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(571 ABSTRACT

This application is dedicated to the public. A method and
apparatus for reducing the emissions of a fluorinated gas
from a wafer processing facility begins by providing a
fluorinated exhaust gas from wafer processing tools (10)
through (16) via an input line (17). The fluorinated exhaust
gas is then optionally gettered via an gettering system (18)
to remove oxygen from the exhaust gas. After gettering. the
fluorinated exhaust gas is directed to a molten aluminum
bath (44). The fluorine in the exhaust gas reacts with the
aluminum to form AlF,. A measurement device (56) is used
to monitor the amount of fluorine being exhausted from the
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METHOD AND APPARATUS FOR USING
MOLTEN ALUMINUM TO ABATE PFC
GASES FROM A SEMICONDUCTOR
FACILITY

FIELD OF THE INVENTION

The present invention relates to semiconductor processing
in general, and more specifically to abating fluorinated gases
from outputs of a semiconductor manufacturing facility.

BACKGROUND OF THE INVENTION

Global warming is a worldwide problem which threatens
the lives and lifestyles of the entire population. Studies have
indicated that global warming is due in part to the release of
certain gases into the atmosphere, particularly fiuorinated
carbon gases such as chlorofluorocarbons (CFCs) and per-
fluorocarbon gases (PFCs). Industry is considered to be a
large contributor to the emission of these gases imto the
environment, the semiconductor industry included.

In semiconductor wafer processing, fluorinated carbon
gases are used at a variety of steps in the wafer manufac-
turing process. A proficient use of finorinated carbon gases
is for cleaning reaction chambers of wafer processing tools.
For example, after depositing an oxide on a semiconductor
wafer, the reaction chamber is commonly cleaned using a
mixture of hexafluoroethane (C,F,) and oxygen (0,) gases
in the presence of a plasma. During the cleaning cycle, not
all of the C,Fj is reacted, and must be exhausted. Presently,
the typical exhaustion of the C,F, gases occurs through the
fabrication facility scrubber system, which does not break
down the gases, resulting in emission of C,F¢ into the
atmosphere. Another common usage of fluorinated carbon
gases is the use of CF, as an etchant for semiconductor
wafers. After etching, the CF, gas is again exhausted
through the fabrication facility scrubbers and released into
the atmosphere.

Because the fluorinated carbon gases contribute to global
warming, there is a push in the industry to either eliminate
or reduce the amount of these gases emitted into the atmo-
sphere. One known solution for eliminating emissions into
the atmosphere is an abatement process which heats the
exhaust gases containing fluorinated carbon gases to
extremely high temperatures (1200°-1300° C.) in an attempt
to crack the carbon from the fluorine. However, there are
several disadvantages with such a high temperature abate-
ment process. One disadvantage is that to achieve such
elevated temperatures, either methane or natural gas must be
utilized, which requires additional high operating cost and
additional equipment investment, as well as compliance
with strict safety guidelines imposed by various government
agencies. Furthertnore, a remnant gas of the abatement
process is nitrous oxide which likewise contributes to global
warming.

Another proposed solution to the emission of fluorinated
carbon gases into the atmosphere is to use alternative source
gases during wafer processing and/or reaction chamber
cleaning. One gas proposed as a substitute is NF,. Again,
however, there are disadvantages with using NF,. The use of
NF,; is more corrosive to processing equipment as compared
to fluorinated carbon gases. Another disadvantage with the
use of NF; is that there are strict guidelines on the amount
of the emissions of fluorine into the atmosphere and into the
ground water such that use of NF, as a substitute for
fluorinated carbon gases may result in a semiconductor
manufacturer exceeding its emission levels for fluorine.

Emission of flucrinated carbon gases into the atmosphere
can also be reduced simply by process optimization. For
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example, excess use of fluorinated carbon gases can be
eliminated with the use of end-point detection systems or
through the use of experimentation which can precisely
calculate the amount of gases and the time required to clean
or etch. In some instances, the reduction of fluorinated
carbon gases has been cut back by 60-70 percent of original
usage. However, reduction of the usage is not sufficient,
elimination is required.

