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(57) A vacuum pumping arrangement 70 for evacuating at least first and second vacuum process chambers 22,
especially of a semiconductor fabrication tool. The vacuum pumping arrangement comprises a vacuum pump 72
having an inlet 74 and an outlet 76, and a common pumping line 78 connected to the pump inlet. The common
pumping line includes a plurality of common pumping line inlets 80, each of which is connectable to at least one
vacuum process chamber. The vacuum pumping arrangement may also comprise a second vacuum pump 88
having an inlet 90 and an outlet 92, and a second common pumping line 94 connected to the second pump inlet.
The second common pumping line may include a plurality of second common pumping line inlets 96, each of which
is connectable to at least one vacuum process chamber. A common pumping line of a vacuum pumping
arrangement of one semiconductor fabrication tool may be connected to a common pumping line of a vacuum
pumping arrangement of another semiconductor fabrication tool. Valves 501 may allow each vacuum pump to be
connected to each common pumping line.

FIG. 1

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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IMPROVEMENTS IN OR RELATING TO
VACUUM PUMPING ARRANGEMENTS

This invention relates to a vacuum pumping arrangement for use in a
semiconductor fabrication facility, a semiconductor fabrication tool including
such a vacuum pumping arrangement, and a semiconductor fabrication facility
including a plurality of semiconductor fabrication tools each of which includes

such a vacuum pumping arrangement.

Vacuum pumping arrangements are used extensively in connection with
semiconductor fabrication, e.g. the manufacture of silicon chips, flat panel
displays, solar panels and light emitting diodes (LEDs). There is a need to
improve the efficiency of such pumping arrangements, particularly in relation to

the manufacture of silicon chips.

Figure 4 illustrates schematically a known vacuum pumping arrangement 1 for
evacuating several process chambers 22a, 22b, 22¢, 22d of a process tool 86. In
the example illustrated in figure 4, each process chamber 22a, 22b, 22¢, 22d is
evacuated by both at least one secondary pump 520a, 520b, 520c, 520d, for
example a roots booster pump and/or a turbomolecular pump; and a primary
pump 12a, 12b, 12¢, 12d, for example a multistage roots, claw or screw type dry
vacuum pump, respectively. For example, first process chamber 22a is in fluid
communication with and evacuated by first secondary pump 520a and first
primary vacuum pump 12a. It is common for a plurality of similar or identical
processing steps to be carried out in each processing chamber 22a, 22b, 22¢, 22d
for example a first processing step could be a deposition step, and a second
processing step could be a cleaning step. Any unused process gases and process
by-products pass through the respective secondary 520 and primary pumps 12
and are exhausted to a single type of abatement module 3 which must be able to

destroy all the exhaust gases conveyed to it.
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Another know vacuum pump arrangement 500 for evacuating several process
chambers 22a, 22b, 22¢, 22d of a process tool 86 is illustrated schematically in
Figure 5. The vacuum pump arrangement 500 comprises a primary pump 12
having an inlet 14 and an outlet 16, and further comprises a common pumping
line 180 fluidly connected to the primary pump inlet 14, the common pumping
line 180 includes a plurality of pumping line inlets 20 each of which is fluidly
connectable to at least one process chamber 22a, 22b, 22¢, 22d within a group of
process chambers 22 forming said semiconductor process tool 86. Each
common pumping line inlet 20 is arranged in fluid communication with at least
one chamber connecting line (foreline) which, in use, is fluidly connected to a
respective process chamber 22. Each chamber connecting line includes at least
one secondary pump 520 (a-d), such as a roots booster and/or turbomolecular
pump fluidly connected therewith for evacuating each respective chamber

22 (a-d).

The provision of a common pumping line 180 which is fluidly connectable to
each of a plurality of vacuum process chambers 22 within a group of vacuum
process chambers 22 (a-d) that forms a semiconductor fabrication tool 86,
allows a single primary vacuum pump 12 to service all of the process chambers
of a given fabrication tool, and thereby reduces both the capital cost of installing
the vacuum pumping arrangement 500, as well as the on-going running costs,
compared to those associated with the conventional vacuum pumping
arrangement as shown in Figure 4. The inclusion of at least one first secondary
pump 520(a-d) in each foreline, for example a roots booster pump and/or a
turbomolecular pump, helps to prevent pressure changes in one chamber 22
affecting the pressure within a second chamber 22, and also buffers, or protects,
the pressure within a given chamber 22(a-d) from any pressure changes in the

common pumping line 180.
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A reduction in the number of primary vacuum pumps 12 required to service the
process chambers 22 of a given fabrication tool 86 also reduces the space

required to house the vacuum pumping arrangement..

The vacuum pumping arrangement 500 further includes a first abatement
module (device) 3 arranged in fluid communication with the primary pump 12.
The first abatement module 3 within such an arrangement 500 must also be able
to treat the process flows from all of the process chambers 22 (a-d) of a given

fabrication tool 86 simultaneously.

There is a need to improve the efficiency of such vacuum pumping and

abatement arrangements.

