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(57) Abréegée/Abstract:

A differentially pumped system comprises a plurality of pressure chambers; and a pumping arrangement (100) attached thereto for
evacuating the chambers, the pumping arrangement comprising first and second compound pumps (102, 104) each comprising at
least a first inlet (120); (124), a second Inlet (122); (126), a first pumping section (110) and a second pumping section (112)
downstream from the first pumping section, the sections being arranged such that fluid entering the pump from the first inlet passes
through the first and second pumping sections and fluid entering the pump from the second inlet passes through, of said sections,
only the second section, wherein the first inlet (120) of the first pump (102) Is attached to an outlet from a first, relatively low,
pressure chamber (10), the second Inlet (122) of the first pump (102) and the first inlet (124) of the second pump (104) are
attached to an outlet or respective outlets from a second, common medium pressure chamber (16), and the second inlet (126) of
the second pump (104) Is attached to an outlet from a third, relatively high pressure chamber (14).
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(57) Abstract: A differentially pumped system comprises a plurality of pressure chambers; and a pumping arrangement (100) at-
tached thereto for evacuating the chambers, the pumping arrangement comprising first and second compound pumps (102, 104) each
) comprising at least a first inlet (120); (124), a second inlet (122); (126), a first pumping section (110) and a second pumping section
& (112) downstream from the first pumping section, the sections being arranged such that fluid entering the pump from the first inlet
& passes through the first and second pumping sections and fluid entering the pump from the second inlet passes through, of said sec-
e\ tions, only the second section, wherein the first inlet (120) of the first pump (102) is attached to an outlet from a first, relatively low,
pressure chamber (10), the second inlet (122) of the first pump (102) and the first inlet (124) of the second pump (104) are attached
to an outlet or respective outlets from a second, common medium pressure chamber (16), and the second inlet (126) of the second

pump (104) is attached to an outlet from a third, relatively high pressure chamber (14).
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PUMPING ARRANGEMENT

This invention relates to a pumping arrangement and in particular to a pumping

arrangement for differential pumping of multiple chambers.

In a differentially pumped mass spectrometer system a sample and carrier gas are
introduced to a mass analyser for analysis. One such example is given in Figure
1, in which there exists a high vacuum chamber 10 immediately following a
number of evacuated interface chambers, the actual number of such chambers

depending on the type of system. In the example shown in Figure 1, the system

includes first, second and third evacuated interface chambers 12, 14 and 16.

The first interface chamber 12 is the highest-pressure chamber in the evacuated
spectrometer system and may contain a gas inlet means through which ions are

drawn from the ion source into the first interface chamber 12. The Ion source may
be at atmospheric pressure depending upon the ionisation method employed. The
second interface chamber 14 and subsequent lower pressure chambers may

contain ion optics and means of analysis known to those skilled In the art.

In this example, in use, the first interface chamber 12 is at a pressure of around 1-
10 mbar, the second interface chamber 14 is at a pressure of around 10°-1072

mbar, the third interface chamber 16 is at a pressure of around 10™-10"* mbar, and

the high vacuum chamber 10 is at a pressure of around 1077 -10° mbar.

To evacuate the chambers, in this example the low pressure chamber 10 Is

evacuated by a turbomolecular pump 20 exhausting to a backing pump 22 or

another appropriate point on the vacuum system, the second and third interface
chambers 14, 16 are evacuated by a compound vacuum pump 24 exhausting to
the backing pump 22, and the first interface chamber 12 is evacuated by the
backing pump 22. The backing pump 22 may be a relatively large, floor standing,

rotary vane pump or other appropriate type of vacuum pump.
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In this example, the compound vacuum pump 24 has two pumping sections in the
form of two sets 30, 32 of turbomolecular stages, and a third pumping section in
the form of a Holweck drag mechanism 34; an alternative form of drag
mechanism, such as a Siegbahn or Gaede mechanism, could be used instead.
Each set 30, 32 of turbomolecular stages comprises a number (four shown in
Figure 1, although any suitable number could be provided) of rotor and stator
blade pairs of known angled construction. The Holweck mechanism 34 includes a
number (two shown in Figure 1, although any suitable number could be provided)

of rotating cylinders, corresponding annular stators, and helical channels in a

manner known per se.

A first compound pump inlet 36 is connected to the third interface chamber 16, and

fluid pumped through the inlet 36 passes through both sets 30, 32 of turbo-

molecular stages in sequence and the Holweck mechanism 34 and exits the pump
via outlet 38. A second compound pump inlet 40 is connected to the second
interface chamber 14, and fluid pumped through this inlet 40 passes through set
32 of turbo-molecular stages and the Holweck mechanism 34 and exits the pump

via outlet 38. The compound pump 24 may include additional inlets, for example

interstage the turbomolecular and Holweck pumping stages, If required to pump

additional system chambers.

