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A FLUID ROUTING FOR A VACUUM PUMPING SYSTEM

FIELD OF THE INVENTION

The present invention relates to fluid routing for use with vacuum
pumping systems, including but not limited to vacuum systems for pumping

fluids from semiconductor processing tool.

BACKGROUND

Semiconductor fabrication plants fabricate integrated circuit chips. In the
fabrication of such devices, wafers are processed through a number of different
processing stations, including stations at which the wafer undergoes, for
example, chemical vapor deposition, physical vapor deposition, implant, etch
and lithography processes. Many of these processes involve the use of a
gaseous ambient and often require the use of high vacuum and reduced gas

pressures.

Vacuum pumps are used to provide these reduced gas pressures in
process chambers, provide chamber evacuation, and maintain flows of

processing gases.

SUMMARY OF THE INVENTION

When the pressure inside a chamber of a semiconductor processing tool
is not at working vacuum, for example after a process chamber has been
vented to atmospheric pressure to enable service or maintenance, a so-called
“‘pump-down event” is performed to establish the required reduced gas pressure
in the chamber. A pump-down event involves pumping gas from the chamber so

as to reduce the pressure therein to the required level.

Similarly, when the pressure inside a pumping chamber of a vacuum
pump (e.g., a turbopump) is at atmospheric pressure, for example after the

vacuum pump has been deactivated to enable service or maintenance, a pump-
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down event is performed to establish a reduced gas pressure in the pumping

chamber of that vacuum pump.

Vacuum and abatement systems may be used to pump gas from multiple
process chambers of a semiconductor processing tool simultaneously using a
common pump via a common manifold. The present inventors have realised
that in such systems, because multiple chambers and/or multiple turbopumps
may be fluidly connected to a common manifold, performing a pump-down
event for one of those chambers and/or turbopumps may affect the conditions
within others of those chambers. For example, a pump-down event performed
on one chamber may cause highly undesirable fluctuations in other chambers

connected to the same manifold.

Aspects of the present invention provide a valve module for controlling
fluid from multiple chambers of a semiconductor processing tool in such a way

that these deficiencies are reduced or eliminated.

In a first aspect, there is provided a fluid routing module for a vacuum
pumping system, the fluid routing module comprising: a first fluid inlet; a second
fluid inlet; a fluid outlet; a first fluid line coupled between the first fluid inlet and
the fluid outlet; a second fluid line coupled between the second fluid inlet and
the fluid outlet; a first restrictor configured to restrict a flow of the fluid
therethrough, the first restrictor being disposed along the first fluid line; a
vacuum pump disposed along the second fluid line; and one or more valves
configured to selectably direct a fluid flow through either the first fluid line or the

second fluid line.

The one or more valves may comprise a first valve and a second valve.
The first valve may be disposed along the first fluid line. The second valve may

be disposed along the first fluid line.

The fluid routing module may comprise: a second restrictor configured to
restrict a flow of the fluid therethrough, the second restrictor being disposed
along the second fluid line; a bypass line arranged in parallel with the second

restrictor whereby to allow a flow of fluid to bypass the second restrictor; and
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one or more further valves configured to selectably direct a fluid flow through
either the second restrictor or the bypass line. The second restrictor and the
bypass line may be disposed along the second fluid line between the vacuum
pump and the fluid outlet. The one or more further valves may comprise a three-
way valve disposed between the vacuum pump and the second restrictor and

the bypass line.
The vacuum pump may be a turbopump.

The fluid routing module may further comprise a valve controller

configured to control operation of the one or more valves.

The fluid routing module may further comprise: one or more further first
fluid inlet; one or more further second fluid inlets; one or more further fluid
outlets; one or more further first fluid lines, each further first fluid line coupled
between a respective further first fluid inlet and a further fluid outlet; one or
more further second fluid lines, each further second fluid line coupled between a
respective second fluid inlet and a further fluid outlet; one or more further first
restrictors configured to restrict a flow of the fluid therethrough, each further first
restrictor being disposed along a respective further first fluid line; one or more
further vacuum pumps, each further vacuum pump being disposed along a
respective further second fluid line; and one or more further valves configured to
selectably direct a fluid flow through either a further first fluid line or a further

second fluid line.

