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(54) ELECTRON BEAM FOCAL SPOT

(57) The invention relates to a method for X-ray
generation with an X-ray tube. The method includes
generating (210) an electron beam (140) from a cathode
(120) towards a rotating anode (110), wherein the elec-
tron beam impinges the rotating anode to form an elec-
tron beam focal spot (130) for producing imaging X-rays.
Themethod further includes providing (230) the electron
beamfocal spot (130)withanasymmetric intensity profile

on the anode, the intensity profile having a decreasing
intensity in a tangential direction of rotation of the anode,
and/or, temporarily increasing (240) an electron beam
focal spot size in conjunction with deflecting (220) the
electron beam focal spot (130) in the tangential direction
of rotation of the anode, whereafter the electron beam
focal spot size is decreased.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to a method for X-ray
generationwith an X-ray tube, an X-ray source assembly
for generating X-rays, a cathode configured to be com-
prised inanX-raysourceassembly, andanX-ray imaging
system.

BACKGROUND OF THE INVENTION

[0002] A computed tomography (CT) scanner is an
example of an X-ray imaging system. A CT scanner
generally includes an X-ray tube mounted on a rotatable
gantry opposite one ormore rows of detectors. TheX-ray
tube rotates around an examination region located be-
tween the X-ray tube and the one or more rows of
detectors and emits broadband radiation that traverses
the examination region. Electrical power is supplied to
the X-ray tube with a high voltage generator.
[0003] The one ormore rows of detectors detect radia-
tion that traverses the examination region and generate
projection data indicative thereof. A reconstructor recon-
structs the projection data to generate volumetric image
data,which canbedisplayed, filmed, archived, conveyed
to another device, etc.
[0004] The detector array includes detector pixels that
convert detected x-ray photons into electrical signals
indicative thereof. For each revolution of the rotating
gantry, the detector pixels detect and convert x-ray
photons for a plurality of integration periods, each corre-
sponding to a different angular position range. The time
duration of an integration period depends on the rotating
gantry rotation speed and the number integration periods
for each revolution of the scan. With an integrating de-
tector array, at the beginning of each integration period,
the integrators for the detector pixels are reset, and then
the integrators receiveand integrate theelectrical signals
over the integration period. The integrated signals form
the projection data for that integration period.
[0005] TheX-ray tube typically includes a cathodewith
a filament and an anode. A filament current is applied to
the filament, which current heats the filament, causing
the filament to expel electrons (thermionic emission),
creating a space charge a short distance away from
the filament. A peak tube voltage is applied across the
cathode and the anode and causes a beam of the elec-
trons to accelerate from the cathode and impinge the
anode. The X-ray tube current, or emission current,
represents the number of electrons per second flowing
from the cathode to the anode. Electrostatic or magnetic
focusing with e.g. grid electrodes or quadrupoles can be
applied to control a size of and steer the beam of elec-
trons. An interaction of the electrons with the material of
the anode produces heat and radiation, including X-rays,
which pass through a tube window, into an examination
region, to a detector.

[0006] A surface area of the anode that receives the
beamofelectrons is referred toasa focal spot. Thesizeof
the focal spot is one factor that affects the imagequality of
the X-ray image data. For example, the focal spot size
affects the spatial resolution, where a smaller focal spot
size results in a greater spatial resolution than a larger
focal spot size, e.g., due to less focal spot blur from
geometric magnification. The size and/or position of
the focal spot may depend on the X-ray tube voltage,
beam focusing voltage and tube current. With X-ray
tubes having rotating anodes, the focal spot forms a
so-called focal track on the anode due to the rotation.
I.e., the focal track is a (circular) area on the anodewhere
the focal spot moves on the anode due to the anode
rotation.
[0007] Due to the high temperature of the focal spot on
the anode focal track, degradation of the anode may
occur. Such degradation may reduce the lifetime of the
X-ray tube, as well as cause limitations to the X-ray tube
power specifications and the achievable dose during use
of the X-ray tube.