As fluid entering each compound pump inlet passes through a respective different

number of stages before exiting from the compound pump, the compound pump

24 is able to provide the required vacuum levels in the chambers 14 and 16, with
the backing pump 22 providing the required vacuum level in the chambper 12 and

the turbomolecular pump 20 providing the required vacuum level in the chamber

10.

Utilising a compound pump to evacuate two or more adjacent chambers offers
advantages in size, cost, and component rationalisation. However, in view of the

conductance limitations of typical compound pumping arrangements performance

is compromised in comparison to an arrangement where each of the intermediate
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chambers is evacuated using a bespoke vacuum pump directly mounted on to the

respective intermediate chamber.

Depending on the type of mass spectrometer system, pumping performance can
also be significantly affected when, as shown in Figure 1, an additional gas load is
introduced into one of the intermediate chambers 14 or 16 through, for example, a
collision cell, gas.reaction cell orion trap. In the example shown in Figure 1 the
additional gas load is depicted as being introduced into chamber 16. To maintain

pressures in this chamber a much higher level of pumping performance is now

required at the chamber.

An aim of this invention is to provide a pumping arrangement for a plurality of
chambers which offers the required level of performance without substantially

increasing the size, cost or number of pumps in the pumping arrangement.

In a first aspect, the present invention provides a differentially pumped vacuum
system comprising apparatus, for example a mass spectrometer, having a plurality
of pressure chambers; and a pumping arrangement attached thereto for
evacuating the chambers, the pumping arrangement comprising first and second
compound pumps each comprising at least a first inlet, a second inlet, a first
pumping section and a second pumping section downstream from the first
pumping section, the sections being arranged such that fluid entering the pump
from the first inlet passes through the first and second pumping sections and fluid
entering the pump from the second inlet passes through, of said sections, only the
second section, wherein the second inlet of one of the pumps and the first inlet of
the other pump are attached to an outlet or respective outlets from a common
pressure chamber so that, in use, the first compound pump evacuates said one of

the pressure chambers in parallel with the second compound pump.

In the preferred embodiments, the first inlet of the first pump is attached to an
outlet from a first, relatively low, pressure chamber, and the second inlet of the first

pump and the first inlet of the second pump are attached to an outlet or respective
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outlets from a higher pressure chamber. For example, the second inlet of the first
pump and the first inlet of the second pump are attached to.an outlet or respective

outlets from a second, medium pressure chamber, and the second inlet of the

second pump is attached to an outlet from a third, relatively high pressure

chamber.

Preferably, at least one, more preferably both, of the first and second pumping

sections comprises at least one turbomolecular stage. These may be of the same

size, or of different sizes. For example, the stage(s) of the second pumping

section may be larger than the stages of the first pumping section to offer selective

pumping performance.

The second compound pump preferably comprises a third pumping section
downstream from the second pumping section, the sections being arranged such
that fluid entering the pump from the first inlet passes through the first, second and
third pumping sections, and fluid entering the pump from the second inlet passes
through, of said sections, only the second and third pumping sections. This third
pumping section preferably comprises a muiti-stage molecular drag mechanism,

for example, a multi-stage Holweck mechanism with a plurality of channeils

arranged as a plurality of helixes.

At least the second compound pump preferably comprises a third inlet for
receiving fluid from a fourth pressure chamber, the pumping sections being
arranged such that fluid entering the pump from the fourth chamber passes
through, of said sections, only the third pumping section. The third pumping
section may be arranged such that fluid passing therethrough from the third inlet
may follow a different path than fluid passing therethrough from the second inlet.
For example, the third pumping section may be arranged such that fluid passing
therethrough from the third inlet follows only part of the path of the fluid passing
therethrough from the second inlet. Each compound pump preferably has a said
third inlet arranged to receive fluid from the fourth pressure chamber, the

compound pumps being arranged such that the first compound pump evacuates
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the fourth pressure chamber in parallel with the second compound pump. In
preferred embodiments, each said third inlet is connected to conduit means for

conveying fluid thereto from an outlet of the fourth pressure chamber.

The second compound pump may include additional inlets if required to pump
additional system chambers, for example interstage the turbomolecular and
Holweck pumping stages. The fluid entering the pump through any additional ports
may pass through only a portion of the pumping sections or follow a different path

in part to that entering the pump through the first and second inlets.

At least the second compound pump preferably comprises an additional pumping
section downstream from the third pumping section. For example, the additional
pumping section may be an aerodynamic pumping mechanism such as a
regenerative stage. Other types of aerodynamic mechanism include side flow,

side channel, and peripheral flow mechanisms.

