STORAGE AND DELIVERY OF ANTIMONY-CONTAINING MATERIALSTO AN
ION IMPLANTER

Related Applications
[0001] This application is a continuation-in-part of USrial Application No. 16/106,197 filed

on August 21, 2018, which claims the benefit obpty to United States provisional application aério.
62/548,688 filed on August 22, 2017, the disclosurfewhich are incorporated by reference herein in
their respective entireties.

Fied of I nvention

[0002] The present invention relates to a storage ansgatglcontainer for novel
antimony-containing materials for ion implantatiemd suitable conditions for storage and

delivery of the materials for ion implant processes

Backaround of the I nvention

[0003] lon implantation is a critical process in semicottdw/'microelectronic
manufacturing. The ion implantation process isdgily used in integrated circuit fabrication to
introduce dopant impurities into semiconductor wafeGenerally speaking, with respect to
semiconductor applications, ion implantation ines\the introduction of ions from a dopant gas,
also commonly referred to as dopant impurities) asemiconductor wafer to alter the physical,
chemical and/or electrical characteristics of tledewin a desired manner. The desired dopant
impurities are introduced into semiconductor wafergace amounts to form doped regions at a
desired depth into the surface of the wafer. Téy@adt impurities are selected to bond with the
semiconductor wafer to create electrical carrieisthereby alter the electrical conductivity of
the semiconductor wafer. The concentration or gesd dopant impurities introduced into the
wafer determines the electrical conductivity of ttuged region. In this manner, several
impurity regions are created to form transistoudtires, isolation structures and other electronic
structures, which collectively function as a semubactor device.

[0004] An ion source is used to generate an ion beamna$pecies from a source dopant
gas. The ion source is a critical component ofidhemplantation system, which serves to
ionize the dopant gas to produce certain dopasttioat are to be implanted during the
implantation process. The ion source chamber cisepa cathode, such as a filament made of

tungsten (W) or a tungsten alloy, which is heateitistthermionic generation temperature to

1



generate electrons. The electrons accelerate dewhae arc chamber wall and collide with the
dopant source gas molecule in the arc chambentergte a plasma. The plasma comprises
dissociated ions, radicals, and neutral atoms avldaules of the dopant gas species. The ion
species are extracted from the arc chamber andseparated from the other ionic species based
on mass. Only ions in the beam based on a cemnags-to-charge ratio can pass through a filter.
The selected mass of ions contains the desiredpeaies which is then directed towards the
target substrate and implanted into the targettsatiesat the required depth and dosage.

[0005] Current semiconductor device technology utilizesudety of dopant species in
specific amounts to produce p-type and n-type semdigctors, both of which are considered
building blocks for the manufacture of transistod @liode electronic devices. The difference in
p-type and n-type dopants is primarily relatedhs ¢harge carrying species introduced into the
semiconductor crystal lattice. A p-type dopanissed to generate electron “holes” in the
semiconductor material by creating electron defiicies in the valence band while n-type
dopants are used to generate free electrons im@@eductor material. Antimony (Sb) is an
example of a commonly used dopant species reqtoreédday’s electronic devices. Sb is an n-
type dopant with many desirable uses that contitmggin interest in the semiconductor
industry. For example, Indium Antimonide is a warbandgap Ill-V semiconductor used as an
infrared detector. Antimony is also used to fortnaishallow p-n junctions in finFET devices;
threshold voltage tuning of channels in MOSFETs1gbuthrough stop halo implants in pMOS
device; and source-drain regions in germanium n-MB.

[0006] Currently, solid sources of Sb are used as dopatgnmals. Elemental Sb metal
can be used for ion implantation by placing itliose proximity to a filament. During ion
implantation, the temperature of the filament ifisiently high such that radiative heating
causes Sb to evaporate and collide with electmeseate Sh-containing ions for doping.
However, this method can cause Sb to deposit ootthmber walls or on the filament,
shortening the filament lifetime. Solid compoumds$b are also used as dopant sources, such as
Sbh;, SbCh, and SbO3, but these compounds require heating to aboveCl&fenerate a
sufficient amount of vapor necessary for ion impdéion. Additionally, all flow lines in the
system are typically heated to prevent re-condensaf the solid sources of Sb before reaching
the arc chamber.



[0007] Given the operational challenges of solid sourd¢e&bdor implanting Sb-
containing ions, gas sources of Sb have been cphé&rd. In particular, Shi-and Sb have
been proposed as gaseous sources of Sb, but irapeunds are unstable and decompose at
room temperature.

[0008] For these reasons, there is currently an unmet foeedsuitable storage and
delivery container for antimony-containing matesidlat can deliver antimony containing

dopant composition for ion implantation in a colled manner.

Summary of thelnvention

[0009] The invention may include any of the following asgsein various combinations
and may also include any other aspect describeialthe written description or in the
attached drawings.

[00010] The invention relates to a storage and delivertesygor using antimony dopant
compositions. The storage and delivery systemabgcl herein have been found to improve ease
of delivery to an ion implant process and subssdigtreduce accumulation of Sb-containing
deposits within the ion chamber

[00011] In a first aspect, a sub-atmospheric storage alieedg vessel configured for
delivering a steady, sustained and sufficient fdva high purity, vapor phase of antimony-
containing material from therein at ambient comuai, comprising: a storage and delivery
vessel, said storage and delivery vessel configimekolding said antimony-containing material
in a liquid phase under sub-atmospheric conditisigreby said liquid phase is in substantial
equilibrium with the high purity, vapor phase ocging a predetermined volume of headspace in
the storage and delivery vessel, and said highypwapor phase exerting a vapor pressure less
than atmospheric pressure, said high purity, vapase equal to about 95 vol% or greater based
on the predetermined volume; said predeterminednvelof the headspace being sized so as to
receive a sufficient amount of the high purity, @aphase of the antimony-containing material;
said storage and delivery vessel comprising meltiphlls having sufficient surface area contact
with the liquid phase, and further wherein saidtipléd walls exhibit a thermally conductivity to
enhance heat conduction into the liquid at the antlgonditions; said storage and delivery
vessel characterized by an absence of externahfjesatd an absence of a carrier gas during

dispensing of the high purity, vapor phase antimoogtaining material.



[00012] In a second aspect, a method of preparing a subsatmaric storage and delivery
vessel configured for delivery of a steady, sustiand sufficient flow of a high purity, vapor
phase of antimony source material from thereimatiant conditions, comprising the steps of:
providing a container with multiple walls havingheermal conductivity of 5 W/m*K;

introducing an antimony-containing material inquid phase into the container in a presence of
an inert gas, said antimony-containing materialtga purity level at least equal to the high
purity of the vapor phase of the antimony sourcéens; creating a predetermined headspace
volume of greater than or equal to about 1 L, pagdietermined headspace volume having trace
amounts of impurities; evaporating a sufficient amtoof the antimony containing material to
form the high purity, vapor phase in the predetaadiheadspace volume, wherein said step of
evaporating is performed with an absence of extémating; freezing the liquid phase of the
antimony containing material to form frozen antimaontaining material; condensing the high
purity, vapor phase of the antimony containing maktérom the predetermined headspace
volume to form a condensed high purity, vapor phasacuating nitrogen, water vapor, the inert
gas and any other gaseous impurities from the peadaed headspace volume; allowing the
condensed high purity, vapor phase to warm undeathbient conditions so as to re-form the
high purity, vapor phase within the predetermineddspace volume; allowing the frozen
antimony containing material to warm under the anbconditions to re-form the liquid phase.
[00013] In a third aspect, a method of using a sub-atmogpb®rage and delivery vessel
filled with antimony-containing material, compriginoperably connecting the vessel to a
downstream ion implant tool; establishing a presslownstream of the sub-atmospheric storage
and delivery vessel that is less than the vap@sure of a high purity, vapor phase of the
antimony-containing material occupying a predetaadiheadspace volume of the vessel;
actuating a valve into the open position; dispemsire antimony-containing material from the
predetermined headspace volume of the vessel aeandonditions in an absence of heating,
said antimony-containing material dispensed agh purity, vapor phase at a flowrate in an
absence of a carrier gas; and flowing the hightpuapor phase of the antimony-containing
material in an absence of the carrier gas at twerlte towards the ion implant tool, said vapor
phase of the antimony-containing material havipgaty of 95 vol% greater based on a total
weight of the vapor phase; and evaporating additiantimony-containing material from a

corresponding liquid phase in the vessel in themabs of heating at an evaporation rate that is



equal to or greater than the flowrate of the hightp, vapor phase of the antimony-containing
material being dispensed to supply the flowratthefthigh purity, vapor phase of the antimony-

containing material.

