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(57) Abstract: There is provided an x-ray source (10) comprising: an enclosure body (12); a target (14) permanently fixed to or
forming part of the enclosure body (12); an electron beam source within the enclosure body (12), the electron beam source (16, 18)
contigured to produce an electron beam along a beam path between the electron beam source (16, 18) and the target (14), the elec -
tron beam incident on the target (14) to generate x-rays; an electron beam focussing assembly (30, 36) positioned around the beam
path between the target (14) and the electron beam source (16, 18); a first electron beam steering means (32) positioned around the
beam path between the electron beam source (16, 18) and the electron beam focussing assembly (30, 36); and a second beam steer -
ing means (34) positioned around the beam path between the first electron beam steering means (32) and the target (14), wherein the
first and second beam steering means (32, 34) are adjustable to alter a position of incidence of the beam on the target (14). The x-ray
source (10) eliminates the need for an elastomer seal between the target (14) and the enclosure body (12). The elimination of elast -
omer seals has significant benefits in terms of performance and life of the x-ray source (10).



10

15

20

25

WO 2014/123835 PCT/US2014/014535

-1-

X-RAY SOURCE WITH IMPROVED TARGET LIFETIME

Field of the Invention

The invention relates to an x- ray source and in particular to an x-ray tube with a

fixed target having an improved lifetime.

Background to the Invention

An x-ray tube assembly typically comprises an electron gun for producing an
electron beam and a target material on which the electron beams impinges. The
interaction of the electrons with the target causes the emission of x-rays from the
target at the point at which the electrons strike the target. When the resulting x-rays
are to be used in imaging applications it is advantageous for the x-rays to originate
from a small area. To achieve this, the electron beam is tightly focussed onto a
particular spot on the target.

However, the small area of the target that is bombarded by electrons can wear out.
If this happens, or before this happens, either the target must be replaced or
repositioned, or the entire x-ray tube assembly must be replaced.

In prior x-ray tubes, in order to allow the target to be repositioned so that the
electron beam impinges on a new area of the target, the target is typically mounted
to the x-ray tube using an elastomer seal. This allows the target to be slid or rotated

to a new position, while the tube remains evacuated.

However, the use of an elastomer seal has a significant disadvantage. For effective
and reliable operation the x-ray tube must maintain a good vacuum. Even very
small rates of ingress of atmospheric gases will shorten the target life and the life of
the filament in the electron gun, and therefore reduce the operational lifetime of the
x-ray tube. Elastomer seals are unable to maintain a good vacuum for long periods
as gases can permeate through the elastomer itself. Also organic elastomers are
susceptible to degradation on exposure to x-rays, leading to increased permeation
and reduced reliability.
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It is an object of the present invention to provide an x-ray source with an improved
lifetime without compromising the performance of the x-ray source or compromising

the spot size of the electron beam on the target material.

Summary of the Invention

In accordance with a first aspect of the present invention, there is provided an x-ray

source comprising:
an enclosure body;
a target permanently fixed to or forming part of the enclosure body;

an electron beam source within the enclosure body, the electron beam
source configured to produce an electron beam along a beam path between the
electron beam source and the target, the electron beam incident on the target to
generate x-rays;

an electron beam focussing assembly positioned around the beam path
between the target and the electron beam source, wherein the electron beam
focussing assembly comprises a magnetic focussing assembly configured to adjust
the spot size of the electron beam on the target, and an aperture within the
magnetic focussing assembly, such that in use the electron beam passes through
the aperture;

a first electron beam steering means positioned around the beam path
between the electron beam source and the electron beam focussing element; and

a second beam steering means positioned around the beam path between
the first electron beam steering means and the focussing assembly, wherein the
first and second beam steering means are adjustable to alter a position of incidence
of the beam on the target.
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As used herein, the target being “permanently fixed” to the enclosure body means
that the target is fixed in a such a way that either the target, the enclosure body or
some bonding material between the two, must be broken to move the target relative
to the enclosure body. Crucially, the permanent fixing between the target and the
enclosure body can be made using a fixing method or material that is relatively
impermeable to gases compared to an elastomer seal and does not degrade on
exposure to x-rays. Example fixing methods for permanently fixing the target to the
enclosure body include brazing, conflat sealing and crushed metal sealing.