In an alternative embodiment, the second inlet of the second pump is connected to
an outlet from the first pump. In this embodiment, the second pumping section of
the second pump is arranged to exhaust fluid at or around atmospheric pressure,
and preferably comprises an aerodynamic pumping mechanism, for example, a
regenerative stage. One or both of the first pumping section of the second pump
and the second pumping section of the first pump comprises a molecular drag
mechanism. The first pumping section of the first pump preferably comprises at
least one turbomolecular stage. At least one of the first and second pumps
preferably comprises an additional inlet upstream from the first inlet thereof. The
first pump may also comprise an additional pumping section located between the

additional inlet and the first inlet, and this additional pumping section may

comprise at least one turbomolecular stage.

In a second aspect, the present invention provides a differentially pumped vacuum
system comprising apparatus, for example a mass spectrometer, having a plurality

of pressure chambers; and a pumping arrangement attached thereto for
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evacuating the chambers, the pumping arrangement comprising first and second
compound pumps each comprising at least a first inlet, a second inlet, a first
pumping section and a second pumping section downstream from the first
pumping section, the sections being arranged such that fluid entering the pump
from the first inlet passes through the first and second pumping sections and fluid
entering the pump from the second inlet passes through, of said sections, only the
second section, wherein the first inlet of the first pump is attached to an outlet from
a first, relatively low, pressure chamber, the second iniet of the first pump is
attached to an outlet from a second, medium pressure chamber, the first inlet of

the second pump is attached to an outlet from a third, relatively high pressure

chamber, and the second inlet of the second pump Is connected to an outlet from
the first pump, and wherein the second pumping section of the second pump is

arranged to exhaust fluid at or around atmospheric pressure.

Each compound pump preferably comprises a drive shaft having mounted thereon

at least one rotor element for each of the pumping sections.

This system may be a mass spectrometer system, a coating system, or other form

of system comprising a plurality of differentially pumped chambers.

The present invention also provides a method of differentially evacuating a
plurality of pressure chambers, the method comprising the steps of providing a
pumping arrangement comprising first and second compound pumps each
comprising at least a first inlet, a second inlet, a first pumping section and a
second pumping section downstream from the first pumping section, the sections
being arranged such that fluid entering the pump from the first inlet passes through
the first and second pumping sections and fluid entering the pump from the
second inlet passes through, of said sections, only the second section; and
attaching the inlets of the compound pumps to the pressure chambers such that
the second inlet of one of the pumps and the first inlet of the other pump are

attached to an outlet or respective outlets from a common pressure chamber so
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that, in use, the first compound pump evacuates said one of the pressure

chambers in parallel with the second compound pump.

Features described above in relation to system aspects of the invention can

5 equally be applied to the method aspect of the invention, and vice versa.

Preferred features of the present invention will now be described, by way of

example only, with reference to the accompanying drawings, in which:

10 Figure 1 is a simplified cross-section through an example of a known pumping

arrangement suitable for evacuating a differentially pumped, mass spectrometer

system,;

Figure 2 is a simplified cross-section through a first embodiment of a pumping

15 arrangement according to the invention suitable for evacuating a differentially

pumped mass spectrometer system,;

Figure 3 is a simplified cross-section through a second embodiment of a pumping

arrangement according to the invention suitable for evacuating a differentially

20 pumped mass spectrometer system,; and

Figure 4 is a simplified cross-section through a third embodiment of a pumping

arrangement according to the invention suitable for evacuating a differentially

pumped mass spectrometer system.

25
A first embodiment of a pumping arrangement 100 for evacuating the differentially
pumped mass spectrometer system of Figure 1 is illustrated schematically in
Figure 2. The pumping arrangement 100 comprises a first compound, multi-port
pump 102, a second compound, multi-port pump 104 and a backing pump 105.

30

Each compound pump 102, 104 comprises a multi-component body 106 within

which is mounted a drive shaft 108. Rotation of the shaft is effected by a motor
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(not shown), for example, a brushless dc motor, positioned about the shaft 108.
The shaft 108 is mounted on opposite bearings (not shown). For example, the
drive shaft 108 may be supported by a hybrid permanent magnet bearing and oil
lubricated bearing system. The orientation of the drive shaft is shown as co-axial
with the longitudinal axis of the mass spectrometer system (horizontal as shown in
Figure 2), although it may be inclined at any angle, for example orthogonal or at
any other orientation, with extended inlet ports as required depending upon the

system performance and geometry requirements.

Each compound pump includes at least three pumping sections 110, 112, 114.
The first pumping section 110 comprises a set of turbo-molecular stages. In the
embodiment shown in Figure 2, the set of turbo-molecular stages 110 comprises
four rotor blades and four stator blades of known angled construction. In this

example, the rotor blades are integral with the drive shaft 108.

In the embodiment shown in Figure 2, the second pumping section 112 is similar
to the first pumping section 110, and thus also comprises a set of turbo-molecular
stages having four rotor blades and four stator blades of known angled
construction. In this example, the rotor blades are also integral with the drive
shaft 108. Alternatively, the second pumping section 112 may be provided by a

different molecular pumping mechanism, such as an externally threaded, or

helical, rotor.

