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MODULAR ABATEMENT APPARATUS

FIELD OF THE INVENTION

The field of the invention relates to a modular abatement apparatus and a

method.

BACKGROUND

Abatement apparatus, such as radiant burners, are known and are typically used

for treating an effluent gas stream from a manufacturing processing tool used in,
for example, the semiconductor or flat panel display manufacturing industry.
During such manufacturing, residual perfluorinated compounds (PFCs) and other
compounds exist in the effluent gas stream pumped from the process tool. PFCs
are difficult to remove from the effluent gas and their release into the environment
is undesirable because they are known to have relatively high greenhouse

activity.

Known radiant burners use combustion to remove the PFCs and other
compounds from the effluent gas stream, such as that described in EP 0 694
735. Typically, the effluent gas stream is a nitrogen stream containing PFCs and
other compounds. The effluent stream is conveyed into a combustion chamber
that is laterally surrounded by the exit surface of a foraminous gas burner. In
some cases treatment materials, such as fuel gas, can be mixed with the effluent
gas stream before entering the combustion chamber. Fuel gas and air are
simultaneously supplied to the foraminous burner to affect combustion at the exit
surface. The products of combustion from the foraminous burner react with the

effluent stream mixture to combust compounds in the effluent stream.

Although techniques exist for processing the effluent gas stream, they each have
their own shortcomings. Accordingly, it is desired to provide an improved

technique for processing an effluent gas stream.
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SUMMARY

According to a first aspect, there is provided a modular abatement apparatus for
abatement of an effluent stream from a semiconductor processing tool,
comprising: a housing defining a common housing chamber; a plurality of
combustion chamber modules positionable within the common housing chamber
for treating the effluent stream, each combustion chamber module containing a

foraminous sleeve defining a combustion chamber therewithin.

The first aspect recognises that a problem with existing abatement apparatus
configurations is that they are not easily scalable to deal with different types
and/or quantities of effluent streams. That is to say, each abatement apparatus
is typically designed to deal with a specific effluent stream and flow rate, and that
design is then validated through testing. Also, where intermittent effluent streams
are provided, different abatement apparatus are typically provided, which are put
in active and idle modes in response to those intermittent effluent streams.
Those different abatement apparatus are typically provided with their own
downstream processing apparatus and this can lead to larger than desired
installations. Also, should a different effluent stream flowrate need to be treated,
then a new design is typically required, which then needs to be validated.
Although some standard parts can be re-used, each design is therefore
essentially unique and the underlying architecture of existing arrangements has

scalability limits.

Accordingly, an abatement apparatus may be provided. The abatement
apparatus may be a modular abatement apparatus. The apparatus may abate or
treat an effluent or process stream from a semiconductor processor tool. The
apparatus may comprise a housing or enclosure which defines a common,
shared or unitary housing chamber. The apparatus may comprise a plurality of
combustion chamber modules or units. The combustion chamber modules may
be positionable or locatable within or inside the common housing chamber. Each
combustion chamber module may contain or house a foraminous or porous

sleeve or jacket. The sleeve may define, surround or enclose the combustion
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chamber. In other words, each combustion chamber module may be unitary and
may provide its own combustion chamber. In this way, multiple combustion
chambers may be provided within a single, common housing, each of which may
be configured to treat a particular effluent stream flow. Accordingly, the number
of combustion chambers can be selected to match the different types and
flowrates of the effluent stream expected from any particular processing tool.
This provides an architecture which is readily scalable to suit the needs of
different effluent gas stream types and flowrates while retaining a common

housing which may interface with upstream and downstream components.

The foraminous sleeve may be unitary or formed from a single, continuous

component.

The combustion chamber may be shaped and/or dimensioned to occupy a
module cross-sectional area and the common housing chamber may be shaped
and/or dimensioned to extend across a plurality of the module cross-sectional
areas. In other words, a combustion chamber module may be considered to
occupy a single unit of predefined cross-sectional area and the common housing
chamber may be designed to provide a space for multiple of those units of cross-

sectional area.

The common housing chamber may be shaped and/or dimensioned to extend

across a plurality of adjacent module cross-sectional areas.

The common housing chamber may be shaped and/or dimensioned to extend

across an array of N x M of adjacent module cross-sectional areas.

N may equal M. Hence, the array may be a square array.

