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HOLDING DEVICE FOR AT LEAST ONE FILAMENT AND MASS SPECTROMETER

Background of the invention

The invention relates to a holding device for at least one filament, comprising: at least
one filament receptacle for receiving (and for holding) the at least one filament, and a

mass spectrometer having at least one such holding device.

Filaments (grow wires) are used in ionization devices to ionize gases, which can be
used, for example, In mass spectrometers for trace analysis. In electron ionization, the
filament (glow wire) Is heated to high temperatures in order to generate an electron

beam through the thermoelectric effect, which hits the gas to be ionized and ionizes it.

For the flament replacement in such an electron ionization device, it is typically
necessary to remove the entire ionization device (i.e., the inlet or the inlet system, a
container having the ionization volume and the extraction optics) from the mass
spectrometer in order to be able to subsequently replace the filament(s). This process is
very time-consuming and requires breaking the vacuum. However, In specific
applications of mass spectroscopy, for example in process monitoring, the high

expenditure of time during the filament replacement is difficult to tolerate.

Object of the invention

The object of the invention is to provide a holding device for at least one filament and a

mass spectrometer which allow (at least) one filament to be exchanged quickly.

Subject matter of the invention

This object Is achieved by a holding device of the type mentioned at the outset, which is
designed for the detachable attachment, in particular clamping attachment, of the
filament receptacle to a container of an ionization device. The holding device is designed
to detachably attach the filament receptacle to the container, typically in an installation
position In which the filament feeds or can feed an electron beam to an ionization space

formed In the container.
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According to the invention, it is proposed that the holding device or the filament
receptacle for the at least one filament be mechanically decoupled from the container of
the 1onization device In which the ionization space Is formed. The filament(s) is/are thus
not mounted directly on the container or on the 1onization device, but rather placed on or
attached to separate fllament receptacles which in turn are detachably fastened to the
container. Each filament receptacle typically has only one filament, which is positioned
(clamped) on the container in a predetermined installation position. The fillament
receptacle(s) 1s/are typically clamped to the container for detachable attachment, 1.e., the
holding device Is designed to apply a clamping force to the filament receptacle(s) in the

Installation position in order to press it/them against the container.

In the Installation position, the flament receptacle abuts on the container or on the
housing of the 1onization device. In order to prevent the filament receptacle from slipping
IN the Installation position, the filament receptacle can have one or more projections
which, In the installation position, engage in one or more recesses, for example In the

form of grooves, on the container of the ionization device, or the other way around.

In one embodiment, the holding device comprises a base body which Is connected to the
at least one filament receptacle via at least one connecting element. The base body Is
typically designed for detachable fastening to a (vacuum) housing of the mass
spectrometer to allow access to the fillament receptacle(s) during the filament
replacement by detaching the base body or the entire holding device from the housing of

the mass spectrometer.

The base body can have a flange portion or form a flange which is typically aligned
orthogonally to a main or central axis of the container or the ionization device and which
IS flanged, typically screwed, to a housing of the mass spectrometer. Through the
opening In the housing that becomes free when the base body is removed, the at least
one filament receptacle, which is connected to the base body via the connecting
element, can also be removed from the ionization device. If the base body Is mounted In
a predetermined installation position on the housing of the mass spectrometer, e.g.,
flanged or screwed, the filament receptacle is also held in a predetermined installation
position relative to the container with the aid of the connecting element and Is thus

clearly positioned relative to the container. In particular, the connecting element can
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serve to generate a clamping or pressing force on the filament receptacle arranged in the

holding position or to transmit it to the filament receptacle.

In one development, the connecting element is designed as a resilient element, In
particular as a leaf spring. In this case, the connecting element itself Is used to apply the
clamping force to the at least one filament receptacle, since the connecting element Is
deflected from its basic position in the installation position and exerts a force on the

filament receptacle.

In an alternative development, the connecting element is designed so as to be rigid and
a pretensioning element engages the connecting element in order to apply a clamping
force to the filament receptacle. In this case, the connecting element itself does not serve
to apply a clamping force to the filament receptacle, but rather to transmit the clamping
force which Is transmitted from the (mechanical) pretensioning element to the rigid
connecting element.

