METHOD OF TREATI NG A GAS STREAM The present invention
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fluorine (F2) gas. A primary step in the fabrication
of sem conductor devices is the formation of a thin
filmon a sem conductor substrate by chem cal reaction
of vapour precursors. One knovvn techni que for
depositing a S ' i cal
vapour depos Ehrno A GH Sﬁ%%gﬁgases are
supplied to a process charrber housi ng t he substrate
and react to forma thin filmover the surfac he

Thespipsenbinyentigiesiates tg y@gnela&at@r@ew@@nﬂéeﬁm@ il gl and
app%P&Uélf&f "ﬁ‘"e%nﬁﬁat@?s @%lnﬁﬁchl.fotﬁl 8 (Fgagsult, for

0ggi ng of gas - nozz and the
cloudlng of chanber wi ndows. I n addltlon particulates

be, f or hcnfall n.the s.ubstrate
A piasd Sigrdartae faipathe G Ssatrendiisr JeRedie 1BF fomtation of a thin
film! §%Eﬁ{|@0ﬂ&d&bﬁ§%sﬁ%€é‘89'cﬁéhl&ﬂ@éé’étldﬁbf‘lfaﬁdﬂj?precursors One
eposition system aresult of this, the inside
knownr tegbeique théemsjme thlnafmmecvn a§UbétyateaS|oyiem|@%Jn/@@0tJb

doroRRBAC Yt BBEM T ety B EPURY 8 TbEO chamber

houSipPthe sublseatd and réasid fermt EZhlntfﬂmr@ﬂ#ttthUHab@ ef the
unwant ed deposition material. Fluorine is ei

substigist i dewaver depgRitignrs not restrigted & t@g%rfa%w‘ th@)subéFrate
andﬁﬁ%@%ﬁf%zsﬂlt: t}é}rtee%gmccflé‘ iAlthe %%‘;dgnﬁgof %ﬁéﬁil@s ha4Ret ‘bﬁ)%dmg of

€ani ng e resi ence
chaafbdrivenfowsr ilmaddmlohhpatmlcukasb%nmya]mmrmes! bl ot canafeyl on the

short nd so o mal | ortiogn of .th
.vsubmm andibfese n b IS Hen SRR i, A seints i the
£ q@%g t f
c eam'%egié@ﬁé@ﬂﬁpl [ edmtégrgt))ﬁgerghZ%béérfpéégjrwe&gQ%aLi%]@glde

.surﬁacemfttm@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% F» to
80% N.. 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 F» 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 F» into water-soluble hydrogen fluoride. The gas stream is

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



chanber together with by-products fromthe cleaning

process. In order to renove fluorine fromthe gas
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streamis exhaust to the atnosphere, an abatenent
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provides a nmethod of treating a gas stream conprising
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Fz-croﬁ{aal‘ri]iﬂsdgas 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 CaCOj to 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.



within the reaction chanber. W have observed that,
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conveyed to and fromthe reaction chanber at a
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containing a bed of material selected to react with F» to form an inorganic fluoride,
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 F»; and

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

material for reacting with the F; gas.



containing a bed of material selected to react with F2
to forman inorganic fluoride, nmeans for heating the
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nmeans for at least partially evacuating the reaction
chanber so that the gas streamis conveyed to and from
the reaction chanber at a subratnospheric pressure.
Feat ures descri bed above in relation to the nethod
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source 12 to the chanber 10. A vacuum pu as”an
short, enit a spadlqiaepertisn efdhadr@asl stpptiad to the proseps chaster 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 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 énd 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

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



chanber 10 for drawing a waste gas streamfromthe
process chanber 10. As the .residence tine of the
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relatively short, only a small proportion of the F2
gas supplied to the process chanber 10 tends to be
consuned during the cleaning process. Consequently,
the majority of the fluorine supplied to the process
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around part of the condwt 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 (F») within the gas
stream reacts with the heated bed of calcium carbonate to form calcium fluoride
(CaFz), 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 “off-



In use, the tenperature controller 40 is operated to
control the furnace 36 to heat the material 42 to a
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2500C and 4000C, for exanple 3200C. The gas stream
exhausted fromthe punp outlet 28 is conveyed by the
conduit system 27 at a sub-atnospheric pressure to the
colum 32. Consequently, any |eaks in the conduit
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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% F2 and 80% N, was conveyed into the bed at a flow rate of

around 500 sccm.

