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Description
Field Of Invention

[0001] The invention relates to an X-ray anode and
apparatus for generating X-rays including an X-ray an-
ode.

Related Art

[0002] X-rays are conveniently produced by an X-ray
source or tube by firing electrons from a cathode against
an anode. An X-ray tube thus typically includes a cathode
and an anode in an evacuated enclosure. In use, a volt-
age of several tens of kV is applied between the cathode
and anode with a positive voltage on the anode. Electrons
are emitted from the cathode and are accelerated by the
electric field between cathode and anode. The electrons
hit the anode, which in turn emits X-rays.

[0003] Atypicalanodeisacopperanode, withacopper
target layer, and a thick support plate below the target
layer to provide mechanical stiffness and to ensure that
the enclosure remains evacuated. When electrons hit the
anode, they generate heat, so circulating cooling water
may be provided within or adjacent to the support plate
to cool the support plate and hence the anode.

[0004] Different target materials generate X-rays with
characteristic X-ray photons of different energies, that is
to say of different wavelengths. Longer wavelengths cor-
respond to lower energies. As a rough guide, lighter el-
ements are used to produce X-rays of longer wavelength
and lower energy than heavier elements, though the X-
rays produced depend also on the energy of the electrons
impacting the target material which must have sufficient
energy to produce the respective X-ray photons. Lower
energy, longer wavelength X-rays, known as "soft" X-
rays typically have less penetrating power than higher
energy "hard" X-rays.

[0005] Suitable target materials can be selected de-
pending on the energy of X-ray photons required.
[0006] The X-ray source is typically arranged to direct
electrons from the cathode to hit the anode on a prede-
termined area, known as the focal spot, that may be for
example a line 12mm long by 0.4mm wide. In some ap-
plications, the well-defined shape of this areais important
- this is especially true of X-ray diffraction applications
but can also be true of other applications such as X-ray
fluorescence or X-ray radiography or X-Ray imaging.
[0007] However, inevitably not all electrons will hit the
focal spot, and some electrons will hit the anode away
from the focal spot. The X-rays from outside the focal
spot can cause additional broadening in spectra and/or
images captured using the X-ray source. Thus, a well
defined focal spot is important.

Summary of Invention

[0008] According to the invention there is provided an
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X-ray source for emitting X-rays at a target characteristic
wavelength, comprising:

an anode having a surface for generating X-rays
when electrons impact the target surface;

a cathode for emitting electrons, to fire electrons from
the cathode onto a predetermined focal spot region
at the anode;

the target surface of the anode in the predetermined
focal spot region is of a first material structure for
generating X-rays at the target characteristic wave-
length; and

the target surface of the anode outside the predeter-
mined focal spot region is of a second material struc-
ture different to the first material structure for gener-
ating fewer X-rays at the target characteristic wave-
length than the first material structure.

[0009] By providing afirst material structure in the focal
spot region of the target surface X-rays at the character-
istic wavelength may be generated normally. These may
be used in an X-ray system which is designed to use X-
rays at this characteristic wavelength.

[0010] In X-ray systems, however, the focussing of the
electrons on the focal spot is inevitably imperfect and
some electrons inevitably hit the target area of the anode
outside the focal spot. In conventional systems these can
generate significant intensity in areas far from the focal
spot. These X-rays resultin a badly defined X-ray source,
leading to high background intensity detected at the de-
tector and broad peaks.

[0011] Incontrast, using the approach of the invention,
electrons hitting the anode outside the focal spot hit a
different material structure which provides a reduced X-
ray intensity or eliminates all X-rays at the characteristic
wavelength away from the focal spot.

[0012] The first material structure may differ from the
second material structure by being of a different material
emitting X-rays at a different wavelength.

[0013] Forexample, the first material structure may be
of a first element and the second material structure is of
a second element, wherein the second element is lighter
than the first element in the periodic table. The first ma-
terial structure may be of one of Cu, Mo, W, Co, Cr, Au,
Ag and Fe and the second material structure may then
be of a different material.

[0014] In a particular embodiment the first material
may be Cu and the second material structure of one of
C, Mg, Al, Si, Ca, Sc,V, Cr, Mn, Ti, Co, or Ni.

[0015] Alternatively or additionally, the first material
structure may be flat and the second material structure
rougher. For example, the second material structure may
be porous or contain regular grooves.

[0016] In embodiments, a different porous material
may be used, such as porous carbon as the second ma-
terial structure and solid copper as the first material struc-
ture. Alternatively, the same material may be used, for
example solid copper as the first material structure and
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porous copper as the second material structure.

[0017] The X-ray source may include a housing and
the inside of the housing may be coated with a material
different to the material of the focal spot. This can still
further reduce stray radiation.

[0018] The X-ray source may be used in any X-ray
equipment.

[0019] An X-ray absorber may be provided for absorb-
ing X-rays emitted by the second material structure.
[0020] Alternatively or additionally, the X-ray source
may be used in X-ray equipment with optics arranged to
remove the X-rays emitted from the second material
structure. This is possible because the use of a different
material structure allows the characteristic X-rays from
the second material structure to be distinguished from
those emitted from the first material structure, typically
by being at a different wavelength, in preferred examples
of longer wavelength and hence with X-ray photons of
lower energy.