Brief Description of the Drawings

[00014] The objectives and advantages of the inventionbelbetter understood from the
following detailed description of the preferred exdlments thereof in connection with the

accompanying figures wherein like numbers denateesieatures throughout and wherein:

[00015] Figure 1 shows a beamline ion implant system, pa@ting the principles of the
invention;
[00016] Figure 2 shows a plasma immersion ion implant systecorporating the

principles of the present invention;

[00017] Figure 3 shows an exemplary storage and delivesgeleincorporating the
principles of the present invention; and

[00018] Figure 4 shows an alternative storage and delivesgel incorporating the

principles of the present invention.

Detailed Description of the | nvention

[00019] The relationship and functioning of the variougmats of this invention are
better understood by the following detailed dedimip The detailed description contemplates
the features, aspects and embodiments in variausupations and combinations, as being within
the scope of the disclosure. The disclosure menetbre be specified as comprising, consisting
or consisting essentially of, any of such comboradiand permutations of these specific
features, aspects, and embodiments, or a selectedranes thereof.

[00020] The invention may include any of the following erdboents in various
combinations and may also include any other agpesttribed below in the written description or
in the attached drawings. As used herein, the tembodiment” means an embodiment that
serves to illustrate by way of example but not fation.

[00021] As used herein and throughout, the term “Sb-comtgiions” or “Sb ions” means
various Sb ionic species, including Sb ions or Bbtaining ions such as Sbr Si¥*and

oligomer ions, such as, but not limited to,Slsuitable for implantation into a substrate.



[00022] “Substrate” as used herein and throughout refeasmyomaterial, including, but

not limited to, a wafer or other sliced or non-stiamaterial or similar target object requiring ion
implantation, formed from any suitable materiallirting, silicon, silicon dioxide, germanium,
gallium arsenide and alloys thereof, into whichthero material, such as a dopant ion, is
implanted.

[00023] It should be understood that “Sb” and “antimonyfl\we used interchangeably
herein and throughout and are intended to haveahe meaning. Reference to “Sb-containing
material” or “Sbh-containing source material” or “Sturce material” is intended to refer to a
liquid phase of the inventive antimony materiairgdl as the corresponding vapor phase with
which the liquid phase is in substantial equilibmiu“Sh-containing liquid source material” is
intended to mean the inventive material that isubstantial equilibrium with a corresponding
vapor phase.

[00024] As used and throughout, the term “vessel” and ‘aioietr” are used
interchangeably and are intended to mean any tiypiage, filling, transport and/or delivery
vessel, including but not limited to, cylindersya@gs, bottles, tanks, barrels, bulk and microbulk,
which are suitable for filling, storing, transpoi, and/or delivery of materials. Consistent with
such usage, the terms “storage and delivery veagsel™storage and delivery container” will be
used interchangably herein and throughout andeénded to mean a specifically designed vessel
or container of the present invention that is @afle supply source for holding antimony-
containing material in a manner whereby additi@mimony containing material in the liquid
phase in the vessel or the container is able ea#gpoarto a predetermined headspace volume at a
rate of delivery that is equal to or greater tHanftowrate of the vapor phase being dispensed.
[00025] “Reduce”, “reduced” or “reduction” as used heremu ahroughout is made in
reference to an ion implant process and is intenol@gean (i) shorten, suppress and/or delay the
onset of a detrimental event or occurrence (eegyeced decomposition reactions; reduced ion
shorting); or (ii) lowered in amount to unaccepéalaivels which are incapable of achieving a
specific purpose (e.g., reduced flow incapableustaining plasma); or (iii) lowered to an
insubstantial amount which does not negatively ichpaspecific purpose (e.g., reduced amount
of oligomers which does not destabilize flow into ehamber); or (iv) reduced by a significant

amount in comparison to conventional practice blittv does not alter the intended function



(e.g., reduced heat tracing while still maintainengapor phase of material without re-
condensation of said material along conduit).

[00026] As used herein and throughout, “about” or “apprcadety” when referring to a
measurable value such as an amount or a tempaatiaiuis meant to encompass variations of
+20%, £10%, 5%, £1% and +0.1% from the specifiatlie, as such variations are appropriate.
[00027] “High purity” as used herein and throughout me@Hms01% or greater purity.
[00028] “Ambient conditions” as used herein and throughuaans the conditions of the
environment, including ambient temperature and antlpressure, that is in direct contact with a
storage and delivery container filled with Sb-camiteg material of the present invention.

[00029] "Trace amounts” as used herein and throughout meeanacentration of
impurities, preferably including water vapor, ngem and any other gaseous impurities, in the
aggregate that is 5 vol% or less.

[00030] Throughout this disclosure, various aspects ofritiention can be presented in
range format. It should be understood that therg&son in range format is merely for
convenience and brevity and should not be congidesea limitation on the scope of the
invention. Accordingly, the description of a rargf®uld be considered to have specifically
disclosed all the possible subranges as well agithal numerical values within that range. For
example, description of a range such as from 1doctild be considered to have specifically
disclosed subranges such as from 1 to 3, from4] fimm 1 to 5, from 2 to 4, from 2 to 6, from 3
to 6 etc., as well as individual numbers withintttenge, for example, 1, 2, 2.7, 3,4,5,5.3, 6
and any whole and partial increments therebetw@és applies regardless of the breadth of the
range.

[00031] It has been recognized to utilize antimony contagmmaterials for ion
implantation. In this regard, Kasley et al. disés the use of SpE&s an antimony source by
heating the Shfcontainer to 52 to generate sufficient vapor pressure of:3bfhe container

for antimony implantation into silicon substraté&hile Kasley et al. discloses a viable use of
such approach on a small-scale laboratory setagmitesent invention recognizes the
deficiencies of such approach when attempted wchked up for operational use. Specifically,
in an operational setting, the SbFapors generated upon heating at higher tempesafarg.,
temperatures above ambient temperature) have artepdo condense downstream along flow

lines extending between the antimony containeriandmplant tool, as the flow lines are



typically maintained at ambient conditions. Thd$Sbapor condenses along the flow lines prior
to entering the ion implanter, and therefore adstesufficient and sustained vapor phase flow of
SbFs cannot be achieved.

[00032] To overcome such deficiencies, the present invemgoognizes that the user
needs to maintain the entire flow lines betweerettit@énony source container and ion implant
tool at high temperatures. However, from an opanat standpoint, the system design and
operation become increasingly complex, with regémdse ion-implant system which requires
heating equipment to be maintained at significahityh electric potentials (e.g., 10kV-100kV).
Such high electric potential levels can pose saiskg, which are compounded by the presence
of toxic, corrosive, and/or flammable materialgdiesof the flow lines in close proximity to the
ion implant system and heating equipment.

[00033] In view of the lack of a suitable storage and dginsystem for an Sb source
material for ion implantation, the present inventitas emerged. The present invention
recognizes and takes into account the above limitato offer unique solutions for the storage
and delivery of antimony-containing materials fon implantation applications as well as other
applications that require a controlled and susthft@v of vapor Sb-containing material to a
downstream process.

