
METHOD OF TREATING A GAS STREAM The present invention
relates to a method of, and apparatus for, treating a
gas stream, and in particular to the treatment of a
gas stream containing a siliconcontaining gas, for
example a pyrophoric gas such as silane. The use of
pyrophoric gases to deposit process layers on to
silicon wafers or flat panel displays is well known.
Such gases include silane, disilane, dichlorosilane
and trichlorosilane. Pyrophoric gases can pose a risk
in that they may cause a spontaneous and uncontrolled
pyrophoric reaction on contact with air. In order to
minimise the risk of an uncontrolled pyrophoric
reaction due to the presence of pyrophoric gases
within the waste stream exhaust from the process tool,
it is known to employ a "burn box" or "burn tube" to
remove the pyrophoric gases to a concentration below
flammable limits by causing the pyrophoric gas to
react with air. Such burn tube devices generally
include a reaction chamber having inlets for receiving
the pyrophoric gas-containing stream and a stream of
air for producing a controlled and contained
pyrophoric reaction within the chamber, and an exhaust
duct of conveying the waste stream from the chamber.
When silane, for example burns, large amounts of
silica powder are formed, which can rapidly block the
reaction chamber, inlets and downstream duct. As a
result, regular cleaning of the device is required,
which can increase costs and incur downtime of the
process tool. In addition, if a fault occurs, the
temperature in the device can rapidly rise, posing a
potential fire hazard. Furthermore, it has become
common practice to dilute the silane bearing gas
stream with a diluent gas, typically nitrogen, to a
level at which it is not flammable in or immediately
behind a pumping mechanism for drawing the 



waste stream from a process chamber (a level of below
1% is often recommended). Such dilution renders the
subsequent use of burn tubes ineffective.It is an aim
of at least the preferred embodiment of the present
invention to seek to solve these and other problems.
In a first aspect, the present invention provides a
method of treating a gas stream containing a
silicon-containing gas, the method comprising the
steps of conveying the gas stream to a pump, supplying
to the pump an oxidant for oxidising the
silicon-containing gas within the pump and a liquid;
and exhausting from the pump said liquid containing a
by-product of the oxidation of the silicon-containing
gas. In one embodiment, the pump comprises a liquid
ring pump. A liquid ring pump comprises a rotor
rotatably mounted in an annular housing such that the
rotor axis is eccentric to the central axis of the
housing. The rotor has blades that extend radially
outwardly therefrom and are equally spaced around the
rotor. A quantity of a pumping liquid such as water is
maintained in the housing. As the rotor rotates, the
rotor blades engage the liquid and form it into an
annular ring inside the housing. This means that on an
inlet side of the pump the gas present in the
compression regions located between adjacent rotor
blades is moving radially outward, away from the rotor
hub, while on the outlet side of the pump the gas is
moving radially inward toward the rotor hub. This
results in a piston-type pumping action on the gas
passing through the pump. In this preferred
embodiment, a first gas inlet is provided at the inlet
side of the pump so that the gas stream containing the
silicon-containing gas, for example silane, is pulled
into the spaces between adjacent rotor blades where 



the liquid is moving radially outward. A second gas
inlet is also provided at the inlet side of the pump
for conveying a second gas stream such as air or other
oxygen-containing gas to the housing. A further inlet
for conveying to the housing liquid for forming the
liquid ring within the housing is typically provided
at the bottom of the housing, between the inlet and
outlet sides of the pump.Within the housing, a gas
phase oxidation of the silane takes place. For
example, when the oxidant is oxygen, the oxidation
forms silica (SiO2) , which becomes entrained within
the liquid ring. An outlet is provided at the outlet
side so that a liquid stream containing the liquid and
this solid by-product from the reaction together with
any other components of the first and second gas
streams entering the pump can be discharged from the
pump. In another embodiment, the pump comprises a
screw pumping mechanism, preferably a multi-rotor
screw mechanism. Multi-rotor screw-mechanism pumps are
capable of pumping mixtures of gas and liquid, and can
thus be used as an alternative to a liquid ring pump
for the present invention. Multirotor screw pumping
mechanisms comprise of two or more rotating screws
within a stationary stator, in which fluid is
transported axially in the cavities formed by the
meshing teeth of the screw rotors. The direction of
fluid movement through the mechanism is dependent upon
the direction of rotation of the screw rotors.
Compression is provided, not within the pump itself
but by the restriction to the outlet, which is often
simply atmospheric pressure. In this embodiment a
primary gas inlet is provided at the inlet end of the
pump so the gas stream containing the
silicon-containing gas is drawn into the pump. A
second gas inlet further along the rotors allows the
introduction of the second gas stream containing the
oxidising agent (such as oxygen, 