The fluid routing module may further comprise a fluid line manifold. The
fluid outlet and/or the one or more further fluid outlets may be fluidly coupled to

the fluid line manifold.

In a further aspect, there is provided a system comprising: a
semiconductor processing tool comprising a processing chamber; the fluid
routing module of any preceding aspect, wherein the first fluid inlet and the
second fluid inlet are fluidly coupled to the processing chamber; and a pump

operatively coupled to the fluid outlet.
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The semiconductor processing tool may further comprise one or more
further processing chambers. The system may further comprise one or more
further fluid routing modules, each further fluid routing modules being a fluid
routing module in accordance with any preceding aspect, wherein the first fluid
inlet and the second fluid inlet of each further fluid routing module are fluidly
coupled to a respective further processing chamber. The system may further
comprise a fluid line manifold, wherein the fluid outlet of the fluid routing module
and each of the fluid routing modules are fluidly coupled to the fluid line

manifold. The pump may be operatively coupled to the fluid line manifold.

In a further aspect, there is provided a method for operating a fluid
routing module for a vacuum pumping system. The fluid routing module is in
accordance with preceding aspect. The method comprises: controlling the one
or more valves to direct a fluid flow through the first fluid line and to prevent or
oppose fluid flow through the second fluid line; and, responsive to one or more
conditions being satisfied, controlling the one or more valves to allow a fluid flow
through the second fluid line and to prevent or oppose fluid flow through the first
fluid line, and pumping, by the vacuum pump, the fluid through the second fluid

line.

The one or more conditions may comprise a condition that a pressure in
a chamber fluidly coupled to the first fluid input and the second fluid inlet is

below a first threshold pressure.

The method may further comprise: controlling the one or more further
valves to direct a fluid flow through the second restrictor and to prevent or
oppose fluid flow through the bypass line; and, responsive to one or more
further conditions being satisfied, controlling the one or more further valves to
allow a fluid flow through the bypass line and to prevent or oppose fluid flow
through the second restrictor. The one or more further conditions may comprise
a condition that a pressure in a pumping chamber of the vacuum pump is below

a second threshold pressure.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic illustration (not to scale) of a semiconductor

fabrication facility;

Figure 2 is a schematic illustration (not to scale) showing further details

of a pumping module of the semiconductor fabrication facility; and

Figure 3 is a process flow chart showing certain steps of a process of
pumping gas in the semiconductor fabrication facility, including a pump-down

event.

DETAILED DESCRIPTION

Figure 1 is a schematic illustration (not to scale) of a semiconductor

fabrication facility 100, in accordance with an embodiment.

The semiconductor fabrication facility 100 comprises a semiconductor

processing tool 102, a fluid routing module 104, and a vacuum pump 106.

The semiconductor processing tool 102 comprises a plurality of process
chambers 108 in which semiconductor wafers undergo respective processes.
Examples of such processes include, but are not limited to, chemical vapor

deposition, physical vapor deposition, implant, etch and lithography processes.

The vacuum pump 106 is configured to pump fluids (i.e. process gases)
out of the process chambers 108 of the semiconductor processing tool 102 via

the fluid routing module 104.

The fluid routing module 104 comprises a plurality of inlets, in particular a
plurality of first inlets 110a and a plurality of second inlets 110b, a plurality of
pumping modules 112, a plurality of pumping module outlets 114, and a fluid

line manifold 116.

A respective pair of first and second inlets 110a, 110b is fluidly
connected between a respective process chamber 108 and a respective

pumping module 112, such that fluid may flow from that process chamber 108
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to that pumping module 112 via either or both of those first and second inlets
110a, 110b.

The pumping modules 112 will be described in more detail later below

with reference to Figure 2.

Each pumping module 112 is fluidly connected to the fluid line manifold
116 by a respective pumping module outlet 114, such that fluid may flow from

the pumping module 112 to the fluid line manifold 116.

