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APPARATUS FOR TREATING A GAS STREAM

The present invention relates to apparatus for treating a gas stream. The
invention finds particular application in the treatment of a gas stream exhaust from
a process chamber used in, for example, the semiconductor, solar or flat panel
display industry.

One 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), which is commonly plasma enhanced. In this technique,
process gases are supplied to a process chamber, housing the substrate, in which
they react to form a thin film over the surface of the substrate. Examples of gases
supplied to the process chamber to form a thin film include, but are not restricted
to: Silane and ammonia for the formation of a silicon nitride film; Silane, ammonia
and nitrous oxide for the formation of a SiON film; TEOS and one of oxygen and
ozone for the formation of a silicon oxide film; and Al{CHs)s and water vapour for
the formation of an aluminium oxide film.

Gases exhausted from a process chamber can be treated with high
efficiency and at a relatively low cost using a plasma abatement device. In the
plasma abatement process, the gas stream to be treated is conveyed to a thermal
atmospheric pressure plasma discharge (a plasma flare) which is primarily a
source of heat. The plasma is preferably formed from an inert gas such as
nitrogen and the process gasses passed to the flare subsequent to its formation
as this protects the plasma forming device from damage. The plasma causes
dissociation of the gas stream into reactive species, such as radicals, which can
combine with oxygen or hydrogen species (also conveyed to the plasma flare) to
produce relatively stable by-products.

A reaction chamber is located downstream of the plasma generator. The
purpose of the reaction chamber is to provide a reaction space, remote from the
plasma forming device, in which the gases exhausted from the process chamber
can be treated by the plasma and react with additional reagent gases such as
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oxygen or hydrogen. The reaction chamber may consist of a pipe of dimensions
which may for example be approximately 30 mm to 50 mm in diameter and 90 mm
to 150 mm in length.

The noxious gases produced in the process chamber, namely unused
precursor gases and the reaction by-products, must be treated as and when they
are exhausted from the process chamber. They are not stored and then treated.
Accordingly the plasma abatement device, sometimes referred to as a plasma
burner, or torch, must be operational during processing. If for whatever reason the
burner stops working or it needs to be taken off line for cleaning or repair the
substrate processing also has to stop. This is clearly not desirable since the
processing ideally runs continuously 24 hours and day, seven days a week.
Accordingly it has been known to have a back up plasma burner device which can
be brought in online should the main plasma burner break down or be taken off-
line for any reason. However this is a very expensive solution to the problem since
a very expensive plasma burner is kept largely inoperative a lot of the time.

According to the present invention there is provided apparatus for treating a
process gas stream, comprising a plasma abatement device having a reaction
chamber, a plasma torch for generating a plasma stream for injection into the
chamber for treating said process gas stream, a first inlet for conveying said
process gas stream into the plasma abatement device for treatment; and a
second inlet which, in a normal condition of the apparatus, is in flow
communication with a source of reagent for conveying reagent into the plasma
device for improving the efficiency of the treatment and which, in a back-up
condition of the apparatus, is in flow communication with said process gas stream
source for conveying a gas stream into the device for treatment.

The present invention also provides a system comprising an apparatus for
treating a process gas stream, said apparatus further comprising at least one
processing chamber, a primary gas duct for conveying a process gas stream from
the process chamber to the first inlet of the plasma abatement device for
treatment and a reagent gas duct connected between a source of reagent and the
second inlet of the plasma abatement device for conveying reagent into the
device for improving the efficiency of the treatment in the normal condition of the
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apparatus, a secondary gas duct connected between one of said at least one
process chambers and the second inlet for conveying a process gas stream to the
device for treatment in a back-up condition of the apparatus, and a control for
selectively switching between the normal condition and back-up condition.

Other preferred and/or optional aspects of the invention are defined in the
accompanying claims.

fn order that the invention may be well understood, some embodiments
thereof, which are given by way of example only, will now be described with
reference to the accompanying drawings, in which:

Figure 1 is a schematic view of a plasma abatement device in a normal
condition of a treatment apparatus;

Figure 2 is a schematic view of a plasma abatement device in a backup
condition of the treatment apparatus;

Figure 3 is a schematic view of a processing system comprising the
treatment apparatus in a normal condition;

Figure 4 is a schematic view of a processing system comprising the
treatment apparatus in a back-up condition;

Figure 5 is a schematic view of another plasma abatement device in a
normal condition of a treatment apparatus;

Figure 6 is a schematic view of the other plasma abatement device in a
backup condition of the treatment apparatus;

Figure 7 is a schematic view of a processing system comprising another
treatment apparatus in a normal condition;

Figure 8 is a schematic view of a processing system comprising the
treatment apparatus in a back-up condition;

Figure 9 shows a part view of a plasma abatement device; and

Figure 10 shows an inlet arrangement for a plasma abatement device.

