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(54) TUBE IN TUBE INSERT FOR MOBILE X‑RAY AND DXR SYSTEM

(57) The present invention relates to X-ray sources.
In order to provide an X-ray source that is compatible for
different types of systems, a modular X-ray source sys-
tem (100) is provided that comprises at least one X-ray
tube module (10) comprising an X-ray generating ar-
rangement including a cathode and an anode, a vacuum
housing enclosing the X-ray generating arrangement in

an enclosure, and a dock interface; and a plurality of tube
docks (110)of at least twodifferentdock types, eachdock
type being configured to provide at least one different
functionality, selectively attachable to the dock interface
of the at least one X-ray tube module for operating the at
least one X-ray tube module.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to X-ray sources,
and inparticular to amodularX-ray sourcesystem,and to
a method of using the modular X-ray source system.

BACKGROUND OF THE INVENTION

[0002] X-ray tubes have a number of applications
which involve the treatment or analysis of a sample, for
example, industrial imaging, analytical instruments and
medical imaging. Various types of X-ray tubes have been
developed to meet different performance requirements
demanded by these applications. For example, for small
mobile X-ray systems often only low X-ray power is
required and also the required heat capacity including
coolingcapabilitieswouldbe lower compared tostandard
Digital X-ray Radiogrammetry (DXR) X-ray systems.

SUMMARY OF THE INVENTION

[0003] Theremaybeaneed to provideanX-ray source
system that is compatible for different types of systems.
[0004] The object of the present invention is solved by
the subject-matter of the independent claims, wherein
further embodiments are incorporated in the dependent
claims. It should be noted that the following described
aspects of the invention apply also for the modular X-ray
source system, and the method of using the modular X-
ray source system.
[0005] According to a first aspect of the present inven-
tion, there is provided a modular X-ray source system.
Themodular X-ray source systemcomprises at least one
X-ray tube module comprising an X-ray generating ar-
rangement including a cathode and an anode, a vacuum
housing enclosing the X-ray generating arrangement in
an enclosure, and a dock interface. The modular X-ray
source system further comprises a plurality of tube docks
of at least two different dock types, each dock type being
configured to provide at least one different functionality,
selectively attachable to the dock interface of the at least
one X-ray tube module for operating the at least one X-
ray tube module.
[0006] Accordingly, a modular X-ray source system is
proposed to have a compatible modular tube design for
use in different types of X-ray systems. The modular X-
ray source system has at least one X-ray tube module
andaplurality of tubedocksof different types.Theat least
one X-ray tubemodule is selectively attachable to one of
the plurality of tube docks to formanX-ray source tomeet
different performance requirements demanded different
X-ray systems.
[0007] As an example, the plurality of tube docks may
comprise the following three exemplary dock types.
[0008] The first dock type may be a simple tube dock
that just provides mains power and mandatory control