ozone, a peroxide, air or a halogenated species). A
third inlet provides for the introduction of a liquid
stream, which may be introduced continuously or
intermittently. At and downstream from the second gas
inlet, the two gas streams mix within the pump housing
and gas phase oxidation of the silicon-containing gas
takes place. Similar to the liquid ring pump, the
solid oxidation by-products (for example, SiO2 in the
case of silane oxidation) are entrained by the
liquidstream. The pump outlet allows for the discharge
of the liquid stream from the pump. The liquid ring
pump or screw-mechanism pump thus operates both as an
abatement device for the silicon-containing gas and as
an atmospheric vacuum pumping stage for the first gas
stream. With regard to the abatement aspect of the
liquid ring pump or screw-mechanism pump, the reduced
pressure within the pump provides a safe environment
for the oxidation of gases. Heat generated during the
oxidation is transferred to the liquid within the
pump. Thus, during use, relatively hot liquid is
exhaust from the pump, and is replaced by relatively
cold liquid entering the pump. This can prevent
excessive temperature rises within the pump. In
addition, as any solid by products from the oxidation
are removed from the pump with the liquid, there is no
clogging of the pump or the outlet therefrom, and so
there is no need to provide any separate arrangement
for removing these solid by-products from the pump.
Furthermore, where the liquid within the pump is water
or other aqueous solution, water vapour and spray from
the liquid can generate a moist atmosphere within the
pump. This has been found to be beneficial in
promoting the oxidation of a silicon-containing gas
such as silane. , Additionally, no dilution of the
silane-containing stream is required, saving 



great costs. With regard to the pumping aspect of the
liquid ring pump or screwmechanism pump, unlike a
Roots or Northey-type pumping mechanism that may be
used as an atmospheric pressure pumping stage, any
particulate or powder by-products from the abatement
of the silicon-containing gas do not have a
detrimental effect on the mechanism of the pump. In
the preferred embodiment, the silicon-containing gas
is a precursor used in the manufacture of a
semiconductor device. Examples of such
siliconcontaining gases include silane, disilane,
dichlorosilane, trichlorosilane,
tetraethylorthosilicate (TEOS), a siloxane, such
asoctamethylcyclotetrasiloxane (OMCTS) an
organosilane. The siliconcontaining gas may be
pyrophoric, and so in a second aspect the present
invention provides a method of treating a gas stream
containing a pyrophoric gas, the method comprising the
steps of conveying the gas stream to a pump, supplying
to the pump an oxidant for oxidising the pyrophoric
gas within the pump and a liquid; and exhausting from
the pump said liquid containing a by product of the
oxidation of the pyrophoric gas In addition to
silicon-containing gases, other pyrophoric gases that
may be treated in this manner include metallic and
other non-metallic hydrides, such as diborane and
phosphine. lh addition to an oxygen stream, the second
gas stream may comprise air. Other suitable oxidants
include halogens, such as chlorine and bromine, NO,
ozone and a peroxide. In a third aspect the present
invention provides apparatus for treating a gas stream
containing a silicon-containing gas, the apparatus
comprising a pump for receiving the gas stream, means
for supplying to the pump an oxidant for oxidising the
silicon-containing gas within the pump, and a liquid;
and means 



for conveying from the pump liquid containing a
by-product of oxidation of the silicon-containing gas
within the pump. In a fourth aspect the present
invention provides apparatus for treating a gas stream
containing a pyrophoric gas, the apparatus comprising
a pump for receiving the gas stream, means for
supplying to the pump an oxidant for oxidising the
pyrophoric gas within the pump, and a liquid; and
means for conveying from the pump liquid containing a
by-product of oxidation of the pyrophoric gas within
the pump. In a fifth aspect, the present invention
provides a system for evacuating a process chamber,
the system comprising a vacuum pump for drawing a gas
stream from the chamber, and apparatus as
aforementioned for receiving the gas stream from the
vacuum pump.Features described above in relation to
the method aspect of the invention are equally
applicable to apparatus and system aspects, and vice
versa. Preferred features of the present invention
will now be described with reference to the
accompanying drawings, in which: Figure 1 illustrates
schematically a system for evacuating a process
chamber; Figure 2 illustrates schematically one
embodiment of an apparatus for treating a gas stream
drawn from the process chamber; and Figure 3
illustrates schematically another embodiment of an
apparatus for treating a gas stream drawn from the
process chamber. With reference first to Figure 1, a
process chamber 10 is provided with at least one inlet
12 for receiving one or more process gases from gas
sources indicated generally at 14 in Figure 1. The
process chamber 10 may be a chamber within which the
processing of semiconductors or flat panel display
devices takes place. A mass flow controller 16 may be
provided for each 