Therefore, there is a need in the semiconductor industry
for a wafer manufacturing process which eliminates the
emission of fluorinated gases into the atmosphere, thereby
reducing the affects of global warming upon the world.
Further, such a process is needed because the supply of
fluorinated gases essential to the semiconductor manufac-
turing process is being threatened if environmental safe
solutions for emissions is not obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates, in a block diagram, a semiconductor
facility in accordance with the present invention;

FIG. 2 illustrates, in a schematic diagram, a molten
aluminum PFC gettering apparatus for use in a semiconduc-
tor facility in accordance with the present invention; and

FIG. 3 illustrates, in a flowchart, a method for abating
PFC effluents from a plurality of semiconductor wafer
processing tools in a semiconductor facility in accordance
with the present invention.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

The entire term of this application is being dedicated to
the public in accordance with MPEP 1490 and 37 CFR
1.321(a). All rights to exclude under 35 U.S.C. 154 for this
application are waived for the benefit of the public. No
remedy under 35 USC 281 will be pursued for this appli-
cation for the benefit of the public. No monetary royalty will
be required for practicing the invention as claimed herein for
the benefit of the public.

Generally, the present invention involves removing flu-
orinated gas from the exhaust of a semiconductor wafer
fabrication facility. This fiuorinated gas reduction is per-
formed by coupling all wafer processing tools which pro-
duce fluorinated gases to an optional oxygen gettering
system. This oxygen gettering system is optional and is used
to remove oxygen from the fluorinated gas stream. If the
oOXygen gettering system is not used, then the outputs of the
wafer processing tool are fed directly to a molten aluminum
bath. If the oxygen gettering system is used, the output of the
oxygen gettering system is fed to a molten metal bath. The
fluorinated gas is then introduced into the molten metal bath
wherein the molten metal bath contains molten aluminum.
The molten aluminum will getter fluorine from the fluori-
nated gas to produce an inert fluorinated metal and a
byproduct gas (such as carbon dioxide) which is less harm-
ful to the environment,

At a certain point in time, the molten aluminum bath will
become saturated with fluorine. This point is detected by
using a mass spectrometer which is coupled to the exhaust
from the molten aluminum bath. Once the mass spectrom-
eter determines that the molten aluminum is saturated with
fluorine, the incoming exhaust is diverted to another molten
aluminum bath while the first molten aluminum bath is
cooled to room temperature. Upon cooling, an inert alumi-
num fluorine brick is formed and can be removed from the
container and disposed without emission of fluorine gas into
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the atmosphere. New aluminum is then placed into the bath
and returned to a molten state in order to continue the
fluorine abatement process.

A fluorine abatement process in accordance with the
present invention is advantageous because: (1) the process
removes fluorine, including PFCs and possibly CFCs, from
the emissions of a semiconductor wafer facility so that the
environment is not detrimentally affected; (2) aluminum
metal sputtering targets which are typically waste from a
manufacturing facility may be used as the aluminum for the
molten metal bath, thereby further reducing waste from the
semiconductor fabrication facility; (3) the reaction between
fluorine and aluminum is exothermic, and therefore less
expense is incurred by this process since less heating is
required to maintain the aluminum in a molten state; and (4)
the byproduct of this process is an AIF, solid brick which is
inert and will not damage the environment.

The invention can be further understood with reference to
FIGS. 1 through 3 below.

FIG. 1 demonstrates a plurality of wafer processing tools
10. 12, 14, 15, and 16. The wafer processing tools 10-16 in
FIG. 1 are any wafer processing tools which exhaust or
produce fluorinated gases, such as PFCs or CFCs. In a
preferred form, the wafer processing tool 16-16 include
oxide deposition equipment, oxide etch equipment, and
metal etch equipment. For example, the wafer processing
tool 10-16 can be any one of a Lam 4500i Etcher, a Lam
4500 Etcher, an Applied Materials 5000 series etcher and
deposition system, and an Applied Materials 8000 series
etcher. The fluorinated gas provided by these systems typi-
cally include C,Fg, CF,, and NF;. These fluorinated gases
are extracted from the wafer processing tools 10-16 after
either a wafer processing operation (such an oxide etch) or
a reaction chamber cleaning operation. The extracted
exhaust gases then flow through isolation valves 10A, 12A,
14A, 15A. and 16A. In an operational state, the valves
10A—16A are open to allow the fluorinated exhaust gas to
flow to the valves 20A, 20B, and 21 in FIG. 1.