electronics to the at least oneX-ray tubemodule allowing
only few low power shots. In other words, a tube dock of
the first dock typemaybeprovidedwithabasic lowpower
functionality for mobile imaging. The at least one X-ray
tube module may be attached to a tube dock of the first
dock type to achieve a compact stand-alone module in a
mobile X-ray setting. For the mobile setting the basic
lightweight small X-ray tube module would be a fully
functional base unit.
[0009] The second dock type may be a tube dock with
liquid cooling and/or extra high voltage generator, allow-
ing to use the at least one X-ray tube module in a high
power mode and/or for longer scans. The at least one X-
ray tube module may be attached to a tube dock of the
second typewithadditional infrastructure, e.g., additional
cooling capacity, energy buffering, and additional control
electronics. This configurationmaybe used in a standard
DXR setting with higher power usage.
[0010] The third dock type may be a tube dock with at
least two tube interfaces to use two or more X-ray tube
modules at the same time. The "multi-tube-docks" with
several X-ray tube modules may be used as multi-focus
and multi-functional tubes, allowing to either cover a
wider Field of View (FOV) or to provide some depth
resolution like in tomosynthesis.
[0011] The usage of such a modular base unit in var-
ious X-ray systems may allow for cheaper systems and
also for simple self-replacement of theX-ray tubemodule
in case of defects or component aging. Easy service and
replacement and cheapmodular concept using the same
X-ray tube module may allow for a modular and upgrad-
able design.
[0012] According to an exemplary embodiment of the
first aspect of the present invention, the at least one
different functionality comprises a heat management
functionality to provide thermal management for the at
least one X-ray tube module.
[0013] Accordingly, at least one tube dock in the plur-
ality of tube docks may have an extended heat capacity
via acooling infrastructureallowing touse theat least one
X-ray tube module in a mobile setting. A liquid cooling
systemmay be added, allowing to use the at least one X-
ray tube module in a high power mode and/or for longer
scans.
[0014] According to an exemplary embodiment of the
first aspect of the present invention, the plurality of tube
docks comprises at least one tube dock with a cooling
arrangement configured to provide passive cooling of the
at least one X-ray tube module, and/or a cooling system
configured to direct a flow of coolant proximate to the at
least one X-ray tubemodule so that the coolant removes
at least some heat therefrom.
[0015] According to an exemplary embodiment of the
first aspect of the present invention, at least one different
functionality comprises a radiation shielding functionality
to shield the at least one X-ray tube module.
[0016] The additional radiation shielding functionality
maybebeneficialwhen theat least oneX-ray tube isused
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in a high power mode and/or for longer scans.
[0017] According to an exemplary embodiment of the
first aspect of the present invention, the plurality of tube
docks comprises at least one tube dock with a radiation
shielding arrangement.
[0018] According to an exemplary embodiment of the
first aspect of the present invention, at least one different
functionality comprises a high voltage supply function-
ality for supplying a high voltage to the at least one X-ray
tube module.
[0019] Accordingly, additional energy buffering is pro-
vided to ensure that the at least one X-ray tube module
works properly in a high power mode.
[0020] According to an exemplary embodiment of the
first aspect of the present invention, the plurality of tube
docks comprises at least one tube dock with a high
voltage generator configured to supply the at least one
X-ray tube module with a required high voltage, and/or a
high voltage generator interface configured to be elec-
trically connectable to an external high voltage generator
that is configured to supply the at least one X-ray tube
module with a required high voltage.
[0021] According to an exemplary embodiment of the
first aspect of the present invention, the plurality of tube
docks comprises at least one tube dock with a tube
alignment guide that is configured to permit free axial
movement of the at least one X-ray tube module while
restricting at least one of lateral movement and angular
movement of the at least one X-ray tube module.
[0022] In this way, it is possible to allow simple replace-
ment of the X-ray tube module by non-expert for main-
tenance and adaption of the modular X-ray system via
selection of the types of X-ray tube module.
[0023] According to an exemplary embodiment of the
first aspect of the present invention, the plurality of tube
docks comprises at least one tube dock configured to be
attachable to two or more X-ray tube modules.
[0024] Accordingly, the "multi-tube-docks"with several
X-ray tube modules may be used as multi-focus and
multi-functional tubes, allowing to either cover a wider
FOV or to provide some depth resolution like in tomo-
synthesis.
[0025] According to an exemplary embodiment of the
first aspect of the present invention, the at least oneX-ray
tube module comprises a plurality of X-ray tube modules
of at least two different tube types, each tube type having
at least one different tube characteristic, selectively at-
tachable to the at least one of the plurality tube docks.
[0026] Accordingly, it is possible to select anX-ray tube
module with a tube characteristic meeting the require-
ment of a particular X-ray system.
[0027] According to an exemplary embodiment of the
first aspect of the present invention, the at least one
different tube characteristic comprises one or more of:

- a different tube material;
- a different focal spot size;
- a different focal spot location;

- a different anode angle;
- a different power capability; and
- a different number of filaments of the cathode.

[0028] According to an exemplary embodiment of the
first aspect of the present invention, the modular X-ray
source system further comprises an X-ray source ar-
rangement comprising two ormore of the plurality of tube
docks arranged in a predetermined geometry, each tube
dock being attached to one or more X-ray tube modules.
[0029] Accordingly, the X-ray source system may be
configured to cover a wider FOV. Additionally, each tube
dock and X-ray tubemodule in the X-ray source arrange-
ment may be selected to generate different X-rays at
different positions to meet the requirement of a special
application.
[0030] According to a second aspect of the present
invention, there is provided a method of using the mod-
ularX-ray source systemaccording to the first aspect and
any associated example for generating X-ray radiation
for an X-ray system, the method comprising:

a) providing at least one X-ray tube module;
b) providing at least one tube dock; and
c) attaching the at least oneX-ray tubemodule to the
at least one tube dock for X-ray generation.

