
- METHOD FOR ION SOURCE COMPONENT CLEANING Field of the Invention [0001]
This invention relates in part to a method for cleaning an ion source
component of an ion implanter used in semiconductor and microelectronic
manufacturing. The method involves removing deposits formed during dopant
implantation using a cleaning gas mixture. The deposits adversely impact
the normal operation of the ion implanter causing frequent down time and
reducing tool utilization. Background of the Invention [0002] Ion
implantation is an important process in semiconductor/microelectronic
manufacturing. The ion implantation process is used in integrated circuit
fabrication to introduce dopant impurities into semiconductor wafers. The
desired dopant impurities are introduced into semiconductor wafers to form
doped regions at a desired depth. The dopant impurities are selected to
bond with the semiconductor wafer material to create electrical carriers
and thereby alter the electrical conductivity of the semiconductor wafer
material. The concentration of dopant impurities introduced determines the
electrical conductivity of the doped region. Many such impurity regions are
necessarily created to form transitor structures, isolation structures and
other electronic structures, which collectively function as a semiconductor
device. [0003] In an ion implantation process, a gas material is used that
contains the desired dopant element. The gas is introduced into an ion
source chamber, i.e., ionization chamber, and energy is introduced into the
chamber to ionize the gas. The ionization creates ions that contain the
dopant element. The ions are extracted from the ion source chamber in the
form of an ion beam of desired energy. Extraction can be carried out by
applying a high voltage across extraction electrodes. When high purity is
desired, the beam is transported through mass analyzer/filter to select the
species to be implanted. The ion beam can then be  2 -
accelerated/decelerated and transported to the surface of a semiconductor
wafer for implantation of the dopant element into the semiconductor wafer.
The ions of the beam penetrate the surface of the semiconductor wafer to
form a region of desired electrical conductivity. [0004] A problem with the
ion implantation process involves deposition of gas material residues on
the surfaces of the ion source chamber and components contained within the
ion source chamber. This can result in accumulated residue deposits that
interfere with the successful operation of the ion source chamber, for
example, electrical short circuits caused from residue deposits formed on
low voltage insulators in the ion source chamber and energetic high voltage
sparking caused from residue deposits formed on insulators in the ion
source chamber. The residue deposits can adversely impact the normal
operation of the ion implanter, cause frequent downtime and reduce tool
utilization. Safety issues can also arise due to the emission of toxic or
corrosive vapors when the ion source chamber and components contained
within the ion source chamber are removed for cleaning It is therefore
necessary to remove the accumulated deposit formations from the surfaces of
the ion source chamber and components contained within the ion source
chamber to minimize any interference with the successful operation of the
ion source chamber. [0005] Therefore, a need exists for removing the
accumulated deposit formations from the surfaces of the ion source chamber
and components contained within the ion source chamber. It would be
desirable in the art to develop cleaning methods for removing the
accumulated deposit formations from the surfaces of the ion source chamber
and components contained within the ion source chamber so as to minimize
any interference with the successful operation of the ion source chamber. 



Summary of the Invention  [0006] This invention relates in part to a method
for cleaning an ion source component of an ion implanter, wherein said ion
source component comprises an ionization chamber and one or more components
contained within said ionization  - 3 - chamber, and wherein the interior
of said ionization chamber and/or said one or more components contained
within said ionization chamber have at least some deposits thereon of
elements contained within a dopant gas, said method comprising: [0007]
introducing into said ionization chamber a cleaning gas, said cleaning gas
comprising a mixture of F2, one or more inert gases selected from noble
gases and/or nitrogen, and optionally 02, or a mixture of an
oxygen/fluorine-containing gas and one or more inert gases selected from
noble gases and/or nitrogen; and [0008] reacting said cleaning gas with
said deposits under conditions sufficient to remove at least a portion of
the deposits from the interior of said ionization chamber and/or from said
one or more components contained within said ionization chamber. [0009]
This invention also relates in part to a method for cleaning an ion source
component of an ion implanter, wherein said ion source component comprises
an ionization chamber and one or more components contained within said
ionization chamber, and wherein the interior of said ionization chamber
and/or said one or more components contained within said ionization chamber
have at least some deposits thereon of elements contained within carborane
(C2B10H12) dopant gas, said method comprising: [0010] introducing into said
ionization chamber a cleaning gas, said cleaning gas comprising a mixture
of F2, one or more inert gases selected from noble gases and/or nitrogen,
and optionally 02, or a mixture of an oxygen/fluorine-containing gas and
one or more inert gases selected from noble gases and/or nitrogen; and
[0011] reacting said cleaning gas with said deposits under conditions
sufficient to remove at least a portion of the deposits from the interior
of said ionization chamber and/or from said one or more components
contained within said ionization chamber. [0012] This invention further
relates in part to a method for preventing or reducing the formation of
deposits of elements contained within a dopant gas in an ion source
component of an ion implanter, wherein said ion source component 