Downstream of the first and second pumping sections is a third pumping section
114 in the form of a molecular drag mechanism, for example, a Holweck drag
mechanism. In this embodiment, the Holweck mechanism comprises one or more
rotating cylinder(s) and corresponding annular stators having helical channels
formed therein in a manner known per se. The rotating cylinders are preferably
formed from a carbon fibre material, and are mounted on a disc 116, which is
located on the drive shaft 108. In this example, the disc 116 is also integral with
the drive shaft 108. Downstream of the Holweck mechanism 114 is a pump outlet
118. The backing pump 105 backs the compound pumps 102, 104 via the outlets
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118. Alternatively, the outlet of the first compound pump 102°may be connected
to another appropriate point on the vacuum system such that the gas exiting pump

102 via port 118 passes through another part of the vacuum system prior to

entering the backing pump 105.

As illustrated in Figure 2, each compound pump 102, 104 has at least two inlets.
In each compound pump 102, 104, the first, lower pressure inlet is located
upstream of all of the pumping sections. The second, middle pressure inlet is
located interstage the first pumping section 110 and the second pumping section
112. Although only two inlets are used in this embodiment, each compound pump
may have additional inlets If required to pump additional system chambers, for
example interstage the turbomolecular and Holweck pumping stages. The fluid
entering the pump through any additional ports may pass through only a portion of

the pumping sections or follow a different path in part to that entering the pump

through the first and second inlets.

In use, each inlet is connected to a chamber of the differentially pumped mass
spectrometer system. In this embodiment, the first inlet 120 of the first compound
pump 102 is connected to the high vacuum, lowest pressure chamber 10, both the
second inlet 122 of the first compound pump 102 and the first inlet 124 of the
second compound pump 104 are connected to middle pressure, third interface
chamber 16 and the second inlet 126 of the second compound pump 104 is
connected to high pressure, second interface chamber 14. The highest sub-
atmospheric pressure, first interface chamber 12 is evacuated by the backing

pump 105. Where additional interface chambers are used, these can be

connected to additional inlet ports (not shown).

Fluid passing through the first inlet 120 of the first compound pump 102 from the

low pressure chamber 10 enters the pump 102, passes through the first pumping

section 110, through the second pumping section 112, through all of the stages of

the Holweck mechanism 114 and exits the pump 102 via pump outlet 118.
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Fluid passing through the second inlet 122 of the first compound pump 102 from

the third interface chamber 16 enters the pump 102, passes through the second

pumping section 112, through all of the stages of the Holweck mechanism 114 and

exits the pump 102 via pump outlet 118.

Fluid passing through the first inlet 124 of the second compound pump 104 from
the third interface chamber 16 enters the pump 104, passes through the first
pumping section 110, through the second pumping section 112, through all of the

stages of the Holweck mechanism 114 and exits the pump 104 via pump outlet

118.

Fluid passing through the second inlet 126 of the second compound pump 104
from the second interface chamber 14 enters the pump 104, passes through the

second pumping section 112, through all of the stages of the Holweck mechanism:

114 and exits the pump 104 via pump outlet 118.

In this example, In use, and similar to the system described with reference to
Figure 1, the first interface chamber 12 is at a pressure of around 1-10 mbar, the
second interface chamber 14 is at a pressure of around 10°-10 mbar, the third
interface chamber 16 is at a pressure of around 10™-10" mbar, and the high

vacuum chamber 10 is at a pressure of around 107 -10° mbar.

In the embodiment described above, parallel pumping of one of the chambers is
provided by connecting dissimilar inlets of the two compound pumps, namely the
second inlet 122 of the first compound pump 102 and the first inlet 124 of the
second compound pump 104, to the same chamber, in the case shown to the third
interface chamber 16, although this can be selected depending upon the gas load
distribution and performance requirements.  This arrangement optimises the
pumping performance of the pumping arrangement 100 both for the additional
pumping requirements posed by the introduction of an additional gas load into the

interface chamber 16 and for each of the other chambers of the differentially

pumped mass spectrometer system. Providing such parallel pumping of a
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chamber provides a greater level of performance on the parallel pumped chamber
than using a single pump inlet of the same capacity.  Additionally, in contrast to
an arrangement where compound pumps are operated in “true parallel”, namely
where similar inlets of two compound pumps are used to evacuate the same
chamber, the number of inlets available for connection to other chambers can be
maximised. For example, two compound pumps each with two inlets, operating in
true parallel would provide differential pumping for two chambers only, whereas
similar pumps using dissimilar inlets to evacuate one of the chambers would allow
at least three chambers to be differentially pumped. Minimising the pumping
arrangement 100 to two compound pumps 102, 104, plus backing pump 105,

therefore provides a compact pumping arrangement of low cost and low

component count.

As illustrated in Figure 2, the compound pumps 102, 104 may be identical, thereby
further rationalising the pumping arrangement 100, although this is not essential:
the compound pumps 102, 104 are preferably chosen to provide the optimum

pumping performance for a particular mass spectrometer system, taking into

account the particular gas load at each stage of the mass spectrometer system.

