METHOD FOR EXTENDING LIFETIME OF AN ION SOURCE

Field of the Invention

[0001] This invention relates in part to a method for g@ing or reducing the
formation and/or accumulation of deposits in ansoarce component of an ion
implanter used in semiconductor and microelectiomanufacturing. The ion
source component includes an ionization chambewoagecdr more components
contained within the ionization chamber. The dépaslversely impact the
normal operation of the ion implanter causing fragfudown time and reducing
tool utilization.

Background of the Invention

[0002] lon implantation is an important process in
semiconductor/microelectronics manufacturing. @meimplantation 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 semicotalugafer material to create
electrical carriers and thereby alter the eledtcoaductivity of the
semiconductor wafer material. The concentratiodagfant impurities introduced
determines the electrical conductivity of the dopegion. Many such impurity
regions are necessarily created to form transsttactures, isolation structures
and other electronic structures, which collectivielyction as a semiconductor
device.

[0003] In an ion implantation process, a dopant sourcenadte.g., gas, is used
that contains the desired dopant element. Retgtarrig. 3, the gas is introduced
into an ion source chamber, i.e., ionization chamdned energy is introduced into
the chamber to ionize the gas. The ionizationtese@mns that contain the dopant
element. An ion extraction system is used to ekttze ions from the ion source
chamber in the form of an ion beam of desired gneExtraction can be carried
out by applying a high voltage across extracti@tebdes. The beam is
transported through a mass analyzer/filter to séterspecies to be implanted.
The ion beam can then be accelerated/deceleratetiaarsported to the surface of
a target workpiece positioned in an end stationrfglantation of the dopant




element into the workpiece. The workpiece mayfdreexample, a
semiconductor wafer or similar target object reqgiion implantation. The ions
of the beam collide with and penetrate the surtddbe workpiece to form a
region with the desired electrical and physicalperties.

[0004] A problem with the ion implantation process invahe formation and/or
accumulation of deposits on the surfaces of thesamce chamber and on
components contained within the ion source chambke deposits interfere with
the successful operation of the ion source chanfilweexample, electrical short
circuits caused from deposits formed on low voltagelators in the ion source
chamber and energetic high voltage sparking caluseddeposits formed on
insulators in the ion source chamber. The depoaitsadversely impact the
normal operation of the ion implanter, cause freu®wntime and reduce tool
utilization. Safety issues can also arise dudegobtential for emission of toxic
or corrosive vapors when the ion source chambercangponents contained
within the ion source chamber are removed for a¢heanlt is therefore necessary
to minimize or prevent formation and/or accumulatd deposits on the surfaces
of the ion source chamber and components contawtba the ion source
chamber, thereby minimizing any interference whié successful operation of the
ion source chamber.

[0005] Deposits are formed in the ion source chamber aadoy regions of an
ion implantation tool while using Sjfas a dopant source. The deposits occur
when fluorine ions/radicals formed from the disation of Sikz during ionization
in the ion source chamber react with chamber natgniedominantly tungsten, to
produce volatile tungsten fluorides (WF These volatile fluorides migrate to
hotter regions in the chamber and deposit as We chlamber components where
deposits are commonly formed include cathode, lepelectrode and regions
close to the filament. Fig. 1 below shows a schenilfustrating various
components of an IHC ion source.

[0006] Accumulation of material on the cathode reducethismionic emission
rate, rendering it difficult to ionize the sourcasg Also, excessive deposits on
these components cause electrical shorting reguitimomentary drops in beam
current and interruptions in operation of the ionrge. Deposits are also formed
on the aperture plate of the ion source chambeciwdhegrades the uniformity of
extracted ion beam. This region is also very smestlue to its proximity to the
suppression electrodes. Suppression electrodesaadly subjected to high



voltage load (up to £ 30 kV) and deposits in tieigion make them highly
susceptible to electrical shorting.

[0007] The failure of an ion source may occur due to arnhe combination of
the mechanisms listed above. Once the ion soaiise implant users have to
stop the processing, physically open the ion socineenber and clean or replace
various components in the chamber. Besides thieotateaning or replacing the
chamber components, this operation leads to stgmfiamount of tool downtime
and reduces tool utilization. Implant users walrgsignificant productivity
improvements by preventing or reducing the fornraiad/or accumulation of
such deposits, thereby extending the lifetime ofoansource.