Figures 1 and 2 are schematic views of a plasma abatement device 10
forming part of an apparatus for treating a gas stream. The device 10 comprises
a plasma generator, or torch, 12 and a reaction chamber 14. The torch provides
a plasma flare 16 for treating a gas stream conveyed to the device from a process
chamber (see Figures 3, 4, 7 and 8). The plasma device is preferably a DC
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plasma device comprising a DC plasma torch, such as that described in
EP1715937. The chamber 14 is provided with a first inlet 18 and a second inlet
20. In a normal condition of the apparatus shown in Figure 1, the first infet 18 is
in fluid communication with a processing chamber. The stream of process gases
22 emitted from a processing chamber is caused to flow via inlet 18 into reaction
chamber 14 and the plasma flare 16. The second inlet 20 is in fluid
communication with a source of a reagent 24, typically oxygen, (see Figures 3, 4,
7 and 8). The reagent is caused to flow via inlet 20 into the chamber 14 where it
is mixed with the process gases to improve the efficiency of treatment within the
plasma flare 16. In a back-up condition of the apparatus shown in Figure 2, a
process gas 22 from a process chamber is conveyed to the second inlet 20 in
place of the reagent 24. The back-up condition of the apparatus is selected if
another plasma abatement device of the apparatus becomes inoperative or if a
duct conveying process gas to another plasma device becomes occluded.
Therefore in the back-up condition different process gases may be conveyed to
the same reaction chamber. Alternatively or additionally, if the duct conveying
process gas to the first inlet 18 becomes occluded, for instance by the build-up of
solid deposits in the duct, the process gas 22 can be diverted to the second inlet
20 rather than the first inlet.

The present invention recognises that the supply of reagent to the reactor
chamber can be dispensed with or at least can be supplied to the abatement
process downstream of the reaction chamber. For example, it may be supplied
into a spray tower (or wet scrubber) downstream of the reaction chamber to
complete the treatment of the process exhaust gases. Accordingly, the gas stream
is heated by the plasma 16 inside the reaction chamber 14, and then reacts with
the reagent downstream of the reactor chamber. As the reaction takes place
outside of the reactor and the gas temperature is colder the system efficiency is
lower in this operating regime. Accordingly, in accordance with the present
invention, the inlet normally used for the reagent gases can be used instead to
inject process gases. This may be necessary if, for example, another abatement
device such as a plasma burner goes offline. Generally a process tool, or system,
will comprise a plurality of processing chambers and a respective plurality of
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plasma burners. Should one burner go offline, the process gas from the
associated processing chamber is directed towards the reagent inlet of another
plasma burner. That plasma burner therefore can treat process gases from more
than one processing chamber but without the use of reagent in the reaction
chamber.

One of the requirements of modern plasma abatement systems is to have
an available back up inlet. The present invention provides a plasma abatement
device with several separate gas inlets.

The present invention involves the understanding that whilst reagent is
thought to be required for improving treatment of process gases in the reaction
chamber, the requirement of reagent is subsidiary to the need for uninterrupted
treatment of process gases. Accordingly, the flow of reagent into a device can be
interrupted or injected downstream so that process gases can be diverted to the
device through the inlet normally used for the reagent.

A processing system is shown in Figure 3 during a normal condition of an
apparatus for treating a gas stream. Two process chambers 26, 28 are arranged
for processing products such as semi-conductor wafers or flat panel displays. The
processing is enabled by the use of various gases for etching, depositing or
cleaning in a vacuum generating by one or more vacuum pumps (not shown, but
located between the process chambers 26, 28 and abatement devices). These
gases are noxious and cannot be released without treatment. A plurality of
plasma abatement devices 10, as described in relation to Figures 1 and 2, are
arranged to treat process gases released from the process chambers 26, 28.