respective process gas, the mass flow controllers
being controlled by a system controller to ensure that
the required amount of gas is supplied to the process
chamber 10. A waste gas stream is drawn from the
outlet 18 of the process chamber 10 by a pumping
system indicated at 20 in Figure 1. During the
processing conducted within the chamber 10, only a
portion of the process gases supplied to the chamber
will be consumed, and so the waste gas stream exhaust
from the outlet 18 of the process chamber 10 will
contain a mixture of the process gases supplied to the
chamber 10, and by-products from the process conducted
within the chamber 10.The pumping system 20 comprises
at least one secondary pump 22 (one shown in Figure 1,
although any suitable number may be provided depending
on the capacity of the process chamber 10). Each
secondary pump 22 may comprise a multi-stage dry pump,
wherein each pumping stage may be provided by a
Roots-type or Northey-type pumping mechanism, a
turbomolecular pump, and/or a .molecular drag
mechanism, depending on the pumping requirements of
the process chamber 10. To prevent the secondary
pump(s) from becoming damaged during evacuation of the
process chamber 10, as illustrated in Figure 1 a purge
gas such as nitrogen or helium, may be supplied to
each secondary pump 22 via a conduit system 24
connecting a source 26 of the purge gas with a purge
port 28 of each secondary pump 22. The secondary
pump(s) 22 draw the waste gas stream from the outlet
18 of the process chamber 10 and exhaust the gas
stream at a sub-atmospheric pressure, typically in the
range from 50 to 500 mbar, from an exhaust 30 thereof.
In view of this, the pumping system 20 includes a
backing pump 32 having a first inlet 34 connected to
the exhaust 30 of the secondary pump(s) 



22 via a conduit system 36 for conveying the waste
stream to the backing pump 32. Depending on the
process conducted within the process chamber 10, the
waste stream entering the backing pump 32 may contain
one or more siliconcontaining gases used as a
precursor in the manufacture of a semiconductor
device. Examples of such gases include silane,
disilane, dichlorosilane, trichlorosilane,
tetraethylorthosilicate (TEOS), a siloxane, such as
octamethylcyclotetrasiloxane (OMCTS) and an
organosilane. Silane, for example, is typically used
as a process gas in the deposition of polysilicon or
silicon dioxide layers in a chemical vapour deposition
(CVD) process. This gas may be pyrophoric. In view of
this, the backing pump 32 is configured to perform a
controlled oxidation of the silicon-containing gas
contained in the waste stream. Twoembodiments of a
suitable backing pump will now be described with
reference to Figures 2 and 3, In the first embodiment,
the backing pump is provided by a liquid ring pump,
and in the second embodiment, the backing pump is
provided by a pump having a screw-type pumping
mechanism. With reference first to Figure 1, the
liquid ring pump 32 includes a second inlet 38 located
adjacent the first inlet 34 on the inlet side of the
liquid ring pump 32, as shown in Figure 2. A source 40
of an oxidant for oxidising any siliconcontaining
gases, in this example silane, within the waste stream
is connected to the second inlet 38 of the liquid ring
pump 32 by a conduit system 42, which supplies the
oxidant to the liquid ring pump 32. The source 40 may
conveniently comprise a source of air, containing
oxygen for oxidising the silane. Other alternatives
include ozone, NO, and a peroxide. The liquid ring
pump 32 further includes a third inlet 44 through
which liquid for forming a 



