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(57) Abstract: Apparatus is described for supplying and measuring a purge gas flow to a pumping arrangement, the apparatus
& comprising a manifold (104) having a gas inlet (106) and a plurality of gas outlets (110) each for supplying gas to a respective port of
& the pumping arrangement, and a flow selector (120) between the inlet and the outlets, the flow selector having a plurality of spaced
apertures (130) of various sizes and being moveable relative to the manifold from one position in which a first set of the apertures
is aligned with the inlet and the outlets to another position in which a second set of the apertures is aligned with the inlet and the
outlets to vary the flow rate of gas into and from the flow selector, and enable the gas flow rate to be measured across the aperture

aligned with the inlet.
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GAS SUPPLY APPARATUS

This invention relates to apparatus for supplying a purge gas to a pumping
arrangement.

Vacuum pumping arrangements used to pump fluid from semiconductor tools
typically employ, as a backing pump, a multi-stage positive displacement pump
employing inter-meshing rotors. The rotors may have the same type of profile in
each stage or the profile may change from stage to stage.

During semiconductor processes such as chemical vapour deposition processing,
deposition gases are supplied to a process chamber to form a deposition layer on
the surface of a substrate. As the residence time in the chamber of the deposition
gas is relatively short, only a small proportion of the gas supplied to the chamber is
consumed during the deposition process. Consequently, unconsumed gas
molecules pumped from the chamber by a vacuum pump can pass through the
pump in a highly reactive state. As a result, pump components can be subjected
to damage due to corrosion and degradation resulting from the pumping of
aggressive, unconsumed gas molecules. Furthermore, if the unconsumed
process gas or by-product is condensable, sublimation on lower temperature
surfaces can result in the accumulation of powder or dust within the pump, which
can effectively fill the vacant running clearance between the rotor and stator
elements of the pump. Other processes use gases that can result in potentially

flammable mixtures forming in the pump.

To dilute these gases as they pass through the pump, an inert purge gas, such as
nitrogen, can be supplied to the pump. As this gas can also serve to increase the
longevity and effectiveness of dynamic shaft seals of the pump, and can ensure
that certain sensors within the pumping arrangement are maintained in a clean
and functional state, it is typically supplied through a plurality of purge ports
provided at various locations about the pumping arrangement.
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To reduce the cost of purge gas consumption, the quantity of purge gas supplied
to the pumping arrangement is normally fixed during installation of the pumping
arrangement depending on the process application. The quantity of purge gas
must be carefully controlled in order to avoid both under-dilution of the process
gases, as this could lead to pumping reliability problems, and over-dilution of the
process gases, as this could lead to unnecessary costs and loss of pumping
performance.

Figure 1 illustrates a typical system for supplying purge gas to a number of purge
ports. The system 10 comprises a manifold 12 having an inlet 14 and a plurality
of outlets 16. The inlet 14 is connected to a source 18 of purge gas, such as
nitrogen or argon, via a conduit 20, which includes a check valve 22. As the
pressure of the purge gas at the source 18 may be variable, for example, within
the range from 20 to 100 psi, the conduit 20 also includes a pressure regulator 24
for adjusting the pressure of the stream of purge gas conveyed to the inlet 14.

Within the manifold 12, the received stream of purge gas passes through a mass
flow transducer 26 before being split into a plurality of streams for conveyance to
the outlets 16. As the flow requirement at each outlet 16 may be different,
depending on the purpose for which the purge gas is being supplied to a particular
purge port of the pumping arrangement, the manifold 16 contains a relatively
complex and expensive arrangement of solenoid valves 28, fixed flow restrictors
30 and variable flow restrictors, for example needle valves, 32 for fixing the flow
rate of each stream of purge gas supplied to an outlet 16.

The present invention provides apparatus for supplying a purge gas to a pumping
arrangement, the apparatus comprising a manifold having a gas inlet and a
plurality of gas outlets each for supplying gas to a respective port of the pumping
arrangement, and a flow selector located between the inlet and the outlets, the
flow selector comprising a plurality of spaced apertures of various sizes and being
moveable relative to the manifold from one position in which a first set of the
apertures is aligned with the inlet and the outlets to another position in which a
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second set of the apertures is aligned with the inlet and the outlets to vary the flow
rate of gas into and from the flow selector.

This can enable the required flow rate of gas to each of the ports of the pumping
arrangement to be quickly and easily selected by the correct location of the flow
selector within the manifold so that the appropriate set of apertures of the flow
selector is aligned with the inlet and the outlets of the manifold.