In a first aspect the present invention provides a vacuum pumping arrangement
comprising:

a first primary pump having an inlet and an outlet, and a first common
pumping line fluidly connected to the inlet of the first primary pump, the first
common pumping line including a plurality of first common pumping line inlets
each of which is fluidly connectable to at least one vacuum process chamber
within the group of process chambers forming the semiconductor fabrication
tool, the first primary pump and the first common pumping line, in use, handling
deposition process flows; and

a second primary pump having an inlet and an outlet, and a second
common pumping line fluidly connected to the inlet of the second primary pump,
the second common pumping line including a plurality of second pumping line
inlets each of which is fluidly connectable to at least one process chamber within
the group of process chambers forming the semiconductor fabrication tool, the
second primary pump and the second common pumping line, in use, handling

cleaning process flows.
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The inclusion of first and second primary pumps and associated first and second
common pumping lines still provides an improved cost and space utilisation
efficiency compared to the process tool illustrated in figure 4, while permitting
optimisation of the respective primary pump according to the nature of the
process flow passing therethrough. The present invention thereby provides
further efficiency savings. For example primary pumps required to pump
deposition gases are often required to operate at temperatures above, for
example, 100 °C to 80°C to prevent deposition exhaust gases, such as
tetraethylorthosilicate (TEOS), collecting within the pumping mechanism,
whereas primary pumps evacuating halogenated etch/chamber cleaning gases
are often required to run cooler than, for example, 1000 °C -80°C to reduce the

rate of corrosion in the pumping mechanism.

Preferably each of the first and second primary pumps has a respective
abatement module arranged in fluid communication therewith. Such an
arrangement permits optimisation of each abatement module according to the
process flow, i.e. deposition or etch/cleaning, passing therethrough, thereby
helping to ensure maximum efficiency of each abatement module compared to a
single abatement module provided to abate all the unused process gases
(precursors) and process by products exhausted from a chamber, or group of
chambers. With this arrangement each abatement module can be chosen to be

specifically designed for the abatement of, for example, fluorine, or (TEOS).

Optionally the abatement modules are or includes one of:
a plasma-based device;
a flame-based device; and

an oxidizer.

Plasma- and flame-based devices, especially in the presence of water and/or
oxygen provide a desired breakdown of perfluorocarbons (PFCs), such as CFy,

NFs, SFe etc,, following, e.g. an etch process in a process chamber or a process
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chamber cleaning process, and also produce fine dry powders from deposition
gases such as silane and tetraethylorthosilicate (TEOS). However, the addition of
water and/or oxygen to a plasma based device for the destruction of deposition
gases is undesirable. An oxidizer usefully burns process gas flows with reduced

NOx emissions.

The abatement modules may be located:
upstream of a primary pump;
downstream of a primary pump; and

at an interstage of a primary pump.

Mounting the abatement module upstream, or at an interstage, of one of the
primary pumps means exhaust gases comprising etch gases such as PFCs are
destroyed before they are substantially diluted with nitrogen purge, thus
reducing the power requirements of the abatement module. It is well known that
the power requirements of an abatement module increases with increasing gas

dilution.

In addition to the reduced dilution of a process flow afforded by having the
abatement module arranged at an interstage of the primary pump, it also permits
sub-atmospheric abatement at approximately 200 mbar, which provides an
increase in safety when handling flammable fluids (SiH4, TEOS etc.) exhausted
from the process chambers because any potential explosive fluid would have
lower pressure limits. Furthermore, arrangement at an interstage of the primary
pump provides a very integrated primary pump and abatement arrangement

which is readily installable in a compact and efficient manner.

Arranging the abatement module downstream of the primary pump has the
benefit of avoiding the need for a heat exchanger immediately following, e.g. an

oxidizer.
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Preferably respective pairs of first and second common pumping line inlets are
fluidly interconnected by a valve module which in turn is fluidly connectable to a

said at least one process chamber.

The inclusion of a valve module enables a particular process chamber exhaust to
be directed to either the first or second common pumping lines depending on the
composition of the fluid being exhausted from the process chamber at a given
time, namely dependent on what processing step is being carried out in said
chamber. In some respect it also reduces the amount of pipeline required
between the common pumping line and each corresponding process chamber,
compared to the installation of two forelines from each chamber, and so provides

a commensurate installation cost saving.

In another preferred embodiment of the invention at least one valve module
includes a fail-safe arrangement, for example a one way valve, to prevent the
accidental mixing of deposition and cleaning process flows upstream of the valve
module. Such an arrangement helps to ensure safe operation of the vacuum

pumping arrangement.

At least one valve module may be located downstream of any of the at least one
first or second secondary pump associated with the corresponding process
chamber. For example the valve module could be located downstream of a
turbomolecular pump, but upstream of a roots booster pump in a given chamber
connecting foreline. The at least one valve module is preferably located
downstream of the roots booster to ensure the process tool is protected from

pressure variations and back migration of process gases.

Such location of a valve module helps to minimise the size and cost of the valve

module.
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Preferably the second common pumping line is selectively fluidly connectable

with the first primary pump in isolation from the first common pumping line.

The ability to, as required, fluidly connect the second common pumping line with
the first primary pump permits selective cleaning of the first primary pump, i.e.
removal of any deposition process by-products from the first primary pump. By
selectively passing etch, or clean process by-product exhaust gases (halogenated
gases) through the first primary pump it is possible to periodically clean the

internal vacuum pump mechanism.