The fluorinated exhaust gas is then directed to an optional
oxygen gettering system 18A or 18B, depending upon the
settings of valves 20A and 20B. In a preferred system,
oxygen gettering is used to remove oxygen to prevent
subsequent formation of metallic oxide compounds in the
molten metal baths 43A and 43B. For example, if the molten
bath is aluminum, the oxygen gettering systems 18A and
18B can increase the life of the aluminum baths by prevent-
ing or substantially reducing the formation of Al,Oj in the
molten baths 43A and 43B. However, oxygen gettering
systems 18A and 18B may not be required if the wafer
processing tools 10-16 are cleaned using chemistries which
are not oxygen intensive.

In a preferred method of operation, a single oxygen
gettering system is operated at any one time. Therefore,
when oxygen gettering system 18A is connected to the wafer
processing tools 10-16 via the valves 20A and 26A. the
oxygen geftering system 18B is disconnected from the
system via valves 20B and 26B and vice versa. This dis-
connection scheme is allowed so that when one oxygen
gettering system 18A or 18B becomes saturated with
oxygen, that oxygen gettering system may be regenerated
off-line while the other oxygen gettering system will con-
tinue to perform oxygen filtering functions in the system of
FIG. 1. In another form, multiple oxygen gettering systems.
beyond two systems may be installed, and one or more of
these oxygen geftering systems may simultaneously be
active. In addition, valve 21 may be used to selectively
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bypass all of the oxygen gettering systems 18A and 18B
when no oxygen gettering is needed.

After performing the optional oxygen gettering with get-
tering systems 18A and 18B of FIG. 1, valves 27A, 27B,
294, and 29B are used to couple a molten metal bath 43A
or 43B to the system. After being optionally scrubbed for
oxygen, the molten metal bath, which in a preferred form
contains molten aluminum, is used to getter fluorine from
the fluorinated exhaust gas. After the fluorine is gettered
from the gas, byproducts from the molten metal bath 43B or
43A are diverted to a fab scrubber 58 which supports an
entire fabrication facility and processes a multitude of
effluents from the facility.

The reason two or more molten metal baths are illustrated
in FIG. 1 is due to the fact that the molten metal bath will
eventually become saturated with fluorine. Once this satu-
ration point occurs for a molten metal bath, the molten metal
bath is taken off-line and another molten metal bath is
switched into the system to replace it. The off-line molten
metal bath is then cooled near room temperature so that the
fluorine saturated aluminum solidifies into a brick of AlF,.
This brick, which is inert and non-damaging to the
atmosphere, is removed from the molten metal bath and the
molten metal bath is replenished with new aluminum. The
source for aluminum for these systems is preferably the
aluminum sputtering targets from conventional metal sputter
systems used for metal deposition on wafers. Therefore, a
plurality of molten metal baths is used as illustrated in FIG.
1 so that one molten metal bath is always functional at any
one point in time.

FIG. 2 illustrates a detailed portion of FIG. 1. FIG. 2
includes several wafer processing tools 10, 12. and 16, one
oxygen gettering system 18, and one molten metal bath 43.
The process for scrubbing fluorinated gas begins by exhaust-
ing a fluorinated gas from the wafer processing tools 10-16
via the tool output line 13 illustrated in FIG. 2. These
systems were discussed in detail in FIG. 1. The tool output
line 13 is connected to a gettering input line 17. The tool
output line 13 and the gettering input line 17, as well as other
piping in FIG. 2, are formed via stainless steel or fiberglass
materials. It is also important to note, that the gettering input
line 17 may be optionally connected directly to the molten
metal bath 43 in the event that oxygen gettering is not
required in the system. However. if oxygen gettering is
required. the gettering input line 17 is coupled to an oxygen
gettering system 18 as illustrated in FIG. 2.

Gas input flow to the gettering system 18 is controlled via
valve 20. When valve 20 is open, gas flows from the
gettering input line 17 into a copper turnings oxygen scrub-
ber 32. The oxygen scrubber is preferably copper turnings or
maybe any type of copper region wherein copper readily
oxidizes and removes oxygen from a gas flow. After oxygen
is significantly removed from the fluorinated gas flow, an
output valve 26 is used to provide the oxygen gettered
fiuorinated gas to a gettering output 33 as illustrated in FIG.
2.

