run at different dates and the results are thus subject to normal source
day to day variation. Comparable N* beam currents were achieved with both feeds. With the
N»/BF; (10% BF3) mixture gases, the highest beam current was achieved at slightly lower flow

at about 3+ sccm.
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Example 2
[0085] The impact on beam spectrum of co-feeding BF; with N» to an indirectly heated

cathode ion source of an ion implanter was examined. The ion source comprised tungsten
liners.

[0086] The beam spectra obtained with a pure N, feed (0% BF5) a N» and 10% vol BF;
co-feed (10% BF;) and a N, and 25% vol BF; co-feed (25% BF3) are shown in Figure 2.
[0087] Co-feeding BF; with N; led to the formation of NF”™ and WFx " species not obtained
with the pure N, feed. Without wishing to be bound by theory, it is deduced that fluorine from
fluoride gases can react and intercept the nitrogen and tungsten reaction resulting in the
formation of tungsten nitride. The interception can be in the gas phase, during the N and W
reaction on a tungsten surface, or after the tungsten nitride is formed on the surface. Overall, it
will reduced the tungsten nitride formation. The NF+ peak in the beam spectra indicate the N
and F reaction. As aforesaid, reducing the formation of tungsten nitride is desirable in the

context of reducing glitching.

[0088] While the disclosure has been set forth herein in reference to specific aspects,
features and illustrative embodiments, it will be appreciated that the utility of the disclosure 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 disclosure, based on the description herein. Correspondingly, the
disclosure as hereinafter claimed is intended to be broadly construed and interpreted, as
including all such variations, modifications and alternative embodiments, within its spirit and
scope.

[0089] Throughout the description and claims of this specification, the words “comprise”
and “contain” and variations of the words, for example “comprising” and “comprises”, mean
“including but not limited to”, and do not exclude other components, integers or steps.
Moreover the singular encompasses the plural unless the context otherwise requires: in
particular, where the indefinite article is used, the specification is to be understood as
contemplating plurality as well as singularity, unless the context requires otherwise.

[0090] Preferred features of each aspect of the invention may be as described in connection
with any of the other aspects. Within the scope of this application it is expressly intended that
the various aspects, embodiments, examples and alternatives set out in the claims and/or in the
description and drawings, and in particular the individual features thereof, may be taken
independently or in any combination. That is, all embodiments and/or features of any
embodiment can be combined in any way and/or combination, unless such features are

incompatible.
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CLAIMS

1. A nitrogen ion implantation composition for combating glitching in an ion implantation
system when nitrogen ion implantation is followed by another ion implantation operation
susceptible to glitching when following the nitrogen ion implantation, the nitrogen ion
implantation composition comprising nitrogen (N») dopant gas and a glitching-suppressing gas
comprising NF3, wherein the glitching-suppressing gas is present in the nitrogen ion
implantation composition in an amount of from 2 vol. % to 15 vol. %, and wherein the ion
implantation system is configured such that, when nitrogen ion implantation is followed by
another ion implantation operation susceptible to glitching, the nitrogen ion implantation

composition suppresses glitching.

2. The nitrogen ion implantation composition according to claim 1, wherein the glitching-
suppressing gas is present in an amount of from 2 vol. % to 8 vol. % of the nitrogen ion

implantation composition.

3. The nitrogen ion implantation composition according to claim 1, wherein an amount of NF3

gas in the composition ranges from 2 vol. % to 8 vol. %.

4. The nitrogen ion implantation composition according to claim 1, wherein an amount of NF3

gas in the composition is 5 vol. %.

5. A gas supply package for supplying a nitrogen ion implantation composition to an ion
implantation system, in which the gas supply package comprises a gas storage and dispensing

vessel containing the nitrogen ion implantation composition of claim 1.

6. A method of supplying gas for nitrogen ion implantation, comprising:

delivering such gas to an ion implantation system in a packaged form comprising at
least one of:

(1) a gas supply package comprising a gas storage and dispensing vessel containing a
nitrogen ion implantation composition comprising nitrogen (N») dopant gas and a glitching-
suppressing gas comprising NF3;, wherein the glitching-suppressing gas is present in the
nitrogen ion implantation composition in an amount of from 2 vol. % to 15 vol. %; and

(i1) a gas supply kit for supplying a nitrogen ion implantation composition to an ion

implantation system, in which the gas supply kit comprises a first gas storage and dispensing

20



vessel containing nitrogen (N») dopant gas, and a second gas storage and dispensing vessel
containing a glitching-suppressing gas comprising NF3;

performing a nitrogen ion implantation process with the nitrogen (N2) dopant gas and
the glitching-suppressing gas; and

performing a second ion implantation process with a dopant gas prone to cause

glitching, whereby the glitching is suppressed.
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