[0031] Accordingly, the usage of such a modular base
unit in various X-ray systems may allow for cheaper
systems and also for simple self-replacement of the X-
ray tube module in case of defects or component aging.
Easy service and replacement and cheap modular con-
cept using the same X-ray tube module may allow for a
modular and upgradable design.
[0032] According to an exemplary embodiment of the
first aspect of the present invention, step a) further com-
prises:

al) providing a plurality of X-ray tubemodules having
different tube characteristics; and
a2) selecting one X-ray tube module from the plur-
ality of X-ray tube modules based on a performance
requirement demanded by the X-ray system; and

wherein step c) further comprises:

- attaching the selected X-ray tube module to the at
least one tube dock for X-ray generation.

According to an exemplary embodiment of the first as-
pect of the present invention, step b) further comprises:

b1) providing a plurality of tube docks of different
dock types, each dock type providing at least one
different functionality; and
b2) selecting one tube dock from the plurality of tube
docks based on a performance requirement de-
manded by the X-ray system; and
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wherein step c) further comprises:

- attaching the at least one X-ray tube module to the
selected tube dock for X-ray generation.

[0033] These and other aspects of the present inven-
tion will become apparent from and be elucidated with
reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] These and other aspects of the invention will be
apparent from and elucidated further with reference to
the embodiments described by way of examples in the
following description and with reference to the accom-
panying drawings, in which

Fig. 1 illustrates an exemplary modular X-ray source
system
Fig. 2 illustrates an exemplary X-ray source that is
formed by attaching the X-ray tube module to a tube
dock of a first dock type.
Fig. 3A illustrates an exemplary X-ray source that is
formed by attaching the X-ray tube module to a tube
dock of a second dock type.
Fig. 3B illustrates an exemplary cooling system for
the X-ray source shown in FIG. 3A.
Fig. 4 illustrates an exemplary X-ray source that is
formed by attaching the X-ray tube module to a tube
dock of a third dock type.
Fig. 5 illustrates a further example of the modular X-
ray source system.
Fig. 6 illustrates an exemplary X-ray source arrange-
ment
Fig. 7 illustrates a flowchart describing a method of
using the modular X-ray source system for generat-
ing X-ray radiation for an X-ray system.

[0035] It should be noted that the figures are purely
diagrammatic and not drawn to scale. In the figures,
elements which correspond to elements already de-
scribed may have the same reference numerals. Exam-
ples, embodiments or optional features, whether indi-
cated as nonlimiting or not, are not to be understood
as limiting the invention as claimed.

DETAILED DESCRIPTION OF EMBODIMENTS

[0036] Fig. 1 illustrates an exemplary modular X-ray
source system 100. The exemplary modular X-ray
source system 100 comprises an X-ray tube module
10. The at least one X-ray tube module 10 comprises
an X-ray generating arrangement 12 including a cathode
14 that has an electron emission source configured to
emit electrons and an anode 16 that generates X-rays by
collision of electrons. The anode 16 may be a stationary
anode or a rotatory anode. Although not shown, an op-
tional second cathode might be used only in in a high