The backing pump 105 is typically a relatively large, floor standing pump.
Depending on the type of backing pump used, the performance provided by the
backing pump at the first interface chamber 12 can be significantly affected by the

operational frequency. For example, a direct on line backing pump running from a

50Hz electrical supply can produce a performance in the first chamber 12 as much

as a 20% lower than the performance produced by the same pump operating at

60Hz. As the remaining chambers 10, 14, 16 are all linked to the first chamber 12,

any change in the performance in the first chamber 12 would have a significant

affect on the performance in the other chambers.

In order to overcome these problems, Figure 3 illustrates a second embodiment of
a pumping arrangement 200 suitable for evacuating more than 99% of the total

mass flow from a differentially pumped mass spectrometer system through the
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compound pumps. This pumping arrangement 200 is similar to the pumping
arrangement 100, save that each compound pump 102, 104 includes a third inlet
202 located downstream from the first and second inlets. A conduit 204 has an
inlet 206 through which fluid from the first interface chamber 12 enters the conduit
204, the conduit 204 conveying the fluid to the third inlets 202 of each compound
pump 102, 104 to provide “true parallel” pumping of the first interface chamber 12

in addition to the parallel pumping of the third interface chamber 16 as described

above with reference to Figure 2.

Each third inlet 202 may be located upstream of or, as illustrated in Figure 3,
between the stages of the Holweck mechanism 114, such that all of the stages of
the Holweck mechanism are in fluid communication with the first and second inlets

120, 122, whilst, in the arrangement illustrated in Figure 3, only a portion (one or

more) of the stages are in fluid communication with the third inlet 202, so that in
use fluid passing through each of the third inlets 202 from the first interface
chamber 12 enters the respective compound pump, passes through at least a

portion of the channels of the Holweck mechanism 114 and exits the pump via

pump outlet 118.

By providing a pumping arrangement 200 in which the compound pumps are able
to manage more than 99% of the total fluid mass flow of the mass spectrometer

system, the aforementioned problems associated with system performance

variation due to backing pump supply frequency can be reduced.

Furthermore, by providing parallel pumping of the highest pressure chamber 12,

the performance of the highest pressure chamber can be increased by as much as
four-fold. Increasing the performance of this chamber reduces the gas load in the
subsequent chambers, thereby effectively boosting the performance in these
chambers. This can compensate for the problems associated with the
conductance limitations of typical compound pumping arrangements. Increasing
the performance of the highest pressure chamber can also enable a higher inlet

flow of ions and carrier gas into the mass spectrometer system from the ion
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source, thereby increasing the sensitivity of the mass spectrometer system whilst
maintaining the optimum fluid pressures within the chambers. The apertures
between the chambers can also be increased to accommodate the increased

number of ions passing through the system whilst maintaining the optimum fluid

pressures within the chambers.

Additional pumping stages can be added to the compound pumps 102, 104 to
reduce the required performance of the backing pump 105. For example, a fourth
pumping section (not shown), such as an aerodynamic regenerative stage, may be
provided downstream of the Holweck mechanism 114. This regenerative stage
may be conveniently provided by a plurality of rotors in the form of an annular
array of raised rings mounted on, or integral with, the disc 116 of the Holweck
mechanism 114. The stator of the Holweck mechanism 114 can also form the
stator of the regenerative stage, having formed therein an annular channel within
which the rotors rotate. In use, such a modified pumping arrangement can
generate a similar performance advantage in the chambers of the differentially
pumped mass spectrometer system as the pumping arrangements 100, 200 of the
first and second embodiments. In addition to the potential performance
advantage offered by these embodiments, this arrangement can also offer two
further distinct advantages. The first of these is the consistency of the system
performance when backed by pumps with different levels of performance, for
example a backing pump operating directly on line at 50 or 60Hz. In the case of
this arrangement, it is anticipated that, in the system described with reference to
Figure 3, the variation in system performance will be as low as 1% if the frequency

of operation of the backing pump 105 is varied between 50Hz and 60Hz, thus

providing the user with a flexible pumping arrangement with stable system

performance.

The second additional advantage is that by providing an additional pumping

section downstream of the Holweck section, this arrangement of the compound
pumps 102, 104 can enable the capacity, and thus the size, of the backing pump

105 to be significantly reduced in comparison to the first and second
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embodiments. This is because, by virtue of the additional pumping sections, the
compound pumps can exhaust fluid at a pressure of above 10mbar. In contrast,
the compound pumps 102, 104 of the first and second embodiments typically
exhausts fluid at a pressure of around 1-10 mbar, and so the size of the backing
pump 105 can be reduced significantly. It is anticipated that this size reduction
could be as much as a factor of 5-10 in some mass spectrometer systems without

adversely affecting system performance. This can also provide for reduced total

power consumption of the pumping arrangement.