4 - comprises an ionization chamber and one or more components contained
within said ionization chamber, said method comprising: [0013] introducing
into said ionization chamber a dopant gas; [0014] introducing into said
ionization chamber a cleaning gas, said cleaning gas comprising a mixture
of F2, one or more inert gases selected from noble gases and/or nitrogen,
and optionally 02, or a mixture of an oxygen/fluorine-containing gas and
one or more inert gases selected from noble gases and/or nitrogen; and
[0015] reacting said dopant gas and said cleaning gas under conditions
sufficient to prevent the formation of deposits on the interior of said
ionization chamber and/or on said one or more components contained within
said ionization chamber; or reacting said dopant gas, and deposits forming
on the interior of said ionization chamber and/or on said one or more
components contained within said ionization chamber during ionization of
said dopant gas, with said cleaning gas under conditions sufficient to
reduce the formation of deposits on the interior of said ionization chamber
and/or on said one or more components contained within said ionization
chamber. [0016] This invention yet further relates in part to a method for
preventing or reducing the formation of deposits of elements contained
within carborane (C2B101-112) dopant gas in an ion source component of an
ion implanter, wherein said ion source component comprises an ionization
chamber and one or more components contained within said ionization
chamber, said method comprising: [0017] introducing into said ionization
chamber a dopant gas, said dopant gas comprising carborane (C2B10H12);
[0018] introducing into said ionization chamber a cleaning gas, said
cleaning gas comprising a mixture of F2, one or more inert gases selected
from noble gases and/or nitrogen, and optionally 02, or a mixture of an
oxygen/fluorine-containing gas and one or more inert gases selected from
noble gases and/or nitrogen; and [0019] reacting said dopant gas and said
cleaning gas under conditions sufficient to prevent the formation of
deposits on the interior of said ionization chamber and/or on said one or
more components contained within said ionization chamber; or reacting said
dopant gas, and deposits forming on the interior of said  5 - ionization
chamber and/or on said one or more components contained within said
ionization chamber during ionization of said dopant gas, with said cleaning
gas under conditions sufficient to reduce the formation of deposits on the
interior of said ionization chamber and/or on said one or more components
contained within said ionization chamber. [0020] The method of this
invention provides higher removal rates than other known processes such as
NF3 based processes for residue deposits formed during carborane
implantation. The implementation of the method of this invention can enable
customers to perform the desired cleaning operation faster and hence
improve tool utilization. For example, users can gain an additional 1 hour
of tool utilization per day by replacing NF3 based cleaning with F2/Ar/02
based cleaning process for carborane deposit removal in accordance with
this invention. Faster cleaning operation can also result in less usage of
cleaning gas and hence less frequent gas cylinder replacements. Thus, the
users can further reduce tool downtime and safety concerns experienced
during gas cylinder replacement. 



Brief Description of the Drawings [0021] Fig. 1 is a schematic
representation of an ion implant system. [0022] Fig. 2 is a schematic
representation of different gas connection modes useful in this invention.
[0023] Fig. 3 is a schematic representation of different plasma and thermal
activation modes useful in this invention. [0024] Fig. 4 graphically
depicts the effect of cleaning gas flow and chamber pressure on removal
rate. [0025] Fig. 5 graphically depicts the impact of oxygen addition on
removal rate. Detailed Description of the Invention [0026] A layer of
deposits is formed on the walls and other components of an ion source
chamber while performing ion implant process. The deposits are at least in
part elements contained within a dopant gas, for example, vaporized - 6 -
carborane (C2B101-112) . The dopant gas may be obtained from a solid
source, for example, carborane (C21310F112) is a solid source that is
vaporized by heating. These deposits adversely impact the normal operation
of the ion-implanter, cause frequent downtime and reduce tool utilization.
Fig. 1 shows a schematic representation of an ion implant system. Deposits
are formed on the walls and components of the ion source chamber shown as
dashed box and the cleaning method of this invention removes deposits from
those regions. 