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 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 sccm per 100 sccm of F2. In one exampile,



In one exanple, a reaction chanber containing a bed of
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Therefore, in order to inhibit the formati on of CF4
within the reaction chanmber 30,



as illustrated in Figure 1 an oxidant, for exanple
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reacti on chanber 30, for exanple at a rate of 0.1 and
5 seem per 100 seem of F2. In one exanple, 2 seem of
H20 was added to the gas stream per 100 seem of F2
within the gas stream and it was observed that there
was a substantial decreadel.AlM8he armount of CF4
contai ned within the gas stream exhausted fromthe
reaction chanber. Alternatively, or additionally, the
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chanber at a subatnospheric pressure. 2. A nethod
according to Claiml, wherein the material conprises
an,oxide or a carhbonate of l.ci ym or nagnesi um. 3. A .
oA BocAseRrdiBe 18 i Tor iRy aMibes fiemiatia!oribrises
maggeiutl cadupatses cal ci um carbonate. 4. A net hod
according to any preceding claim wherein the fluorine

is reacted with said heated bed of material in the

Pr £$6065dYccBRuifg t§1aRY précdditY Bldim, wherein the fluorine is reacted

with said heated bed of material in the presence of an oxidant to inhibit

formation of CF..

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

A method according to Claim 4 or Claim 5, wherein the oxidant comprises

water vapour.

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 sccm per 100 sccm of Fo.

A method according to any preceding claim, wherein the material is heated

to a temperature above 200°C.



formation of CF4. 5. A nmethod according to Caim4,
wherein the oxidant is a gaseous oxidant added to the
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10.

11.

12.

13.

14.

15.

16.

17.

met hod according to Claim4 or Claimb5, wherein the

oxi dant conprises water vapour. 7. A nmethod according
to any of Clains 4 to 6, wherein the oxidant is added
to the gas streamat a rate of between 0.1 and 5 seem

perA MithseatterdingZio Glairh aTRiHEEinatheanslienal isthezityd to a
preceding claim wherein the material is heated to a
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8, wherein the material is heated to a tenperature in
the range from 250 to 6000C. 10. A nethod according to
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apparatus_conprjsing.a reaction chanber containing a
bed of material selected to react with F2 to form an
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conveyed to and fromthe reaction chamber at a

. ka%tarrrgﬂsjg Qgrr tlrgatPnrgeg Sg%rseétream comprising fluorine (F2) gas, the
apparatus_comprising .a reaction chamber containing a bed of material
selected to react with F, 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.

Apparatus according to Claim 13, wherein the material comprises an oxide

or a carbonate of calcium or magnesium.

Apparatus according to Claim 13 or Claim 14, wherein the material

comprises calcium carbonate.

Apparatus according to any of Claims 13 to 15, comprising means for
supplying an oxidant to inhibit formation of CF, within the reaction chamber.

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.



14. Apparatus according to Claim 13, wherein the
materi al conprises an oxide or a carbonate of cal cium

worooTagaTesi um 15, Apparatus accordi ng to C ai PCT/8Bo06/003483
Claim 14, wherein the material conprises cal cium
carbonate. 16. Apparatus according to any of Cains 13
to 15, conprising neans for supplying an oxidant to
inhibit formation of CF4 within the reaction chanber.

18. 17 Aphapaiuatacsoeding tal Qlajimt 96 GF Qilaiml 67, wheregi the drddant
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17, wherein the oxidant conprises water vapour. 19.
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21.  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 200°C.
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