The fluid line manifold 116 is fluidly connected between the plurality of

pumping module outlets 114 and the vacuum pump 106.

The fluid routing module 104 further comprises a valve controller 118.

The valve controller 118 is operatively coupled, via respective pneumatic
lines and/or electrical connections (not shown), to each of a plurality of valves
comprised in the pumping modules 112. These valves are described in more
detail later below with reference to Figure 2. As described in more detail later
below with reference to Figure 3, the valve controller 118 is configured to
control operation of the valves of the pumping modules 112, for example by

transferring pneumatic fluid thereto via pneumatic lines.

Figure 2 is a schematic illustration (not to scale) showing further details
of a pumping module 112. In this embodiment, the pumping modules 112 of the

fluid routing module 104 are substantially the same as each other.

In this embodiment, the first inlet 110a and the second inlet 110b are
fluid inlets of the pumping module 112. Also, the pumping module outlet 114 is

a fluid outlet of the pumping module 112.

The pumping module 112 comprises a first fluid line 200 coupled
between the first inlet 110a and the pumping module outlet 114, and a second
fluid line 202 coupled between the second inlet 110b and the pumping module
outlet 114.
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The pumping module 112 further comprises a first restrictor 204 and a
first valve 206, both disposed along the first fluid line 200. The first restrictor 204
is arranged between the first inlet 110a and the first valve 206. The first valve
206 is arranged between the first restrictor 204 and the pumping module outlet
114.

The first restrictor 204 is configured to restrict a flow of a fluid

therethrough.

The first valve 206 is configured to control a flow of fluid therethrough. In
particular, in this embodiment, the first valve 206 is configured to be controlled,
by the valve controller 118, to selectably permit or prevent a flow of fluid
therethrough.

The pumping module 112 further comprises an automatic pressure
control (APC) module 208, a turbopump 210, a second valve 212, a third valve

214, a second restrictor 216, and a bypass conduit or line 218.

The APC module 208, the turbopump 210, the second valve 212, the
third valve 214, the second restrictor 216, and the bypass line 218 are disposed
along the second fluid line 202. The APC module 208 is arranged between the
second inlet 110b and the turbopump 210. The turbopump 210 is arranged
between the APC module 208 and the third valve 214. The third valve 214 is
arranged between the turbopump 210 and the second restrictor 216. The
second restrictor 216 is arranged between the third valve 214 and the second
valve 212. The bypass line 218 is also arranged between the third valve 214
and the second valve 212, and is in parallel with the second restrictor 216. The
second valve 212 is arranged between the second restrictor 216 (and the

bypass line 218) and the pumping module outlet 114.

The APC module 208 is configured to control a flow of a fluid
therethrough. The APC module 208 may comprise a movable valve with a
controller. The valve of the APC module 208 may comprise a moving pendulum

controllable by the controller of the APC module 208 to increase or decrease
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the size of the orifice in the chamber exhaust path. The APC module 208 may
receive a pressure setpoint and an actual pressure reading of the pressure
inside the process chamber108. The controller of the APC module 208 may
then control the pendulum according to a control algorithm until the actual
pressure measurement matches the setpoint. In some embodiments, the valve

of the APC module 208 may be controlled by the valve controller 118.

The turbopump 210 is coupled to a respective process chamber 108 via
the second inlet 110b. The turbopump 210 is configured to pump exhaust gases
from the process chamber 108, through the second fluid line 202, and out of the

pumping module outlet 114.

In this embodiment, the third valve 214 is a three-way valve arranged to
receive a flow of fluid from the turbopump 210 and selectably direct that flow of
fluid through either the second restrictor 216 or the bypass line 218. The third

valve 214 is controlled by the valve controller 118.

The second restrictor 216 is configured to restrict a flow of a fluid

therethrough.

The bypass line 218 is arranged in parallel with the second restrictor 216,
and is arranged to allow a flow of fluid to bypass the second restrictor 216. The
bypass line 218 allows a flow of fluid to avoid the second restrictor 216 and flow

between the third valve 214 and the second valve 212 relatively unrestricted.