[0027] As indicated above, this invention relates in part to a method for
cleaning an ion source component of an ion implanter, wherein said ion
source component comprises an ionization chamber and one or more components
contained within said ionization chamber, and wherein the interior of said
ionization chamber and/or said one or more components contained within said
ionization chamber have at least some deposits thereon of elements
contained within a dopant gas, said method comprising: [0028] introducing
into said ionization chamber a cleaning gas, said cleaning gas comprising a
mixture of F2, one or more inert gases selected from noble gases and/or
nitrogen, and optionally 02, or a mixture of an oxygen/fluorine-containing
gas and one or more inert gases selected from noble gases and/or nitrogen;
and [0029] reacting said cleaning gas with said deposits under conditions
sufficient to remove at least a portion of the deposits from the interior
of said ionization chamber and/or from said one or more components
contained within said ionization chamber. [0030] The method of this
invention provides a cleaning chemistry and process to remove the deposits
formed during implantation, particularly carborane (C21310F112)
implantation. The method of this invention involves use of a cleaning gas
mixture containing F2, one or more inert gases selected from noble gases
(He, Ar, Xe and Kr) and/or nitrogen, and optionally 02 to remove deposits
of elements contained within a dopant gas. In a preferred embodiment, the
cleaning gas comprises a mixture of F2 and Ar, or a mixture of F2, Ar and
02. [0031] The composition of the cleaning gas mixture includes F2/[Ar+F2]
mole ratio from about 0.1 to about 0.3. The composition of the cleaning gas
mixture  7 - includes 02/[F2+02] mole ratio from about 0.01 to about 0.6. A
preferred gas mixture composition includes F2/[Ar+F2] mole ratio from about
0.15 to about 0.25 and 02/[F2+02] mole ratio from about 0.25 to about 0.45.
In a preferred embodiment, adding 02 to the F2 and Ar gas mixture can
enhance deposit removal rate by about 30-40% under optimized conditions. In
another embodiment, instead of using 02 and F2 as separate gases,
oxygen/fluorine-containing gases such as oxygen difluoride (0F2) mixed with
Ar can also serve as a cleaning gas. [0032] The cleaning gas composition is
preferably a F2/02/Ar mixture. At extreme points, i.e., F2/[Ar+F2] = 0.3
and 02/[02+F21 = 0.6, 1 mol of gas mixture will contain 0.21, 0.31 and 0.48
moles F2, 02 and Ar respectively. A dilute mixture of 10-25% OF2 and
balance Ar can also serve as a useful cleaning gas mixture. The cleaning
gas should have higher reactivity with the deposits compared to the
materials of construction of the ionization chamber and components
contained within the ionization chamber. [0033] The individual gases can
either be fed separately or in a premixed form. The gases can be plumbed to
the source chamber separately or supplied in a premixed form. Various gas
connection modes are suitable for use in the method of this invention. For
example, F2, Ar and 02 from separate sources can be mixed and the mixture
introduced into the ionization chamber. Alternatively, F2 and Ar from one
source and 02 from a separate source can be mixed and the mixture
introduced into the ionization chamber. Also, F2, Ar and 02 from one source
can be introduced into the ionization chamber. See, for example, Fig. 2
that depicts different gas connection modes. [0034] Illustrative dopant
sources include, but are not limited to, carborane (C2B10tl12). The
deposits formed during carborane implantation contain B, C and W in varying
quantities depending upon the location in the process chamber. Other
illustrative elements of which the dopant gas is comprised include
phosphorus (P) and arsenic (As). Other illustrative dopant gases include,
for example, phosphine (PH3), arsine (AsH3), germane (GeH4), germanium
tetrafluoride (GeF4), and diborane (B2H6). The deposits formed during the
implantation process using these other illustrative dopant sources may
contain P, - 8 - As, Ge and B respectively. The deposits formed in the ion
source chamber can be removed by bringing them in contact with a mixture of
F2, Ar and optionally 02 under desired process conditions. The deposits
react with F2, 02, F radical, 0 radical and OxFy radical once exposed to
the cleaning gas under desired operating conditions and are removed as
volatile products. Ar serves as a carrier gas and also reduces
recombination reactions responsible for the loss of active species. Ar is
the preferred carrier gas compared to other noble gases such as He and Ne
due to lower ionization potential of Ar compared to He and Ne. Also lower
cost of Ar makes it a preferred candidate compared to Kr, Xe and Rn. N2 has
very similar cost structure and ionization potential compared to Ar.
However, a lower etch rate results for W using Ar/F2 than N2/F2 making Ar
preferable to N2 as a carrier gas. W is a common material of construction
for ionization chambers and for components contained within the ionization
chambers. 