SUMMARY OF THE INVENTION

[0008] It is an object of the invention to reduce degra-
dation of the anode during use of the X-ray tube. The
invention is defined by the independent claims. Advanta-
geous embodiments are defined in the dependent
claims.
[0009] According to a first aspect the invention, there is
provided a method for X-ray generation with an X-ray
tube, the method comprising:

generatinganelectronbeamfromacathode towards
a rotating anode, wherein the electron beam im-
pinges the rotating anode to form an electron beam
focal spot for producing imaging X-rays, and char-
acterized by
providing the electron beam focal spot with an asym-
metric intensity profile on the anode, the intensity
profile having a decreasing intensity in a tangential
direction of rotation of the anode,
and/or
temporarily increasing an electron beam focal spot
size in conjunction with deflecting the electron beam
focal spot in the tangential direction of rotation of the
anode, whereafter the electron beam focal spot size
is decreased.

[0010] Both alternatives above, on their own or in
combination, provide a reduction of local anode tempera-
ture peaks resulting from electron beam heating due to
the rotation of the anode. The focal track has the highest
temperature in the region of the focal spot and the lowest
temperature in tangential direction just beside the focal
spot in the opposite direction of the anode rotation direc-
tion.Thismeans that at thesideof the focal spot closest to
the direction of rotation of the anode, the temperature
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may locally reach a peak because of the anode rotation.
The proposedmethodmitigates such temperature peaks
by reducing the focal spot intensity in the area most
susceptible to temperature increase.
[0011] By providing the focal spot with an asymmetric
intensity profile, having a decreasing intensity in the
tangential direction of rotation of the anode, increased
heating of the anode can be mitigated. An asymmetrical
focal spot intensity profile means that the focal spot
intensity is, permanently or temporarily, not symmetric
with respect to a centerline of the spot. E.g., the spotmay
have an asymmetric shape with a larger ’height’ on one
side compared to the other side. The intensity profilemay
be dynamically regulated such as with an electron beam
optics unit and/or may be permanently achieved such as
with the cathode design.
[0012] Similarly, deflection or other movement of the
focal spot in the rotational directionof theanodemay lead
to a focal spot temperature peak, since the focal spot is
deflected toanarea thatwas just heatedormayevenstay
on the same area during movement if the focal spot
movement speed matches anode rotation speed. Such
peaks may be detrimental for the anode and therefore
cause limitations to the X-ray tube power specifications
and/or dose degradation during use of the X-ray tube. By
temporarily increasing the electron beam focal spot size
in conjunction with deflecting the electron beam focal
spot in the tangential direction of rotation of the anode,
temperature peaks can be reduced. In this way, the life-
time of the anode and the X-ray tube may be improved,
and/or increased power specifications of the tubemaybe
possible.
[0013] In the context of the present application, the
expression "in conjunction with deflecting the electron
beam focal spot" means during deflection of the electron
beam focal spot or just before deflection. If not during
deflection, the time between increasing the electron
beam focal spot size and deflecting the electron beam
focal spot should be very short to prevent the imaging
quality from being negatively influenced. Such as less
than 20 µs prior to deflection, preferably less than 10 µs
prior to deflection, and more preferably less than 1 µs
prior to deflection. After deflection the focal spot size is
decreased again to its original size. Preferably, the elec-
tronbeam focal spot size is only temporarily increased for
a total period of less than 25 µs, preferably less than 10
µs, and more preferably less than 5 µs before being
reduced again.
[0014] According to an embodiment of the invention,
the method comprises:

deflecting the electron beam focal spot repeatedly
between a first position and a second position rela-
tive to the rotating anode, wherein deflection of the
electron beam focal spot from the first position to the
second position is in the tangential direction of rota-
tion of the anode, and wherein deflection of the
electron beam focal spot from the second position

to the first position is against the tangential direction
of rotation of the anode,
providing an electron beamof comparable focal spot
size and intensity profile during imaging X-ray pro-
duction in each of the first position and the second
position, and
temporarily modifying the electron beam focal spot
intensity profile and/or increasing the electron beam
focal spot size, in conjunction with deflection of the
electron beam focal spot from the first position to the
second position.

