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(57) An inlet assembly 10 comprises an inlet nozzle 60 delivering an effluent stream into a combustion chamber 120 of
an abatement apparatus. A reagent nozzle 830 is concentric with the inlet nozzle and delivers reagent in different
quantities around its perimeter. An upstream gallery (810A, Fig. 4B) may feed reagent to the perimeter of the
reagent nozzle. The reagent nozzle may deliver more reagent in a first region of the effluent stream than a second
region and may deliver more reagent in a first portion of the reagent nozzle than a second portion. The inlet nozzle
may have an obround cross section with the reagent nozzle delivering more reagent in a circular portion of the
obround than a linear portion. Reagent may be delivered to the reagent nozzle through radial apertures (880, Fig.
6) around the perimeter. Reagent may be supplied to the reagent nozzle through a porous material around the
perimeter with a varying porosity to deliver reagent in different quantities around the perimeter. An abatement
apparatus and a method of delivering an effluent stream to a combustion chamber are also claimed.
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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INLET ASSEMBLY

FIELD OF THE INVENTION

The field of the invention relates to an inlet assembly, an abatement apparatus

and a method.

BACKGROUND

Abatement apparatus, such as radiant burners or other types of abatement

apparatus, 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 arrangements of abatement apparatus exist, they each have their own
shortcomings. Accordingly, it is desired to provide an improved arrangement for

abatement apparatus.
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SUMMARY

According to a first aspect, there is provided an inlet assembly for an abatement
apparatus for treating an effluent stream from a semiconductor processing tool,
the inlet assembly comprising: an inlet nozzle configured to deliver the effluent
stream into a combustion chamber of the abatement apparatus; and a reagent
nozzle configured to deliver a reagent into the combustion chamber of the
abatement apparatus, the reagent nozzle being located concentrically with
respect to the inlet nozzle, the reagent nozzle being configured to deliver the

reagent in different quantities at different positions around its perimeter.

The first aspect recognizes that a problem with existing abatement apparatus is
that the abatement performance may not be optimal under particular operating
conditions. In particular, the destruction rate efficiency under some conditions
may not be as high as may be required and/or an oversupply of reagents may be

required to achieve a particular destruction rate efficiency.

Accordingly, an inlet assembly is provided. The inlet assembly may be for an
abatement apparatus. The abatement apparatus may be for treating an effluent
stream from a semiconductor processing tool. The inlet assembly may comprise
an inlet nozzle. The inlet nozzle may be configured to deliver the effluent stream
into a combustion chamber of the abatement apparatus. The inlet assembly may
comprise a reagent nozzle. The reagent nozzle may be configured to deliver a
reagent into the combustion chamber of the abatement apparatus. The reagent
nozzle may be located concentrically with respect to the inlet nozzle or located to
surround the inlet nozzle. The reagent nozzle may be configured or arranged to
deliver the reagent in different quantities, amounts or at different flow rates at
different positions around its perimeter. In this way, the amount of reagent
supplied to the combustion chamber to assist in the abatement of the effluent
stream can be varied at different positions or locations around the effluent
stream. This enables the flow of the reagent to be matched the flow of the
effluent stream discharging from the inlet nozzle into the combustion chamber

which provides the correct amount of reagent to suit the effluent stream at
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different locations which improves the destruction rate efficiency of the abatement

apparatus without causing an oversupply of reagent.

The inlet nozzle and the reagent nozzle may be arranged or configured to deliver
or convey the reagent into the combustion chamber concentrically with respect to
the effluent stream. In other words, the reagent may be delivered into the

combustion chamber adjacent to the effluent stream.

The inlet assembly may comprise an upstream gallery. The upstream gallery
may be configured or arranged to feed or supply the perimeter of the reagent

nozzle with the reagent.

The inlet nozzle and the reagent nozzle may be configured to deliver or convey
the reagent into the combustion chamber. The reagent may be delivered or
conveyed to surround the effluent stream being delivered or conveyed to the

combustion chamber.

The reagent nozzle may be configured or arranged to deliver more of the reagent
in a vicinity of a first region, part or portion of the effluent stream than in a vicinity
of a second region, part or portion of the effluent stream. In other words, the
reagent may be delivered at a higher flow rate in the vicinity of the first region
than the flow rate in the vicinity of the second region. This provides additional

reagent in the first region compared to the reagent in the second region.

