BORON-CONTAINING DOPANT COMPOSITIONS, SYSTEMSAND
METHODS OF USE THEREOF FOR IMPROVING ION BEAM
CURRENT AND PERFORMANCE DURING BORON ION
IMPLANTATION

Related Applications

[0001] This application is a continuation-in-part of U&hplication No.
14/635,413, filed on March 2, 2015, which claime benefit of priority from
U.S. Provisional Patent Application No. 61/947,06i62l on March 3, 2014, the

disclosures of which are hereby incorporated hdvgireference, in their

respective entireties, for all purposes.

Field of | nvention

[0002] The present invention relates to a unique comtmnaif boron-
containing dopant compositions, systems and metbbdse thereof for improved
boron ion implant processes, and particularly aproved beam current without

degradation of source life.

Background of the | nvention

[0003] lon implantation is an important process in
semiconductor/microelectronic manufacturing. Tdareimplantation process is
used in integrated circuit fabrication to introdutmgant impurities into
semiconductor wafers. The desired dopant impsréare introduced into
semiconductor wafers to form doped regions at aetbdepth. The dopant
impurities are selected to bond with the semicotwlugafer material to create
electrical carriers and thereby alter the eledtdoaductivity of the
semiconductor wafer material. The concentratiodagfant impurities that are
introduced determines the electrical conductivityhe doped region. Many
impurity regions are necessarily created to fomngrstor structures, isolation
structures and other electronic structures, whattectively function as a

semiconductor device.



[0004] The dopant impurities are generally ions derivednfia source
dopant gas. An ion-source is used to ionize thEadbgas source into the various
dopant ionic species. The ions produce a plasmiaomment within the ion
chamber. The ions are subsequently extracted tinenon chamber in the form

of a defined ion beam. The resultant ion beampially characterized by a
beam current. Generally speaking, a higher beanemucan allow more dopant
ionic species to be available for implantation iatgiven workpiece, such as a
wafer. In this manner, a higher implant dosagefdopant ionic species can be
achieved for a given flow rate of source dopant gétse resultant ion beam may
be transported through a mass analyzer/filter baed transported to the surface of
a workpiece, such as a semiconductor wafer. Theatkdopant ionic species of
the beam penetrate the surface of the semicondwetfer to form a doped region
of a certain depth with desired electrical andfoygical properties.

[0005] Boron implantation has been widely used in the senductor
industry to modify electrical properties of the édpregions and is recently
gaining traction in other applications where desnmegions are doped with
impurities to tailor certain physical propertiestioé doped region. The increasing
use for boron implant steps during device fabrarats requiring a need for an
improved process for implantation of B ions that offer improved B+ beam
current (i.e., sustained or increased beam cugemtrated without shortened ion
source life). It should be understood that then&tB ions”, “B active ions”, “B
ionic species”, “B ionic dopant species” and “BAs$d may be used
interchangeably herein and throughout the spetifica The ability to implant B
ions at an improved B+ beam current will allow ars®rs to perform increasing
boron implant steps with higher equipment througlgmad gain productivity
improvements.

[0006] Boron trifluoride (BF3) is a dopant gas source ¢gfly utilized in

the semiconductor industry for boron implantatiand used as the benchmark for
boron ion implantation performance. However, BB3 proven limited in its
ability to generate B+ ions and thereby establ&hhigher beam currently

demanded by today’s applications. In order toaase the generation of B+ ions,



the end-user can change various process paramé&@rexample, the end-user
can increase the energy inputted to the ion sootbeywise referred to in the
industry as the operating arc voltage of the iamrse. Alternatively, the
extraction current can be increased. Still furthiee flow rate of BF3 introduced
into the ion source chamber can be increased. Menvsuch changes in the
operation of the ion implant chamber can resuttetrimental impact on the ion
source components and reduce the ion source lgeasnwvell as the efficiency of
the ion source in generating a stable B+ ion bearmd extended operation. A
stable B+ ion beam is defined by the uniform beaafile and continuous supply
of the B+ ion beam at a desired beam current witharruption that may be
caused by beam glitching or drop in beam curretjguwiu For example, as the
walls of the arc chamber increase in temperaturgla typical ion implant
process, active fluorine that is released from B&3 more rapidly etch and erode
the tungsten (W) chamber walls, which can causedh®de (i.e., the source
filament of an ion source chamber) to be more qigue to increased deposition
of W-containing deposits. The W-containing deporgduce the ion source’s
ability to generate the threshold number of eletgnoecessary to sustain the
plasma and generate B+ ions required to producedbessary beam current.
Additionally, more active fluorine ions are availbo propagate the so-called
detrimental “halogen cycle” by which increased clainerosion of the ion
source chamber wall and other chamber componentsaaur. Accordingly,
operating the ion source chamber at higher enengld in an attempt to increase
ionization of BF3 to produce the necessary beamentihas the potential for
shorter ion-source life, thereby rendering this motloperation undesirable.
Additionally, higher flow rates of BF3 tends to duace more active fluorine ions
that causes chemical erosion of the ion source bbeamall and undesirable
deposition on high voltage components resultingroing. These process
modifications tend to shorter ion-source life, #i®r making such modes of
operation undesirable.

[0007] Currently, there are no viable techniques for naamig or

increasing the beam current of B+ ion without daimgghe ion source chamber



components. As such, there remains an unmet oes&l/elop compositions,
systems and methods of use thereof to improvedhmixurrent of the desired

boron ion species without compromising the ion selife.

Summary of the | nvention

[0008] The invention relates, in part, to a compositigistesm and method
of use thereof for improving ion source performaneeluding an increase in
beam current and extension of ion source life. ddmaposition of the dopant gas
when operated in a specific manner has been disedwy Applicants to have a
significant impact on the ability to improve beaarrent.

[0009] In a first aspect, a method of operating an iorre®comprising:
providing a composition comprising B2H6 at a leraglging from about 0.1%-
10%; H2 ranging from about 5%-15% and the balasewpically enriched boron
trifluoride in boron mass isotope 11 (11§Fand further wherein said
composition is characterized by the substantia¢iates of higher order boranes,
represented by the general formula BxHy, where3as greater and y is 7 or
greater; introducing the composition into the ionrge at a flow rate ranging
from about 0.5-5 sccm; operating at an arc voltageis no greater than 110V;
ionizing said composition to produce 11B ions; gatieg a beam current; and
implanting said 11B ions into a substrate.

[00010] In a second aspect, a method of operating an iorcep
comprising: providing a composition comprising B2&téa level ranging from
0.1%-10%; H2 ranging from about 5%-15% and therzadasotopically enriched
boron trifluoride in boron mass isotope 11 (13Bkntroducing the composition
into the ion source; operating at a power thatss lthan a corresponding power
utilized for 11BF3 when solely used as the dopast gnizing said composition
to produce 11B ions; generating a beam currentstatbstantially the same as or
higher than a beam current produced when using 3HBfely as a dopant gas;
and implanting said 11B ions into a workpiece tbi@ge a required dosage.
[00011] In a third aspect, an ion source apparatus cordajto perform

boron implantation at an arc voltage that is lass1t110V, said ion source



adapted to receive about 0.5-5 sccm of a compasitionprising B2H6 at a level
ranging from 0.1%-10%; H2 ranging from about 5%-1&8¢ the balance
isotopically enriched boron trifluoride in boron ssasotope 11 (11BJ; the ion
source apparatus characterized by an average giitelof no greater than about 2
glitches per min during an ion source life, anditresource apparatus further
characterized by the ion source life of at lea§t AQurs.

[00012] In a fourth aspect, a method of operating an iamaofor
implanting B ions, comprising: providing a compasitcomprising B2H6 at a
level ranging from 2%-5%; H2 ranging from about 3%% and the balance
boron trifluoride isotopically enriched in boron ssasotope 11 (11BF;

operating the ion source at an arc voltage bet\88ebhO0V; introducing the
composition at a flow rate ranging between .5-%rsdaectly to an ion source
characterized by the absence of vaporizing the ositipn; ionizing the
composition to produce 11B ions; generating a beament between about 8-13
mA,; and operating the ion source for a sourcedif200 hours or more having an
average glitch rate of less than 1 glitch per miniry said source life.