power mode, e.g., in the DXR plug-in mode, when addi-
tional infrastructure is connected to the X-ray tube mod-
ule 10 in the extension housing. The X-ray tube module
10 further comprises a vacuum housing 18 enclosing the
X-ray generating arrangement 12 in anenclosure. TheX-
ray tubemodule10 further comprisesadock interface20.
As shown in Fig. 1, the dock interface 20 may comprise
one or more electric interface connections 22 configured
toelectrically connect the at least oneX-ray tube to oneof
the plurality of tube docks 110.
[0037] The exemplary modular X-ray source system
100 further comprises a plurality of tube docks 110 of at
least two different dock types, which are selectively at-
tachable to thedock interface20of theX-ray tubemodule
for operating the X-ray tube module. Each dock type is
configured to provide at least one different functionality.
Examples of the different functionality may include, but
are not limited to, a heat management functionality to
provide thermal management for the X-ray tube module,
a radiation shielding functionality to shield the X-ray tube
module, a high voltage supply functionality for supplying
a high voltage to the X-ray tube module, and a function-
ality to connect the tube dock to two or more X-ray tube
modules.
[0038] In the illustrated example, the plurality of tube
docks 120 comprises three tube docks 112, 114, 116 of
three different dock types.While a limited number of tube
docks are illustrated by way of example, it will be appre-
ciated that the plurality of tube docks 120 may comprise
more than three tube docks.
[0039] Theexemplary tubedock112of a first dock type
may be configured to provide some basic functionalities.
For example, as shown inFig. 1, the exemplary tubedock
112may comprise anX-ray tube interface 120. TheX-ray
tube interface 120 may comprise one or more electric
interface connections 122 that are electrically connect-
able to the one or more electrical interface connections
22 of theX-ray tubemodule 10. The exemplary tube dock
112 may further comprise control electronics 124 config-
ured to control an operation of the X-ray tube module 10.
In some implementations, the control electronic 124 of
the exemplary tube dock 112 may comprise only basic
control electronics that is mandatory for the operation of
the X-ray tube module 10. In some implementations, the
tube dock 112 of the first type may comprise a cooling
arrangement configured to provide passive cooling of the
at least one X-ray tube module. For example, a cooling
pack may be used as simplified cooling option in the
mobile scenario.
[0040] Fig. 2 illustrates an exemplary X-ray source that
is formed by attaching the X-ray tube module 10 to the
tube dock 112 of the first dock type. In this illustrated
example, the exemplary tube dock 112 of the first dock
type may be configured to provide mains power and
control electronics 124 to theX-ray tubemodule 10.Such
configuration may be used for a mobile X-ray having few
X-ray shots without overheating.
[0041] Turning back to Fig. 1, the exemplary tube dock
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114 of a second dock type may be configured to provide
one ormore additional functionalities. For example, com-
pared to the tube dock 112 of the first type, the exemplary
tube dock 114 of the second type may further provide a
high voltage supply functionality for supplying a high
voltage to the at least one X-ray tube module. For ex-
ample, the tube dock 114 of the second type may com-
prise a high voltage generator 126 configured to supply
the X-ray tube module 10 with a required high voltage.
Alternatively or additionally, the tube dock 114 may com-
prise a high voltage generator interface (not shown)
configured to be electrically connectable to an external
high voltage generator that is configured to supply the X-
ray tubemodule 10 with a required high voltage. In some
implementations, the tube dock 114 of the second type
may further provide a heat management functionality to
provide thermal management for the at least one X-ray
tube module. For example, the tube dock 114 shown in
Fig. 1 may further comprise a cooling system 128 con-
figured to direct a flow of coolant proximate to the at least
one X-ray tube module so that the coolant removes at
least some heat therefrom. For example, liquid cooling
may be used in the tube dock 114 to have improved
cooling down in the X-ray tube module 10. In these
implementations, there may be no need to provide a
special cooling infrastructure in the X-ray tube module
10.Aspecial heatguidingmechanismmaybeprovidedat
the anode to a housing-interface-area to improve the
heat flow to the outside of the X-ray tube module 10
where the tube dock 114 may have a cooling interface.
[0042] In some examples, the tube dock 114 of the
second type may be configured to provide a radiation
shielding functionality to shield theX-ray tubemodule 10.
For example, as shown in Fig. 1, the tube dock 114 of the
second typemay comprise a radiation shielding arrange-
ment 130whichmay be a layer of lead arranged to shield
the X-ray tube module 10.
[0043] While Fig. 1may show that tube dock 114 of the
second type is configured to provide three additional
functionalities, it will be appreciated that in some imple-
mentations the tube dock 114 of the second type may be
configured to provide less additional functionalities (e.g.,
only one cooling functionality) or more than three func-
tionalities.
[0044] Fig. 3A illustrates an exemplary X-ray source
that is formed by attaching the X-ray tube module 10 to
the tube dock 114 of the second dock type. In this illu-
strated example, the exemplary tube dock 114 is config-
ured to provide not only mains power and control elec-
tronics 124 to the X-ray tubemodule 10, but also the high
voltage supply functionality, the additional cooling func-
tionality, and the radiation shielding functionally. Such
configuration may allow to use the X-ray tube module 10
in a high power mode and/or for longer scans.
[0045] Fig. 3B illustrates an exemplary cooling system
128 for the X-ray source shown in Fig. 3A. As shown in
Fig. 3B, the exemplary cooling system 128 comprises a
conduit 130 configured to guide the coolant proximate to

