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MOUNTING A FLANGED VACUUM PUMP TO A VACUUM SYSTEM

FIELD OF THE INVENTION

The field of the invention relates to mounting a flanged vacuum pump to a

vacuum system such as a vacuum chamber.

BACKGROUND

Mounting flanged vacuum pumps to vacuum systems can be complicated, as

they should be mounted in a substantially fluid tight manner and where the
systems are in a confined space there is limited access. Conventionally pumps
such as turbomolecular pumps are mounted to the system such as a vacuum
chamber in a semiconductor tool by a plurality of bolt holes arranged around the
circumference of the flange. These holes receive bolts that screw into
corresponding holes around the vacuum chamber outlet allowing the pump to be
fixed to the system in a fluid-tight manner. These pumps are often located in
restricted spaces that are difficult and ergonomically dangerous to work in.
Furthermore, such components may need to be swapped periodically as they
degrade or require cleaning. The swapping of such components is time
consuming, awkward and can be dangerous. It would be desirable to provide a

simpler way of mounting flanged vacuum pumps to a vacuum system.

SUMMARY

A first aspect comprises a vacuum pump comprising: an inlet flange for
connecting to a vacuum chamber, said inlet flange comprising a plurality of
apertures for receiving a plurality of protruding fixing elements extending from
said vacuum chamber, said protruding fixing elements comprising an enlarged
retaining portion at an end remote from said vacuum chamber and a fastener
receiving portion having at least one radial dimension that is smaller than a
corresponding dimension of said enlarged retaining portion; a fastening
mechanism comprising a plurality of slots each extending from a same side of a
plurality of apertures; wherein said fastening mechanism is configured to be

rotatable between a mounting position in which said apertures are aligned with
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said protruding fixing elements and a sealing position in which said slots are

aligned with said protruding fixing elements.

The inventors of the present invention recognised that fitting flanged vacuum
pumps to vacuum systems in the conventional manner using a plurality of bolts
arranged around the circumference of the flange, requires access to each of the
bolts and requires each of the bolts to be separately tightened. In systems which
are space restricted such as where vacuum pumps are fitted to vacuum systems
this can be challenging, particularly in semiconductor fabs where pumps are

mounted in tight spaces and sometimes in challenging conditions.

The first aspect provides a pump that is configured to be mounted to protruding
fixing elements extending from a vacuum chamber. The protruding fixing
elements are configured such that they have a retaining end portion remote from
the vacuum chamber which is enlarged compared to the intermediate portion of
the protruding elements which has at least one dimension that is smaller than a

corresponding dimension of the retaining end portions.

The protruding elements may be bolts attached to holes in the vacuum chamber,
or they may be studs extending from the vacuum chamber either welded in place

or as an integral part of the vacuum chamber outlet.

The protruding elements may have a circular cross-section with the retaining end
portion having a larger cross section than the middle fastener receiving portion or

it may have some other shape.

This arrangement allows the bolts to be attached to the vacuum chamber once,
while the pump can be mounted on and removed from the bolts without the need
to undo them. This is done with the use of a fastening mechanism that may be
mounted to the pump by wrapping it around an outer surface adjacent to the

flange or the fastening mechanism may be part of the flange. Where it is a



10

15

20

25

30

-3-

separate component it is mounted so that it can rotate with respect to the pump,

with the bolts moving within the slots.

In this way, the flanged pump is mounted by a simple motion of sliding the pump
onto the bolts and then rotating the pump or at least a portion of the fastening
mechanism. This provides a much simpler mechanism of mounting and
detaching the flanged pump to the vacuum system that does not require access

around the pump and can be performed in two relatively simple moves.

In some embodiments, at least a portion of a surface of said fastening
mechanism surrounding each of said slots is sloped, such that said at least a
portion of said fastening mechanism is thinner closer to said aperture and thicker
closer to an other end of said slot, movement of said protruding fixing elements
along said slots from said aperture at said mounting position to said sealing

position pushing said pump towards said vacuum system.

The pump is to be mounted on a vacuum system and therefore it should be
mounted in a fluid tight manner. In order to improve the sealing between the
flange and the other components, in some embodiments the slot comprises a
sloped surface such that rotation of the fastening mechanism exerts a force on

the flange biasing the pump towards the vacuum system.

In some embodiments, a surface of said retaining portion of said protruding fixing
elements extending radially beyond said fastener receiving portion is sloped, an
angle of said slope corresponding to an angle of said sloped surface surrounding

said slots.

Where there is a sloped surface surrounding the sides of the slot then it may be
advantageous to angle a surface of the retaining portion of the protruding fixing
element that extends beyond the fastening receiving portion and rests on the slot
such that the two slopes are aligned and the protruding fixing element is

supported along a greater surface area of the retaining portion providing
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improved support and also easier movement of the protruding fixing element
along the slope surface during rotation of the slotted portion of the fastening

mechanism.

In some embodiments, said plurality of apertures are sized such that at least one

dimension of said apertures is larger than a width of said slots.

The apertures may simply be one end of the slot configured to receive the fixing
element when mounting the pump, however, in some embodiments they may
have an increased cross section compared to the slot to facilitate ease of
insertion of the fixing element. Where the aperture is larger than the slot, the slot
may be sized to be smaller than a dimension of the retaining portion of the
protruding fixing element, so that the slot acts to retain the pump. In other
embodiments there may be additional retaining elements that form part of the
fastening mechanism and serve to retain the pump in position against the

vacuum chamber.

In some embodiments, said fastening mechanism comprises said inlet flange,
said plurality of apertures on said inlet flange comprising said plurality of slots
each extending from said plurality of apertures, said pump being rotatable

between said mounting position and said sealing position when mounting said

pump to a vacuum system.