It is also possible to selectively fluidly connect the first common pumping line
(used for pumping deposition process by-product gases for example) with the
second primary pump in isolation from the second common pumping line to
allow small amounts of “protective” deposits build up on the internal vacuum

pump mechanisms to reduce the effect of the corrosive gases.

However, as described above, it is preferable that both the first and second
primary pumps associated with the first and second common pumping lines are
chosen for optimum pumping ability for the exhaust gases pumped down said
first and second common pumping line to which they are more often fluidly

connected thereto.

In a preferred embodiment of the invention at least the first or second common
pumping line includes an interconnecting member fluidly connectable to a
common pumping line of at least one other vacuum pumping arrangement.

The invention also preferable includes at least two pumping arrangements, as
described above, wherein at least one of the common pumping lines is fluidly

interconnected by respective interconnecting members.

The ability to fluidly interconnect at least the first or second common pumping

lines of respective vacuum pumping arrangements via, for example, a valve
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arrangement provides the option of including a degree of primary pump and/or
abatement module redundancy within, e.g. a semiconductor fabrication facility,
to accommodate the breakdown or maintenance of a primary pump, or an
abatement module, without the need to shut down the whole fabrication facility.
In addition, the additional evacuated volume provided by the interconnecting
pipelines of each common pumping line can provide a degree of buffering against

any pressure changes within the facility.

The vacuum pumping arrangement may further include one or more rough down
pumping lines, each having a first end arranged in fluid communication with at
least one of the first or second primary pumps and a second end including a
bleed valve, the bleed valve being fluidly connectable to a respective process

chamber to initially evacuate the said process chamber.

Conveniently the first end of the rough down pumping line is arranged in fluid
communication with the primary pump via one of:
a pumping line inlet of the common pumping line; and

an interstage of the primary pump.

Alternatively the vacuum pumping arrangement may further include one or
more rough down pumping lines, and wherein each valve module has an
additional outlet and the first end of the rough down pumping line is arranged in
fluid communication with a third common pumping line comprising a third or
further primary pump and the second end of the rough down pumping line is in

fluid communication with the additional outlet of the valve module.

The inclusion of one or more rough down pumping lines having the
aforementioned features helps to minimise pressure fluctuations within the
vacuum pumping arrangement which both protects the processes in other
process chambers and minimises perturbation (disruption) of the downstream

abatement modules.
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According to a second aspect of the invention there is provided a semiconductor
fabrication facility (factory) comprising a plurality of semiconductor fabrication
tools each of which includes:

a plurality of process chambers; and

a vacuum pumping arrangement including a primary pump having an
inlet and an outlet, the inlet being fluidly connected to a common pumping line,
the common pumping line including a plurality of pumping line inlets each of
which is fluidly connected to at least one corresponding process chamber,

the common pumping line of the vacuum pumping arrangement of one
semiconductor fabrication tool being fluidly connected to the common pumping
line of the vacuum pumping arrangement of at least one other semiconductor

fabrication tool.

Fluidly interconnecting the common pumping lines (used for pumping
similar/compatible exhaust gas species/mixtures) of respective vacuum
pumping arrangements provides a degree of primary pump and/or abatement
module redundancy within the semiconductor fabrication facility, which permits
the facility to, for example, accommodate the servicing or breakdown of a
primary pump and/or abatement module without the need to shut down the

whole fabrication facility or a particular process tool.

According to a third aspect of the invention there is provided a vacuum pumping
arrangement for evacuating at least first and second vacuum process chambers,
said vacuum pumping arrangement comprising: at least first and second vacuum
pumps, said first vacuum pump inletin fluid communication with an outlet of the
first process chamber, said second vacuum pump inlet in fluid communication
with an outlet of the second process chamber; at least first and second valve
modules, said valve modules being at least three way valve modules comprising
an inlet, a first outlet and a second outlet, said first valve module inlet in fluid

communication with an outlet of the first vacuum pump, said second valve
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arrangement inlet in fluid communication with an outlet of the second vacuum
pump; at least first and second common pumping lines, the first common
pumping line in fluid communication with the first outlets of both of the first and
second valve modules, the second common pumping line in fluid communication
with the second outlets of both the first and second valve modules, wherein the
first and second vacuum pumps are secondary vacuum pumps and each of the
first and second common pumping lines comprises at least respective first and
second primary vacuum pump to provide sufficient pumping capacity for each of
the at least first and second vacuum pumps when in fluid communication via the
first and/or second valve modules; and wherein at least one of the common

pumping lines is in fluid communication with an abatement device.

The provision of the at least three way valve modules for at least two process
chambers and a plurality of common pumping lines in fluid communication with
said valve modules allows for common process flows, namely chemically similar,
or compatible, unused process gasses (precursors) and their by-products
exhausted from different process chambers to be directed, via the valve module,
to a common pumping line (conduit). Thus, the chemically similar, or compatible,
unused process gasses (precursors) and their by-products directed to each
common pumping conduit (exhaust pipe) can then treated in a more specific,
suitable, and therefore efficient, abatement device for said exhaust gas flow type.
In addition, the utilisation of such an apparatus also means that the primary

vacuum pumps can also be optimised for a particular process flow.