N may not equal M. Hence, the array may be a rectangular array.
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The common housing chamber may be shaped and/or dimensioned to extend
across the plurality of the module cross-sectional areas and a pilot module cross-
sectional area. In other words, the common housing chamber may
accommodate both the plurality of combustion chamber modules and the pilot

module.

The common housing chamber may have a head plate. The head plate may
define an upstream surface of the housing chamber. The head plate may have a
plurality of effluent stream inlets. Each of the effluent stream inlets may be
positioned towards a centre or away from a perimeter of a corresponding module
cross-sectional area. In other words, for each designated cross-sectional area
within the housing chamber, at least one effluent stream inlet may be provided
which may be positioned away from the perimeter of the module cross-sectional
area in order to deliver the effluent stream towards a centre of the its combustion

chamber and away from the foraminous sleeve.

The head plate may have a plurality of treatment material inlets. Each treatment
material inlet may be positioned towards a perimeter or away from a centre of a
corresponding module cross-sectional area. This helps to deliver the treatment

materials to the vicinity of the foraminous sleeve.

The head plate may comprise a purge inlet. The purge inlet may be configured to
deliver a purge gas. The purge gas may be delivered to an interspace or void
within the common housing chamber which is between the plurality of combustion
chamber modules. This helps to prevent the build-up of residues between the

combustion chamber modules.

The head plate may comprise a gallery. The gallery may be in fluid
communication with the purge inlet to deliver or convey the purge gas to the
interspaces within the common housing chamber between the plurality of

combustion chamber modules.
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The plurality of combustion chamber modules may be releasably or removably
retainable or fixable within the common housing chamber. This allows the
combustion chambers to be removed or replaced when required, to enable the

apparatus to be repaired or reconfigured.

The plurality of combustion chamber modules may have a releasable securing
mechanism which may be configured to releasably engage or fix with a
complimentary releasable securing mechanism within the common housing
chamber. Accordingly, each combustion chamber module may be individually

fixed into and released from the common housing chamber.

The plurality of combustion chambers may be positionable within the common
housing chamber to be adjacent or abutting each other. This enables the
combustion chambers to be tightly packed within the space provided by the

common housing chamber.

The plurality of combustion chamber modules may be tessellatable within the
common housing chamber. This reduces gaps between combustion chamber

modules and increases packing density within the common housing chamber.

The plurality of combustion chamber modules may be of differing sizes. That is
to say, combustion chamber modules of differing cross-sectional areas may be
provided. This enables differing sized combustion chamber modules to be

provided for differing effluent stream requirements.

Each combustion chamber may be shaped and/or dimensioned to occupy a
multiple of the module cross-sectional area. That is to say, if a module is
intended to occupy a unit of cross-sectional area, each combustion chamber
module is shaped and/or dimensioned to occupy a (typically integer) multiple
number of that unit of cross-sectional area. This helps to ensure that even when
using combustion chamber modules of differing sizes, the plurality of differing

sized combustion chamber modules still fit within the common housing chamber.



10

15

20

25

30

WO 2023/285779 PCT/GB2022/051745

At least one combustion chamber module may be a multiple sized combustion
chamber module which is shaped and/or dimensioned to occupy a plurality of

module cross-sectional areas.

The multiple sized combustion chamber module may be shaped and/or
dimensioned to occupy an array of PxQ of adjacent module cross-sectional

areas.

P may equal Q. In other words, the multiple sized combustion chamber module

may be square.

P may not equal Q. In other words, the multiple sized combustion chamber

module may be rectangular.

Each combustion chamber module may contain its foraminous sleeve which
surrounds that combustion chamber. In other words, each combustion chamber
module may contain a foraminous sleeve which defines a complete combustion

surface of that combustion chamber.

Each combustion chamber module may comprise a module housing. The
module housing may be positioned or located away from the foraminous sleeve.
The module housing may surround the foraminous sleeve. The module housing
may define a combustion chamber plenum which is configured to convey the
treatment materials from a corresponding treatment material inlet, through the
foraminous sleeve and into the corresponding combustion chamber. Hence,
each individual combustion chamber may be provided with its own treatment
materials via the plenum formed within the module housing of the combustion

chamber module.
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Each combustion chamber may be tubular. It will be appreciated that tubes of
various different cross-sectional shapes are possible, including circular, non-

circular, rectilinear and polygonal.