Over time, the oxygen scrubber 32 will become saturated
with oxygen. At this point. the oxygen gettering system 18
must be removed from the system by shutting the valves 20
and 26. Once these valves are closed, the valves 22 and 24
are opened. A regeneration process is then initiated in order
to remove oxygen from the copper tumings and return
oxygen scrubber 32 to a state where oxygen can be effec-
tively filtered from the incoming gas stream. In order to
regenerate the scrubber, hydrogen provided from a gas
source 28 is passed through the valve 22 and through the
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oxygen scrubber 32. The resistance heating elements 30 are
raised to a temperature between 250° and 400° C. The
combination of the hydrogen and the elevated temperature
from the heating elements 30 results in the hydrogen com-
bining with the oxygen to form water vapor. This water
byproduct is passed through the valve 24 and is vented via
a water exhaust to a fabrication scrubber 58 as illustrated in
FIG. 2. Therefore, the oxygen gettering system 18, when
activated via the valves 20 and 26, scrubs oxygen from the
fluorinated gas stream provided by the gettering input line
17. In another operational mode, the valves 22 and 24 are
open, while valves 20 and 26 are closed so that the copper
turnings oxygen scrubber 32 may be replenished via a
regenerating process using a gas source 28 and heating
element 30.

After the optional gettering, the fluorinated gas is pro-
vided to a molten metal gas 43 via a housing input line 35.
The molten metal bath 43 comprises a housing 48. Inside the
housing 48 is a plurality of resistance heating elements 42.
Housing 48 is typically a metallic material, ceramic, or
Inconel, which is surrounding the entire molten metal bath
region so that heating clements 42 and electronic compo-
nents (not shown) of the molten metal bath are insulated and
protected from an external environment. The heating ele-
ments 42 are coupled via a conductive line 40 to a tempera-
ture controller 46 illustrated in FIG. 2. Within the heating
elements 42 is a furnace well 34 made of Inconel. Inside the
furnace well 34 is a backup container 36 which is also made
of Inconel. Inside the backup container 36 is a primary
ceramic container 38 which is in direct contact with the
molten aluminum and primarily responsible for containing
the molten aluminum 44. The backup container 36 is pro-
vided as a backup to the ceramic container 38, so that if the
ceramic container would ever fracture, molten aluminum
would not damage parts adjacent to the molten metal bath
43.

‘While the material within the ceramic container 38 can be
one of any type of molten metal, molten aluminum 44 is
preferred in FIG. 2. The molten aluminum comprises mostly
aluminum, perhaps with small amounts (less than 5%) of
one or more of silicon and copper. The source for aluminum
for the molten bath 43 can be targets from sputtering metal
equipment used within the fabrication facility. However, any
aluminum source can be used for the molten aluminum 44
in FIG. 2. Although aluminum is the preferred molten metal,
sodium, potassium, calcium, lithium, cesium, or other alter-
natives may be used in the system of FIG. 2. Aluminum is
preferred over these other metals since aluminum does not
create contamination concerns within the semiconductor
facility.

The housing input line 35 which provides the fluorinated
gas flow is connected to a porous ceramic plug 47 at the
bottom of the molten bath 43. The ceramic plug 47 is a
porous material that contains a plurality of perforations
which creates significant surface area within the molten
aluminum. Therefore, the porous ceramic plug 47 disperses
the fluorinated gas through the molten aluminum to improve
fluorinated gettering efficiency. Once the fluorinated gas is
introduced to the molten aluminum through the porous
ceramic plug 47, the molten aluminum will getter the
flouring atoms in accordance with the following chemical
reactions:

ALPFC+0,=AIF(sHCO/CO, (eq. 1)
(eq- 2)

Eq. 1 indicates that a PFC gas combined with molten Al
will for AlF,; with some byproducts which are sent to a fab

AL O, +PFC=AIF;(s}HCO/CO,
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scrubber 58. Eq. 2 indicates that even if a large amount of
oxygen reacts with the aluminum, the aluminum oxide will
break down to continue to effectively getter fluorine from the
finorinated gas. The reactions from eq. 2 may be minimized
by the oxygen gettering system to ensure that efficiency of
fluorine gettering in the bath 43 is not hampered.