It is preferable that the first common pumping line is in fluid communication
with a first abatement device and the second common pumping line is in fluid
communication with a second abatement device so that the process exhaust
gases conveyed to each of said common pumping lines can be directed to an

abatement module optimised for said exhaust gases conveyed thereto.
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The at least first and second vacuum pumps are preferably selected from at least
one of a roots booster vacuum pump and/or a molecular vacuum pump and the
at least first and second primary vacuum pumps are selected from at least one of
a claw, roots, screw, scroll, rotary vane and liquid ring vacuum pump depending
on the composition and flow rates of exhaust gases directed to each of the at

least first and second common pumping lines.

It is possible to control the valves manually, but it is preferred that the vacuum
pump arrangement further comprises a controller configured to control the
valve modules, vacuum pumps and abatement modules dependent on a received
signal, said signal indicating the composition of the gases exhausted from the at
least first and/or second vacuum process chambers. This provides a more
efficient solution compared to manually monitoring the processes and switching

the valve modules gases.

There now follows a brief description of preferred embodiments of the invention,
by way of non-limiting example, with reference being made to the following

figures in which:

Figure 1 shows a schematic view of a vacuum pumping arrangement
according to a first embodiment of the invention;

Figure 1b shows a schematic view of a portion of the vacuum pumping
arrangement according to a first embodiment of the invention;

Figure 2 shows a schematic view of a vacuum pumping arrangement
according to a second embodiment of the invention;

Figure 3 shows a schematic view of a vacuum pumping arrangement
according to a third embodiment of the invention;

Figure 4 shows a schematic view of a known vacuum pumping
arrangement; and

Figure 5 shows a schematic view of a further known vacuum pumping

arrangement.
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A vacuum pumping arrangement according to a first embodiment of the

invention is designated generally by reference numeral 70.

The first vacuum pump arrangement 70 includes a first primary pump 72,
selected from, for example, at least one of a multistage claw and/or roots, screw,
scroll, rotary vane and liquid ring vacuum pump, which has a first inlet 74 and a
first outlet 76. The first inlet 74 is fluidly connected to a first common pumping
line 78 which includes four first pumping line inlets 80. In other embodiment of
the invention (not shown) the common pumping line 78 may include fewer than
or more than four pumping line inlets 80. Each first pumping line inlet 80 is, in
use, fluidly connected to a single process chamber 22 within a group of process

chambers forming part of a first semiconductor fabrication tool 86.

The first semiconductor fabrication tool 86 is configured to manufacture silicon
chips, but could also equally be configured to manufacture flat panel displays,
solar panels or LEDs. The tools 86, illustrated in figures 1, 2 and 3 are a chemical
vapour deposition tool (CVD) in which both deposition and chamber cleaning

steps are carried out.

The first vacuum pump arrangement 70 also includes a second primary pump 88,
also selected from, for example, at least one of a multistage claw and/or roots,
screw, scroll, rotary vane and liquid ring vacuum pump, which has a second inlet
90 and a second outlet 92. The second inlet 90 is fluidly connected to a second
common pumping line 94 which in this example also includes four second
pumping line inlets 96. Each second pumping line inlet is, in use, fluidly
connected to a single process chamber 22 within the first semiconductor

fabrication tool 86.
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Respective pairs 98, 100, 102, 104 of first and second pumping line inlets 80, 96
are fluidly interconnected by a valve module 106 which in turn is, in use, fluidly

connected to a corresponding process chamber 22.

Each valve module 106 includes a fail-safe arrangement (not shown), such as a
one way valve, a mechanical interlock or an electronic handshake, to prevent
mixing of different, possibly incompatible, process flows downstream (i.e. in the
common pumping lines 78, 94) or upstream (i.e. in the process chamber 22) of

the valve module 106.

In the embodiment shown the valve module 106 includes a three-way valve 108.
In other embodiments, however, the valve module 106 may include a different

valve arrangement, e.g. a pair of simple valves and a two-way pipeline branch.

The first vacuum pumping arrangement 70 also includes a first abatement
module 110 which is arranged in fluid communication with the first primary

pump 72.

The first abatement module 110 in the first embodiment is a DC plasma device
112 which is arranged at an interstage port 114 of the first primary pump 72.
The first abatement module 110, however, also includes a process flow cooling
element, i.e. a heat exchanger, (not shown) and particulate trap (not shown)
which are located downstream of the DC plasma device 112 to provide a degree
of protection to the vacuum pump 72. In addition, the first abatement module
110 may include a fluid inlet (not shown) to allow the introduction of, e.g.
nitrogen or air, to urge any particles produced by the DC plasma device 112

through the first abatement module 110.

In other embodiments of the invention the first abatement module 110 may also

be or include a radio frequency (RF) plasma device, a microwave plasma device,
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or a flame-based device; and it may alternatively be arranged upstream or

downstream of the first primary pump 72.

In addition, the first vacuum pumping arrangement 70 includes a second
abatement module 116 which is arranged downstream of and in fluid
communication with the first abatement module 110. The second abatement

module 116 is in the form of a wet scrubber 118.

A first common scrubber line 120 which, in use, may also be fluidly connected to
a similar first common scrubber line 120 of another vacuum pumping
arrangement (not shown), fluidly connects the wet scrubber 118 with the first
abatement module 110, via the first primary pump 72. In this manner a single
wet scrubber 118 is able to service a number of first primary pumps 72 in

otherwise separate second semiconductor fabrication tools 86.