[00013] In a fifth aspect, a boron-containing dopant conitpmsfor use in
an ion implantation process, comprising: a borontaiming dopant gas mixture
in a source supply comprising B2H6 from 0.1%-109;rAnging from about 5%-
15% and the balance isotopically enriched bordlutnide in boron mass isotope
11 (11BFR), and further wherein said mixture in the soungepsy is characterized

by no greater than 10,000 ppm of higher order egan

Brief Description of the Drawings

[00014] The objectives and advantages of the inventionbeilbetter
understood from the following detailed descriptairthe preferred embodiments
thereof in connection with the accompanying figuse®rein like numbers denote
same features throughout and wherein:

[00015] Figure 1 plots the ionization cross-section for B2&hd BF3 at

different energy levels;



[00016] Figure 2 shows different delivery schemes of thgashd gas

composition of the present invention;

[00017] Figure 3 shows an ion source incorporating thecgulas of the
invention;
[00018] Figure 4 shows the ion implanter of Figure 3 withiboron

implant system;

[00019] Figure 5 is a comparison of beam current levelhefdopant gas
composition of the present inventions with othgrety of boron-based dopant gas
materials;

[00020] Figure 6 is a bar plot comparison of beam currevels and power
levels of the dopant composition of the presengirion with other types of

boron-based dopant gases; and

Detailed Description of the | nvention

[00021] The relationship and functioning of the variousweats of this
invention are better understood by the followingaded description. The
detailed description contemplates the featuregads@mnd embodiments in
various permutations and combinations, as beinginvthe scope of the
disclosure. The disclosure may therefore be sigelces comprising, consisting or
consisting essentially of, any of such combinatiand permutations of these
specific features, aspects, and embodiments, eleated one or ones thereof.
[00022] “B ions” and “active B ions” as used herein andtighout the
specification may be used interchangeably and naaaaus boron ion dopant
species, including boron or boron-containing pesiions such as B+ suitable for
implantation into a substrate.

[00023] As used herein, unless indicated otherwise, alteotrations are
expressed as volumetric percentages (“vol %”) basetihe total volume of the
compositional mixture.

[00024] “Reduce” as used herein and throughout the spatiic is
intended to mean shorten, suppress and/or del@tygdoperation of the ion

implant process when operating an ion implant sstwamplant B ions, such as,



for example, 11B+ ions or 11BF2+ ions, utilizing ttlopant compositions, ion
source apparatus and methods of the present ioventi

[00025] The present disclosure in one aspect relates tel t@von-
containing dopant compositions within a certainaanration range along with
corresponding apparatus and methods of use thieneioicreasing the boron
beam current in comparison to conventional borgmadbsources such as BF3.
As will be explained, the inventive concept of iatihg a specific lower order
diborane species within a certain concentratiogedn increase the ionization of
BF3 without generally contributing to an increaséoron ions and without
increasing available F ions is a counterintuitippraach for improving B ion
implantation that has not been recognized by tier prt. “lonization cross-
section” is defined as the probability (measurednits of area) that ionization
will occur when an atom or molecule undergoes siolfi with an electron emitted
from the ion source. The dopant gas compositmmsburce apparatus and
methods of the present invention as will be describberein improve the
performance of the ion-source in comparison toiprtessboron dopant source
materials (e.g., boron trifluoride isotopicallyrigted in boron mass isotope 11,
11BF3) without compromising ion source life. lausce performance takes into
consideration key performance metrics that inclstdeility of beam current,
source life and the extent of beam glitching. “Beglitching” or “glitching” as
used herein refers to the voltage discharge thatesult in momentary drops in
the beam current. Glitch rate, which can be exga@sis number of glitches per
unit time during source life or average numberlda€iges per unit time, is a
metric that can be used to quantity source lifae disclosure is set out herein in
various embodiments and with reference to variepeets and features of the
invention.

[00026] In one embodiment, the present invention has desealthat a
specific compositional concentration range of B2BB3 and hydrogen
constituents under selective ionization conditienables an improvement in ion
beam current whereby the beam current can be s®deaithout compromising

or degrading the ion source. In this manner, areased boron ion beam current



is possible without an accumulation of depositartainacceptable level that
causes degradation or shortening of the source life

[00027] The boron dopant gas composition enables incrdasmuh current
for an extended period of time relative to othemantional source dopant gases
typically utilized in boron ion implantation, suels 11BF3.The dopant
composition comprises the constituent elementshafrene (BHg), boron
trifluoride (BFs) and hydrogen (k) contained in a specific concentration range. In
one embodiment, the composition comprises B2H6ingngom 0.1% - 10%,
ranging from about 5% - 15% and the balance. BR a preferred embodiment, the
composition comprises B2H6 ranging from 0.1% - Boranging from about 5%
- 10% and the balance BHFn a more preferreembodimentthe composition
comprises B2H6 ranging from 2% - 5%; tdnging from about 5% - 10% and the
balance BE. In a preferreémbodimentthe composition comprises B2H6 at
about 3%, Hat about 5% and the balance;BF

[00028] It should be understood that reference to anyettnstituent
elements of the composition mentioned herein ar@utfhout is intended to mean
both its naturally occurring species and its isatalty enriched species. For
example, “BF3” is intended to mean BF3 in its naliyroccurring form as well as
BF3 in its isotopically enriched form beyond natwabundance in a particular
isotope, either 10B or 11Bf intended to be limiting, BF3 isotopically ennied
above natural abundance in mass isotope 10, byoivayample, shall be referred
to herein and throughout as 10BF3. BF3 isotopiaaiiriched above natural
abundance in mass isotope 11, by way of exampéd, s referred to herein and
throughout as 11BF3. The term “isotopically eneidhmeans the dopant gas
contains a distribution of mass isotopes diffefem its naturally occurring
isotopic distribution, whereby one of the massdpet has an enrichment level
higher than present in the naturally occurring le\&y way of example, 99%
11BF3 refers to an isotopically enriched or enrectbepant gas containing boron
mass isotope 11B at 99% enrichment, whereas ngtourring BF3 contains
boron mass isotope 11B at 80% natural abundaneésles such, 99% 11BF3 is
19% enriched in B. Additionally, it should be ursteod that the dopant



compositions of the present invention can contaimar more isotopic forms of
one or more of the constituent elements. For exanB2H6 can be present in an
amount where each of B11 and B10 is present im tiaural abundance or
enriched levels.

[00029] In accordance with the principles of the presemeimion, the
dopant gas composition of the present inventiartiized in an ion implant
process at a specific operating regime in whichidghezation cross-section of
B2H6 is greater than the ionization cross-sectioBFS8. In this manner, the
generation of B ions, such as B+ ions, is improvRéferring to Figure 1, B2H6
exhibits a higher ionization cross-section than BEthe selected operating arc
voltages of about 80V — 100V, and more preferablyua 70V-120V. Within this
selected operating regime, Applicants have obsahetoB2H6 has a higher
probability of generating various boron-containiagic species.The presence of
the boron-containing ionic species derived from BZtdgments the ionization
process of BF3 resulting in higher B+ beam curresttjout degradation of the
source filament (i.e., cathode) of the ion sour€he net effect is an improvement
in the ion beam performance. This improvemenh&ibn beam performance is
exhibited within the predetermined concentratiamges for B2H6 and H2 with
balance BF3. B2H6 is within about 0.1%-10%, pradty about 1-5%, more
preferably about 2-5% and most preferably about&dd,the hydrogen
concentration is between about 5%-15%, preferaibyas5%-10% and most
preferably about 5%, with the balance being BF3.

[00030] The present invention recognizes that operatingainémplant
process in a regime where the ionization crosdeseof B2H6 is not greater than
the ionization cross-section of BF3 may not creaténprovement in the
ionization of BF3. As a result, an increase iroBg, and, in turn, B+ beam
current, may not be observed.

[00031] The amount of B2H6 can neither be below 0.1% nowali0% in
order to avoid deleterious effects. Specificalyg B2H6 must be present at or
above its minimum concentration level to reducehi@gen cycle effects so that

the rate of cathode filament weight gain is reducéthen the B2H6 is present at a



level below 0.1%, insufficient gains in beam cutresn be observed in
conjunction with unacceptably high cathode weigdihg by virtue of the halogen
cycle.