theX-ray tube 10. The conduit 130mayhave a coil shape
to increase the contact surface between the X-ray tube
module 10 and the coolant. As shown in Fig. 3B, the tube
dock 114 may have an electrical connection 132 config-
ured to electrically connect the tube dock 114 to mains
power. The tube dock 114 may have a cooling interface
134 with an inlet 134a to receive the coolant from an
external reservoir (not shown) holding a volume of cool-
ant, and an outlet 134b to return the coolant passing
through the cooling system 128 to the external reservoir.
[0046] Turning back to Fig. 1, the exemplary tube dock
116 of a third dock type may be configured with at least
two X-ray tube interfaces to use two or more X-ray tube
modules 10 at the same time. In the illustrated example,
the tube dock 116 of the third dock type comprises a first
X-ray tube interface 120a and a second X-ray tube inter-
face 120b. The tube dock 116 may comprise control
electronics 124 configured to control the operation of
two or more connected X-ray tube modules. The tube
dock 116 may further comprise a high voltage generator
126 configured to supply the two or more connected X-
ray tube modules with a required high voltage. Although
not shown, the tube dock 116 of the third dock type may
alternatively or additionally comprise a cooling system
configured to direct a flow of coolant proximate to the two
or more connected X-ray tube modules so that the cool-
ant removes at least some heat therefrom, and/or a
radiation shielding arrangement configured to shield
the two or more connected X-ray tube modules.
[0047] Fig. 4 illustrates an exemplary X-ray source that
are formed by connecting the tube dock 116 of the third
type to two or more X-ray tube modules. In the illustrated
example, the foci of the two X-ray tube modules 10a and
10b are located at a relatively large distance to irradiate
different bodyparts of a subject. The twoX-ray fanbeams
may be partially overlapping as in Fig. 4 but still be
detected by one large detector 30. Such configuration
may be used to cover a wider Field of View (FOV). It will
be appreciated that in some implementations the tube
dock 116may be configured to be connected to twoX-ray
tube modules with foci positioned at a relatively smaller
distance than in Fig. 4 to have largely overlapping beams
toprovide somedepth resolution like in tomosynthesis. In
other words, the X-ray source shown in Fig. 4 may be
configured toeither cover awider FOVor to provide some
depth resolution like in tomosynthesis. For both applica-
tions, the irradiation may be time-interleaved so that any
detected radiation may be associated with the correct X-
ray tube module.
[0048] Fig. 5 illustrates a further example of the mod-
ular X-ray source system 100. In the illustrated example,
the modular X-ray source system 100 comprises a plur-
ality of X-ray tube modules of at least two different tube
types selectively attachable to the at least one of the
plurality tube docks 110, such as the tube dock 112, the
tube dock 114, and the tube dock 116 shown in Fig. 5.
Each tube type has at least one different tube character-
istic. Examples of the at least one different tube char-
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acteristic may include, but are not limited to, a different
tube material, a different focal spot size, a different focal
spot location, a different anode angle, a different power
capability, and a different number of filaments of the
cathode. In this way, it is possible to select one X-ray
tube module from the plurality X-ray tube modules with a
desiredX-ray tubecharacteristic according to aparticular
application and attach this selected X-ray tubemodule to
one of the plurality of tube docks 110. To facilitate the
exchange of X-ray tube modules, the plurality of tube
docks may comprise at least one tube dock with a tube
alignment guide that is configured to permit free axial
movement of the at least one X-ray tube module while
restricting at least one of lateral movement and angular
movement of the at least one X-ray tube module. In this
way, it is possible toallowsimple replacementof theX-ray
tube module by non-expert for maintenance and adap-
tion of themodularX-ray systemvia selection of the types
of X-ray tube module.
[0049] Fig. 6 illustrates an exemplary X-ray source
arrangement 140 comprising two or more of the plurality
of tube docks arranged in a predetermined geometry,
such as a linear array of tube docks. Each tube dock is
attached to one or more X-ray tube modules. In this
illustrated example, the X-ray source arrangement 140
comprises three tube docks including a first tube dock
112 of the first dock type, a second tube dock 114 of the
second dock type, and a third tube dock 112 of the first
dock type. Three X-ray tube modules 10a, 10b, and 10c
are attached to these tube docks respectively. In some
implementations, these X-ray tube modules 10a, 10b,
and 10c may be X-ray tube modules having similar tube
characteristics. In some implementations, these X-ray
tube modules 10a, 10b, and 10c may be X-ray tube
modules having different tube characteristics. For exam-
ple, the X-ray tube module 10b may have a different
anode material to generate X-rays with a different spec-
trum. The X-ray source arrangement 140may be used to
generate X-rays with a larger FOV. Additionally, each
tube dock and X-ray tube module may be selected to
generatedifferentX-raysatdifferent positions tomeet the
requirement of a special application. While Fig. 6 may
show a limited number of tube docks in the X-ray source
arrangement 140 by way of example, it will be appre-
ciated that the X-ray source arrangement 140 may com-
prise more tube docks arranged in any predetermined
geometry.
[0050] Fig. 7 illustrates a flowchart describing a meth-
od 200 of using the modular X-ray source system dis-
closed herein for generating X-ray radiation for an X-ray
system.
At block 210, i.e., step a), the method 200 comprises the
step of providing at least one X-ray tubemodule, such as
the X-ray tube module 10 shown in Fig. 1.
[0051] At block 220, i.e., step b), the method 200
further comprises the step of providing at least one tube
dock, such as one of the plurality of tube docks shown in
Fig. 1.