The target may be formed from a high density material, such as tungsten,
molybdenum or copper, which rapidly decelerates electrons. The target may further
comprise a substrate material on which the high density material is coated or
otherwise fixed. The substrate material may be permanently fixed to the enclosure
body. The target may be fixed to the enclosure body so that the target, together
with the enclosure body, forms an evacuable enclosure. In other words, the target
may be required to complete the enclosure such that it is evacuable. Alternatively,
the target may be fixed to the interior of the enclosure body, with the enclosure
body alone forming a complete evacuable enclosure. As used herein, the term
“evacuable” means capable of being evacuated so as to provide a vacuum within

the enclosure.

As used herein, “electron beam focussing assembly” means any assembly or
component that can act to focus or limit an electron beam. This is distinct from
“beam steering means” which is an assembly or component that operates to deflect
an electron beam without significantly affecting the cross-sectional size or shape of
the electron beam.

Positioning the second beam steering means between the first electron beam
steering means and the electron beam focussing assembly allows the focussing
assembly to be positioned as close to the target as possible, providing maximal
control over the beam spot size on the target.

The first or second beam steering means, or both the first and second beam

steering means, may comprise an electromagnet. The first or second beam steering
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means may then be positioned outside of the enclosure body. The first or second
beam steering means, or both the first and second beam steering means, may
comprise a quadrupole magnet and advantageously a “push-pull” type quadrupole
magnet. The quadrupole magnet may provide magnetic flux in a direction
substantially normal to the electron beam path. Alternatively, the first or second
beam steering means, or both the first and second beam steering means, may

comprise electrostatic beam steering means.

The enclosure body may comprise an evacuable tube and may be formed from any
suitable material, such as steel. The enclosure body may include one or more
vacuum pumps that are operable to evacuate the enclosure body. The one or more
pump may include a getter pump for maintaining a vacuum within the enclosure
body.

The electron beam source may comprise a cathode and an anode. The cathode
may comprise a filament connected to a high voltage source. Electrons from the
cathode at a high electrical potential are accelerated towards the anode to produce

an electron beam.

Advantageously, the x-ray source comprises a controller connected to the second
beam steering means, the controller configured to adjust the second beam steering
means to alter the position of the beam on the target. Preferably, the controller is
configured to alter an angle of incidence of the beam relative to the electron beam
focussing assembly. Advantageously, the controller is connected to the first beam
steering means, the controller configured to adjust the first beam steering means to
alter an angle of incidence of the beam relative to the electron beam focussing
assembly. Advantageously the first and second beam steering means are
configured to provide the electron beam with a dogleg shape.

The controller may be configured to measure a current flowing from the target to a
ground potential. This current, herein referred to as the target current, provides a
measure of the number of electrons absorbed by the target. The x-ray source may
further comprise a backscatter element configured to absorb electrons that are
scattered by the target rather than being absorbed. The controller may also be
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configured to measure a current flowing from the backscatter element to a ground
potential. This current, herein referred to as the backscatter current, provides a
measure of the number of electrons scattered from the target. The controller may
be configured to calculate a ratio of the target current to the backscatter current.

The amount of electrons that is absorbed by a target from a given electron beam is
dependent on the angle of incidence of the electron beam and the material
properties of the target at the point of incidence of the beam. Measuring the target
current or the backscatter current can therefore provide information about the
condition of the target. This can be used for several purposes. Measuring a ratio of
the target current to the backscatter current provides for a measure of the condition
of the target that is independent of the number of electrons in the electron beam.

Sudden changes in the target current, backscatter current or the ratio between the
two (without a change in the position of the beam on the target or a change in the
energy of the electron beam) may be indicative of damage or wear to the target.
The controller may be configured to provide a measure of target current,
backscatter current or a ratio of target current to backscatter current to a user
interface, such as a display connected to or integral with the x-ray source.
Alternatively, the controller may be configured to provide an alarm or alert to and
end user based on a result of a comparison of target current, backscatter current or
a ratio of target current to backscatter current, with a threshold value. The alert or
alarm may be a visual alarm provided on a display connected to or integral with the
X-ray source or may be an audible alarm. As a further alternative the controller may
be configured to automatically alter the position of the beam on the target based on
a result of a comparison of target current, backscatter current or a ratio of target
current to backscatter current, with a threshold value.

