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(54) Gas transfer vacuum pump

(57) An improved vacuum pump mechanism (10) is
described in which a perforated element (14) is arranged
to intersect a channel member (12). Relative movement
of the perforated element and channel member causes
gas molecules to be urged from inlet (16) to an outlet (18)
of the pump. Gas molecules are constrained within the
channel member and interaction of the gas molecules
with the flat and smooth surfaces of the perforated mem-
ber (14) influence momentum of the gas molecules so
that they are directed towards the outlet (18). In one em-
bodiment, the channel member (12) is formed as a helix
and the perforated elements are disk-shaped. An alter-
native embodiment is provided having the channel mem-
ber (12) configured as a spiral and the perforated ele-
ments as cylindrical skirts. The pump provides significant
improvements in pump capacity, reduced power con-
sumption and size of pump.
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Description

[0001] The present invention relates to vacuum pumps
of the gas transfer type. In particular, but not exclusively,
the present invention relates to a new type of drag vac-
uum pump mechanism.
[0002] In general, vacuum pumps can be split into var-
ious categories according to their pumping mechanism.
Thus, in broad terms, a vacuum pump can be categorised
as either a gas transfer pump or an entrapment pump.
Gas transfer pumps can be further classified as kinetic
pumps or positive displacement pumps (which includes
reciprocating pumps and rotary displacement pumps
such as Roots or rotary vane mechanisms). Kinetic
pumps can also be further classified as drag pumps (such
as molecular drag pumps or turbo-molecular pumps) or
fluid entrainment pumps (such as oil vapour diffusion
pumps).
[0003] In order to achieve a certain level of vacuum
pressure, different types of pumps can be arranged to
operate in series in order to compress low pressure gases
to pressures at or just above atmospheric pressure. The
different classification of pumps used in such a pumping
arrangement depends on many factors, including the lev-
el of vacuum pressure required, the application requiring
a vacuum environment, the volume of material to be
pumped within a certain timeframe and the material being
pumped through the vacuum pump, for instance.
[0004] Gas transfer vacuum pumps are currently used
in many different industrial and scientific applications. For
instance, gas transfer pumps provide vacuum for the
manufacture of semiconductor devices, including, but not
limited to the manufacture of integrated circuits, micro-
processors, light emitting diodes, flat panel display and
solar panels. These applications require a relatively ster-
ile or benign environment in order to enable deposition
and processing of material on a substrate. In addition,
gas transfer pumps are used in other industrial processes
that require vacuum, including glass coating, steel man-
ufacture, power generation, vacuum distillation, lithium
ion battery production and the like. Some scientific in-
struments, such as mass spectrometers or electron
beam microscopes, also require vacuum environments
and gas transfer pumps are often used to achieve a suit-
able vacuum environment.
[0005] Various type of gas transfer pump mechanisms
have been developed over time. Different pump mecha-
nisms were developed according to the requirements of
the application and as result of different flow behaviour
of gas molecules at different vacuum pressures. For in-
stance, at high vacuum pressures (10-3 mbar and below)
the gas molecules are said to be in a molecular flow re-
gime. Here, the molecules move freely without mutual
hindrance and collisions are mainly with the walls of a
vessel. Molecules strike the vessel’s wall, stick for a rel-
atively short period, and then leave the wall’s surface in
a new and unpredictable direction. The flow of gas is
random and the mean free path is relatively large. In mo-

lecular flow regimes pumping occurs when molecules
migrate into the vacuum pump of their own accord. At
vacuum pressure in the region of atmospheric pressure
to about lmbar the gas molecules behave in a different
manner. At these higher pressures the flow is called vis-
cous flow. Here the gas molecules collide with one an-
other frequently and the mean free path of the molecules
is relatively short. Turbulent and laminar flow conditions
exist in this pressure regime. The pressure regime be-
tween molecular and viscous conditions is termed tran-
sitional flow regime (from about lmbar to 10-3 mbar).
[0006] However, there is no known single type of pump
mechanism that can operate at required high efficiency
across all the vacuum pressure regimes. Thus, in order
to evacuate a chamber to a high level of vacuum pressure
(10-6 mbar, for instance), a vacuum pump system might
include a turbo-molecular pump (which are designed to
operate efficiently at pressures between 10-9 to
10-2mbar) backed by a molecular drag pump mechanism
(which operate efficiently in the transitional flow regime)
and further backed by a scroll, Roots or screw pump
(which operate efficiently in the viscous flow regime and
exhaust gas at atmospheric pressures), depending on
the application requirements.
[0007] Certain molecular drag mechanisms were de-
veloped in the first half of the 20th Century and subse-
quently optimised. However, the fundamental arrange-
ment of the various drag mechanism configurations has
remained unchanged, save for the developmental design
tweaks. In essence, drag pump action is produced by
momentum transfer from a relatively fast moving rotor
surface directly to gas molecules contained within a
channel defined by a stator. The mechanisms have taken
the names of their principle developers.
[0008] For instance, in the Gaede pump mechanism
shown in figure 1 (which is named after Wolfgang Gaede
1878-1945) gas molecules are forced to traverse a set
of rotating impeller disks 1, each of which is rotating in
close proximity to a stationary gas channel 2 whose inlet
3 and outlet 4 are separated by a stationary stripper mem-
ber 5 that urges molecules away from the rotating disk
at the outlet and into the inlet of the next stage (also see
patent documents US852947 and GB190927457).
[0009] The Holweck pump mechanism shown in figure
2 generally comprises a smooth sided cylinder 6 spinning
in close proximity to a helical grooved outer wall 7 and
is named after Fernand Holweck, (1890-1941). The tan-
gential velocity of the cylinder imparts momentum to the
gas molecules which are propelled within the grooved
channels along helical path towards an outlet 4. Multiple
grooved surfaces are commonly used (reference can be
made to US 1492846 for more details). In alternative Hol-
weck configurations, the smooth sided cylinder can form
the stator and the rotor can be configured as the helical
grooved component.
[0010] In a Siegbahn pump mechanism, as shown in
figure 3, the rotor generally comprised a spinning disk 8
to impart momentum to the gas molecules. The stator
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comprises spiral channels on its surface held close to
the rotating disk. Thus, gas molecules are forced to travel
along the inwardly spiralling radial channels. This mech-
anism was developed by Mane Siegbahn (1886-1978)
and is further described in patent document GB332879.
[0011] More detailed explanation of these known
mechanisms and their additional incarnations is not nec-
essary here because the skilled person is familiar with
them. The various mechanisms form part of the common
general knowledge of the person skilled in the art of vac-
uum pump technology, with further explanation found in
various books on the subject. For example, reference
can be made to the following text books: "Modern Vac-
uum Practice", by Nigel Harris, published by McGraw-
Hill in 2007 (ISBN-10:0-9551501-1-6); "Vacuum Science
and Technology", edited by Paul A Redhead, published
for the American Vacuum Society by AIP Press in 1994
(ISBN 1-56396-248-9); and "High-Vacuum Technology
- A Practical Guide", by Mars Hablanian, published by
Marcel Dekker Inc in 1990 (ISBN 0-8247-8197-X).
[0012] Both Holweck and Siegbahn mechanisms are
commonly used as backing pumping mechanisms for tur-
bo-molecular pump mechanism. Advantageously, the
Holweck or Siegbahn rotor can be integrally coupled to
the turbo-molecular pump’s rotor thereby allowing for a
single rotor and drive motor design. Such pump mecha-
nisms are often referred to as compound turbo-molecular
pumps and examples of this type of pump are disclosed
in US8070419, US6422829 and EP1807627, for exam-
ple.
[0013] However, known molecular drag mechanisms
suffer from various drawbacks. For instance, the capacity
of the pump mechanism is limited because the rotor has
to rotate relatively close to the stator and the depth of the
stator channel has to be relatively shallow in order to
optimise the compression ratio of the pump. In known
drag pump mechanisms, it is not possible to increase
capacity by increasing the depth of the stator channel
beyond a certain limited. The system being evacuated is
at a lower gas pressure than at the pump’s exhaust and
gas naturally tries to flow back through the pump into the
evacuated system to equalise any pressure gradient. If
the stator channel is too deep, then gas molecules in a
portion of the channel furthest from the rotor can be un-
affected by rotor. Thus, a path for gas molecules to flow
back along the channel against the intended flow direc-
tion towards the inlet of the drag pump stage can be pro-
vided when the channel is too deep resulting in a signif-
icant loss of pump efficiency and compression ratio.
[0014] There is a desire to increase the capacity of
drag mechanism vacuum pumps. This might be achieved
by providing several drag mechanisms arranged in a par-
allel configuration, such as the system disclosed in
US5893702. Here, concentric Holweck pump stages are
arranged to work in parallel with one another. However,
the additional rotor weight, inertia, complexity and overall
pump size required by this type of configuration can make
it undesirable.