[0035] The method of this invention can employ thermal and/or plasma based
activation to achieve the desired cleaning action. Cleaning gases can
either be remotely activated by plasma and the active species transported
to the source chamber or plasma can be generated in-situ in the source
chamber. The preferred mode uses a combination of thermal and plasma
activation. Reaction temperature during the cleaning process can range from
about 25C to about 1000C. Preferably, the temperature of the ionization
chamber can range from about 200C to about 1000C. Reaction pressure during
the cleaning process can range from about 0.1 ton to about 10 ton.
Preferably, the pressure in the ionization chamber can range from about 0.1
ton to about 1 torr. [0036] The cleaning gases are subjected to thermal,
plasma or a combination of both to produce active radicals/ions. See, for
example, Fig. 3 that depicts different plasma and thermal activation modes.
In an embodiment of this invention, introducing plasma activation in
addition to thermal activation can significantly enhance the removal rate,
for example, about a 3X improvement. Thermal activation can be provided by
maintaining the ion source chamber, or at least a part of the ion source
chamber, at a desired temperature. The gases can be subjected to plasma
activation using a remote plasma system, for example, the - 9 - remote
plasma modes of Figs. 3A and 3B, and then transporting the radicals/ions to
the source chamber. [0037] Prior to introducing the cleaning gas into the
ionization chamber, the cleaning gas can be introduced into a plasma
chamber. The cleaning gas is excited in the plasma chamber to create a
plasma. The ions, radicals, neutrals and other disassociated species from
the plasma are then introduced into the ionization chamber. See, for
example, Fig. 3A. [0038] Prior to introducing said cleaning gas into the
ionization chamber, the cleaning gas comprising F2/Ar can be introduced
into a plasma chamber. The cleaning gas is excited in the plasma chamber to
create a plasma. The ions, radicals, neutrals and other disassociated
species from the plasma are removed from said plasma chamber and mixed with
02 to create a gas stream. The gas stream is then introduced into the
ionization chamber. See, for example, Fig. 3B. [0039] Alternatively, plasma
can be generated in-situ, for example, the direct plasma mode of Fig. 3C,
in the source chamber. In a preferred embodiment, plasma is generated
in-situ in the ion source chamber, which can easily be achieved by
providing desired potential across the cathode and anti-cathode in the
source chamber. Direct plasma mode has several potential advantages over
remote plasma mode including (i) no loss of active radicals or ions in the
flow lines, (ii) no need of additional remote plasma equipment, and (iii)
in-situ plasma generation produces sufficient thermal energy to raise
temperature of the ion source chamber wall to desired values required for
thermal activation. [0040] Reaction conditions for the reaction of the
cleaning gas with the deposits, such as temperature, pressure and contact
time, may also vary greatly. Any suitable combination of such conditions
may be employed herein that are sufficient to remove at least a portion of
the deposits from the interior of the ionization chamber and/or from the
one or more components contained within the ionization chamber. The
ionization chamber pressure during the cleaning process can range from
about 0.1 to about 10 torr, preferably from about 0.1 to about 1.0 torr.
The ionization chamber temperature during the cleaning process can range
from about 25C to about 1000C, preferably from about 400C to about 600C. -
10 - The reaction time of the cleaning gas with the deposits in the
ionization chamber can range from about 30 seconds to about 45 minutes. The
preferred reaction time varies depending on the frequency of cleaning that
a user practices. The cleaning gas flow rate can range from about 10 to
about 1000 sccm, preferably from about 50 to about 250 sccm. [0041]
Following the reaction of the cleaning gas with the deposits and removal of
at least a portion of the deposits from the interior walls of the
ionization chamber and/or from the one or more components contained within
the ionization chamber, the deposits are removed from the ionization
chamber as volatile products. The ionization chamber can then be evacuated
and the cleaning process repeated as many times as needed. The evacuated
volatile products can be directed to abatement units such as incinerators,
wet/dry scrubbers, and the like. [0042] As also indicated above, this
invention also relates in part to a method for cleaning an ion source
component of an ion implanter, wherein said ion source component comprises
an ionization chamber and one or more components contained within said
ionization chamber, and wherein the interior of said ionization chamber
and/or said one or more components contained within said ionization chamber
have at least some deposits thereon of elements contained within carborane
(C21310F112) dopant gas, said method comprising: 