The second abatement module 116, i.e. the wet scrubber 118, is also arranged in
fluid communication with the second primary pump 88, in such a way that the
second abatement module 116 defines a ‘first’ abatement module from the

perspective of the second primary pump 88.

The second abatement module 116, i.e. the wet scrubber 118, is fluidly
connected to the second primary pump 88 by a second common scrubber line
122 which, in use, is fluidly connected to a similar second common scrubber line
122 of another vacuum pumping arrangement (not shown). As a result a single
wet scrubber 118 is able also to service a number of second primary pumps 88 in
otherwise separate second semiconductor fabrication tools 86 (as well as the

number of first primary pumps 72 indicated above).

As an alternative, the second abatement module 116, i.e. the wet scrubber 118,
may be fluidly connected solely to only a single first primary pump 72 and/or to

only a single second primary pump 88.
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The wet scrubber 118 may additionally include an electrostatic dust trap (not

shown) to capture any dust particles passing therethrough.

The first and second abatement modules 110, 116 are chosen with sufficient
capacity to abate (treat) the total maximum possible simultaneous process

exhaust gas/by-product gas flow from all four process chambers 22.

Each of the first and second common pumping lines 78, 94 additionally includes
first and second interconnecting members 46 each of which is, in use, fluidly
connected to a corresponding first or second common pumping line (not shown)
of another vacuum pumping arrangement. In other embodiments of the
invention one or other of the first and second common pumping lines 78, 94 may

include fewer than or more than two such interconnecting members.

Each of the interconnecting members takes the form of a simple valve 46, so as to
allow selective disconnection of one common pumping line 78, 94 from another
corresponding common pumping line 78, 94. Other types of interconnecting

member are also possible however.

In addition to the foregoing, the first and second pumping line inlets 80, 96
within each respective pair 98, 100, 102, 104 are arranged in fluid
communication, via the corresponding valve module 106, with a chamber

connecting line 48 (foreline).

Each chamber connecting line 48 is, in use, fluidly connected to a respective

process chamber 22.

Each chamber connecting line 48 also includes at least a first secondary pump 50,
in the form of a roots blower 58, and/or a turbomolecular pump (not shown),

which is fluidly connected therewithin. The first secondary pump 50 is, in each
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instance, located upstream of the corresponding valve module 106 and,
advantageously, is located on the same floor 60 as, and directly mounted on, the
corresponding process chamber 22 (i.e. in the clean room). Each at least first
secondary pump 50 is preferably a two-stage roots booster vacuum pump 58 to
produce a higher exhaust pressure (because it will have a higher compression
ratio between its inlet and outlet compared to a single stage roots blower). The
use of said two stage blower 58, allows for the use of a primary pump 72, 88 with
a lower ultimate pressure rating than required with a single stage blower. In
addition, the roots blower 58 reduces pressure fluctuations in process chambers
caused by pressure changes in other process chambers connected via a common

pumping line 78, 94.

In the alternative, a primary pump 72, 88 with a higher pumping speed may be
used instead, or as well as the two-stage roots blower 58. The higher capacity
primary pump 72, 88 can maintain or vary the pressure in the common pumping
line by varying its rotational frequency and/or with the use of an additional flow

control valve 483 located at its inlet.

The first vacuum pumping arrangement 70 also includes a controller 482 which,
in use, communicates with the corresponding second semiconductor fabrication
tool 86 and monitors the process flow composition within various regions of the

first vacuum pumping arrangement 70.

The controller 482, advantageously includes a speed control module which
controls the speed of the first and/or second primary pumps 72, 88 in order to
help stabilise the pressure within the corresponding first or second common

pumping lines 78, 94.

The controller is also configured to control the valves 106, the abatement

modules 118, 110 and the valves 483.
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The controller 482 controls which common pumping line 78, 94 the exhaust
gases from the process chambers 22 are directed to via the valves 106
dependent on the signal indicating the composition of the exhaust gases from a

particular chamber 22.

The first vacuum pumping arrangement 70 also includes a cleaning connecting
line 500 which fluidly interconnects the second common pumping line 94 and
the first primary pump 72. The cleaning connecting line further includes valve
members 501 to selectively allow process flow to pass through the cleaning

connecting line 500.

The ability to, as required, fluidly connect the second common pumping line 94
in isolation with the first primary pump 72 permits selective cleaning of the first
primary pump 72, i.e. removal of any deposition process by-products from the
first primary pump 72. By selectively passing etch, or clean process by-product
exhaust gases (fluorinated gases) in isolation through the first primary pump 72

it is possible to periodically clean the internal vacuum pump mechanism.

It is also possible to selectively fluidly connect the first common pumping line
(used for pumping deposition process by-product gases for example) 78 with the
second primary pump 88 in isolation from the second common pumping 94 line
to allow small amounts of “protective” deposits build up on the internal vacuum
pump mechanisms of the second primary pump 88 to reduce the effect of the

corrosive gases.