[0008] Therefore, a need exists for preventing or redutiiegormation and/or
accumulation of deposits on the surfaces of thesamce chamber and
components contained within the ion source chamhevould be desirable in the
art to develop methods for preventing or reduchegformation and/or
accumulation of deposits on the surfaces of thesamce chamber and
components contained within the ion source charsb@s to minimize any
interference with the successful operation of tmesource chamber, thereby
extending the lifetime of the ion source.

Summary of the Invention

[0010] This invention relates in part to a method for @rng or reducing the
formation and/or accumulation of deposits in ansoarce component of an ion
implanter, wherein the ion source component corapra ionization chamber
and one or more components contained within theabion chamber, the method
comprising:

[0011] introducing into the ionization chamber a dopars, geherein the dopant
gas has a composition sufficient to prevent or cedhe formation of fluorine
ions/radicals during ionization; and

[0012] ionizing the dopant gas under conditions sufficienprevent or reduce
the formation and/or accumulation of deposits @nititerior of the ionization
chamber and/or on the one or more components cactavithin the ionization
chamber.

[0013] This invention also relates in part to a methode@r implantation of ions
into a target, the method comprising:




a) providing an ion implanter having an ion souroenponent, wherein
the ion source component comprises an ionizatiamter and one or more
components contained within the ionization chamber;

b) providing an ion source reactant gas for priogjé source of ion
species to be implanted, wherein the ion sourcgtaatgas has a composition
sufficient to prevent or reduce the formation obfline ions/radicals during
ionization;

¢) introducing the ion source reactant gas inéoidimization chamber;

d) ionizing the ion source reactant gas in thézemton chamber under
conditions sufficient to prevent or reduce the fation and/or accumulation of
deposits on the interior of the ionization chaméduea/or on one or more
components contained within the ionization chamtmeform ions to be
implanted; and

e) extracting the ions to be implanted from th@zation chamber and
directing them to the target, e.g., workpiece.

[0014] The method of this invention further relates intpara method for
extending the lifetime of an ion source componardn ion implanter, wherein
the ion source component comprises an ionizatiamter and one or more
components contained within the ionization chamtber method comprising:

a) introducing into the ionization chamber a ddggs, wherein the
dopant gas has a composition sufficient to prewvene¢duce the formation of
fluorine ions/radicals during ionization; and

b) ionizing the dopant gas under conditions sigfitto prevent or reduce
the formation and/or accumulation of deposits @nititerior of the ionization
chamber and/or on the one or more components c@ctavithin the ionization
chamber.

[0015] The method of this invention provides for improyedvention or
reduction of the formation and/or accumulation epdsits on an ion source
component of an ion implanter in comparison to okm®wn processes such as
SiF, based processes for ion implantation. The impieat®n of the method of
this invention can enable customers to reduce #g@nnime between failure
(MTBF) of the ion source of an ion implanter angptform the desired ion
implantation for longer periods of time, beforeasieng of the ion source in an ion
implanter is needed, and hence can improve tol@ation. Thus, the users can



reduce tool downtime and safety concerns expertedaang cleaning and
component replacement.

[0016] Still other objects and advantages of this inventdl become readily
apparent to those skilled in the art from the fwilog detailed description. This
invention is capable of other and different embaghts, and its several details are
capable of modifications in various obvious respeeithout departing from the
invention. Accordingly, the drawings and descaptare to be regarded as
illustrative in nature and not as restrictive.

Brief Description of the Drawings

[0017] Fig. 1 is a schematic representation of an IHCi{éudly Heated Cathode)
ion source.

[0018] Fig. 2 is a table showing dissociation mechanisiwélst energy route)
and dissociation energy for different Si-halidesa@éher et al., Chem Phy, (359),
2009 pp: 1-13).

[0019] Fig. 3 is a schematic representation of an ion amipsystem.

Detailed Description of the Invention
[0020] This invention relates to a process for implantorg into a workpiece
that improves or extends the ion source life ofitmimplanter. Moreover, the
process of this invention provides for improvee kiff the ion implanter source
without a concomitant loss in throughput of theaagus.
[0021] This invention is useful in the operation of ionplanters using heated
cathode type ion source, such as the IHC (Indydt#ated Cathode) ion source
shown in Fig. 1. The ion source shown in Fig.dudes an arc chamber wall1l
defining the arc chamb@dd?2. In the operation of the implanter, a sourceigas
introduced into the source chamber. The gasebeantroduced into the source
chamber, for example, through gas f@&d at the side of the chamber. The ion
source includes a filamefti4. The filament typically is a tungsten-containing
filament. For example, the filament may includegsten or a tungsten alloy
containing at least 50% tungsten. A current idieggo the filamenfi14 through
an associated power supply to resistively heatildm@ment. The filament
indirectly heats the cathodé45 positioned in close proximity to thermionic




emission temperatures. An insulaldB is provided to electrically isolate the
cathodel15 from the arc chamber wdlll1.