Each combustion chamber may comprise an outlet for conveying a treated
effluent stream to downstream processing apparatus. In other words, the effluent
stream treated within the combustion chamber may be exhausted through an
outlet to a downstream processing apparatus. This enables a common
downstream processing apparatus to be provided for all the combustion
chambers, rather than requiring a dedicated downstream processing apparatus to

be provided for each combustion chamber.

At least one combustion chamber module may comprise a combustion chamber
mount through which a corresponding effluent stream inlet may extend. The
combustion chamber mount may convey the effluent stream and treatment
materials from the head plate to the combustion chamber plenum. The mount
may be made from lower temperature and less corrosion resistant materials than
the combustion chamber. The combustion chamber mount may be dimensioned
to reduce or change an internal length of that combustion chamber compared to
other combustion chambers. Typically, the mount can be used to shorten the
length of the combustion chamber between the effluent stream inlet and the
outlet in order to provide for combustion chambers of differing characteristics all

still housed within a common housing chamber.

The common housing chamber may be provided with walls which are configured
to extend around the plurality of combustion chamber modules. The walls may

extend from the head plate to the downstream processing apparatus.

The downstream processing apparatus may comprise a weir. The weir may be
located downstream of the common housing chamber. The weir may have a
cross-sectional area which matches, or is similar to, that of the common housing

chamber. This enables the common housing chamber which retains the plurality
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of combustion chamber modules to be located on the weir, which provides for a
compact arrangement and enables the combustion chambers modules to share

the weir for downstream processing.

Each combustion chamber module may be dimensioned to extend from the

common housing chamber and at least partially into the weir.

The apparatus may comprise at least one blanking, filling or packing module
which may be positioned within the common housing chamber adjacent or
abutting at least one combustion chamber module. Accordingly, a blanking
module may be located within the common housing chamber, should no
combustion chamber be required at that location. This provides for a flexible and

reconfigurable apparatus.

The blanking module may comprise a blanking plate. The blanking plate may
extend across the blanking module. The blanking plate may be aligned with the
outlet. The blanking plate therefore effectively obscures the void filled by the
blanking module. The blanking plate may comprise a foraminous surface. That
foraminous surface may convey combustion reagents for combustion thereon or

may convey a purge gas to provide a purged surface.

The apparatus may comprise logic operable to control the plurality of treatment
material inlets. The control logic may control the plurality of treatment material

inlets at independently, together and/or in groups.

The control logic may be operable to control the plurality of effluent stream inlets.
The control logic may be operable to control the plurality of effluent stream inlets

independent, together and/or in groups.

According to a second aspect, there is provided a method comprising
dimensioning a housing defining a common housing chamber; positioning a

plurality of combustion chamber modules within the common housing chamber
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for treating the effluent stream, each combustion chamber module containing a

foraminous sleeve defining a combustion chamber therewithin.

The method may comprise shaping and dimensioning at least one combustion
chamber module to occupy a module cross-sectional area and shaping and
dimensioning the common housing chamber to extend across at least a plurality

of the module cross-sectional areas.

The method may comprise shaping and dimensioning the common housing
chamber to extend across at least a plurality of adjacent module cross-sectional

areas.

The method may comprise shaping and dimensioning the common housing
chamber to extend across at least an array of N x M of adjacent module cross-

sectional areas.

N may equal M.

N may not equal M.

The method may comprise shaping and dimensioning the common housing
chamber to extend across a plurality of the module cross-sectional areas and a

pilot module cross-sectional area.

The method may comprise providing a head-plate defining an upstream surface
the housing chamber and positioning a plurality of effluent stream inlets in the
head-plate, each being positioned towards a centre of a corresponding module

cross-sectional area.

The method may comprise providing a plurality of treatment material inlets in the
head-plate, each being positioned towards a perimeter of a corresponding

module cross-sectional area.
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The method may comprise providing a purge inlet in the head-plate configured to
deliver a purge gas to an interspace within the common housing chamber

between the plurality of combustion chamber modules.

The method may comprise providing a gallery in the head-plate which is in fluid
communication with the purge inlet to deliver the purge gas to the interspace
within the common housing chamber between the plurality of combustion

chamber modules.