In use, the first primary pump 72 and the first common pumping line 78 handle a
deposition process flow. The first abatement module 110, e.g. a DC plasma device
112, produces fine dry powders from deposition gases such as silane and TEOS
during sub-atmospheric abatement, while the second abatement module 116, e.g.
a second wet scrubber 118, collects the fine dry powders in the downstream

deposition process flow.
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Meanwhile, in use, the second primary pump 88 and the second common
pumping line 94 handle a process chamber cleaning process flow with the
second abatement module 116, i.e. the second wet scrubber 118, again removing
fluorine and any other water soluble gases such as HF, SiF4, COF: etc., in the

cleaning process flow.

A portion of the first vacuum pumping arrangement 70 is shown in Figure 1b. It
illustrates schematically two possible options for rough down pumping lines
480a, 480b, used to initially evacuate the process chambers 22 prior to

processing steps being carried out.

A first rough down pumping line 480a has a first end which is arranged, in fluid
communication with the primary pump 72 via the interstage 114. A second end
of each rough down pumping line 480a includes a bleed valve 481 which, in use,
is fluidly connected to a respective process chamber 22. The bleed valve and first
rough down pumping line 480a are used to initially evacuate the process
chamber in a controlled manner protecting the common pumping lines 78, 94,
and therefore other process chambers 22, and abatement systems 110, 116, 118

from pressure fluctuations.

An alternative option (not shown) is for the first end of the rough down pumping
line 480a and bleed valve 481 to be in fluid communication, via an additional
inlet 80 of the common pumping line 78, with the primary pump 72 (or via inlet
96, common pumping line 94 and primary pump 88). Again the bleed valve 481
and first rough down pumping line 480a are used to initially evacuate the
process chamber in a controlled manner protecting the common pumping line 78,
and therefore other process chambers 22, and abatement systems 110, 116, 118

from pressure fluctuations.
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An alternative second rough pumping line 480b has a first end which is arranged
in fluid communication with a third common pumping line 480c comprising a
third primary pump 720. Each valve module 106 comprises a third outlet in fluid
communication with the second end of the second rough pumping line 480b.
Thus, in use, when it is required to initially roughly evacuate the process
chamber the gas is conveyed to the third primary pump 720 via the valve module

106 and third common pumping line 480c.

A vacuum pump arrangement 130 according to a second embodiment of the

invention is illustrated schematically in Figure 2.

The second vacuum pump arrangement 130 is very similar to the first vacuum
pump arrangement 70 shown in Figure 1, and like features share the same

reference numerals.

However, one way in which the second vacuum pump arrangement 130 differs
from the first vacuum pump arrangement 70 is that it includes a first abatement
module 110 in the form of a hot oxidizer 132 which is located downstream of the
first primary pump 72. In still further embodiments of the invention the hot

oxidizer 132 may be located at the interstage 114 of the first primary pump 72.

A further difference in the second vacuum pump arrangement 130 is that it
includes separate third and fourth wet scrubbers 134, 136 each of which is
fluidly connected downstream of a respective one of the first or second primary
pumps 72, 88. Such an arrangement allows for further optimisation of each wet
scrubber 134, 136 according to the nature of the process flow it is intended to

handle.

More particularly the third wet scrubber 134 is arranged downstream of the hot
oxidizer 132, and so defines a ‘second’ abatement module from the perspective

of the first primary pump 72.
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The third wet scrubber 134 and the hot oxidizer 132 are fluidly interconnected
by a first common scrubber line 120 which, in use, is fluidly connected to a
similar first common scrubber line 120 of another vacuum pumping
arrangement (not shown). In this manner the single third wet scrubber 134 is
able to service a number of first primary pumps 72 in otherwise separate second

semiconductor fabrication tools 86.

Meanwhile the fourth wet scrubber 136 is arranged immediately downstream of
the second primary pump 88, and so defines a ‘first’ abatement module from the

perspective of the second primary pump 88.

A second common scrubber line 122 which, in use, is fluidly connected to a
similar second common scrubber line 122 of another vacuum pumping
arrangement (not shown), fluidly connects the fourth wet scrubber 136 with the
second primary pump 88. In this manner the single fourth wet scrubber 136 is
able to service a number of second primary pumps 88 in otherwise separate
second semiconductor fabrication tools 86. Thus the chemically similar, or
compatible gases conveyed (collated) from several vacuum pumping
arrangements in a particular common pumping line can be serviced by a single,
or plurality of optimised abatement devices. Even if a plurality of optimised
abatement device are required to service the exhaust gases from several
interconnected common pumping lines, the redundancy provided by the present
invention should still achieve a reduction in the total number of abatement
devices required to be active at any point in time compared to the non-

interconnected vacuum pumping arrangements of figures 4 and 5.

In addition, the second vacuum pumping arrangement 130 differs from the first
vacuum pumping arrangement 70 in that only two of the first booster pumps 50
are on the same floor 60 as, and are mounted on, the corresponding process

chamber 22. The other two first booster pumps are located on a different floor to
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the corresponding process chamber 22, and hence are spaced further from the

corresponding process chamber 22.

Otherwise, in use, the fourth vacuum pumping arrangement 130 operates in
essentially the same manner as the first vacuum pumping arrangement 70, i.e.
with the first primary pump 72 and the first common pumping line 78 handling a
deposition process flow, and the second primary pump 88 and the second

common pumping line 94 handling a cleaning process flow.