With such an arrangement, that is, where an additional pumping stage is provided
downstream from the Holweck mechanism 114, only one of the compound pumps

102, 104 may be required to be connected to the highest pressure chamber 12
depending on performance and power requirements. Alternatively, at least one of
the inlets 202 may be located between the Holweck mechanism 114 and the
additional pumping stage so that fluid eniering the compound pump through that

inlet does not pass through the Holweck mechanism 114.

As an alternative to reducing the size of the backing pump 105, a plurality of

pumping arrangements, each for evacuating a respective mass spectrometer
system, may be attached to a single backing pump, thereby reducing the overali

size of the pumping arrangements for the mass spectrometer systems.

Similar advantages are provided by a third embodiment of a pumping arrangement

300 illustrated in Figure 4 and which is also suitable for evacuating more than 99%

of the total mass flow from a differentially pumped mass spectrometer system

through a compound multi-port pump exhausting to near atmospheric pressure.

The pumping arrangement 300 comprises a tirst compound pump 102 similar to
the compound pump 102 of the second embodiment. To recap, the compound
pump 102 comprises a multi-component body 106 within which is mounted a drive
shaft 108. Rotation of the shaft is effected by a motor (not shown), for example, a

brushless dc motor, positioned about the shaft 108. The shaft 108 Is mounted on
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opposite bearings (not shown). For example, the drive shaft 108 may be
supported by a hybrid permanent magnet bearing and oil lubricated bearing
system. The compound pump 102 includes at least three pumping sections 110,
112, 114. Each of the first pumping section 110 and the second pumping section
112 may comprise a set of turbo-molecular stages or alternatively, the second
pumping section 112 may be provided by a different molecular pumping
mechanism, such as an externally threaded, or helical, rotor. In the embodiment
shown in Figure 4, each set of turbo-molecular stages comprises four rotor bilades
and four stator blades of known angled construction. In this example, the rotor
blades are integral with the drive shaft 108. The third pumping section 114 in the
form of a molecular drag mechanism, for example, a Holweck drag mechanism.

In this embodiment, the Holweck mechanism comprises one or more rotating
cylinders and corresponding annular stators having helical channels formed
therein in a manner known per se. The rotating cylinders are preferably formed
from a carbon fibre material, and are mounted on a disc 116, which is located on
the drive shaft 108. In this example, the disc 116 is also integral with the drive

shaft 108. Downstream of the Holweck mechanism 114 is a pump outlet 118.

As illustrated in Figure 4, the compound pump 102 has three inlets. The first,
lower fluid pressure inlet 120 is located upstream of all of the pumping sections.
The second, middle fluid pressure inlet 122 is located interstage the first pumping
section 110 and the second pumping section 112. The third higher fluid pressure
inlet 202 is located upstream of or, as illustrated in Figure 4, between the stages of
the Holweck mechanism 114, such that all of the stages of the Holweck
mechanism are in fluid communication with the first and second inlets 120, 122,

whilst, in the arrangement illustrated in Figure 4, only a portion (one or more) of

the stages are in fluid communication with the third inlet 202.

The pumping arrangement 300 also comprises a second compound pump 302.
The second compound pump 302 comprises a body 304 within which is mounted

a drive shaft 306. Rotation of the shaft 306 is effected by a motor 308 positioned

about the shaft 306. The shaft 306 is mounted on opposite bearings (not shown).
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The compound pump 302 includes two pumping sections 312, 314. The first
pumping section 312 is in the form of a molecular drag mechanism, for example, a
Holweck drag mechanism generally formed within an upper portion of the body
304. The second pumping section 314 is in the form of an aerodynamic

regenerative stage provided downstream from the Holweck mechanism 312.

The second compound pump 304 also has three inlets. The first, lower tluid
pressure inlet 316 is located upstream of all of the pumping sections. The
second, middie fluid pressure inlet 318 between the stages of the Holweck
mechanism 312, such that all of the stages of the Holweck mechanism are in fluid
communication with the first inlet 316, whilst, in the arrangement illustrated in
Figure 4, only a portion (one or more) of the stages are in fluid communication with
the second inlet 318. The third, higher pressure inlet 320 may be located

interstage the Holweck mechanism 312 and the regenerative stage 314.

In use, the first inlet 120 of the first compound pump 102 is connected to the high

vacuum, lowest pressure chamber 10, the second inlet 122 of the first compound

“pump 102 is connected to middle pressure interface chamber 16, the first iniet 316

of the second compound pump 302 is connected to a higher pressure interface
chamber 14, and both the third inlet 202 of the first compound pump 102 and the

second inlet 318 of the second compound pump 302 are connected in to the

highest pressure interface chamber 12 via conduit 322 to provide parallel pumping
of this interface chamber. The third inlet 320 of the second compound pump 302

is connected to the outlet 118 of the first compound pump 102.