In a further development, the base body has a linear guide for guiding the connecting
element, which can form a sliding feed-through, for example. The connecting element
can be displaced along the linear guide relative to the base body. In this case, the
connecting element and thus the filament receptacle are held in the installation position
against the action of a pretensioning force, the pretensioning force typically acting
parallel to the direction along which the connecting element can be displaced. VWhen
INnserting the holding device into the mass spectrometer, the connecting element is
typically displaced from a basic position in which the pretensioning element does not
exert any pretensioning force on the connecting element, against the effect of the
pretensioning force when the filament receptacle comes into abutment with the
container. In this way, In the installed state of the holding device, 1.e. after the base body
of the holding device has been fixed to the housing of the mass spectrometer, the
pretensioning element exerts a clamping force on the flament receptacle. For the
detachable clamping of the filament receptacle on the container, the holding device can

also have a sliding feed-through instead of a linear guide.

In an alternative embodiment, the connecting element forms a pivotable arm which is
connected to the base body via a rotary joint. WWhen inserting the holding device into the
vacuum housing, the connecting element is typically pivoted or deflected from a basic

position about the axis of rotation against the effect of a pretensioning force as soon as
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the filament receptacle comes into abutment with the container. In the installation
position, 1.e., after the base body of the holding device has been fixed on the vacuum
housing, the filament receptacle Is pressed against the effect of the pretensioning force
against the container. The pivotable arm can in particular form a two-sided lever, on the
first lever arm of which the filament receptacle is rigidly fastened. The pretensioning
element typically acts on the second lever arm.

In a further development, the pretensioning element is designed as a spring element
which Is preferably connected on the one hand to the base body and on the other hand
to the connecting element. For the case described above in which the base body has a
linear guide for the connecting element, the spring element can be a compression spring,
for example. In this case, when introducing the holding device into the ionization device,
the filament receptacle is displaced together with the connecting element against the
action of the compression spring, so that the filament receptacle exerts a clamping force
on the container In its installation position. For the case described above that the filament
receptacle 1s attached to a connecting element in the form of a pivotable arm that serves
as a bilateral lever, the spring element can be connected at one end to the second lever

arm and at the other end to the base body.

The holding device preferably has two connecting elements in the form of pivotable arms
which are each connected to the base body via a rotary joint. In this case, a separate
filament receptacle 1s fastened to each of the two pivotable arms. This embodiment is
particularly advantageous in the event that two (or possibly more than two) fllament
receptacles are detachably attached or fastened to opposite sides of the container and
are to be clamped. The use of two separate rotary joints and the attachment of the two
pivotable arms to the same base body has proven to be beneficial for applying a

clamping force, as will be described in more detail below.

In a further development, the pretensioning element is designed to pivot the two
pivotable arms Iin opposite directions, 1.e., with opposite directions of rotation, about each
rotary joint, in order to fasten the two filament receptacles attached to the pivotable arms
on two opposite sides of the container in a clamping manner. For this purpose, the
pretensioning element typically acts on the two first lever arms of the pivotable arms or
on the two second lever arms of the pivotable arms in order to pivot them towards or
away from one another. In order to pivot the two pivotable arms in the manner of a pair

of pliers (symmetrically) relative to the container, the pretensioning element engages into
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a respective (first or second) lever arm of the pivotable arms at the same distance from
the respective axis of rotation. The holding device, more precisely the connecting
elements and the filament receptacles, can in particular be arranged mirror-
symmetrically to a plane of symmetry or to an axis of symmetry. The plane of symmetry

or the axis of symmetry intersects the central axis of the container.

The advantage of the (symmetrical) clamping of the container from two sides is that In
this way shear forces which could displace the main axis of the container are prevented.
Since the container or the ionization device does not have to be removed for the filament
replacement, the optimized positioning of the main axis of the container is retained in this
way. An Inlet or an inlet opening for supplying the gas to be ionized into an ionization
space and an outlet for the ionized gas are typically formed along the main axis of the
container. The container is typically substantially radially symmetrical to the main axis,
l.e., It has a cylindrical basic shape, the cylinder axis of which forms the main axis of the

container.