The reagent nozzle may be configured or arranged to deliver or convey more of
the reagent within a first portion of the reagent nozzle than within a second
portion of the reagent nozzle. In other words, the reagent nozzle may deliver
reagent at a higher flow rate within the first portion than the flow rate within the

second portion.

The inlet nozzle may have an obround cross-section. The reagent nozzle may

have an annular obround cross-section. The reagent nozzle may be configured
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to deliver more of the reagent within a vicinity of a circular portion of the annular
obround than within a linear portion of the annular obround. In other words, the
reagent nozzle may be configured to deliver reagent with a higher flow rate in the

circular portion than the flow rate within the linear portion.

An inner surface of the reagent nozzle may be spaced away from an outer
surface of the inlet nozzle. A clearance distance between the inner surface of the
reagent nozzle and the outer surface of the inlet nozzle may differ around the
perimeter to deliver the reagent in different quantities at different positions around
the perimeter. In other words, the distance between the reagent nozzle and the
inlet nozzle may be varied in order to deliver the reagent at different flow rates at

different positions within the reagent nozzle.

The clearance distance may be greater at positions which require more of the

reagent to be delivered than at positions which require less of the reagent to be
delivered. In other words, the clearance distance may be varied to change the
flow rate of the reagent being delivered at different locations within the reagent

nozzle.

The clearance distance may be greater within a vicinity of or proximate to a
circular portion of the annular obround than within a linear portion of the annular

obround.

The reagent may be supplied to the reagent nozzle via apertures positioned
around the perimeter which are configured to deliver the reagent in different
quantities at different positions around the perimeter. Configuring the apertures
around the reagent nozzle enables different flow rates of reagent to be delivered

at different positions within the inlet nozzle.

The apertures may extend radially.
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A size and/or a density of the apertures may differ at different positions around

the perimeter.

A size and/or a density of the apertures may be greater at positions which require
more of the reagent to be delivered than at positions which require less of the
reagent to be delivered. In other words, by configuring the size and/or density of
the apertures, a higher flow rate of the reagent can be delivered at some
positions and a lower flow rate of the reagent can be delivered at other positions

within the reagent nozzle.

A size and/or a density of the apertures may be greater within a vicinity of or
proximate to a circular portion of the annular obround than within a linear portion

of the annular obround.

The reagent may be supplied to the reagent nozzle via a porous material
positioned around the perimeter. The porous material may have differing
porosities to deliver the reagents in different quantities at different positions
around the perimeter. In other words, by varying the porosity, the flow rate of the

reagent can differ at different positions around the perimeter.

According to a second aspect, there is provided an abatement apparatus

comprising the inlet assembly of the first aspect.

The abatement apparatus may comprise the features of the inlet assembly set

out above.

According to a third aspect, there is provided a method, comprising: delivering an
effluent stream into a combustion chamber of an abatement apparatus with an
inlet nozzle; locating a reagent nozzle concentrically with respect to the inlet
nozzle; and configuring the reagent nozzle configured to deliver a reagent in

different quantities at different positions around its perimeter.
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The method may comprise configuring the inlet nozzle and the reagent nozzle to
deliver the reagent into the combustion chamber concentrically with respect to

the effluent stream.

The method may comprise feeding the perimeter of the reagent nozzle with the

reagent from an upstream gallery.

The method may comprise configuring the inlet nozzle and the reagent nozzle to

deliver the reagent into the combustion chamber, surrounding the effluent stream.

The method may comprise configuring the reagent nozzle to deliver more of the
reagent in a vicinity of a first region of the effluent stream than in a vicinity a

second region of the effluent stream.

The method may comprise configuring the reagent nozzle to deliver more of the
reagent within a first portion of the reagent nozzle than within a second portion of

the reagent nozzle.

the inlet nozzle may have an obround cross-section and the reagent nozzle may
have an annular obround cross-section and the method may comprise

configuring the reagent nozzle to deliver more of the reagent within a vicinity of a
circular portion of the annular obround than within a linear portion of the annular

obround.

The method may comprise spacing away an inner surface of the reagent nozzle
from an outer surface of the inlet nozzle and configuring a clearance distance
between the inner surface of the reagent nozzle and the outer surface of the inlet
nozzle to differ around the perimeter to deliver the reagent in different quantities

at different positions around the perimeter.
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The method may comprise configuring the clearance distance to be is greater at
positions which require more of the reagent to be delivered than at positions

which require less of the reagent to be delivered.

The method may comprise configuring the clearance distance to be is greater
within a vicinity of a circular portion of the annular obround than within a linear

portion of the annular obround.