The method may comprise releasably retaining the plurality of combustion

chamber modules within the common housing chamber.

The method may comprise providing a releasable securing mechanism on each
combustion chamber configured to releasably engage with a complementary

releasable securing mechanism within the common housing chamber.

The method may comprise positioning the plurality of combustion chamber

modules within the common housing chamber adjacent each other.

The method may comprise tessellating the plurality of combustion chamber

modules within the common housing chamber.

The method may comprise providing combustion chamber modules of differing

sizes.

The method may comprise shaping and dimensioning each combustion chamber

module to occupy a multiple of the module cross-sectional area.

The method may comprise providing at least one combustion chamber module as
a multiple-sized combustion chamber module shaped and dimensioned to occupy

a plurality of module cross-sectional areas.
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The method may comprise shaping and dimensioning the multiple-sized
combustion chamber module to occupy an array of P x Q of adjacent module

cross-sectional areas.

P may equal Q.

P may not equal Q.

The method may comprise providing within each combustion chamber module

the foraminous sleeve which surrounds that combustion chamber.

The method may comprise providing each combustion chamber module with a
module housing positioned away from and surrounding the foraminous sleeve to
define a combustion chamber plenum which is configured to convey treatment
materials from a corresponding treatment material inlet and through that

foraminous sleeve into that combustion chamber.

The method may comprise shaping each combustion chamber module to be

tubular.

The method may comprise providing each combustion chamber module with an
outlet for conveying a treated effluent stream to downstream processing

apparatus.

The method may comprise providing at least one combustion chamber module
with a combustion chamber mount through which a corresponding effluent stream
inlet extends and dimensioning the combustion chamber mount to reduce an
internal length of that combustion chamber compared to other combustion

chambers.
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The common housing chamber may comprise walls which extend around the
plurality of plurality of combustion chamber modules, the wall extending from the

head plate to the downstream processing apparatus.

The method may comprise providing a weir having a cross-sectional area
matching that of the common housing chamber as the downstream processing

apparatus located downstream of the common housing chamber.

The method may comprise dimensioning each combustion chamber module to

extend from the common housing chamber at least partially into the weir.

The method may comprise positioning at least one blanking module within the

common housing chamber adjacent at least one combustion chamber module.

The method may comprise providing the blanking module with a blanking plate

extending across the blanking module and aligned with the outlet.

The method may comprise controlling the plurality of treatment material inlets at

independently, together and/or in groups.

The method may comprise controlling the plurality of effluent stream inlets

independently, together and/or in groups.

Further particular and preferred aspects are set out in the accompanying
independent and dependent claims. Features of the dependent claims may be
combined with features of the independent claims as appropriate, and in

combinations other than those explicitly set out in the claims.

Where an apparatus feature is described as being operable to provide a function,
it will be appreciated that this includes an apparatus feature which provides that

function or which is adapted or configured to provide that function.
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BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be described further, with

reference to the accompanying drawings, in which:

FIG. 1A is a perspective view of components of a modular abatement apparatus
according to one embodiment;

FIG. 1B is a sectional view through FIG. 1A providing a sectional view of a pilot
module 20;

FIG. 1C is a cross-sectional view through FIG. 1A providing a sectional view of
combustion chamber modules;

FIG. 1D is sectional view showing the combustion chamber modules in more
detail.

FIG. 2A illustrates a headplate in more detail;

FIG. 2B is a view from downstream of the combustion chamber modules;:

FIGS. 3A and 3B show the arrangement of the combustion chamber modules
and the pilot module in more detail, with the housing removed;

FIGS. 4A-J, illustrate schematically different configurations of housings and
combustion chamber modules;

FIG. 5 illustrates different inlet feed configurations for the inlets of the combustion
chambers; and

FIG. 6. is a schematic side view of an adjacent pair of differing length combustion

chamber modules.

DESCRIPTION OF THE EMBODIMENTS

Before discussing the embodiments in any more detail, first an overview will be

provided. Some embodiments provide a modular arrangement for an abatement
apparatus. This modular arrangement allows for different configurations of
abatement apparatus to be produced to suit different types of effluent streams
and/or different quantities or flowrates of those effluent streams using a
standardised set of components. A building block of this architectural approach
is to start with a combustion chamber module which is sized as a standard unit,
typically sized to process a typical or a minimal or selected amount of effluent

stream. Each combustion chamber module is essentially self-contained receiving
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its own effluent stream and having its own foraminous sleeve defining its own
combustion chamber for treatment of that effluent stream using treatment
materials such as fuel and an oxidant which combust on that foraminous sleeve.
A common housing is provided which is sized to enable multiple of those

standard unit size combustion chambers to be incorporated.