When the flow selector is adjusted to change the flow rate of purge gas from the
manifold, a different aperture becomes aligned with the inlet of the manifold to
adjust the rate of flow of purge gas into the flow selector. This can both ensure
that the flow of purge gas into the flow selector is appropriate for the required flow
rate of purge gas from the selector, thereby avoiding throttling of the purge gas
flow, and enable the purge gas flow rate to be monitored by achieving a
measurable pressure drop across the aperture aligned with the inlet of the

manifold.

Each set of apertures preferably comprises an inlet aperture for alignment with the
inlet and a plurality of outlet apertures each for alignment with a respective outlet,
with the outlet apertures being axially aligned. The inlet aperture may be axially
aligned with the outlet apertures, or it may be angularly spaced from the outlet
apertures. In one embodiment, the inlet aperture is located on the opposite side of
the flow selector to the outlet apertures. The inlet aperture is preferably located
towards one end of the flow selector.

The outlet apertures of a set may have the same or various sizes. For example,
each set may comprises three or more outlet apertures, and some of these outlet
apertures may have the same size, or they may all have different sizes depending
on the required gas flow rates to the ports of the pumping arrangement. The inlet
apertures of the flow selector preferably have different sizes, so that, for example,
when the overall flow rate of gas from the manifold is to be reduced, a smaller inlet
aperture is aligned with the inlet of the manifold.
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The flow selector may be rotatably and/or axially moveable relative to the
manifold. In one embodiment, the flow selector is rotatable relative to the
manifold, and so the first set of apertures is angularly spaced from the second set
of apertures. In another embodiment, the flow selector is axially movable relative
to the manifold, with the sets of apertures being axially spaced. Alternatively, the
sets of apertures may be both radially and axially spaced. In one embodiment, the
flow selector is hollow, and preferably comprises a tubular member which is at
least rotatable relative to the manifold to adjust the position of the flow selector
within the manifold. The sets of apertures may be spaced by any angle depending
on the number of sets of apertures located on the flow selector. For example, the
sets may be spaced by a quarter turn of the flow selector. In other embodiment,
the flow selector is a plate what is axially moveable relative to the manifold to
adjust the position of the flow selector within the manifold. In this embodiment,
the apertures are axially spaced

The flow selector may be located wholly within the manifold. In the preferred
embodiments, one end of the flow selector is located in the manifold, and the other
end of the flow selector is external of the manifold. Part of the flow selector is
preferably spaced from the manifold, so that the space between the flow restrictor
and the manifold can provide a measurement point for determining the pressure
drop across the inlet aperture. A second measurement point may be conveniently
located in the inlet of the gas manifold. The external end of the flow selector may
provide a handle to enable a user to manually adjust the position of the flow
selector.

Preferred features of the present invention will now be described, by way of
example only, with reference to the accompanying drawings, in which:

Figure 1 illustrates a know system for supplying an inert purge gas to a pump;
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Figure 2 illustrates a pumping arrangement having ports connected to an
apparatus for supplying purge gas to the pumping arrangement;

Figure 3 illustrates in more detail a first embodiment of the manifold of the
apparatus of Figure 2, with part of the wall of the manifold removed to reveal the
flow selector; and

Figure 4 is a cross-section through a second embodiment of the manifold of the
apparatus of Figure 2.

With reference first to Figure 2, apparatus 100 for supplying a purge gas to the
pumping arrangement 102 comprises a manifold 104 having a gas inlet 106 for
receiving a flow of purge gas from a purge gas supply 108 and a plurality of gas
outlets 110 each for supplying purge gas to a respective port 112 of the pumping
arrangement 102 via a flow conduit 114. In the illustrated embodiment, the
manifold 104 has three gas outlets 110 each connected to the pumping
arrangement 102, although the manifold 104 may have more than three gas
outlets which can be selectively connected to the pumping arrangement 102 as
required. The gas inlet 106 is located on a side wall 116 of the manifold 104,
towards one end of the manifold 104, and the gas outlets 110 are located on the
opposite side wall 118 of the manifold 104.

A first embodiment of the manifold 104 is illustrated in more detail in Figure 3. A
hollow flow selector 120 is located between the gas inlet 106 and the gas outlets
110, in this embodiment partially within the manifold 104 so that one end 122 of
the flow selector 120 is located within the manifold 104 and the other end 124 of
the flow selector 120 is external of the manifold 104. In this embodiment, the flow
selector 120 is cylindrical, but may adopt any other tubular or hollow shape. Seals
160 are located about the external periphery of the flow selector 120 to isolate the
gas inlet 106 and the gas outlets 100 externally of the flow selector 120 so that
purge gas flows from the gas inlet 106 to the gas outlets 110 through the flow
selector 120.
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The flow selector 120 is moveable relative to the manifold 104. In this
embodiment, the flow selector 120 is rotatable relative to the manifold 104, with
the external end 124 of the flow selector 120 being shaped to provide a handle to
enable a user to manually adjust the position of the flow selector 120.