In some cases the fastening mechanism may comprise the inlet flange itself with
the apertures and slots being provided within the inlet flange such that in some
embodiments no additional fastener mechanism is required on the pump itself,
and it can simply be mounted on the suitably shaped protruding elements
extending from the vacuum chamber with in some embodiments the slots sized to
retain the pump once aligned with the protruding fixing elements. In some
embodiments, the slots in the flange is used in conjunction with additional

retaining and/or biasing elements.
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In other embodiments, said fastening mechanism comprises a fastener mounted
around an outer surface of said vacuum pump adjacent to said inlet flange, said
fastener comprising: a plurality of apertures and said plurality of slots, said
plurality of slots each extending from a same side of said plurality of apertures;
wherein said fastener is mounted to be rotatable about said outer surface of said
pump between a mounting position in which said plurality of apertures on said
fastener are aligned with said plurality of flange apertures on said flange and a
sealing position in which a portion of said plurality of slots are aligned with said

plurality of apertures on said flange.

The fastening mechanism may be a fastener that is mounted around an outer
surface of the pump adjacent to the inlet flange. This allows retro fitting to
existing components and it also allow a fastener mechanism to be provided that
does not affect the flange’s configuration. This can be advantageous as the inlet
flange may be configured to provide certain safety features particularly where for
example the pump is a turbomolecular pump and thus, providing a fastening

mechanism that does not interfere with these can have advantages.

In some embodiments, said fastener comprises a ring and said slots extend in a
circumferential direction parallel to a circumference of said ring, so that protruding
fixing elements passing through said fastener apertures move from said plurality
of fastener apertures along said plurality of slots on rotation of said fastener from

said mounting position to said sealing position.

In some embodiments, said fastening mechanism comprises a plurality of
retainers corresponding to said plurality of protruding fixing elements, said
plurality of retainers being formed of a material that is softer than a material
forming a portion of said fastening mechanism comprising said slots and being
configured to be mounted between said enlarged portion of said protruding fixing

elements and said portion of said fastening mechanism comprising said slots.
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Although the pump may be retained in position by sizing the slots so that rotation
of the protruding fixing element to align with the slot allows the slot to inhibit the
enlarged retaining end of the fixing element to pass through it, this may have the
disadvantage of wear on the fastener or flange having the slots as they move
against the enlarged retaining end of the fixing element. One alternative to this is
to provide retainers that are mounted on the enlarged retaining ends and are
formed of a softer material, such that on rotation it is these components that wear
preferentially to the pump flange or fastener. These components can be
replaced. Example materials could be fixing elements and fasteners that are an
alloy steel, while the retainers are stainless steel, alternative materials for the

retainers may be aluminium or plastic.

In some embodiments, said plurality of retainers each comprise a side wall
partially surrounding an aperture, said side wall comprising an opening
configured such that said corresponding protruding fixing element can be pushed
through said opening on mounting of said retaining element to said protruding
fixing element, at least one dimension of said aperture being smaller than a
corresponding dimension of said enlarged retaining portion of said protruding

fixing element.

The retainers may have a washer, circlip type shape allowing them to be pushed

onto the protruding fixing element.

In some embodiments the retainers are mounted between the component
comprising the slots and the enlarged retaining portion of said protruding fixing
elements. In some embodiments, the side wall of the retainers comprise an
elongated reduced width portion that is configured to extend into said slot when
mounted to said fastening mechanism. This arrangement allows the retainers to

be held in position.

In some embodiments, said fastening mechanism comprises a retaining element

comprising a plurality of apertures for receiving said plurality of protruding fixing
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elements, each of said plurality of apertures in said retaining element comprise a
receiving portion and a reduced sized retaining portion, said retaining element
being rotatable between a mounting position where said receiving portions of said
apertures are aligned with said protruding fixing elements and a retaining position
where said retaining portions of said apertures are aligned with said protruding
fixing elements, at least one dimension of said retaining portion being smaller
than a corresponding dimension of said enlarged retaining portion of said

protruding fixing element.

In some embodiments, rather than sizing the slots to retain the pump, or using
retainers in the form of softer material washers, the fastening mechanism may
comprise a retaining element having apertures with an increased sized receiving
portion that is aligned with the protruding fixing elements on mounting and a
reduced sized retaining portion that aligns with these elements in the retaining

position.

In some embodiments, the retaining element is a ring element, in other

embodiments it may be formed of several curved components.

In some embodiments, said fastening mechanism comprises a biasing element

comprising a plurality of apertures for receiving said plurality of protruding fixing

elements, at least a portion of at least one surface of said biasing element being
sloped, such that portions of said biasing element are thicker around said

apertures and are thinner away from said apertures.

In addition to retaining the pump, the fastening mechanism may also comprise a
biasing function for biasing the pump towards the vacuum chamber and thereby
improve the sealing between the two. This may be in the form of a biasing
element that has sloped surfaces such that relative rotational movement between
another portion of the fastening mechanism and this element pushes the pump

towards the chamber.
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In some embodiments, said retaining element and said biasing element are a

same element.

In some embodiments, said fastener is configured to be mounted between said
biasing element and said flange of said pump. In some embodiments, said

sloped surface of said biasing element is configured to face said surface of said
fastening mechanism comprising said sloped portions surrounding each of said

slots.

In some embodiments. said fastener and said biasing element are configured
such that when said apertures are aligned a combined thickness of said fastener
and said biasing element is reduced and on rotation of at least one of said
fastener and biasing element to a retaining position said combined thickness is

increased.