[0022] Electrons emitted by the cathotits are accelerated and ionize gas
molecules provided by gas fe&ti3 to produce a plasma environment. The
repeller electrodé16 builds up a negative charge to repel the electibaic to
sustain ionization of gas molecule and the plasmva@ment in the arc
chamber. The arch chamber housing also includestaction aperturgl?7 to
extract the ion beari?1 out of the arc chamber. The extraction systerudes
extraction electrod&20 and suppression electrodi#d positioned in front of the
extraction aperturél7. Both the extraction and suppression electrodes An
aperture aligned with the extraction aperture tdraetion of a well defined beam
121 to be used for ion implantation. The lifetimetioé ion source described
above when operating with fluorine containing ddpgas such as SiFGeR and
BF; etc. may be limited by metallic growth of W on alamber components
exposed to the plasma environment containing higbtive F ions.

[0023] This invention is not limited to the IHC type ioawsce shown in Fig. 1.
Other suitable ion sources, for example, Berndgeéman type ion sources, may
be useful in the operation of this invention. Aduhally, this invention is not
limited to the use of any one type of ion implaitatapparatus. Instead the
method of this invention is applicable for use vatty type of ion implantation
apparatus known in the art.

[0024] According to this invention, a gas or source matesiintroduced into the
ion source chamber shown in Fig. 1. The gas magtbeduced into the source
chamber in controlled quantities so as to genehatelesired ions to be implanted.
As indicated above, certain source gases may ¢acsation and/or
accumulation of deposits on the surfaces of thesamce chamber and
components contained within the ion source changbgr, the removal of
tungsten from the source chamber walls and depasiti tungsten on other
regions including but not limited to the filameoathode, aperture and repeller.
These deposits adversely impact the normal operafithe ion implanter, cause
frequent downtime and reduce tool utilization.

[0025] In accordance with this invention, a method is pies for preventing or
reducing the formation and/or accumulation of dépam an ion source
component of an ion implanter, wherein the ion selwomponent comprises an
ionization chamber and one or more components t@davithin the ionization



chamber. The method comprises introducing intadhiation chamber a
dopant gas, wherein the dopant gas has a compuosiiiticient to prevent or
reduce the formation of fluorine ions/radicals dgrionization. The dopant gas
is then ionized under conditions sufficient to @etor reduce the formation
and/or accumulation of deposits on the interiothefionization chamber and/or
on the one or more components contained withinahigation chamber.

[0026] In particular, this invention provides a method ifaproving performance
and extending lifetime of an ion source that getesrat least silicon containing
ions from a dopant precursor, e.g., dopant gasteimeo diluent gas is
introduced into the ion chamber simultaneously thih dopant gas. Only the
dopant gas serves as the source of ionic species.

[0027] In accordance with this invention, a method is phes for extending the
lifetime of an ion source component in an ion inmpéa, wherein the ion source
component comprises an ionization chamber and onege components
contained within the ionization chamber. The mdtbomprises introducing into
the ionization chamber a dopant gas, wherein tipamtogas has a composition
sufficient to prevent or reduce the formation obfline ions/radicals during
ionization. The dopant gas is then ionized undeddions sufficient to prevent
or reduce the formation and/or accumulation of dépmn the interior of the
ionization chamber and/or on the one or more coraptsncontained within the
ionization chamber.