[00032] In addition to maintaining the B2H6 at or abovewaeér limit of
0.1%, the B2H6 should not exceed an upper lintitvas surprisingly observed
that the addition of B2H6 to BF3 increases the patidn of F+ ions when B2H6
is at levels only approaching 2.5%, despite theiadno increase in the addition
of fluorine molecules being introduced into the rolbar. As will be shown in the
working examples, while it was observed that theitexh of a mixture of 2.5%
B2H6 and 97.5% BF3 reduced the halogen cycle inpawi®on to a mixture of
BF3-Xe-H2, the mixture of 2.5% B2H6 and 97.5% BIF8ated unexpected rapid
weight loss in the anode region of the ion sounramared to BF3-Xe-H2. The
term “anode region” as used herein and throughwuspecification means the
hottest regions of the ion chamber wall. The ueelgd weight loss may be
occurring as a result of increased production ofdfs when B2H6 is present at
levels approaching 2.5% or more. Without beingrigblly any particular theory, it
is believed the B2H6 ionizes in the ion sourcertmpce different fragments
containing radicals and ions of H and BxHy spediespectively. Both H and
BxHy species have been discovered by Applicanpdap a role as F ion
scavengers. BxHy ions and radicals are signiflgdntlkier than H ions and
radicals, and as a result, may have a tendencgriefort more slowly in the
plasma phase in comparison to lighter speciesjdivat) H ions. As a result, BxHy
may not transport as easily to all locations inahechamber thereby reducing its
F ion scavenging effects. The inability of BxHyio species to disperse into all
regions of the chamber can severely impact theabiperof the ion source, as the
etched-out W from the surfaces of the chamber compis can redeposit at
undesirable locations via the increased amounfisi@fine available in the halogen
cycle. The result is increased tendency for higltege arcing. Because BxHy
ionic species may not occupy certain regions inghechamber in appreciable
amounts, or may be entirely absent from certaiforeggin the chamber, F ion

etching may be increasing as a result of lowemFsmavenging by the various

-10-



BxHy ionic species, thereby resulting in increaaedilability of active F ions,
which shortens the ion source life.

[00033] Approaches to overcome reduced F ion scavengingglboron
implantation have included the addition of a dilugas mixture to BF3. For
example, co-flowing a gas mixture of Xe and H2 besn utilized. However, the
increased scavenging of F ions has been achievgdbihne expense of lower
beam current in comparison to BF3.

[00034] The present invention has discovered that a cdettalddition of
H2 to B2H6 between its lower and upper limits, #melbalance BF3 overcomes
the deficiencies of F ion scavenging when utilizBi3 and B2H6, thereby
allowing more B2H6 to be added to BF3 without séoirtg ion source life. For
mechanisms that are unknown and not fully undedsttiee H2, when added
within a specific concentration range between ab&t15%, preferably about
5%-10% and more preferably about 5%, appears tndxbn source life. H2,
when added in the prescribed quantities of thegmtaavention, can reduce the
availability of active F ions that can etch chamb@mponents. As a result, there
is less weight loss of the anode region, and lesghw gain of the cathode
filament, as will be shown in the working exampld$e addition of H2 in a
controlled amount to the B2H6 and BF3 allows a @gnefaaction of B2H6 to be
utilized in order to create increased B ion beameru without increased F ion
accumulating in the chamber during the ion impfaocess. As will be shown in
the working examples, relative to BF3 only(CompasExample 1), the preferred
compositions (Examples 1-5) of the present invenincorporate up to about 5%
H2 to achieve higher beam current with reduced taggin of the cathode and
reduced weight loss or etching of the arc chamladk vin this manner, the present
invention can increase boron ion current while as@nding ion source life, both
of which until the emergence of the present inv@entwere generally considered
competing performance metrics mutually exclusivercé another.

[00035] In a preferred embodiment, the inventive mixturéydrogen,
B2H6 and BF3 is characterized by the substantiahtire absence of other inert

gases, such as for example argon or xenon. béas observed that other inert
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gases may not be required to be added to the ineemixture of hydrogen, B2H6
and BF3 to aid in the ionization of boron. As suahthe preferred embodiment,
the boron-containing composition of the presenémtion substantially or entirely
excludes other inert gases, such as xenon or asgas to not reduce beam
current. As will be shown in the working examplapplicants discovered that the
inventive mixture of hydrogen, B2H6 and BF3, whisltharacterized by the
substantial or entire absence of other inert gaseieased the beam current
approximately 30% in comparison to a mixture of BK8+H2 (Comparative
Example 2, Figure 5). As such, in one embodimi&etpresent invention is
directed to a method for operating the ion sout@acterized by the absence of
utilizing an inert gas, including, but not limitéol xenon or argon.

[00036] Numerous supply configurations as shown in Fig@ee<2b and 2c
can be employed to create the composition of teegmt invention. In a preferred
embodiment, the species can be stored and delifen@da single source as shown
in Figure 2a. Specifically, Figure 2A shows thHa gas composition of the present
invention supplied from a single source storages®e310 in which the
composition is pre-mixed to the concentration Is\w#lthe present invention. The
single source storage vessel can be stored anckdiliusing any type of vessel.

In a preferred embodiment, a sub-atmospheric Uinhelivery package can be
utilized, as described in U.S. Patent Nos. 5,93%,8945,115; 6,007,609;
7,708,028; and 7,905,247, all of which are herelopiiporated herein by reference
in their respective entireties. The sub-atmosghdelivery device is designed to
maintain the dopant mixture in a pressurized stéti@in the device, while
minimizing or eliminating the risk of developindesk or catastrophic rupture that
is typically associated with high pressure cylirsderhe device is vacuum actuated
so as to allow a controlled flow of the dopant migtto a downstream process
when a sub-atmospheric condition is achieved albaglischarge flow path.
[00037] When the constituents of the present inventiorsapplied from a
single source, the presence of hydrogen at thefpibesl amounts in accordance
with the present invention can reduce decomposdfanixtures of B2H6 and BF3

to produce higher order boranes, represented bgetheral formula BxHy, where
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X is greater than 2 and y is 1 or greater, and rpogterably where x is 3 or greater
and y is 7 or greater. Some examples of highezrdsdranes may include B3H?7,
B5H9, B4H10 or B10H18. Additionally, the chemissbility may be further
enhanced by storing the contents at temperatutes/ laenbient conditions, such
as in a range from 20 to -30 °C and more preferfabiy 20 to 4 °C.

[00038] Alternatively, the dopant composition of the pradarention can

be created within the ion source chamber by secllgrtowing or co-flowing

each of the species. Figure 2b shows flow coulewlce 212 and 214 can be used
to supply a controlled flow of the gas compositaod a desired flow from each
storage vessel can be premixed in delivery linésrbéeing introduced into the
ion source chamber 112. One of the storage vesssisontain one of the
constituent gases in pure form. For example, geoovassel 210 contains pure BF3
and storage vessel 213 contains a desired conpositiB2H6 and H2 that is pre-
mixed In yet another configuration, Fig. 2c shows tleevffrom storage vessels
210 and 213 can be separately introduced in theaonce chamber 112 to create
the dopant gas composition of the present invention

[00039] Applicants recognize that diborane can polymerite higher

order boranes, whether stored by itself or asqfaatmixture, to a degree where
ion implantation can be adversely affected. Asisutaccordance with one aspect
of the present invention, the diborane is introduicg¢o the ion source chamber
from a source supply characterized by a substaatbsgnce of higher order
boranes (i.e., B3H7 and/or higher) representedheéydrmula BxHy where x is 3

or greater and y is 7 or greater. A substantiaéabe of higher order boranes from
the source supply is preferably no greater tha@Qppm (i.e., 1%). In another
embodiment, the diborane is introduced into thesiomrce chamber from a source
supply having no greater than 5000 ppm (i.e., .68bligher order boranes (i.e.,
B3H7 and/or higher) represented by the formula Bxiigre x is 3 or greater and
y is 7 or greater. As such, by limiting the amauoit higher order boranes in the
source supply, the methods of the present invemrionbe utilized without
significant degradation of ion performance in tewhbeam current and source
life. Furthermore, by limiting the amounts of heglorder boranes in the source
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supply, the methods of the present invention arectid to introducing the B2H6,
H2 and BF3 composition in a gas phase directlyntama source that does not
include higher order boranes, thereby avoidinged to vaporize such higher
order boranes to generate sufficient vapor pressure

[00040] The source supply can include only diborane. Alévely, the
diborane can include diborane with hydrogen anbiéoon trifluoride. More
preferably, the diborane is stored and deliveregaaisof a mixture including
hydrogen and boron trifluoride in the prescribedaantration ranges to allow
hydrogen to reduce the onset of diborane polymioizand potential degradation
of BF3.