liquid ring 48 within the pump 32 is conveyed from a
source 50 thereof via conduit system 52. In this
embodiment, the liquid is water, although any other
aqueous solution may be used. As illustrated in Figure
2, the liquid ring pump 32 comprises a rotor 54
rotatably mounted in an annular housing 56 such that
the rotor axis 58 is eccentric to the central axis 60
of the housing 56. The rotor 54 has blades 62 that
extend radially outwardly therefrom and are equally
spaced around the rotor 54. With rotation of the rotor
54, the blades 62 engage the liquid and form it into
an annular ring 48 inside the housing 56. The waste
stream entering the liquid ring pump 32 through the
first inlet 34, and the air stream entering the liquid
ring pump 32 through the second inlet 38, are pulled
into the spaces 63 between adjacent blades 62. As a
result, a gas phase oxidation of the silane contained
within the waste stream takes place at a
sub-atmospheric pressure within the liquid ring pump
32. For example, where the oxidant is oxygen, the
reaction occurring within the liquid ring pump 32
forms silica (SiO2) , which becomes entrained within
the liquidring 48 formed within the liquid ring pump
32. The liquid ring pump 32 is provided with an
exhaust 64 on the outlet side thereof for exhausting
from the pump 32 a liquid stream containing liquid
from the liquid ring 48 and the by product from the
oxidation of silane. As liquid is conveyed from the
exhaust thereof by conduit system 66, the liquid ring
48 may be replenished by supplying fresh liquid to the
housing 56 via third inlet 44. The liquid stream
exhaust from the liquid ring pump 32 may be
subsequently treated to remove the by-product
therefrom. Following treatment, the treated liquid may
be returned to source 50 for re-use. The embodiment in
which the backing pump 32 is provided with a
screw-type 



pumping mechanism will now be described with reference
to Figure 3, in which equivalent features to those
described above with reference to the liquid ring pump
will be given the same reference numerals. The first
inlet 34 through which the waste stream enters the
pump 32 is located at an inlet side of the pump. The
second inlet 38 is located adjacent the first inlet 34
on the inlet side of the pump 32, as shown in Figure
3. A source 40 of an oxidant for oxidising any silane
within the waste stream is connected to the second
inlet 38 of the pump 32 by a conduit system 42, which
supplies the oxidant to the pump 32. As above, the
source 40 may conveniently comprise a source of air,
containing oxygen for oxidising the silane, or any
other suitable oxidant may be used. The pump 32
further includes a third inlet 44 through which liquid
for flushing the pump housing 70 within the pump 32 is
conveyed from a source 50 thereof via conduit system
52. In this embodiment, the liquid is water, although
any other aqueous solution may be used. The liquid may
be supplied intermittently to the pump 32. As
illustrated in Figure 3, the pump 32 includes a first
shaft 72 and, spaced therefrom and parallel thereto, a
second shaft 74. Bearings are provided for supporting
the shafts 72, 74. The shafts 72, 74 are adapted for
rotation withinthe housing 70 about the longitudinal
axes in a contra-rotational direction. The first shaft
72 is connected to a drive motor 76, the shafts being
coupled together by means of timing gears 78 so that
in use the shafts 72, 74 rotate at the same speed but
in opposite directions. A first rotor 80 is mounted on
the first shaft 72 for rotary movement within the
chamber 70, and a second rotor 82 is similarly mounted
on the second shaft 74. Each of the two rotors 80, 82
are of generally cylindrical shape and has a helical
vane or thread 



respectively formed on the outer surface thereof, the
threads intermeshing as illustrated. In use, the waste
stream entering the screw-mechanism pump 32 through
the first inlet 34, and the air stream entering the
screw-mechanism pump 32 through the second inlet 38,
are pulled into the cavities 82 between intermeshing
rotors 80, 82. As a result, a gas phase oxidation of
the silane contained within the waste stream takes
place at a sub-atmospheric pressure within the
screw-mechanism pump 32. For example, where the
oxidant is oxygen, the reaction occurring within the
screw-mechanism pump 68 forms silica (SiO2) , which
becomes entrained within the liquid 74 that enters the
screw-mechanism pump 32 via the third inlet 44, either
intermittently or continuously. The screw-mechanism
pump 32 is provided with an exhaust 64 on the outlet
side thereof for exhausting from the pump 32 a liquid
stream containing the liquid and the by-product from
the oxidation of the silane. As liquid is conveyed
from the exhaust thereof by conduit system 66, the
flush liquid may be replenished by supplying fresh
liquid to the housing 70 via third inlet 44. The
liquid stream exhaust from the screw-mechanism pump 32
may be subsequently treated to remove the by-product
therefrom. Following treatment, the treated liquid may
be returned to source 50 for re-use.CLAIMS 1. A method
of treating a gas stream containing a
silicon-containing gas, the method comprising the
steps of conveying the gas stream to a pump, supplying
to the pump an oxidant for oxidising the
siliconcontaining gas within the pump and a liquid;
and exhausting from the pump said liquid containing a
by-product of the oxidation of the siliconcontaining
gas. 