[00034] The present invention in one aspect relates torage and delivery container for
antimony-containing material, suitable for ion implation as a n-type dopant, comprising the
following attributes: (i) an antimony containing teaal that can be stored in the liquid phase
under sub-atmospheric conditions at ambient cardstin which the storage conditions are in an
impurity free environment characterized by an absef trace amounts of water vapor, nitrogen
and any other gaseous impurities in the headsdabe container, defined herein as no greater
than about 5 vol% based on the headspace voluintgiantimony-containing material
represented by a non-carbon containing chemicaldta; (iii) the storage and delivery container
having a head space predetermined volume containengapor phase of the antimony
containing material in substantial equilibrium witte liquid phase wherein the head space
predetermined volume is greater than 1 liter otiwwé; and (iv) the storage and delivery
container walls made of material with thermal costoity at ambient conditions greater than 5
W/m-K; and (v) the storage and delivery system na@med at ambient conditions during its use

for an antimony implant process. The sub-atmosplséorage and delivery container is capable



of providing a sustained and sufficient flow ofaper phase antimony source material at a purity
of 95 vol% or greater and at sustained, sufficeent steady flow rates as described herein.
More preferably, the purity of the vapor phasehaf antimony source material is 99% or greater.
The storage and delivery container is configuredperate so that a rate of evaporation of the
antimony containing material in the liquid phasa @@m the corresponding vapor phase in the
predetermined headspace volume in the absencdayhakheating at a rate that is equal to or
greater than a rate of withdrawal of the correspumdapor phase from the predetermined
headspace volume during dispensing of the correipgivapor phase.

[00035] The Sb-containing source material has a liquid plasubstantial equilibrium
with a corresponding vapor phase under storageitbtomsl The material remains stable at
ambient temperatures and does not have a tendeni®@compose during ion implant use. The
Sb-containing material as a liquid has an adequegter pressure, which is defined herein as an
amount of vapor that can sustain a flow rate o&lBal-100 sccm into the arc chamber,
preferably 0.3-10 sccm, more preferably 1-10 samd, most preferably 1-5 sccm. In particular,
the flow rate of Sb-containing material in the vapbase is adequate so as to generate and
maintain a stable plasma during operation of tinangplanter. The stable plasma allows the
implantation of Sb ions to occur at an arc voltafjabout 50-150 V and an extraction voltage of
about 1-300 keV across extraction electrodes, vilyeadbeam of Sb-containing ions is
produced. The beam current of Sb-containing ranges from about 10 microamps to 100 mA,
resulting in a Sb ion dosage into the substrasbotit 1E11 to 1E16 atoms/cm2.

[00036] In one aspect, the Sbh-containing source materigdeopresent invention is stored
in a vessel in the liquid phase in substantial ldzium with the vapor phase, whereby the vapor
phase is withdrawn at high purity from the vessembient temperature with no external
heating required to be applied to the vessel. ippts have found that issues may arise if
external heating is applied to the vessel. Inipadr, if external heating is applied to the vésse
and not applied to the lines, valves, and/or miass ¢ontrollers, then the Sb containing material
can condense in the lines, valves, and/or massdtmirollers which are at a lower temperature
than the vessel. This condensation can causeifistability and lead to clogging of system
components and eventually prevent the flow of Stdalaing material. If external heating is
applied to the vessel, then the applicants diseal/érat heating must be applied to all

components exposed to the Sb containing matechlding the lines, valves, and mass flow



controllers so that the temperature of the linasses, and mass flow controller are greater than
or equal to the temperature of the vessel. Howekliesradds complications to the system design,
especially in the ion-implant system since theingatquipment needs to be maintained at a
significantly high electric potential (10kV-100kM)hich poses safety risks. For this reason, the
Sh-containing material should be able to sustateady and sufficient flow rate at ambient
temperature without the use of external heatimgonle example, the ambient temperature can
range from 10 Celsius to 35 Celsius. The rangausfainable, sufficient, and steady flow at
ambient temperature is 0.1-100 sccm, preferabh10.8ccm, more preferably 1-10 sccm and
most preferably 1-5 sccm.

[00037] In another aspect of the present invention, the@tiaining source material of

the present invention is stored in a vessel iditjugd phase which is in substantial equilibrium
with its vapor phase, which occupies a head sphtteewvessel, with the headspace having a
predetermined volume into which a sufficient amaoifrthe liquid phase of the antimony-
containing material can evaporate to form the gmoeding vapor phase. The vapor phase of
the Sb-containing source material can be withdreamthe vapor space at high purity from the
vessel and delivered along a conduit into the haenber of ion implanter at ambient
temperature conditions. Advantageously, the stoxagsel offers a vapor head space having a
predetermined volume greater than 1 liter. Theimwalls of the storage vessel have thermal
conductivity at ambient conditions greater than A and the inner walls are in adequate
contact with the liquid. In this manner, a sufigci amount of Sb-containing source material
evaporates into the vapor phase at ambient tempertat sustain a flow rate of about 0.1 — 100
sccm that flows into the arc chamber preferablyl@3ccm, more preferably 1-10 sccm, and
most preferably 1-5 sccm.

[00038] Applicants have discovered that maintaining an exatpon rate of the liquid Sb-
containing source material to produce a vapor pHagerate of at least about 0.1 sccm or
greater along conduit and into the arc chambezdsired. When the evaporation rate of the Sb-
containing source liquid is or falls below a certtireshold such that the resultant flow rate of
the Sb-containing source material in the vapor ph&ser falls below about 0.1 sccm, the Sb-
containing material in the vapor phase may be thgyalong conduit and into the arc chamber at
a faster rate than the rate of evaporation of thed@taining source material that is contained in

the vessel. The flow into the arc chamber maybeatustainable, and eventually be reduced to
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unacceptably low levels or have a tendency to becamatic. Ultimately, in a worst case
scenario, the flow may completely stop or be reduoea degree where the ion beam becomes
unstable and fails, such that the entire implaotagirocess is required to be aborted.

[00039] In an alternative embodiment, and as one viablensi&aaccelerate the rate of
evaporation, the liquid source Sb-containing matenay be stored in a storage and delivery
vessel maintained under sub-atmospheric conditmesable the liquid source material to
evaporate at a relatively higher rate that is sigfit to form the required amount of source
material into the vapor phase that is responsiigénerating the required flow rate of about 0.1
— 100 sccm into the arc chamber, preferably 0.8ebin, more preferably 1-10 sccm, and most
preferably 1-5 sccm. Accordingly, the liquid sa@b-containing material evaporates at a
sufficient rate into the vapor phase to replenighvapor in the headspace of the storage and
delivery vessel and along the conduit extending the arc chamber, thereby creating and
maintaining a vapor phase flow rate of the Sb-dairtg source material between about 0.1 —
100 sccm during operation of the ion implanterSbrion implantation, preferably 0.3-10 sccm,
more preferably 1-10 sccm, and most preferablystesn.

[00040] To enable the required storage conditions for esatfmm to occur, the storage

and delivery vessel is configured with sufficieeld space volume into which a sufficient
volume of vapor of the Sb containing source caites® allow the requisite vapor phase flow
into the conduit that extends to the arc chamblee. 8pplicants discovered that the storage and
delivery vessel is prepared and configured witleadhspace predetermined volume of greater
than or equal to 0.5 L, preferably greater thaadural to 1 L, more preferably greater than or
equal to 1.5 L and most preferably, greater thaggoial to 1.8 L. Additionally, sufficient

surface area of the Sb-containing liquid exposdati¢osapor phase within the storage and
delivery vessel and sufficient contact area oflidneid with the inner walls is preferable to allow
for the requisite evaporation to replenish the rezate of the storage and delivery vessel as the
corresponding vapor phase of the Sb-containing mahfeows along the conduit to create a
substantially stable and sustained flow of the &ftaining vapor at a high purity therealong and
into the arc chamber. Specifically, the surfa@aanf liquid exposed to the vapor phase is
preferably at least about 16 cm2, more preferatgatgr than or equal to about 50 cm2 and most
preferably greater than about 100 cm2 in combinatith the liquid contact areas as described

herein. In another embodiment of the present inganthe storage and delivery vessel is
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prepared such that sufficient surface area of biedtaining liquid contacts the inner walls of
the storage and delivery vessel to allow for tlgpiigte evaporation of the Sb-containing liquid
into the predetermined volume of headspace. Thpaation occurs so as to replenish the
headspace of the storage and delivery vessel wittnany-containing vapor, as the Sb-
containing vapor exits the headspace and flowsgaloa conduit to create a substantially stable
(i.e., steady and sustained) and sufficient flouhef Sb-containing vapor therealong and into the
arc chamber during the ion implant process. Theemergy must be added to the Sh-containing
liquid to evaporate a given quantity of the Sb-aamng liquid into a vapor. When this energy
transfer for evaporation of a certain portion & tigquid occurs, there can be a localized decrease
in the temperature of the remaining Sb-containiggidi in the storage and delivery container to
a temperature lower than the ambient temperatdoavever, if there is sufficient contact
between the inner walls of the storage and deligentainer and the Sb-containing liquid within
the storage and delivery container, heat can Insfeared through conduction from the walls of
the storage and delivery container exposed torkie@ment outside of the storage and delivery
container at ambient temperature to the Sb-comgilguid. The result is that the Sb-containing
liquid can be maintained at approximately the sambient temperature as the temperature
existing external of the cylinder. As an exampde,a liquid volume of about 335 mL and a