The method may comprise supplying the reagent to the reagent nozzle via
apertures positioned around the perimeter configured to deliver the reagent in

different quantities at different positions around the perimeter.

The method may comprise locating the apertures to extend radially.

The method may comprise configuring at least one of a size and a density of the

apertures to differ at different positions around the perimeter.

The method may comprise configuring at least one of a size and a density of the
apertures to be greater at positions which require more of the reagent to be

delivered than at positions which require less of the reagent to be delivered.

The method may comprise configuring at least one of a size and a density of the
apertures to be greater within a vicinity of a circular portion of the annular

obround than within a linear portion of the annular obround.

The method may comprise supplying the reagent to the reagent nozzle via a
porous material positioned around the perimeter and configuring the porous
material to have differing porosities to deliver the reagent in different quantities at

different positions around the perimeter.

Further particular and preferred aspects are set out in the accompanying

independent and dependent claims. Features of the dependent claims may be
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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.

BRIEF DESCRIPTION OF THE DRAWINGS

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

reference to the accompanying drawings, in which:

FIG. 1 is a cross-section through an inlet assembly for an abatement apparatus
according to one embodiment;

FIG. 2 illustrates the inlet assembly with the effluent stream inlet removed,;

FIG. 3 is a sectional view showing the clearance between the effluent stream inlet
and the reagent nozzle in more detall;

FIG. 4 illustrates a top-sectional view (A) and a side-sectional view (B) of an inlet
assembly of an abatement apparatus, according to one embodiment; and

FIGS. 5 and 6 illustrate an arrangement of an inlet assembly of an abatement

apparatus with the effluent stream inlet removed.

DESCRIPTION OF THE EMBODIMENTS

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

provided. Some embodiments provide an arrangement where an effluent stream
nozzle which delivers an effluent stream into a combustion chamber of an
abatement apparatus is provided with a co-located reagent nozzle which delivers
a reagent into the combustion chamber to assist in the abatement of the effluent
stream. The reagent nozzle is configured to provide for a non-uniform delivery of
the reagent across the reagent nozzle. In particular, some parts, portions,
locations or areas of the reagent nozzle are configured to deliver more reagent
than others. This enables the flow rate or the amount of reagent delivered at
different locations within the combustion chamber to be selected to match the

flow rates or amounts of effluent stream at those locations within the combustion
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chamber. For example, some inlet nozzles deliver the effluent stream into the
combustion chamber in non-uniform flow rates or amounts. In particular, the flow
rates of effluent stream delivered by the inlet nozzle at some positions within the
combustion chamber can be higher than at other positions. The reagent nozzle
can therefore be configured to deliver a greater flow of reagent proximate those
regions which have a greater flow of effluent stream compared to the flow of
reagent provided proximate regions of lower effluent stream flow. This enables
the amount of reagent used to be optimized, since otherwise a uniform flow of
reagent may be required to match the highest flow of the effluent stream which
results in an over-supply of the reagent in order to achieve a required abatement
performance. By using this approach, the abatement performance can be

maintained with a reduced supply of reagent.

Inlet Assembly — 1t Arrangement

FIG. 1 is a cross-section through an inlet assembly for an abatement apparatus
10 according to one embodiment. A mount 50 is provided which attaches on its
downstream surface 55 with a housing 40 of a combustion chamber module 30.
The combustion chamber module 30 contains a foraminous sleeve 90 housed
within the housing 40. A foraminous sleeve 90 within the housing 40 defines a
combustion chamber 120. The mount 50 has a wall 800 which defines an inlet
aperture which receives an effluent stream inlet 60. In this embodiment, the
effluent stream inlet 60 has an obround cross-section. However, it will be
appreciated that other shape effluent stream inlets 60 are possible, such as those
with circular or other cross-sections. A gallery 810 is formed between a radially
outer surface 65 of the effluent stream inlet 60 and a radially inner surface 805 of
the wall 800. The housing 40 defines an aperture in its upstream surface which
receives a reagent nozzle 830. As will be explained in more detail below, a
radially inner surface 835 of the reagent nozzle 830 is spaced away from the

radially outer surface 65 of the effluent stream inlet 60.

FIG. 2 illustrates the inlet assembly with the effluent stream inlet 60 removed. As

can be seen, a reagent inlet 850 is provided which supplies reagent into the
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gallery 810. Although in this embodiment a single reagent inlet 850 is provided, it
will be appreciated that more than one reagent inlet and reagent inlets 850 of

different shape are envisaged.