Figure 3 illustrates schematically a third vacuum pumping arrangement for
evacuating at least a first and second vacuum process chamber 22a and 22b of a
process tool 86. At least two process steps are carried out in each chamber 223,
22b, for example a deposition step and a chamber clean or an etch step. The
vacuum pumping arrangement 600 comprises first and second secondary
vacuum pumps 50a and 50b respectively, selected from, for example, at least one
of a roots booster and/or turbomolecular pump. The first secondary vacuum
pump 50a comprises an inlet 501a and outlet 502a. The first secondary pump
inlet 501a is in fluid communication with an outlet 101a of the first process
chamber 22a. The second secondary vacuum pump 50b comprises an inlet 501b
and outlet 501b. The second secondary vacuum pump inlet 501b is in fluid
communication with an outlet 101b of the second process chamber 22b. The
arrangement 600 also comprises first and second three way valve modules 1064,
106b. The first valve module 106a comprises an inlet 107a, a first outlet 108a
and a second outlet 109a, said first valve module inlet 107a is in fluid
communication with the outlet 502a of the first secondary vacuum pump 50a.
The second valve module 106b comprises an inlet 107b, a first outlet 108b and a
second outlet 109b. The second valve inlet 107b is in fluid communication with
an outlet 501b of the second secondary vacuum pump 50b. The arrangement
further comprises first and second common pumping lines 78, 94 respectively.
The first common pumping line 78 is in fluid communication with the first

outlets 108a, 108b of both of the first and second valve modules 106a, 106b. The
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second common pumping line 94 is in fluid communication with the second

outlets 109a, 109b of both the first and second valve modules 1064, 106b.

The first and second common pumping lines 78, 94 comprise a respective first
and second primary vacuum pump 72, 88, selected from, for example, at least
one of a multistage claw and/or roots, screw, scroll, rotary vane and liquid ring
vacuum pump and chosen to provide sufficient pumping capacity for evacuating
the first and second chambers 22a, 22b and backing each of the first and second
secondary vacuum pumps 50a, 50b when in fluid communication via the first
and/or second valve modules 106a, 106b. For example, if the first and second
three way valve modules 106a and 106b are fluidly connecting both the first and
second process chambers 22a, 22b via the first and second secondary pumps 50a,
50b to the first common pumping line 78 (because, for example a deposition step
is being carried out in both the first and second chambers 22a, 22b), then the
first primary pump 72 must be of sufficient pumping capacity to ensure the

pressure in each chamber 22a, 22b is stable.

To this end the arrangement 600 also comprises a controller 482 to control both
the operational state of the first and second three way valves (to determine
which common pumping line 78, 94 the gas exhausted from the chambers 223,
22b is conveyed to); and the rotational speed of the first and/or second primary
pumps based on a signal from the process tool (or equivalent device such as a
central information system) indicating the composition of the gases being

exhausted from each chamber 22a, 22b.

In addition, the first and second primary pumps 72, 88 are chosen depending on
the composition and flow rates of exhaust gases directed to each of the at least
first and second common pumping lines 78, 94. For example if the first set of
compatible gases to be conveyed to the first common pumping line 78 are
powder forming gases, such as TEOS or silane, then the first primary pump 72

used can be a screw pump, or multistage dry vacuum pump operating at
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temperatures above 80 °C to 100 °C with large amounts of nitrogen purge to
prevent powder collecting the in the mechanism. Similarly, if the second set of
compatible gases to be conveyed to the second common pumping line 94 are
halogenated gases, such as those used in cleaning or etch steps, then the second
primary pump 88, can be a multistage roots or claw dry pump which is operated

at a temperature below 80 °C to 100 °C.

Each of the common pumping lines 78, 94 are in fluid communication with an
abatement device 1001, 1002 respectively, both chosen to optimise the
abatement of the exhaust gases conveyed to each of the common pumping lines
78, 94 from the chamber 22a, 22b. For example, if the first set of compatible
gases to be conveyed to the first abatement device are flammable, or powder
forming gases, such as SiH4/N20 or TEOS/03 which are often used in the
deposition steps, then DC plasma device may be the most suitable abatement
device to complete the reaction between unreacted precursor gases; whereas if
the second set of compatible gases to be conveyed to the second common
pumping line 94 are halogenated gases such as NF3/F: or any of the PFCs, which
are often used as chamber cleaning gases, then the second abatement device
1001 could preferably be and RF plasma device into which oxygen is supplied for
the destruction of PFCS such as CF4, C2Fs, etc., (which would not be safe for the

deposition gases mentioned above).

The controller 482 can also be configured to control the first and/or second
abatement devices 1001, 1001 (for example turning them off when not required

to save energy)

The provision of the at least three way valve modules 106a, 106b for each
process chamber 22a, 22b respectively, and a plurality of common pumping lines
78, 94 in fluid communication with the outlets of said valve modules 106a, 106b
allows, in use, for common process flows, namely chemically similar, or

compatible, unused process gasses (precursors) and their by-products
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exhausted from different process chambers 22a, 22b to be directed, via the valve
modules 106a, 106b, to the desired common pumping line 78, 94. Thus, the
chemically similar, or compatible, unused process gasses and their by-products
directed to each common pumping conduit 78, 94 can then be treated in a more
specific, suitable, and therefore efficient, abatement device for said exhaust gas

flow type.