Where the fastening mechanism has sloped portions around each of the slots,
then mounting the biasing element so that its sloped surfaces face the sloped
surfaces around the slots, allow the thickness of the fastening mechanism to vary

as the slotted portion of the mechanism is rotated relative to the other elements.

In some embodiments, said sloped surface of said biasing element and said
surface of said fastening mechanism which it faces are coated with a low friction

coating.

Rotation of the biasing element can be eased and wear reduced by the use of

low friction coatings.

In some embodiments, said fastening mechanism further comprises an
intermediate element comprising axial protrusions extending from at least one
surface, said fastening mechanism being configured such that on rotation of said

intermediate element relative to other elements of said fastening mechanism said
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axial protrusions travel along one of said sloped surfaces of said fastening
mechanism, such that a width of said fastening mechanism changes on said

relative rotation.

An alternative or addition to a low friction coating is to provide an intermediate
element where the contact surface area is reduced by using protrusions. These
also allow the width of the fastening mechanism to vary on relative rotation of the
intermediate element on a sloped surface as only the protruding portion of the

surface contacts the slope.

In some embodiments, said intermediate element comprises said slots and is
configured to rotate between a mounting position where a combined thickness of
said fastening mechanism is reduced to a retaining position where said combined

thickness is increased.

In some embodiments, said intermediate element is mounted between the pump
flange and retaining element, in other embodiments the intermediate element is
mounted between a biasing element and retaining element. In some

embodiments, the intermediate element is ring shaped,

In some embodiments, said axial protrusions comprises rolling elements.

In order to reduce friction and wear on rotation of the slotted component it may be

advantageous for the protrusions to be rolling elements such as wheels.

In some embodiments, at least one of said fastener, biasing, intermediate and
retaining elements comprises a plurality of articulated sections. In other

embodiments they may be formed of discrete curved components.

The fastener, biasing, retaining and intermediate elements are configured to be
mounted around the pump adjacent to the flange and in some embodiments, this

is done by providing them as a plurality of articulated sections which can be
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wrapped around the outer surface of the pump. In some embodiments the
articulated sections may comprise one aperture and one slot or they may each

comprise a plurality of apertures and slots.

In some embodiments, each articulated section is curved.

In order for the articulated section to wrap around the outer surface of the flanged
pump, the articulated sections may be curved. It should be noted that the
elements may be formed of a flexible material in some embodiments and this
would not require articulated sections, however in other embodiments curved
articulated sections are provided and these allow the element to be formed of a
rigid material such as metal that is resistant to heat and is robust and is still able

to wrap around and take the form of the component.

In some embodiments, opposing ends of said fastener, retaining, biasing or
intermediate element comprise attachment means for attaching said opposing

ends together to form a fastener ring.

One way of mounting a fastener around a flange is to attach opposing ends of the
fastener together to form a fastener ring. In this way, the fastener can be
wrapped around a flanged pump after manufacture of the pump and held in place

with the attachment means.

In some embodiments, said slots extend in a circumferential direction parallel to a

circumference of said flange.

The slots should be directed to allow protruding fixing elements to travel along
the slots on rotation of the fastener. Where a fastener forms a fastening ring, the
slots may extend in a circumferential direction parallel to the circumference of the
fastening ring such that rotation of the fastening ring allows protruding fixing

elements retained within the slots to move along the lengths of the slots.
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In some embodiments, said pump comprises an anti-rotation device for impeding
rotation of at least one of said fastener, biasing, retaining and intermediate
element by resisting movement of said protruding fixing element within said slot

when said pump to said vacuum chamber.

Rotating the fastening mechanism allows the pump to be biased and/or retained
against the vacuum chamber and thus, resisting rotation once mounted is
desirable. In order to inhibit the pump from becoming detached or not biased
against the vacuum system during operation it may be advantageous to provide
some anti-rotation device to inhibit rotation when the fastening mechanism is in

the sealing position.

In some embodiments, said anti-rotation device comprises: apertures in opposing
side walls of at least one of said fastener, biasing, retaining and intermediate
element and a pin, said apertures are radially aligned when said fastening
mechanism is in said sealed position and provide a passage from an outer to an
inner surface through said slot, said apertures being configured to receive said
pin, said pin impeding a protruding fixing element received within said slot in said

sealing position from moving past said pin.

One simple yet elegant way of inhibiting rotation is to use a pin that extends
between apertures in side surfaces and resists movement of the protruding fixing
element within the slot such that is held within the sealing position. In some

embodiments the protruding fixing elements comprise bolts.

In other embodiments, said anti-rotation device comprises: at least one insert for
mounting within said slot, said insert abutting against said protruding fixing
elements and against an end of said slot, thereby inhibiting movement of said

protruding fixing element.

An alternative way of holding the fastener in place is to use an insert that is

configured to be mounted within the slot and abut against the protruding fixing
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element and against the opposing end of the slot thereby holding the protruding
fixing element in place. This may be a stronger way of holding the protruding
fixing element in place and an insert may be used in one or more of the slots to

provide an effective anti-rotation device.

In some embodiments, said insert comprises a portion for extending under and

supporting said retaining portion.

It may be advantageous for a portion of the insert to extend under and support a
surface of the retaining portion which extends out from the fastener receiving
portion. This can help support the protruding fixing element, hold it in place and
inhibit movement of the protruding fixing element both circumferentially and

axially.

In some embodiments, said fastener comprises a surface for mating with said
flange of said pump and an opposing surface, said opposing surface comprising
at least one drive interface for receiving a tool for rotating said fastener between

said mounting and sealing positions.

In order to provide the rotation of the fastener between the mounting position and
the sealing position, it may be advantageous for it to have at least one drive
interface for receiving a tool for rotating the fastener. The tool can rotate the
fastener in one movement rather than individual protruding fixing elements having

to be separately tightened as in the conventional mounting method.

