
METHOD OF TREATING A GAS STREAM The present invention
relates to fluorine abatement, and to a method of, and
apparatus for, treating a gas stream containing
fluorine (F2) gas. A primary step in the fabrication
of semiconductor devices is the formation of a thin
film on a semiconductor substrate by chemical reaction
of vapour precursors. One known technique for
depositing a thin film on a substrate is chemical
vapour deposition (CVD). In this technique, gases are
supplied to a process chamber housing the substrate
and react to form a thin film over the surface of the
substrate. However, deposition is not restricted to
the surface of the substrate, and this can result, for
example, in the clogging of gas nozzles and the
clouding of chamber windows. In addition, particulates
may be formed, which can fall on the s.ubstrate and
cause a defect in the deposited thin film, or
interfere with the mechanical operation of the
deposition system. As a result of this, the inside
surface of the process chamber is regularly cleaned to
remove the unwanted deposition material from the
chamber. One method of cleaning the chamber is to
supply molecular fluorine (F2) to react with the
unwanted deposition material. Fluorine is either
supplied at a high purity (at least 99% fluorine), or
supplied diluted with nitrogen in the ratio of 20% F2
to 80% N2. In the cleaning process, the residence time
of the fluorine in the process chamber is relatively
short, and so only a small proportion of the F2 gas
supplied to the chamber is consumed during the
cleaning process. Consequently, the majority of the
cleaning gases supplied to the chamber are exhausted
from the 



chamber together with by-products from the cleaning
process. In order to remove fluorine from the gas
stream exhaust from the process chamber before the gas
stream is exhaust to the atmosphere, an abatement
device such as a thermal processing unit or plasma
abatement device is typically provided to convert the
F2 into water-soluble hydrogen fluoride. The gas
stream is subsequently conveyed to a wet scrubber,
wherein the HF is taken into aqueoussolution. The
aqueous HF is then conveyed from the scrubber to an
acid drain, or more commonly to a fluoride treatment
facility, where a compound such as calcium hydroxide
is typically used to neutralise the aqueous HF and
precipitate from the aqueous HF a "cake" or "sludge"
containing CaF2. Such fluoride treatment facilities
tend to be expensive, and are often capacity limited.
Furthermore, disposal of the CaF2 cake also tends to
be expensive. In a first aspect, the present invention
provides a method of treating a gas stream comprising
fluorine (F2) gas, the method comprising the steps of
conveying the gas stream to a reaction chamber
containing a heated bed of material selected to react
with F2 to form an inorganic fluoride, and at least
partially evacuating the reaction chamber so that the
gas stream is conveyed to and from the reaction
chamber at a sub-atmospheric pressure. By providing a
heated bed of material, preferably an oxide or a
carbonate of calcium or magnesium, and most preferably
calcium carbonate and passing the F2-containing gas
stream through the heated bed, the F reacts with the
heated bed of material to form an inorganic fluoride,
which is retained within the reaction chamber. For
example, F2 reacts with CaCq 3 to form CaF2, which is
retained 



within the reaction chamber. We have observed that,
with this technique, abatement of F2 to less than 3
ppm can be achieved. In addition, as the gas stream is
conveyed to and from the reaction chamber at a
sub-atmospheric pressure, any leaks within a conduit
system used to convey the gas stream to and from the
reaction chamber will result in the ingress of air
into the conduit system, rather than the leakage of
fluorine out from the conduit system and into the
atmosphere. Furthermore, in the aforementioned example
in which the heated bed of material comprises a
calcium salt, due to the high purity of the CaF2
formed within the reaction chamber the CaF can be
readily recovered for use, for example as a filler
material.The fluorine is reacted with said heated bed
of material in the presence of an oxidant. The
presence of an oxidant may inhibit formation of CF4,
in particular when the heated bed of material
comprises a carbonate. The oxidant is preferably a
gaseous oxidant added to the gas stream upstream from
the reaction chamber. An example of an oxidant is
water vapour. The oxidant is preferably added to the
gas stream at a rate of between 0.1 and 5 seem per 100
seem of F2. The bed of material is preferably heated
to a temperature above 2000C, for example to a
temperature in the range from 250 to 6000C. The gas
stream may be heated upstream of the reaction chamber,
preferably to a temperature similar to that of the bed
of material. In a second_aspect,ihe. present invention
provides apparatus for treating a gas stream
comprising fluorine (F2) gas, the apparatus comprising
a reaction chamber 