[00041] Any suitable ion implantation apparatus may baagd with the
present invention. With reference to Figure @esentative ion implantation
apparatus 300 is shown for implanting B ions detifrem a boron-containing
dopant composition of B2H6, BF3 and H2 at the catregion ranges of the
present invention. The ion source apparatus 3p&el in Figure 3 has various
components, including an indirectly heated cathpid€) 315, which may serve as
the ion source for ionizing the boron-containingdot gas composition of the
present invention into its corresponding boronvacibns. It should be understood
that the dopant gas composition of the presenhitnwe is suitable with other types
of ion sources known in the art, including, for exade, the Freeman sources,
Bernas sources and RF plasma sources.

[00042] The ion source apparatus 300 of Figure 1 can befosg@roducing
an ion beam for implanting boron ions into a semdtector substrate. The boron
ions are generated from ionization of the B2H6 BR8 in a manner that generates
higher boron ion beam current in comparison toarbeurrent generated solely
from BF3. Without being bound by any particulaedhy, it is believed that under
the specific compositional range of the boron-cmmg dopant composition, and
the carefully selected operating conditions ofitimesource apparatus 300, the BF3
and B2H6 interact with one another in a synergisianner to create an ionization
mechanism that generates an increased amountacif@ &ns to produce an

increased and improved beam current with loweclgliaite or absence of glitch
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rate during the source life. “B active ions” agdifierein means boron ions having
the general formula B+, which is available for immtation.

[00043] The dopant gas composition disclosed in the presgantion
preferably allows the ion source cathode 315 bfee extended compared to
conventional boron dopant ion implantation systesth$gast in part, on the basis of
minimal rate of weight change of the source cattgileduring the operation of
the ion source apparatus 300. The net result israsource cathode 315 that is
not subject to premature failure, thereby allowiing source cathode 315 to remain
operational for an extended period of time to iaseethroughput. In this manner,
the present invention possesses a unique borominorg dopant gas composition
capable of maintaining or increasing boron ion beament relative to a beam
current generated solely from 11BF3 while simultarsgdy maintaining the

integrity of the source filament 315 for a longeration than previously possible
utilizing conventional precursor materials sucli ABF3.

[00044] Still referring to the ion source apparatus 30€igure 3, the
boron-containing dopant gas composition streamc®d2prises BF3, B2H6 and
H2, and is preferably delivered as a single streantained in a predetermined
ratio that is introduced into an ion source chan#d& through a gas feed line
extending through the arc chamber wall 311. Thetaontaining dopant gas
composition 303 inside the source chamber 312hgestuto ionization by applying
a predetermined voltage from a power supply so(iraeshown) to resistively heat
a tungsten-based filament 314 positioned in closgimity to the IHC 315. The
filament 314 may be negatively biased relativen®IHC 315. A current is

applied to the filament 314 through the power sygplurce to resistively heat the
filament 314. An insulator 318 is provided to éteally isolate the cathode 315
from the arc chamber wall 311.

[00045] Electrons are emitted by the cathode 315. Thetedn#ectrons
accelerate and ionize the B2H6 and BF3 of the boomtaining dopant
composition 303 molecules to produce a plasma enwient within the chamber
312. The repeller electrode 316 builds up a negatiharge to repel the electrons

back to sustain ionization of boron-containing dapaomposition 303 molecules,
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thereby maintaining the plasma environment in tieechamber 312. Repeller
electrodes 316 are preferably configured substgntdemetrically opposed to the
IHC 315 to maintain ionization of the dopant gamposition 303 within the
chamber 312. The arc chamber wall 311 includesxénaction aperture 317
through which a well-defined ion beam 321 is exgddrom out of the arc
chamber 312. The extraction system includes extraelectrode 320 and
suppression electrode 319 positioned in front efegktraction aperture 317. Both
the extraction and suppression electrodes 320 &8 dh@ve respective apertures
aligned with the extraction aperture 317 for exicacof the well-defined ion beam
321 that can be used for boron ion implantation.

[00046] lonization of the boron-containing dopant gas cositjpmn 303

may cause generation of a variety of ionized spgdtn a synergistic interaction
of each of the constituents of B2H6, BF3 and HZ2i, amy of their corresponding
ionic species. Under sufficient operating condisipincluding selection of an arc
voltage that favorably allows synergistic interantof B2ZH6and BF3 within ion
source apparatus 100 by virtue of their correspandinization cross-sections at
the selected operating arc voltage (Figure 1) ancbintrolling the relative
amounts of each of the constituents of the borariaining dopant composition
introduced into the ion chamber 312, an increasaabcurrent is produced and
sustained for extended periods of time in compartsacconventional boron dopant
compositions.

[00047] A reduction in the formation of W-containing by-prats
translates into less diffusion and decompositioWetontaining deposits onto the
hotter surfaces of IHC 315. Accordingly, the rateveight gain of the IHC 315
during operation of the ion source apparatus 3@0lstantially reduced as well as
the rate of weight loss in the anode region ofciii@mber. The end result is a
lower frequency or elimination of beam glitchingeteby increasing beam
stability and extending the operational lifetimetlod ion source apparatus 300.
[00048] Figure 4 shows the ion source apparatus 100 ofr&igu
incorporated into ion implant system 400. It sldoloé appreciated by one skilled

in the art that that all of the elements of thesonrce apparatus 300 of Figure 3
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are incorporated into Figure 4. As a result, fleenents and features of the ion
source apparatus 300 shown in Figure 4 should Berstood in relation to the
elements and features shown in Figure 3.

[00049] Figure 4 shows that the dopant gas compositiorbeasupplied

form a dopant gas box 401. The dopant gas com@osian be provided as a pre-
mixed composition in a single supply vessel withas box 401 at the desired
formulation. Alternatively, the gas box 401 maydoeastructed and arranged such
that each of the constituents, B2H6 and BF3, casupelied in separate
dispensing vessels as part of a gas kit whichleme to-flowed or sequentially
flowed, continuously or semi-continuously, at colied flow rates utilizing
corresponding flow controllers which may be consedepart of the gas kit.
Hydrogen can be pre-mixed with B2H6. The flow sabé BF3and B2H6-H2 are
controlled and directed towards the ion source i&gips 400 to create the desired
boron-containing dopant gas composition at thegprefl concentration ranges.
Such dopant gas composition can produced at dhibanlet to the source chamber
400 and/or therewithin. The location at which ith@ividual constituents mix can
occur either upstream of the ion source apparddQso# within the chamber 412 of
the apparatus 400.

[00050] Still referring to Figure 4, the boron containingpant gas
composition is introduced from box 401 into the smurce apparatus 400 as a pre-
mixed single source or as individual species of BR@ B2H6-H2 in the manner
immediately described above in either a co-flowsequentially flown manner

into the apparatus 300. A voltage is applied tosource filament 314 as a means
for introducing energy into the chamber 312 (Figta3generate the selected arc
voltage of apparatus 300 to ionize the boron-comtgidopant gas composition
and produce a sufficient concentration of activeohadons available for
implantation. Preferably, the energy inputtedi® ibn source 314 (i.e., arc
voltage) is maintained in a range of about 80V 8\120 as to enable interaction
of the constituents and their corresponding iopicges of the inventive dopant
composition in a synergistic manner to create aizaion mechanism that

generates an increased amount of active B+ ionsesétant plasma environment
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within the chamber 312 is produced. The ion beairaetion system 401 includes
extraction electrode 320 and suppression electt@8dhat form part of the boron-
containing dopant supply system as shown in Figuaad which are configured
for extraction of a well-defined boron beam 32béoused for boron ion
implantation. The beam 321 may be transporteditiir@n optional mass
analyzer/filter 405 to selectively magnetically ttape the boron ion species from
other species to be implanted. Specifically, tlassnanalyzer/filter 405 is arranged
to permit only the targeted active boron ions (eL@B) to travel onwards into the
process chamber or end station 410. The borobheam 407 at this juncture is
well-defined in the targeted active boron ions \ahean be accelerated/decelerated
by acceleration/deceleration unit 406 and thersparted to the surface of a wafer
or target workpiece 409 positioned in an end stadib0 for implantation of the
active boron ions (e.g., 11B) into the workpiec8.40he active boron ions of the
beam collide with and penetrate into the surfaciefworkpiece 409 at the
desired depth to form a region with the desiredtalzl and physical properties.
By employing the process and techniques of thientien, the beam current of the
ion source apparatus 300 included within systemc#d0be significantly increased
over conventional boron ion dopant systems withcurring a drop in ion source
life. As such, the present invention representacduancement in the boron ion
implantation industry which, among other processelies, increases throughput of
the ion source apparatus 400.