The second valve 212 is configured to control a flow of fluid
therethrough. In particular, in this embodiment, the second valve 212 is
configured to be controlled, by the valve controller 118, to selectably permit or

prevent a flow of fluid therethrough.

Apparatus, including the valve controller 118, for implementing the above
arrangement, and performing the method steps to be described below, may be
provided by configuring or adapting any suitable apparatus, for example one or
more computers or other processing apparatus or processors, and/or providing

additional modules. The apparatus may comprise a computer, a network of
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computers, or one or more processors, for implementing instructions and using
data, including instructions and data in the form of a computer program or
plurality of computer programs stored in or on a machine-readable storage
medium such as computer memory, a computer disk, ROM, PROM etc., or any

combination of these or other storage media.

The above-described system may undergo a pump-down event to
evacuate gas from one or more of the process chambers 108, which may be at
atmospheric pressure, to reduce the pressure therein to a level suitable for a
semiconductor fabrication process. The pump-down event may be performed to
evacuate gas from a pumping chamber of the turbopump of one or more of the

pumping modules.

Figure 3 is a process flow chart showing certain steps of a process 300
of pumping gas in the semiconductor fabrication facility 100, including a pump

down event.

It should be noted that certain of the process steps depicted in the
flowchart of Figure 3 and described below may be omitted or such process
steps may be performed in differing order to that presented below and shown in
Figure 3. Furthermore, although all the process steps have, for convenience
and ease of understanding, been depicted as discrete temporally-sequential
steps, nevertheless some of the process steps may in fact be performed

simultaneously or at least overlapping to some extent temporally.

At step s302, semiconductor fabrication processes are performed in the
process chambers 108. These semiconductor fabrication processes generate

process gases.

In this embodiment, at this stage, for each of the pumping modules 112,
the first valves 206 are closed, the second valves 212 are open, and the third
valve 214 are configured to directed process gas flow via the bypass lines 218.
Thus, at step s302, the vacuum pump 106 pumps process gases out of the
process chambers 108 through the relatively unrestricted second fluid lines 202

of the pumping modules 112, and into the fluid line manifold 116.
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At step s304, one of the process chambers 108 (hereinafter referred to
as “the first process chamber 108” for convenience) is shut down for inspection,
servicing, repair, or maintenance. In this embodiment, the shutting down of the
first process chamber 108 comprises stopping pumping gas from the first
process chamber 108. In this embodiment, this is achieved by closing the first
valve 206 and the second valve 212 of the pumping module 112 associated
with the first process chamber 108. The turbopump 210 of the pumping module
112 associated with the first process chamber 108 is also shut down. In this
embodiment, the shutting down the first process chamber 108 further comprises
increasing the pressure in the first process chamber 108 to approximately
atmospheric pressure. This may be achieved by opening a valve coupled to the
first process chamber 108, thereby allowing air to enter into the first process
chamber 108. In addition, in this embodiment, the pressure in the pumping
chamber of the turbopump 210 of the pumping module 112 associated with the
first process chamber 108 is also increased to approximately atmospheric

pressure.

At step s306, a human operator performs an inspection, servicing, repair,
or maintenance operation on the first process chamber 108. Alternatively or in
addition, inspection, servicing, repair, or maintenance may be performed on one
or more components of the pumping module 112 associated with the first

process chamber 108.

Following the inspection, servicing, repair, or maintenance operation, a
low gas pressure environment is to be re-established in the first process
chamber 108 such that semiconductor fabrication processes may be performed

therein.

Accordingly, at step s308, the first valve 206 of the pumping module 112
associated with the first process chamber 108 is opened by the valve controller
118.
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At step 310, with the first valve 206 open, the vacuum pump 106 pumps
gases along the first fluid line 200 from the first process chamber 108 into the

fluid line manifold 116.

Thus, the first process chamber 108 is “pumped-down”. This gas flow
from the first process chamber 108 is restricted by the first restrictor 204
positioned along the first fluid line 200. Advantageously, this flow restriction by
the first restrictor 204 tends to reduce or eliminate the pumping-down of the first
process chamber 108 detrimentally affecting the conditions within parallel

process chambers 108.