containing a bed of material selected to react with F2
to form an inorganic fluoride, means for heating the
bed of material to a temperature above 2000C, and
means for at least partially evacuating the reaction
chamber so that the gas stream is conveyed to and from
the reaction chamber at a subratmospheric pressure.
Features described above in relation to the method
aspect of the invention are equally applicable to the
apparatus aspect, and vice versa. Preferred features
of the present invention will now be described with
reference to the accompanying drawing, in which Figure
1 illustrates schematically an example of apparatus
for treating a gas stream containing F2; and Figure 2
illustrates one example of a reaction chamber
containing a bed of material for reacting with the F2
gas.Figure 1illustrates schematically an apparatus for
the treatment of a gas stream output from a process
chamber 10. The process chamber 10 may be any one of a
number of different types of chamber used to perform
various processes in the semiconductor or flat panel
industry, such as a chemical vapour deposition
process. In order periodically clean the inside
surface of the process chamber 10, for example to
remove unwanted deposition material, fluorine gas (F2)
is periodically conveyed to the process chamber 10
from a source 12 thereof. As illustrated in Figure 1,
a controller 14 may control the supply of F2 to the
chamber 10 by selectively opening and closing a valve
16 located in a conduit 18 for conveying F2 from the
source 12 to the chamber 10. A vacuum pump 20 has an
inlet 22 connected to an outlet 24 from the process 



chamber 10 for drawing a waste gas stream from the
process chamber 10. As the .residence time of the
fluorine.in the process chamberJLO is.typically only
relatively short, only a small proportion of the F2
gas supplied to the process chamber 10 tends to be
consumed during the cleaning process. Consequently,
the majority of the fluorine supplied to the process
chamber 10 is exhausted from the process chamber 10
together with by-products from the cleaning process,
and so it is necessary to treat the gas stream to
remove the fluorine gas before the gas stream is
exhausted into the atmosphere. As illustrated in
Figure 1, the outlet 26 of the vacuum pump 20 is
connected by a conduit system 27 to the inlet 28 of a
reaction chamber 30. With reference to Figure 2, the
reaction chamber 30 may comprise a vertical cylinder
or column 32, which is in the form of a removable
cartridge having, at the inlet 28 located at lower end
thereof and an outlet 34 at the upper end thereof. An
electrically heated furnace 36 surrounds the column
32, spaced control thermo-couples 38 being provided at
different levels and connected to a temperature
controller 40. The column 24 contains a bed of
material 42 selected to react with F2 to form an
inorganic fluoride. This material is preferably an
oxide or a carbonate of calciumor magnesium. In this
example, the material 42 comprises granular calcium
carbonate, for instance a granular marble. Returning
to Figure 1, the outlet of the 34 of the column 32 is
connected by conduit system 48 to the inlet of a
second pump 50, for example a liquid ring pump, fan or
any other suitable form of pump for at least partially
evacuating the column 32. 



In use, the temperature controller 40 is operated to
control the furnace 36 to heat the material 42 to a
temperature in excess of 2000C, preferably between
2500C and 4000C, for example 3200C. The gas stream
exhausted from the pump outlet 28 is conveyed by the
conduit system 27 at a sub-atmospheric pressure to the
column 32. Consequently, any leaks in the conduit
system 27 result in gas being drawn into the conduit
system 2Z.from the ambient atmosphere, as opposed to
leakage of the gas stream from the conduit system 27
into the ambient atmosphere. As illustrated in Figure
1, a heater 52 may be located within or around part of
the conduit system 27 for pre-heating the gas stream
before it enters the column 32. Such a heater 52 is
preferably controlled to heat the gas stream to a
similar temperature as the furnace 36. As the gas
stream enters the column 32, any fluorine gas (F2)
within the gas stream reacts with the heated bed of
calcium carbonate to form calcium fluoride (CaF2),
which is retained within the column 32. The gas stream
is subsequently exhausted from the outlet of the
column 32 and conveyed by the conduit system 48, again
at a sub-atmospheric pressure, to the pump 50, which
exhausts the gas stream at or around atmospheric
pressure. Exhaustion of the column 32 can be
conveniently predicted by monitoring the amount of
fluorine passed into the chamber 10, or by monitoring
the composition of the gas stream exhausted from the
chamber 10. This can enable the column 32 to be
replaced at a convenient time, for instance, when the
process tool is "offline", after a predetermined
amount of fluorine has entered the column. The
materials in the replaced column can then be recycled
as required. 