The controller may be configured to continuously alter the position of the beam on
the target. The controller may be configured to alter the position of the beam on the
target to perform a scan of the target, such that the beam is successively incident
on the target at a plurality of different positions. The controller may be configured to
measure the target current, backscatter current or a ratio of target current to

backscatter current at each of the plurality of different positions. In this way, an
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image of the condition of the target or of a portion or portions of the target can be
obtained. This image can be used by an end user, or automatically by the
controller to select a new position to move the beam to for a period of operation of
the x-ray source.

The aperture may have a fixed size and is typically constructed to remove about
50% of the cross-section of the beam. The aperture may be formed by an aperture
element that is directly or indirectly coupled to the enclosure body. The aperture
removes the outermost electrons from the electron beam and so removes or
reduces beam aberrations. The controller is advantageously configured to adjust
the first and second beam steering means to alter an angle of incidence of the
beam relative to the aperture. The electron beam focussing assembly may
comprise a magnetic focussing assembly, such as an electromagnet. Preferably,
the electron beam focussing assembly comprises both an aperture and a magnetic
focussing assembly. The aperture is advantageously provided within the magnetic
focussing assembly. The magnetic focussing assembly may provide magnetic flux
substantially parallel to the beam path. As an alternative to a magnetic focussing
assembly, an electrostatic focussing assembly may be used.

The target may be provided with a pattern that affects the electron absorption
behaviour of the target. The pattern can be imaged by scanning the beam over the
target and measuring the target current, backscatter current or a ratio of the target
current to the backscatter current, to provide a means for optimising the focus of the
electron beam on the target. The pattern may comprise a pattern of different
materials on the target. Alternatively, or in addition, the pattern may comprise a
patterned texture on the target surface. The pattern may be in the form of a grid or
array.

The focussing assembly may comprise an adjustable magnet or magnets, such as
an electromagnet, or an adjustable electrostatic assembly. The focussing assembly
may be adjusted so as to provide the sharpest image of the pattern. This
corresponds to the smallest possible spot size of the electron beam on the target
surface.
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Adjustment of the focussing assembly may be carried out automatically by the
controller by using image processing software to compare recorded images with an
ideal image of the pattern or by comparing recorded images of the pattern with one
another. The controller may be configured to automatically adjust the focussing
assembly to provide the sharpest image of the pattern, or to provide an image that
most closely matches the ideal image, in an iterative process. Alternatively, the
adjustment of the focussing assembly may be carried out manually.

The focussing assembly may need to be adjusted during set up of the x-ray source
and from time to time during the operational life of the x-ray source to compensate
for environmental changes.

In a second aspect of the invention, there is provided a method of measuring the
condition of the target in an x-ray source in accordance with the first aspect,
comprising:

a) measuring a current flowing from the target to a ground potential
when the electron beam is incident at a first position on the target to provide a first
target value;

b) moving the electron beam to a new position on the target;

C) measuring a current flowing from the target to a ground potential
when the electron beam is incident at the new position on the target to provide a
new target value, wherein each target value is indicative of the condition of the
target.

The method may further comprise comparing the first and new target values
with one another or with a set of expected target values to provide an assessment
of the condition of the target at each of the first and new positions.

Each target value may be a direct measure of the current flowing from the
target to a ground potential or may be a ratio of the current flowing from the target
to a ground potential to the current flowing from a backscatter element to a ground
potential.
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Steps b) and ¢) may be repeated a plurality of times to provide a plurality of
new target values corresponding to a plurality of new positions. In this way an
image of target values may be generated. The electron beam may be moved to
perform a raster scan of the target.

The method may further comprise the step of selecting an operating position
for the electron beam on the target based on the generated target values.