[0015] Turbo-molecular pumps comprise a series of
rotor blades that extended in a generally radial direction
from a rotor axle or hub. A series of rotor blade sets are
stacked on top on one another along the axis of rotation.
The blades are angled to direct gas molecules struck by
the rotating towards an outlet. It is conventional to place
stator blades in-between each rotor blade set to improve
pump efficiency and reduce back flow of gas molecules
towards the pump inlet. The stator blades are generally
designed along the same principles as the rotor blades,
but the stator blades are angled in an opposite direction.
The rotor and stator blades can be machined from a metal
block or formed from a sheet of metal having the blades
stamped out of the sheet. The skilled person is familiar
with this type of the vacuum pump and further description
of the mechanisms is not necessary here. Alternative tur-
bo-molecular pump designs have been proposed that
can be best described as radial flow turbo-molecular
pumps, such as those described in US2007081889,
US6508631 and DE10004271.
[0016] Both axial and radial flow turbo-molecular vac-
uum pumps are efficient only in the molecular flow regime
pressures because the pump relies on high speed rotors
imparting momentum to gas molecules and directing the
molecules towards to the outlet. At higher pressures, that
is in the transitional and viscous flow regimes where gas
molecules interact with one another as well as part of the
pump, turbo-molecular pumps become much less effi-
cient. This reduction in efficiency is manifested as an
inability of turbo-molecular pumps to provide an effective
compression ratio of gases at relatively low vacuum pres-
sures. In effect, at low vacuum pressures (i.e. in the tran-
sitional and viscous flow pressure regimes) the gas mol-
ecules can become ’trapped’ in-between the blades of a
rotor or stator as a result of interacting with neighbouring
gas molecules rather than the parts of the pump designed
to direct molecules towards an outlet. Thus, at these high-
er pressures, the pump can suffer from so-called ’carry
over’ where gas molecules are not effectively transferred
along the axial length of the pump towards the outlet, but
tend to remain in the space between neighbouring rotor
blades and travel in a generally circumferential path.
[0017] The present invention aims to provide a vacuum
pump mechanism that ameliorates the issues discussed
above. Additionally, the present invention aims to provide
a vacuum pump mechanism that has a relatively high
pumping capacity, operates at lower consumption levels
and/or requires relatively less space compared to known
pump mechanism with the same or similar specification.
In other words, the present invention aims to provide a
more efficient vacuum pump in terms of gas throughput,
cost of ownership and/or overall pump size.
[0018] In order to try and achieve this aim, the present
invention is directed in broad terms towards a pump
mechanism in which two elements are arranged for rel-
ative movement with respect to one another and where
a first element provides a channel defining a gas flow
path between an inlet and outlet and a second elements

3 4 



EP 2 620 649 A1

5

5

10

15

20

25

30

35

40

45

50

55

intersects the channel at an angle, wherein the second
element is perforated to allow gas to flow through it and,
during use, the relative movement urges gas molecules
in the channel towards the outlet. The second element
should be relatively thin (for example less than 1 mm
thick) and have smooth surfaces. To try and minimise
’carry-over’ of gas molecules, the first element (that de-
fines the gas flow channel) should extend to a position
that is relatively close, or as close as possible to the sur-
face of the second element. This arrangement can be
utilised so that a majority of gas molecules remain within
the gas flow channel at the point where the second ele-
ment intersects the channel and are not carried over by
the second element as it passes out of the channel. The
second element can intersect the channel at a position
along the length of the channel or at the channel’s outlet
or inlet.
[0019] Thus, the combination of the first and second
elements provides a molecular drag pump arrangement.
However, the present invention can be seen to differ from
known molecular drag pumps (as described above) in
that known systems generally operate with the plane of
the stator and rotor being arranged in parallel or the com-
ponents being arranged concentrically. In broad terms,
one element of the present invention’s pumping mecha-
nism operates in a different plane to the other element.
In other words, one element passes through the gas flow
path defined by the other element and gas can pass along
the flow path by virtue of the perforations or gaps in one
of the elements.
[0020] More precisely, in a first aspect of the present
invention there is provided a vacuum pump or pump rotor
comprising a perforated element being arranged such
that, during use, the perforated element influences the
momentum of a gas molecule interacting with the perfo-
rated element and wherein the perforated element is ar-
ranged to allow the passage of gas molecules through it
via a plurality of perforations. The perforations can be
enclosed by the edges of the perforated element, or open
at the edges of the perforated element. In other words,
open perforations are not enclosed by the edge of the
perforated element.
[0021] The perforated element can be arranged to in-
tersect a portion of a gas flow path in a pump. The per-
forated element can comprise an upstream surface fac-
ing the pump inlet and a downstream surface facing the
pump outlet arranged such that the upstream and down-
stream surfaces of the perforated element can be free
from protrusions. In other words, the surfaces are smooth
or generally flat without elements extending from the sur-
face. The perforated element can be either or a perforat-
ed disk or a perforated cylinder. The surfaces of the disk
or cylinder are flat, in that the surfaces are free of protru-
sions. The term "flat" is taken to mean that surfaces are
said to be flat even when a tapering perforated element
is utilised and/or the perforations are disposed on a
curved surface of a tapered disk or cylinder - the surfaces
do not comprise protrusions extending out of the flat or

curved plane of the perforated element.
[0022] The upstream and downstream surfaces of the
perforated element can provide the means by which mo-
mentum is transferred to the gas molecules. Thus, mol-
ecules passing a pump comprising such a rotor interact
with the rotor’s upstream and downstream surfaces and
are urged towards an outlet.
[0023] The perforations disposed through the perfo-
rate element can include holes having a circular, elon-
gate, ovoid, hexagonal, rectangular, trapezoid, or polyg-
onal shape. Furthermore, the perforated element can
comprise a peripheral edge and at least a portion of the
perforations are open at the peripheral edge. That is, the
perforations are not enclosed by the peripheral edge. In
addition, open perforations can extend in a radial direc-
tion towards an inner circumferential edge, whereby a
portion of the upstream and downstream surface dis-
posed between neighbouring open ended perforations
extends towards the peripheral edge to form a flat radial
vane.
[0024] Advantageously, the perforated element can
have a thickness of less than 1.5mm, preferably less than
1mm and more preferably less than 0.5mm. The thick-
ness is measured as a distance between the upstream
and downstream surfaces.
[0025] In addition, the perforated element comprises
an annular array of perforations passing through the per-
forated element to interconnect upstream and down-
stream surfaces. The perforations can extend through
the perforated element in a direction perpendicular to a
surface of the disk. Thus, perforations extend through
the perforated element to allow the passage of gas there-
through and have an interaction length equivalent the
thickness of the perforated element at the location of the
perforation.
[0026] Additionally, the perforated disk can comprise
an annular portion in which the plurality of perforations
is disposed and the transparency of the annular portion
varies in a radial direction. The transparency can in-
crease with respect to increasing radial distance from
centre of the disk. Furthermore, the transparency varies
as a function of either varying the size of perforation,
varying the angular spacing of perforation, varying the
circumferential spacing of perforations, or any combina-
tion thereof Transparency is taken as the ratio of the total
area of the perforated element intersecting a gas flow
channel that is taken up by the perforations of the perfo-
rated element (i.e. excluding the area taken up by perfo-
rated element’s material) to the total area of member that
intersects a given flow path channel.
[0027] In addition, a spindle that can be coupled to the
perforated element, said spindle being arranged coaxi-
ally with the perforated element. The spindle can be ar-
ranged to be coupled to a plurality of perforated elements
and/or each of the plurality of perforated elements can
be disposed at discrete locations along the axial length
of the spindle. In addition, the spindle can be arranged
to have a diameter that varies along the axis of rotation
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to form an axial profile that is anyone of frustoconical,
stepped, bullet-shaped, and cylindrical, or any combina-
tion thereof. Furthermore, the diameter of the spindle can
increase along the axial length towards a pump outlet.
This arrangement can aid gas compression within a
pump comprising a plurality of rotor elements arranged
in series.
[0028] Advantageously, the perforated elements can
be spaced apart by cylindrical spacing elements so that
a first perforated disk is disposed nearest to an inlet of a
pump and second perforated disk is disposed nearest to
an output of a pump. The first perforated disk can have
a lower transparency compared to the second perforated
disk. This arrangement can be utilised if the desired inlet
pressure is in the molecular flow pressure regime and
the outlet pressure is in the transitional or viscous flow
pressure regimes. The perforated elements can be cou-
pled to the spindle via the spacing elements to allow for
accurate spacing of perforated elements.
[0029] The perforated disk can comprise an annular
portion in which the plurality of perforations is disposed
and a solid inner portion disposed between the annular
portion and the centre of the disk arranged so that the
solid inner portion forms an inner periphery of the disk.
In one arrangement the solid inner portion of the second
perforated disk extends in a radial direction further from
an axis of rotation when compared to a solid inner portion
of the first perforated disk. Additionally, the perforated
disk can comprise an annular portion in which the plurality
of perforations is disposed and a solid outer portion form-
ing the outer periphery of the disk.
[0030] Advantageously, a turbo-molecular blade sec-
tion can be disposed for use upstream of the perforated
element. Additionally, other pumping mechanisms, such
as regenerative pump mechanism, Siegbahn, Holweck
or Gaede drag mechanisms or a centrifugal pump rotor
section can be disposed for use downstream of the per-
forated element.
[0031] Furthermore, the rotor can be made from a ma-
terial including aluminium, aluminium alloy, steel, carbon
fibre re-enforced polymer (CFRP), or titanium.
[0032] Additionally, in a second aspect of the present
invention, there is provided a vacuum pump or a vacuum
pump stator arranged to cooperate with a vacuum pump
rotor, comprising; a channel member or element having
a surface on which a gas flow channel is disposed, said
channel being formed of at least side walls and a floor,
wherein the side walls comprise an intersecting slot ar-
ranged to accommodate a perforated element that inter-
sects the gas flow path at an intersection angle and
wherein the channel is arranged to constrain gas therein,
and wherein the perforated element and channel element
are moveable with respect to one another. The perforated
element is configured to allow the passage of gas through
it, as described above. The intersection angle can be an
acute angle or perpendicular to a portion of the gas flow
channel wall through which the rotor element passes.
[0033] Advantageously, the channel member can be