In some embodiments, the vacuum pump comprises a turbomolecular pump, in
others a cryopump while in still others a Getter pump. In some embodiments the
vacuum chamber comprises a vacuum chamber within a semiconductor
processing tool. In some embodiments the outer surface adjacent to the flange

around which the fastener is wrapped has a cylindrical form.
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Turbomolecular pumps are often used in vacuum systems such as
semiconductor manufacturing systems and are mounted within confined spaces
and operate under challenging conditions. Thus, the fastening mechanism of

embodiments is particularly applicable to turbomolecular pumps.

A second aspect provides a vacuum system comprising a vacuum system
comprising a vacuum chamber comprising an outlet comprising a plurality of
protruding fixing elements extending around said outlet towards an exterior of
said chamber and a vacuum pump according to a first aspect, said vacuum pump
being mounted to said vacuum chamber by said plurality of protruding fixing
elements extending through said apertures on said inlet flange of said vacuum

pump and said slots of said fastening mechanism.

A third aspect provides a method of mounting a flanged vacuum pump according
to afirst aspect, to a vacuum chamber comprising a plurality of protruding fixing
elements extending around an outlet, said method comprising: aligning apertures
in the fastening mechanism of the vacuum pump with the protruding fixing
elements; sliding the aligned apertures over the protruding fixing elements; and
rotating a portion of the fastening mechanism comprising the slots so that the

protruding fixing elements slide within the slots in the fastening mechanism.

A further aspect provides a kit for mounting a flanged pump to a vacuum
chamber, said kit comprising: a plurality of bolts configured for mounting in a
plurality of bolt receiving holes located around a fluid opening in said vacuum
chamber, said bolts comprising an attaching end portion for mounting in and
attaching to said bolt receiving holes, a fastener receiving portion and an
enlarged retaining portion remote from said attaching end portion, said fastener
receiving portion having at least one dimension that is smaller than a
corresponding dimension of said retaining portion; and a fastening mechanism for
mounting to said flanged pump, said fastening mechanism comprising: a plurality
of apertures said plurality of apertures being sized such that said retaining portion

can pass through said apertures; and a plurality of slots each extending from a
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same side of said plurality of apertures; wherein said fastening mechanism is
configured to be mounted to said flanged pump by wrapping said fastening
mechanism around an outer surface of said flanged pump adjacent to said flange
such that at least a portion of said fastening mechanism comprising said slots is
rotatable about said outer surface between a mounting position in which said
plurality of apertures are aligned with said plurality of bolt receiving holes and a
sealing position in which a portion of said plurality of slots are aligned with said

plurality of bolt receiving holes.

Features of embodiments of the first aspect may be included in the second, third
and further aspects where appropriate and in addition to those examples

explicitly disclosed.

Embodiments provide a kit that can be used to mount flanged vacuum pumps to
a vacuum chamber. The kit comprises specially adapted bolts which have a
retaining end portion which is enlarged compared to the central fastener receiving
portion and which is located at the opposite end of the bolt to the attaching
portion which is configured to attach to the vacuum chamber. The attaching
portion may be a threaded portion or it may have some other means for attaching

to the vacuum chamber.

This arrangement allows the bolts to be attached to the vacuum chamber once.
The flanged vacuum pump can be mounted on and removed from the bolts
without the need to undo them. This is done with the use of a fastening
mechanism that is mounted to the flanged vacuum pump by wrapping it around
an outer surface adjacent to the flange. The fastening mechanism comprises
apertures and slots extending from them and the slotted portion is mounted so
that it can rotate. The bolts and apertures are sized so that the retaining end
portion of the bolts can pass through the apertures in the fastening mechanism
while in some embodiments, the slots in the fastening mechanism extending from
the apertures are sized so that the bolt retaining end portion cannot pass through

them. In this way, the fastening mechanism can be mounted to the flanged
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vacuum pump and rotated to a mounting position where the apertures in the
flange and on the fastening mechanism are aligned and the flanged vacuum
pump and fastening mechanism can then be slid onto the bolts by passing the
bolts through the aligned apertures. The fastening mechanism can then be
rotated such that the fastener receiving portion of the bolts slides along the slots

in the fastening mechanism.

The slots may be sized to retain the pump, or softer material retainers may be
used. Alternatively, a ring-shaped retaining element may be provided in the kit.
A biasing effect may be provided with sloped surfaces on a fastener, biasing
element or on the retaining element. In some embodiments, an intermediate

element with protrusions may be included within the Kit.

In this way, the flanged vacuum pump is mounted by a simple motion of sliding
the flanged vacuum pump onto the bolts and then rotating some portion of the
fastening mechanism. This provides a much simpler mechanism of mounting
and detaching the flanged vacuum pump to the vacuum chamber that does not
require access around the flanged vacuum pump and can be performed in two
relatively simple moves. Furthermore, the kit is provided so that the flanged
vacuum pump and vacuum chamber require no adaptation to use this mounting
means. This allows safety features designed into the system around the mating

surface of the components to remain unchanged by the new mounting system.

Further particular and preferred aspects are set out in the accompanying
independent and dependent claims. Features of the dependent claims may be
combined with features of the independent claims as appropriate, and in

combinations other than those explicitly set out in the claims.