[0015] In many imaging applications, the focal spot is
deflected back and forth with the electron beam optics to
improve image quality. However, movement of the focal
spot from the first position to the second position may
lead to increased temperature. Due to the combination of
movement of the focal spot and the rotation of the anode,
the same small area of the anode may be continuously
heated or heated twice in rapid succession by the focal
spot. Thanks to the asymmetric intensity profile of the
focal spot and/or the change in size in conjunction with
movement in the tangential direction of rotation of the
anode, from the first position to the second position,
excessive heating of the same area of the rotating anode
can be mitigated. In this way temperature peaks due to
the focal spot deflection can be avoided or reduced. The
method may therefore provide improved image quality
from focal spot deflection while mitigating potential ne-
gative effects to anode lifetime and/or maximum X-ray
tube power specifications.
[0016] Preferably, the size or intensity profile of the
focal spot is not changed during or in conjunction with
movement back against the tangential direction of rota-
tion of the anode, i.e. in conjunction with movement from
the second position to the first position. In this way, a
higher improvement of image quality can be achieved.
For optimal image quality, the size and intensity profile of
the electron beam spot is the same or substantially the
same in both positions.
[0017] In the context of the present invention, the term
’comparable’ focal spot size and intensity profile is to be
understood as for imaging purposes the same or sub-
stantially the same. A deviation of about 10% in average
focal spot size or intensity profile between the first posi-
tion and the second position may be acceptable for
maintained imaging quality. It is noted that a temporary
change of the focal spot, such as in conjunction with
deflection, may be much larger, such as more than
200%, since the change only lasts for a short time (micro-
seconds) in comparison to the duration of one image
acquisition (typically hundreds of microseconds).
[0018] A frequency of the repeated deflection of the
electron beam focal spot between the first position and
the second position may be larger than 500 Hz, prefer-
ably larger than 2400Hz, andmore preferably larger that
8000 Hz.
[0019] According to an embodiment of the invention,
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temporarily increasing the electron beam focal spot size
comprises elongating the focal spot in the tangential
direction of rotation of the anode.
[0020] A temporarily elongated focal spot in the direc-
tion of anode rotation, in conjunction with focal spot
deflection, provides a reduced intensity at the area of
the anode vulnerable to temperature peaks. The elonga-
tion may be achieved with so called ’x-direction’ electron
beam optics. Such electron beam optics may comprise
electrostatic focusing grids and/or magnetic focusing
coils.
[0021] According to an embodiment of the invention,
the increase in size is provided with a temporal delay
between deflecting a first side of the electron beam focal
spot and deflecting a second side of the electron beam
focal spot, wherein the first side of the electron beam
focal spot is closer to the tangential direction of rotation of
theanode than thesecondsideof theelectronbeamfocal
spot.
[0022] The delay may be achieved by controlling elec-
tron beam optics of the X-ray tube. The electron beam
opticsmay thenbecontrolled such that the side closest to
the direction of rotation of the anode is moved before the
other side of the focal spot. E.g., by introducing a delay
between grid voltages of ’left’ and ’right’ electrostatic
focusing grids, or between focusing currents of ’left’
and ’right’ magnetic focusing coils. In this way the focal
spot is ’elongated’ during themovement. Suddenheating
of the electron beam focal spot due to the deflection and
anode rotation may therefore be avoided.
[0023] According to an embodiment of the invention,
the increase of the electron beam focal spot size com-
prises increasing a height of the electron beam focal spot
in a direction transverse to the tangential direction of
rotation of the anode.
[0024] Modulating the size of the focal spot in the
’height’ direction, transverse to the tangential direction
of rotation of the anode, may be achieved with so called
’y-direction’ electron beam optics. Such electron beam
optics may comprise electrostatic focusing grids and/or
magnetic focusing coils.
[0025] According to an embodiment of the invention,
the focal spot has an asymmetric intensity profile with a
linearly decreasing intensity in the tangential direction of
rotation of the anode. The asymmetric intensity profile
may preferably be a trapezoidal profile. It is noted that in
practice the focal spot may not have a purely linearly
decreasing intensity and the skilled person will appreci-
ate linearly decreasing intensity does not exclude the
presence of minor nonlinearities.
[0026] According to an embodiment of the invention,
the electron beam focal spot intensity profile and/or
change in electron beam focal spot size is provided by
an electron beam optics unit. The electron beam optics
unit may comprise electrostatic focusing grids and/or
magnetic focusing coils.
[0027] According to a second aspect of the invention,
there is provided an X-ray source assembly for generat-