Fluid passing through the first inlet 120 of the first compound pump 102 from the
lowest pressure chamber 10 enters the pump 102, passes through the first
pumping section 110, through the second pumping section 112, through all of the
channels of the Holweck mechanism 114, exits the pump 102 via pump outlet 118,
passes through the regenerative stage 314 of the second compound pump 302,

and exits the pump 302 via outlet 324 at or near atmospheric pressure. Thus, the
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lowest pressure chamber 10 is evacuated by a series connection of stages of both

the first and second compound pumps 102, 302.

The middle pressure interface chamber is similarly evacuated by a series
connection of stages of both the first and second compound pumps 102, 302.
Fluid passing through the second inlet 122 of the first compound pump 102 from
the middle pressure interface chamber 16 enters the pump 102, passes through
the second pumping section 112, through all of the channels of the Holweck
mechanism 114, exits the pump 102 via pump outlet 118, passes through the
regenerative stage 314 of the second compound pump 302 and exits the pump

302 via the outlet 324 at or near atmospheric pressure.

As mentioned earlier, the highest pressure interface chamber 12 may be

evacuated in parallel by connecting thereto dissimilar inlets of the first and second
compound pumps 102, 302. Fluid passing through the third inlet 202 of the first
compound pump 102 from the highest pressure interface chamber 12 enters the
pump 102, passes through only a portion of the Holweck mechanism 114, exits the
pump 102 via pump outlet 118, passes through the regenerative stage 314 of the
second compound pump 302 and exits the pump 302 via the outlet 324. Fluid
passing through the second inlet 318 of the second compound pump 304 from the
highest pressure interface chamber 12 enters the pump 302, passes through only

a portion of the Holweck mechanism 312, passes through the regenerative stage

314 and exits the pump 302 via the outlet 324.

Fluid passing through the first inlet 316 of the second compound pump 302 from
the high pressure interface chamber 16 enters the pump 302, passes through the

Holweck mechanism 312 and regenerative stage 314 and exits the pump 302 via

the outlet 324.

In this example, in use, the interface chamber 12 is at a pressure of around 1-10
mbar, the interface chamber 14 is at a pressure of around 10°- 10 mbar, the

interface chamber 16 is at a pressure of around 10°-10™ mbar, and the high



CA 02563248 2006-10-05
WO 2005/113986 PCT/GB2005/001701

- 18 -

vacuum chamber 10 is at a pressure of around 107 =10®mbar. In this
embodiment, the compound pump 302 exhausts fluid at or around atmospheric
pressure. This can enable the backing pump 105 of the first and second

embodiments to be eliminated altogether.

Similar to the embodiment described above with reference to Figure 3, only one of
the compound pumps 102, 302 may be required to be connected to the highest

pressure chamber 12 depending on performance and power requirements.
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What is claimed is:

1. A differentially pumped vacuum system comprising a plurality of
pressure chambers; and a pumping arrangement attached thereto for
evacuating the chambers, the pumping arrangement comprising first
and second compound pumps each comprising at least a first inlet, a
second Inlet, a first pumping section and a second pumping section
downstream from the first pumping section, the sections being
arranged such that fluid entering the pump from the first inlet passes
through the first and second pumping sections and fluid entering the
pump from the second inlet passes through, of said sections, only the
second section, wherein the second inlet of one of the pumps and
the first inlet of the other pump are attached to an outlet or respective
outlets from a common pressure chamber so that, in use, the first
compound pump evacuates said common pressure chamber in

parallel with the second compound pump.

2. A system according to Claim 1, wherein the first inlet of the first pump
IS attached to an outlet from a first, relatively low, pressure chamber,
and the second inlet of the first pump and the first inlet of the second
pump are attached to an outlet or respective outlets from a common

higher pressure chamber.

3. A system according to Claim 2, wherein the second inlet of the first
pump and the first inlet of the second pump are attached to an outlet
or respective outlets from a second, medium pressure chamber, and
the second inlet of the second pump is attached to an outlet from a

third, relatively high pressure chamber.
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A system according to any one of Claims 1-3, wherein at least one of

the first and second pumping sections comprises at least one

turbomolecular stage.

A system according to any one of Claims 1-4, wherein both of the first
and second pumping sections comprise at least one turbomolecular
stage.

A system according to any one of Claims 1-5, wherein the first and

second pumping sections are of different size.

A system according to any one of Claims 1-6, wherein at least the second
compound pump comprises a third pumping section downstream from the
second pumping section, the first, second and third pumping sections of the
second compound pump being arranged such that fluid entering the second

compound pump of the first inlet passes through the first, second and third
pumping sections, and fluid entering the second compound pump from the

second inlet passes through only the second and third pumping sections.

A system according to Claim 7, wherein the third pumping section

comprises a multi-stage molecular drag mechanism.