At step $312, in response to the pumping down of the first process
chamber 108 being completed, the valve controller 118 closes the first valve
206 of the pumping module 112 associated with the first process chamber 108.
Also, the valve controller 118 opens the second valve 212 of the pumping
module 112 associated with the first process chamber 108. Also, the valve
controller 118 controls the third valve 214 of the pumping module 112
associated with the first process chamber 108 such that the third valve 214
directs the flow of fluid through the second restrictor 216, and not through the

bypass line 218.

In some embodiments, at step s312, the valve controller 118 may also

control the APC module 208 to prevent or oppose a flow of fluid therethrough.

The completion of the pumping down of the first process chamber 108
may be detected by any appropriate means. For example, the valve controller
118 may determine that the pumping-down of the first process chamber 108 is
complete in response to a measurement of a pressure within the first process
chamber 108 being at or below a first threshold value and/or a calculated rate of
decrease of the measured pressure associated with the first process chamber
108 being at or below a second threshold value. The first threshold value may
be any appropriate threshold valve. The second threshold value may be any

appropriate threshold valve.
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At step s314, with the second valve 206 open and the third valve 214
directing fluid flow through the second restrictor 216, the vacuum pump 106
pumps gases along the second fluid line 202 from the pumping chamber of the

turbopump 210 into the fluid line manifold 116.

Thus, the pumping chamber of the turbopump 210 is “pumped-down”.
This gas flow from the pumping chamber of the turbopump 210 is restricted by
the second restrictor 216 positioned along the second fluid line 202.
Advantageously, this flow restriction by the second restrictor 216 tends to
reduce or eliminate the pumping-down of the pumping chamber of the
turbopump 210 detrimentally affecting the conditions within parallel process
chambers 108.

At step s316, in response to the pumping down of the pumping chamber
of the turbopump 210 being completed, the valve controller 118 controls the
third valve 214 of the pumping module 112 associated with the first process
chamber 108 such that the third valve 214 directs the flow of fluid through the

bypass line 218, and not through the second restrictor 216.

In some embodiments, at step s316, the valve controller 118 may also

control the APC module 208 to permit a flow of fluid therethrough.

The completion of the pumping down of the pumping chamber of the
turbopump 210 may be detected by any appropriate means. For example, the
valve controller 118 may determine that the pumping-down of the pumping
chamber of the turbopump 210 is complete in response to a measurement of a
pressure within the pumping chamber of the turbopump 210 being at or below a
third threshold value and/or a calculated rate of decrease of the measured
pressure associated with the pumping chamber of the turbopump 210 being at
or below a fourth threshold value. The third threshold value may be any
appropriate threshold valve. The fourth threshold value may be any appropriate

threshold valve.
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At step s318, following the third valve 214 of the pumping module 112
associated with the first process chamber 108 being controlled to direct the flow
of fluid through the bypass line 218, semiconductor fabrication processes may
be performed in the first process chamber 108. These semiconductor

fabrication processes generate process gases.

At step 320, the vacuum pump 106 pumps gases out of the first process
chamber 108 through the relatively unrestricted second fluid line 202 of the

pumping module 112 associated therewith, and into the fluid line manifold 116.

Thus, a process 300 of pumping gas in the semiconductor fabrication

facility 100 is provided.

The above-described system and method advantageously tends to
reduce or eliminate pump-down events detrimentally affecting the conditions
within parallel process chambers. This tends to be achieved by pumping pump-

down gases via restrictors, i.e. restricted conduits or reduced diameter orifices.

Advantageously, pump-down events, and the ending of pump-down

events, tend to be detected and mitigated against automatically.

Advantageously, the above-described fluid routing module may be
integrated in-line with horizontal manifolds connecting the semiconductor

processing tool to the vacuum pumps.