head space volume of about 1.865 L, the surfacedrikquid exposed to the inner walls is at
least about 110 cm2, preferably greater than oalegguabout 260 cm2 and more preferably
greater than or equal to about 530 cm2. As anetkemple, for a liquid volume of about 112

mL and a head space volume of about 2.088 L, tifaciarea of liquid exposed to the inner
walls is at least about 50 cm2, preferably gredduan or equal to about 140 cm2 and more
preferably greater than or equal to about 300 dws2another example, for a liquid volume of
about 1 L and a head space volume of about ltfelsurface area of liquid exposed to the
walls is preferably at least about 300 cm2, préfigrgreater than or equal to about 600 cm2,
more preferably greater than or equal to about 1D0D.

[00041] To further increase the surface area of the antysoamtaining liquid that is in
contact with the inner walls of the vessel, différpacking materials may be added inside of the
storage and delivery vessel. By way of examplagals®f various shape including spheres,
bricks, flakes, cylinders, saddles, rings, squaressh, and powder cam be utilized. The packing

materials may at least be partially immersed inlithg@d phase.

12



[00042] In addition to having adequate liquid contact stefarea with the inner walls of
the vessel, the storage and delivery vessel i€y made from a material with a thermal
conductivity sufficient to facilitate the conduatiof heat into the Sb-containing liquid. in the
storage and delivery container to be maintaineddanstant temperature during the evaporation
of liquid into the vapor phase and during flow &f ®ntaining material. As an example, the
storage and delivery vessel may be made out oboasteel (54 W/m*K at 293 K), stainless
steel (12-45 W/m*K at 293 K), iron (80 W/m*K at 360, aluminum (273 W/m*K at 300 K),
copper (398 W/m*K at 300 K), gold (315 W/m*K at 380 or silver (424 W/m*K at 300 K).
Carbon and stainless steel thermal conductivitie®htained from the Engineering Toolbox
website and element values for thermal conductiwvigye taken from Perry’s Handbook of
Chemical Engineering. In a preferred embodimém thermal conductivity of the walls of the
storage and delivery vessel are greater than @l ¢égjthe thermal conductivity of the Sb-
containing material. In another embodiment, therttal conductivity of the walls of the storage
and delivery vessel are greater than or equaMbra*K, preferably greater than 5 W/m*K,
more preferably greater than or equal to 10 W/mhid enost preferably greater than or equal to
16 W/m*K.

[00043] Other storage conditions for the Sh-containing seumnaterial may cause the
evaporation rate of the liquid source materialéaibacceptably low. For example, if the Sb-
containing liquid source material is stored in@age and delivery vessel at a pressure equal to
or greater than atmospheric pressure, then th@lpanessure of the a vapor phase of the Sb-
containing liquid source material may be insuffintieas a result of air, Nor any other inert
and/or reactive gas species that may have beewdrtadtly introduced into the head space of
the storage and delivery vessel upon a filling apen. Additionally, in such a scenario, the
contamination of the Sb-containing material in ¥apor phase with other contaminants can
render the material unsuitable for usage in thangelantation process, which generally cannot
tolerate the introduction of contaminants, inclugdatmospheric contaminants, into the arc
chamber.

[00044] In another aspect, the Sb-containing source materstored in a storage and
delivery vessel having an impurity free environmeaot containing trace amounts of moisture
and other atmospheric impurities. In the presaferoisture, halogenated Sb-containing

compounds can react to form;8B, H,, HF, or HCI. Such an impurity free environment no
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containing trace amounts of impurities can be agden the storage vessel by several
techniques, one of which includes performing cyolies so-called “freeze pump thaw”. In one
cycle of a freeze-pump-thaw, the Sb-containing @®unaterial is cooled such that all of the Sb-
containing source material vapor condenses frongéisephase and the Sb-containing liquid
freezes, while other contaminants such as moistogenitrogen remain in the vapor phase.
After allowing sufficient time for the Sb-contaigjrsource material to condense, the head space
of the vessel is evacuated using a pump, whileréissel continues to be cooled such that
substantially all of the vapor contaminants areaead and the Sbh-containing material remains
as a solid, liquid or mixture thereof in the vessalhen the contaminants have been removed,
the vessel is enclosed and the Sb-containing nahterihe solid, liquid or mixture thereof is
heated to ambient temperature to re-form a liqui\aapor that is in substantial equilibrium
with the liquid. In this manner, moisture and otimepurities, especially atmospheric impurities,
are avoided from being introduced into the stormye delivery vessel. Other techniques may be
used for achieving a moisture and gaseous free@maent for the Sb-containing material,
including but not limited to, fluorine passivatiohthe inner surfaces of the vessel.

[00045] The deleterious effects of carbon-based depositagi&b ion implantation are
preferably avoided by the present invention. The@ntaining source material is a molecule
represented by a non-carbon containing chemicaluta to reduce or eliminate formation of
carbon-based deposits in the arc chamber and thootigther regions of the ion source.
Examples of carbon-based deposits include but@rkmited to C, CF, and CCl compounds.
The carbon-based deposits can reduce the ion sliigrbg forming whiskers or other various
shaped deposits along various components of therplanter, including the extraction plate,
where carbon-based deposition can cause the dstaftthe shape of the ion beam.
Alternatively, or in addition thereto, the carboaskd deposits can deposit and accumulate as
residual particles onto the substrate. The presehcarbon in the plasma can also lower the
beam current of Sb due to the formation of carb@maining ions which become freely
available for dilution of the plasma. Accordingtige present invention preferably utilizes Sb-
containing source materials represented by a ndymeoacontaining chemical formula. In this
manner, the avoidance of carbon in the Sb-contgisarurce material reduces or eliminates the
introduction of carbon-derived deposits enterirggdhc chamber along with the associated

deleterious effects.
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[00046] In a preferred embodiment, antimony pentafluorisleR) is the Sb-containing
source material for performing ion implantatiorbFSis a corrosive liquid that is a relatively
strong lewis acid and can react violently with nimis to produce S; and HF. As such, the
SbF5 source material is stored in a storage andetdigivessel under sub-atmospheric conditions
in an environment containing less than 5 vol% ofstuwe and other gaseous impurities. SbF
can be maintained as a liquid at about 25 Celsitisawapor pressure of about 10 Torr in a
storage and delivery vessel that is operably caeddo an arc chamber.

[00047] Other source materials are contemplated. For ebammpanother embodiment of
the present invention, Sb{d§ an antimony-containing source material suititeon

implantation SbCkis maintained as a liquid at about 30 Celsius waittapor pressure of 1.7

Torr in a storage delivery vessel that is operablynected to an arc chamber. Other source
materials in accordance with the applicable catefithe present invention may also be used as
described herein.

[00048] Notwithstanding the stability of Seland the process benefits of using a liquid
based material for Sb ion implantation, the invesittave recognized that one of the design
challenges of utilizing SliFand other fluorine containing Sb compounds is tihatpresence of
fluorine in the compound may lead to an excessuofihe ions in the plasma. The fluorine ions
can propagate a so-called “halogen cycle” in wiialogen ions in excess can cause etching of
tungsten chamber walls onto the cathode producingsten fluoride species, generally
represented by WFx, which can migrate onto thadrosource filament where it can deposit
tungsten. The deposition of tungsten has a terydenacrease the operating voltage of the ion
source which in turn increases the deposition anit the ion source filament, until the ion
source may eventually degrade. This halogen dyatea tendency to reduce the lifetime of the
ion source.