cylindrical and the gas flow channel is formed as a helix
disposed on an inner surface of the cylinder. In this con-
figuration, the sidewalls of the channel can be disposed
on the inner cylindrical surface of the channel member
and extend from the inner surface towards a longitudinal
axis; and/or the intersecting slot can extend in a radial
direction towards a longitudinal axis of the channel mem-
ber. Thus, this configuration provides a stator for use in
an axial flow pump.
[0034] Alternatively, the channel member can be disk-
shaped and the gas flow channel is formed as a spiral
disposed on an upper surface of the of the channel mem-
ber. In this configuration, the flow channel can extend
between the outer periphery of the channel member and
a position close to a radial axis of the disk-shaped chan-
nel member; and/or the intersecting slot can extend along
an arc a constant distance from the radial axis. Thus, this
configuration provides a stator for use in a radial flow
pump.
[0035] Depending on the desired pump characteris-
tics, the intersecting slot can extend from the floor of the
gas flow channel. Alternatively, the slot can extend to a
position short of the floor of the gas flow channel. In both
cases, the slot is arranged to accommodate a rotor and
if the rotor does not completely intersect the gas flow
channel (i.e. there is a small gap left between the periph-
eral edge of the rotor and the channel floor) then the
alternate configuration can be utilised.
[0036] Advantageously, the channel member can be
arranged to form a portion of a stator, said stator com-
prising two or more stator elements fixed to one another.
Each of the stator elements can be identical to one an-
other. Furthermore, each stator element can comprise
an abutment surface arranged to cooperate with the abut-
ment surface of a neighbouring stator element. Further
still, the intersecting slot can be disposed at a location
coinciding with the abutment surface. The plane of the
intersecting slot can be arranged to be perpendicular to
the abutment surface. Thus, the stator can comprise seg-
ments that are relatively easy to assemble to form a com-
plete stator.
[0037] Advantageously, a portion of the gas flow chan-
nel of one stator elements can be arranged to overlap
with a portion of the gas flow channel of a neighbouring
stator element. Additionally, this configuration also al-
lows for respective overlapping portions of the gas flow
channel to be arranged to overlap and form the intersect-
ing slot in the sidewall of the gas flow channel.
[0038] Advantageously, the vacuum pump or pump
stator can comprises two or more gas flow channels ar-
ranged to extend from an inlet towards an outlet. As a
result, a multiple start pump is provided wherein a stator
configured in this way provides means for having a mul-
tiplicity of inlets to maximise throughput of gas. Prefera-
bly, between two and eight gas flow channels, more pref-
erably six gas flow channels, can be arranged to extend
from an inlet towards an outlet.
[0039] Additionally, the gas flow channels can be ar-
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ranged in a stepped configuration whereby the gas flow
channel comprises radial and longitudinal sections inter-
connected to one another. The slot for accommodating
the rotor can be configured to coincide with the longitu-
dinal section such that the slot is generally perpendicular
to the rotor.
[0040] Of course, the first and second aspects of the
present invention are described above as a rotor and
stator respectively. However, the present invention can
also provide a stator having the features of the rotor de-
scribed in the first aspect, or a rotor having the features
of the stator described in the second aspect above.
[0041] In a third aspect of the present invention there
is provided a vacuum pump having a mechanism com-
prising; a perforated member arranged to intersect a
channel formed on a surface of a channel member, said
channel being arranged to guide gas molecules from an
inlet of the pump towards an outlet, wherein the perfo-
rated member and channel member are arranged to
move relative to one another so that, during use, gas
molecules are urged along the channel towards the out-
let, said perforated member being arranged to allow gas
molecules to pass through it. The perforated member
can intersect the channel at an acute angle or at a 90
degree angle.
[0042] The channel member can comprise a slot, dis-
posed in a wall of the channel, arranged to accommodate
the perforated member at a point where the perforated
member intersects the channel. The slot can extend
across at least the depth of the channel so that the per-
forated member can completely divide the channel at the
point where the perforated member intersects the chan-
nel. Alternatively, the slot does not extend to the floor of
the channel and the perforated member intersects only
portion of the gas flow channel thereby leaving a gap in
the gas flow channel at the point of intersection. Put an-
other way, the perforated member can be arranged to
extend across the gas flow channel to intersect a majority
of the channel, whereby a gap is provided between the
perforated member such that, during use, gas molecule
can pass through the gap.
[0043] Advantageously, the channel member can be
cylindrical and the channel is formed on an inner surface
to form a helical gas flow path between the inlet and outlet
disposed at opposing ends of the channel member. Fur-
thermore, the perforated member can be a perforated
disk in this configuration. The disk can be tapered with
smooth or flat surfaces, free from protrusions. Thus, the
thickness of the perforated member can be minimised,
along with the slot’s width through which the disk passes
to reduce carry-over of gas molecules. In other words,
the width dimension of the slot is comparable to the thick-
ness of the perforated member so as to restrict or mini-
mise the amount of gas that can be carried over within
the perforations or through the slot.
[0044] Additionally, the perforated member is a rotor
and the channel member is a stator. The rotor can be
arranged according to any of the configurations de-

scribed in the first aspect above.
[0045] The channel member can comprise a radial sur-
face on which the channel is formed to provide a spiral
gas flow path between an inner and outer circumference
of the radial surface. Thus, the perforated member can
be a perforated cylinder. The perforated cylinder can be
arranged concentrically with the channel member,
whereby an intersecting slot extends along a circular path
and a rotor can be accommodated within a slot. This ar-
rangement allows for radial flow of gas molecules being
pumped through the vacuum pump.
[0046] Advantageously, a turbo-molecular bladed ro-
tor can be disposed upstream of the channel member.
This provides a means of further encouraging gas mol-
ecules into the pump mechanism, particular in molecular
flow pressure regimes.
[0047] The vacuum pump can further comprise a third
pumping stage disposed downstream of the channel
member. The third pumping stage can comprise any one
a centrifugal pumping stage, a Holweck drag mechanism,
Siegbahn drag mechanism, Gaede drag mechanism, or
regenerative pump mechanism. The third pumping
mechanism can be arranged to exhaust at pressure near
to or above atmospheric pressure.
[0048] Additionally, the perforated member comprises
an upstream surface facing the pump inlet and a down-
stream surface facing the pump outlet. The upstream and
downstream surfaces of the perforated member can be
free from protrusions. In other words, the surfaces are
flat or smooth. The perforated member can be either a
perforated disk, or a perforated cylinder. The perforated
member can comprise a peripheral edge and at least a
portion of perforations are open at the peripheral edge.
The open perforations can extend in a radial direction
towards an inner circumferential edge, whereby a portion
of the upstream and downstream surface disposed be-
tween neighbouring open ended perforations extends to-
wards the peripheral edge to form a flat radial vane. The
perforated member has thickness of less than 2mm or
1.5mm, preferably less than 1mm and more preferably
less than 0.5mm. Furthermore, perforations in the perfo-
rated member can extend through the perforated mem-
ber in a direction perpendicular to a surface of the disk.
Thus, the carry-over of gas molecules can be minimised
and the pump’s efficiency improved.
[0049] Additionally, the present invention provides a
vacuum pump comprising; an inlet, an outlet, a perforated
member, a channel member, and a motor; wherein the
channel member comprises a surface having a channel
formed thereon, said channel being arranged to guide
gas molecules from the inlet towards the outlet, the per-
forated member is arranged to intersect the channel, the
perforated members comprises upstream and down-
stream surfaces which are free of protrusions, a portion
of the perforated member that intersects the channel has
a thickness of less than 2mm, and the motor is arranged
to cause relative movement of the perforated member
and channel member such that, during use, the relative
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movement causes gas molecules to be urged along the
channel towards the outlet, said perforated member al-
lowing gas molecules to pass through it.
[0050] In addition, there is also provided a vacuum
pump mechanism comprising: a rotor coupled to a driving
motor and being rotatable about an axis along which gas
molecules can be pumped, and a stator arranged con-
centrically to the axis, wherein the stator and rotor each
extends longitudinally around the axis between first and
second ends for a predetermined length and the rotor
comprises a first surface arranged to face a second sur-
face of the stator, the stator comprises a third surface
disposed on and extending from the second surface to
the first surface to form a helical gas flow path between
an inlet at the first ends of the stator and rotor and an
outlet at the second ends of the stator and rotor, the rotor
comprising a gas permeable disk-shaped radial member
disposed at the outlet and extending between the first
and second surfaces, the radial member being arranged
to rotate and impart momentum to gas molecules and
wherein the radial member is axially displaced from an
end portion of the third surface by less than 2mm.
[0051] Furthermore, the present invention also pro-
vides a vacuum pump mechanism comprising: a first
pumping element arrange to cooperate with a second
pumping element to urge gas molecules from an inlet
towards an outlet, the said first and second pumping el-
ements being arranged to move relative to one another
about an axis, the first pumping element having a first
surface arranged around the axis facing a second surface
of the second pumping element to form a gap between
the first and second surface, the first pumping element
further comprising an annular screen extending from the
first surface across the gap to the second surface, said
screen being permeable to gas molecules, the second
pumping element further comprising a helical wall dis-
posed on the second surface extending across the gap
to the first surface forming a helical path between the first
and second surfaces along which pumped gas molecules
can migrate, wherein the annular screen is disposed
downstream of the helical wall.
[0052] Embodiments of the present invention are now
described by way of example and with reference to the
accompanying drawings, of which;