In a third aspect of the invention, there is provided a method of adjusting the focus
of the electron beam on the target in an x-ray source in accordance with the first
aspect of the invention, wherein the target comprises a surface pattern of areas
with different electron absorption characteristics, comprising:

a) measuring a current flowing from the target to a ground potential when the
electron beam is incident at a first position on the target to provide a first target

value;
b) moving the electron beam to a new position on the target;

¢) measuring a current flowing from the target to a ground potential when the
electron beam is incident at the new position on the target to provide a new target

value;

d) repeating steps b) and c¢) a plurality of times to provide a set of target
values corresponding to an image of at least a portion of the target;

e) comparing the set of target values with an ideal set of target values to

generate a first measure of beam focussing;
f) adjusting a configuration of the electron beam focussing assembly;
g) repeating steps a) to e) to generate a second measure of beam focussing;

h) selecting a configuration of the electron beam focussing assembly based

on a comparison of the first and second measures of beam focussing.



10

15

20

25

WO 2014/123835 PCT/US2014/014535

-9-

The method may comprise an iterative process in which the configuration of the
electron beam focussing assembly is iteratively adjusted until beam focussing is
optimised.

The adjustment of beam focussing in this manner may be carried out at set up of
the x-ray source as well as periodically during the operation of the x-ray source.

It should be clear that aspects described in relation to one aspect of the invention
may equally be applied to other aspects of the invention.

Brief Description of the Drawings

The invention will now be described in detail, by way of example only and with
reference to the accompanying drawings, in which:

Figure 1 is a cross-section through an x-ray tube in accordance with the invention;

Figure 2 is a schematic illustration of an x-ray source with an electron beam

focussed in a first position;

Figure 3 is a schematic illustration of an x-ray source with an electron beam

focussed in a second position; and
Figure 4 is a cut-away view of the target assembly in the x-ray tube of Figure 1.
Detailed Description

Figure 1 is cross- section of an x-ray tube 10 in accordance with an embodiment of
the invention. The x-ray tube comprises an enclosure body 12 and a target
assembly 14. The enclosure body and target assembly together define an
evacuable enclosure 15. An electron beam is produced within the evacuable
enclosure by an electron gun assembly. The electron gun assembly comprises a
cathode 16 and an anode 18 which are spatially separated. A filament 20 is
positioned at the cathode. The cathode 16 is connected to a high voltage power
supply by a high power cable 22. The cable is connected to the enclosure by a
suitable connector 24. The high voltage power supply allows the cathode 16 to be
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held at a very high negative potential while the anode 18 is held at a ground
potential. The large potential difference between the anode and the cathode results
in electrons being emitted from the cathode and accelerated towards the anode 18.
The anode is shaped so that the electrons are accelerated towards a gap in the
anode, towards the target assembly 14.

The evacuable enclosure 15 is evacuated by vacuum pumps. An ion pump 26
provides a high vacuum and a getter pump 24 is provided to maintain the vacuum

within the enclosure over time.

The beam of electrons emitted from the filament is initially directed to the target
assembly 14 by the construction of the anode 18. However, the electron beam can
be further manipulated by electromagnets 32, 34 and 36. An aperture 30 is
provided to remove the outermost electrons from the beam, ensuring that
aberrations in the lenses are kept to a minimum, whilst maintaining a reasonable
level of electron throughput and therefore tube power. The aperture is sized to
remove approximately 50% of the beam cross-section so that all aberrant electrons

are removed.

The first set of electromagnets are centering coils 32, The centering coils 32 are
arranged around the path of the electron beam and comprise four coils forming a
quadrupole normal to the electron beam. The centering coils centre the electron
beam accurately with respect to the aperture 30. A set of steering coils 34 are
located around the path of the electron beam between the centering coils and the
aperture. The steering coils allow the electron beam to be moved to impinge on
different parts of the target assembly 14 by changing the angle of incidence of the
electron beam through the aperture. In the embodiment shown in Figure 1 there are
four steering coils 34, which are also arranged as a quadrupole normal to the
electron beam. Both the centering coils 32 and the steering coils are positioned
outside of the enclosure body 12.