In one example, a reaction chamber containing a bed of
around 50Og of dry limestone (CaCOs) was heated to a
temperature of around 300 0C, and a gas stream
containing 20% F2 and 80% N2 was conveyed into the bed
at various flow rates between 80 seem and 160 seem.
Whilst the gas stream exhausted from the reaction
chamber contained no fluorine, it was noticed that the
exhausted gas stream contained some CF4, in this
example around 0.1 % CF4. This CF4 may result from the
reaction of F2 gas with CaCO 3. 2CaCO 3 + 6F2 2CaF2 +
3O2 + 2CF4 or as a result of _the_reae_tio.n of F2 gas
with carbon impurities contained within the bed of
CaCO 3: C + 2F2(r) CF4 Around 0.3% CF4 has also been
observed in the gas stream exhaust from the column 32
containing a bed of granular dolomite (a mixture of
calcium carbonate and magnesium carbonate) heated to a
temperature of around 320 0C when a gas stream
containing 20% F2 and 80% N2 was conveyed into the bed
at a flow rate of around 500 seem. Whilst this amount
of CF4 may be acceptable in some circumstances,
clearly it is not desirable due to its effect as a
greenhouse gas. Whilst an additional abatement device
may be provided downstream from the reaction chamber
for removing the CF4 from the gas stream, depending on
the flow rate of the gas stream the efficiency of such
an abatement device may not be particularly high.
Therefore, in order to inhibit the formation of CF4
within the reaction chamber 30, 



as illustrated in Figure 1 an oxidant, for example
water vapour, may be conveyed, from a source 54
thereof, into the gas stream upstream from the
reaction chamber 30, for example at a rate of 0.1 and
5 seem per 100 seem of F2. In one example,2 seem of
H2O was added to the gas stream per 100 seem of F2
within the gas stream, and it was observed that there
was a substantial decrease in the amount of CF4
contained within the gas stream exhausted from the
reaction chamber. Alternatively, or additionally, the
oxidant may be conveyed directly to the reaction
chamber. As also illustrated in Figure 1, the
controller 14 may control a valve 56 located in a
conduit 58 for conveying the oxidant from the source
54 to the conduit system 27 so that the oxidant is
supplied to the gas stream synchronously with the
supply of fluorine to the reaction chamber 30.CLAIMS
1. A method of treating a gas stream comprising
fluorine (F2) gas, the method comprising the steps of
conveying the gas stream to a reaction chamber
containing a heated bed of material selected to react
with F2 to form an inorganic fluoride, and at least
partially evacuating the reaction chamber so that the
gas stream is conveyed to and from the reaction
chamber at a subatmospheric pressure. 2. A method
according to Claim 1, wherein the material comprises
an oxide or a carbonate of calcium or magnesium. 3. A
method according to Claim 1 or Claim 2, wherein the
material comprises calcium carbonate. 4. A method
according to any preceding claim, wherein the fluorine
is reacted with said heated bed of material in the
presence of an oxidant to inhibit 



formation of CF4. 5. A method according to Claim 4,
wherein the oxidant is a gaseous oxidant added to the
gas stream upstream from the reaction chamber. 6. A
method according to Claim 4 or Claim 5, wherein the
oxidant comprises water vapour. 7. A method according
to any of Claims 4 to 6, wherein the oxidant is added
to the gas stream at a rate of between 0.1 and 5 seem
per 100 seem of F2. 8. A method according to any
preceding claim, wherein the material is heated to a
temperature above 2000C.9. A method according to Claim
8, wherein the material is heated to a temperature in
the range from 250 to 6000C. 10. A method according to
any preceding claim, wherein the gas stream is heated
upstream of the reaction chamber. 11. A method
according to Claim 10, wherein the gas stream is
heated to a temperature similar to that of the bed of
material. 12. A method according to Claim 10 or Claim
11, wherein the gas stream is heated to a temperature
above 2000C. 13. Apparatus for treating a gas stream
comprising fluorine (F2) gas, the
apparatus_comprjsing.a reaction chamber containing a
bed of material selected to react with F2 to form an
inorganic fluoride, means for heating the bed of
material, and means for at least partially evacuating
the reaction chamber so that the gas stream is
conveyed to and from the reaction chamber at a
sub-atmospheric pressure. 



14. Apparatus according to Claim 13, wherein the
material comprises an oxide or a carbonate of calcium
or magnesium. 15. Apparatus according to Claim 13 or
Claim 14, wherein the material comprises calcium
carbonate. 16. Apparatus according to any of Claims 13
to 15, comprising means for supplying an oxidant to
inhibit formation of CF4 within the reaction chamber.
17. Apparatus according to Claim 16, wherein the
supply means is configured to supply a gaseous oxidant
to the gas stream upstream from the reaction
chamber.18. Apparatus according to Claim 16 or Claim
17, wherein the oxidant comprises water vapour. 19.
Apparatus according to any of Claims 13 to 18,
comprising means for heating the gas stream upstream
from the reaction chamber. 20. Apparatus according to
any of Claims 13 to 19, wherein the bed of material is
housed within a removable cartridge. 2 1. Apparatus
according to any of Claims 13 to 20, wherein the
heating means is configured to heat the bed of
material to a temperature above 2000C. 