[00049] To mitigate the effects of the halogen cycle, hgérocontaining compounds can
be incorporated during use of either §bFother Sb-containing source materials conteraglat
by the present invention, particularly those cantaj fluorine atoms or other halogens. The
hydrogen containing compounds can be introducexitiveé arc chamber in any possible manner,
including by sequentially flowing or co-flowing thydrogen containing compounds with the
SbF; or with the other Sb-containing source materiélhie present invention. Alternatively, the

hydrogen containing compounds can be stored agtamiwith the Sb§or the other Sb-
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containing source materials contemplated by thegmieinvention. Suitable hydrogen
containing compounds include, but are not limied, CHsF, CHF,, SkHg, PHs, AsHs, SiH;,
GeH,, BoHg, CHs, NH3, or H,S and any combination thereof.

[00050] The amount of hydrogen-containing compound intreduato the arc chamber to
mitigate the halogen cycle should be in an effecimount that is capable of neutralizing or
scavenging the deleterious effects of fluorinetheohalogens that may be contained in the Sb-
containing source materials of the present inventid/hen Sbéis utilized, the effective amount
of hydrogen-containing compound is preferably astebout 20 vol% of the overall

composition of Sbfand the hydrogen-containing compound to providadeguate amount of
hydrogen atoms to mitigate the deleterious effetthe halogen cycle. The term “effective
amount” as used herein and throughout means theredcpmount of a particular material, such
as hydrogen-containing compounds, to achieve #iedggoal, such as neutralizing or
scavenging the deleterious effects of fluorinetbeohalogen ions that may be present as a
result of the halogen cycle, or otherwise, durirgpecific recipe for ion implantation of Sb ionic
species. In one example, the vol% of the hydragmrtaining compound needed to mitigate the
halogen cycle can be approximately 50 vol% of #siltant compositional mixture of the SbF
and the hydrogen-containing compound formed iratikechamber. It should be understood that
the effective amount of the hydrogen containing pound can be greater than about 50 vol% of
the total composition of SRand the hydrogen-containing compound.

[00051] The avoidance of solid Sb-containing sources irptiesent invention by using

the contemplated liquid source materials of thesg@néinvention that meet the applicable criteria
as defined herein includes several process benéfdas example, excessive heating, as typically
required to adequately volatize solid Sb-contairsagrces and prevent its condensation and
deposition along conduit and flows lines of the iimplant system is reduced or entirely avoided
when employing the Sb-containing source materiateepresent invention. At minimum,
conventional Sb-containing solid sources requiat the conduit extending between the storage
and delivery vessel and the arc chamber be heafeevent condensation of Sb-containing solid
sources which are vaporized but may be susceptildendensation during the ion implantation.
On the contrary, the present invention reducesitheunt of or eliminates the need to heat trace
the conduit. The present invention also reducesiminates the risk of the inventive Sb-

containing material from depositing and accumutabnto the chamber walls and/or the ion
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source filament. The avoidance of such excessiwgeratures also reduces or eliminates
tendencies for decomposition and side reactioriscdramake the Sb ion implant process
difficult to control.

[00052] Still further, the present invention eliminates tied for a carrier or reactive gas.
On the contrary, carrier or reactive gases hava pesviously implemented when, by way of
example, a solid Sb-containing source is plated argurface in close proximity to the arc
chamber thereby requiring heating of the surfacddwvated temperatures to vaporize the solid
Sh-containing source. The carrier or reactivetiyas directs the vaporized Sb-containing source
into the arc chamber. The elimination of a camg@s by the present invention is possible as a
result of the ability to generate a steady, sudfitiand sustained flow of the antimony-containing
vapor. Additionally, the elimination of the carrigas enables delivery of the antimony-
containing vapor at high purity. Conventional msges which require carrier gas for antimony
flow cannot deliver the high purities of the pres@wention.

[00053] With reference to Figure 1, an exemplary beamibmamplantation apparatus in
accordance with the principles of the inventioshiswn. Beam line ion-implant systems are
used to perform ion implant processes. The compusref a beam line ion plant system are
shown in Figure 1. A Sb-containing liquid sourcatenial101 is selected in accordance with the
principles of the present invention so as to halegaate vapor pressure. The Sb-containing
source material 101 is stored in a storage andatglivessel located within a gas box 100 as
shown in Figure 1. The Sb-containing liquid soureaerial 101 is stored in an environment
with only trace amounts of impurities. The Sb-@ming liquid source material 101 is further
represented by a non-carbon containing formulaa pneferred embodiment, the Sb-containing
liquid source material 101 is SbF5. Alternativehg Sb-containing liquid source material 101 is
SbCI5. One or more hydrogen-containing compounalg Ibe optionally included in a gas box
100 and flowed into the arc chamber 103 in an gffe@mount to mitigate the effects of the
halogen cycle when a Sbh-containing material ineclgdi halogen (e.g., SbF5 or SbCI5) is
utilized.

[00054] The Sb-containing liquid source material 101 isesddn a liquid phase that is in
substantial equilibrium with a corresponding vapbase occupying the head space of the
storage and delivery vessel. The vapor pressuiteeddb-containing source material 101 is

sufficient to reduce or eliminate the amount oftimepof the lines between the gas box 100 and
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the ion source chamber 103, thereby enabling costnbility of the process as described
hereinbefore. The vapor phase of the Sb-contaiigogl material 101 is configured to flow at a
substantially continuous and adequate flow ratbénvapor phase in response to a vacuum
pressure condition downstream of the gas box 100e vapor exits headspace of the storage
and delivery vessel and flows into conduit and tfiews therealong towards the ion source
chamber 103. The vapor pressure of the Sb-contasource material within the storage and
delivery vessel in gas box 100 is sufficient t@alistable flow of the vapor phase of the Sb-
containing source material along conduit and ihedrc chamber 103. The vapor phase of the
Sb-containing liquid material 101 is introducedi@in ion source chamb#d3 where the
ionization of the material 101 occurs. Energynisaduced into the chamber 103 to ionize the
Sb-containing vapor. Flow control devit@2, which can include one or more mass flow
controllers and corresponding valves, is used tdrobthe flow rate of the vapor at a
predetermined value. The excessive temperatwses,tgpically required with conventional
solid-containing Sb sources, are avoided with tloegss of Fig. 1 to control vapor flow at the
desired flow rates mentioned herein to allow stalpié controlled operation of the ion implanter.
The ionization of the Sb-containing material magate various antimony ions. An ion beam
extraction systerm04 is used to extract the antimony ions from thesoarce chamber 103 in
the form of an ion beam of desired energy. Exitwaatan be carried out by applying a high
voltage across extraction electrodes. The bedransported through a mass analyzer/fil@s

to select the Sb ionic species to be implantede idh beam can then be accelerated/decelerated
106 and transported to the surface of the target wedgi08 (i.e., substrate) positioned in an
end statiorl07 for implantation of the Sb ions into the workpid@8. The workpiece may be,
for example, a semiconductor wafer or similar taaggect requiring ion implantation. The Sb
ions of the beam collide with and penetrate intodhrface of the workpiece at a specific depth
to form a doped region with the desired electrazad physical properties.

[00055] It should be understood that the novel Sb-contgimaterial of the present
invention can be utilized with other ion implans®ms. For example, a Plasma immersion ion
implant (PIIl) system as shown in Figure 2 may ddsautilized to implant Sb ions. Such a
system includes a gas b2R0, which is similar in configuration to the beamdiion

implantation apparatu)0. Operation of the PIII system is similar to tbathe beam line ion

implant system of Figure 1. Referring to Figurel® vapor phase of the Sb-containing liquid
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source material of the present invention is intaslfrom the sourc201 into the plasma
chambei203 by a flow control devic02. Source01 represents a storage and delivery vessel
that is configured to store a liquid phase of Shtaiming material in substantial equilibrium with
a corresponding vapor phase occupying a headsp#uoe storage and delivery vessel. Sb-
containing liquid source materiaD1 is stored in an environment with only trace ameunit
impurities. The Sb-containing liquid source matktD1 is further represented by a non-carbon
containing formula. In a preferred embodiment, $becontaining source materi1 is SbF5.
Alternatively, the Sb-containing source mateti@l is SbCI5.