Returning now to FIG. 1, a radially extending flange 820 provided towards an
upstream end of the effluent stream 60 cooperates with the mount 50 to fluidly
seal the upstream end of the gallery 810. Hence, reagent supplied through the
reagent inlet 50 flows into the gallery 810 and travels towards the reagent nozzle
830. The reagent travels between the radially inner surface 835 of the reagent
nozzle 830 and the radially outer surface 65 of the effluent stream inlet 60 and
discharges into the combustion chamber 120, surrounding the effluent stream

discharging from the effluent stream inlet 60.

FIG. 3 is a sectional view showing the clearance between the effluent stream inlet
60 and the reagent nozzle 830 in more detail. As can be seen, the clearance
between the radially inner surface 835 of the reagent nozzle 830 and the radially
outer surface 65 of the effluent stream inlet 60 differs at different locations around
the reagent nozzle 830. In particular, along linear perimeter regions 845 of the
reagent nozzle 830, the distance between the radially inner surface 835 and the
radially outer surface 65 is smaller than along curved perimeter regions 860.

This causes more reagent to be delivered at the curved perimeter regions 860
than at the linear perimeter regions 845. This means that more reagent is
present proximate the curved perimeter regions 860 than proximate the linear
portion perimeter 850, which matches the requirement of the effluent stream
which tends to split generally into two flows exiting the effluent stream inlet 60,
towards its two ends near the curved perimeter regions 860. Less effluent
stream is present towards the middle part of the effluent stream inlet 60 in the

linear region, and so less reagent is supplied at that location.

Inlet Assembly — 2" Arrangement

FIG. 4 illustrates a top-sectional view (A) and a side-sectional view (B) of an inlet

assembly of an abatement apparatus 10A, according to one embodiment. This
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arrangement is similar to that shown above but has a gallery 810A supplied from
a reagent inlet 850A. Walls 800A extend from a floor 870 to surround the effluent
stream inlet 60. As can best be seen in FIG. 4A, the available volume of the
reagent nozzle 830A is larger in the vicinity of the curved portions of the effluent
stream inlet 60 compared to the linear portions of the effluent stream inlet 60.
This helps to supply a greater amount of reagent at the curved portions, in the
vicinity of the two main flows of the effluent stream as it exits the effluent stream

inlet 60 into the combustion chamber 120A.

This arrangement is particularly suited to some semiconductor manufacturing
process exhausts requiring abatement which contain high flows of hydrogen.
Examples include epitaxial and polycrystalline silicon growth using either silane
or dichlorosilane as the silicon source. Hydrogen flows may be of the order of 50
to 200 I/min per inlet. To aid the combustion of this hydrogen, additional air is
supplied by the reagent nozzle 830A around the effluent stream inlet 60. Due to
the shape of the effluent stream inlet 60 and the effect this has on the flow of the
effluent stream, the reagent nozzle 830A is shaped to form a passage such that
the flow distribution of the reagent is non-uniform, giving more flow at either end
and less in the middle. This matches the flow pattern of effluent stream

discharging from the distal end of the effluent stream inlet 60.

Inlet Assembly — 3™ Arrangement

FIGS. 5 and 6 illustrate an arrangement of an inlet assembly of an abatement
apparatus 10B with the effluent stream inlet 60 removed. Radially extending
apertures 880 are provided which communicate with a gallery 810B which
supplies the reagent. The reagent passes from the gallery 810B through the
apertures 880 to surround the effluent stream inlet 60 (not shown). The size,
location and density of the apertures 880 can be varied to vary the amount of
reagent delivered at different positions around the periphery of the effluent

stream inlet 60.
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A similar effect can be achieved by providing a material with a varying porosity in
fluid communication with the supply of the reagent and through which the reagent

passes into the reagent nozzle.

Slot nozzle structures for abatement systems may comprise an inner nozzle and
an outer nozzle with a gap in between. This gap can be used to supply reagent

gases such as fuel, oxygen. It may also be used to supply an inert purge gas.

Hence, it can be seen that gases are supplied to the internal space between two
obround nozzles via a port. Flow distribution means are provided to distribute the
flow. In one embodiment, the gas flows into a gallery around the top of the outer
nozzle. Notches may be cut in the top of the outer nozzle, through which the gas
passes. The separate streams from the notches merge and coalesce to give

uniform flow at the distal end of the internal space between the nozzles.