[0028] Dopant sources include those having a compositifficent to prevent or
reduce the formation of fluorine ions/radicals dgrionization. lllustrative
dopant sources include, for example, dopant ghsesomprise (i) a hydrogen
containing fluorinated composition, (ii) a hydrosan containing fluorinated
composition, (iii) a hydrocarbon containing hydrictemposition, (iv) a halide
containing composition other than a fluorinated position, or (v) a halide
containing composition comprising a fluorine andoa-fluorine containing
halide. In particular, dopant gases can be seldoben monofluorosilane
(SiHsF), difluorosilane (SikF), trifluorosilane (SiHE), monochlorosilane
(SiHsCI), dichlorosilane (SibkLCl,), trichlorosilane (SiGH), silicon tetrachloride
(SiCly), dichlorodisilane (SCI,H,), difluoromethane (CHF,), trifluoromethane
(CHR), ), chloromethane (Ci€l), dichloromethane (C}€l,), trichloromethane
(CHCly), carbon tetrachloride (C&] monomethylsilane (Si(CHH,),
dimethylsilane (Si(Ck),H,) and trimethylsilane (Si(CHkH),



chlorotrifluoromethane (CCHy, dichlorodifluoromethane (Cé&H) ,
trichlorofluoromethane (CGF), bromotrifluoromethane (CBgf; and
dibromodifluoromethane (CBf#,), and the like.

[0029] lllustrative hydrogen containing fluorinated comppiosis include, for
example, monofluorosilane (SiF), difluorosilane (SikF,), trifluorosilane
(SiHR), and the like.

[0030] llustrative hydrocarbon containing fluorinated qoositions include, for
example, difluoromethane (GR), trifluoromethane (CHJJ, and the like.

[0031] llustrative hydrocarbon containing hydride compiosis include, for
example, monomethylsilane (Si(gH5), dimethylsilane (Si(Ck)-H,) and
trimethylsilane (Si(CH)3H), and the like.

[0032] lllustrative halide containing compositions othean fluorinated
compositions include, for example, monochlorosilé®iéi;Cl), dichlorosilane
(SiH,Cl,), trichlorosilane (SiGH), silicon tetrachloride (SiG), dichlorodisilane
(Si,Cl,H,), chloromethane (C¥I), dichloromethane (C)l,), trichloromethane
(CHCly), carbon tetrachloride (C&] and the like.

[0033] lllustrative halide containing compositions comprigsa fluorine and a
non-fluorine containing halide include, for examplbklorotrifluoromethane
(CCIR), dichlorodifluoromethane (CégH,) , trichlorofluoromethane (CGH),
bromotrifluoromethane (CBH};, and dibromodifluoromethane (C8Bs), and the
like.

[0034] Hydrogen containing fluorinated compositions redtneeamount of F per
molecule and also generates H ions/radicals upuraton. H ions/radicals react
with the generated F ions/radicals to further rediliworine attack on the chamber
component and extend the ion source life. Thedgein containing fluorinated
compositions maintain the same number of dopamste.g., Si, per unit gas
flow as compared to undiluted QiF

[0035] Halide containing compositions (e.g., chlorinatechpositions) other than
fluorinated compositions completely substitute énag with Cl atoms. They
produce Cl ions or radicals upon dissociation.io@$ or radicals produce WCI
upon reaction with W which is significantly lessatile than corresponding WF
produced during reaction of F ions or radicals With For example, vapor
pressure of WEat 20C is 925 torr, whereas Wk a solid at 28 and even at
180°C, its vapor pressure is only 2.4 torr. Due todigmificantly lower volatility
of etch products in Cl environment in comparisoi tenvironment, Cl does not



etch W as readily as F, thus producing less amaifntslatile WC|. A reduced
amount of volatile tungsten halide results in lésposition of W, thereby
extending the life of the ion source.

[0036] Also, for example in the case of Si containing daggas, less energy is
required to dissociate a Si-Cl and Si-H bond in panson to a Si-F bond. See
Fig. 2. Hence, users can operate the ion souneszlated load (i.e., lower
filament current and arc voltage) in comparisoiite, to obtain similar Si beam
current. This also helps extend the lifetime @f itn source.

[0037] Dischlorodisilane has two Si atoms per moleculbe Tise of this
molecule can offer an added advantage of furtreeasing the Si beam current
for the same amount of gas flow. Increased beanemuprovides an opportunity
for reducing the cycle time to process wafers.

[0038] The dopants useful in this invention can be usebowut a diluent gas
which serves as a source of ions.

[0039] The deposits formed during implantation typicalbntain tungsten (W) in
varying quantities depending upon the locatiorhmprocess chamber. W is a
common material of construction for ionization chwers and for components
contained within the ionization chambers. The d&ponay also contain
elements from the dopant gas.