A focussing magnet assembly 36 is provided between the steering coils and the
target assembly. The focussing magnet assembly 36 operates to control the spot
size of the electron beam on the target assembly, counteracting the space-charge
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effect that tends to expand the electron beam. The focussing magnet assembly
comprises a single coil arranged coaxially with the path of the electron beam. The
coil is housed in a soft iron body which directs the magnetic field from the coil into a
tight focussing pattern close to the electron beam. The soft iron body has an
annular air gap that surrounds the aperture. It is at the position of the air gap, where
the magnetic field leaks from the soft iron body, that the focussing magnet
assembly provides a strong focussing effect, controlling spot size. It is important
that the aperture is located at this position as it is here that the beam will always
pass through a central point. The focussing magnet assembly is provided within the
enclosure body 12. The focussing magnet assembly 36 and the aperture 30
together form an electron beam focussing assembly.

The target assembly 14 comprises a target material mounted on a substrate
material. The target assembly14 is conflat sealed to the enclosure body 12 to
provide a gas tight, evacuable enclosure 15. The evacuable enclosure has no
elastomeric seals which are gas permeable and can degrade and so the enclosure
can be maintained with a good vacuum for a long period of time.

When the electron beam impinges on the target material x-rays are produced. The
x-rays pass through the substrate material and exit the x-ray tube. The amount of x-
rays produced from the target material is monitored by measuring the current
flowing from the target to ground. This current correlates directly to the number of
electrons incident on the target.

The centering coils 32 and the steering coils 34 can be electrically controlled. In
particular the steering coils 34 can be controlled to alter the position at which the
electron beam strikes the target. Figures 2 and 3 are schematic illustrations of this
process.

Figures 2 and 3 show centering coils 32 and steering coils 34 connected to a
controller 40. The controller 34 controls the voltage across the centering and
steering coils. For clarity the controller 40 is shown connected to only one of each
of the steering and centering coils but in fact the controller is connected to each of
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the centering and steering coils. Figures 2 and 3 also show the electron beam 52,
the aperture 30 and the target assembly 14.

The target assembly 14 comprise a layer of target material 42, which is in this
example is tungsten, bonded to a substrate 44. In this embodiment, the substrate is
made from diamond, but may be made from beryllium or aluminium, or any low
atomic number element or compound. The emitied x-rays 50 are illustrated as
dotted lines.

Figure 2 illustrates a configuration in which the steering coils 34 are not activated,
i.e. there is no voltage across any of the steering coils. The electron beam 52
passes through the aperture 30 and is focussed on a first spot 46 on the target
material. This configuration is maintained for a predetermined length of time, after
which degradation of the target material at the first spot 46 becomes likely with
continued use. The steering coils 34 are then activated and this causes the electron
beam 52 to be deflected to a new position on the target as illustrated in Figure 3.

Figure 3 shows the steering coils 34 and centering coils 32 activated and controlled
so that the electron beam 52 has a dogleg shape. The electron beam is siill
directed through the aperture 30 but the angle of incidence through the aperture is
altered by the centering and steering coils. As a result the position at which the
electron beam impinges on the target is changed to a second position 48. As
illustrated in Figure 3 the target has been eroded at the first position 46.

The steering and centering coils can be electrically controlled to deflect the electron
beam to a plurality of further positions on the target. If both the centering coils and
the steering coils are arranged in a quadrupole a raster pattern of positions on the
target material can be obtained. This deflection to a new position may be carried
out automatically and periodically based on usage time of the x-ray tube.
Alternatively, the deflection may be carried out based on a user input to the

controller.

The x-ray tube also allows for an automated assessment of the condition of the
target to be made. This can be used to determine when and where to move the
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electron beam on the target. Figures 2 and 3 illustrate that the controller 40 may be
configured to measure the current flowing to a ground potential from the target. This
provides a measure of the number of electrons that are being absorbed by the
target. If the target becomes eroded, as shown at position 46 in Figure 3, so that
the electron beam is incident on the substrate material, the number of electrons
absorbed will be reduced, leading to a lower current measured by the controller 40.
Accordingly, if the current measured by the controller suddenly drops, or drops
below a threshold value, the controller may control the steering coils 32, 34 to
adjust the position of the electron beam on the target. Alternatively, the controller
may be configured to alert a user that the beam position needs to be altered by

generating a visual or audible indication.