To insure proper fluorine gettering, a thermal couple 50,
which is surrounded by a protective sheath, is inserted into
the molten aluminum 44 to monitor the temperature of the
molten aluminum region. This temperature is communicated
by the thermal couple 50 to a temperature controller 46
which in turn communicates information to the resistance
heating element 42 via conductor 40 to maintain the tem-
perature of the molten aluminum 44 within a certain range.
After a significant amount of fluorine gas processing, the
molten aluminum 44 will become saturated with fluorine.
For example, 450 liters of C,F4 can be processed effectively
with one kilogram of aluminum. The fluorine saturation
point is detected by passing a carrier gas into the molten
metal bath 43 from a carrier gas source 52. In a preferred
form, the carrier gases are Argon, but any other inert gas,
such as helium, may be used. The carrier gas is passed into
the molten metal bath 43 and forces gas from within the
molten metal bath 43 through a housing output line illus-
trated in FIG. 2. The output gas coming through the housing
output line 54 of FIG. 2 is monitored via a measurement
device 56. The measurement device 56 is typically a mask
spectrometer or a gas chromatograph which is designed to
detect the presence of fluorine. This device 56 can effec-
tively determine when the molten aluminum has been satu-
rated with fluorine since the output gas concentration of
fluorine will rise once the molten aluminum ceases to getter
fluorine effectively.

Once the aluminum has been saturated with flucrine, the
resistance heating clements 42 are instructed by the tem-
perature controller 46 to return to a temperature below 400
degrees C. while, optimally, another fresh molten aluminum
bath is brought on line to continue the PFC/CFC abatement
process. Below 400° C., molten aluminum begins to solidify
and the fluorinated saturated aluminum which comprises a
large amount of AlF; will solidify into a solid brick form.
This solid brick can then be removed from the ceramic
container 38 and new aluminum can be placed into the
ceramic contain 38 to continue the molten aluminum fiuo-
rine filtering process. It is important to note that the gas that
is being monitor by the mask spectrometer 56 is also passed
to the fabrication scrubber 58 along with the exhaust from
the gettering system 18 to be further processed.

FIG. 3 illustrates a method 100 for using the apparatus of
FIG. 2 to getter fluorine from a fluorinated gas stream.
Method 100 begins via a step 102. In a step 102, a wafer
processing tool is provided and connected in the fabrication
facility. The wafer processing tool is coupled in the system
as illustrated in FIG. 2. After step 102, a semiconductor
wafer is processed via a step 104. Typically, the process
performed via the wafer processing tool is a plasma process
which results in a fluorinated gas byproduct or fluorinated
gas exhaust. Typically, the processing occurring in step 104
is one of either etching of a wafer, cleaning of a wafer. or
deposition of a film of material.

In a step 106, after the step 104 is performed. a step 106
is used to clean the wafer processing tools reaction chamber
using a fivorinated carbon gas. Therefore, the use of the
molten metal fluorinated gas gettering system can be used to
getter effluent fluorine containing gases from both steps 104
and 106.

In a step 108, the effluent exhaust gas which contains
fluorine is directed through an optional oxygen gettering
system 18. In another form, the effluent might not require an
oxygen gettering step and will pass directly into step 110 of
FIG. 3. In a step 110, the oxygen gettered fluorinated gas is
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directed through a molten bath of aluminum. This molten
aluminum bath getters fluorine from the fluorinated gas to
create byproduct gases which are less harmful to an envi-
ronment and further processed via a fab scrubber 58.

While gettering fluorine in a molten aluminum bath. the
molten aluminum bath is monitored for fluorine saturation.
This fluorine saturation monitoring is performed via a step
112. In a step 114, a computer determines whether the
amount of fluorine passing through an output line is within
a specified fluorine tolerance or beyond a specified fluorine
tolerance. If the amount of fluorine detected in the output
line is within a specification, then the molten aluminum bath
is continued in its operation and the byproduct output line
gas is directed through the fab scrubber 58 via step 118. If
the amount of fluorine detected in the output line in step 114
is beyond the specified limit, then a step 116 is performed.
In step 116, the current fluorine saturated molten metal bath
is shut down and the fluorine gas is either re-routed to
another molten metal bath or is pre-empted from flowing for
a period of time. When the fluorinated gas is either pre-
empted from flowing or rerouted to a differed molten bath,
the fluorine saturated molten bath is reduced to room tem-
perature in step 116. Once the fluorine saturated aluminum
solidifies, the aluminum brick is removed from the chamber
and new aluminum is placed in the previously saturated
molten aluminum bath. This molten bath containing new
aluminum can then be brought on-line to perform subse-
quent fluorine processing as is needed in the semiconductor
facility. In step 116, gas received from the molten metal bath
is continuously routed to the fab scrubber 58 as illustrated in
FIG. 2.