Primary gas ducts 30 convey a process gas stream 21, 22 from the
process chambers 28, 30, via vacuum pumps, to the first inlet 18 of the plasma
abatement device 10 for treatment. Treated gas 38 is exhausted from the plasma
abatement devices 10 for disposal or storage. Reagent gas ducts 32 are
connected between one, or more, source(s) of reagent 34 and the second inlet 20
of the plasma abatement device for conveying reagent 24 into the device for
improving the efficiency of the treatment in the normal operating condition of the
apparatus.
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As shown in Figure 4 when the apparatus is in the back-up condition, a
secondary gas duct 36 is connected between the process chamber 26 and the
second inlet 20 of the plasma abatement device 10 shown on the right for
conveying a process gas stream 21 to the device for treatment. In this example,
the plasma abatement apparatus 10 shown on the left in Figure 4 has become
inoperative or primary process gas duct has become partially or fully occluded. In
this case, process gas 21 is diverted for treatment by the plasma abatement
device 10 shown on the right in the Figure and therefore treatment of all of the
gases exhausted from the process chambers is uninterrupted and the process
tool 26 can remain operative. There is a relatively modest reduction in the
efficiency of the gases without the reagent but this is considered preferable to
interruption of treatment of exhaust gases from one of the process chambers 26
or interruption of the operation of said process chamber 26. The arrangement
benefits in that a properly functioning plasma abatement device is not redundant
in the apparatus and only when inoperative is gas diverted elsewhere in the
apparatus for treatment.

Referring to both Figures 3 and 4, the treatment apparatus comprises a
valve arrangement for allowing reagent to be conveyed through the reagent ducts
32 in the normal condition of the device. When treatment is interrupted in one of
the abatement devices 10, the second gas stream is conveyed through the
second process gas duct 36 in the back-up condition of the device.

The valve arrangement in the example shown in Figures 3 and 4 comprises
first valves 40 located to convey process gas in the primary ducts 30 selectively
towards either the first inlets 18 or the second inlets 20. Second valves 42 are
located to convey selectively either reagent along the reagent ducts or process
gas towards the second inlets 20. In this preferred arrangement, valves 40 and
42 are three way valves. The primary, reagent and secondary ducts share
portions of the conduits, or pipes, which convey gas in the apparatus. That is, the
primary and secondary ducts are co-extensive upstream of the first valves 40 and
the secondary ducts and reagent ducts are co-extensive downstream of the
second valves 42.
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It will be apparent to those skilled in the art that the valves may be
arranged differently from the arrangement shown in Figures 3 and 4 whilst still
achieving the same desired result.

A control 44 is provided for selectively switching between the normal
condition shown in Figure 3 and back-up condition shown in Figure 4. The control
44 is shown in Figure 4 and is connected by control lines 46 (shown schematically
in broken lines) to the valves 40, 42. The control selectively operates the valve
arrangement for switching between the normal condition and the back-up
condition. Switching may be initiated manually by an operative or may be
automatic. In this latter case, a sensor 48 may be provided for sensing an
operative condition of a plasma abatement device and outputting a signal to the
control in the event that one or more of the plasma abatement devices are
inoperative. For exampie, the sensor may monitor current of the DC plasma torch
and, if the current falls below a predetermined current — indicative of a reduced
gas flow, a system fail signal is outputted to the control 44 which can then activate
a back-up condition. Similar sensors may be provided for the other plasma
abatement devices of the system.

In the arrangement shown in Figures 3 and 4, there is a plurality of plasma
abatement devices 10 having a respective plurality of first inlets 18 arranged to be
in flow communication with a plurality of process chambers 26, 28. Whilst two
such plasma abatement devices are shown connected to respective processing
chambers, more than two may be provided as required. In the normal condition of
the apparatus, the said second inlets 20 are arranged to be in flow communication
with a source of reagent. In the back-up condition of the apparatus at least one
second inlet is arranged to be in flow communication with one of said process
chambers for receiving a gas stream from said process chamber for treatment.
Therefore, in this arrangement, one plasma abatement device acts as a back-up
for another plasma abatement device and is arranged in the back-up condition to
receive a gas stream from a different one of said process chambers to the
process chambers that it receives a gas stream from in the normal condition.

In an alternative arrangement shown in Figures 5 and 6, in the normal
condition of the apparatus the first inlet 18 is arranged to be in flow



10

15

20

25

30

WO 2013/072658 PCT/GB2012/052443
-8-

communication with the process chamber 26 via a primary duct 30 to convey a
gas stream 21 from the process chamber for treatment. The second inlet 20 is
arranged to receive a reagent 24 from the source of reagent 34 along a reagent
duct 32 for improving the efficiency of the treatment. This arrangement is similar
to the arrangement shown in Figures 3 and 4. In the back-up condition, shown in
Fig. 6, however the second inlet 20 is arranged to be in flow communication with
the same process chamber 26 such that if flow is restricted to the first inlet along
the primary duct 30 i.e. along a portion 48 of the primary duct, the gas stream 21
from said process chamber can be conveyed through the second inlet 20 via the
secondary duct 50 for treatment.