As well as, or as an alternative to, monitoring the number of electrons absorbed by
the target, the controller may be configured to monitor the number of electrons
scattered from the target. Figure 4 is a cut-away, perspective view of a target
assembly 14. The target assembly comprises a target 42 and a backscatter cup 48.
The backscatter cup 48 comprises a central bore49, through which the electron
beam passes before reaching the target 42. The backscatter cup absorbs electrons
that have rebounded from the target. The backscaiter cup and target are not
electrically connected to one another. By measuring the current flowing from the
backscatter cup to a ground potential, a measure of the number of electrons
scattered from the target can be obtained. The controller can use this measure of
scattered electrons to automatically determine when to move the electron beam to
a new area on the target.

To provide a more reliable indication of target condition, the controller may be
configured to calculate a ratio of the current flowing from the target to ground to the
current flowing from the backscatter cup to ground. This provides a ration of the
number of electrons absorbed by the target to the number of electrons scattered by
the target, and so is independent of the number of electrons in the electron beam.

The measurement of current from the target and from the backscatter cup, or a ratio
of these currents, can also be used to provide an image of the target surface. The
controller can be configured to move the electron beam across the target to a
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plurality of discrete positions to perform a scan, such as a raster scan, of the target.
At each discrete position, the current or ration of currents can be determined and
recorded. In this way an image of the target condition over the entire available
target surface can be obtained. This image can be used to decide on suitable
positions for the electron beam. The beam can then be moved successively to new,
suitable positions on a periodic basis or when the target at the current position has
become degraded.

This imaging technique can also be exploited to optimise the focus of the beam on
the target surface. The controller may be connected to the focussing magnet
assembly 36 and may be configured to adjust the current supplied to the focussing
magnet to adjust the focussing of the electron beam on the target. The focussing of
the beam on the target may need to be adjusted on setting up the x-ray source and

from time to time thereafter to compensate for environmental changes.

As illustrated in Figure 4, the target may be provided with a pattern 60. The pattern
may be a pattern formed of different materials or may be surface texturing that
affects the number of electrons from the electron beam that are scattered or
absorbed by the target. The controller is then configured to perform a scan of the
target surface, as described above, by moving the electron beam to a plurality of
different positions on the target. The resulting image can be compared to an
expected image of the pattern. The controller then adjusts the focussing of the
electron beam on the target by adjusting the supply of current to the focussing
magnet assembly and another image recorded. The controller may continue to
adjust the focus of the electron beam until the recorded image most closely
matches the expected image. In other words, the focussing of the electron beam is
adjusted until the sharpest possible image of the pattern is obtained.

An x-ray tube in accordance with the invention has a target permanently fixed to the
evacuated enclosure. As the electron beam can be deflected to different positions
on the target, there is no need to provide a target that is movable relative to the
enclosure body. This eliminates the need for an elastomer seal between the target
and the enclosure body. The elimination of elastomer seals has significant benefits
in terms of the performance and lifetime of the x-ray tube.
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The arrangement shown in Figures 1, 2 and 3 provides for deflection of the electron
beam prior to the passage of the electron beam through the focussing assembly of
the aperture and the focussing magnet. This is advantageous as it allows for point
of contact with the target to be altered accurately while allowing for tight control of
the beam spot size. The focussing of the electron beam is substantially unaffected
by the different deflections provided by the centering and steering coils and the
electron beam always passes through the centre of the focussing assembly. As an
alternative the beam may be deflected either within or after the beam focussing
assembly but that arrangement introduces aberrations in the beam and reduces
control over the spot size of the beam on the target and so affects the spot size of
the x-ray source. The arrangement described also provides the advantage of
automatic monitoring of target condition and the ability to optimise the focus of the
electron beam on the target.
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Claims
1. An x-ray source comprising:
an enclosure body;
a target permanently fixed to the enclosure body;

an electron beam source within the enclosure body, the electron beam
source configured to produce an electron beam along a beam path between the
electron beam source and the target, the electron beam incident on the target to
generate x-rays;

an electron beam focussing assembly positioned around the beam path
between the target and the electron beam source, wherein the electron beam
focussing assembly comprises a magnetic focussing assembly configured to adjust
the spot size of the electron beam on the target, and an aperture within the
magnetic focussing assembly, such that in use the electron beam passes through
the aperture;

a first electron beam steering means positioned around the beam path

between the electron beam source and the electron beam focussing element; and

a second beam steering means positioned around the beam path between
the first electron beam steering means and the electron beam focussing assembly,
wherein the first and second beam steering means are adjustable to alter a position
of incidence of the beam on the target.