2. A method according to Claim 1, wherein the
silicon-containing gas is a precursor used in the
manufacture of a semiconductor device. 3. A method
according to Claim 1 or Claim 2, wherein the
siliconcontaining gas comprises one of silane,
disilane, dichlorosilane, trichlorosilane,
tetraethylorthosilicate (TEOS), a siloxane, such as
octamethylcyclotetrasiloxane (OMCTS) and an
organosilane. 4. A method according to any preceding
claim, wherein the siliconcontaining gas is
pyrophoric. 5. A method of treating a gas stream
containing a pyrophoric gas, the method comprising the
steps of conveying the gas stream to a pump, supplying
to the pump an oxidant for oxidising the pyrophoric
gas within the pump and a liquid; and exhausting from
the pump said liquid containing a by-product of the
oxidation of the pyrophoric gas. 6. A method according
to Claim 5, wherein the pyrophoric gas is a metallic
or a non-metallic hydride, for example, one of silane,
disilane, dichlorosilane, trichlorosilane, phosphine
and diborane. 7. A method according to any preceding
claim, wherein the liquid is supplied to the pump
separately from the oxidant.8. A method according to
any preceding claim, wherein the liquid is supplied to
the pump separately from the gas stream. 9. A method
according to any preceding claim, wherein the liquid
is supplied intermittently to the pump. 10. A method
according to any preceding claim, wherein the oxidant
is one of oxygen, ozone, a peroxide and a halogenated
species. 11. A method according to Claim 10, wherein
oxygen is supplied to the pump within a stream of air
or other oxygen-containing gas. 



12. A method according to any preceding claim, wherein
the pyrophoric gas is a metallic or a non-metallic
hydride, for example, one of silane, disilane,
dichlorosilane, trichlorosilane, phosphine and
diborane. 13. A method according to any preceding
claim, wherein the liquid comprises water.or an
aqueous solution. 14. A method according to any
preceding claim, wherein the gas stream is conveyed to
the pump at a pressure in the range from 50 to 500
mbar. 15. A method according to any preceding claim,
wherein the pump is a liquid ring pump, the liquid
forming a liquid ring within the liquid ring pump. 16.
A method according to Claim 15, wherein the liquid
enters the pump at a level below that at which the
liquid containing said by-product is exhaust from the
pump.17. A method according to any of Claims 1 to 14,
wherein the pump comprises intermeshing rotors. 18. A
method according to Claim 17, wherein the pump
comprises a screw-type pumping mechanism. 19.
Apparatus for treating a gas stream containing a
silicon-containing gas, the apparatus comprising a
pump for receiving the gas stream, means for supplying
to the pump an oxidant for oxidising the
silicon-containing gas within the pump, and a liquid;
and means for conveying from the pump liquid
containing a by-product of oxidation of the
siliconcontaining gas within the pump. 20. Apparatus
according to Claim 19, wherein the pump comprises a
first inlet for receiving the gas stream, and a second
inlet for receiving the oxidant. 



2 1. Apparatus according to Claim 20, wherein the pump
comprises a third inlet for receiving the liquid. 22.
Apparatus according to any of Claims 19 to 2 1,
wherein the supply means comprises means for supplying
to the pump a gas stream comprising the oxidant. 23.
Apparatus according to Claim 22, wherein the gas
stream comprises a stream of at least one of air,
ozone, a peroxide and a halogenated species. 24.
Apparatus according to any of Claims 19 to 23, wherein
the supply means comprises means for supplying a
stream of water to the pump.25. Apparatus according to
any of Claims 19 to 24, wherein the pump is a liquid
ring pump. 26. Apparatus according to any of Claims 19
to 24, wherein the pump comprises intermeshing rotors.
27. Apparatus according to Claim 26, wherein the pump
comprises a screw-type pumping mechanism. 28. A system
for evacuating a process chamber, the system
comprising a vacuum pump for drawing a gas stream from
the chamber, and apparatus according to any of Claims
19 to 27 for receiving the gas stream from the vacuum
pump. 29. A system according to Claim 28 wherein the
vacuum pump is configured to exhaust the gas stream at
a pressure in the range from 50 to 500 mbar. 30. A
system according to Claim ,28 or Claim 29, comprising
means for supplying a purge gas to the vacuum pump. 3
1. A system according to Claim 30, wherein the purge
gas is nitrogen. 