In one embodiment, the gas is supplied through a port in the sidewall of the outer
nozzle. A septum below this port forms a gallery. An aperture cut in the septum
allows the inner nozzle to pass through. The difference between the profiles of
the aperture and the outside of the inner nozzle give a shaped passage through
which the gas is distributed. This passage may be uniform or non-uniform. A
non-uniform passage may be advantageous as it can shape the flow distribution
giving, for example, more flow towards the axes and less in the centre, matching

the discharge of process gas from the inner nozzle.

It will be appreciated that other aperture shapes are possible such as, for
example, a concentric dog-bone shape, an eccentric dog-bone shape and a «-

shape, etc.

Although illustrative embodiments of the invention have been disclosed in detall
herein, with reference to the accompanying drawings, it is understood that the
invention is not limited to the precise embodiment and that various changes and

modifications can be effected therein by one skilled in the art without departing
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from the scope of the invention as defined by the appended claims and their

equivalents.
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CLAIMS

1. An inlet assembly for an abatement apparatus for treating an effluent
stream from a semiconductor processing tool, said inlet assembly comprising:

an inlet nozzle configured to deliver said effluent stream into a combustion
chamber of said abatement apparatus; and

a reagent nozzle configured to deliver a reagent into said combustion
chamber of said abatement apparatus, said reagent nozzle being located
concentrically with respect to said inlet nozzle, said reagent nozzle being
configured to deliver said reagent in different quantities at different positions

around its perimeter.

2. The inlet assembly of claim 1, wherein said inlet nozzle and said reagent
nozzle are configured to deliver said reagent into said combustion chamber

concentrically with respect to said effluent stream.

3. The inlet assembly of claim 1 or 2, comprising an upstream gallery

configured to feed said perimeter of the reagent nozzle with said reagent.

4. The inlet assembly of any preceding claim, wherein said inlet nozzle and
said reagent nozzle are configured to deliver said reagent into said combustion

chamber, surrounding said effluent stream.

. The inlet assembly of any preceding claim, wherein said reagent nozzle is
at least one of:
configured to deliver more of said reagent in a vicinity of a first region of
said effluent stream than in a vicinity a second region of said effluent stream; and
configured to deliver more of said reagent within a first portion of said

reagent nozzle than within a second portion of said reagent nozzle.

6. The inlet assembly of any preceding claim, wherein said inlet nozzle has

an obround cross-section and said reagent nozzle has an annular obround cross-
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section and said reagent nozzle is configured to deliver more of said reagent
within a vicinity of a circular portion of said annular obround than within a linear

portion of said annular obround.

7. The inlet assembly of any preceding claim, wherein an inner surface of
said reagent nozzle is spaced away from an outer surface of said inlet nozzle and
a clearance distance between said inner surface of said reagent nozzle and said
outer surface of said inlet nozzle differs around said perimeter to deliver said

reagent in different quantities at different positions around said perimeter.

8. The inlet assembly of any preceding claim, wherein said clearance
distance is at least one of:
greater at positions which require more of said reagent to be delivered
than at positions which require less of said reagent to be delivered; and
greater within a vicinity of a circular portion of said annular obround than

within a linear portion of said annular obround when dependent on claim 6 or 7.

9. The inlet assembly of any preceding claim, wherein said reagent is
supplied to said reagent nozzle via apertures positioned around said perimeter
configured to deliver said reagent in different quantities at different positions

around said perimeter.

10. The inlet assembly of claim 9, wherein said apertures extend radially.

11.  Theinlet assembly of claim 9 or 10, wherein at least one of a size and a

density of said apertures differs at different positions around said perimeter.

12.  Theinlet assembly of any one of claims 9 to 11, wherein at least one of a
size and a density of said apertures is at least one of:
greater at positions which require more of said reagent to be delivered

than at positions which require less of said reagent to be delivered; and
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greater within a vicinity of a circular portion of said annular obround than

within a linear portion of said annular obround.

13.  The inlet assembly of any preceding claim, wherein said reagent is
supplied to said reagent nozzle via a porous material positioned around said
perimeter, said porous material having differing porosities to deliver said reagent

in different quantities at different positions around said perimeter.

14.  An abatement apparatus comprising the inlet assembly of any preceding

claim.

15. A method, comprising:
delivering an effluent stream into a combustion chamber of an abatement
apparatus with an inlet nozzle;
locating a reagent nozzle concentrically with respect to said inlet nozzle;
configuring said reagent nozzle configured to deliver a reagent in different

quantities at different positions around its perimeter.
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