ing X-rays and configured to carry out the method ac-
cording to any embodiment of the first aspect, the as-
sembly comprising:

a rotating anode;
a cathode configured to generate an electron beam
towards the rotatinganode, to formanelectronbeam
focal spot on the rotating anode for producing ima-
ging X-rays;
an electron beam optics unit configured to shape an
electron beam focal spot on the rotating anode; and
a controller configured to control the electron beam
optics unit and the cathode, characterized in that the
cathode and/or the electron beam optics unit is con-
figured to provide the electron beam focal spot with
an asymmetric intensity profile on the anode, the
intensity profile having a decreasing intensity in a
tangential direction of rotation of the anode, and/or to
temporarily increase an electron beam focal spot
size in conjunction with deflecting the electron beam
focal spot in the tangential direction of rotation of the
anode, and to decrease the electron beam focal spot
size thereafter.

[0028] The controller may be integrated with the as-
sembly, such as part of an X-ray tube or high voltage
generator, ormaybea remoteunit connected to theX-ray
tube assembly, such as a local or remote computer,
imaging system controller, handheld processing device
etc. The controller may regulate electron beam optics,
cathode filament currents, X-ray tube peak voltages,
cathode (filament) switches etc. The controller may com-
prise or otherwise interact with a processor, such as but
not limited to a computer, a computer network, and/or
another programmable apparatus, such as a single an-
d/or multi core processing unit, a graphics processing
unit, an accelerated processing unit, a digital signal pro-
cessor, a field programmable gate array, an application-
specific integrated circuit, etc.
[0029] Theelectron beamoptics unitmay include elec-
trodes for electrostatic regulation of the electron beam
focal spot. The unit may include magnetic coils for elec-
tromagnetic regulation of the electron beam focal spot.
The electron beam optics unit may be configured to
regulate a position of the electron beam focal spot.
The electron beam optics unit may be configured to
deflect the electron beam focal spot between at least
two positions, such as during repeated deflection in the
’x-direction’.
[0030] According to a third aspect of the invention,
there is provided a cathode configured to be comprised
in an X-ray source assembly for generating X-rays,
wherein the cathode is configured to generate an elec-
tron beam focal spot on a rotating anode with an asym-
metric intensity profile in a tangential direction of rotation
of the anode.
[0031] According to a fourth aspect of the invention,
there is provided an X-ray source assembly for generat-
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ing X-rays, the assembly comprising a rotating anode
and the cathode according to the third aspect.
[0032] According to a fifth aspect of the invention, there
is provided an X-ray imaging system comprising the X-
ray source assembly according to the second or fourth
aspect of the invention. The X-ray imaging system may
be a computed tomography system, a radiography sys-
tem, a fluoroscopy system, a C-arm X-ray system for
interventional guidance etc.
[0033] According to a sixth aspect of the invention,
there is provided a computer program element, which,
when being executed by a controller, is adapted to cause
the controller to control an electron beam optics unit
and/or a cathode to perform the method according to
any of the embodiments of the first aspect of the inven-
tion. The computer programelementmay bemade avail-
able for download from a server, e.g. via the internet.
[0034] According to an aspect of the invention, there is
provided a computer readable medium having stored
thereon the computer program element as mentioned
above.
[0035] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036]

Fig. 1 schematically illustrates an X-ray source as-
semblywith anelectronbeam focal spot ona rotating
anode.
Fig. 2 schematically illustrates a method for X-ray
generation with an X-ray tube.
Fig. 3 schematically illustrates a method for X-ray
generation with an X-ray tube.
Fig. 4 shows examples of simulated anode tempera-
ture profiles.
Fig. 5 schematically illustrates a cathode.
Fig. 6 schematically illustrates an X-ray imaging
system comprising an X-ray source assembly.