In a further embodiment, the pretensioning element is designed so as to be rigid, In
particular rod-shaped, Is guided In a guide track, in particular in a linear guide, of the
pbase body, and has a free end with an abutment surface for abutment with the container.
In this case, the pretensioning element is moved along the guide track when introducing
the holding device into the housing, as soon as the abutment surface is brought into
abutment with the container. The movement along the guide track has the effect that the
pretensioning element acts on the connecting element in order to transmit a clamping
force to the connecting element. It has proven to be advantageous if the pretensioning
element Is guided In a linear guide In this case so as to be linearly displaceable. The
direction of displacement of the pretensioning element is preferably oriented

perpendicular to the center axis of the container.

In a further development, the pretensioning element has a guide element which engages
the two pivotable arms. As a rule, the entire pretensioning element is moved along the
guide track In this case and the guide element, for example in the form of a bolt, pin, or
the like, I1s coupled to a respective lever arm of the two pivotable arms in order to pivot
them about the respective axis of rotation and to apply a clamping force to the filament
receptacle(s) or to the container in the installation position of the holding device. The

coupling of the guide element to the two pivotable arms can be implemented, for
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example, by means of elongated holes or the like made In the first or second lever arms
of the pivotable arms. It goes without saying that the guide element can also be coupled

to the pivotable arms in another way.

Another aspect of the invention relates to a mass spectrometer, comprising: an ionization
device with a container in which an ionization space for ionizing a gas Is formed, at least
one holding device, which is designed as described above, for detachable, in particular
clamping, fastening of the at least one filament receptacle on the container, as well as a
vacuum housing with which the holding device, In particular the base body of the holding
device, Is detachably connected. The base body of the holding device typically has a
flange portion and, In its installation position, is detachably connected to the vacuum
housing, for example via a screw connection. The holding device or its base body is thus
accessible to an operator who is located outside the vacuum housing in order to allow

the filament or filaments to be exchanged.

In the event that the holding device has two (or possibly more) filament receptacles for
holding two (or possibly more) filaments, the ionization device can be operated
redundantly: A filament replacement or a removal of the holding device Is only necessary
If both filaments have failed. The mass spectrometer can, however, also have two or
more holding devices which are fastened to the vacuum housing via separate base
bodies or flanges which, for example, are each arranged orthogonally to one another or
opposite one another in relation to the container. In this case, a respective holding
device can be released from the vacuum housing as soon as one of the filaments has
falled. In this case, however, at least two separate accesses or openings are required In

the vacuum housing to ensure redundancy.

Through the access or the opening in the vacuum housing, the holding device can be
removed from the vacuum housing together with the filament receptacle(s) and the
filament can be replaced, without the container or the 1onization device as a whole
having to be removed from the vacuum housing and repositioned in the vacuum housing
after the filament exchange. This is particularly advantageous in the event that the
lonization device or its container/housing is connected directly to ion-transferring

components, for example transfer quadrupoles or the like, or Is even screwed onto them.
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When the holding device I1s removed from the vacuum housing, the vacuum must be
broken. In order to ensure a quick filament replacement, the vacuum housing should be
vented with an inert gas, e.g., with (dry) nitrogen or with noble gases. In this way, the
pumping time after the filament replacement can be reduced, since the pumping out of
water, which is deposited on the inner walls of the vacuum apparatus during other

ventilation, 1s the most time-consuming step of the entire pumping process.

In one embodiment of the mass spectrometer, the rigidly designed pretensioning
element of the holding device rests with its abutment surface on the container in the
iInstallation position. As was further described in connection with the holding device
acting in the manner of pliers, the pretensioning element is in this case brought into
abutment with the container when inserting the holding device into the vacuum housing
and presses the two filament receptacles fastened to the pivotable arms—iIn relation to a
main axis of the container—on opposite sides of the container or clamps them to the
container. To achieve this, the flange portion of the base body Is typically oriented

orthogonally to the main or central axis of the container or the 1onization device.