In a simple arrangement, the common housing is formed to fit an array of
combustion chamber modules together within that housing. In that simple
arrangement, each of the combustion chamber modules have an identical cross-
sectional area, meaning that they each occupy the same cross-sectional space
within the common housing chamber. A head plate of the common housing can
then be configured to deliver an effluent stream towards the centre of each of
those combustion chambers and treatment materials to the foraminous sleeve of

each combustion chamber module.

In another arrangement, the combustion chamber modules have differing cross-
sectional areas, meaning that they each occupy a differing cross-sectional space
within the common housing chamber and so are optimised to treat different
effluent streams and/or flow rates. For example, combustion chambers which are
one and a half, double, triple, quadruple, and so on the size of a standard unit
combustion chamber module may be provided. Again, these combustion
chamber modules may be in a linear or arrayed configuration. However, the
head plate configuration can still remain the same and in, for example, a double-
sized combustion chamber module, two effluent stream inlets may then be
provided which deliver the effluent stream away from the foraminous sleeve of
that combustion chamber. Furthermore, two treatment material inlets may feed
the foraminous sleeve with treatment materials. This allows the same common
housing chamber to be filled with different numbers of larger combustion
chamber modules or with differing sized combustion chamber modules. This
provides for design flexibility, whilst still retaining a small number of common

parts.
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The effective length of each combustion chamber can be varied by varying the
depth of a mount on the headplate used to mount that combustion chamber
within the common housing chamber, but with the discharge opening of each
combustion chamber still being aligned. Similarly, blanking modules may be
incorporated within the housing to fill a space or void where the full capacity of
the common housing chamber is not required. The blanking modules may
provide an ignited or purged foraminous surface. Again, this provides for a

customizable apparatus which uses a minimal number of common parts.

This arrangement provides for self-contained combustion chambers within the
common housing chamber, each of which can be operated and controlled
individually without affecting the operation of other combustion chamber modules.
Also, each of the combustion chamber modules can be individually removed
and/or replaced. It can be seen that this arrangement allows for a variety of

different configurations to be provided using a common set of components.

Abatement Apparatus
FIG. 1A is a perspective view of components of a modular abatement apparatus

10 according to one embodiment. FIG. 1B is a sectional view through FIG. 1A
providing a sectional view of a pilot module 20. FIG. 1C is a cross-sectional view
through FIG. 1A providing a sectional view of the combustion chamber modules
30. FIG. 1D is sectional view showing the combustion chamber modules 30 in

more detail.

A housing 40 is provided which defines a common housing chamber within which
combustion chamber modules 30 are provided. A common headplate 150 is
provided which covers an upstream opening of the housing 40. As can be seen
in FIG. 2A, the headplate 150 receives effluent stream inlets 60 for supplying an
effluent stream, treatment material inlets 70 for supplying treatment materials
such as fuel, a pilot module inlet 110 for supplying fuel and a purge inlet 160 for
supplying an inter-module purge gas such as nitrogen. Downstream of the

housing 40 is a weir 170 which defines a wetted wall chamber 180 which in



10

15

20

25

30

WO 2023/285779 PCT/GB2022/051745

-16 -

operation has walls over which a fluid such as water flows. In this example, there
are two combustion chamber modules 30 arranged linearly within the housing 40,
however as will be explained in more detail below, different configurations and
numbers of combustion chamber modules 30 are possible which share a

common housing and common headplate.

Between the headplate 150 and the combustion chamber modules 30 is provided
a mount 50 which retains the combustion chamber modules 30 in place within the
housing 40. The depth of this mount 50 can vary to accommodate different

length combustion chamber modules 30 while still ensuring that each combustion

chamber modules 30 discharges at the same position into the weir 170.