Valves 52 and 54 are operable by a controt (not shown) in a similar way to
that shown in Figures 3 and 4.

In a modification of the arrangements previously described in Figures 3 and
4 or Figures 5 and 6, at least one of the plasma abatement devices comprises at
least three inlets and one of said inlets only conveys a gas stream or reagent into
the plasma abatement device in the back-up condition of the apparatus. A
plasma abatement device 60 arranged in this way is shown in Figures 7 and 8
and comprises three additional inlets 62, 64, 66. In the normal condition of the
apparatus in which there are multiple similar plasma abatement devices 60, the
first inlet 18 receives a gas stream from a first chamber, the second inlet receives
a reagent from the source of reagent 34 and the further inlets 62, 64, 66 are not
used. In a back-up condition, the further inlets may receive a second gas stream
©8, a third gas stream 70 or a fourth gas stream 72 from respective process
chambers. In this way, three further gas streams can be treated if their respective
plasma abatement devices become inoperative, whilst still maintaining a flow of
reagent into the device to improve the efficiency of treatment. Optionally the
second inlet 20 could also be used to treat a gas stream from a further process
chamber; although in this case reagent would not be supplied to the device 60.

In a preferred arrangement, at least one, and more preferably all, of the
plasma abatement devices comprises the same number of inlets as there are
process chambers, such that in the back-up condition of the apparatus, the gas
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streams from all of the process chambers can be conveyed to the device through
respective said inlets for treatment in said device.

The first inlet and the second inlet of a said plasma abatement device are
configured to direct fluid into reaction chamber 14 so that fluid conveyed through
the first inlet or the second inlet is directed away from the second intet or the first
inlet respectively to reduce mixing of the fluids in either of the inlets. Figure 9
shows a view of the reactor chamber 14, a plasma flare 16 and first and second
inlets 18, 20. The first inlet 18 introduces gas flow in a direction which is generally
perpendicular from the direction of gas flow introduced to the reactor through
second inlet 20. It will be seen therefore that gas from one inlet is directed away
from the other inlet so that reaction of the two gases does not generally take place
in either of the inlets. Instead, reaction between the two gases occurs in the
plasma flare 16 resulting in more efficient treatment of the gas stream or streams.

Also shown in Figure 9 are two double-headed arrows 74, 76. Arrow 74
shows the range of positions in which the first inlet is preferably located whilst still
achieving the same effect, namely that gases passing through the two inlets are
directed away the other inlets. On the other hand, the arrow 76 shows the range
of undesirable positions in which the first inlet 18 may be located which would
result in gas from one inlet being directed towards the other inlet.

The preferred arrangement directing gas from one inlet away from another
inlet, particularly where there are a multiplicity of inlets are shown in Figures 1 and
7 in which the inlets are configured to convey fiuid into the device in directions
which are generally parallel one direction with another direction. As will be seen
from these Figures, the inlets are arranged with one inlet vertically above an
adjacent inlet and with each inlet mechanically separated from the other inlets to
space the inlets apart.

The configuration of the inlets into the reaction chamber 14 is more
important if both inlets are to be used to inject process gases. It is important that
the different process gases do not react with each other prior to being injected into
the plasma flare. As both inlets may be used to inject process gas in the back-up
operational condition the inlets therefore should not be located opposite each
other as shown by the range of positions 76 in Figure 9. ltis possible to have the
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inlets located such that the gases are injected at an angle to each other. However
better resuits are available when the inlets are configured with the flow of gases
all being directed in the same direction into the reactor chamber.

Figure 3 is a schematic view of a plasma abatement device in accordance
with the present invention.

A muitiple inlet arrangement is shown in Figure 10 which can be adopted in
any of the previously discussed embodiments. The inlet arrangement has a
“slice-type” structure having four inlets 78, 80, 82, 84 separated from each other
mechanically by spacers 86. The “slice-type” structure allows introduction of
different process gases into one plasma reactor chamber without their mixing at
the inlets.