DETAILED DESCRIPTION OF EMBODIMENTS

[0037] An example of an X-ray source assembly 100 is
schematically illustrated in Fig. 1. The X-ray source as-
sembly 100 includes a rotating anode 110, with in this
case a rotational direction indicated by the arrow 112.
During operation, an electron beam 140 is generated
between the cathode 120 and the anode 110. The elec-
tron beam 140 impinges the anode at an electron beam
focal spot 130. The X-ray source assembly 100may also
include an electron beam optics unit 142, exemplified in
Fig. 1 with two electrodes on either side of the electron
beam 140. The electron beam optics unit 142 may be
used to shape and/or position the focal spot 130.
[0038] With the rotation of the anode110, the focal spot
130 forms a focal track 134 around the anode 110. The

focal track 134 has the highest temperature in the region
of the focal spot 130 and the lowest temperature in
tangential direction just beside the focal spot in the op-
positedirectionof theanode rotationdirection (to the right
of the focal spot in Fig. 1). I.e., the temperature is the
lowest in the area that has had the most time to cool off
during rotation of the anode. The temperature is not
constant across the entire area of the focal spot 130.
At the side of the focal spot 130 closest to the direction of
rotation 112 of the anode, on the left side of the focal spot
in the example in Fig. 1, the temperature may locally
reach a temperature peak because that area has been
heated for a longer time than theopposite sideof the focal
spot, due to the anode rotation. As will be further elabo-
rated on in the description, the inventors have found that
such temperaturepeaks canbemitigatedbyprovidingan
electron beam focal spot 130, which has an intensity
profilewith a decreasing intensity in a tangential direction
of rotation of the anode. I.e., in the schematic example in
Fig. 1, a lower intensity on the left side of the focal spot
130 as compared to the right side of the focal spot 130.
Such an asymmetric intensity profile may be achieved
with design of the cathode 120 and/or with use of the
electron beam optics unit 142.
[0039] The electron beam optics unit 142may be used
to vary the position of the focal spot 130. When the focal
spot is deflected in the direction of rotation of the anode,
the risk of a temperature peak increases since the same
area of the rotating anode 110 is heated twice in rapid
succession or even continuously. To mitigate such a
temperature peak, the focal spot sizemay be temporarily
increased in conjunction with deflecting the electron
beam focal spot in the tangential direction of rotation of
the anode. When the focal spot has finished the deflec-
tion or ‘jump’, focal spot size is decreased to the original
size again. The temporary electron beam focal spot size
change may be on the order of single to tens of micro-
seconds, whereas an acquisition period for imaging is
generally on the order of hundreds of microseconds.
Therefore, the impact on the temporary focal spot size
increase on imaging quality may be negligible.
[0040] In one example, the electron beam optics unit
142may, during imaging with the X-ray source assembly
100, deflect the focal spot 130 repeatedly back and forth
between a first position 131 and a second position 132.
Such repeated deflection may be referred to as ‘x-direc-
tion focal spotdeflection’ and isaimed to improve imaging
quality. Also in this example, movement of the focal spot
from the first position to the second position, i.e. move-
ment in the direction of rotation of the anode, may lead to
temperature peaks on the anode 110. Depending on the
anode rotation speed and the focal spot jumping speed,
the temperature can locally be as high as a factor 1.5
relative to when no x-direction focal spot deflection is
applied. This may lead to specification limitations and/or
additional dose degradation. Temperature peaks can be
mitigated by temporarily modifying the electron beam
focal spot intensity profile and/or electron beam focal
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spot size, in conjunctionwith thedeflectionof theelectron
beam focal spot 130 from the first position 131 to the
second position 132. Thanks to the asymmetric shape of
the focal spot and/or the change in size in conjunction
withmovement in the tangential directionof rotationof the
anode, from the first position to the second position,
excessive heating of the same area of the rotating anode
can be reduced.
[0041] A temporarychange insizeof the focal spotmay
beachievedwith theelectronbeamoptics unit 142byfirst
moving one edge of the focal spot, then pulling in the
secondedge. Thismaybe implementedwith a timedelay
between the grid voltages (or magnet currents) of the
electron beam optics electrodes (or magnet coils) on the
first side of the electron beamas compared to the second
side of the beam.Qualitatively, the temperature reducing
effect is in this case similar to increasing the size (width)
of the focal spot before the jump is executed, which is
another option.Simulation results indicate that in thisway
the maximum focal spot temperature during x-direction
focal spot deflection may be reduced to a level compar-
able to when no such deflection is applied.
[0042] Fig. 2 schematically illustrates a method for X-
ray generation with an X-ray tube. The method includes
generating210anelectron beam140 fromacathode120
towards a rotating anode 110, wherein the electron beam
impinges the rotating anode to form an electron beam
focal spot 130 for producing imaging X-rays. Themethod
further includes providing 230 the electron beam focal
spot 130 with an asymmetric intensity profile on the
anode, the intensity profile having a decreasing intensity
in a tangential direction of rotation of the anode, and/or,
temporarily increasing 240 an electron beam focal spot
size in conjunction with deflecting 220 the electron beam
focal spot 130 in the tangential direction of rotation of the
anode, whereafter the electron beam focal spot size is
decreased. As discussed above, both approaches miti-
gate local focal spot temperature peaks on the anode.
[0043] Fig. 3 schematically illustrates a method for X-
ray generation, where repeated focal spot deflection,
such as x-direction focal spot deflection, is applied for
improved imaging quality. Advantages of focal spot de-
flection for improving imaging quality in computed tomo-
graphyapplicationsaredescribed ine.g.NicholasRubert
et. al.. JOURNAL OF APPLIED CLINICAL MEDICAL
PHYSICS, VOLUME 17, NUMBER 3, 2016, p. 452‑466.
[0044] Themethod inFig. 3 includesgenerating210an
electron beam140 froma cathode 120 towards a rotating
anode 110, wherein the electron beam impinges the
rotating anode to form an electron beam focal spot 130
for producing imaging X-rays. The method further in-
cludes deflecting 320 the electron beam focal spot re-
peatedly between a first position 131 and a second
position 132 relative to the rotating anode, wherein de-
flection of the electron beam focal spot 130 from the first
position131 to the secondposition132 is in the tangential
direction of rotation of the anode, and wherein deflection
of the electron beam focal spot 130 from the second