If more than two chemically incompatible exhaust gas species or mixtures are
exhausted from the process chambers 22a, 22b then the valve modules 1064,
106b will be chosen to have a corresponding number of outlets and there will
need to be a corresponding number of common pumping lines; for example if the
process chambers 22a, 22b carried out three separate steps, all of which
produced three different types of incompatible gas species, then the valve
modules 106a, 106b would comprise three outlets (not shown) all conveying the
specific exhaust gases to a first, second and third common pumping lines with
first, second and a third primary pumps and first, second and, if necessary, third

abatement devices respectively.

Similarly if the process tool comprises more than two process chambers, each
additional chamber will have at least one three way valve module 106 and at
least one secondary pump 50 associated therewith to convey the exhaust gases

to the first or second (or third etc.) common pumping lines 78, 94.

As with the previous examples, it is advantageous for at least one of the common
pumping lines 78, 94 to be in fluid communication with a corresponding
common pumping line of another process tool (not shown) to enable a level of
both primary pump and abatement device redundancy between process tools in

the semiconductor fabrication plant.
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CLAIMS:

1. A vacuum pumping arrangement comprising:

a first primary pump having an inlet and an outlet, and a first common
pumping line fluidly connected to the inlet of the first primary pump, the first
common pumping line including a plurality of first common pumping line inlets
each of which is fluidly connectable to at least one vacuum process chamber
within the group of process chambers forming the semiconductor fabrication
tool, the first primary pump and the first common pumping line, in use, handling
deposition process flows; and

a second primary pump having an inlet and an outlet, and a second
common pumping line fluidly connected to the inlet of the second primary pump,
the second common pumping line including a plurality of second pumping line
inlets each of which is fluidly connectable to at least one process chamber within
the group of process chambers forming the semiconductor fabrication tool, the
second primary pump and the second common pumping line, in use, handling

cleaning process flows.

2. A vacuum pumping arrangement according to Claim 1 wherein each of the
first and second primary pumps has a respective abatement module

arranged in fluid communication therewith.

3. A vacuum pumping arrangement according to Claim 1 or Claim 2 wherein
respective pairs of first and second pumping line inlets are fluidly
interconnected by a valve module which in turn is fluidly connectable to a

said at least one process chamber.

4. A vacuum pumping arrangement according to Claim 3 wherein at least
one valve module includes a fail-safe arrangement to prevent mixing of

deposition and cleaning process flows upstream of the valve module.
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5. A vacuum pumping arrangement according to Claim 3 or Claim 4 wherein
at least one valve module is located downstream of any booster pump

associated with the corresponding process chamber.

6. A vacuum pumping arrangement according to any of Claims 1 to 5
wherein the second common pumping line is selectively fluidly

connectable with the first primary pump.

7. A vacuum pumping arrangement according to any preceding claim
wherein at least one common pumping line includes an interconnecting
member fluidly connectable to a common pumping line of at least one

other vacuum pumping arrangement.

8. A vacuum pumping arrangement according to any preceding claim
further including one or more rough down pumping lines, each having a
first end arranged in fluid communication with a primary pump and a
second end including a bleed valve, the bleed valve being fluidly
connectable to a respective process chamber to initially evacuate the said

process chamber.

9. A semiconductor fabrication facility comprising a plurality of

semiconductor fabrication tools each of which includes:

a plurality of process chambers; and

a vacuum pumping arrangement including a primary pump having an
inlet and an outlet, the inlet being fluidly connected to a common pumping line,
the common pumping line including a plurality of pumping line inlets each of
which is fluidly connected to at least one corresponding process chamber,

the common pumping line of the vacuum pumping arrangement of one
semiconductor fabrication tool being fluidly connected to the common pumping
line of the vacuum pumping arrangement of at least one other semiconductor

fabrication tool.
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A vacuum pumping arrangement for evacuating at least first and second
vacuum process chambers, said vacuum pumping arrangement
comprising: at least first and second vacuum pumps, said first vacuum
pump inlet in fluid communication with an outlet of the first process
chamber, said second vacuum pump inlet in fluid communication with an
outlet of the second process chamber; at least first and second valve
modules, said valve modules being at least three way valve modules
comprising an inlet, a first outlet and a second outlet, said first valve
module inlet in fluid communication with an outlet of the first vacuum
pump, said second valve arrangement inlet in fluid communication with
an outlet of the second vacuum pump; at least first and second common
pumping lines, the first common pumping line in fluid communication
with the first outlets of both of the first and second valve modules, the
second common pumping line in fluid communication with the second
outlets of both the first and second valve modules, wherein the first and
second vacuum pumps are secondary vacuum pumps and each of the first
and second common pumping lines comprises at least respective first and
second primary vacuum pump to provide sufficient pumping capacity for
each of the at least first and second vacuum pumps when in fluid
communication via the first and /or second valve modules; and wherein at
least one of the common pumping lines is in fluid communication with an

abatement device.

A vacuum pumping arrangement generally as herein described with

reference to and/or as illustrated in the accompanying drawings.

A semiconductor fabrication tool generally as herein described with

reference to and/or as illustrated in the accompanying drawings.
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13. A semiconductor fabrication facility generally as herein described with

reference to and/or as illustrated in the accompanying drawings.
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