[0043] introducing into said ionization chamber a cleaning gas, said
cleaning gas comprising a mixture of F2, one or more inert gases selected
from noble gases and/or nitrogen, and optionally 02, or a mixture of an
oxygen/fluorine-containing gas and one or more inert gases selected from
noble gases and/or nitrogen,; and [0044] reacting said cleaning gas with
said deposits under conditions sufficient to remove at least a portion of
the deposits from the interior of said ionization chamber and/or from said
one or more components contained within said ionization chamber. [0045] The
method of this invention is directed to cleaning the deposits after they
are formed during the preceding implant process. In an alternative mode,
the cleaning gas mix can be supplied continuously along with the dopant
source gas while the implant process is in progress.  [0046] As indicated
above, this invention relates in part to a method for preventing or
reducing the formation of deposits of elements contained within a dopant
gas in an ion source component of an ion implanter, wherein said ion source
component comprises an ionization chamber and one or more components
contained within said ionization chamber, said method comprising: [0047]
introducing into said ionization chamber a dopant gas; [0048] introducing
into said ionization chamber a cleaning gas, said cleaning gas comprising a
mixture of F2, one or more inert gases selected from noble gases and/or
nitrogen, and optionally 02, or a mixture of an oxygen/fluorine-containing
gas and one or more inert gases selected from noble gases and/or nitrogen,;
and [0049] reacting said dopant gas and said cleaning gas under conditions
sufficient to prevent the formation of deposits on the interior of said
ionization chamber and/or on said one or more components contained within
said ionization chamber; or reacting said dopant gas, and deposits forming
on the interior of said ionization chamber and/or on said one or more
components contained within said ionization chamber during ionization of
said dopant gas, with said cleaning gas under conditions sufficient to
reduce the formation of deposits on the interior of said ionization chamber
and/or on said one or more components contained within said ionization
chamber. [0050] In particular, this invention relates in part to a method
for preventing or reducing the formation of deposits of elements contained
within carborane (C2B101-112) dopant gas in an ion source component of an
ion implanter, wherein said ion source component comprises an ionization
chamber and one or more components contained within said ionization
chamber, said method comprising: [0051] introducing into said ionization
chamber a dopant gas, said dopant gas comprising carborane (C2B10H12);
[0052] introducing into said ionization chamber a cleaning gas, said
cleaning gas comprising a mixture of F2, one or more inert gases selected
from noble gases and/or nitrogen, and optionally 02, or a mixture of an
oxygen/fluorine-containing gas and one or more inert gases selected from
noble gases and/or nitrogen,; and  - 12 - 