[0021] The source is particularly useful for scattering
and diffractometer equipment, such as small angle X-ray
scattering equipment. The source is also particularly use-
ful in X-Ray diffraction high-resolution equipment.
[0022] For example, in embodiments there is provided
an X-ray system for measuring X-ray diffraction or scat-
tering, including an X-ray source as set out above for
generating a beam of X-rays from the focal spot; a sample
stage for a sample and an X-ray detector.

[0023] The X-ray system may include an optics system
arranged to pass the characteristic X-rays emitted by the
first material structure preferentially to the characteristic
X-rays emitted by the second material structure.

[0024] The optics may include an X-ray mirror, an X-
ray lens and/or a crystal monochromator.

[0025] The system may further comprise an energy
discriminating x-ray detector for discriminating between
X-rays at the the target characteristic wavelength and X-
rays emitted at other wavelengths. In this way unwanted
characteristic radiation may be reduced also by photons
energy discrimination. The discrimination may take place
in the detector electronics alone or in combination with
other methods.

[0026] The system may supply a predetermined useful
characteristic radiation component, the target material
producing at least two characteristic radiation compo-
nents including the predetermined useful characteristic
radiation component and another characteristic radiation
component. The X-ray system may be arranged to re-
duce the effect of the other characteristic radiation com-
ponent compared with the predetermined useful charac-
teristic radiation component.

[0027] Note that the "useful" radiation is simply the ra-
diation required by the experiment. For example, if pure
CuKp is required the optics may include a mirror to select
CuKp radiation.

[0028] The invention makes it possible to select peaks
not being the dominant peak. In prior arrangements, if a
mirror was used to select a component such as CuKf
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that was less intense than another component such as
CuKa, the useful CuKp could be swamped by CuKa from
away from the focal spot. By ensuring that no CuKa ra-
diation is generated by the anode away from the focal
spot, this problem can be alleviated.

[0029] In another aspect, the invention also relates to
an X-ray anode for use in an X-ray source having an X-
ray cathode directing electrons at a predetermined focal
spot region of the X-ray anode, the X-ray anode compris-

ing:

a target surface for generating X-rays when elec-
trons impact the target surface;

wherein the target surface in the predetermined focal
spot region is of a first material structure for gener-
ating X-rays at a predetermined wavelength; and
the target surface outside the predetermined focal
spotregion is of a second material structure different
to the first material structure for generating fewer X-
rays at the predetermined wavelength than the first
material structure.

Brief Description of the Drawings

[0030] Forabetter understanding of the invention, em-
bodiments will now be described, purely by way of ex-
ample, with reference to the accompanying drawings, in
which:

Figure 1 shows an X-ray system according to a first
embodiment of the invention;

Figure 2 shows a top view of the surface of the X-
ray anode of the first embodiment of the invention;
Figure 3 shows a side view of the X-ray anode of
Figure 2;

Figure 4 shows the X-ray intensity as a function of
angle for the X-ray source of the first embodiment
and for a comparative example;

Figure 5 shows an X-ray anode according to a sec-
ond embodiment of the invention; and

Figure 6 shows an X-ray system according to a third
embodiment of the invention. Like or corresponding
components are given corresponding reference nu-
merals in the different figures.

[0031] Referring to Figure 1, an X-ray diffraction sys-
tem 2 according to the first embodiment of the invention
includes an X-ray source 4, a sample stage 6, an X-ray
detector 8, X-ray optics 10, including a collimator and a
discriminator crystal, together with movement means in
the form of one or more motors 12 for moving and/or
rotating the source 4, sample stage 6, detector 8 and
optics 10 with respect to one another in order to carry
outascan. Inuse, asample 14 is mounted on the sample
stage, X-rays are generated from the X-ray source 4,
incident on the sample, and diffracted through the optics
to the X-ray detector. A scan is carried out by moving
and/or rotating the source 4, sample stage 6, detector 8
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and optics 10 with respect to one another as is known in
the art, generally to obtain measurements of scattering
intensity as a function of one or more variables, conven-
tionally the scattering angle 26 and Q.

[0032] The X-ray source 4 includes a cathode 16 and
anode 18 in a source housing 20. To generate X-rays, a
voltage is applied between the cathode 16 and anode
18, electrons are emitted from the cathode, for example
by heating the cathode so that it is incandescent, and
directed onto the anode where the electrons impact the
anode at speed, generating X-rays. These X-rays are
then emitted through exit window 22 in the source hous-
ing 20 into the rest of the diffraction system 2. the exit
window 22 being made for example of beryllium.

[0033] The X-ray source 4 is arranged so that the elec-
tron beam from the cathode 16 is incident on a predeter-
mined, small region of the X-ray anode, as will be familiar
to those skilled in the art. This region is known as the
focal spot 24, as illustrated in Figures 2 and 3 which
shows the front, target surface 26 of the anode 18 in top
view and side view respectively.