Figure 1, 2 and 3 are schematic diagrams of known
molecular drag pumping mechanisms;
Figure 4 is a schematic diagram of an embodiment
of the present invention;
Figure 5 is a schematic diagram of a portion of the
of a pump mechanism embodying the present inven-
tion;
Figure 6 is an enlargement of a portion of figure 5;
Figure 7 is a schematic diagram showing portions of
five alternative perforated members according to the
present invention;
Figure 8 is a schematic diagram of an alternative
embodiment of the present invention;

Figure 9 is a schematic diagram of another embod-
iment of the present invention, shown in exploded
view;
Figure 10 is a schematic diagram of the embodiment
of figure 9;
Figure 11 is a cross section of the pump mechanism
shown in figure 10;
Figure 12 is another cross section of the pump mech-
anism shown in figure 10;
Figure 13 is a schematic diagram of a further em-
bodiment of the present invention, showing a com-
pound pump incorporating the mechanism of the
present invention;
Figure 14 is a cross sectional diagram of the pump
shown in figure 13;
Figure 15 is a schematic diagram of another embod-
iment of the present invention; and
Figure 16 is a cross sectional area of a portion of a
pump embodying the present invention.

[0053] A first embodiment of the present invention is
shown schematically in figures 4 to 7. Referring to figure
4, a vacuum pump mechanism 10 is shown comprising
a channel element 12 and a perforated element 14. The
channel element and perforated element are moveable
with respect to one another in order to urge gas molecules
entering the pump’s inlet 16 towards an outlet 18. Such
relative movement can be provided by holding one of the
elements stationary whilst the other is driven in a rotary
motion by an electric motor (for instance). For the pur-
poses of this embodiment we shall describe the pump
mechanism in terms of the channel element being the
stationary component of the pump (that is, the stator) and
the perforated element as being the rotating, driven ele-
ment of the pump (that is, the rotor). Of course, the
present invention is not limited to this arrangement and
the skilled person understands that the other configura-
tion are possible where the channel element is driven
whilst the perforated element remains stationary or is al-
so driven to provide the required relative motion.
[0054] In the first embodiment, the channel member
(stator) 12 is generally cylindrical is shape, having the
inlet 16 disposed at one end of the cylinder’s axis 20 and
the outlet 18 disposed at the other, opposite end. Thus,
this embodiment is an axial flow pump. At least one chan-
nel 22 can be formed on the inner surface 24 of the cyl-
inder. The embodiment shown in the figures illustrates
two channels to provide a so-called ’two start’ pump, or
’twin start’. Of course, more channels can be formed if
desired, as discussed below. The channel is formed of
a floor 26 and sidewalls 28 extending from the floor to-
wards the axis to form helical flow path. The channels
sidewalls extend by a distance L in a radial direction,
which can typically be of the order of a few millimetres
to 100mm or more, depending on the pump’s operational
requirements. In the twin start configuration shown, there
are two flow paths forming a double helix. The sidewalls
28 of the channel are formed integrally with helical vanes
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30 that extend from the inner surface 24 of the cylinder.
One side of the vane forms a sidewall of a first channel
and the other side of the vanes forms a sidewall of a
neighbouring channel.
[0055] The perforated element 14 (rotor) comprises a
spindle 32 that can be coupled to a motor to drive the
rotor. A disk 34 is mounted on the spindle and is posi-
tioned and held in place by use of a spacer element 36.
The disk is relatively thin, having a thickness in the axial
direction of less than 2mm, more preferably less than
1.5mm and most likely in the region of 0.75 to 0.25mm
thick. An array of perforations 38 is provided on the disk
34 to allow gas molecules to pass through the disk, from
one side to the other side, via the perforations. The per-
forations are arranged to pass straight through the disk
and are not inclined to the rotor or disk’s surface. The
disk is arranged to intersect the gas flow path at an angle,
thus the perforations are required to allow the gas mol-
ecules to pass through the radial plane of the disk and
continue along the flow path. A slot 40 is provided in the
channel element to accommodate the disk and allow the
disk to intersect the channel. As a result, the channel
extends either side of the disk and the disk divides the
channel into an upstream portion nearest the inlet and a
downstream portion downstream of the disk.
[0056] The rotor disk is disposed a short distance ’l’
from the start of the gas flow channel sidewall. In other
words, the sidewall extends above the rotor at the inlet
of the gas flow channel by a distance ’l’ in an axial direc-
tion. Therefore, the inlet has a cross section of dimen-
sions Ll in the radial and axial plane. The distance ’l’ can
be between 5 to 40mm or larger. As a result, when com-
pared to known drag pump mechanism described above,
it is apparent that the capacity of the capacity of the pump
mechanism embodying the present invention is greatly
improved. As discussed above, known drag pump mech-
anisms are limited in their ability to pump relatively large
volumes of gas, whereas a pump embodying the present
can overcome this limitation by utilising this configuration
where one element intersects the gas flow channel at a
given angle. A cross-sectional area of the gas flow chan-
nel in the order of a few hundred mm2 to 4,000mm2 or
more is readily achievable using the present invention.
The dimension l can also be used when measuring the
distance between adjacent perforated elements in the
pump.
[0057] Figure 5 illustrates the operational principles of
a pump embodying the present invention. When in op-
eration, the disk is rotated at relatively high speed about
the axis 20, as indicated by the arrow in figure 5. In figure
5, the principles of operation show the components of
the pump in a linear manner to help ease the understand-
ing of the operation principles. As a result, the rotational
movement of the disk is shown as a linear movement as
indicated by the arrow. Further, Figure 5 shows sche-
matically a vacuum pump embodying the present inven-
tion having four rotor disk dividing the pump into five stag-
es A to E. Stage A is upstream of a first rotor 50, a second