Thus, it is apparent that there has been provided and
method and apparatus for reducing fluorinated gas byprod-
uct emissions from being produced by a semiconductor
manufacturing facility in order to maintain a safer environ-
ment. Those skilled in the art will recognize that modifica-
tions and variations can be made to the teachings herein
without departing from the spirit and scope of the invention.
Therefore, it is intended that this invention encompass all
such variations and modifications as fall within the scope of
the appended claims.

We claim:

1. An apparatus comprising:

a housing;

a molten metal region contained within the housing; and

an housing input line for providing fiuorinated gas to the

molten metal region wherein fluorine within the fivori-
nated gas is gettered by the molten metal region.

2. The apparatus of claim 1 further comprising:

an oxygen gettering system coupled to the housing input
line for filtering oxygen from the fiuorinated gas.

3. The apparatus of claim 2 wherein the oxygen gettering
system comprises copper regions having a gettering input
line and a gettering output line, the gettering output line of
the copper region being coupled to the housing input line
and the gettering input line receiving the fivorinated gas, the
copper region removing oxygen from the fivorinated gas.

4. The apparatus of claim 3 wherein the oxygen gettering
system comprises heating elements surrounding the copper
region for heating the copper region during regeneration
processing.

5. The apparatus of claim 4 comprising:

a first valve located at the gettering input line for con-
trolling a flow of the fiuorinated gas to the oxygen
gettering system;

a second valve located at the gettering output line for
controlling a flow of the fiuorinated gas to the molten
metal region.
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6. The apparatus of claim 4 comprising:

a first valve located at the gettering input line for con-
trolling a flow of regeneration gas to the oxygen
gettering system;

a second valve located at the gettering output line for
controlling a flow of regeneration exhaust to a regen-
eration output, the first and second value being turned
on in order to scrub oxygen from the copper regions.

7. The apparatus of claim 1 wherein the molten metal
region is a molten aluminum region.

8. The apparatus of claim 1 wherein the molten metal
region is contained within a ceramic container.

9. The apparatus of claim 1 wherein the molten metal
region is contained within a ceramic container wherein a
back-up inconel container surrounds the ceramic container.

10. The apparatus of claim 1 wherein the molten metal
region is contained within a ceramic container wherein a
back-up inconel container surrounds the ceramic container
and wherein a inconel furnace well surrounds the back-up
inconel container within the housing.
11. The apparatus of claim 1 wherein heating elements are
positioned within the housing and in close proximity to the
molten metal regions so that the heating clements will
maintain the molten metal region in a molten state.
12. The apparatus of claim 1 wherein the housing input
line is coupled to a porous ceramic plug within the molten
metal region for dispersing the fluorinated gas within the
molten metal region.
13. The apparatus of claim 1 wherein an inert carrier gas
source is coupled to the housing for providing inert gas to an
environment which surrounds the molten metal region.
14. The apparatus of claim 1 wherein a housing output
line is coupled to the housing for providing output gas from
an environment within the housing and adjacent the molten
metal region.
15. The apparatus of claim 14 wherein the housing output
line is coupled to a measurement device which is used to
monitor an amount of fluorine consumed in the molten metal
region by monitoring the output gas.
16. The apparatus of claim 15 wherein the housing output
line is coupled to a measurement device wherein the mea-
surement device is a device selected from a group consisting
of: a mass spectrometer and a gas chromatograph.
17. The apparatus of claim 14 wherein the housing output
line is coupled to a fabrication scrubber for further cleaning
of the output gas.
18. The apparatus of claim 1 wherein the housing input
line is coupled to a plurality of semiconductor wafer pro-
cessing tools so that fluorinated gas is filtered from the
plurality of semiconductor wafer processing tools.
19. An apparatus comprising:
a plurality of semiconductor wafer processing tools hav-
ing a tool output for providing fiuorinated carbon gas;

an oxygen gettering system for removing oxygen from the
fluorinated carbon gas, the oxygen gettering system
having a gettering output;

a molten aluminum bath coupled to the gettering output,
the fluorinated carbon gas being injected into the mol-
ten aluminum bath so that the molten aluminum bath
filters fluorine atoms from the fluorinated carbon gas,
the molten aluminum bath having a bath output; and

a measurement device coupled to the bath output for
determining an efficiency of fluorine removal in the
molten aluminum bath wherein notification is given
when the efficiency of fluorine removal in the molten
aluminum bath obtains a notification threshold.
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