The treatment apparatus as described with reference to the Figures
constitutes an improvement as part of a processing system comprising at least
one processing chamber. The apparatus comprises a primary gas duct, i.e.
conduit, for conveying a process gas stream from the process chamber to the first
inlet of the plasma abatement device for treatment and a reagent gas duct
connected between a source of reagent and the second inlet of the plasma
abatement device for conveying reagent into the device for improving the
efficiency of the treatment in the normal condition of the apparatus. A secondary
gas duct connected between one of said at least one process chambers and the
second inlet conveys a process gas stream to the device for treatment in a back-
up condition of the apparatus. A control means selectively switches between the
normal condition and back-up condition.

Typically, the system comprises a plurality of process chambers, wherein in
the normal condition of the apparatus a plurality of process gas streams are
conveyed from the process chambers to the first inlets of respective plasma
abatement devices, and in the back-up condition the gas stream a process gases
is conveyed to the second inlet of one of said plasma abatement devices.

If there is only one process chamber, in the normal condition of the
apparatus a process gas stream is conveyed from the process chamber to the first
inlet of a single plasma abatement device, and in the back-up condition the gas
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stream is diverted to the second inlet of device for treatment in place of the
reagent.

The invention has been described above with respect to a preferred
embodiment. It will be understood by those skilled in the art that changes and
modifications may be made thereto without departing from the scope of the
invention as set out in the appended claims.
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Claims

1. An apparatus comprising:
a plasma abatement device having a reaction chamber, a plasma torch, a first inlet and a
second inlet;

a valve arrangement connected to the second inlet, a source of reagent, and a process device,
wherein the valve arrangement is selectively controllable between a first condition,
in which the valve arrangement provides a flow path from the source of reagent
through the second inlet into the plasma abatement device, and a second condition,
in which the valve arrangement provides a flow path from the process device

through the second inlet into the plasm abatement device.

2. The apparatus according to claim I, wherein the first inlet is in flow communication with a first
process chamber that produces a first process exhaust gas stream and the process device comprises

a second process chamber that produces a second process exhaust gas stream.

3. The apparatus according to claim 1, wherein the valve arrangement comprises first and second
valves, the first valve on a reagent conduit between the second inlet and the source of reagent; the
second valve on a primary conduit between the first valve and the process device, and a secondary

conduit extending from the first valve to the second valve.

4, The apparatus according to claim 2, further comprising:
a second plasma abatement device having a reaction chamber, a plasma torch, a first inlet
and a second inlet; and
wherein the valve arrangement is further connected to the second inlet of the second plasma
abatement device, and the first process chamber, such that in the first condition, the
valve arrangement provides a flow path from the source of reagent to the second

inlet of the second plasma abatement device and the valve arrangement is selectively
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controliable to be in a third condition , in which the valve arrangement provides a
flow path from the first process chamber to the second inlet of the second plasma

abatement device.

5. The apparatus according to claim 1, wherein the first inlet and the second inlet of the plasma
abatement device are configured fo convey fluid into plasma abatement device in respective
directions so that fluid conveyed through the first inlet is directed away from the second inlet to

reduce mixing of the fluids in either of the inlets.

6. The apparatus according to claim 5, wherein the first inlet and the second inlet of the plasma
abatement device are configured to convey fluid into the device in directions which are generally

parallel one direction with another direction.

7. The apparatus according to claim 6, wherein the first and second inlets are arranged with one of

the first and second inlets vertically above and adjacent the other of the first and second inlets.

8. The apparatus according to claim 6, wherein each of the first and second inlets is physically

separated from the other of the first and second inlets.

9. The apparatus according to claim 1, wherein a control is manually operable to switch the valve

arrangement from the first condition to the second condition.

10. The apparatus according to claim 4, comprising a sensor for sensing a reduction in treatment of
a gas stream by the plasma abatement device and outputting a signal to a control which in response

places the valve arrangement in the third condition.

11. A system comprising a plasma abatement device having a reaction chamber, a plasma torch, a

first inlet ; and a second inlet,
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the system further comprising a process chamber, and a valve arrangement, the valve
arrangement such that a duct from the process chamber to the first inlet of the plasma abatement
device is closed by the valve arrangement, a duct from a source of reagent to the second inlet of the
plasma abatement device is closed by the valve arrangement, and a duct from the process

chamber to the second inlet is open through the valve arrangement .

12. The system according to claim 11, further comprising a plurality of process chambers and a
plurality of plasma abatement devices, wherein ducts from all but one of the process chambers to
respective first inlets of the plasma abatement devices are open through the valve arrangement and
a duct from the one process chamber to a second inlet of one of the plurality of plasma abatement

devices is open through the valve arrangement.