[00051] It should be noted many variations in the structure design of

the boron ion implant process 400 may be employetifierent embodiments of
the present invention. Furthermore, the detaihefconstruction and design are
not important in the performance of the presenemion, except insofar as they
relate to the boron-containing dopant compositiseduin the ion source apparatus
300 and corresponding implant process 400.

[00052] Additionally, the ion source apparatus 300 canudelany of the
commonly used ion sources in commercial ion im@entsuch as Freeman and
Bernas type sources, indirectly heated cathodecssiand RF plasma sources.

The ion source operating parameters including preséilament current and arc
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voltage, are tuned to achieve desired ionizatioim@iboron-containing dopant gas
composition comprising B2H6 and BF3 such that urnllerselected parameters,
the B2H6 possesses a higher ionization cross-sectimpared to BF3, thereby
enhancing ionization and generation of active Bimnaccordance with principles
of the present invention.

[00053] The present invention contemplates various waysghich to

utilize the mixture of BF3-B2H6-H2 that is definbyg a specific and optimal
concentration range so as to significantly imprmreimplantation performance.
For example, in one aspect of the present invenéiod with reference to Figures 3
and 4, a specific mixture of BF3-B2H6-H2 is prowdde the ion source chamber
300. Preferably, the mixture is characterizedhgydubstantial absence of higher
order boranes BxHy where x is greater than 2 aisdyyeater than 6, thereby
avoiding the need to vaporize a mixture includiaghshigher order boranes to
generate sufficient vapor pressure. The mixturepreses an optimal
concentration range of diborane and hydrogen, narel0% B2H6; and 5-15%
H2; with the balance isotopically enriched 11BHA3e mixture is provided to the
ion source chamber 300 at a flow rate of 0.5-5 sc&ime power of the ion source
is adjusted to be no greater than 110V. lonizabiccurs to produce active 11B
ions and a beam current is generated. The beaentus extracted from the ion
source 300 into ion beam extractor 401 and pabksesgh mass analyzer/filter 405
to create a focused beam of 11B ions. The bealdBfions then passes through
accelerator/decelerator 406 and finally an impéard station 410 where the 11B
ions of the beam penetrates and implants into statb at a particular depth
therewithin. The generated beam current is prbfgigreater than a beam current
produced with 11BF3 when solely as the dopant graanother example, the
beam current that is generated is about 8-13 mdjlamion source is operated to
create a glitch rate of no greater than 2 glitgiezsmin, and more preferably no
greater than 1 glitch per min, while operatingithe source 300 for a source life of
100 hours or more.

[00054] In another embodiment, a method for operatingdhesburce is

provided utilizing a specific mixture of BF3-B2H62Htomprising .1-10% B2H6;
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5-15% H2; and the balance isotopically enrichedA3 Bhereby the mixture is
characterized by the absence of higher order ber@rEly where x is greater than
2. The mixture is provided to the ion source chan890 at a flow rate of 3-4
sccm. When the mixture ionizes, a beam curregéierated that is 8-13 mA for a
source life of 100 hrs or more and the averagetghate is less than 1 glitch per
min during the source life. The ion source is tlteean arc voltage greater of 80V
or higher, but no greater than 110V.

[00055] In another embodiment, a method for operatingdhesburce is
provided utilizing a specific mixture of BF3-B2H62Hat a specific concentration
range of .1-10% B2H6; 5-15% H2; and the balanc®soally enriched 11BF3.
The mixture is provided at a flow rate of 0.5-5mccThe arc voltage to the ion
source is set a power level that is 5-10% less ghemrresponding arc voltage
created with 11BF3 when solely used as the dop@sit The beam current is
generated to be higher than that generated uslaty dd BF3. In comparison to
11BF3 when solely used as the dopant gas, thermiresention has the ability to
increase beam current without decreasing soureedifd preferably is able to
increase the source life.

[00056] Still further, the specific mixture of .1-10% B2H®,15% H2 with
balance 11BF3 involves operating at a power levad is less than a corresponding
power utilized for 11BF3 when 11BF3 is solely ussdhe dopant gas. A beam
current is generated that is substantially the sasna higher than a beam current
produced using only 11BF3 as the dopant gas. €aelcurrent contains B active
ions which can then be implanted into a workpie€ke ion source performance,
as measured with respect to beam current and shig;ds improved over
conventional B ion processes such as those exelysamploying 11BF3. In one
example, the ion source performance is definedaatlin part by higher beam
current and an ion source life at least 50% lomgepmparison to a process using
solely 11BF3 as the dopant gas. The ability ferghesent invention to both
increase beam current and source life is unexpeatdadtannot be explained by
any definite mechanism, as typical B ion implamtatprocesses have encountered

increased beam current at the expense of shortesoiarce life and vice versa. In
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other words, prior to the present invention, beament and ion source life were
competing design considerations, and even morerssien operating an ion
source to implant B ions, as such a process ingdluerine ions and the so-called
“halogen cycle” described hereinbefore, which tltates into generation and
accumulation of deposits during operation.

[00057] It has been surprisingly discovered by Applicahtt the mixture
of BF3-B2H6-H2 at a specific concentration rangele1t0% B2H6; 5-15% H2;
and the balance isotopically enriched 11BF3 geasralt of the active 11B ions
substantially from 11BF3, with negligible contrimr of active 11B ions from
B2H6. This is unexpected considering B2H6 is rallyioccurring and therefore
includes B in both its 10B and 11B forms. Withbetng bound by any theory, it
is believed that B2H6 at a specific concentratemge of .1-10% is enhancing the
ionization of 11BF3 to create higher amounts of AtBve ions available for
implantation without itself ionizing into 10B and R ions.

[00058] A further benefit to the methods of the presenemtion is reduced
tungsten-based contaminants (W-based contamirametgjenerated on or in the
substrate (e.g., wafer) relative to the amount geed using only 11BF3. In one
example, relative to the amount generated using-3ld®lely as the dopant gas,
the W-based contaminants is at least 40% less whglanting B ions to the
required dosage, preferably at least 65% lesspaord preferably at least 70%
less. The methods of the present invention cankssoperated to reduce variation
of W-based contaminants from substrate-to-substrele ability to noticeably
reduce W-based contaminants can significantly imgiarocess control and
increase yield relative to conventional processesh as those employing solely
11BF3 as the dopant gas.

[00059] Although higher beam current is possible with thethods of the
present invention, the present invention also @arbployed in particular
instances where beam current needs to remain ugetiari-or example, the
present invention, in one aspect, can be emplayedrtain boron implantation
recipes to operate at a lower arc current whilentaaing substantially the same

beam current as previously attained when 11BF8ledysused as the dopant gas.
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Arc current refers to the ions within the plasmé#hi@ ion chamber. The arc
current can be lowered indirectly, by either lowmgrthe filament current and/or
lowering the bias voltage to the ion source. Tilwevaltage remains unchanged.
In this manner, the overall power level to the sonirce is reduced by lowering arc
current as opposed to arc voltage. This methaagdloying a lower arc current
can be beneficial for certain low implantation eyyerecipes for B ions, such as
11B+ and 11BF2+. It should be understood that imghlantation energy recipes
can also be operated at lower arc current, sutiighsmpanation energy recipes
for 11B+. In this manner, the present inventios tiee ability to achieve
substantially similar beam current at lower araents. The benefits of power
savings can increase as higher beam current consliire needed for certain
implantation energy recipes.

