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(67)  The present invention provides an X-ray device
(1) comprising a housing (2) configured to provide a vac-
uum therein; a cathode (3) arranged inside the housing
(2) and configured to emit electrons; an anode (4) ar-
ranged inside the housing (2) and configured to produce
x-ray radiation when impacted by electrons emitted by
the cathode (3); and an application device (5) configured
to apply the x-ray radiation produced by the anode (4);
wherein the cathode (3) comprises a material transparent
to x-ray radiation and is arranged such that x-ray radiation
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X-RAY DEVICE AND METHOD OF APPLYING X-RAY RADIATION

produced by the anode (4) passes through the cathode
(3).

The present invention can be used in medicinal im-
aging, therapy, spectroscopy, and the like. Geometries
and configurations can be improved compared to previ-
ously known x-ray devices when it comes to require-
ments for space, materials used, complexity of electrical
wiring, distance between cathode and anode, and pro-
viding supplementary functions.
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Description

[0001] The present application is directed to an x-ray
device and a method of applying x-ray radiation.

State of the Art

[0002] X-ray radiation is being used in a multitude of
applications, ranging from medicinal imaging or therapy,
security checks at airports, to crystallography. The most
common devices for generating x-ray radiation are x-ray
tubes, which are vacuum tubes in which electrons are
emitted by a cathode and accelerated towards an anode,
where the electrons produce x-ray radiations through
bremsstrahlung or other physical processes. X-ray tubes
are generally simpler in construction and use than other
ways of producing x-ray radiation like for example syn-
chrotron radiation generated in particle accelerators.
[0003] US 2018/0333591 A1 describes such an x-ray
device, which further comprises a converter to transform
polychromatic x-ray radiation produced by bremsstrahl-
ung into characteristic monochromatic radiation. Said x-
ray device and other similar x-ray devices, as described
for example in DE 19 639 241 C2, have complex beam-
lines for both the electrons traveling from the cathode to
the anode and for the x-ray radiation traveling from the
anode to the point of application.

[0004] This leads to generally small angles of inci-
dence of the x-ray radiation and accompanying lowered
intensity of radiation as well as heating of other compo-
nents of the x-ray device by x-ray photons which are not
directed towards the point of application.

Summary of the invention

[0005] Against this background, an objective of the
present invention is to provide means to simplify the
beamlines of electrons and x-ray radiation in an x-ray
device.

[0006] According to the present invention, this task is
solved by an x-ray device with the characteristics of the
patent claim 1, and by a method of applying x-ray radia-
tion with the features of the patent claim 14.

[0007] Consequently, an x-ray device is provided,
which comprises a housing configured to provide a vac-
uum therein, a cathode configured to emit electrons, an
anode configured to produce x-ray radiation when im-
pacted by electrons emitted by the cathode, and an ap-
plication device configured to apply the x-ray radiation
produced by the anode. The cathode comprises a mate-
rial transparent to x-ray radiation and is arranged such
that x-ray radiation produced by the anode passes
through the cathode.

[0008] Furthermore, a method of applying x-ray radia-
tionis provided. In this method electrons are emitted from
a cathode. X-ray radiation is produced with an anode
being impacted by the electrons emitted from the cath-
ode, and the x-ray radiation produced by the anode is
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applied. The cathode comprises a material transparent
to x-ray radiation and is arranged such that x-ray radiation
produced by the anode passes through the cathode be-
fore being applied.

[0009] Itis anidea of the presentinvention to combine
a pathway for the produced x-ray radiation with the cath-
ode, which constitutes an essential part of the x-ray pro-
duction. This opens up a multitude of geometries for con-
structing an x-ray device and arranging its constituent
components. These geometries and configurations can
be improved compared to previously known x-ray devic-
es when it comes to requirements for space, materials
used, complexity of electrical wiring, distance between
cathode and anode, and providing supplementary func-
tions.

[0010] Advantageous configurations and further em-
bodiments can be derived from the dependent claims as
well as from the description with reference to the figures.
[0011] According to a further embodiment, the cathode
forms part of the housing. This configuration allows ex-
terior access to the cathode which can advantageously
simplify design, construction, and maintenance of the x-
ray device.

[0012] According to a further embodiment, the anode
forms part of the housing. This configuration allows ex-
terior access to the anode which can advantageously
simplify design, construction, and maintenance of the x-
ray device.

[0013] According to afurther embodiment, the cathode
is arranged between the anode and the application de-
vice. This arrangement allows an advantageously easy
guidance of the electrons from the cathode to the anode
and subsequently of the produced x-ray radiation from
the anode to the converter.