[0040] The methods discussed in the prior art rely onrvechanisms to reduce
deposit formation. Inerts mixed with the implargatgas physically sputter the
deposits formed and removes them while they amegdermed. Additionally, as
shown by this invention, hydrogen mixing reducesdbncentration of active
fluorine to mitigate fluorine attack on chamber gmments. Hydrogen reacts
with F radicals/ions to form HF.

[0041] However, co-flowing any other gas with the impldiaia gas also
physically dilutes the concentration of implantatgas in the mix and therefore
the concentration of implant ions (e.g., Si) faieen flow of implantation gas is
lower. This results in lower beam current avaidiol ion implantation. The user
has to process wafers longer in order to achiendasi amount of dose as the
undiluted process. This increases the process tiyak, thus resulting in a
reduced tool throughput rate. Hence, the overfigpmance of the ion implant
tool is still compromised. The use of heavy at@ush as Xe, Kr, or As is also
undesirable due to risk of cathode thinning unterdction of heavy physical
sputtering.
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[0042] In contrast to these methods, this invention ukesnative dopants to
solve the source lifetime problems faced with ott@pants, e.g., SiF In
particular, this invention uses dopants that inocafe hydrogen into the dopant
source composition. For example, for Si contairdogants, suitable dopant
molecules useful in this invention include monofhglane (SiHF),

difluorosilane (SiHF,), trifluorosilane (SiHE), and the like. All these molecules
produce H and F upon ionization. Hydrogen sergds scavenger and reduces
fluorine attack on the chamber components. Urpiker art methods, the method
of this invention does not dilute the implantatgas stream, thus maintaining the
same number of dopant atoms, e.g., Si, per unifigasas compared to undiluted
SiF,.

[0043] In an embodiment, this invention uses chlorinatetiecules as dopant
source. Suitable dopant molecules for Si contginiopant source include, for
example, monochlorosilane (SiEl), dichlorosilane (SibCly), trichlorosilane
(SiCl3H), silicon tetrachloride (SiG), dichlorodisilane (SCI,H,4), and the like.
These molecules produce Cl atom upon ionizationetdies at slower rate under
chlorine plasma compared to fluorine plasma. Hetimeremoval of W from
chamber wall and its migration to different locasan/near the source chamber is
significantly reduced when using a chlorinated roole as a dopant source.
Also, there is no dilution of the implantation gdseam. Hence, users can
achieve similar beam current as the undiluted Bibcess and yet achieve
extended lifetime of the ion source.

[0044] Dilution leads to higher cycle time due to a leswant of dopant atoms
(e.g., Si) available per unit gas flow. The metbbthis invention extends the
lifetime of the ion source without any loss in @&/time. For methods that employ
a diluent gas, an additional gas stick (flow colndi®@vice, pressure monitoring
device, valves and electronic interface) is requfoe each dilution gas. This
invention eliminates the requirement of any addgiogas stick and saves capital
expense required to provide additional gas sti¢kather, bond dissociation
energies indicate that a user can ionize the @ateerdopant molecules of this
invention using less energy compared to,SiGee Fig. 2.

[0045] A halide containing composition other than a flaated composition,

e.g., chlorinated composition, is a preferred dopae to complete replacement
of fluorine atom from the source molecule and lodissociation energy. A
preferred dopant for use in this invention is dicbkilane (DCS). Other preferred
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dopant sources that may be used to replaceiistfide, for example, Si(CHHs,
Si(CHy),H, and Si(CH)3sH.

[0046] In a preferred method of this invention, a congdlflow of DCS is
supplied to the ion source chamber of the ion imafigon tool. DCS can be
packaged in a high pressure cylinder or a sub-gihesg delivery package such
as UpTime® sub-atmospheric delivery system. Aauespheric package is a
preferred mode for delivery of the gas due toisaanced safety. The flow rate of
DCS can range from 1-20 sccm, more preferably fieinsccm. Commonly used
ion sources in commercial ion implanters includedfnan and Bernas type
sources, indirectly heated cathode sources andd&Fp sources. The ion source
operating parameters including pressure, flamaneat and arc voltage, and the
like, are tuned to achieve desired ionization of®dons, e.g., Si or Si
containing positive ions, are extracted by prowgdnegative bias to the extraction
assembly and are filtered using a magnetic fidlde extracted beam is then
accelerated across an electric field and implaimed the substrate.

