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present invention relates to fluorine abatenent, and to a nethod of,
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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 (F») to react
with the unwanted deposition materiai. Fluorine is either supplied at a high purity
(at least 99% fluorine), or supplied diluted with nitrogen in the ratio of 20% Fz to
80% Nz. 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 piasma abatement device is typically provided to
convert the F into water-soluble hydrogen fluoride. The gas stream is

subsequently conveyed to a wet scrubber, wherein the HF is taken into aqueous



a thermal processing unit or plasnma abatenent device is typically
provided to convert the F2 into water-sol uble hydrogen fluoride. The

gas stream w9 xnoemdPaequently conveyed to a wet scrubber ,poies@ismoidhe
HF is taken into aqueous 1 WO 2007/042749 PCT/ G112006/ 003483

solution. The aqueous HF is then conveyed fromthe scrubber to an
acid drain, or nore commonly to a fluoride treatnent facility, where
a conpound such as calciumhydroxide is typically used to neutralise
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that the gas streamis conveyed to and fromthe reaction chanber at

a sub-at nospheric pressure. By providing a heated bed of material,
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conduit systemused to convey the gas streamto and
By providing a heated bed of material, preferably an oxide or a carbonate of
cajcium or mégnesium, and most preferably calcium carbonate and passing the
Fs-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, F; reacts with CaCQOj; fo form CaF,, which is retained
within the reaction chamber. We have observed that, with this technique,
abatement of F» 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 CaF» formed within the
reaction chamber the CaF; can be readily recovered for use, for example as a filler

material.



fromthe reaction chanber will result in the ingress of air into the
conduit system rather than the |eakage of fluorine out fromthe

condui t sysyem@ndi4at o the atnosphere. Furthernore, i pdci®s2006/003483
af orenenti oned exanple in which the heated bed of material conprises

a calciumsalt, due to the high purity of the CaF2 forned within the
reacti on chanber the CaF2 can be readily recovered for use, for
exanple as a filler material. 2 WO 2007/042749 PCT/ GB2006/ 003483
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reaction chanber, preferably to a tenperature simlar to that of the
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appar at us I'Ng a.” 'gas’ s am conpr uorine (F2) gas,
t he appar aixasnpte hpa itamperatireeatitd wngeiznmb250 te6b@4.ni ng a bed of
material selected to react with F2 to forman inorganic fluoride,
nmeans for heating the bed of material to a tenperature above 200C,
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that the gas stream. s conve(%eg EPO a?d frorpthe reacti on chanber at
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the nmet hod aspect of the invention are

In a second_aspect, the 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 F to form an inorganic fiuoride,
means for heating the bed of material to a temperature above 200°C, 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.

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 Fz; and

Figure 2 illustrates one example of a reaction chamber containing a bed of

material for reacting with the F2 gas.



equal ly applicable to the apparatus aspect, and vice versa. Preferred
features of the present invention will now be described with

ref erence two wdhesmeconpanyi ng drawi ng, in which Figure ptTidB20@00B8ES
schematically an exanpl e of apparatus for treating a gas stream
containing F2; and Figure 2 illustrates one exanple of a reaction
chanber containing a bed of material for reacting with the F2 gas. 3
WO 2007/ 042749 PCT/ GB2006/ 003483 Figure 1 illustrates schematically
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Jesidence time of the fluorine.in the process chamber_10 is_typically only relatively
short, only a smail proportion of the F, 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 éleaning process, and so itis
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 F» to form an

‘norganic fluoride. This niaterial is preferably an oxide or a carbonate of calcium



necessary to treat the gas streamto renove the fluorine gas before
the gas streamis exhausted into the atnosphere. As illustrated in

Figure 1, t\Re eHkhelo 26 of the vacuum punp 20 i s connectpeq/disod003483
conduit system 27 to the inlet 28 of a reaction chanber 30. Wth

reference to Figure 2, the reaction chanber 30 nmay conprise a
vertical cylinder or colum 32, whichis in the formof a renovable
cartridge having, at the inlet 28 located at |ower end thereof and
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controller 40. The colum 24 contains a bed of material 42 sel ected
to react with F2 to_for i porgani ¢ fl yoride. is material is
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punp for at |east partially evacuating the colum 32. In use, the

hear " e ITupgrhERe Bbrete! ufRTEAEH Julraigfld Bttt HINAGESSH Ao,
bet ween 250&Emadernibl 4A0Ca tbmpeatarqjhegﬁﬁﬁi?fhmwg&_f?mggtfetﬁm%aimd

f th let 28 e condui

sub- at mos AEAD G Bt erarlsfRE! U erhsteim ahauRisL b, Heanims auf
in the corduscosysicamyfiercaatilit sydte@ady et Beb-atheepheriBipeddige eomaui t
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drawn info the conduit system 27 from the ambient aimosphere, 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 (Fz) within the gas
stream reacts with the heated bed of calcium carbonate to form calcium fluoride
{CaF»), 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-atmosphetic 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 “off-

th



at nosphere. As illustrated in Figure 1, a heater 52 may be | ocated
wWithin or around part of the conduit system 27 for pre-heating the
gas stream wef@fmertis enters the columm 32. Such a heat elcTh@s2086/003483
preferably controlled to heat the as streamto a simlar tenperature
as the furnace 36. As the gas streamenters the colum 32, any
fluorine gas (F2) within the gas streamreacts with the heated bed
of calciumcarbonate to formcal ciumfluoride (CaF2), which is
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bet ween 80 sccm and 160 sccm Wil st the gas stream exhausted from
the reaction chanber contained no fluorine, it was noticed that the
exhausted gas stream conaigxoh 86/ —CBLaF, r 30y 52€Fanpl e around 0. 1%
CF4. This CF4 may result fromthe reaction of F2 gas with CaCo03:
2CaCx3 + 6F2 -> 2CaF2 + 302 + 2CF4 or as a result of the reaction of

F2 gas W tdy 34 R@Qitiof Y fehbBsn 60P) gad@fh vaibdhnmblBties contained within the
bed of CaCQs:
C+2F;—~ CFy

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°C when a gas
stream containing 20% F2z and 80% Nz was conveyed into the bed at a flow rate of
around 500 scom.