Where an apparatus feature is described as being operable to provide a function,
it will be appreciated that this includes an apparatus feature which provides that

function or which is adapted or configured to provide that function.
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BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be described further, with
reference to the accompanying drawings, in which:

Figure 1 shows a portion of a pump according to an embodiment attached to a
chamber with a fastener;

Figure 2 schematically shows a portion of a fastener ring;

Figure 3 shows a drive interface on a fastener according to an embodiment;
Figure 4 shows a transverse view of a portion of a fastener with a bolt head and
sloped surface;

Figure 5 schematically shows the mounting of a pump to a vacuum chamber
outlet;

Figure 6 shows a fastener being wrapped around a pump adjacent to a flange;
Figure 7 shows a pump attached to a chamber using a fastener according to an
embodiment;

Figure 8 schematically shows an anti-rotation device according to an
embodiment;

Figure 9 shows the anti-rotation device according to an embodiment in more
detail;

Figure 10 shows a flow diagram illustrating steps in a method of mounting a
pump according to an embodiment;

Figures 11A — C show a fastening mechanism according to an embodiment;
Figures 12A and 12B shows a fastening mechanism with an intermediate
element;

Figure 13 shows a pump with a fastening mechanism attached; and

Figure 14A shows a fastening mechanism with retainers; and

Figures 14B and C shows the retainers.

DESCRIPTION OF THE EMBODIMENTS

Before discussing the embodiments in any more detalil, first an overview will be

provided.
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Installing pumps such as vacuum pumps to a vacuum system can be challenging.
Other related equipment and the tool location creates a challenging environment
for installing and swapping the pumps where the pumps are installed directly to
the tool. During installation, the pump must be lifted to the mating face and up to
twelve bolts installed while holding the pump against the mating face. This
creates a dangerous and difficult ergonomic environment for the installers.
Furthermore, the bolts are often difficult to reach in some areas depending on the

tool.

Embodiments provide a fastener kit for mounting pumps to vacuum systems and
in particular, for mounting vacuum pumps to semiconductor tools. The fastener
may be built in some embodiments in several detachable parts that can be
installed on the pump adjacent to the inlet flange prior to moving the pump into
the installation location. Specialised bolts that are pre-installed on the tool can be
used, these bolts having heads that fit through holes in the fastener and
intermediate portions that slide through a slot on the fastener which slot has a
smaller width than the diameter of the head, but a larger width than the diameter
of the intermediate portion. The slot edges on the fastener have a raised feature
that is angled such that as the fastener is turned the bolt head slides through the
slot and up the angled raised surface creating an upward force on the flange of
the pump by the fastener as it turns and in this way tensions the bolts. These
upward forces provided on turning the ring generate a sealing force for the pump

against any seal potentially an O ring on the tool.

In some embodiments there is provided a locking mechanism that may be used
to inhibit the ring from backing up once fully turned and becoming detached
during operation. This way installation of a pump, perhaps a pump to a system

such as a tool can be made faster and safer.

Figure 1 shows a portion of a pump 10 for mounting to a vacuum system 15.
Pump 10 comprises flange 12 comprising a plurality of apertures (not shown)

through which bolts 20 extend. Fastener 30 comprises a ring having apertures
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32 which are dimensioned such that the retaining ends 22 of bolt 20 can pass
through the apertures and slots 34 which are narrower than the apertures 32 and
along which the bolts can slide but through which the retaining ends 22 cannot
pass. Thus, once the pump and fastener 30 are mounted on bolts 20, rotation of
the fastener 30 from a mounting position where the apertures 32 are aligned with
the bolts and the apertures in the flange 12, to a sealing position where the bolts
are now aligned with slots 34 is all that is required to install the pump 10 to the
vacuum system 15. In effect, the slots 34 have a smaller dimension than the
retaining heads 22 and thus, hold the fastener 30 and therefore the pump 10 in

place against the vacuum system 15.

Figure 2 shows fastener 30 in more detail. Fastener 30 is in this embodiment
made up of a plurality of articulated components which are held together by bolts
and each of which comprise at least one aperture 32 with a slot extended
therefrom 34. Each of the components are curved such that when they are
mounted around the pump they form a ring which matches the outer surface of
the flange component. The bolts holding the components together allow for
some rotational movement of the components allowing the fastener 30 to be
wrapped around the outer surface of the pump 10 and then fastened thereto by

fastening the two ends of the fastener 30 together to form a ring.

Figure 3 shows a portion of fastener 30 having a drive interface 36 for receiving a
drive tool for rotating the fastener and moving it from the mounting to the sealing
position during installation and form the sealing to the mounting position during
swapping of a pump. In this embodiment, the drive interface extends from the
surface of the fastener 30. In other embodiments, it may comprise a recess

within the fastener.

Figure 4 shows a side view of a portion of fastener 30 with the bolt head 32
extending through the slot and being held by it. The slot is shown in side view
and one can see a sloped surface 37 extending along the side edges of the slot

from the aperture end on the left of the diagram to the other end of the slot on the
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right of the diagram. This slope means that on rotation of the fastening means
the bolt head 32 slides along the slope and thus, there is a vertical component to
its movement and this pushes the pump towards the vacuum system. Although
not shown, the bolt head 22 has a surface that mates with the slope and which is
also angled in a corresponding manner allowing for improved support of the bolt

head across a greater surface area.

Figure 5 schematically shows the mounting of a pump which in this embodiment
comprises turbomolecular pump 40 to a vacuum system which in this
embodiment comprises the outlet of a vacuum chamber 60. In this embodiment,
a plurality of bolts 20 are mounted around the vacuum chamber outlet and these
bolts have a contoured surface such that the retaining end 22 has a larger
diameter than the intermediate fastener receiving portion 24. The apertures 42 in
the flange of the turbo pump are aligned with the bolts such that on mounting the
turbo pump the bolts pass through the apertures 42 and the flange of the turbo

pump mates with the surface around the vacuum chamber outlet 60.