[00060] In another embodiment of the present inventioriparsource
apparatus is disclosed that is configured to perfooron implantation in
accordance with the methods described herein.iofhsource apparatus is
capable of being tuned to an arc voltage thatsis fean 110V. The ion source
apparatus is also characterized by an averagé géite of no greater than about 2
glitches per min during an ion source life adagtececeive about 0.5-5 sccm of a
composition comprising B2H6 at a level ranging frorh%-10%; H2 ranging
from about 5%-15% and the balance isotopicallyat@d boron trifluoride (B}
and the composition characterized by the absenb&gbér order boranes BxHy
where X is greater than 2 and y is greater thanh& boron composition is
preferably delivered from a sub-atmospheric dejiy@ckage that is in fluid
communication with the ion source apparatus. Pabfg, the composition is
delivered to the ion source without vaporizatianflfee composition is
characterized by the absence of higher order benaatpiiring sufficient
vaporization.

[00061] Applicants have performed several experiments topaoe the
boron-containing dopant gas compositions of thegmeinvention with other
dopant gas materials, as will now be discusseldarExamples below. It should

be noted that for all tests described below, thesimurce filament weight gain or
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weight loss and the anode weight gain or weigtt lesre each measured by
taking weight measurements of the ion source fit#rbefore and after the test as
known in the art. The current was measured usiRgraday cup by standardized
techniques well known in the art. Source pararseiéarc current, arc voltage,
extraction voltage and source pressure were magdainchanged during the
experiments.For purposes of avoiding any doubt, not all ofshenples
designated as “A”-“F” “in Figure 5 mean the compiasis designated as “A™-“F”
in Figure 6. The exact compositions are listedWwdfigure 5 and Figure 6.
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Comparative Example 1 (11BF3)

[00062] An ionization test was performed to evaluate ioarbe
performance of an ion beam derived from a dopasicganposition of
solelyl1BF3 (i.e., designated as sample “A” in [Fggh). The interior of the
chamber consisted of an ion source that was carsttio include a helical
filament and anode situated perpendicular to as @ixihe helical filament. A
substrate plate was positioned in front of the anodkeep the anode stationary
during the ionization process. The 11BF3 was tuoed into the ion source
chamber. Voltage was applied to the ion sourgerize the 11BF3 and produce
boron ions. The beam current that was measurgubisn in Figure 5.

[00063] It was observed that the filament gained weigla &tpid rate and
adversely impacted the life time of ion source.adiition, material accumulated
in undesirable locations in the ion source. Mdghis accumulated deposit
consisted of W. This accumulation was attributefiuorine ions/radicals formed
due to dissociation of 11BFuring ionization in the ion source chamber.
[00064] The beam current was considered acceptable foopesgpof
generating a well-defined boron ion beam that cbeldised for ion implantation,
and as such is normalized to a value of 1.0 agaihsth other tests would be
compared.However,a significant cathode filament weight gain rat@8f5 mg/hr
was observed as shown in Table 1. The accumulafigarious W-containing
deposits on the filament during the test reducethigrmionic emission rate
resulting in eventual loss of beam current duesuoifficient ionization of the
source gas, which required the test to be aborfégse results were believed to be
typical of problems encountered with utilizing dgl&1BF3 as the B ion dopant

source.

Compar ative Example 2 (11BF3 + Xe/H2)

[00065] An ionization test was performed to evaluate threkheam current
obtained from a dopant gas composition in the clerobmposed of 11BF3 +
Xe/H2 (i.e., designated as sample “B” in Figure Bhe same ion source chamber

was utilized as when performing the baseline te€omparative Example 1. The
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11BF3 was introduced into the chamber as a sepswoatee, and the diluent
xenon/hydrogen was introduced from another sountcethe ion source chamber.
The 11BF3 and the xenon/hydrogen were introducédamequired amounts to
produce the dopant gas composition of 2.25%Xe #5P2.H2 + 85%

11BF3within the chamber.

[00066] Voltage was applied to the ion source to ionizedbyeant
composition and produce boron ions. Beam currexstmormalized against that of
11BF3 from Comparative Example 1 and is shown gufé@ 5. The beam current
for Sample B was measured and determined to be 4béti lower than that
produced with utilizing only 11BF3, as shown inliig 5. A rate of weight gain

of 1.43 mg/hr of the cathode filament and a rate@fht loss of -0.75 mg/hr of
the anode region were obtained as shown in Tableng.rate of weight gain of the
filament due to deposits was significantly lessithiaat of 11BF3 from
Comparative Example 1, indicating less active 5 imere available to sustain the
halogen cycle and etch additional tungsten chamds@ponents. As a result, the
halogen cycle was reduced relative to that of Coatpee Example 1. Less beam
glitching occurred relative to Comparative ExampleHowever, the
xenon/hydrogen diluent reduced the halogen cydeVdrcontaining deposits
(Table 1) at the expense of generating a beamrduower than that of utilizing
solely 11BF3 (Figure 5). These results were irntdiezof conventional boron-

containing dopant gas precursors using a diluesngature.

Compar ative Example 3 (97.5% 11BF3 + 2.5% B2H6)

[00067] An ionization test was performed to evaluate threlheam current
obtained from a dopant gas composition in the clerobmposed of a mixture of
97.5% 11BF3 + 2.5% B2H6 (i.e., designated as satplen Figure 5). Pure
11BF3 was flowed from one source, and a mixturg%B2H6-11BF3 was flowed
from another source. The constituents were incedunto the chamber to form a
composition comprising 97.5% 11BF3 + 2.5% B2H6.e Fme ion source
chamber was utilized as when performing the tes@amparative Examples 1 and
2.
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[00068] Voltage was applied to the ion source to ionizedbtyeant gas
mixture and produce boron ions. Beam current waasured and normalized
against that of 11BF3, as shown in Figure 5. Tdenibcurrent was determined to
be higher than either Comparative Examples 1 di@wever, a rate of weight
gain of 0.3 mg/hr of the cathode filament was ot#dias shown in Table 1.
Additionally, a rate of weight loss of -5.1 mg/hrthe anode region was obtained.
The rates of weight gain of the cathode filamemt @eight loss in the anode
region collectively indicated unacceptable shortieioa source life. These results
were indicative of conventional boron-containingpdot gas mixtures whereby

higher beam current is obtained at the expenskartex ion source life.

Compar ative Example 4 (5% B2H6 + 95% 11BF3)

[00069] An ionization test was performed to evaluate tlmelieam current
obtained from a dopant gas composition in the clerobmposed of a mixture of
95% 11BF3 + 5% B2H6 (i.e., designated as sampleitilFigure 5). The same

ion source chamber was utilized as when perforrthegests in the other
Comparative Examples. The dopant gas compositaspke-mixed and
introduced from a single source into the chamber.

[0007Q] Voltage was applied to the ion source to ionizedbeant gas
composition and produce boron ions. Beam currest nveasured and normalized
against that of 11BF3. The beam current was détexrto be higher than
Comparative Examples 1, 2 and 3.

[00071] Source life data was not collected, as it was etggkeihat Sample

D of Figure 5 would exhibit a source life equivalémor worse than the source life
of Sample C of Figure 5, which was already deteetito be unacceptable. These
results are indicative of conventional boron-camtag dopant mixtures, whereby

higher beam current is obtained at the expenskartex ion source life.
Compar ative Exampleb (11BF3 at 100V)

[00072] An ionization test was performed to evaluate iocarbe

performance of an ion beam derived from a dopasicganposition of 11BF3 only
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(i.e., designated as sample “A” in Figure 6). Titerior of the chamber consisted
of an ion source that was constructed to inclutleligal filament and anode
situated perpendicular to an axis of the helidahfent. A substrate plate was
positioned in front of the anode to keep the argidBonary during the ionization
process. The 11BF3 was introduced into the iomcgochamber. Voltage was
applied at 100V to the ion source to ionize the A3 Bnd produce boron ions. The
beam current that was measured is shown in Figase“8”, and represents the
baseline against which all other tests were evatlat

Compar ative Example6 (90% 11BF3 + 10% H2 at 100V)

[00073] An ionization test was performed to evaluate thpaaot of arc
voltage for an ion beam performance of an ion bdanved from a dopant gas
composition of 90% 11BF3 and 10% H2 (i.e., desigi@s sample “F” in Figure
6). The interior of the chamber consisted of ansource that was constructed to
include a helical filament and anode situated paatfmeilar to an axis of the helical
filament. A substrate plate was positioned in frofinthe anode to keep the anode
stationary during the ionization process. The 9MBF3 and 10% H2 was
introduced into the ion source chamber. Voltage a@plied at 100V to the ion
source to ionize the 11BF3 and produce boron idie beam current that was
measured is shown in Figure 6. Source life waspavable to that of sample “A”
of Figure 6. 90% 11BF3 and 10% H2 exhibited tivedst beam current, as shown
in Figure 6. The beam current was almost 20%tless 11BF3 (“A”) and over
20% lower than the beam current created by theeptesvention (Compositions
“C”, “D” and “E”). The results clearly signify thpositive impact that a prescribed
amount of diborane in Compositions “C”, “D” and “Ean have on the ion

performance.