[0053] reacting said dopant gas and said cleaning gas under conditions
sufficient to prevent the formation of deposits on the interior of said
ionization chamber and/or on said one or more components contained within
said ionization chamber; or reacting said dopant gas, and deposits forming
on the interior of said ionization chamber and/or on said one or more
components contained within said ionization chamber during ionization of
said dopant gas, with said cleaning gas under conditions sufficient to
reduce the formation of deposits on the interior of said ionization chamber
and/or on said one or more components contained within said ionization
chamber. The method further comprises extracting an ion beam from said
ionization chamber for implantation into a substrate. [0054] For the method
of preventing or reducing the formation of deposits on the interior of the
ionization chamber and/or on said one or more components contained within
the ionization chamber, the composition of the cleaning gas mixture can be
as described herein. This deposit prevention method is an in situ cleaning
method and can be called a co-bleed mode of operation. [0055] Reaction
conditions for the reaction of the cleaning gas and the dopant gas, such as
temperature, pressure and contact time, may also vary greatly. Any suitable
combination of such conditions may be employed herein that are sufficient
to prevent or reduce the formation of deposits from the interior of the
ionization chamber and/or from the one or more components contained within
the ionization chamber. The ratio of cleaning gas to dopant gas can range
from about 0.1:1 to greater than about 3:1. The ionization chamber pressure
can range from about 0.1 to about 5 millitorr, preferably from about 0.5 to
about 2.5 millitorr. The ionization chamber temperature can range from
about 25C to about 1000C, preferably from about 400C to about 600C. The
cleaning gas flow rate and dopant gas flow rate are typically of a similar
order of magnitude in the process. Preferably, the cleaning gas and dopant
gas flow rates can range from about 0.1 to about 10 sccm, more preferably
from about 0.5 to about 3 sccm. [0056] In the operation of the co-bleed
mode, the cleaning time is equal to the duration that the dopant and
cleaning gases are flown. This duration then is dependent on the process
time for the user. The cleaning time depends not only - 13 - on the process
recipe but also the number of wafers and fab loading. In the co-bleed mode
of operation, the user may continue to flow the cleaning gas even after
stopping the dopant gas to ensure removal of any deposits left. [0057] The
method of preventing or reducing the formation of deposits on the interior
of the ionization chamber and/or on said one or more components contained
within the ionization chamber employs thermal/plasma based activation as
described herein. The dopant gas is ionized by striking plasma in the
ionization chamber and the temperature of the ionization chamber wall and
the components contained within the ionization chamber rises due to
conduction and/or radiation from the heated cathode. [0058] In
thermal/plasma based activation, the plasma can comprise disassociated and
ionized constituents of the dopant gas, i.e., carborane (C21310F112), and
disassociated and ionized constituents of the cleaning gas, i.e., a mixture
of F2, Ar and optionally 02. The disassociated and ionized constituents of
the dopant gas react with the disassociated and ionized constituents of the
cleaning gas to prevent or reduce formation of deposits of the elements
contained within the ionizable dopant gas on the interior of the ionization
chamber and/or on the one or more components contained within the
ionization chamber. Mass flow controllers can be used to control the ratio
of cleaning gas to dopant gas introduced into the ionization chamber. The
ratio of cleaning gas to dopant gas can range from about 0.1:1 to greater
than about 3:1. [0059] Various modifications and variations of this
invention will be obvious to a worker skilled in the art and it is to be
understood that such modifications and variations are to be included within
the purview of this application and the spirit and scope of the claims. 



Example 1  [0060] The performance of NF3 cleaning gas with different
variations of cleaning gas chemistry used in this invention was compared.
Under similar processing conditions, F2/Ar and F2/Ar/02 mix demonstrated
better removal rates than NF3 (see Tables A and B below). For the thermally
activated cleaning  - 14 - process, F2/Ar/02 resulted in greater than 2X
faster residue deposit removal rate even at lower temperature. Also, when
operated under a combination of plasma and thermal activation, F2/Ar/02
based chemistry exhibited better removal rates than NF3 based chemistry. In
addition, due to lower bond dissociation energy of F-F bonds in F2 compared
to N-F bonds in NF3, less plasma power is required to sustain fully
dissociated F2 plasma in comparison to NF3 plasma. Higher residue deposit
removal rates in combination with low power requirements offer the user a
wider process window to perform desired cleaning operation. Table A:
Activation Mode: Thermal Clean Gas 02/F2 mol Pressure Temperature 



Removal Rate  ratio (Torr) (C) ([tm1min1100 see-     



F) NF3/Ar NA 3.0 800 0.7 F2/Ar/02 0.0 3.0 600 



1.5  Table B: Activation Mode: Plasma + Thermal Clean Gas 02/F2 mol
Pressure Temperature Removal Rate  ratio 



(Torr) (C) (pm1min1100 see-     F) NF3/Ar NA 



3.0 400 1.2 F2/Ar/02 0.0 3.0 400 1.6 F2/Ar/02 0.4 



3.0 400 2.1  Example 2  [0061] Experiments were conducted to evaluate
removal rate of deposits from carborane dopant gas at different operating
conditions. Fig. 4 presents removal rate observed at different flow rates
of F2/02/Ar mix (F2:02:Ar - 0.18:0.09:0.73) and F2/Ar mix (F2:Ar -
0.20:0.80). The mix compositions used in these experiments are:  - 15 -
[0062] F2/02/Ar mix: F2:02:Ar = 0.18:0.09:0.73, i.e, F2/[F2+Ar] = 0.20 and
02/[02+F2] - 0.33 [0063] F2/Ar mix: F2:Ar = 0.20:0.80, i.e. F2/[F2+Ar] =
0.20 