[0014] According to afurther embodiment, the cathode
is arranged in a cylindrical shape and the anode is ar-
ranged in a cylindrical shape surrounding the cathode.
This arrangement provides an advantageously simple
guiding of the electrons from the cathode to the anode.
Furthermore, the anode can be realized in a large size,
which advantageously improves the heat capacity and
heat dissipation through a large exterior surface.
[0015] According to a further embodiment, the appli-
cation device is arranged outside the housing. This con-
figuration allows exterior access to the application device
which can advantageously simplify design, construction,
and maintenance of the x-ray device

[0016] According to a further embodiment, the appli-
cation device is configured to be exchangeable. This al-
lows advantageously quick and easy refurbishing of the
x-ray device to be customized for different parameters
of use.

[0017] According to a further embodiment, the appli-
cation device comprises a converter, configured to con-
vertincident x-ray radiation into monochromatic x-ray ra-
diation. Monochromatic x-ray radiation is very desirable
in many applications, in particular in medical diagnosis,
where the radiation dosage can be significantly reduced
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by employing monochromatic x-ray radiation.

[0018] According to a further embodiment, the appli-
cation device comprises a collimator configured to nar-
row the x-ray radiation. In this configuration, non-desir-
able exposure of surroundings to x-ray radiation can ad-
vantageously be minimized.

[0019] According to a further embodiment, the x-ray
device comprises a cooling device configured to cool the
anode. Actively cooling the anode which gets heated by
the impacting electrons from the cathode advantageous-
ly prolongs the expected life span of the x-ray device and
increases its safety.

[0020] Accordingto afurtherembodiment, the cathode
is provided with high negative voltage and the anode is
grounded. In case that no voltage is applied to the anode,
design, construction, and maintenance of the anode part
of the x-ray device is advantageously simplified.

[0021] Accordingto afurtherembodiment, the cathode
is grounded and the anode is provided with high positive
voltage. In case that no voltage is applied to the cathode,
design, construction, and maintenance of the cathode
part of the x-ray device is advantageously simplified.
[0022] According to a further embodiment, a surface
of the anode facing the cathode comprises a dome
shape. In this configuration, the surface of the cathode
which is impacted by electrons from the cathode is in-
creased, which advantageously improves the production
of x-ray radiation by the anode.

[0023] According to a further embodiment of the meth-
od, the x-ray radiation produced by the anode is convert-
ed into monochromatic x-ray radiation, which is then sub-
sequently applied. Monochromatic x-ray radiation is very
desirable in many applications, in particular in medical
diagnosis, where the radiation dosage can be significant-
ly reduced by employing monochromatic x-ray radiation.
[0024] The above-mentioned configurations and fur-
ther embodiments can be combined with each other, if it
is reasonable. Further possible configurations, further
embodiments and implementations of the invention also
include combinations of features of the invention de-
scribed before or in the following with regard to the ex-
amples of implementation not explicitly mentioned. In
particular, the skilled person will also add individual as-
pects asimprovements or additions to the respective fun-
damental form of the present invention.

Brief description of the drawings
[0025] This invention is explained in more detail below

using the examples given in the schematic illustrations.
They show in

Fig. 1  a schematic representation of an embodiment
of an x-ray device;
Fig. 2 aschematic cross-section of an embodiment of

an x-ray device;
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Fig. 3 a schematic cross-section of a further embod-
iment of an x-ray device;

Fig.4  a schematic cross-section of a further embod-
iment of an x-ray device;

Fig. 5 a schematic flow chart of an embodiment of a
method of applying x-ray radiation; and

Fig. 6 aschematic flow chart of a further embodiment
of a method of applying x-ray radiation.

[0026] The following figures are intended to convey a

further understanding of the forms in which the invention
is carried out. They illustrate embodiments and serve in
connection with the description to explain principles and
concepts of the invention. Other embodiments and many
of the above-mentioned advantages can be derived from
the drawings. The elements of the drawings are not nec-
essarily shown to scale.

[0027] In the figures of the drawings, identical ele-
ments, characteristics and components with the same
function and effect are provided with the same reference
signs, unless otherwise specified.

Detailed description of embodiments

[0028] Figure 1 shows a schematic representation of
an embodiment of an x-ray device 1. The x-ray device
comprises a housing 2, a cathode 3, an anode 4, and an
application device 5. The housing 2 is airtight and con-
figured to provide a vacuum therein. The cathode 3 and
the anode 4 are arranged inside the housing 2. The ap-
plication device 5 is arranged to form part of the housing
2. The cathode 3 comprises a material transparent to x-
ray radiation and is arranged between the anode 4 and
the application device 5.