Advantageously, the above-described fluid routing module tends to be
robust. The vacuum module may be fully assembled, leak checked, and pre-
tested, for example, off-site prior to delivery to a semiconductor fabrication
facility, or on-site when delivered. This tends to simplify the installation process

and reduce installation time.

Advantageously, the above-described fluid routing module tends to be

modular and scalable.

Advantageously, the components in the gas streams of the fluid routing

module tend to be easy to service, repair or replace.
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Advantageously, the status and operating condition of the system tends
to be easily monitorable, for example, either via a Human Machine Interface of

the valve module or remotely.

Advantageously, each fluid routing module in a system tends to be easily
controllable by a system controller, for example using a communication protocol
such as EtherCAT or ethernet.

Advantageously, the above-described fluid routing module allows for
multiple mounting options. For example, the fluid routing module may be
suspended from a ceiling of a semiconductor fabrication facility, which provides
a benefit of not consuming floor space. Alternatively, the fluid routing module

can be mounted in a floor-standing rack or on top of other equipment.

In the above embodiments, the fluid routing module is implemented in a
semiconductor fabrication facility for routing pumped process gases. However,
in other embodiments, the fluid routing module may be implemented in a

different system and be used for routing a different type of fluid.

In the above embodiments, there is a single semiconductor processing
tool which comprises six process chambers. However, in other embodiments,
there is more than one semiconductor processing tool. One or more of the
semiconductor processing tools may comprise a different number of process

chambers, other than six.

In the above embodiments, there is a single fluid routing module
comprising six pumping modules. However, in other embodiments, there may
be a different number of fluid routing modules, i.e. multiple fluid routing
modules. In some embodiments, one or more of the fluid routing modules may

comprise a different number of pumping modules other than six.

In the above embodiments, a pumping module comprises two inlets
connected to a single outlet. However, in other embodiments, one or more of
the pumping modules comprises a different number of inlets (other than two)

and a different number of outlets (other than one).
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In the above embodiments, each pumping modules comprises a first
valve, a second valve, and a third valve configured to provide the above-
described functionality. However, in other embodiments, one or more of the
pumping modules may comprise a different arrangement or configuration of
valves providing the above-described functionality. For example, in some
embodiments, one or more of the pumping modules, the first and second valves
of that pumping module may be replaced by a three-way valve disposed at the
junction of the first fluid line, the second fluid line, and the pumping module
outlet. This three-way vale may be configured to direct fluid into the pumping
module outlet from a selected one of the first fluid line and the second fluid line,
and to prevent or oppose fluid flow into the pumping module outlet from the
other of the first fluid line and the second fluid line. Also, for example, in some
embodiments, the third valve may be replaced by one or more valves disposed

along the bypass line.

In some embodiments, the APC module may be omitted or replaced by

one or more valves.
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Reference numerals

100 — semiconductor fabrication facility
102 — processing tool

104 — fluid routing module

106 — vacuum pump

108 — process chambers

110a — first inlets

110b — second inlets

112 — pumping modules

114 — pumping module outlets
116 — fluid line manifold

118 — valve controller

200 — first fluid line

202 — second fluid line

204 — first restrictor

206 — first valve

208 — automatic pressure control module
210 — turbopump

212 — second valve

214 — third valve

216 — second restrictor

218 — bypass conduit or line
300 — process

$302-s320 — steps
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CLAIMS

1. A fluid routing module for a vacuum pumping system, the fluid routing

module comprising:
a first fluid inlet;
5 a second fluid inlet;
a fluid outlet;
a first fluid line coupled between the first fluid inlet and the fluid outlet;

a second fluid line coupled between the second fluid inlet and the fluid

outlet;

10 a first restrictor configured to restrict a flow of the fluid therethrough, the

first restrictor being disposed along the first fluid line;
a vacuum pump disposed along the second fluid line; and

one or more valves configured to selectably direct a fluid flow through

either the first fluid line or the second fluid line.