[0052] Atblock230, i.e., stepc), themethod200 further
comprises the step of attaching the at least one X-ray
tube module to the at least one tube dock for X-ray
generation. Some exemplary X-ray sources formed by
attaching theat least oneX-ray tubemodule to theat least
one tube dock are shown in Fig. 2, Fig. 3A, Fig. 3B, and
Fig. 4.
[0053] In some implementations, there may be a plur-
ality of X-ray tubemodules available, e.g., the X-ray tube
modules 10a, 10b, and 10c shown in Fig. 5. At block 212,
the method 200 may further comprise the step of provid-
ing a plurality of X-ray tubemodules having different tube
characteristics. At block 214, themethod 200may further
comprise the step of selecting one X-ray tube module
from the plurality of X-ray tube modules based on a
performance requirement demanded by the X-ray sys-
tem. At block 230, the selected X-ray tube module is
attached to the at least one tube dock for X-ray genera-
tion.
[0054] In some implementations, step b) may further
comprise the following steps. At block 222, the method
200may further comprise the step of providing a plurality
of tube docks of different dock types, each dock type
providing at least one different functionality. At block 224,
the method may further comprise the step of selecting
one tube dock from the plurality of tube docks based on a
performance requirement demanded by the X-ray sys-
tem. At block 230, the at least one X-ray tube module is
attached to the selected tube dock for X-ray generation.
[0055] It has to be noted that embodiments of the
inventionaredescribedwith reference todifferent subject
matters. In particular, some embodiments are described
with reference to method type claims whereas other
embodiments are described with reference to the device
type claims. However, a person skilled in the art will
gather from the above and the following description that,
unless otherwise notified, in addition to any combination
of features belonging to one type of subject matter also
any combination between features relating to different
subject matters is considered to be disclosed with this
application. However, all features can be combined pro-
viding synergetic effects that are more than the simple
summation of the features.
[0056] While the invention has been illustrated and
described in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be consid-
ered illustrative or exemplary and not restrictive. The
invention is not limited to the disclosed embodiments.
Other variations to the disclosed embodiments can be
understood and effected by those skilled in the art in
practicing a claimed invention, from a study of the draw-
ings, the disclosure, and the dependent claims.
[0057] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an" doesnot excludeaplurality. A single processor
or other unit may fulfil the functions of several items re-
cited in the claims. The mere fact that certain measures
are re-cited in mutually different dependent claims does

5

10

15

20

25

30

35

40

45

50

55



7

11 EP 4 586 744 A1 12

not indicate that a combination of thesemeasures cannot
be used to advantage. Any reference signs in the claims
should not be construed as limiting the scope.