rotor 51 divides stages B from C, a third rotor 52 divides
stages C from D and a fourth rotor divides stages D from
E. Section E terminates at the outlet 18 of the pump down-
stream of the fourth rotor 53. The rotor disk intersects
the flow path channel by passing through the slot 40 dis-
posed in the channel walls. The slot is designed so that
the disk passes through the slot with minimal clearance,
which is approximately 0.50mm clearance above and be-
low the surface of the disk closest to the slot 40.
[0058] Various typical gas molecule paths are shown
in figure 5. A first path is illustrated by arrow 60. The
molecule enters the inlet of the pump which operates at
high vacuum pressure. It strikes the stator wall 30 and is
released into the path of the rotor 50. Striking a solid part
of the rotor, momentum is imparted to the molecule by
the relative movement of the rotor. Next, the molecule
strikes the underside surface of the sidewall 28 and it
directed again towards the rotor. Here, the molecule’s
path interacts with a disk perforation 38 allowing the mol-
ecule to pass through the intersecting disk into the next
section of the pump, namely section B as illustrated.
[0059] A second path of another molecule is illustrated
by arrow 62. Here, the molecule’s path passes through
a perforation on the rotor allowing the molecule to
progress from section B to Section C where it then inter-
acts with sidewall of the channel and is emitted from the
surface towards the rotor through which it has just
passed. Here, it interacts with the downstream surface
of the rotor and it is retained within section C, as a result.
Its path then continues from the rotor 51 onto the third
rotor 52, from here to the opposite sidewall of the channel
and then through a perforation of the third rotor into sec-
tion D. Thus, momentum can be transferred to gas mol-
ecules by either an upstream or a downstream surface
of a rotor, or by both surfaces.
[0060] A third path of a different molecule is illustrated
by arrow 64. Here, the molecule passes from Section B
into Section C via a perforation in the second rotor 51
where it settles on the sidewall of the channel. It then
returns to section B through a perforation of the rotor
when it is emitted from the sidewall. The molecule does
not leave section B despite further interaction with the
second rotor. Our initial computational modelling of a
pump embodying the present inventive concept has
shown this path is relatively unlikely to occur, but it does
occur on occasion.
[0061] Thus, gas molecules migrating into the inlet of
the pump encounter a surface of the rotating disk. Some
molecules pass through a perforation and strike a surface
of the gas flow path channel 22. However, a significant
proportion of the molecules strike one or more surfaces
of the rotating disk, settling there for a short time period
and then leave the surface in a random direction. Mo-
mentum of the gas molecule leaving the surface in this
fashion is influenced by the rotary motion of the disk and
it is likely that the molecule has momentum transferred
to it having a major component in the direction of the
rotor’s movement. As a result, the majority of molecules
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striking and leaving the disk’s surfaces are urged towards
the underside of the channel wall and towards a point
where the rotor passes through the channel wall. Thus,
molecules are ultimately urged towards the outlet of the
pump mechanism by a combination of the intersection
of the rotor and gas flow path.
[0062] From figure 5 it can be seen that the compres-
sion of gas increases from stage A to stage E. An in-
creasing reduction of rotor spacing towards stage E
and/or increased angle of inclination of the sidewalls with
respect to the rotor can assist with maintaining pump
efficiency as the gas molecules become compressed to-
wards the outlet. Furthermore, it is likely that different
rotor perforation patterns and transparency are em-
ployed at different pressures encountered in stages A to
E.
[0063] Figure 6 shows an enlargement of the area 70
as shown in figure 5, where the rotor and sidewalls inter-
sect. The rotor 50 passes through the slot 40 of sidewall
28 at the intersection point. To provide efficient pumping,
that is the efficient transfer of gas molecules from one
side of the rotor disk to the other, the pump designer
should consider minimising potential return paths for mol-
ecules or paths which allow the molecule to effectively
remain in the same stages of the pump (i.e. stages A to
E as explained above). For example, the width T of the
slot 40 should be minimised as far as possible to try and
prevent gas flowing from one side of the sidewall to the
other side without passing through the perforated ele-
ment 50. Furthermore, the thickness ’t’ of the rotor 50
should be minimised in order to reduce the likelihood of
gas molecules being transferred within the perforations
as it passes through the slot 40 to try and prevent so-
called ’direct carry-over’ of gas molecules. Our initial
computational modelling results have indicated that a ro-
tor thickness ’t’ of 1.0mm to 0.3mm would provide suffi-
cient pumping efficiency when operated in conjunction
with a slot width T of 1.5 to 1.0mm or thereabouts. Other
factors might influence the thickness ’t’ of the rotor, such
as meeting required stiffness and strength parameter to
prevent rotor breakage caused by centripetal forces dur-
ing use or to prevent axial flexing of the rotor caused by
vibration or pressure differences across the thickness of
the rotor. In other words, the ratio of T:t should be as
close to 1 as is practicable possible.
[0064] Furthermore, the length M of the slot 40 (as seen
by the rotor passing through the slot 40) might affect
pumping efficiency, as might the length of overlap ’m’.
The overlap depends on angle α at which the rotor disk
50 is inclined with respect to the plane of the channel
wall, the length M of the slot and width T of the slot. In
addition, the size of the perforations (shown as ’d’ in the
figure), the spacing D of the perforation and the relative
length M of the slot might also affect the pumping effi-
ciency. It is likely that a different ratio of d:M might be
required, depending on the pressure of gas being
pumped and/or the desired throughput of the pump. For
instance, in the viscous flow pressure regime, our initial

assessment shows that ’d’ should be relatively large, pos-
sibly exceeding M, in order to provide efficient pumping.
The dimension of ’d’ might be reduced in the molecular
pressure regime. Thus, different stages of a pump em-
bodying the present invention might use different rotor
dimensions and perforation dimensions.
[0065] The angle of intersection α is typically meas-
ured at a point half way along the radial distance L, as
shown in figure 4. The reason for doing this is because
the angle varies depending on the radial position at which
it is measured. Embodiments of the present invention are
likely to utilise an angle α of between 40° to 5° depending
on the pressure of gas being pumping and the desired
gas flow path length required before molecules encoun-
ter subsequent rotor. Typically, our initial modelling has
been for pumps having an angle α of between 20° and
5°. Of course, different angles can be used, depending
on the requirements of the pump.
[0066] Furthermore, to provide efficient pumping, the
ratio of channel width ’l’ to slot width T should be main-
tained at a high level, preferably exceed a value of 5 in
the viscous flow regime and exceeding a value of 10 or
more in lower pressure regimes. Here, l is used to meas-
ure the distance between adjacent perforated elements,
as well as the distance between an inlet opening.
[0067] Figure 7 shows segments of different rotors in
figures 7a to 7e. The figures illustrate different examples
of perforation types and, of course, the present invention
is not limited to these specified perforations and the
skilled person understands that different configurations
are possible.
[0068] In figure 7a, a quarter segment 100 of a disk
rotor as described above is shown. The rotor has an axis
102, inner circumferential edge 104 and outer peripheral
edge 105. An array 106 of perforations 107 is provided
in annular zone 106. The perforations are arranged as
radial slits having a radial length dimension that is much
greater than their width or circumferential dimension.
[0069] Figure 7b shows an alternative embodiment
110, where the same numerals have been used to indi-
cate common features. However, this embodiment dif-
fers from the others in that the perforations 107 are cir-
cular and/or ovoid in shape. Furthermore, the outer pe-
ripheral edge 105 of the rotor disk comprises a rippled
edge that enables a reduction in overall weight of the
rotor.
[0070] Figure 7c shows another alternative embodi-
ment 112, where the same numerals have been used to
indicate common features. However, this embodiment
differs from the others in that the perforations 107 are
lozenge or stadium shaped, extending in a circumferen-
tial direction. In addition, the outer peripheral edge can
be configured with a rippled or saw-tooth profile (similar
to that shown in figure 7b) to assist with weight reduction.
[0071] Figure 7d shows another alternative embodi-
ment 114, where the same numerals have been used to
indicate common features. However, this embodiment
differs from the others in that the perforations 107 are
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hexagonally shaped to provide a more efficient way of
spacing the perforations and reducing material bulk be-
tween neighbouring perforations.
[0072] In addition, the outer peripheral edge can be
configured with a rippled or saw-tooth profile (similar to
that shown in figure 7b) to assist with weight reduction.
[0073] Figure 7e shows another alternative embodi-
ment 116, where the same numerals have been used to
indicate common features. However, this embodiment
differs from the others in that the perforations 107 are
open at the outer peripheral edge. In other words, the
perforations are slits formed through the disk that extend
from a position close to the inner peripheral edge 104
and extending to the outer peripheral edge 105. Put an-
other way, the disk in this embodiment comprises a series
of vanes or finger-like portions 117 that have a constant
cross sectional profile (that is, constant width and thick-
ness) and that extend outwards in a radial direction from
a hub portion 118. It is noteworthy that the vanes 117 are
not turned out of the plane of the disk to form blades -
the vanes remain flat in order to maintain minimum thick-
ness of the rotor disk to reduce direct carry-over of gas
molecules as the rotor passes through the channel wall.
The spaces between the vanes are called perforations
for the purposes of this document.
[0074] In all the embodiments shown in figure 7, there
is an inner annular radial zone adjacent to an outer an-
nular radial zone 106 in which the perforations are dis-
posed. The inner zone comprises solid material, but
could equally be comprise perforations or other means
to reduce the weight of the disk. All the perforations
should be disposed in the portion of the disk that inter-
sects the gas flow path. It might also be advantageous
to include a portion of the solid annular inner zone in the
portion of the disk that intersects the gas flow path.
[0075] Additionally, there might also be advantages
with configuring the rotor disk to extend across only a
portion of the gas flow path, whereby a small outer radial
zone in the flow path nearest to the floor of the channel
is unoccupied by the rotor. In other words, in this addi-
tional embodiment, the rotor does not divide the gas flow
or extend across the entire radial width of the channel
and hence the gas flow path. We would expect such an
outer peripheral gap between the outer peripheral edge
of the rotor and the floor of the channel to be in the order
of 5mm to 10mm. Such an arrangement encourages the
passage of gas molecules around the outer edge of the
rotor along the gas flow path. In addition, when keeping
the spacing between the rotor’s outer peripheral edge
and the channel’s floor to less than 10mm, the rotor’s
motion can still influence the gas molecules directing or
influencing the momentum of the molecules so that they
are urged along the gas flow path in the desired direction.
In this arrangement the slot in the gas flow channel side
wall which accommodates the perforated element does
not have to extend to the floor of the gas flow channel.
The slot can terminate at the point where the outer pe-
ripheral edge of the rotor is disposed.