[00056] The vapor pressure of the Sb-containing sourcerrab®91 is sufficient to

reduce or eliminate the amount of heating of thedibetween the gas box 200 and the plasma
chamber 203, thereby enabling control stabilityhef process as described hereinbefore. The
vapor phase of the Sh-containing liquid source rmat201 is configured to flow at a
substantially continuous and adequate flow ratbénvapor phase in response to a vacuum
pressure condition downstream of the gas box 2008e vapor phase exits headspace of the
storage and delivery vessel and flows into conaludt then flows therealong towards the plasma
chamber 203. The vapor pressure of the Sb-contasource material within the storage and
delivery vessel in gas box 200 is sufficient t@alistable flow of the vapor phase of the Sb-
containing source material along conduit and ihearc chamber 203. As the vapor phase of
the Sb-containing liquid material is introducedimin ion source chamb203, energy is
subsequently provided to ionize the Sb-containiagov and produce Sb ions. The Sb ions
present in the plasma are accelerated towardatyettwork piece 204. It should be understood
that one or more hydrogen-containing compounds Imeagptionally included in gas box 200 and
flowed into the plasma chamber 203 in an effecir®unt to mitigate the effects of the halogen
cycle when a Sb-containing material including abgeh (e.g., SbF5 or SbCI5) is utilized.
[00057] In another aspect of the present invention, a geamd delivery vessel for the
Sh-containing source material disclosed hereimasiged as shown in Figure 3. The storage
and delivery vessel allows for safe packaging altvery of the inventive Sb-containing source
material. The Sb-containing source material oftfesent invention is contained within vessel
300. The vessel 300 is equipped with an inlet @& to allow filling of vesseB0O with the
desired Sb-containing source material. The partadso be used to purge the interior of vessel

300 with inert gas and evacuate ves86D before filling with the desired Sb dopant materikd
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one example, cycles of freeze pump thaw can beumed utilizing vessel 300 to create an
environment with less than 5 vol% impurities in tread space, based on a total volume of the
headspace. The storage and delivery vessel 360 (taontains a headspace 335 of a
predetermined volume, and the storage and delwesgel 300 (case Il) contains a headspace
336 of a predetermined volume, where the vessé€l§@kes | and Il) are configured and
prepared in accordance with the principles of ttes@nt invention.

[00058] An outlet port320 is provided to withdraw a vapor phase of the Shtaiomg
material from the headspace of ves880. A vacuum actuated check val$®0 is provided
upstream of outlet port that dispenses a contrdlted rate of the Sb-containing material in
response to sub-atmospheric conditions occurringndtream of the cylinder 300. This vacuum
actuated check valve 330 enhances the safety Waidling the various Sh-containing materials
of the present invention. When val$2l is open to atmospheric pressure, check vaBie
prevents introduction of any air or other contamisanside vessel 300, and hence mitigates
both the risk of contamination and the reductiothefpartial pressure of Sh-containing material
in the vapor phase occupying the head space oéM888. In this manner, high purity levels of
the Sb-containing materials can be maintained dwsiarage, delivery and use thereof in a safe
manner whereby the withdrawn vapor phase of theditaining source material can maintain
adequate vapor pressure to create the requiredrfiterduring ion implantation. The check
valve 330 can be situated outside vesS80 (Case I). Alternatively, the check valve 330 ban
situated inside vessd&00 (Case Il). The vessel 300 is in fluid communicatwith a discharge
flow path, wherein the check valve 330 is actuateallow a controlled flow of the Sb-
containing source material from the interior voluai¢he vessel 300 in response to a sub-
atmospheric condition achieved along the dischéoge path.

[00059] The storage and delivery vessel 300 may be a @ifud holding the Sb-
containing material in at least partial vapor phaseéer sub-atmospheric conditions. The Sb-
containing material is stored at sub-atmosphenditmns therewithin. The Sb-containing
material remains chemically stable and does noérguddecomposition within the interior of the
cylinder 300. The Sbh-containing material is prefdy stored as a liquid at ambient temperature
(10-35°C). In one embodiment, the vapor pressugeaater than about 1 Torr. In another
embodiment, the vapor pressure is greater thant&oarr, and more preferably greater than

about 5 Torr.
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[00060] The cylinder 300 preferably includes a dual potveassembly in mechanical
communication with the cylinder 300. The dual palve is shown in Figure 4 and comprises a
fill port valve and a discharge port valve, wherta fill port valve is in fluid communication
with an interior of the cylinder to introduce thb-8ontaining dopant material therein. The
discharge port valve is in fluid communication wéthlow discharge path extending from the
interior to the exterior of the cylinder to discharthe antimony-containing dopant material
therefrom. The check valve 330 is located alorgfiihw discharge path, whereby the check
valve is configured to move from a closed positioian open position in response to a sub-
atmospheric condition external to the cylinder.atligpace 401 has a predetermined volume in
accordance with the principles of the present itigen

[00061] Other storage vessels are contemplated. For egammn alternative
embodiment, the antimony-containing dopant matenay be stored and dispensed from an
adsorbent-based delivery system. Various suitaiderbents are contemplated, including but
not limited to a carbon-based absorbent or a nwegdnic framework.

[00062] Several modifications to the cylinders of Figurean8l 4 are contemplated
without departing from the scope of the presen¢imtion. For example, it should be understood
that the dual port valve of Figure 3 and Figure be utilized without the use of a check valve.
Furthermore, it should be understood that the pies of the present invention can be utilized
with a storage and delivery vessel having a sipgke for filling and dispensing without the use
of a check valve.

[00063] In yet another embodiment, the UpTime® deliveryideycommercially

available by Praxair (Danbury, CT) and as disclaedd.S. Patent Nos. 5,937,895; 6,045,115;
6,007,609; 7,708,028; and 7,905,247 and U.S. PRigritcation No. 2016/0258537all of which
are incorporated herein by reference in their etytjrmay be employed in the present invention
to safely deliver a controlled flow rate of the waphase of the Sb-containing source material
from vessel 300 to an ion apparatus for Sb ion amaition. The vacuum-actuated check valve
of the UpTime® delivery device serves to prevemttamination of air and other gases at
atmospheric pressure which may be present in tiiewswing environment from infiltrating into
the vessel and contaminating the Sb-containingupsec material and reducing its partial

pressure.
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[00064] Other suitable sub-atmospheric delivery devices melyde pressure regulators,
check valves, excess flow valves and restrictigers fbrifices in various arrangements. For
example, two pressure regulators may be disposserias within the cylinder to down regulate
the cylinder pressure of the Sb-containing souragernal in the vapor phase within the vessel to
a predetermined pressure acceptable for downstnezss flow controllers contained along the
fluid discharge line.

[00065] The vessel or cylinder 300 along with the contetgalaariations thereof may be
configured in combination with a beamline ion imqlaystem (Figure 1), whereby the vessel or
cylinder 300 is operably connected to said systgma betwork of flow lines or conduit
extending there between. Advantageously, the dbiedpreferably characterized by elimination
or a reduced amount of heat tracing in comparieaohventional Sb-containing sources.
[00066] Alternatively, the vessel or cylinder 300 alongiwiilhe contemplated variations
thereof may be configured in combination with aspda immersion system (Figure 2), whereby
the vessel or cylinder 300 is operably connecteshid plasma immersion system by a network
of flow lines or conduit extending there betweddvantageously, the conduit is preferably
characterized by elimination or a reduced amoutheat tracing in comparison to conventional
Sh-containing sources.