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 CF, within the reaction chamber 30,
as fllustrated 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 scem per 100 scem of Fz. In one exampie,



bed of CaCO3: C+2F2-> CF4 Around 0. 3% CF4 has al so been observed in

t he gas stream exhaust fromthe colum 32 containing a bed of
granul ar dolgndr@4f7ae m xture of cal cium carbonate and mPagrRARDISAN3483
carbonate) heated to a tenperature of around 320C when a gas stream
contai ning 20% F2 and 80% N2 was conveyed into the bed at a flowrate
of around 500 sccm Wilst this anount of CF4 nmay be acceptable in
sone circunstances, clearly it is not desirable due to its effect as
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high. Therefore, in order to jnhibit the formation of 4 Within the
Moot i on EnmR o0 SAEEoNIG IR e e EREVER Bptiiit b ok
exanpl e wehamb¥RPAY kisoRYstRReE ANMIgUR, thé COMrélle?aurmgy bdntidieree 56
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to the gas stream per 100 sccm of’ W thinthe gas ‘stream and it
was obser wegplywafluetieg to fhegeactinpbdeareara0. decrease in the amount  of
CF4 contained within the gas stream exhausted fromthe reaction
chanber. Alternatively, or additionally, the oxidant nay be conveyed
directly to the reaction chanber. As also illustrated in Figure 1,
the controller 14 may control a valve 56 located in a conduit 58 for
conveying the oxidant fromthe 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 chanber 30.



7 CLAIMS 1. A nmethod of treating a gas stream conprising fluorine
(F2) gas, the nethod conprising the steps of conveying the gas stream
to a reaction chanber containing a heated bed of nmaterial selected
to react with F2 to forman inorganic fluoride, and at | east
partially evacuating the reaction chanber so that the gas streamis
conveyed to and fromthe reaction chanber at a sub- atnospheric
pressure. 2. A nethod according to Caim1l, wherein the materi al
conprises an oxide or a carbonate of C%| i um or nagnesi um or
wherein the material conprises calci bonate. 3. A nethod
according to any preceding claim wherein the fluorine is reacted

wi th said heated beg?ckﬁnaterlal in the presence of an_oxidant to
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sccm per 100 sccmof F2 6. A nethod according to any preceding claim

wherei n the nat éPfltiheiogs gkgaads conyeyed inped demtle Esgtien dowrbergt a sub-
wherein the mat eftmabphdtichtaéfflet 0 a tenperature in the range from
250 to 600C. 7. A nethod according to any preceding claim wherein
the gas streamis heated upstream of the reaction chanber. 8 8. A
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a carbonate of calcium or magnesium, or wherein the material comprises

calcium carbonate.

3. 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 CF,.

4, A method according to Claim 3, wherein the oxidant is a gaseous oxidant
added to the gas stream upstream from the reaction chamber, or wherein
the oxidant comprises water vapour.

5. A method according o any of Claims 3 or 4, wherein the oxidant is added to
the gas stream at a rate of between 0.1 and 5 sccm per 100 scom of Fj.

B. A method according to any preceding claim, wherein the material is heated
to a temperature above 200°C, or wherein the material is heated to a
temperature in the range from 250 to 600°C.

7. A method according to any preceding claim, wherein the gas stream is

heated upstream of the reaction chamber.



tenperature simlar to that of the bed of material, or wherein the
gas stream is heated to a tenperature above 200C. 9. Apparatus for
treating a gas stream conprising fluorine (F2) gas, the apparatus
conprising a reaction chanber containing a bed of material selected
to react with F2 to forman inorganic fluoride, nmeans for heating the
bed of material, and neans for at |east partially evacuating the
reaction chanber so that the gas streamis conveyed to and fromthe
reaction chanber at a sub-atnospheric pressure. 10. Apparatus

accor di ng t 8. O af medhodumoeding tdhélama Zewheleircthemak steaars bebidd toe  a
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conpri si ng neanssheatedsoppeypaptan abeveladd°Cto i nhibit formati on of
CF4 within the reaction chanber. 12. Apparatus according to Caim
11, wherein the supply neans is configured to supply a gaseous
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10.  Apparatus according to Claim 9, wherein the material comprises an oxide or
a carbonate of calcium or magnesium, or wherein the material comprises
calcium carbonate.

11.  Apparatus according to any of Claims 9 or 10, comprising means for
supplying an oxidant to inhibit formation of CF, within the reaction chamber.

12.  Apparatus according to Claim 11, wherein the supply means is configured
to supply a gaseous oxidant to the gas stream upsiream from the reaction

chamber, or wherein the oxidant comprises water vapour.

13.  Apparatus according to any of Claims 9 to 12, comprising means for

heating the gas stream upstream from the reaction chamber.

14.  Apparatus according to any of Claims 9 to 13, wherein the bed of material is
housed within a removable cartridge.

15.  Apparatus according to any of Claims 9 to 14, wherein the heating means is
configured to heat the bed of material to a temperature above 200°C.