position 132 to the first position 131 is against the tan-
gential direction of rotation of the anode, and, providing
330 an electron beam of comparable focal spot size and
intensity profile during imaging X-ray production in each
of the first position 131 and the second position 132. In
order to reduce the temperature peak resulting from
movement of the focal spot size in the direction of rotation
of the anode, the method comprises temporarily modify-
ing the electron beam focal spot intensity profile 230
and/or increasing the electron beam focal spot size
240, in conjunction with deflection 220 of the electron
beam focal spot from the first position 131 to the second
position 132.
[0045] Fig. 4 illustrates that also when no focal spot
deflection is applied, an asymmetric intensity profile of
the focal spotmay significantly reduce the local focal spot
temperature peak and hence improve power specifica-
tions and/or reduce anode degradation. The two curves
in Fig. 4 illustrates a simulated temperature distribution
on the rotating anode in the case of a focal spot with a
square constant intensity profile 410, and for a focal spot
with a trapezoidal intensity profile 420where the intensity
decreases in the tangential direction of anode rotation.
Calculations show that for identical tube loads (pulse
power and length) the trapezoidal intensity profile 420
may lead to a temperature reduction of about 8‑10% of
the local focal spot temperature compared to a focal spot
with a square intensity profile 410. An asymmetric focal
spot intensity profile may be achieved with driving the
different sides of an electron beam optics unit 142 with
asymmetrical voltages/currents. Alternatively, or addi-
tionally, an asymmetric focal spot intensity profile may
be achieved with the cathode 120, such as illustrated in
Fig. 5 below.
[0046] Fig. 5 schematically illustrates an example of a
cathode for generation of an electron beam 140. The
cathode has a filament 510 for thermionic emission of
electrons. The filament 510 is in this example placed in a
slit between a first focusing element 520 and a second
focusing element 530. However, the cathode 120 may
alternatively be designed without focusing elements, to
provide for a simpler structure. In Fig. 5, the first and
second focusing elements 520, 530 respectively have a
defined depth (d1, d2) and width (w1, w2) with respect to
the filament slit. The first and second focusing elements
respectively may be connected to a source for a first and
second focusing element voltage to drive the focusing
elements. The cathode 120 in Fig. 5 is surrounded by a
cathode cup 540. During operation of the cathode 120 in
an X-ray tube assembly 100, an X-ray tube voltage is
applied between the cathode cup 540 and the rotating
anode 110. Multiple design options, and combinations
thereof, are possible for the cathode 120 to generate an
electron beam 140 that intersects a rotating anode at an
electron beam focal spot 130 with an asymmetric inten-
sity profile. By way of example, the shapes (depth, width)
of the optional focusing elements 520, 530 and/or the
focusing element voltages may be asymmetric. Such as