The flow selector 120 has a plurality of apertures 130 of various sizes, that is, two
or more different sizes, located on its periphery. The apertures 130 are divided
into a plurality of spaced sets of apertures of different sizes. Each set of apertures
comprises an inlet aperture for alignment with the gas inlet 106 to enable gas to
enter the flow restrictor 120, and a plurality of outlet apertures for alignment with
the gas outlets 110 to enable gas to exit the flow restrictor 120. In the position
located in Figure 3, inlet aperture 132a of a first set of apertures is aligned with the
gas inlet 106 and outlet apertures 134a, 136a, 138a of that first set are each
aligned with a respective gas outlet 110. With a quarter turn of the flow selector
120 in an anti-clockwise direction, outlet apertures 134b, 136b, 138b of a second
set of apertures each become aligned with a respective gas outlet 110, and the
inlet aperture (not shown) of that second set becomes aligned with the gas inlet
106. With a quarter turn of the flow selector 120 in a clockwise direction, inlet
aperture 132c of a third set of apertures becomes aligned with the gas inlet 106,
and the outlet apertures (not shown) of that third set each become aligned with a
respective gas outlet 110.

The respective sizes of the inlet and outlet apertures of each set determines the
flow rate of the purge gas from the manifold 104 in each position of the flow
selector 120. The outlet apertures of each set may have the same size, various
(two or more) different sizes, or they may have respective different sizes
depending on the purge gas flow rate requirement of each port 112 of the pumping
arrangement 102. The handle may be indexed to enable the user to readily
position the flow selector 120 so that a particular set of apertures is aligned with
the gas inlet 106 and the gas outlet 110 as appropriate to the required flow rate of
purge gas to the pumping arrangement 102.
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The provision of these sets of apertures 130 on the periphery of the flow selector
120 can enable the flow rate of purge gas into the flow selector 120 from the gas
inlet 106, and out from the flow selector 120 to each gas outlet 110, to be easily
changed through appropriate positioning of the flow selector 120 relative to the
manifold 104. For example, when the flow rate to the pumping arrangement is to
be increased, the flow selector 120 can be moved to a position in which a large set
of apertures is aligned with the gas inlet 106 and the gas outlets 110, and when
the flow rate to the pumping arrangement is to be reduced, the flow selector 120
can be moved to a position in which a smaller set of apertures is aligned with the
gas inlet 106 and the gas outlets 110.

In conjunction with this, in any position the flow rate of gas entering the manifold
104 can be monitored by measuring the pressure drop across the inlet aperture
currently aligned with the gas inlet 106. For example, a first pressure
measurement may be made in the gas inlet 106, and a second pressure
measurement may be made in the gap 150 between the manifold 104 and the
internal end 122 of the flow selector 120. By changing the size of the inlet
aperture aligned with gas outlet 106 through rotation of the flow selector 120 so
that, for example, the size of the inlet aperture is decreases with a decreasing flow
of purge gas from the manifold, a measurable pressure difference across the inlet
aperture can be obtained for each different flow rate of purge gas from the
manifold 104. Furthermore, by having an inlet aperture of appropriate size for the
required flow rate of gas from the manifold 104, throttling of the purge gas flow
through the manifold 104 can be inhibited.

A second embodiment of the manifold 104 is illustrated in Figure 4. In this
embodiment, the flow selector 120 is in the form of a plate located between the
gas inlet 106 and the gas outlets 110, and is also partially within the manifold 104
so that one end 122 of the flow selector 120 is located within the manifold 104 and
the other end 124 of the flow selector 120 is external of the manifold 104. Seals
160 are located about the gas inlet 106 and the flow selector 120 to isolate the gas
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inlet 106 and the gas outlets 100 externally of the flow selector 120 so that purge
gas flows from the gas inlet 106 to the gas outlets 110 through the flow selector
120.

In this embodiment, the flow selector 120 is axially moveable relative to the
manifold 104, with the external end 124 of the flow selector 120 providing a handle
to enable a user to manually adjust the position of the flow selector 120.