Further features and advantages of the invention emerge from the following description
of embodiments of the invention, with reference to the figures of the drawing which show
details which are substantial to the invention, and from the claims. The individual
features can each be implemented individually or collectively in any combination in a

variant of the invention.

Drawing

Embodiments are shown Iin the schematic drawing and are explained in the following

description. In the drawing:

Fig. 1 IS a schematic representation of a holding device which has two filament
receptacles,
Fig. 2 IS @ schematic representation of a mass spectrometer which has the

holding device of Fig. 1 for the clamping attachment or fastening of two

filament receptacles on a container of an ionization device,
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Fig. 3a-c are schematic representations of the holding device of Fig. 1 and of the
container to which the two filament receptacles are fastened in a clamping

manner, and

Fig. 4a-c are schematic representations of holding devices which are designed for

the clamping attachment of a filament receptacle to the container.

In the following description of the drawings, identical reference signs are used for
identical or functionally identical components.

Fig. 1 schematically shows a holding device 1 which comprises two fllament receptacles
2a,b for receiving (and for holding) a respective filament 3a,b (cf. Fig. 2), which is not
depicted In Fig. 1. The first and second filament receptacles 2a,b are connected to a
base body 4 of the holding device 1 via a first and second connecting element 5a,b In
each case. In the example shown In Fig. 1, the two connecting elements are each
designed In the form of a rigid, pivotable arm 5a,b. The pivotable arms 5a, b are each

connected to the base body 4 via their own rotary joint 6a,b.

Fig. 2 shows the two filament receptacles 2a,b in an installation position of the holding
device 1 1n a mass spectrometer 9. As can be seen In Fig. 2, In the installation position of
the holding device 1, the two filament receptacles 2a,b rest on two opposite sides of a
container /7 of an ionization device 8 which forms part of the mass spectrometer 9. When
iInstalling the holding device 1, the two filament receptacles 2a,b are attached or fastened
to the container 7 Iin a clamping manner due to a pliers movement of the two pivotable

arms 5a.b.

In the example shown, the container 7 has a substantially cylindrical outer surface with
which the filament receptacles 2a,b are brought into abutment, the pivotable arms 5a,b
exerting a clamping force on the fillament receptacles 2a,b, as described in more detall

below In connection with Fig. 3a-c.

The ionization device 8 of the mass spectrometer 9 shown In Fig. 2 has an inlet or an
INlet system 10 for feeding a gas 11 to be analyzed into an ionization space 12 which is
formed In the container 7 of the 1onization device 8. As can also be seen in Fig. 2, the

first fllament 3a generates an electron beam 13 which is fed to the ionization space 12
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via a side opening In the container 7 and serves to generate an ionized gas 14 to be

analyzed by electron impact ionization.

The mass spectrometer 9 also has an extraction device 15 in the form of an electrode
arrangement, in order to extract the ionized gas 12 from the ionization space 10 and to
accelerate it In the direction of a transfer quadrupole 16 and, If necessary, to focus It,
before this I1s analyzed by mass spectrometry in a detector 17, for example in the form of
a time-of-flight detector. In addition to transporting the ionized gas 14, the transfer
gquadrupole 16 can also serve for mass separation or for mass selection. It goes without
saying that the mass spectrometer 9 shown In Fig. 2 I1s to be understood as an example
and can also be designed In other ways. For example, the mass spectrometer 9 can

have other types of detectors 17, another type of ion transfer device, etc.

The mass spectrometer 9 shown In Fig. 2 also has a vacuum housing 18 in the form of a
stainless steel housing, In which the ionization device 8 and the container 7 are fixed.
The ionization device 8 or the container 7 can In particular be screwed to other
components of the mass spectrometer 9, for example to the extraction device 15 or to
the transfer quadrupole 16. The components or stages within the vacuum housing 18 are
pumped differentially by means of a vacuum pump (not shown). The interior of the
vacuum housing 18 of the mass spectrometer 9 is not readily accessible to an operator
from the outside.