5

10

15

20

25

30

35

40

45

50

55



7

11 EP 4 567 856 A1 12

with a smaller and/or deeper focusing element on one
side of the filament 510 compared to the other side.
Alternatively, or additionally, the filament 510 may be
placed asymmetrically inside the slit. The filament 510
may have an asymmetric shape. The shape of the cath-
ode cup 540 may be designed to provide asymmetry to
the focal spot intensity profile.
[0047] A cathode 120 for being comprised in an X-ray
source assembly may, alternatively or additionally to the
design options discussed above, include multiple fila-
ments 510 of different sizes and/or shapes, and may
include switches to alternate between filaments 510.
The cathode 120 may be configured to temporarily in-
crease the electron beam focal spot size 130. E.g. by
switching between filaments 510 and/or via temporarily
adapting voltages at the focusing elements 520, 530.
[0048] Fig. 6 schematically illustrates an imaging sys-
tem 600 for generating imaging X-rays 620. The imaging
system600maybee.g. a computed tomography system,
a radiography system, a fluoroscopy system, or a C-arm
X-ray system for interventional guidance. The imaging
system 600 comprises an X-ray source assembly 100.
The X-ray source assembly 100 in this example includes
a rotating anode 110, a cathode 120 configured to gen-
erate an electron beam 140 towards the rotating anode,
andan electron beamoptics unit 142 configured to shape
an electron beam focal spot 130 on the rotating anode.
The imaging system in Fig. 6 includes a high voltage
generator 630 for providing power to theX-ray tube, such
as toprovide the tubevoltagebetween theanode110and
the cathode 120 and the filament current. The high vol-
tage generator may also drive the voltage/current of the
electron beam optics unit 142. The high voltage genera-
tor 630 in the imaging system 600 in Fig. 6 includes a
controller 610 configured to control the electron beam
optics unit 142 and the cathode 120. The high voltage
generator 630 may alternatively be located externally to
the X-ray source assembly 100.
[0049] The controller 610 may be configured to carry
out the method as described in relation to the first aspect
of the invention, such as any of themethods as described
in relation to Fig. 2 and Fig. 3. The controller 610 may be
separate from the high voltage generator. E.g., the con-
troller 610 may be a remote unit connected to the X-ray
tube assembly, such as a local or remote computer,
imaging system controller, handheld processing device
etc. The controller may comprise or otherwise interact
with a processor, such as but not limited to a computer, a
computer network, and/or another programmable appa-
ratus, such as a single and/or multi core processing unit,
a graphics processing unit, an accelerated processing
unit, a digital signal processor, a field programmable gate
array, an application-specific integrated circuit, etc. The
controller 610 may be configured to execute a computer
program element, which, when being executed by the
controller 610, is adapted to cause the controller to con-
trol an electron beam optics unit and/or a cathode to
perform the method as described in relation to the first

aspect of the invention.
[0050] It should be noted that the above-mentioned
embodiments illustrate rather than limit the invention, and
that those skilled in the art will be able to design many
alternative embodiments without departing from the
scope of the appended claims. In the claims, any refer-
ence signs placed between parentheses shall not be
construed as limiting the claim. The word "comprising"
does not exclude thepresenceof elements or steps other
than those listed in a claim. The word "a" or "an" preced-
ing an element does not exclude the presence of a
plurality of such elements. The invention may be imple-
mented by means of hardware comprising several dis-
tinct elements, and/or by means of a suitably pro-
grammed processor. In the device claim enumerating
several means, several of these means may be embo-
died by one and the same item of hardware. Measures
recited in mutually different dependent claims may ad-
vantageously be used in combination.

Claims

1. Amethod forX-raygenerationwithanX-ray tube, the
method comprising:

generating (210) an electron beam (140) from a
cathode (120) towards a rotating anode (110),
wherein theelectron beam impinges the rotating
anode to form an electron beam focal spot (130)
for producing imaging X-rays, and character-
ized by
providing (230) the electron beam focal spot
(130) with an asymmetric intensity profile on
theanode, the intensityprofilehavingadecreas-
ing intensity ina tangential directionof rotationof
the anode,
and/or
temporarily increasing (240) an electron beam
focal spot size in conjunction with deflecting
(220) the electron beam focal spot (130) in the
tangential direction of rotation of the anode,
whereafter the electron beam focal spot size
is decreased.