[0076] The transparency of the perforated member is
measured as the ratio of the total area of the member
intersecting a gas flow channel that is taken up by the
perforations (i.e. excluding the area taken up by the ma-
terial of the perforated member) to the total area of mem-
ber that intersects a given flow path channel. Thus, taking
the embodiments shown in figure 7 as an example, a
transparency of 25% is taken to mean that a quarter of
the area of the rotor disk (that is, the perforated member)
disposed within the gas flow channel comprises open
space, or perforations. In contrast, a transparency of 80%
is taken to mean that four fifths of the area of the perfo-
rated member (rotor disk) disposed within the gas flow
channel comprises open spaces or perforations.
[0077] As described above, momentum is transferred
from the rotor to the gas molecules by interaction be-
tween the molecules and the upstream or downstream
surfaces of the disk. The disk is thin and only a minimal
proportion of gas molecules passing through the perfo-
rations between the upstream and downstream surfaces
interact with a vertical wall of the perforation. At molecular
regime pressure levels a majority (at least 75%) of gas
molecules are likely to pass through a perforation without
impacting the wall of a perforation for a disk having a
thickness of roughly 0.5mm. In other words, the leading
and trailing edges of the perforations have little affect on
the momentum of gas molecules passing through the
perforation, particularly in the molecular flow pressure
regimes.
[0078] The size, spacing distance between perfora-
tions, and transparency of the rotor can be varied de-
pending on a number of factors, including the pressure
at which the pump or individual pump stage is designed
to operate. For instance, in molecular flow, perforation
spacing and transparency is less critical to determining
pump dynamics because aerodynamic effects do not
hinder the passage of gas molecules through the perfo-
rations at these low pressures. In other words, boundary
layer, shock wave and other effects associated with fluid
dynamics in viscous flow pressure regimes either do not
exist or are minimised in molecular flow pressure re-
gimes.
[0079] In contrast, in viscous flow pressure regimes,
perforation size should be maximised to allow gas trans-
fer through the pumping mechanisms. Also, the trans-
parency should be increased within given mechanical
constraints for viscous flow operation. For instance, the
size of perforation in a circumferential direction can ex-
ceed the width of the slot in the stator side wall. In addi-
tion, a gap of 2 to 10mm can be provided between the
outer peripheral edge of the rotor and the floor of the gas
flow channel, as described above, in order to assist with
providing sufficient or desired gas throughput. Therefore,
the dimensions and transparencies of the rotor disks in
a multiple stage pump are likely to vary through the pump
due to gas molecules becoming compressed as they
pass through the pump towards the inlet: the rotor per-
foration size and pattern at the inlet can vary from the
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rotor perforation size and pattern at the outlet because
the outlet operates at a higher pressure.
[0080] An alternative embodiment of the present in-
vention is shown in figure 8. Here, the pump 130 com-
prises a rotor 132 and stator 134. The rotor 132 is ar-
ranged to rotate relative to the stator 134 about an axis
A in the direction shown by the arrow 135. The stator is
generally cylindrical in shape and comprises an inlet 136
disposed at one axial end of the cylinder, and an outlet
138 disposed at the other axial end.
[0081] The rotor comprises a pair of twin helical blades
140 extending from a central spindle 142 disposed on an
axle 143, whereby the spindle is generally cylindrical in
shape and is arranged to be coaxial with the stator cyl-
inder. A helical flow path is defined by rotor blades, an
inner surface 144 of the stator cylinder and an outer sur-
face 146 of the spindle which extends from the inlet to
the outlet. In the example shown in figure 8, there are
two flow paths forming a double helix, the paths being
arranged in parallel with one another. However, one of
more flow channels can be provided and the present in-
vention is not limited to the embodiment described here.
[0082] The rotor element comprises an intersecting
slot 148 arranged to accommodate a perforated stator
element 134 that intersects the flow path. In this embod-
iment the stator is shown to extend across the entirety
of the flow path’s width. However, this feature is not es-
sential and a small gap can provided to assist with gas
flow towards the outlet. Perforations 150 in the rotor allow
gas to flow through the rotor element and progress along
the flow path channel.
[0083] Four perforated disks are arranged in 360° turn
of the flow path. Any number or perforated disks can be
arranged in this fashion, although between 1 and 8 disks
per turn is considered sufficient, depending on the spe-
cific requirements of the pump. A stacking element 152
is arranged in between each perforated element and acts
to space the disks apart by the desired distance and hold
the disks in place during operation. The stacking element
also provides the inner cylindrical surface 144 of the flow
channel.
[0084] The operation principles of the first and second
embodiments are similar. Relative motion of the channel
and perforated members provides the means to urge gas
molecules towards the pump outlet. What differs between
the embodiments is the part of the pump that is driven
by a motor in a practical engineering solution.
[0085] It is possible that embodiments of the present
invention that have a relatively smaller size or which op-
erate at higher pressure may utilise the second embod-
iment, whereas a relatively large pump or one which op-
erates at lower pressures may utilise the first embodi-
ment. In addition, it may be desirable to provide a hybrid
configuration that utilises both embodiments in the same
pump, wherein the low pressure stages and high pres-
sure stages are disposed on the same drive axle, the low
pressure stages (molecular flow pressure regime) incor-
porating the first embodiment and higher pressure stages

(transitional and/or viscous flow pressure regimes) incor-
porate the second embodiment.
[0086] A third embodiment is shown schematically with
reference to figures 9, 10, 11 and 12, in which an alter-
native vacuum pump mechanism 180 is shown.
[0087] Referring to figure 9, a rotor element 182 is
shown separated from a stator element 184 to assist with
the explanation. The rotor 182 comprises a drive spindle
186 to which is mounted a disk-shaped member 188.
The disk member 188 has a top surface 190 and bottom
surface 192. The rotor is arranged to rotate about the
axis 194 as indicated by the arrow. A series of concentric
perforated skirt elements 195 are arranged to extend
from the bottom surface of the disk member. An array of
perforations 196 are arranged through each skirt to allow
gas to flow through the skirt between an outer and inner
section. In figure 9 only one skirt is visible.
[0088] A stator element 184 is arranged to cooperate
with the rotor and, during use, urge gas from an inlet 198
towards an outlet 200. The stator element comprises a
disk member 202 having an upper surface 204, which
faces the bottom surface 192 of the rotor’s disk member.
A wall 206 extends up from the top surface by a distance
that is the same as the axial length of the rotor’s skirt
member 195. Slots 208 are arranged in the wall to ac-
commodate the rotor skirt elements. The surfaces of the
wall 206, upper surface 204 of the stator disk and bottom
surface 192 of the rotor disk define a flow channel ar-
ranged to guide gas molecules from the inlet 198 towards
the pump’s outlet 200. The flow channel has a spiral form
in this embodiment and the channel is intersected the
one or more rotor skirt elements 195 between the inlet
and outlet.
[0089] Figure 11 shows an axial cross-sectional view
of the assembled pump shown in figure 10. Here, the
outlet 200 is visible in the centre of the stator. This ar-
rangement lends itself to a pump design having subse-
quent pump mechanisms arranged downstream of the
pump mechanism shown in the figure. In such an ar-
rangement, multiple pumping mechanisms can be driven
by a single motor to improve pump system efficiency.
There are four rotor skirts shown in the figure, which are
all arranged concentrically with one another and the axis
of rotation 194. The gas flow path is shown by the arrow
210 and it is seen that the rotor skirt 195 intersects the
flow path. Figure 12 shows a radial cross section of the
pump mechanism shown in figure 10. The same refer-
ence numerals have been use to ease understanding.
[0090] During operation relative movement of the rotor
and stator elements is achieved by driving the rotor ele-
ment with an electric motor whilst the stator element is
held stationary in a suitable housing. Gas molecules in
a chamber being evacuated migrate towards the inlet
198 and any molecules that interact with the rotating
skirt’s surfaces have their momentum influenced by the
movement of the rotor. Thus, molecules are urged along
the spiral flow path towards the outlet. Gas molecules
are able to pass through the perforations in the rotor and
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onwards towards the outlet. The nature of the acute in-
tersection angle (that is, the angle at which the rotor skirt
intersects the gas flow channel, which is determined by
the pitch of the spiral amongst other factors) provides an
efficient mechanism to compress the gas passing
through the pump. Thus, a radial flow pump is provided
by the third embodiment.
[0091] This embodiment operates with the same prin-
ciples as described above and below. As such, similar
design considerations should be taken into account when
considering the parameters in which the pump is likely
to operate. For instance, the thickness of the rotor skirt
should be minimised to control the amount of gas carry-
over. Likewise, the slot width should also be minimised
for similar reasons. However, in this embodiment, the
configuration of the skirt extending axially from a disk
may cause an issue as the speed of the rotor increases;
the rotor might increase in diameter during use because
of the centripetal forces acting on the skirt, which is sup-
ported only at one end. Therefore, the designer might be
limited to certain materials for manufacture of the rotor,
including those that exhibit appropriate strength to weight
ratios. Other features might be designed into the rotor to
assist with strengthening the rotor appropriately. For in-
stance, the skirt can be tapered to have a thicker end at
the point where it is mounted on to the disk member.
[0092] Another alternative embodiment of the present
invention is shown in figures 13 and 14. Here, a vacuum
pump mechanism 250 comprises three distinct stages to
form a compound pump in which at least a part of the
pump mechanism comprises the present inventive con-
cept.
[0093] Referring to figure 13, the pump is shown in cut-
away form where a portion of the stator has been exclud-
ed from the figure. The pump comprises an inlet 252 and
an outlet 254. An inlet stage 256 comprises one or more
turbo-molecular rotor blade stages 258. A middle stage
260 comprises a vacuum pump mechanism according
to the present inventive concept, as described in this doc-
ument. An outlet stage 262 comprises one or more cen-
trifugal pump stages 264. Rotor sections of the pump are
arranged to rotor about an axis R, as indicated by the
arrow. Of course, the inlet and outlet stages, 256 and
262 respectively, can be configured to any suitable
pumping mechanism depending on the application and
specific requirements of the pumps. For instance, the
inlet stage is not limited to turbo-molecular pump mech-
anisms and the outlet stage is not limited to centrifugal
mechanisms; the outlet stage might also comprise any
one of a Gaede, Siegbahn, or Holweck mechanism or
any combination of these types of pumping mechanisms
for example. A regenerative or vortex aerodynamic pump
mechanism might also be considered suitable. Further-
more, additional backing pumps can be provided at the
outlet should the specification dictate the need for one.
[0094] Figure 14 shows a cross section of the pump
taken along the axis of rotation R. All the rotor elements,
namely the turbo-molecular blades 258, perforated rotor