As in the first embodiment, the flow selector 120 has a plurality of apertures 130 of
various sizes, that is, two or more different sizes, located on its periphery. The
apertures 130 are divided into a plurality of spaced sets of apertures of different
sizes. Each set of apertures comprises an inlet aperture for alignment with the
gas inlet 106 to enable gas to enter the manifold 104 from the gas inlet 106, and a
plurality of outlet apertures for alignment with the gas outlets 110 to enable gas to
exit the manifold 104. In the position located in Figure 4, inlet aperture 132b of a
first set of apertures is aligned with the gas inlet 106 and outlet apertures 134b,
136b, 138b of that first set are each aligned with a respective gas outlet 110. With
movement of the flow selector 120 to the right (as illustrated), inlet aperture 132a
of a second set of apertures becomes aligned with the gas inlet 106, and the outlet
apertures 134a, 136a, 138a of that second set each become aligned with a
respective gas outlet 110. With movement of the flow selector 120 to the left (as
illustrated), inlet aperture 132c of a third set of apertures becomes aligned with the
gas inlet 106, and the outlet apertures 134c, 136¢, 138c of that third set each
become aligned with a respective gas outlet 110. As shown in Figure 4, the inlet
apertures 132a, 132b, 132c have different sizes.

The respective sizes of the inlet and outlet apertures of each set determines the
flow rate of the purge gas from the manifold 104 in each position of the flow
selector 120. As in the first embodiment, the outlet apertures of each set may
have the same size, various (two or more) different sizes, or they may have
respective different sizes depending on the purge gas flow rate requirement of
each port 112 of the pumping arrangement 102. The handle may be indexed to
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enable the user to readily position the flow selector 120 so that a particular set of
apertures is aligned with the gas inlet 106 and the gas outlet 110 as appropriate to
the required flow rate of purge gas to the pumping arrangement 102.

As with the first embodiment, the provision of these sets of apertures 130 on the
periphery of the flow selector 120 can enable the flow rate of purge gas into the
manifold 104 from the gas inlet 106, and out from the manifold 104 to each gas
outlet 110, to be easily changed through appropriate positioning of the flow
selector 120 relative to the manifold 104. For example, when the flow rate to the
pumping arrangement is to be increased, the flow selector 120 can be moved to a
position in which a large set of apertures is aligned with the gas inlet 106 and the
gas outlets 110, and when the flow rate to the pumping arrangement is to be
reduced, the flow selector 120 can be moved to a position in which a smaller set of
apertures is aligned with the gas inlet 106 and the gas outlets 110.

As also with the first embodiment, in any position the flow rate of gas entering the
manifold 104 can be monitored by measuring the pressure drop across the inlet
aperture currently aligned with the gas inlet 106. For example, a first pressure
measurement may be made in the gas inlet 106, and a second pressure
measurement may be made in the gap 150 between the manifold 104 and the flow
selector 120.
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CLAIMS

Apparatus for supplying a purge gas to a pumping arrangement, the
apparatus comprising:

a manifold having a gas inlet and a plurality of gas outlets
each for supplying gas to a respective port of the pumping
arrangement; and

a flow selector located between the inlet and the outlets, the
flow selector comprising a plurality of spaced apertures of various
sizes and being moveable relative to the manifold from one position
in which a first set of the apertures is aligned with the inlet and the
outlets to another position in which a second set of the apertures is
aligned with the inlet and the outlets to vary the flow rate of gas into
and from the flow selector.

Apparatus according to Claim 1, wherein each set comprises an inlet
aperture for alignment with the inlet and a plurality of outlet apertures
each for alignment with a respective outlet, and wherein the outlet
apertures are axially aligned.

Apparatus according to Claim 2, wherein the inlet aperture is
angularly spaced from the outlet apertures.

Apparatus according to Claim 2 or Claim 3, wherein the inlet aperture
is located on the opposite side of the flow selector to the outlet
apertures.

Apparatus according to Claim 2, wherein the inlet aperture is axially
spaced from the outlet apertures.
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Apparatus according to any of Claims 2 to 5, wherein the inlet
aperture is located towards one end of the flow selector.

Apparatus according to any of Claims 2 to 6, wherein the outlet

apertures of each set have various sizes.

Apparatus according to any of Claims 2 to 7, wherein the inlet
apertures have different sizes.

Apparatus according to any preceding claim, wherein the first set of
apertures is angularly spaced from the second set of apertures.

Apparatus according to any of Claims 1 to 8, wherein the first set of
apertures is angularly spaced from the second set of apertures.

Apparatus according to any preceding claim, wherein the flow
selector is hollow, the apertures being located on the periphery
thereof.

Apparatus according to Claim 11, wherein the flow selector is tubular.

Apparatus according to any of Claims 1 to 10, wherein the flow
selector comprises a plate.

Apparatus according to any preceding claim, wherein one end of the
flow selector is located inside the manifold, and the other end of the
flow selector is external of the manifold.

Apparatus according to Claim 14, wherein the external end of the
flow selector provides a handle to enable a user to manually adjust
the position of the flow selector.
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