2. The method according to claim 1, the method com-
prising:

deflecting (320) the electron beam focal spot
repeatedly betweena first position andasecond
position relative to the rotating anode, wherein
deflection of the electron beam focal spot from
the first position to the second position is in the
tangential direction of rotation of the anode, and
wherein deflection of the electron beam focal
spot from the second position to the first position
is against the tangential direction of rotation of
the anode,
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providing (330) an electron beamof comparable
focal spot size and intensity profile during ima-
ging X-ray production in each of the first position
and the second position, and
temporarily modifying the electron beam focal
spot intensity profile (230) and/or increasing the
electron beam focal spot size (240), in conjunc-
tion with deflection (220) of the electron beam
focal spot from the first position to the second
position.

3. The method according to claim 2, wherein a fre-
quency of the repeated deflection (320) of the elec-
tron beam focal spot between the first position and
the second position is larger than 500Hz, preferably
larger than 2400Hz, andmore preferably larger than
8000Hz.

4. The method according to claim 1 or 2 or 3, wherein
temporarily increasing the electron beam focal spot
size (240) comprises elongating the focal spot in the
tangential direction of rotation of the anode.

5. The method according to claim 4, wherein the in-
crease in size (240) is providedwith a temporal delay
between deflecting a first side of the electron beam
focal spot and deflecting a second side of the elec-
tron beam focal spot, andwherein the first side of the
electron beam focal spot is closer to the tangential
direction of rotation of the anode than the second
side of the electron beam focal spot.

6. The method according to any of the preceding
claims, wherein the increase of the electron beam
focal spot size (240) comprises increasingaheight of
the electron beam focal spot in adirection transverse
to the tangential direction of rotation of the anode.

7. The method according to any of the preceding
claims, wherein the electron beam focal spot (130)
has an asymmetric intensity profile with a linearly
decreasing intensity in the tangential direction of
rotation of the anode.

8. Themethod according to claim 7, wherein the asym-
metric intensity profile is a trapezoidal profile.

9. The method according to any of the preceding
claims, wherein the electron beam focal spot inten-
sity profile (230) and/or change in electron beam
focal spot size (240) is provided by an electron beam
optics unit (142).

10. An X-ray source assembly (100) for generating X-
rays and configured to carry out the method accord-
ing to any of the preceding claims, the assembly
comprising:

a rotating anode (110);
a cathode (120) configured to generate an elec-
tron beam (140) towards the rotating anode, to
form an electron beam focal spot (130) on the
rotating anode for producing imaging X-rays;
an electron beam optics unit (142) configured to
shape an electron beam focal spot (130) on the
rotating anode; and
a controller (610) configured to control the elec-
tron beam optics unit (142) and the cathode
(120),
characterized in that the cathode (120) and/or
the electron beamoptics unit (142) is configured
to provide (230) the electron beam focal spot
(130) with an asymmetric intensity profile on the
anode, the intensity profile having a decreasing
intensity in a tangential direction of rotation of
the anode, and/or to temporarily increase (240)
an electron beam focal spot size in conjunction
with deflecting (220) the electron beam focal
spot (130) in the tangential direction of rotation
of the anode, and to decrease theelectron beam
focal spot size thereafter.

11. A cathode (120) configured to be comprised in an X-
ray source assembly (100) for generating X-rays,
wherein the cathode (120) is configured to generate
an electron beam focal spot (130) on a rotating
anode with an asymmetric intensity profile in a tan-
gential direction of rotation of the anode.

12. An X-ray source assembly (100) for generating X-
rays, the assembly comprising:

a rotating anode (110); and
the cathode (120) according to claim 11.

13. AnX-ray imaging system (600) comprising the X-ray
source assembly (100) according to claim 10 or 12.

14. A computer program element, which, when being
executed by a controller, is adapted to cause the
controller to control an electron beam optics unit
and/or a cathode to perform the method according
to any of claims 1‑9.

15. A computer readablemedium having stored thereon
the computer program element of claim 14.
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