[00067] Numerous benefits of the present invention areeroptated. For example, the
utilization of liquid-based Sb-containing precussof the present invention for delivery of the
Sb-containing vapor phase for Sb ion implantatiohowed by switching to a different gaseous
dopant source generally requires less time as cadpa utilizing solid-based Sb-containing
precursors for Sb ion implantation and then utliza different gaseous dopant source.
Specifically, compared to solid Sb-containing segtdhe utilization of liquid-based Sb-
containing precursors of the present inventiordtivery of the Sb-containing vapor phase
reduces the start-up time required to switch teedght dopant species for ion implantation,
thereby resulting in a greater wafer throughputlierimplanter. As an example, an implanter
running solid Arsenic (As) or solid Phosphorus By source material for implantation of their
respective ionic species can be expected to re@bout 30 minutes to tune the ion beam while
the use of gaseous Asdr gaseous PHsource materials generally can be expected tareequ
only about 4 minutes to tune its ion beam. The téuming” or “tune” as used herein and

throughout means the process of producing a beamlgthe target ion species with a specific
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beam current and size. In comparison, with regardslid Sb-containing source materials,
mass flow into the arc chamber is controlled byuvhgorizer temperature required for
sublimation in which the Sb-containing source @ed to ensure the solid source is sufficiently
heated into a vapor phase prior to delivery toaftechamber. When taking into consideration
the time to heat the solid Sb-containing sourcesnmltto its vapor phase, tune the beam and
subsequently cool down the solid Sb-containing@®upon completion of the ion implantation
process, a total time of about 30-90 minutes tactwo another dopant species can occur,
whereas delivery of a gaseous dopant source defiwedthe Sb-containing liquid precursors
can require a duration of about 5-10 minutes. fiéteaesult can be significant increase in
throughput with the present invention.

[00068] Additionally, the liquid-based Sb-containing presans of the present invention
can be placed in the same gas box (e.g., as shokigure 1 and 2) as other dopant sources
without requiring additional heating. In contraSh-containing solid sources require a separate
vaporizer positioned along the conduit that is edieg to the arc chamber for purposes of
ensuring the Sb-containing vapor does not re-coselemhich necessitates more space than may

be available, and, further, which adds complexitgt axpense to the ion implantation process.

Experimental Description

[00069] A flow test system was constructed to test the ftapabilities of antimony
pentafluoride, Sbf which exists as a liquid at room temperature \&itrapor pressure of 10
Torr at 25 Celsius. For each of the experimehts flow system consisted of a manifold with a
pressure transducer connected to the manifoldai tiee pressure exerted by the SbF5 vapor in
the headspace of the cylinder, a mass flow coetraillthe manifold to measure and control the
flow of vapor, and a roughing vacuum pump to mamvacuum pressure of less than 1e-2 Torr
downstream of the mass flow controller. The cydindsed in each experiment was made of
carbon steel and equipped with a dual port valaé¢bnsisted of a fill port and a use port. The
cylinder was connected to the manifold.

[00070] Generally speaking, preparation of each cylindediwith liquid SbF5 to be

flow tested occurred as follows. Each cylinder Wited with liquid SbFs in an atmosphere of

N, to ensure the liquid SbF5 would not react withewatapor in the atmosphere. The purity

level of liquid SbF5 was 99 vol%. To remove thg Water vapor and any other gaseous
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impurities from the head space of the cylinder desvtrace amounts, two cycles of freeze pump
thaw, as previously described herein, were perfdrareeach cylinder. In one cycle of freeze
pump thaw, the cylinder was placed in an ice batlo¥er 20 minutes to condense the SbF
vapor from the vapor phase into a liquid, and feetee SbFliquid, while the N, water vapor
and any other gaseous impurities remained in tpernahase within the headspace of the
cylinder. The cylinder was then opened and evacbaith a vacuum pump for greater than 1
minute to remove the N2, water vapor and any ajhseous impurities from the headspace to
trace amounts. Subsequently, the cylinder wa®dlasd isolated from the pump. After
isolating the cylinder, the ice bath was removedllow the cylinder to be warmed to ambient
temperature, thereby allowing re-formation of tigeiid SbF5 and the corresponding vapor
SbF5.

[00071] Before the start of each experiment, the cylinddverwas opened to allow SbF5
vapor to exit from the headspace through the usegpol enter and fill the section of the
manifold up to the mass flow controller. By havihg SbF5 vapor occupy the manifold the
pressure transducer was able to read the presmreewithin, which represented the vapor
pressure of SbF5 in the cylinder.

[00072] Next, flow tests were carried out to determine \wbet steady, sustained and
sufficient flow of SbF5 vapor from the cylinder ddie achieved, with the key details of each

test and corresponding results as described below.

[00073] Comparative Example 1

A 420 mL carbon steel cylinder was filled with 3§@i.e., 100 mL) of liquid Sbfz The volume

of head space in the cylinder was 320 mL. Thendgr and flow manifold were maintained at

an ambient temperature of 25 Celsius, which regutten SbF5 vapor pressure of 10 Torr as read
by the pressure transducer. No external heatirsgutibzed. No carrier gas was utilized. The
cylinder was tested for its sustained flow chanastie. The cylinder was not able to maintain a

sustained flow of greater than 0.3 sccm of SbF

[00074] Comparative Example 2
A 2.2 L carbon steel cylinder was filled with 1 &y335 mL (i.e., liquid Sbf}. The volume of

head space in the cylinder was 1.865 L. The cglirachd valve were heated to 40 Celsius to
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increase the vapor pressure, which resulted infd Shpor pressure of 15 Torr as read by the
pressure transducer. No carrier gas was utilizdte manifold and mass flow controller were
not heated and remained at an ambient temperdt@te©elsius. The cylinder was tested for its
sustained flow characteristic. The cylinder wasatile to maintain a sustained flow of greater
than 0.3 sccm of SBR&s a result of the formation of blockage in thevflone due to

condensation of Skapor.

[00075] Example 1

A 2.2 L carbon steel cylinder was filled with 1 {@ge., 335 mL) of liquid Sbf: The volume of

head space in the cylinder was 1.865 L. The cyliade flow manifold were maintained at an
ambient temperature of 25 Celsius, which resuheal $bF5 vapor pressure of 10 Torr as read by
the pressure transducer. No external heating tilaged. No carrier gas was utilized. The
cylinder was tested for its sustained flow changstie. The cylinder was able to maintain a

sustained flow of 2 sccm of ShbF

[00076] Example 2

A 2.2 L carbon steel cylinder was filled with 1 fge., 335 mL) of liquid Sb§ The volume of
head space in the cylinder was 1.865 L. The cglirmohd flow manifold were maintained at an
ambient temperature of 22 Celsius, which resulteal SbF5 vapor pressure of 7 Torr as read by
the pressure transducer. No external heating wlaged. No carrier gas was utilized. The
cylinder was tested for its sustained flow changstie. The cylinder was able to maintain a

sustained flow of 2 sccm of ShbF

[00077] Example 3

A 2.2 L carbon steel cylinder was filled with 33%ig., 112 mL) of liquid Sb& The volume of
head space in the cylinder was 2.088 L. The cglirmohd flow manifold were maintained at an
ambient temperature of 22 Celsius, which resubieal 8bF5 vapor pressure of 7 Torr as read by
the pressure transducer. No external heating tilaged. No carrier gas was utilized. The
cylinder was tested for its sustained flow chanastie. The cylinder was able to maintain a

sustained flow of 2 sccm of ShbF
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[00078] Example 4

A 2.2 L carbon steel cylinder was filled with 33%ig., 112 mL) of liquid Sb& The volume of
head space in the cylinder was 2.088 L. The cglirmohd flow manifold were maintained at an
ambient temperature of 25 Celsius which resultea 8F5 vapor pressure of 10 Torr as read by
the pressure transducer. No external heating wlaged. No carrier gas was utilized. The
cylinder was tested for its sustained flow chanastie. The cylinder was able to maintain a

sustained flow of 2 sccm of ShbF

[00079] Example 5

A 2.2 L carbon steel cylinder was filled with 1 fge., 335 mL) of liquid Sb§ The volume of
head space in the cylinder was 2.088 L. The cgliraohd flow manifold were maintained at an
ambient temperature of 18 Celsius which resulteal 8ibF5 vapor pressure of 5 Torr as read by
the pressure transducer. No external heating tilaged. No carrier gas was utilized. The
cylinder was tested for its sustained flow chanastie. The cylinder was able to maintain a
sustained flow of 2.5 sccm of ShF

[00080] As can be seen, the present invention in one appedides a viable solution for
Sh-containing sources for ion implantation, inchgiSb-containing solid sources which are
difficult to deliver consistently into arc chambehse to their low vapor pressure and limited
thermal stability.

[00081] It should be understood that the principles ofggtesent invention can be applied
to other processes besides ion implantation haainged for a sufficient, sustained and steady
flow of antimony-containing material in the vapdrgse.