In order to nevertheless allow the filaments 3a,b to be exchanged quickly, the base body
4 of the holding device 1 Is fastened, typically screwed, In its installation position in the
mass spectrometer 1 to the vacuum housing 18 of the mass spectrometer 9 via a
detachable connection. In the example shown, a plate-shaped portion 4a of the base
body 4 is positioned on the outside of the vacuum housing 18 and flanged to it or
screwed to it. A portion 4b of the base body 4 protruding beyond the plate-shaped
portion 4a extends into the vacuum housing 18 of the mass spectrometer 9 In the

Installation position of the holding device 1.

For the exchange of the two filaments 3a,b In the mass spectrometer 9 shown in Fig. 2, it
IS therefore not necessary to remove the ionization device 8, In particular the container 7,
from the vacuum housing 18 of the mass spectrometer 9; rather, it i1s sufficient if the

externally accessible portion 4a of the base body 4 is detached from the vacuum housing
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18 and the holding device 1 i1s removed from the vacuum housing 18, the clamping of the

two filament receptacles 2a, b being released.

For the exchange of the filaments 2a,b, it Is necessary to break the vacuum in the
vacuum housing 18. In order to avoid that moisture is deposited on the components
located In the vacuum housing 18 or on the inside of the vacuum housing 18, the interior
of the vacuum housing 18 is vented with an inert gas, for example with (dry) nitrogen or
purged with an inert gas. In this way, the pumping time during the subsequent renewed

evacuation of the vacuum housing 18 can be significantly reduced.

In order to reposition the holding device 1 In the vacuum housing 18 after the exchange
of the fillaments 2a,b, the protruding portion 4a of the base body 4 Is introduced, together
with the filament receptacles 2a which are connected to the base body 4 via the two
pivotable arms 5a,b, into the vacuum housing 18 along the Z direction of an XYZ
coordinate system shown In Fig. 2, specifically via an access or via an opening In the
vacuum housing 18, which Is located in the Z direction above a main axis or central axis
M of the Ionization device 8. In the mass spectrometer 9 shown In Fig. 2, the plate-
shaped portion 4a of the base body 4 therefore runs parallel to the XY plane, which

corresponds to the plane of the drawing.

In order to press the two filament receptacles 2a,b against the outer surface or the
circumference of the container /7, so that they are fixed or clamped In a predetermined
position relative to the container 7, the holding device 1 shown in Fig. 1 and in Fig. 3a-c
has a rigidly designed, rod-shaped pretensioning element 20. The rod-shaped
pretensioning element 20 extends along an axis of symmetry S of the holding device 1
which runs perpendicular to the plate-shaped portion 4a of the base body 4 and which
corresponds to the Z direction in the installation position of the holding device 1 In the

vacuum housing 18.

The rod-shaped pretensioning element 20 has an abutment surface 20a (cf. Fig. 1)
which Is pressed against the container 7, more precisely against its outer surface, when
Inserting the holding device 1 into the vacuum housing 18. The rod-shaped pretensioning
element 20 Is displaced in a linear guide 21 (a rail) formed in the protruding portion 4b of
the base body 4 along the axis of symmetry S, which corresponds to the Z direction in

the installation position of the holding device 1. During the linear displacement of the
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pretensioning element 20 In the Z direction, a guide element 22 (in the example shown, a
bolt) attached to the pretensioning element 20, which protrudes laterally over an
elongated hole In the protruding portion 4a of the base body 4, is displaced In the
direction of the plate-shaped portion 4a of the base body 4.