Compar ative Example 7 (11BF3 at 90 V)
[00074] An ionization test was performed to evaluate thpdot of arc
voltage on ion beam performance of an ion beanvel@ifirom a dopant gas

composition of 11BF3 only (i.e., designated as dart®’ in Figure 6). The
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interior of the chamber consisted of an ion sotine¢ was constructed to include a
helical filament and anode situated perpendiculam axis of the helical filament.
A substrate plate was positioned in front of thedmnto keep the anode stationary
during the ionization process. The 11BF3 was toed into the ion source
chamber. Voltage was applied at 90V to the ion@®to ionize the 11BF3 and
produce boron ions. The beam current that was uneadss shown in Figure 6
normalized against “A”. The beam current was teas 11BF3 (“A”), as would

be expected with conventional boron-containing dogases.

Example 1 (5% B2H6 + 5% H2 + 90% 11BF3)

[00075] An ionization test was performed to evaluate tdwata the ion
beam current obtained from a boron-containing dbgas composition in the
chamber composed of 5% B2H6 + 5% H2 + 90% 11BIE3 @esignated as
sample “E” in Figure 5). The same ion source chamas utilized as when
performing the tests of Comparative Examples TH6e composition was pre-
mixed into a single delivery vessel and deliveteztéfrom to the ion source
chamber.

[00076] Voltage was applied to the ion source to ionizelitwon dopant
gas composition and produce boron ions. Beam minwas measured and
normalized against that of 11BF3 (Comparative EXarmip Beam current was
determined to be higher than that produced wheiziog the 11BF3.

[00077] A rate of weight loss of -2.5 mg/hr of the cathdithament and -1.1
mg/hr in the anode region was obtained as showle 1. This sample
exhibited less weight change than any of the Coatpa Examples. This
composition also produced increased beam currehsastained the higher beam

current without shortening the ion source life.

Example 2 (3% B2H6 + 5% H2 + 92% 11BF3)

[00078] An ionization test was performed to evaluate tlmelieam current
obtained from a boron-containing dopant gas contippstomposed of 3% B2H6
+ 5% H2 + 92% 11BF3 (i.e., designated as samplarffFigure 5). The same ion
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source chamber was utilized as when performingesis of Comparative
Examples 1-6. The composition was pre-mixed indongle delivery vessel and
delivered therefrom to the ion source chamber.

[00079] Voltage was applied to the ion source to ionizeltbwn dopant
gas composition and produce boron ions. Beam miwas measured and
normalized against that of 11BF3 (Comparative EXarip Beam current was
determined to be higher than that produced whéeiziog 11BF3.

[00080] A rate of weight loss of -0.6 mg/hr of the cathditeement and -0.9
mg/hr in the anode region was observed, as shovialie 1. These source life
data values indicate that the composition of SarRpl@as able to sustain the
higher beam current without shortening ion souifee |

[00081] Examples 1 and 2 demonstrated an increased quatitg ion
beam relative to the Comparative Examples 1-4. ifhention demonstrates that
the etching of W-containing chamber componentgisificantly reduced when
using the boron-containing dopant gas compositfdh@present invention.
Reduction of deposits reduces or eliminates beatalility and eventual beam
glitching, thereby improving the boron beam curmumnting source life of the ion
chamber. Furthermore, unlike prior art methods,abmpositions, systems and
methods of use thereof for the present inventionicerease the beam current
without compromising, degrading or shortening the source life. Increased
quality of boron beam current coupled with extenmedsource can increase
throughput and provides an opportunity for reduawpgde time to achieve the

required dopant dosage of the process workpieces.

Example 3 (3% B2H6 + 5% H2 + 92% 11BF3 at 100V)

[00082] An ionization test was performed to evaluate thpdot of arc
voltage on an ion beam current obtained from amamntaining dopant gas
composition in the chamber composed of 3% B2H6 #+8%¢ 92% 11BF3 (i.e.,
designated as sample “C” in Figure 6). The samesaurce chamber was utilized

as when performing the tests of Comparative Exasnplé. The composition was
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pre-mixed into a single delivery vessel and debdetherefrom to the ion source
chamber.

[00083] Voltage was applied at 100V to the ion source toze the boron
dopant gas composition and produce boron ionsmBrarent was measured and
normalized against that of 11BF3 in Figure 6 (“€omparative Example 5).
Beam current was determined to be higher thanpitwatuced when utilizing the

11BF3. Source life was not sacrificed as a rasuthe increased beam current.

Example 4 (3% B2H6 + 5% H2 + 92% 11BF3 at 90V)

[00084] An ionization test was performed to evaluate thpdot of arc
voltage on ion beam current obtained from a bommtaining dopant gas
composition in the chamber composed of 3% B2H6 #+8%¢ 92% 11BF3 (i.e.,
designated as sample “D” in Figure 6). The samesaurce chamber was utilized
as when performing the tests of Comparative Exasnpl®. The composition was
pre-mixed into a single delivery vessel and debdetherefrom to the ion source
chamber.

[00085] Voltage was applied at 90V to the ion source tozenhe boron
dopant gas composition and produce boron ionsmBrarent was measured and
normalized against that of 11BF3 in Figure 6 (“A"@omparative Example 5).
Beam current was determined to be higher thanpiiwatuced when utilizing the
11BF3. Of particular significance, it was unexpeeity discovered that the beam
current actually increased when the arc voltageredisced from 100V (Sample
“C” of Example 3) to 90V (Sample “D” of Example 4)n fact, “D” exhibited the
highest beam current of the compositions testédgare 6. This was a
counterintuitive result, as a reduction in arc &g# has led to a reduction in beam
current for conventional gases, which was showh WitBF3 (“A” and “B” of
Figure 6). Source life was not sacrificed as altex the increased beam current,
as minimal weight change was observed at the cathlagnent and the anode

region, thereby indicating the ability to sustamuce life at higher beam currents.
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Example 5 (3% B2H6 + 5% H2 + 92% 11BF3 at 110V)

[00086] An ionization test was performed to evaluate thpdot of arc
voltage on ion beam current obtained from a bommtaining dopant gas
composition in the chamber composed of 3% B2H6 #+8%¢ 92% 11BF3 (i.e.,
designated as sample “E” in Figure 6). The sameaurce chamber was utilized
as when performing the tests of Comparative Exasnplé. The composition was
pre-mixed into a single delivery vessel and debdetherefrom to the ion source
chamber.

[00087] Voltage was applied at 110V to the ion source tozie the boron
dopant gas composition and produce boron ionsmBrarent was measured and
normalized against that of 11BF3 in Figure 6 (Corappee Example 5). Beam
current was determined to be higher than that predwhen utilizing the 11BF3.
Beam current was lower than “C”(100V) and even nmioveer than “D” (90V)
further confirming the unexpected behavior of thespnt invention in which a
reduction in arc voltage results in a higher beament. Source life was not
sacrificed as a result of the increased beam dym@eminimal weight change was
observed at the cathode filament and the anoderretiiereby indicating the

ability to sustain source life at higher beam cuirre

[00088] The ability of the present invention to generatghlbr beam current
at lower power levels at energy levels in which B4tas a higher ionization cross-
section than BF3 without disrupting source lifati®le to the performance of
conventional 11BF3 is a novel breakthrough. Pwdhe emergence of the present
invention, increased beam current required incbpsaver. And, further, prior to
the emergence of the present invention, higher bmanent was obtained at the
expense of shorter source life, and, as such, bad biewed as competing design
considerations.