Figure 6 schematically shows how fastener 30 is wrapped around turbo pump 40
of Figure 5 to provide a means of holding the turbo pump against the vacuum
chamber outlet 60. Although the fastener is shown being wrapped around the
turbo pump when it is mounted adjacent to the vacuum chamber, this is purely
illustrative and generally the fastener will wrapped around and attached to the

pump before it is mounted to the vacuum chamber.

The fastener 30 is an articulated fastener which is wrapped around the outer
surface of the turbo pump 40 adjacent to the flange and the ends of which are
secured together with bolts. It is mounted so that it can rotate around the outer

surface which enables it to lock the turbo pump in place.

Figure 7 shows the turbo pump 40 mounted to the vacuum chamber outlet 60 by
fastener 30. As can be seen fastener 30 abuts against the flange of the turbo

pump 40 and pushes it against vacuum chamber outlet 60. The bolts 20 are at
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one end of the slot, the fastener 30 having been rotated from the mounting
position where the apertures 32 in the fastener are aligned with the bolts, to the
position where the bolts are at the other end of the slot and where the retaining
end is held vertically by the slot and the fastener is inhibited from rotation by an
anti-rotation device 70. In this embodiment the anti-rotation device comprises a
pin which goes through holes on the side surfaces of the fastener and resists
rotation of the fastener from the sealing position back towards the mounting
position. In this embodiment, there is a single pin, in other embodiments there

may be more than one pin arranged adjacent to different bolts.

Figure 8 shows an alternative anti-rotation device 80 which has the form of an
insert which is inserted into the slot and which holds the bolt in position against
one end of the slot. Insert 80 has a raised portion 82 which goes under the
enlarged retaining end 22 of the bolt and helps to hold it and provides support for
the end of the bolt.

Figure 9 shows insert 80 in more detail. There are ball bearings 86 which extend
out from the side surfaces and help retain the insert in place within the slot.
Button 84 can be depressed to release the ball bearings and release the insert 80

from the slot.

In some embodiments, there may be a single insert 80 for retaining the fastener
in the sealing position, while in other embodiments there may be several in

different slots.

Figure 10 shows a flow diagram illustrating steps in a method of mounting a
vacuum pump to a vacuum chamber according to an embodiment. In one step a
fastener is wrapped around an outer surface of the vacuum pump and secured in
place. In another step contoured bolts are mounted in bolt receiving holes
around the vacuum chamber outlet. These two steps may be performed in any
order. Once these steps have been performed then the apertures in the vacuum

pump flange and the apertures in the fastener are aligned and these aligned
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apertures are slid over the bolts extending from the vacuum chamber such that
the pump is in position adjacent to the vacuum chamber outlet. The fastener is
then rotated so that the slots in the fastener are aligned with the bolts and where
the slots have a reduced width compared to the end of the bolts, the pump is held
in position by the slots. In other embodiments, retainers may be placed between
the bolt heads and the slots to retain the pump in position. In some embodiments
there are slopes on the surface of the slots and the pump is pushed against a
vacuum chamber during rotation of the fastener and this helps provide an
effective seal between the vacuum chamber and pump. In some embodiments
an anti-rotation device is then inserted such that the bolt is inhibited from moving
back along the slot from the sealing to the mounting position which movement

would allow the pump to become detached during use.

Figure 11 shows several views of a fastening mechanism having a fastener 30

and a retaining element 38 according to an embodiment.

Figure 11A shows the fastener 30 that is configured to be mounted adjacent to
the flange of the pump and which comprises slots 34 extending from apertures
32. The apertures 32 receive the bolts that extend through the flange of the
pump and are attached to the vacuum chamber when the pump is mounted to the
vacuum chamber. The slots allow the fastener 30 to rotate with the bolts moving
along the slots. The fastening mechanism also comprises a retaining element
38 which is shown in greater detail in Figure 11B. Retaining element 38
comprises apertures 32 each of which has a reduced sized aperture portion 39

which is the retaining portion of the aperture.

When mounting the pump to the vacuum chamber, the apertures 32 in the
fastener 30 and retaining element 38 are aligned and the bolts extending from the
vacuum chamber pass through these apertures. The fastener 30 and retaining
element 38 are then rotated. Rotation of the retaining element 38 causes the
reduced sized portion 39 of the apertures to be aligned with the bolts such that

the enlarged end of the bolt cannot pass through this smaller aperture and the
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pump is held in position. Rotation of the fastener 30 causes the bolts to travel
along the slots and the sloped surfaces of the fastener 30 and the retaining
element 38 move over each other such that rather than the thicker and thinner
portions being aligned so that the fastening mechanism has a reduced thickness
the thicker portions are aligned giving an increased thickness to the fastening
mechanism which provides a biasing force on the pump biasing it against the

vacuum chamber and improving the sealing.

Figure 11C shows the alignment of the fastener 30 and the retaining elements 38
in the mounting position when the sloped sections fit together and a reduced
width of the fastening mechanism is provided. Relative rotation of these two
elements allows the increased width portions to be aligned and provides for an
increased width of the fastening mechanism. In order to provide ease of rotation,

the facing surfaces may be coated with a low friction coating such as Teflon.

Figure 12A shows an alternative embodiment of a fastening mechanism with an
intermediate element 50 mounted between a biasing element 31 and a retaining
element 38. In other embodiments, the intermediate element may be mounted

between a fastener 30 and a retaining element 38. In still other embodiments it

may be mounted between the flange and a retaining and biasing element.

Intermediate element 50 has protrusions which in this embodiment are in the
form of rolling elements or wheels 52 which are configured to travel over the
surfaces of the biasing element 31 and the retaining element 38 on rotation of the
intermediate element 50. This allows for low friction rotation of this element.
Biasing element 31 has an undulating surface such that rotation of the
intermediate element from the lower thickness area to the higher thickness area
increases the width of the fastening mechanism and may be used to bias the

vacuum pump against the flange.