[00082] While it has been shown and described what is densd to be certain
embodiments of the invention, it will, of course, inderstood that various modifications and
changes in form or detail can readily be made withieparting from the spirit and scope of the
invention. It is, therefore, intended that thigention not be limited to the exact form and detail
herein shown and described, nor to anything lems the whole of the invention herein disclosed

and hereinafter claimed.
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Claims

1. A sub-atmospheric storage and delivery vessdigured for delivering a steady,
sustained and sufficient flow of a high purity, eaphase of antimony-containing material from
therein at ambient conditions, comprising:

a storage and delivery vessel, said storage amedelessel configured for holding said
antimony-containing material in a liquid phase urslé-atmospheric conditions, whereby said
liquid phase is in substantial equilibrium with thgh purity, vapor phase occupying a
predetermined volume of headspace in the storagel@ivery vessel, and said high purity,
vapor phase exerting a vapor pressure less thassptraric pressure, said high purity, vapor
phase equal to about 95 vol% or greater basedeoprédetermined volume;

said predetermined volume of the headspace beiegd sb as to receive a sufficient
amount of the high purity, vapor phase of the aatiygacontaining material;

said storage and delivery vessel comprising meltizlls having sufficient surface area
contact with the liquid phase, and further whesaid multiple walls exhibit a thermally
conductivity to enhance heat conduction into thaiti at the ambient conditions;

said storage and delivery vessel characterizedlabaence of external heating and an
absence of a carrier gas during dispensing of ijie purity, vapor phase antimony-containing

material.

2. The sub-atmospheric storage and delivery vedsgaim 1, wherein the predetermined

volume is about 1 Liter or greater.

3. The sub-atmospheric storage and delivery vessshim 1, wherein the high purity,
vapor phase antimony-containing material is deéidelo a downstream ion source, and further
wherein the antimony-containing material is repnése by a non-carbon containing chemical
formula to reduce or eliminate formation of carbdmased deposits in an arc chamber of the ion

implanter and throughout other regions of the iourse.
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4. The sub-atmospheric storage and delivery vessghim 1, wherein the sub-
atmospheric storage and delivery vessel is capdlgeoviding the sustained and sufficient flow
of the high purity, vapor phase of the antimonyteoring material at a flow rate of about 0.3
sccm to about 10 sccm.

5. The sub-atmospheric storage and delivery vedsgaim 1, wherein the predetermined

volume of the headspace is about 1.5 Liters ortgrea

6. The sub-atmospheric storage and delivery vedsgaim 1, wherein the predetermined
volume of the headspace is greater than aboutitets| the thermal conductivity of the multiple
walls ranges from 5 to 425 W/m-K, the antimony-e@aming material is represented by a non-
carbon containing chemical formula to reduce anglate formation of carbon-based deposits in
the arc chamber and throughout other regions obtihgource, the sub-atmospheric storage and
delivery vessel is capable of providing the sugtdiand sufficient flow of the high purity, vapor
phase antimony-containing material to an ion imptaal at a flow rate of about 1 sccm to about
5 sccm.

7. The sub-atmospheric storage and delivery vedsgaim 1, further comprising a dual
port valve, said dual port valve comprising apitirt valve and a discharge port valve, wherein
the fill port valve is in fluid communication wiiin interior of the vessel to introduce the
antimony-containing material therein, and a disghgyort valve is in fluid communication with
a flow discharge path extending from the interathe exterior of the cylinder to discharge the

high purity, vapor phase antimony-containing maletierefrom.

8. The sub-atmospheric storage and delivery vessghim 1, further comprising a
packing material located inside of the vessel, wimesaid packing material is at least partially
immersed in the liquid phase of the antimony-contej material to enhance heat conduction
through the multiple walls and into the liquid agrthance evaporation of the liquid phase of the

antimony-containing material into the predetermimetime of the headspace.
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9. The sub-atmospheric storage and delivery vessghim 1, wherein a surface area of
the liquid phase that is exposed to the high puviapor phase is at least about 50 cm?2.

10. The sub-atmospheric storage and delivery vedshim 1, wherein the vessel is
configured to operate so that a rate of evaporatfdhe antimony-containing material in the
liquid phase to form the corresponding high puntgpor phase in the predetermined volume of
the headspace in the absence of external heateypa to or greater than a rate of withdrawal
of the corresponding vapor phase from the predétexnolume of the headspace during

dispensing of the high purity, vapor phase in aseabe of a carrier gas.

11. A method of preparing a sub-atmospheric stoamgedelivery vessel configured for
delivery of a steady, sustained and sufficient fldfva high purity, vapor phase of antimony
source material from therein at ambient conditi@asnprising the steps of:

providing a container with multiple walls havingheermal conductivity of 5 W/m*K;

introducing an antimony-containing material inquid phase into the container in a
presence of an inert gas, said antimony-contaimatgrial having a purity level at least equal to
the high purity of the vapor phase of the antimsayrce material,

creating a predetermined headspace volume ofegriéfatn or equal to about 1 L, said
predetermined headspace volume having trace amotimpurities;

evaporating a sufficient amount of the antimonytaonng material to form the high
purity, vapor phase in the predetermined headspaloene, wherein said step of evaporating is
performed with an absence of external heating;

freezing the liquid phase of the antimony contagninaterial to form frozen antimony
containing material;

condensing the high purity, vapor phase of thexamty containing material from the
predetermined headspace volume to form a conddmgegurity, vapor phase;

evacuating nitrogen, water vapor, the inert gakaary other gaseous impurities from
the predetermined headspace volume;

allowing the condensed high purity, vapor phasedaon under the ambient conditions
so as to re-form the high purity, vapor phase withe predetermined headspace volume;
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allowing the frozen antimony containing mater@intarm under the ambient conditions
to re-form the liquid phase.

12. The method of claim 11, further comprising parfing each of the steps of (i)
condensing, (ii) evacuating, and (iii) allowing tt@ndensed high purity, vapor phase and the
frozen antimony containing material to warm socaetform the liquid phase and to reform the

high purity, vapor phase within the predetermineddspace volume two or more times.

13. The method of claim 11, wherein the step opevating the sufficient amount of the
antimony containing material to form the high pyritapor phase in the predetermined

headspace volume occurs by an absence of exteratihg.

14. The method of claim 11, further comprising parfing each of the steps of (i)
condensing, (ii) evacuating, and (iii) allowing tt@ndensed high purity, vapor phase and the
frozen antimony containing material to warm socagetform the liquid phase and to reform the
high purity, vapor phase within the predetermineddspace so as to reduce a combined total of
the nitrogen, water vapor, the inert gas and ahgrahe of the gaseous impurities in the
predetermined headspace volume to no greater thaut & vol% based on the predetermined

headspace volume

15. The method of claim 11, further comprising itisg a packing material
located inside of the vessel, wherein said packiatgrial is at least partially immersed in the

liquid phase of the antimony-containing material.

16. A method of using a sub-atmospheric storagedatidery vessel filled with antimony-
containing material, comprising:

operably connecting the vessel to a downstreanmpiant tool,

establishing a pressure downstream of the subsgtin@sic storage and delivery vessel
that is less than the vapor pressure of a highypwapor phase of the antimony-containing
material occupying a predetermined headspace vobdriee vessel;

actuating a valve into the open position;
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dispensing the antimony-containing material frév@ predetermined headspace volume
of the vessel at ambient conditions in an absehbeating, said antimony-containing material
dispensed as a high purity, vapor phase at a flevinaan absence of a carrier gas; and

flowing the high purity, vapor phase of the antimacontaining material in an absence
of the carrier gas at the flowrate towards theimplant tool, said vapor phase of the antimony-
containing material having a purity of 95 vol% dge¥eébased on a total weight of the vapor
phase; and

evaporating additional antimony-containing maidr@am a corresponding liquid phase
in the vessel in the absence of heating at an eaapo rate that is equal to or greater than the
flowrate of the high purity, vapor phase of theimohy-containing material being dispensed to

supply the flowrate of the high purity, vapor phas¢he antimony-containing material.

17. The method of claim 16, wherein the flowratabsut 0.3 sccm to about 10 sccm.
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