The combustion chamber module 30 has a module housing 80 within which is
fitted a foraminous sleeve 90. The foraminous sleeve 90 defines a combustion
chamber 120 within which the supplied effluent stream is treated. Each
combustion chamber module 30 is provided with an effluent stream inlet 60 which
conveys an effluent stream to be treated into the combustion chamber of that
combustion chamber module 30. The foraminous sleeve 90 is spaced away
slightly from the module housing 80 to define a plenum 100. Treatment material
inlets 70 convey treatment materials such as fuel through the mount 50 and into
the plenum 100 of the respective combustion chamber module 30. Hence, each
combustion chamber module 30 is essentially self-contained and its operation

has no effect on other combustion chamber modules 30 within the housing 40.

FIG. 2B shows a view from downstream of the combustion chamber modules 30.
As can also be seen also be seen in FIG. 1D, the foraminous sleeve 90 has a
planar upstream ceiling 200 from which depends four diverging walls 180 which
terminate with a rounded shoulder 140 at a discharge end of the combustion
chamber 120. This forms a combustion chamber 120 having a generally
trapezoidal configuration. The pilot module 20 has a downstream discharge

surface 130 which abuts the shoulder 140 of the foraminous sleeves 90.
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FIGS. 3A and 3B show the arrangement of the combustion chamber modules 30
and the pilot module 20 in more detail, with the housing 40 removed. In this
example, the combustion chamber modules 30 are of equal length and so the
mounts 50 are of equal height. In order to protect the shoulders 140 and the
discharge surface 130 from damage during assembly, they are provided with
protrusions 190 which allow the combustion chamber modules 30 and the pilot
module 20 to be placed on a surface without contacting the shoulders 140 and

the discharge surface 130.

Housing and Combustion Chamber Module Configurations

As can be seen in FIG. 4A, the housing 40 is configured to house two combustion
chamber modules 30 and the pilot module 20. The combustion chamber
modules 30 are considered to be of a unit size and so the housing 40 is
dimensioned to provide space for a linear arrangement or 2 x 1 array of the
combustion chamber modules together with the pilot module 20. This
configuration is useful when two separate effluent streams are required to be
treated independently of each other. As can be seen in FIG. 4B, the same size
housing 40 can also accommodate a single combustion chamber module 30’
which is dimensioned to occupy 2 x 1 units of space together with the pilot
module 20. This configuration is useful when a larger flow effluent stream is
required to be treated. Hence, it can be seen that the same housing 40 can
accommodate two separate combustion chamber modules 30 or alternatively

accommodate a single larger combustion chamber module 30'.

As can be seen in FIG. 4C, a larger housing 40A may be provided which
accommodates a 2 x 2 array of combustion chamber modules 30, together with a
pilot module 20. As can be seen in FIG. 4D, the same housing 40A can
accommodate a yet larger combustion chamber module 30” which is
dimensioned to occupy 2 x 2 units of space. Alternatively, it will be appreciated
that the housing 40A could also accommodate two combustion chamber modules
30’ or combinations the larger combustion chamber module 30" and the

combustion chamber module 30, as shown in FIGS. 4E and 4F.
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FIG. 4G shows an arrangement of a housing 40B dimensioned to accommodate
an array of 2 x 3 combustion chamber modules 30, together with a pilot module
20. As can be seen in FIG. 4H, larger size combustion chambers 30’ together
with combustion chamber modules 30 may be placed within the housing 40B, as
required. It will be appreciated that the housing 40B could also accommodate
combinations of the combustion chamber modules 30, the larger combustion
chamber modules 30’ and/or the yet larger combustion chamber modules 30”.
Also, it will be appreciated that further larger combustion chamber modules may

be provided.

As can be seen in FIG. 41, a housing 40C may be dimensioned to accommodate
an array of 2 x 4 combustion chamber modules 30, together with a pilot module
20. As canbe seenin FIG. 4J, some of those combustion chamber modules 30
can be replaced with larger modules such as one or more combustion chamber
modules 30’. It will be appreciated that the housing 40C could also
accommodate combinations of the combustion chamber modules 30, the larger
combustion chamber modules 30" and/or the yet larger combustion chamber
modules 30”. Also, it will be appreciated that further larger combustion chamber

modules may be provided.