Figure 12B shows the intermediate element 50 and in particular the slots 54

which extend through the intermediate element and allow rotation of this element
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relative to the vacuum pump, with the bolts that fix the vacuum pump to the
vacuum chamber travelling within these slots. In an alternative embodiment,
where a fastener 30 is used rather than a biasing element 31 then slots may be
within the fastener 30 rather than the intermediate element 50 and the fastener
may rotate relative to the intermediate element. In some embodiments, both the

biasing element and the retaining element have correspondingly sloped surfaces.

Figure 13 shows a pump 10 with a fastening mechanism in place. In this
embodiment the fastening mechanism comprises a retaining element 38 and an

intermediate element 50.

Figure 14A shows an alternative embodiment that is similar to that of Figures 1 to
7, but where the slot has a constant cross section that is the same as the
aperture for receiving the bolt and thus, does not act to retain the pump in
position, rather retainers in the form of washers 88 are used. These are mounted
on the bolt heads and provide a surface for the fastener to rotate on. The
material of the washers is selected to be softer than the material of the bolts or
fastener so that any wear occurs preferentially on these washers. This allows the
washers to be replaced and extends the life of the other components. The

washers may also be selected to be a material with a low coefficient of friction.

Figure 14B shows the retainer 88 mounted in position on the lip of the enlarged
retaining end 22 of the fixing element or bolt. The retainer has an elongated
thinner portion which extends into the slot on fastener 30 and helps maintain it in
position. In some embodiments the retainer 88 does not have this portion. The
edge of the slot of fastener 30 rests on the lip of retainer 88 between the thicker
and thinner portions, this lip can be seen more clearly in Figure 14C. Figure 14C
also shows the shape of the retainer, such that the side walls comprise an

opening allowing the retainer to be pushed onto the bolts from the side.

Although illustrative embodiments of the invention have been disclosed in detail

herein, with reference to the accompanying drawings, it is understood that the
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invention is not limited to the precise embodiment and that various changes and
modifications can be effected therein by one skilled in the art without departing
from the scope of the invention as defined by the appended claims and their

equivalents.
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REFERENCE SIGNS

10 pump

12 flange

15 vacuum system

20 bolt

22 enlarged retaining end of bolt
30 fastener

31 biasing element

32 aperture

34 slot

36 drive interface

37 slope

38 retaining element

39 reduced sized retaining end of aperture
40 turbomolecular pump

42 apertures in flange of pump
50 intermediate element

52 rolling elements

54 slots

60 vacuum chamber outlet

70 anti-rotation pin

80 anti-rotation insert

82 raised lip

84 button

86 ball bearings

88 retainers
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CLAIMS

1. A vacuum pump comprising:

an inlet flange for connecting to a vacuum chamber, said inlet flange
comprising a plurality of apertures for receiving a plurality of protruding fixing
elements extending from said vacuum chamber, said protruding fixing elements
comprising an enlarged retaining portion at an end remote from said vacuum
chamber and a fastener receiving portion having at least one radial dimension
that is smaller than a corresponding dimension of said enlarged retaining portion;

a fastening mechanism comprising a plurality of slots each extending from
a same side of a plurality of apertures; wherein

said fastening mechanism is configured to be rotatable between a
mounting position in which said apertures are aligned with said protruding fixing
elements and a sealing position in which said slots are aligned with said

protruding fixing elements.

2. A vacuum pump according to claim 1, wherein at least a portion of a
surface of said fastening mechanism surrounding each of said slots is sloped,
such that said at least a portion of said fastening mechanism is thinner closer to

said aperture and thicker closer to an other end of said slot.

3. A vacuum pump according to claim 2, wherein a surface of said retaining
portion of said protruding fixing elements extending radially beyond said fastener
receiving portion is sloped, an angle of said slope corresponding to an angle of

said sloped surface surrounding said slots.

4, A vacuum pump according to any preceding claim, said plurality of
apertures being sized such that at least one dimension of said apertures is larger

than a width of said slots.

5. A vacuum pump according to any preceding claim, wherein said fastening

mechanism comprises said inlet flange, said inlet flange comprising said plurality
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of slots each extending from said plurality of apertures, said pump being rotatable
between said mounting position and said sealing position when mounting said

pump to a vacuum system.

6. A vacuum pump according to any one of claims 1 to 4, wherein said
fastening mechanism comprises a fastener mounted around an outer surface of
said vacuum pump adjacent to said inlet flange, said fastener comprising:
a plurality of apertures and said plurality of slots,
said plurality of slots each extending from a same side of said
plurality of apertures; wherein
said fastener is mounted to be rotatable about said outer surface of said
pump between a mounting position in which said plurality of apertures on said
fastener are aligned with said plurality of flange apertures on said flange and a
sealing position in which a portion of said plurality of slots are aligned with said

plurality of apertures on said flange.

7. A vacuum pump according to claim 6, wherein said fastener comprises a
ring and said slots extend in a circumferential direction parallel to a circumference
of said ring, so that protruding fixing elements passing through said apertures
move from said plurality of apertures along said plurality of slots on rotation of

said fastener from said mounting position to said sealing position.

8, A vacuum pump according to any preceding claim, wherein said fastening
mechanism comprises a plurality of retainers corresponding to said plurality of
protruding fixing elements, said plurality of retainers being formed of a material
that is softer than a material forming a portion of said fastening mechanism
comprising said slots and being configured to be mounted between said enlarged
portion of said protruding fixing elements and said portion of said fastening

mechanism comprising said slots.