The guide element 22 in the form of the protruding bolt engages the two pivotable arms
5a,b, more precisely, the guide element 22 in the form of the bolt engages in two
elongated holes 23a,b of a respective first lever arm of the two pivotable arms 5a,b,
which are designed as double-armed levers In the example shown. The linear movement
of the pretensioning element 20 and thus of the guide element 22 is converted In this
way Into an opposing pivoting movement of the two pivotable arms 5a,b, so that they are
moved In opposite directions in the manner of pliers and exert a clamping force in the
iInstallation position of the holding device 1 on the two filament receptacles 2a,b, which,
IN the installation position, abut on the two opposite sides of the container 7, as shown In
Fig. 2. The distance between the guide element 22 of the rod-shaped pretensioning
element 20 and the free end of the pretensioning element 20 on which the abutment
surface 20a is formed i1s matched to the length of the pivotable arms 5a,b, such that the
filament receptacles 2a,b in the installation position can be brought laterally into
abutment with the container 7 and a—not too great—clamping force is exerted on the
filament receptacles 2a,b.

As can be seen In Fig. 3¢, the filament receptacles 2a,b each have a concave
(spherically) curved abutment surface 24a, 24b, which is formed on a projection of the
filament receptacles 2a,b protruding in the direction of the container 7. In the installation
position, the projection of the respective flament receptacle 2a,b engages in an annular
groove (not shown) on the outer surface of the container 7. In the installation position,
the spherically curved abutment surface 24a, 24b rests on the likewise spherically
curved bottom of the annular circumferential groove which is formed on a disc-shaped,
circular base plate of the container 7. The engagement of the projection of the filament
receptacle 2a,b in the groove on the container 7 forms a lateral guide and prevents the
respective filament receptacle 2a,b from executing an undesired movement in the

direction of the central axis M of the container 7 in the installation position.

The container 7 i1s only designed to be cylindrical to simplify the representation, but can
pasically have any geometry. In particular, it is not necessary for the container 7 to have

a continuous, circumferential outer surface which has only two openings for the passage
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of a respective electron beam 13. In the simplest case, the container 7 is formed from
two end plates which are connected to one another via spacers. In this case, or in
general, the ionization space 12 can form its own (optionally heatable) container which is
arranged within the container 7 to which the filament receptacles 2a,b are fastened in a
clamping manner. In this case, the respective flament receptacle 2a,b is brought into
abutment with its abutment surface 24a, 24b, for example in a groove on the
circumference of one or possibly both end plates and clamped by the pliers mechanism

described above In the installation position of the holding device 1.

In the case of the holding device 1 shown in Fig. 1 and in Fig. 3a-c, the two fillament
receptacles 2a,b are clamped on opposite sides of the container 7, the clamping being
carried out symmetrically to the axis of symmetry S of the holding device 1, which
extends perpendicular to the central axis M of the container /7 and intersects the central
axis M of the container 7. In this way, shear forces can be avoided which could otherwise
displace the central axis M of the container 7 when applying the clamping force. Since
the Ionization device 8 and thus the container 7 do not have to be removed for the
filament replacement, the optimized positioning or alignment of the container 7 is

retained when the filament is changed.

The holding device 1 shown in Fig. 1 and Fig. 3a-c is typically only removed from the
mass spectrometer 9 when both filaments 3a,b are defective and have to be replaced. A
single functional filament 3a, 3b Is sufficient for the operation of the ionization device 8;
l.e., when the 1onization device 8 Is In operation, typically only one filament 3a,b Is
heated by means of a resistance heater known per se (not shown), in order to generate

an electron beam 13.

While the holding device 1 shown in Fig. 1 and in Fig. 3a-c Is designed to hold two
filaments 3a,b on a common base body 4, Fig. 4a-c show three holding devices 1, each
designed for holding only one single filament 3a on a fllament receptacle 2a. In the event
that two filaments 3a,b are to be detachably fastened to the container 7, the mass
spectrometer 9 can have two holding devices 1 which are designed as In Fig. 4a-c. The
pbase bodies 4 of the two holding devices 1 can be attached to two separate openings or
accesses In the vacuum housing 18, which are generally opposite one another in order

to avoid the occurrence of shear forces (see above).
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The holding device 1 shown In Fig. 4a has a connecting element for connecting the base
body 4 to the fillament receptacle 2a, which is designed as a resilient element, more
precisely as a leaf spring 5a. In the installation position of the holding device 1, the leaf
spring 5a presses the filament receptacle 2a against the container 7 in order to clamp

the filament receptacle 2a onto the container 7.