[0064] Fig. 4 depicts the effect of cleaning gas flow and chamber pressure
on removal rate. Pressure values listed beside each data point is the
chamber pressure during corresponding experiment. It is observed that for
both F2/Ar and F2/02/Ar mix removal rate drops by only about 1.9X and about
1.6X respectively with an about 5X reduction in cleaning gas flow (and
corresponding chamber pressure) thus indicating more efficient utilization
of cleaning gas in low flow-low pressure mode. It is also desirable to
maintain low pressure (less than 1.0 ton) in the ion source chamber when
cleaning is performed in direct plasma mode due to the physical location of
the generated plasma. At higher pressures, plasma will tend to localize
around the cathode regions in the arc chamber unlike low pressure operation
where plasma tends to spread around the chamber and hence provide more
uniform cleaning The results demonstrate that reasonably high removal rates
are achievable using F2/Ar/02 mix at about 200 sccm and a chamber pressure
of 0.7 torr. Further optimization based on specific implanter configuration
is also possible. [0065] Fig. 5 illustrates the effect of oxygen addition
on removal rate performance of the cleaning gas mix. Initially removal rate
increased as the relative concentration of 02 in the gas mix was increased,
however an opposite effect was observed as 02 concentration continued to
increase. The removal rate dropped to zero when samples were subjected to a
pure oxygen stream. The results suggested that the preferred range of 02
mol fraction [moles 02/(moles 02 + moles F2)] in the cleaning gas mix is
from about 0.3-0.5.  - 16 - Claims  1. A method for cleaning an ion source
component of an ion implanter, wherein said ion source component comprises
an ionization chamber and one or more components contained within said
ionization chamber, and wherein the interior of said ionization chamber
and/or said one or more components contained within said ionization chamber
have at least some deposits thereon of elements contained within a dopant
gas, said method comprising:       introducing into said ionization chamber
a cleaning gas, said cleaning gas comprising a mixture of F2, one or more
inert gases selected from noble gases and/or nitrogen, and optionally 02,
or a mixture of an oxygen/fluorine-containing gas and one or more inert
gases selected from noble gases and/or nitrogen; and       reacting said
cleaning gas with said deposits under conditions sufficient to remove at
least a portion of the deposits from the interior of said ionization
chamber and/or from said one or more components contained within said
ionization chamber.  2. The method of claim 1 wherein the cleaning gas
comprises a mixture of F2 and Ar, a mixture of F2, Ar and 02, or a mixture
of oxygen difluoride (0F2) and Ar.  3. The method of claim 2 wherein F2, Ar
and 02 from separate sources are mixed and said mixture introduced into
said ionization chamber; F2 and Ar from one source and 02 from a separate
source are mixed and said mixture introduced into said ionization chamber;
or F2, Ar and 02 from one source are introduced into said ionization
chamber. 



4. The method of claim 2 wherein the F2/[Ar + F2] mole ratio is from about
0.1 to about 0.3, and the 02/[F2 + 02] mole ratio is from about 0.01 to
about 0.6.  - 17 -  5. The method of claim 2 wherein the F2/[Ar + F2] mole
ratio is from about 0.15 to about 0.25, and the 02/[F2 + 02] mole ratio is
from about 0.25 to about 0.45.  6. The method of claim 1 wherein the dopant
gas comprises carborane (C2B101-112)  7. The method of claim 1 wherein the
deposits comprise an element selected from B (boron), C (carbon), W
(tungsten), and mixtures thereof  8. The method of claim 1 wherein said
method employs thermal and/or plasma based activation of said cleaning gas.
9. The method of claim 1 further comprising (i) prior to introducing said
cleaning gas into said ionization chamber, introducing said cleaning gas
into a plasma chamber, exciting said cleaning gas in said plasma chamber to
create a plasma, and introducing ions, radicals, neutrals and other
disassociated species from said plasma into said ionization chamber, (ii)
introducing said cleaning gas into said ionization chamber and exciting
said cleaning gas in said ionization chamber to create a plasma, or (iii)
prior to introducing said cleaning gas into said ionization chamber,
introducing said cleaning gas comprising F2/Ar into a plasma chamber,
exciting said cleaning gas in said plasma chamber to create a plasma,
removing ions, radicals, neutrals and other disassociated species from the
plasma from said plasma chamber, mixing said ions, radicals, neutrals and
other disassociated species from the plasma with 02 to create a gas stream,
and introducing said gas stream into said ionization chamber.  10. The
method of claim 1 wherein reacting said cleaning gas with said deposits is
carried out in said ionization chamber at a temperature of from about 25C
to about 1000C.  