9. A vacuum pump according to claim 8, wherein said plurality of retainers

each comprise a side wall partially surrounding an aperture, said side wall
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comprising an opening configured such that said corresponding protruding fixing
element can be pushed through said opening on mounting of said retaining
element to said protruding fixing element, at least one dimension of said aperture
being smaller than a corresponding dimension of said enlarged retaining portion

of said protruding fixing element.

10. A vacuum pump according to any one of claims 1 to 7, wherein said
fastening mechanism comprises a retaining element comprising a plurality of
apertures for receiving said plurality of protruding fixing elements, each of said
plurality of apertures in said retaining element comprise a receiving portion and a
reduced sized retaining portion, said retaining element being rotatable between a
mounting position where said receiving portions of said apertures are aligned with
said protruding fixing elements and a retaining position where said retaining
portions of said apertures are aligned with said protruding fixing elements, at
least one dimension of said retaining portion being smaller than a corresponding

dimension of said enlarged retaining portion of said protruding fixing element.

11. A vacuum pump according to any preceding claim, wherein said fastening
mechanism comprises a biasing element comprising a plurality of apertures for
receiving said plurality of protruding fixing elements, at least a portion of at least
one surface of said biasing element being sloped, such that portions of said
biasing element are thicker around said apertures and are thinner away from said

apertures.

12. A vacuum pump according to claim 10 and 11, wherein said retaining

element and said biasing element are a same element.

13. A vacuum pump according to any one of claims 11 or 12, when dependent
on any one of claims 6 or 7, wherein said fastener is configured to be mounted

between said biasing element and said flange of said pump.
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14. A vacuum pump according to any one of claims 11 to 13 when dependent
upon claim 2, wherein said sloped surface of said biasing element is configured
to face said surface of said fastening mechanism comprising said sloped portions

surrounding each of said slots.

15. A vacuum pump according to claims 13 and 14, wherein said fastener and
said biasing element are configured such that when said apertures are aligned a
combined thickness of said fastener and said biasing element is reduced and on
rotation of at least one of said fastener and biasing element to a retaining position

said combined thickness is increased.

16. A vacuum pump according to claim 14 or 15, wherein said sloped surface
of said biasing element and said surface of said fastening mechanism which it

faces are coated with a low friction coating.

17. A vacuum pump according to any one of claims 10 to 14, further
comprising an intermediate element comprising axial protrusions extending from
at least one surface, said fastening mechanism being configured such that on
rotation of said intermediate element relative to other elements of said fastening
mechanism said axial protrusions travel along one of said sloped surfaces of said
fastening mechanism, such that a width of said fastening mechanism changes on

said relative rotation.

18. A vacuum pump according to claim 17, said intermediate element
comprising said slots and being configured to rotate between a mounting position
where a combined thickness of said fastening mechanism is reduced to a

retaining position where said combined thickness is increased.

19. A vacuum pump according to claim 17 or 18, wherein said axial protrusion

comprises rolling elements.
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20. A vacuum pump according to any one of claims 6 to 19, wherein at least
one of said fastener, biasing, intermediate and retaining elements comprises a

plurality of articulated sections.

21. A vacuum pump according to claim 20, wherein each articulated section

comprises at least one aperture and at least one slot.

22. A vacuum pump according to claim 20 or 21, wherein each articulated

section is curved.

23. A vacuum pump according to any preceding claim, wherein said vacuum

pump comprises a turbomolecular pump.

24. A vacuum system comprising a vacuum chamber comprising an outlet
comprising a plurality of protruding fixing elements extending around said outlet
towards an exterior of said chamber and a vacuum pump according to any
preceding claim, said vacuum pump being mounted to said vacuum chamber by
said plurality of protruding fixing elements extending through said apertures on
said inlet flange of said vacuum pump and said slots of said fastening

mechanism.

25. A method of mounting a flanged vacuum pump according to any preceding
claim, to a vacuum chamber comprising a plurality of protruding fixing elements
extending around an outlet, said method comprising:

aligning apertures in the fastening mechanism with the protruding fixing
elements;

sliding the aligned apertures over the protruding fixing elements; and

rotating a portion of the fastening mechanism comprising the slots so that

the protruding fixing elements slide within the slots in the fastening mechanism.

26. A Kkit for mounting a flanged pump to a vacuum chamber, said kit

comprising:
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a plurality of bolts configured for mounting in a plurality of bolt receiving
holes located around a fluid opening in said vacuum chamber, said bolts
comprising an attaching end portion for mounting in and attaching to said bolt
receiving holes, a fastener receiving portion and an enlarged retaining portion
remote from said attaching end portion, said fastener receiving portion having at
least one dimension that is smaller than a corresponding dimension of said
retaining portion; and

a fastening mechanism for mounting to said flanged pump, said fastening
mechanism comprising:

a plurality of apertures said plurality of apertures being sized such
that said retaining portion can pass through said apertures; and

a plurality of slots each extending from a same side of said plurality
of apertures; wherein

said fastening mechanism is configured to be mounted to said flanged
pump by wrapping said fastening mechanism around an outer surface of said
flanged pump adjacent to said flange such that said fastening mechanism is
rotatable about said outer surface between a mounting position in which said
plurality of apertures are aligned with said plurality of bolt receiving holes and a
sealing position in which a portion of said plurality of slots are aligned with said

plurality of bolt receiving holes.

27. A Kkit according to claim 26, wherein at least a portion of a surface of said
fastening mechanism surrounding each of said slots is sloped, such that said at
least a portion of said fastening mechanism is thinner closer to said aperture and
thicker closer to an other end of said slot, movement of said bolts along said slots
from said aperture at said mounting position to said sealing position pushing said

pump towards said vacuum chamber.