[0029] In use, the cathode 3 emits electrons into the
vacuum inside the housing 2, for example through the
field emission effect, thermionic emission, or other well-
known physical processes. Under effect of the electrical
field between the cathode 3 and the anode 4, the elec-
trons are accelerated towards the anode 4. Upon impact-
ing on the anode 4, the electrons interact with the anode
4 and thereby produce x-ray radiation through bremsst-
rahlung, characteristic x-ray emission, or the like. This x-
ray radiation radiates outwards from the anode 4 back in
the direction of the cathode 3. Since the cathode 3 com-
prises a material transparent to x-ray radiation, the x-ray
radiation passes through the cathode 3 towards the ap-
plication device 5, from where it can be applied for any
conceivable beneficial effect. In the x-ray device 1 shown
in Figure 1, the application device 5 comprises an aper-
ture through which x-ray radiation can be directed to-
wards a target, for example to use for medical imaging,
or for sterilization of materials.

[0030] The cathode 3 may for example comprise car-
bon nanotube emitters arranged on a ceramic substrate,
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for example Aluminum-Nitride or Silicone-Carbide. In
that case, the cathode may further comprise control elec-
trodes made from Beryllium, Aluminum or other conduc-
tive materials comprising elements with low atomic
number, preferably with an atomic number of less than
20. The cathode 3 can however also comprise other ma-
terials transparent to x-ray radiation. The cathode 3 can
for example comprise a Silicone based Field emission
emitter.

[0031] Figure 2 shows a schematic cross-section
through a part of a further embodiment of an x-ray device
1. In the embodiment shown in Figure 2, the application
device 5 comprises a converter 6, comprising a truncated
pyramid shape, and a collimator 7. The components of
the x-ray device 1 are configured and arranged rotation-
ally symmetrical around an axis of symmetry X passing
through the center of the converter 6. Both the cathode
3 and the anode 4 of the embodiment shown in Figure 2
comprise a cylindrical shape, wherein the cathode 3 is
arranged surrounding the converter 6 and the anode 4
is arranged surrounding the cathode 3. The converter 6
and the collimator 7 are arranged outside of the housing
2 and the cathode 3 is configured to form part of the
housing 2.

[0032] The x-ray device 1 functions essentially the
same as the x-ray device 1 described in conjunction with
Figure 1. The arrangement of the cathode 3 and the an-
ode 4 greatly increases the impact surface of the anode
4, resulting in a high intensity of the produced x-ray ra-
diation. The x-ray radiation produced by the anode 4
passes through the cathode 3 and impacts the converter
6, which converts the x-ray radiation produced by the
anode 4, e.g. through bremsstrahlung, into monochro-
matic x-ray radiation. Through the shape of the converter
6, most of the converted monochromatic x-ray radiation
radiates in the direction of the axis of symmetry X. The
collimator 7 is arranged in such a way as to narrow the
converted monochromatic x-ray radiation even further.
[0033] Astheapplication device 5 and its components,
converter 6 and collimator 7, are arranged outside the
housing 2. Itis easily possible to configure the application
device 5 to be exchangeable. In that way, for example
different converters 6 can be provided in accordance to
the specific desired application of the x-ray device 1.
[0034] Figure 3 shows a schematic cross-section
through a part of a further embodiment of an x-ray device
1. The x-ray device 1 comprises essentially the same
features as the x-ray device 1 shown in Figure 2. In the
embodiment shown in Figure 3, the cathode 3 is con-
nected to the other parts of the housing 2 by afirstisolator
8, which comprises for example Aluminum Oxide. The
housing 2 is further surrounded by a second isolator 9,
which can for example comprise Polyether ether ketone,
which is transparent to x-ray radiation. On top of the sec-
ond isolator 9, the x-ray device comprises a secondary
collimator 10.

[0035] Inthe embodiment shown in Figure 3, the cath-
ode is supplied with a high voltage, for example upwards
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of 100kV, the exact circuitry used not being shown for
clarity of the drawing. Doing so requires providing first
isolator 8 and second isolator 9, but is beneficial for the
anode 4, which is not supplied with any voltage. For ex-
ample, as the anode 4 is not supplied with any voltage,
a cooling device, which is not shown, can be provided to
utilize water cooling for the anode 4 in a simple and safe
manner. Other forms of cooling, like air cooling or utilizing
any other cooling medium, can also be provided.
[0036] Alternatively, the anode 4 can be supplied with
a high voltage and the cathode 3 can be grounded. In
that case, a simpler arrangement of the cathode 3, similar
to the one shown in Figure 2, may suffice.