[0047] As indicated above, this invention relates in pad method for the
implantation of ions into a target. The method pases providing an ion
implanter having an ion source component, whetgndn source component
comprises an ionization chamber and one or morgooaents contained within
the ionization chamber. An ion source reactantpgagides a source of ion
species to be implanted. The ion source reacthgs a composition sufficient
to prevent or reduce the formation of fluorine ipadicals during ionization. The
ion source reactant gas is introduced into thezairon chamber. The ion source
reactant gas is ionized in the ionization chambéotm ions to be implanted.
The ionization is conducted under conditions sigfitto prevent or reduce the
formation and/or accumulation of deposits on therior of the ionization
chamber and/or on one or more components contaiitboh the ionization
chamber. The ions to be implanted are then exgecom the ionization
chamber and directed to the target, e.g., workpiece

[0048] The ion implanter can be operated by conventiorethods known in the
art. One skilled in the art of semiconductor pesteg will realize that specific
flow control devices (e.g., mass flow controlleM&HCs), pressure transducers,
valves, and the like) and monitoring system catdmtdor specific dopants are
required for practical operation. In addition,ingnof implant process parameters
including filament current, arc voltage, extractenmd suppression voltages, and
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the like, is required to optimize the process usirgarticular dopant. The tuning
scheme includes optimizing beam current and itsilgtato achieve desired
dopant dose. Once the ion beam has been extract@thanges in the
downstream processes should be required.

[0049] lonization conditions may vary greatly. Any sui@bombination of such
conditions may be employed herein that are sufiidie prevent or reduce the
formation of deposits from the interior of the ipaion chamber and/or from the
one or more components contained within the iolmpathamber. The ionization
chamber pressure can range from about 0.1 to dlfownillitorr, preferably from
about 0.5 to about 2.5 millitorr. The ionizatidmenber temperature can range
from about 25C to about 100, preferably from about 400°C to about 600°C.
The dopant gas flow rate can range from aboutdabout 20 sccm, more
preferably from about 0.5 to about 3 sccm.

[0050] By employing the method of this invention, thetiifiee of the ion
source of the ion implanter can be extended. f@psesents an advance in the ion
implantation industry since it reduces the shutdovwe that would be required to
repair or clean the tool.

[0051] The method of this invention is suitable for use wide range of
applications, wherein ion implantation is requiréithe method of this invention
is very applicable for use in the semiconductoustdy to provide a
semiconductor wafer, chip or substrate with souaireén regions, to pre-
amorphize or for surface modification of the semuabactor wafer of substrate.
[0052] Various modifications and variations of this invientwill be obvious to
a worker skilled in the art and it is to be undeost that such modifications and
variations are to be included within the purviewta§ application and the spirit
and scope of the claims.



-13 -

Claims

1. A method for preventing or reducing the formatamd/or accumulation of
deposits in an ion source component of an ion intplawherein said ion source
component comprises an ionization chamber and onege components
contained within said ionization chamber, said mdtbomprising:

introducing into said ionization chamber a dopga, wherein said
dopant gas has a composition sufficient to prevene¢duce the formation of
fluorine ions/radicals during ionization; and

lonizing said dopant gas under conditions suffitte prevent or reduce
the formation and/or accumulation of deposits anitterior of said ionization
chamber and/or on said one or more componentsinedtaithin said ionization
chamber.

2. The method of claim 1 wherein the dopant gaspr@®s (i) a hydrogen
containing fluorinated composition, (ii) a hydroean containing fluorinated
composition, (iii) a hydrocarbon containing hydrictemposition, (iv) a halide
containing composition other than a fluorinated position, or (v) a halide
containing composition comprising a fluorine andoa-fluorine containing
halide.

3. The method of claim 1 wherein the dopant gaspr@®s a hydrogen
containing fluorinated composition selected fromnmituorosilane (SikF),
difluorosilane (SiHF,), and trifluorosilane (SiHg.

4, The method of claim 1 wherein the dopant gaspr@®s a hydrocarbon
containing fluorinated composition selected frortudiromethane (ChHF,), and
trifluoromethane (CHEj.

5. The method of claim 1 wherein the dopant gaspr@®s a hydrocarbon
containing hydride composition selected from monthylsilane (Si(CH)H5),
dimethylsilane (Si(Ck),H,), and trimethylsilane (Si(C§kH).