A system according to Claim 8, wherein the molecular drag
mechanism is a multi-stage Holweck mechanism with a plurality of

channels arranged as a plurality of helixes.

A system according to any one of Claims 7 to 9, wherein at least the

second compound pump comprises a third inlet for receiving fluid from a fourth
pressure chamber, the first, second and third pumping sections of the second
compound pump being arranged such that fluid entering the second compound

pump from the fourth chamber passes through only the third pumping section.
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A system according to Claim 10, wherein the third pumping section is

arranged such that fluid passing therethrough from the third inlet may

follow a different path than fluid passing therethrough from the

second inlet.

A system according to Claim 11, wherein the third pumping section is
arranged such that fluid passing therethrough from the third inlet

follows only part of the path of the fluid passing therethrough from the

second Inlet.

A system according to any one of Claims 10 to 12, wherein each
compound pump has a said third inlet arranged to receive fluid from
the fourth pressure chamber, the compound pumps being arranged
such that the first compound pump evacuates the fourth pressure

chamber in parallel with the second compound pump.

A system according to Claim 13, wherein each said third inlet is
connected to conduit means for conveying fluid thereto from an outlet

of the fourth pressure chamber.

A system according to any one of Claims 7 to 14, wherein at least the
second compound pump comprises an additional pumping section
downstream from the third pumping section.

A system according to Claim 15, wherein the additional pumping

section comprises an aerodynamic pumping mechanism.

A system according to Claim 16, wherein the aerodynamic pumping

mechanism comprises a regenerative stage.
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A system according to any one of Claims 1 to 14, comprising an

additional pressure chamber having an outlet connected directly to a

backing pump for receiving fluid exhaust from the compound pumps.

A system according to Claim 1, wherein said plurality of pressure chambers form

part of a mass spectrometer, the compound pumps being arranged such that a

highest pressure chamber of the mass spectrometer is evacuated in parallel.

A system according to Claim 2, wherein the second inlet of the

second pump is connected to an outlet from the first pump.

A system according to Claim 20, wherein the second pumping
section of the second pump is arranged to exhaust fluid at or around

atmospheric pressure.

A system according to Claim 20 or Claim 21, wherein the second
pumping section of the second pump comprises an aerodynamic

pumping mechanism.

A system according to Claim 22, wherein the aerodynamic pumping

mechanism comprises a regenerative stage.

A system according to any one of Claims 19 to 23, wherein the first

pumping section of the second pump comprises a molecular drag mechanism.

A system according to any of one Claims 19 to 24, wherein the second

pumping section of the first pump comprises a molecular drag section.

A system according to any one of Claims 19 to 25, wherein the first
pumping section of the first pump comprises at least one

turbomolecular stage.
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A system according to any one of Claims 19 to 26, wherein at least one of

the first and second pumps comprises an additional inlet upstream

from the first inlet thereof.

A system according to Claim 27, wherein the first pump comprises an
additional pumping section located between the additional inlet and

the first inlet.

A system according to Claim 28, wherein the additional pumping

section comprises at least one turbomolecular stage.

A differentially pumped vacuum system comprising a plurality of
pressure chambers; and a pumping arrangement attached thereto for
evacuating the chambers, the pumping arrangement comprising first
and second compound pumps each comprising at least a first inlet, a
second inlet, a first pumping section and a second pumping section
downstream from the first pumping section, the sections being
arranged such that fluid entering the pump from the first inlet passes
through the first and second pumping sections and fluid entering the
pump from the second inlet passes through, of said sections, only the
second section, wherein the first inlet of the first pump is attached to
an outlet from a first, relatively low, pressure chamber, the second
Inlet of the first pump is attached to an outlet from a second, medium
pressure chamber, the first inlet of the second pump is attached to an
outlet from a third, relatively high pressure chamber, and the second
inlet of the second pump is connected to an outlet from the first

pump, and wherein the second pumping section of the second pump

Is arranged to exhaust fluid at or around atmospheric pressure.
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A system according to any one of claims 1-30, wherein each compound

pump comprises a drive shaft having mounted thereon at least one

rotor element for each of the pumping sections.

A system according to any one of claims 1-18, 20-23, 30, and 31, wherein said

plurality of pressure chambers form part of a mass spectrometer.

A method of differentially evacuating a plurality of pressure
chambers, the method comprising the steps of providing a pumping
arrangement comprising first and second compound pumps each
comprising at least a first inlet, a second inlet, a first pumping section
and a second pumping section downstream from the first pumping
section, the sections being arranged such that fluid entering the
pump from the first inlet passes through the first and second pumping
sections and fluid entering the pump from the second inlet passes
through, of said sections, only the second section; and attaching the
inlets of the compound pumps to the pressure chambers such that
the second inlet of one of the pumps and the first inlet of the other
pump are attached to an outlet or respective outlets from a common
pressure chamber so that, in use, the first compound pump
evacuates said one of the pressure chambers in parallel with the

second compound pump.
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