Claims

1. A modular X-ray source system (100), comprising:

- at least one X-ray tubemodule (10) comprising
an X-ray generating arrangement including a
cathode and an anode, a vacuum housing en-
closing the X-ray generating arrangement in an
enclosure, and a dock interface; and
- a plurality of tube docks (110) of at least two
different dock types, each dock type being con-
figured to provide at least one different function-
ality, selectively attachable to the dock interface
of the at least one X-ray tubemodule for operat-
ing the at least one X-ray tube module.

2. Themodular X-ray source systemaccording to claim
1,
wherein the at least one different functionality com-
prises a heat management functionality to provide
thermal management for the at least one X-ray tube
module.

3. Themodular X-ray source systemaccording to claim
2,
wherein the plurality of tube docks comprises at least
one tube dock with a cooling arrangement config-
ured to provide passive cooling of the at least one X-
ray tube module, and/or a cooling system (128)
configured to direct a flow of coolant proximate to
theat least oneX-ray tubemodule so that the coolant
removes at least some heat therefrom.

4. ThemodularX-raysourcesystemaccordinganyone
of the preceding claims,
wherein at least one different functionality comprises
a radiation shielding functionality to shield the at
least one X-ray tube module.

5. Themodular X-ray source systemaccording to claim
4,
wherein the plurality of tube docks comprises at least
one tubedockwitha radiationshieldingarrangement
(130).

6. ThemodularX-raysourcesystemaccordinganyone
of the preceding claims,
wherein at least one different functionality comprises
a high voltage supply functionality for supplying a
high voltage to the at least one X-ray tube module.

7. Themodular X-ray source systemaccording to claim
6,

wherein the plurality of tube docks comprises at least
one tube dock with a high voltage generator (126)
configured to supply the at least one X-ray tube
module with a required high voltage, and/or a high
voltage generator interface configured to be electri-
cally connectable to an external high voltage gen-
erator that is configured to supply the at least one X-
ray tube module with a required high voltage.

8. The modular X-ray source system according to any
one of the preceding claims,
wherein the plurality of tube docks comprises at least
one tube dock with a tube alignment guide that is
configured to permit free axial movement of the at
least one X-ray tubemodule while restricting at least
one of lateral movement and angular movement of
the at least one X-ray tube module.

9. The modular X-ray source system according to any
one of the preceding claims,
wherein the plurality of tube docks comprises at least
one tube dock configured to be attachable to two or
more X-ray tube modules.

10. The modular X-ray source system according to any
one of the preceding claims,
wherein the at least one X-ray tube module com-
prises a plurality of X-ray tube modules (10a, 10b,
10c) of at least two different tube types, each tube
type having at least one different tube characteristic,
selectively attachable to the at least one of the plur-
ality tube docks.

11. Themodular X-ray source systemaccording to claim
10,
wherein the at least one different tube characteristic
comprises one or more of:

- a different tube material;
- a different focal spot size;
- a different focal spot location;
- a different anode angle;
- a different power capability; and
- a different number of filaments of the cathode.

12. The modular X-ray source system according to any
one of the preceding claims, further comprising

- an X-ray source arrangement comprising two
ormore of the plurality of tube docks arranged in
a predetermined geometry, each tube dock
being attached to one or more X-ray tube mod-
ules.

13. A method (200) of using the modular X-ray source
system according to any one of the preceding claims
for generating X-ray radiation for an X-ray system,
the method comprising:

5

10

15

20

25

30

35

40

45

50

55



8

13 EP 4 586 744 A1 14

a) providing (210) at least one X-ray tube mod-
ule;
b) providing (220) at least one tube dock; and
c) attaching (230) the at least one X-ray tube
module to the at least one tube dock for X-ray
generation.

14. The method according to claim 13,

wherein step a) further comprises:

- providing a plurality of X-ray tubemodules
having different tube characteristics; and
- selecting one X-ray tube module from the
plurality of X-ray tube modules based on a
performance requirement demandedby the
X-ray system; and

wherein step c) further comprises:

- attaching the selected X-ray tube module
to the at least one tube dock for X-ray gen-
eration.

15. The method according to claim 13 or 14,

wherein step b) further comprises:

- providing a plurality of tube docks of dif-
ferent dock types, each dock type providing
at least one different functionality; and
- selecting one tube dock from the plurality
of tube docks based on a performance re-
quirement demanded by the X-ray system;
and

wherein step c) further comprises:

- attaching the at least one X-ray tube mod-
ule to the selected tube dock for X-ray gen-
eration.
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