- 18 -  11. The method of claim 1 wherein reacting said cleaning gas with
said deposits is carried out in said ionization chamber at a pressure of
from about 0.1 torr to about 10 torr.  12. The method of claim 1 wherein
reacting said cleaning gas with said deposits is carried out in said
ionization chamber at a reaction time of from about 30 seconds to about 45
minutes.  13. The method of claim 1 wherein said cleaning gas is introduced
into said ionization chamber at a flow rate of from about 10 sccm to about
1000 sccm.  14. The method of claim 1 further comprising evacuating said
ionization chamber after said reacting.  15. The method of claim 14 further
comprising repeating said method one or more times.  16. A method for
cleaning an ion source component of an ion implanter, wherein said ion
source component comprises an ionization chamber and one or more components
contained within said ionization chamber, and wherein the interior of said
ionization chamber and/or said one or more components contained within said
ionization chamber have at least some deposits thereon of elements
contained within carborane (C2B101-112) dopant gas, said method comprising:
introducing into said ionization chamber a cleaning gas, said cleaning gas
comprising a mixture of F2, one or more inert gases selected from noble
gases and/or nitrogen, and optionally 02, or a mixture of an
oxygen/fluorine-containing gas and one or more inert gases selected from
noble gases and/or nitrogen; and       reacting said cleaning gas with said
deposits under conditions sufficient to remove at least a portion of the
deposits from the interior of said ionization chamber and/or from said one
or more components contained within said ionization chamber.  



- 19 -  17. A method for preventing or reducing the formation of deposits
of elements contained within a dopant gas in an ion source component of an
ion implanter, wherein said ion source component comprises an ionization
chamber and one or more components contained within said ionization
chamber, said method comprising: introducing into said ionization chamber a
dopant gas;       introducing into said ionization chamber a cleaning gas,
said cleaning gas comprising a mixture of F2, one or more inert gases
selected from noble gases and/or nitrogen, and optionally 02, or a mixture
of an oxygen/fluorine-containing gas and one or more inert gases selected
from noble gases and/or nitrogen; and       reacting said dopant gas and
said cleaning gas under conditions sufficient to prevent the formation of
deposits of elements contained within said dopant gas on the interior of
said ionization chamber and/or on said one or more components contained
within said ionization chamber; or reacting said dopant gas, and deposits
forming on the interior of said ionization chamber and/or on said one or
more components contained within said ionization chamber during ionization
of said dopant gas, with said cleaning gas under conditions sufficient to
reduce the formation of deposits on the interior of said ionization chamber
and/or on said one or more components contained within said ionization
chamber.  18. The method of claim 17 further comprising extracting an ion
beam from said ionization chamber for implantation into a substrate.  19.
The method of claim 17 wherein said method employs thermal/plasma based
activation of said dopant gas and said cleaning gas.  20. A method for
preventing or reducing the formation of deposits of elements contained
within carborane (C2B101-112) dopant gas in an ion source component of an
ion implanter, wherein said ion source component comprises an ionization  



- 20 - chamber and one or more components contained within said ionization
chamber, said method comprising:       introducing into said ionization
chamber a dopant gas, said dopant gas comprising carborane (C2B10H12);
introducing into said ionization chamber a cleaning gas, said cleaning gas
comprising a mixture of F2, one or more inert gases selected from noble
gases and/or nitrogen, and optionally 02, or a mixture of an
oxygen/fluorine-containing gas and one or more inert gases selected from
noble gases and/or nitrogen; and       reacting said dopant gas and said
cleaning gas under conditions sufficient to prevent the formation of
deposits of elements contained within said carborane (C2B10H12) dopant gas
on the interior of said ionization chamber and/or on said one or more
components contained within said ionization chamber; or reacting said
dopant gas, and deposits forming on the interior of said ionization chamber
and/or on said one or more components contained within said ionization
chamber during ionization of said dopant gas, with said cleaning gas under
conditions sufficient to reduce the formation of deposits on the interior
of said ionization chamber and/or on said one or more components contained
within said ionization chamber. 