The holding device 1 shown In Fig. 4b, like the holding device 1 shown In Fig. 1, has a
connecting element in the form of a pivotable arm 5a, which is connected to the base
body 4 via a rotary joint. The pivotable arm 5a forms a double-armed lever, on one lever
arm of which the filament receptacle 2a is rigidly fastened and on the other lever arm a
pretensioning element 20° in the form of a tension spring engages, which generates a

clamping force for pressing the filament receptacle 2a against the container 7.

In the holding device 1 shown In Fig. 4c, the base body 4 has a linear guide 25, more
precisely a sliding feed-through, for the rigidly designed connecting element 5a, which is
displaced relative to the base body 4 against the force of a pretensioning element 20° In
the form of a resilient element, in order to exert a clamping force on the filament
receptacle 2a in the installation position of the holding device 1 and to clamp it

detachably to the container 7.

The holding devices 1 described above make it possible to exchange the fillaments 3a,b
without having to remove the ionization device 8 or the container 7 from the vacuum
housing 18 of the mass spectrometer 1 for this purpose. On the one hand, this
accelerates the exchange of the filaments 3a,b significantly and, on the other hand,
avolds the need to reposition or align the container 7 or the 1onization device 8 when
reinserting them into the vacuum housing 18 after the filaments 3a,b have been
exchanged. It goes without saying that the holding devices 1 shown In Fig. 4a-c can also
be used In mass spectrometers 9 or In ionization devices 8 which have only one filament
3a.
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CLAIMS

Holding device (1) for at least one filament (3a,b), comprising:

at least one filament receptacle (2a, b) for receiving the at least one filament (3a,b),
characterized in

that the holding device (1) is designed for a detachable attachment of the at least one
filament receptacle (2a, b) to a container (7) of an ionization device (8); and

a base body (4) which is connected to the at least one filament receptacle (2a, 2b)
via at least one connecting element (5a, 5b), wherein the connecting element (5a,b)
is rigid and a pretensioning element (20, 20°) engages into the connecting element

(5a,b) in order to apply a clamping force to the filament receptacle (2a,b).

Holding device according to claim 1, wherein the base body (4) has a linear guide

(25) for guiding the connecting element (5a).

Holding device according to claim 1, wherein the connecting element forms a
pivotable arm (5a, 5b) which is connected to the base body (4) via a rotary joint (6a,
6b).

Holding device according to any of claims 1 to 3, wherein the pretensioning element
is designed as a spring element (20°) which is preferably connected on the one hand

to the base body (4) and on the other hand to the connecting element (5a).

Holding device according to claim 3 o, which has two connecting elements in the
form of pivotable arms (5a,b) which are each connected to the base body (4) via a

rotary joint (6a,b).

Holding device according to claim 5, wherein the pretensioning element (20) is
designed to pivot the two pivotable arms (5a,b) in opposite directions about each
rotary joint (6a,b), in order to fasten the two filament receptacles (2a,b) attached to
the pivotable arms (5a,b) on two opposite sides of the container (7) in a clamping

manner.

Holding device according to claim 1, wherein the pretensioning element (20) is rigid

and is guided in a guide track of the base body (4), and in which the pretensioning



10.

15

element (20) has a free end with an abutment surface (20a) for abutment with the

container (7).

Holding device according to claim 5, wherein the pretensioning element (20) has a

guide element (22) which engages on the two pivotable arms (5a,b).

Mass spectrometer (9) comprising:

an ionization device (8) having a container (7) in which an ionization space (12) for
ionizing a gas (11) is formed,

at least one holding device (1) according to any of the preceding claims, and

a vacuum housing (18) to which the holding device (1) is detachably connected.

Mass spectrometer according to claim 9, wherein the rigidly designed pretensioning
element (20) of the holding device (1) abuts with its abutment surface (20a) on the

container (7).