6. The method of claim 1 wherein the dopant gasprm®s a halide
containing composition other than a fluorinated position, said halide
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containing composition selected from monochlorosl&SiHCl), dichlorosilane
(SiH,Cl,), trichlorosilane (SiGH), silicon tetrachloride (SiG), dichlorodisilane
(Si,Cl,H,), chloromethane (C¥I), dichloromethane (C)l,), trichloromethane
(CHCly), and carbon tetrachloride (CEI

7. The method of claim 1 wherein the dopant gasprm®s a halide
containing composition comprising a fluorine andoa-fluorine containing
halide, said halide containing composition seleftech chlorotrifluoromethane
(CCIRy), dichlorodifluoromethane (CégH,) , trichlorofluoromethane (CGH),
bromotrifluoromethane (CBg};, and dibromodifluoromethane (CiBs).

8. The method of claim 1 wherein said deposits asagungsten from said
ionization chamber and/or from said one or morepaments contained within
said ionization chamber.

9. The method of claim 1 wherein said method isiedout in the absence
of a diluent gas.

10. The method of claim 1 wherein said method s out without
reducing the concentration of ions to be implanted.

11.  The method according to claim 1 wherein saidsiource chamber
includes walls made of tungsten-containing material

12. The method of claim 1 further comprising exiragan ion beam from
said ionization chamber for implantation into astudite.

13.  The method according to claim 12 wherein thessate is a
semiconductor wafer.
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14. A method for the implantation of ions into gg&t, said method
comprising:

a) providing an ion implanter having an ion souroemponent, wherein
said ion source component comprises an ionizatiamber and one or more
components contained within said ionization chamber

b) providing an ion source reactant gas for priogjg source of ion
species to be implanted, wherein said ion sour@etaat gas has a composition
sufficient to prevent or reduce the formation obfline ions/radicals during
ionization;

¢) introducing the ion source reactant gas inéoidimization chamber;

d) ionizing the ion source reactant gas in théezemton chamber under
conditions sufficient to prevent or reduce the fation and/or accumulation of
deposits on the interior of said ionization chamdo®a/or on one or more
components contained within said ionization chamtzeform ions to be
implanted; and

e) extracting the ions to be implanted from saitzation chamber and
directing them to said target.

15. The method of claim 14 wherein the ion soueaetant comprises (i) a
hydrogen containing fluorinated composition, (ifpydrocarbon containing
fluorinated composition, (iii) a hydrocarbon comiag hydride composition, (iv)
a halide containing composition other than a flonatéd composition, or (v) a
halide containing composition comprising a fluorarel a non-fluorine
containing halide.

16. The method of claim 14 wherein the dopant gasgeises a hydrogen
containing fluorinated composition selected fromnituorosilane (SikF),
difluorosilane (SiHF,), and trifluorosilane (SiHg.

17. The method of claim 14 wherein the dopant gasgeises a hydrocarbon
containing fluorinated composition selected frortudiromethane (ChHF,), and
trifluoromethane (CHEj.
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18. The method of claim 14 wherein the dopant gasgeises a hydrocarbon
containing hydride composition selected from monthylsilane (Si(CH)H5),

dimethylsilane (Si(Ck),H,), and trimethylsilane (Si(C§kH).

19. The method of claim 14 wherein the dopant gasgeises a halide
containing composition other than a fluorinated position, said halide
containing composition selected from monochlorosl&SiHCl), dichlorosilane
(SiH,Cl,), trichlorosilane (SiGH), silicon tetrachloride (SiG), dichlorodisilane
(Si,Cl,H,), chloromethane (C}I), dichloromethane (C)l,), trichloromethane
(CHCly), and carbon tetrachloride (CEI

20. The method of claim 14 wherein the dopant gasgeises a halide
containing composition comprising a fluorine andoa-fluorine containing
halide, said halide containing composition seleftech chlorotrifluoromethane
(CCIR), dichlorodifluoromethane (CgH,) , trichlorofluoromethane (CGH),
bromotrifluoromethane (CBg};, and dibromodifluoromethane (CBs).

21. The method of claim 14 wherein said depositsptse tungsten from
said ionization chamber and/or from said one orene@mponents contained
within said ionization chamber.

22. The method of claim 14 wherein said methodirsied out in the absence
of a diluent gas.

23. The method of claim 14 wherein said methodrsied out without
reducing the concentration of ions to be implanted.

24.  The method according to claim 14 wherein samdsource chamber
includes walls made of tungsten-containing material