disks 265 and centrifugal rotor element 264 are mounted
on a spindle or axel 268. Spacer elements 270 are dis-
posed between the various rotor elements to hold the
rotor elements in position. The stator 272 is formed of at
least two segments positioned around the rotor to form
the pump stator. The stator comprises the appropriate
components 274 that form the gas flow channel as de-
scribed previously. In addition, further stator components
can be incorporated, such as necessary centrifugal stator
components 276 and additional turbo-molecular stator
components (not shown). Furthermore, each segment
comprises the start of one gas flow channel and thus, in
this arrangement, the number of segments is equivalent
to the number gas flow channels.
[0095] In the embodiment shown in figure 13 the stator
is made of six segments although only three are shown
in this cut-away view. (Of course, such a segmented sta-
tor configuration can apply to any of the embodiments
described in this document). Referring to figure 16, two
segments 330 and 332 respectively, each have cooper-
ating abutment surfaces 334 and 335 and means 336 for
locating the segments in the desired configuration. The
abutment surface, or the location of the join between
neighbouring segments 330 and 332 is arranged to co-
incide with the termination of a section 338 of the gas
flow channel side wall. A portion 339 of the gas flow chan-
nel can also be arranged to extend beyond abutment
surface and to overhang across the join and cooperate
with a neighbouring segment 332. Likewise, the initial
part 342 of the gas flow channel sidewall 340 disposed
downstream of the slot 40 can comprise an overhanging
portion 342. As a result, the overhanging portions of the
sidewall channel of each neighbouring segment are ar-
ranged to form, or extend the length of the slot that ac-
commodates the rotor 50.
[0096] Figure 15 shows another configuration of a
pump embodying the present invention. Here, the pump
mechanism 300 is shown in cut-away form to help with
understanding the inventive concept; one half of the sta-
tor 302 is shown and only one rotor disk 304 is shown.
The rotor axel and additional rotors are not shown in this
drawing.
[0097] The stator is made of six segments 306, three
of which are shown in figure 15. Each stator segment
comprises an inlet 308, thereby providing a six-start
pump mechanism when assembled. In this embodiment,
the stator segments are abutted to one another to joined
along an abutment surface 310. The assembled stator
is generally cylindrical in shape, and an inner cylindrical
surface 312 provides a floor of the gas flow channel. A
plurality of channel walls is formed by a series of radial
members 314 extending inwards from the inner cylindri-
cal surface. Together, the walls and channel floor define
a gas flow channel which extends between the inlets 308
and outlet 315 at the base of the cylinder in figure 15.
The gas flow channel is generally helical in shaped, but
it follows a step profile due to the configuration of the
walls 314. As such, the flow channels have sections fol-
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lowing in a circumferential direction and sections that fol-
low an axial or longitudinal direction. The longitudinal por-
tion 316 of the wall comprise a slot 318 arranged to ac-
commodate a perforated rotor disk 320, similar to the
type already described above. In this embodiment, the
rotor disk 320 intersects the general direction of the flow
channel at an acute angle but passes perpendicularly
through the channel wall.
[0098] Further embodiments and adaptations of the
present invention will be envisaged by the skilled person
without leaving the scope of the inventive concept, as
defined in the accompanying claims. For example, the
pump mechanism could comprise an inter stage section
in between pump stages to enable a so-called split flow
configuration. In other words, the pump could have two
or more discrete inlets disposed along the axial length
so that the pump can evacuate chambers at different
pressures, as if often required by differentially pumped
mass spectrometry devices.
[0099] Additionally, it is to be understood that a pump
can be configured such that the perforated rotor disk in-
tersects the gas flow channel at the end of the gas flow
channel. In other words, the rotor is located at the very
end of the channel and the channel wall does not extend
beyond the rotor to a position downstream of the rotor.
In this configuration the slot in the channel wall is not
required. However the end of the wall closest to the rotor
should be disposed as close as possible to the surface
of the disk nearest to the channel wall. This arrangement
also allows for modular construction of the pump ele-
ments which can be stacked one on top of the other to
form a multiple stage pump.
[0100] Furthermore, all the embodiments disclosed
above are arranged with the gas flow channel walls ar-
ranged in alignment either side of the intersecting rotor.
However, the channel wall alignment is not essential for
the pump to operate. For example, particularly when op-
erating in the molecular flow pressure regime, misalign-
ment of gas flow channel walls on either side of the rotor
would not preclude the operation of the pump. The gas
molecules would still be able to pass through the perfo-
rated rotor and into the next downstream section.
[0101] Additionally, the thickness of the perforated el-
ement might taper towards the outer edge, or towards
the edge disposed furthest from the point at which the
perforated element is coupled to or adjoins the drive shaft
or axle. Therefore, in the case of a tapering rotor disk,
the upstream and downstream surfaces are formed as a
very shallow cone having an apex angle approaching
180°. In other words, the tapered disk is configured as
two shallow cones mounted back-to-back to form a disk
having a thickness that is largest at the centre and tapers
towards the peripheral edge of the disk. For the purposes
of this document the upstream and downstream surfaces
are said to be flat even when a tapering perforated ele-
ment is utilised. The same applies if a tapering cylindrical
perforated element is utilised, in which case the upstream
and downstream surfaces are considered to be in the

plane of a cylinder even if a cross-sectional taper is pro-
vided for the perforated element.
[0102] Taking account of the foregoing and current
state of the art, we believe the present inventive concept
makes a significant contribution to vacuum pump tech-
nology and mechanisms based on the present invention
should take the name of the principle inventor. As such,
embodiments of the present invention can subsequently
be referred to as Schofield pumps.

Claims

1. A vacuum pump having a mechanism comprising;
a perforated element arranged to intersect a channel
formed on a surface of a channel member, said chan-
nel being arranged to guide gas molecules from an
inlet of the pump towards an outlet, wherein
the perforated element and channel member are ar-
ranged to move relative to one another so that, during
use, gas molecules are urged along the channel to-
wards the outlet, said perforated element being ar-
ranged to allow gas molecules to pass through it.

2. A vacuum pump according to claim 1, wherein the
channel member comprises a slot, disposed in a wall
of the channel, arranged to accommodate the per-
forated element at a point where the perforated ele-
ment intersects the channel.