The housings 40A-C may omit space for the pilot module 20 when an alternative
pilot arrangement is provided, such as individual pilots for each combustion
chamber module. Although in this example the combustion chamber modules
and housing have a quadrilateral shape, it will be appreciated that other shapes
are possible enable the which combustion chamber modules to fit within the
housing, Tessellated combustion chamber modules are particularly space
efficient and provide for minimal inter-combustion chamber module space to be
purged. Also, combinations of housings 40A-C may be collocated to provide

larger abatement apparatus.



10

15

20

25

30

WO 2023/285779 PCT/GB2022/051745

-19-

Hence, it can be seen that a combustion chamber module 30 can be
dimensioned to provide a combustion chamber 120 which is suited to process a
minimal or typical effluent stream flow and that a housing 40 can be dimensioned
to accommodate any number of these combustion chamber modules 30. Larger
sized combustion chamber modules may also be provided which are typically
sized to be multiples of the combustion chamber modules 30, in order to
accommodate different effluent streams and/or different effluent stream flows.
The same housing 40 can then be used in different situations by simply
incorporating the required number and type of combustion chamber modules to
suit the effluent stream processing requirements. Should not all of the
processing capacity be required, then combustion chamber modules may simply
be omitted and replaced instead with blanking modules in place of the unrequired
combustion chamber modules. The blanking modules may be provided with a
foraminous surface which typically conveys either combustion reagents (such as
fuel and an oxidant) for combustion thereon or a purge gas (such as nitrogen) to
prevent the accumulation of particulates, powder or condensates on the blanking

modules.

FIG. 5 illustrates different inlet feed configurations for the inlets 60 of the
combustion chambers 30, 30’. As can be seen, the combustion chamber 30 may
have a single, elongate or obround inlet 60 located towards the centre of its
combustion chamber 120. The larger combustion chamber 30 may have a
single, elongate or obround inlet 60’ which is larger than the inlet 60 located
towards the centre of its combustion chamber 120, multiple inlets 60, multiple

smaller round inlets 60” and or combinations of the above to suit requirements.

As can be seen in FIG. 6, which is a schematic side view of an adjacent pair of
combustion chamber modules, one of the combustion chamber modules 30’ is
shorter in the direction of flow of the effluent stream and its mount 50’ is

consequentially taller, in order that both combustion chambers discharge at the

same location into the downstream weir 170.
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Hence, it can be seen that a standard housing can be selected and the required
combination of combustion chamber modules 30 installed together with an
optional pilot module 20 to suit the expected types and flow rates of effluent
stream to be processed using a number of standardized parts. In operation, each
combustion chamber module 30 receives its own effluent stream as well as its
own treatment materials. Each individual combustion chamber module 30 can
then be controlled and ignited from the pilot module 20 independently, together or
in groups, as required. This enables some combustion chamber modules 30 to
be put into idle when no effluent stream is to be processed by that combustion
chamber module 30 while other combustion chamber modules 30 may remain

functional.

Some embodiments provide a thermal treatment system with the ability to treat
gases from a wide variety of applications in the same device by utilizing different
combustion chamber modules. Modules share a common architecture making it
easy to customize assemblies and modify them to keep up with changing
technology upstream. Modules and overall system dimensions can vary greatly
based on the process requirements. Modules share downstream gas handling
components increasing the cost effectiveness and reducing the complexity of the
system. In this design the modules fit into a larger plenum. The advantage to the
common plenum is that it vacuum seals the assembly which simplifies the burner

interface.

In addition: a common architecture allows the system to be constructed to match
many applications by selecting the correct modules; a common architecture
allows cost effective modifications of existing systems to meet new specifications;
the system footprint is greatly reduced due to increased packing density of
tessellated modules; separate burner mounts/plenums allows for cost effective
replacement of burner modules; a separate pilot module provides ignition and
flame proving; individual modules can be housed in a common plenum, vacuum

sealed at the top and bottom; the interface connections at the top of the system
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reduces foot print; common downstream gas handling components increases the

cost effectiveness and reduces complexity of the system.
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REFERENCE SIGNS

Abatement apparatus 10
Pilot module 20
Combustion chamber module 30
Housing 40

Mount 50

Effluent stream inlet 60
Treatment material inlet 70
Module housing 80
Foraminous sleeve 90
Plenum 100

Pilot module inlet 110
Combustion chamber 120
Discharge surface 130
Shoulder 140

Headplate 150

Purge inlet 160

Weir 170

Walls 180

Protrusions 190

Ceiling 200
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CLAIMS

1. A modular abatement apparatus for abatement of an effluent stream from
a semiconductor processing tool, comprising:

a housing defining a common housing chamber;

a plurality of combustion chamber modules positionable within said
common housing chamber for treating said effluent stream, each combustion
chamber module containing a foraminous sleeve defining a combustion chamber

therewithin.