2. An x-ray source according to claim 1, wherein the first or second beam
steering means, or both the first and second beam steering means, comprises an

electromagnet.

3. An x-ray source according to claim 2, wherein the first or second beam
steering means, or both the first and second beam steering means, comprises a
quadrupole magnet.
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4, An x-ray source according to any preceding claim, wherein the target is fixed
to the enclosure body by brazing, conflat sealing or crushed metal.

5. An x-ray source according to claim 4, wherein the target is fixed to the
enclosure body so that the target, together with the enclosure body, forms an
evacuable enclosure.

6. An x-ray source according to any preceding claim, wherein the electron
beam focussing assembly comprises a focussing magnet configured to adjust the
spot size of the electron beam on the target.

7. An x-ray source according to claim 6, wherein the aperture is positioned at a
focal point of the focussing magnet.

8. An x-ray source according to claim 6 or 7, wherein the focussing magnet
comprises a coil housing a ferromagnetic body, the ferromagnetic body having an
annular air gap surrounding the beam path, wherein the aperture is positioned
within a space defined by the annular air gap.

9. An x-ray source according to any preceding claim, further comprising a
controller connected to the second beam steering means, the controller configured
to adjust the second beam steering means to alter the position of the beam on the
target.

10.  An x-ray source according to claim 9, wherein the controller is connected to
the first beam steering means, the controller configured to adjust the first beam
steering means to alter the angle of incidence of the beam through the electron
beam focussing assembly.

11. An x-ray source according to claim 9 or 10, wherein the first and second
beam steering means are configured to provide the electron beam with a dogleg
shape.

12.  An x-ray source according to claim 9, wherein the electron beam focussing
assembly comprises an aperture, the controller configured to adjust the first beam
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steering means and the second beam steering means to alter the angle of
incidence of the beam on the aperture.

13. An x-ray source according to any one of claims 9 to 12, wherein the
controller is configured to: measure a current flowing from the target to a ground
potential, or to measure a current flowing from a backscatter element to a ground
potential, or to calculate a ratio of the current flowing from the target to a ground
potential to the current flowing from a backscatter element to a ground potential,
and to automatically alter the position of the beam on the target based on a result
of a comparison of the measured current or ration of currents with a threshold

value.

14. A method of measuring the condition of the target in an x-ray source in
accordance with the first aspect, comprising:

a) measuring a current flowing from the target to a ground potential
when the electron beam is incident at a first position on the target to provide a first
target value;

b) moving the electron beam to a new position on the target;

C) measuring a current flowing from the target to a ground potential
when the electron beam is incident at the new position on the target to provide a
new target value, wherein each target value is indicative of the condition of the
target.

15. A method of adjusting the focus of the electron beam on the target in an x-
ray source in accordance with the first aspect of the invention, wherein the target
comprises a surface pattern of areas with different electron absorption
characteristics, comprising:

a) measuring a current flowing from the target to a ground potential
when the electron beam is incident at a first position on the target to provide a first
target value;
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b) moving the electron beam to a new position on the target;
C) measuring a current flowing from the target to a ground potential

when the electron beam is incident at the new position on the target to provide a
new target value;

5 d) repeating steps b) and c¢) a plurality of times to provide a set of target
values corresponding to an image of at least a portion of the target;

e) comparing the set of target values with an ideal set of target values to
generate a first measure of beam focussing;

f) adjusting a configuration of the electron beam focussing assembly;
10 Q) repeating steps a) to e) to generate a second measure of beam
focussing;

h) selecting a configuration of the electron beam focussing assembly
based on a comparison of the first and second measures of beam focussing.
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