3. A vacuum pump according to claim 2, wherein the
slot extends across at least the depth of the channel
so that the perforated element can divide completely
the channel at the point where the perforated ele-
ment intersects the channel.

4. A vacuum pump according to claim 1, wherein the
channel member is cylindrical and the channel is
formed on an inner surface to form a helical gas flow
path between the inlet and outlet disposed at oppos-
ing ends of the channel member.

5. A vacuum pump according to claim 1, wherein the
channel member comprises a radial surface on
which the channel is formed to provide a spiral gas
flow path between an inner and outer circumference
of the radial surface.

6. A vacuum pump according to claim 4, wherein the
perforated element is a perforated disk having up-
stream and downstream surfaces in the plane of the
disk and that are free of protrusions.

7. A vacuum pump according to claim 5, wherein the
perforated element is a perforated cylinder having
upstream and downstream surfaces in the plane of
the cylinder and that are free of protrusions.
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8. A vacuum pump according to any preceding claim,
wherein the perforated element comprises upstream
and downstream surfaces and wherein said surfaces
of the perforated element are free from protrusions
and the surfaces are in the plane of the disk or cyl-
inder.

9. A vacuum pump according to claim 6, 7 or 8, wherein
upstream and downstream surfaces of the perforat-
ed element provide the means by which momentum
is transferred to the gas molecules.

10. A vacuum pump according to any preceding claim,
wherein the perforated element comprises a periph-
eral edge and at least a portion of perforations are
open at the peripheral edge.

11. A vacuum pump according to claim 10, wherein the
open perforations extend in a radial direction towards
an inner circumferential edge, whereby a portion of
the upstream and downstream surface disposed be-
tween neighbouring open ended perforations ex-
tends towards the peripheral edge to form a flat radial
vane.

12. A vacuum pump according to any preceding claims,
wherein the perforated element has thickness of less
than 1.5mm, preferably less than 1mm and more
preferably less than 0.5mm.

13. A vacuum pump according to any preceding claim,
wherein the perforations extend through the perfo-
rated element in a direction perpendicular to a sur-
face of the disk.

14. A vacuum pump according to any preceding claim,
wherein the perforated element comprises a portion
in which a plurality of perforations is disposed and
the transparency of the annular portion varies in ei-
ther a radial direction or a longitudinal direction.

15. A vacuum pump according to claim 14, wherein the
transparency increases with respect to increasing
radial distance from centre of the disk.

16. A vacuum pump according to any of claims 14,
wherein the transparency varies as a function of ei-
ther varying the size of perforation, varying the an-
gular spacing of perforation, varying the circumfer-
ential spacing of perforations, or any combination
thereof.

17. A vacuum pump according to claim 1, further com-
prising a spindle that is coupled to the perforated
element, said spindle being arranged coaxially with
the perforated element.

18. A vacuum pump according to claim 17, wherein the

spindle is arranged to be coupled to a plurality of
perforated elements.

19. A vacuum pump according to claim 18, wherein each
of the plurality of perforated elements are disposed
at discrete locations along the axial length of the spin-
dle.

20. A vacuum pump according to claim 17, wherein each
of the plurality of perforated elements are disposed
at discrete locations on a radial element of the spin-
dle.

21. A vacuum pump according to any of claims 17 to 19,
wherein the spindle has a diameter that varies along
the axis of rotation to form an axial profile that is
anyone of frustoconical, stepped, bullet-shaped, and
cylindrical, or any combination thereof.

22. A vacuum pump according to claim 21, wherein the
diameter of the spindle increases along the axial
length towards a pump outlet.

23. A vacuum pump according to claim 18, wherein the
perforated elements are spaced apart by cylindrical
spacing elements so that a first perforated disk is
disposed nearest to an inlet of a pump and second
perforated disk is disposed nearest to an output of
a pump.

24. A vacuum pump according to claim 23, wherein the
first perforated disk has a higher or lower transpar-
ency compared to the second perforated disk.

25. A vacuum pump according to claim 23 or 24, wherein
the perforated elements are coupled to the spindle
via the spacing elements.

26. A vacuum pump according to claim 21 and 24,
wherein the solid inner portion of the second perfo-
rated disk extends in a radial direction further from
an axis of rotation when compared to a solid inner
portion of the first perforated disk.

27. A vacuum pump according to any preceding claim,
further comprising a turbo-molecular blade section
disposed for use upstream of the perforated element.

28. A vacuum pump according to any preceding claim,
further comprising a second pump section disposed
for use downstream of the perforated element, said
second pump section comprising any of a regener-
ative pump section, centrifugal pump section, Hol-
weck, Siegbahn, or Gaede drag pump mechanisms,
or any combinations thereof.

29. A vacuum pump according to any preceding claim,
wherein the rotor is made from a material including
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aluminium, aluminium alloy, steel, carbon fibre re-
enforced polymer (CFRP), or titanium.

30. A vacuum pump according to any preceding claim,
wherein perforations disposed through the perforate
element include holes having a circular, elongate,
ovoid, hexagonal, rectangular, trapezoid, or polygo-
nal shape.

31. A vacuum pump according to claim 7, wherein the
perforated cylinder is arranged concentrically with
the channel member.

32. A vacuum pump according to claims 31, wherein in-
tersecting slot extends along an circular path and a
rotor is accommodated within a slot.

33. A vacuum pump according to any preceding claim,
further comprising a turbo-molecular bladed rotor
disposed upstream of the channel member.

34. A vacuum pump according to any preceding claim,
further comprising a third pumping stage disposed
downstream of the channel member, wherein the
third pumping stage comprises any one a centrifugal
pumping stage, a Holweck drag mechanism, Sieg-
bahn drag mechanism, Gaede drag mechanism, or
regenerative pump mechanism.

35. A vacuum pump according to claim 1, wherein the
perforated element is arranged to extend across the
channel to intersect a majority of the channel, where-
by a gap is provided between the perforated element
and a portion of the channel such that, during use,
gas molecule can pass through the gap.

36. A vacuum pump according to any preceding claim,
wherein the perforated element is a pump rotor and
the channel member is a pump stator.

37. A vacuum pump according to any preceding claim,
wherein the perforated element is a pump stator and
the channel member is a pump rotor.

38. A vacuum pump rotor according to the perforated
element of claim 36 or the channel member of claim
37.

39. A vacuum pump stator according to the channel
member of claim 36 or the perforated element of
claim 37.

40. A vacuum pump comprising;
an inlet,
an outlet,
a perforated member,
a channel member, and
a motor;

wherein the channel member comprises a surface
having a channel formed thereon, said channel being
arranged to guide gas molecules from the inlet to-
wards the outlet,
the perforated member is arranged to intersect the
channel,
the perforated members comprises upstream and
downstream surfaces which are free of,
a portion of the perforated member that intersects
the channel has a thickness of less than 2mm, and
the motor is arranged to cause relative movement
of the perforated member and channel member such
that, during use, the relative movement causes gas
molecules to be urged along the channel towards
the outlet, said perforated member allowing gas mol-
ecules to pass through it.

41. A vacuum pump mechanism comprising:

a rotor coupled to a driving motor and being ro-
tatable about an axis along which gas molecules
can be pumped, and
a stator arranged concentrically to the axis,
wherein the stator and rotor each extends lon-
gitudinally around the axis between first and sec-
ond ends for a predetermined length and the
rotor comprises a first surface arranged to face
a second surface of the stator,
the stator comprises a third surface disposed on
and extending from the second surface to the
first surface to form a helical gas flow path be-
tween an inlet at the first ends of the stator and
rotor and an outlet at the second ends of the
stator and rotor,
the rotor comprising a gas permeable disk-
shaped radial member disposed at the outlet
and extending between the first and second sur-
faces, the radial member being arranged to ro-
tate and impart momentum to gas molecules
and wherein the radial member is axially dis-
placed from an end portion of the third surface
by less than 2mm.

42. A vacuum pump mechanism comprising:

a first pumping element arrange to cooperate
with a second pumping element to urge gas mol-
ecules from an inlet towards an outlet, the said
first and second pumping elements being ar-
ranged to move relative to one another about an
axis,
the first pumping element having a first surface
arranged around the axis facing a second sur-
face of the second pumping element to form a
gap between the first and second surface,
the first pumping element further comprising an
annular screen extending from the first surface
across the gap to the second surface, said
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screen being permeable to gas molecules,
the second pumping element further comprising
a helical wall disposed on the second surface
extending across the gap to the first surface
forming a helical path between the first and sec-
ond surfaces along which pumped gas mole-
cules can migrate,
wherein the annular screen is disposed down-
stream of the helical wall.

43. A vacuum pump rotor as described herein with ref-
erence to figures 4 to 16 of the accompanying draw-
ings.

44. A vacuum pump stator as described herein with ref-
erence to figures 4 to 16 of the accompanying draw-
ings.

45. A vacuum pump as described herein with reference
to figures 4 to 16 of the accompanying drawings.
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