15
2. The fluid routing module of claim 1, wherein:
the one or more valves comprises:
afirst valve; and
a second valve;
20 the first valve is disposed along the first fluid line; and

the second valve is disposed along the first fluid line.
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3. The fluid routing module of claim 1 or 2, further comprising:

a second restrictor configured to restrict a flow of the fluid therethrough,

the second restrictor being disposed along the second fluid line;

a bypass line arranged in parallel with the second restrictor whereby to

allow a flow of fluid to bypass the second restrictor; and

one or more further valves configured to selectably direct a fluid flow

through either the second restrictor or the bypass line.

4 The fluid routing module of claim 3, wherein the second restrictor and the
bypass line are disposed along the second fluid line between the vacuum pump
and the fluid outlet.

5. The fluid routing module of claim 3 or 4, wherein the one or more further
valves comprises a three-way valve disposed between the vacuum pump and

the second restrictor and the bypass line.

6. The fluid routing module of any of claims 1 to 5, wherein the vacuum

pump is a turbopump.

7. The fluid routing module of any of claims 1 to 6, further comprising a

valve controller configured to control operation of the one or more valves.

8. The fluid routing module of any of claims 1 to 7, further comprising:

one or more further first fluid inlet;
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one or more further second fluid inlets;

one or more further fluid outlets;

one or more further first fluid lines, each further first fluid line coupled

between a respective further first fluid inlet and a further fluid outlet;

5 one or more further second fluid lines, each further second fluid line

coupled between a respective second fluid inlet and a further fluid outlet;

one or more further first restrictors configured to restrict a flow of the fluid
therethrough, each further first restrictor being disposed along a respective

further first fluid line;

10 one or more further vacuum pumps, each further vacuum pump being

disposed along a respective further second fluid line; and

one or more further valves configured to selectably direct a fluid flow

through either a further first fluid line or a further second fluid line.

15 9. The fluid routing module of claims 8, further comprising a fluid line
manifold, wherein the fluid outlet and the one or more further fluid outlets are

fluidly coupled to the fluid line manifold.

10. A system comprising:

20 a semiconductor processing tool comprising a processing chamber;

the fluid routing module of any of claims 1 to 9, wherein the first fluid inlet

and the second fluid inlet are fluidly coupled to the processing chamber; and

a pump operatively coupled to the fluid outlet.
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1. The system of claim 10, wherein:

the semiconductor processing tool further comprises one or more further

processing chambers;

the system further comprises one or more further fluid routing modules,
each further fluid routing modules being a fluid routing module in accordance
with any of claims 1 to 9, wherein the first fluid inlet and the second fluid inlet of
each further fluid routing module are fluidly coupled to a respective further

processing chamber;

the system further comprises a fluid line manifold, wherein the fluid outlet
of the fluid routing module and each of the fluid routing modules are fluidly

coupled to the fluid line manifold; and

the pump is operatively coupled to the fluid line manifold.

12. A method for operating a fluid routing module for a vacuum pumping
system, the fluid routing module being in accordance with any of claims 1 to 9,

the method comprising:

controlling the one or more valves to direct a fluid flow through the first

fluid line and to prevent or oppose fluid flow through the second fluid line; and,

responsive to one or more conditions being satisfied, controlling the one
or more valves to allow a fluid flow through the second fluid line and to prevent
or oppose fluid flow through the first fluid line, and pumping, by the vacuum

pump, the fluid through the second fluid line.

13.  The method of claim 12, wherein the one or more conditions comprises a
condition that a pressure in a chamber fluidly coupled to the first fluid input and

the second fluid inlet is below a first threshold pressure.
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14. The method of claim 12 or 13, wherein:

the fluid routing module is in accordance with claim 3 or any claim

dependent on claim 3; and
5 the method further comprises:

controlling the one or more further valves to direct a fluid flow
through the second restrictor and to prevent or oppose fluid flow through

the bypass line; and,

responsive to one or more further conditions being satisfied,
10 controlling the one or more further valves to allow a fluid flow through the
bypass line and to prevent or oppose fluid flow through the second

restrictor.

15. The method of claim 14, wherein the one or more further conditions
15 comprises a condition that a pressure in a pumping chamber of the vacuum

pump is below a second threshold pressure.