[00089] From an ionization standpoint, Examples 1-5 denratesthat
specific boron-containing compositions of the présevention can generate boron
active ions and an increased beam current withegitadiation of the ion source.

In particular, a mixture of B2H6, BF3 and H2 witlpreferred concentration

ranges of the present invention at selected atag®loperating conditions
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facilitates interaction with one another in a sgigtic manner to create a boron
ionization mechanism which can generate an incceas®unt of active boron
ions at least about equal to the simple additifecebf total boron ions available
from individually ionizing B2H6 and BF3. The ndtext is an improvement of the
boron beam current in comparison to conventionsiesys and methods
employing conventional boron precursor materials.

[00090] Additionally, the present invention can overcome dinawbacks of
conventional boron ion implant systems and methduash require a diluent gas
mixture such as Xe/H2 for the purpose of reduciegosits. Diluent gas mixtures
tend to reduce the active number of boron ionslaviai per unit gas flow into the
ion source chamber, thereby reducing throughputcoAdingly, this so-called
“dilution effect” typically encountered with conviéonal boron dopant
compositions employing a diluent gas mixture imelated in the present
invention, as the present invention does not raljncorporation of a diluent gas
mixture for extending source life.

[00091] The present invention also offers other procesgfiten For
example, the increased beam current attainableeipriesent invention can
eliminate the requirement of any additional gasksfe.g., flow control device,
pressure monitoring device, valves and electrarteriace), and therefore offers a
significant reduction in capital expense associatid utilizing additional gas
sticks.

[00092] While it has been shown and described what is densdl to be
certain embodiments of the invention, it will, afurse, be understood that various
modifications and changes in form or detail camlilgdbe made without departing
from the spirit and scope of the invention. lttiegerefore, intended that this
invention not be limited to the exact form and détarein shown and described,
nor to anything less than the whole of the invenherein disclosed and
hereinafter claimed.
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Claims

1. A method of operating an ion source, comprising:

providing a composition comprising B2H6 at a lesgiging from about
0.1%-10%; H2 ranging from about 5%-15% and therzadasotopically enriched
boron trifluoride in boron mass isotope 11 (13BRnd further wherein said
composition is characterized by the substantiatiates of higher order boranes,
represented by the general formula BxHy, where3as greater and y is 7 or
greater,;

introducing the composition into the ion sourca #bw rate ranging from
about 0.5-5 sccm;

operating at an arc voltage that is no greater 118V,

lonizing said composition to produce 11B ions;

generating a beam current; and

implanting said 11B ions into a substrate.

2. The method of claim 1, wherein the beam cunsegteater than a beam
current generated with BF3 isotopically enricheté@non mass isotope 11
(11BF3) when 11BF3 is solely used as the dopant gas

3. The method of claim 1, further comprising op@gthe ion source so that
a glitch rate is no greater than 2 glitches per wiile operating the ion source

for a source life of 100 hours or more.
4, The method of claim 1, wherein the arc voltagthe ion source is about
5-10% less than an arc voltage created with 11BR&WL1BF3 is solely used as

the dopant gas.

5. The method of claim 1, further comprising thepsdf generating a beam
current that is about 8-13 mA for a source lifdd®0 hrs or more having an
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average glitch rate of less than 1 glitch per minirdy said source life with the arc

voltage set between 80-110V.

6. The method of claim 1, wherein said flow ratbesween about 3-4 sccm.

7. The method of claim 3 wherein said glitch rated greater than 1 glitch

per min during said source life.

8. The method of claim 1, wherein said isotopicaltyiched boron
trifluoride is 11BF3 and said 11B ions are substdigtderived from 11BF3.

9. A method of operating an ion source, comprising:

providing a composition comprising B2H6 at a lesgiging from 0.1%-
10%; H2 ranging from about 5%-15% and the balasewpically enriched boron
trifluoride in boron mass isotope 11 (115F

introducing the composition into the ion source;

operating at a power that is less than a correipgrpower utilized for
11BF3 when solely used as the dopant gas;

lonizing said composition to produce 11B ions;

generating a beam current that is substantiadlysdime as or higher than a
beam current produced when using the 11BF3 sofetiieadopant gas; and

implanting said 11B ions into a workpiece to agbia required dosage.

10. The method of claim 9, wherein the ion souifeei$ at least 50% longer
than a source life of the 11BF3 when solely usetthaslopant gas and the beam
current is higher than the beam current producedysolely the 11BF3 as the

dopant gas.

11.  The method of claim 9, wherein the power israfeel at a level that is

lower than a power when using only the 11BF3 asltpant gas to generate the
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beam current, said beam current being higher theubéam current produced

using solely 11BF3 as the dopant gas.

12. The method of claim 9, wherein the power isogebperating at an arc
current that is lower in comparison to an arc qurtesed when using solely
11BF3 to generate the beam current, wherein the loearent is substantially the

same as the beam current produced using solelyIfBE3 as the dopant gas.

13.  The method of claim 9, wherein the workpieceposes a predetermined
dosage of substantially 11B ions implanted therad, further wherein said
workpiece has at least a 40% lower amount of W-+basataminants in
comparison to W-based contaminants generated vileehliBF3 is solely used as

the dopant gas.

14. The method of claim 9, further comprising opietathe ion source for at
least a 50% longer source life compared to a sdifecehen using the 11BF3

solely as the dopant gas.

15. The method of claim 11, wherein the power israfed at a level that is 5-
10% lower than a power when using the 11BF3 sa@slthe dopant gas.

16.  Anion source apparatus configured to perfoonob implantation at an
arc voltage that is less than 110V, said ion soadapted to receive about 0.5-5
sccm of a composition comprising B2H6 at a levagrag from 0.1%-10%; H2
ranging from about 5%-15% and the balance isotdigieariched boron

trifluoride in boron mass isotope 11 (118 Rhe ion source apparatus
characterized by an average glitch rate of no grehtin about 2 glitches per min
during an ion source life, and the ion source agtparfurther characterized by the

ion source life of at least 100 hours.
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17.  The ion source apparatus of claim 16, furtieenmrising a sub-
atmospheric delivery package comprising the contiposisaid sub-atmospheric

delivery package in fluid communication with tha@isource apparatus.

18.  The ion source apparatus of claim 16, wheraith isn source apparatus is
capable of generating a higher beam current ofidhB as the arc voltage is

lowered without a reduction of the ion source life.

19.  The ion source apparatus of claim 18, furtienrising:

an implant end station;

a workpiece in the implant end station;

the workpiece receiving an implantation of 11Bsda achieve a
predetermined 11B dosage, and said 11B dosagedhawlaast a 50% lower
amount of W-based contaminants compared to W-bamaéminants generated

from 11BF3 when solely as the dopant gas.

20. A method of operating an ion source for imptenB ions, comprising:

providing a composition comprising B2H6 at a lergiging from 2%-5%;
H2 ranging from about 5%-10% and the balance buifhnoride isotopically
enriched in boron mass isotope 11 (13BF

operating the ion source at an arc voltage bet\88etO0V;

introducing the composition at a flow rate rangioegween .5-5 sccm
directly to an ion source characterized by the abs®f vaporizing the
composition;

ionizing the composition to produce 11B ions

generating a beam current between about 8-13 md\; a

operating the ion source for a source life of BBQrs or more having an
average glitch rate of less than 1 glitch per miriry said source life.

21.  The method of claim 20, wherein said B2H6 @sapically enriched above

natural abundance level in any of its isotopes.
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22.  The method of claim 1, wherein said 11B iorssabstantially derived
from 11BF3.

23.  The method of claim 20, further comprising @piag the ion source
without an inert gas selected from the group caingjof xenon and argon,

thereby avoiding a decrease in the beam current.

24. A boron-containing dopant composition for usam ion implantation
process, comprising:

a boron-containing dopant gas mixture in a sosugply comprising
B2H6 from 0.1%-10%; H2 ranging from about 5%-15% #me balance
isotopically enriched boron trifluoride in boron ssasotope 11 (11BJ and
further wherein said mixture in the source supplgharacterized by no greater

than 10,000 ppm of higher order boranes.

25.  The boron-containing dopant composition ofral@4, characterized by

the substantial or entire absence of xenon or argon
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