[0037] Figure 4 shows a schematic cross-section
through a part of a further embodiment of an x-ray device
1. The embodiment shown in Figure 4 comprises essen-
tially all features of the x-ray device shown in Figure 3.
In addition, a surface of the anode 4 facing the cathode
3 comprises a dome like shape. This further increases
the surface area of the anode 4 impacted by the electrons
emitted by the cathode 3. Furthermore, the intensity of
x-ray radiation impacting on the converter 6 is increased,
as the converter 6 is situated in the focal point of the
anode 4.

[0038] Figure 5 shows a schematic flow chart of a
method 100 of applying x-ray radiation. In a first method
step 101, electrons are emitted by a cathode. The elec-
trons are accelerated away from the electron and impact
on an anode, thereby producing x-ray radiation in a fur-
ther method step 102. The x-ray radiation produced in
method step 102 is then applied in a further method step
103. Before being applied in method step 103, the x-ray
radiation produced in method step 102 passes through
the cathode, which comprises a material transparent to
x-ray radiation.

[0039] Figure 6 shows a schematic flow chart of a fur-
ther method 100 of applying x-ray radiation. The method
100 shown in Figure 6 differs from the method 100 shown
in Figure 5 in that it comprises a further method step 104.
In the further method step 104, the x-ray radiation pro-
duced in method step 102 is converted into monochro-
matic x-ray radiation, which is then subsequently applied
in method step 103.

Claims
1. X-ray device (1) comprising:

a housing (2) configured to provide a vacuum
therein;

a cathode (3) arranged inside the housing (2)
and configured to emit electrons;

an anode (4) arranged inside the housing (2)
and configured to produce x-ray radiation when
impacted by electrons emitted by the cathode
(3); and

an application device (5) configured to apply the
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x-ray radiation produced by the anode (4);
wherein the cathode (3) comprises a material
transparent to x-ray radiation and is arranged
such that x-ray radiation produced by the anode
(4) passes through the cathode (3).

X-ray device (1) according to claim 1, wherein the
cathode (3) forms part of the housing (2).

X-ray device (1) according to claim 1 or claim 2,
wherein the anode (4) forms part of the housing.

X-ray device (1) according to any of the preceding
claims, wherein the cathode (3) is arranged between
the anode (4) and the application device (5).

X-ray device (1) according to any of the preceding
claims, wherein the cathode (3) is arranged in a cy-
lindrical shape and whereinthe anode (4)is arranged
in a cylindrical shape surrounding the cathode (3).

X-ray device (1) according to any of the preceding
claims, wherein the application device (5) is ar-
ranged outside the housing (2).

X-ray device (1) according to any of the preceding
claims, wherein the application device (5) is config-
ured to be exchangeable.

X-ray device (1) according to any of the preceding
claims, wherein the application device (5) comprises
a converter (6), configured to convert incident x-ray
radiation into monochromatic x-ray radiation.

X-ray device (1) according to any of the previous
claims, wherein the application device (5) comprises
a collimator (7) configured to narrow the x-ray radi-
ation.

X-ray device (1) according to any of the previous
claims, further comprising a cooling device config-
ured to cool the anode (4).

X-ray device (1) according to any of the previous
claims, wherein the cathode (3) is provided with high
negative voltage and the anode (4) is grounded.

X-ray device (1) according to any of claims 1 to 10,
wherein the cathode (3) is grounded and the anode
(4) is provided with high positive voltage.

X-ray device (1) according to any of the previous
claims, wherein a surface of the anode (4) facing the
cathode (3) comprises a dome shape.

Method (100) of applying x-ray radiation, comprising:

emitting (101) electrons from a cathode;
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producing (102) x-ray radiation with an anode
being impacted by the electrons emitted from
the cathode; and

applying (103) x-ray radiation produced by the
anode;

wherein the cathode comprises a material trans-
parent to x-ray radiation and is arranged such
that x-ray radiation produced by the anode pass-
es through the cathode before being applied.

15. Method (100) according to claim 14, further compris-

ing a step of converting (104) x-ray radiation pro-
duced by the anode into monochromatic x-ray radi-
ation, wherein the monochromatic x-ray radiation is
subsequently applied.
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