2. The modular abatement apparatus of claim 1, wherein at least one
combustion chamber module is shaped and dimensioned to occupy a module
cross-sectional area and said common housing chamber is shaped and
dimensioned to extend across at least a plurality of said module cross-sectional

areas.

3. The modular abatement apparatus of claim 2, wherein said common
housing chamber is shaped and dimensioned to extend across at least a plurality

of adjacent module cross-sectional areas.

4. The modular abatement apparatus of claim 2 or 3, wherein said common
housing chamber is shaped and dimensioned to extend across at least an array

of N x M of adjacent module cross-sectional areas.

5. The modular abatement apparatus of any one of claims 2 to 4, wherein
said common housing chamber is shaped and dimensioned to extend across said
plurality of said module cross-sectional areas and a pilot module cross-sectional

area.

6. The modular abatement apparatus of any one of claims 2 to 5, wherein
said common housing chamber comprises a head-plate defining an upstream

surface of said housing chamber, said head-plate having a plurality of effluent
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stream inlets, each positioned towards a centre of a corresponding module cross-

sectional area.

7. The modular abatement apparatus claim 6, wherein said head-plate has a
plurality of treatment material inlets, each positioned towards a perimeter of a

corresponding module cross-sectional area.

8. The modular abatement apparatus of any preceding claim, wherein said
plurality of combustion chambers modules are releasably retainable within said

common housing chamber.

9. The modular abatement apparatus of any preceding claim, wherein said
plurality of combustion chamber modules are tessellatable within said common

housing chamber.

10.  The modular abatement apparatus of any preceding claim, wherein said
plurality of combustion chamber modules comprise combustion chamber

modules of differing sizes.

11.  The modular abatement apparatus of any one of claims 2 to 10, wherein
each combustion chamber module is shaped and dimensioned to occupy a

multiple of said module cross-sectional area.

12. The modular abatement apparatus of any one of claims 2 to 11, wherein at
least one combustion chamber module is a multiple-sized combustion chamber
module shaped and dimensioned to occupy a plurality of module cross-sectional

areas.

13.  The modular abatement apparatus of any preceding claim, wherein each
combustion chamber module contains said foraminous sleeve which surrounds

that combustion chamber.
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14.  The modular abatement apparatus of claim 13, wherein each combustion
chamber module comprises a module housing positioned away from and
surrounding said foraminous sleeve to define a combustion chamber plenum
which is configured to convey treatment materials from a corresponding
treatment material inlet and through that foraminous sleeve into that combustion

chamber.

15.  The modular abatement apparatus of any preceding claim, wherein each

combustion chamber module is tubular.

16.  The modular abatement apparatus of any preceding claim, wherein each
combustion chamber module comprises an outlet for conveying a treated effluent

stream to downstream processing apparatus.

17.  The modular abatement apparatus of any preceding claim, wherein at
least one combustion chamber module comprises a combustion chamber mount
through which a corresponding effluent stream inlet extends, said combustion
chamber mount being dimensioned to reduce an internal length of that

combustion chamber compared to other combustion chambers.

18.  The modular abatement apparatus of claims 16 or 17, wherein said
common housing chamber comprises walls which are configured to extend
around said plurality of plurality of combustion chamber modules, said walls

extending from said head plate to said downstream processing apparatus.

19.  The modular abatement apparatus of any one of claims 16 to 18, wherein
said downstream processing apparatus comprises a weir located downstream of
said common housing chamber, said weir having a cross-sectional area matching

that of said common housing chamber.
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20.  The modular abatement apparatus of any preceding claim, comprising at
least one blanking module positioned within said common housing chamber

adjacent at least one combustion chamber module.

21. A method, comprising:

dimensioning a housing defining a common housing chamber;

positioning a plurality of combustion chamber modules within said
common housing chamber for treating said effluent stream, each combustion
chamber module containing a foraminous sleeve defining a combustion chamber

therewithin.