[0034] Inthe embodiment, the anode is made of arear
block 30, through which cooling tubes 32 pass. These
tubes carry cooling fluid, for example of water, to reduce
the risk of the anode overheating in use.

[0035] Above the rear block 30 is provided target ma-
terial 34, in the form of a block in front of the rear block.
In the embodiment, the target material 34 is of copper
(Cu).

[0036] Target material 34 is only exposed at the front
of the anode 18 over a first region 36. The rest of the
target material 34 is covered by a coating 38, over a sec-
ond region 40. Alternatively, the coating can be applied
by other techniques, such as sputtering and/or electrol-
ysis.

[0037] Thefirstregion 36 is arranged to correspond to
the focal spot 24, so that electrons hitting the focal spot
24 arrive at the first region 36 of the target surface 26
where they hit the target material, here Cu. Electrons not
hitting the focal spot 24 arrive at the second region 40
where they impact the second material coating 38.
[0038] Electrons 42 incident on the anode in focal spot
24 hit the Cu target material 34 and hence produce Cu
Ka radiation, which is used for analysis. In contrast, elec-
trons 44 hitting the anode 18 outside the focal spot 24
hit the second material coating and hence produce radi-
ation at a different, longer, characteristic wavelength. In
other embodiments it is the radiation need not necessar-
ily be of longer characteristic wavelength.

[0039] The characteristic radiation at a different wave-
length from the second material can be substantially re-
moved so that it does not affect the measured intensity.
In the first embodiment, this is done using optics 10 that
effectively eliminates the effect of this radiation. In par-
ticular, the optics 10 in this X-ray diffractometer embod-
iment includes a x-ray mirror that effectively acts as a
monochromator and hence removes the characteristic
photons emitted by the second material.
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[0040] Figure 4 illustrates how the focal spot shape is
improved using the invention. Experiments were carried
out using two targets, one a comparative copper anode
without coating layer 38, and one using an anode accord-
ing to the invention with a coating layer 38 covering the
copper target material 34 away from the focal point 24.
The results were measured by moving the detector along
a 26 axis with a high resolution monochromator posi-
tioned between the x-ray tube and detector.

[0041] Figure 4 shows the narrow peak (solid line) ob-
tained using the anode according to the invention and
the peak with much broader "tails" (dotted line) obtained
using the prior art anode.

[0042] As will be appreciated, in cases where the dif-
fraction pattern is complicated broadening of peaks can
cause real difficulty in interpreting data - this can be re-
duced using the anode of the invention.

[0043] The invention will work with a wide choice of
materials as the target material, not merely Cu but also,
for example, Mo, W, Co, Cr, Au, Ag or Fe or any other
material.

[0044] The main requirement for the coating material
38 is that it is different to the target material, preferably
that the coating material 38 generates X-rays of different
wavelength to the target material 34 when electrons are
incident.

[0045] When the target material is of copper, the coat-
ing 38 may accordingly be of Mg, Al, Si, Ca, Sc, Ti, V,
Cr, Mn, Co, Ni., not the same as the target material 34.
Other materials may be suitable as coatings for different
target materials.

[0046] In preferred examples the coating material and
the target materials are both elements, not compounds
and the element of the coating material is lighter than the
element of the target material which in general will assist
in producing lower energy characteristic X-ray photons
from the coating than from the target. This in turn makes
it easier to select only the photons from the target, not
the coating.

[0047] Note that the target material may on occasion
emit more than one wavelength of X-ray; for example
copper may emit CuKa and CuKb radiation. The optics
and tube can preferentially select for the desired radia-
tion, for example the CuKa radiation, and select against
the undesired radiation, for example the CuKb radiation.
[0048] The invention gives particular benefits where
the desired radiation is emitted at lower intensity than the
undesired radiation. In prior arrangements, if the desired
radiation were selected using a monochromator crystal,
oriented to pass the desired radiation from the focal spot,
then significant undesired radiation from away from the
focal spot can be passed together with the desired radi-
ation. By using the invention, much purer desired radia-
tion can be obtained.

[0049] It is not essential to use elements, especially
for the coating, and alloys or compounds may also be
used if required.

[0050] Optionally, the source housing 20 may be coat-
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ed onits inner surface with a different material to the focal
spot to reduce the effect of scattered electrons impacting
the housing 20.

[0051] Figure 5 shows an alternative embodiment of
an anode according to the invention which does not use
a separate coating but instead renders the copper of the
target material 34 porous in the second region 40, con-
stituting here a porous material 46 of different material
structure to the copper of the first region 36 by virtue of
the different structure rather than the use of a different
material.

[0052] The porous structure can be created by etching
the target material 34 in the second region 40.

[0053] Both incident electrons and emitted electro-
magnetic radiation can be trapped in the porous second
region 40 of the target material 34 thereby greatly reduc-
ing the amount of X-rays emitted at low angles by elec-
tons incident on the second region than the first.

[0054] Analternative embodiment (refer back to Figure
3) coats the target material 34 with a coating 38 a porous
layer of a material, that can be of the same or preferably
a different material to the target material. For example,
porous graphite can be used as coating 38.

[0055] The invention is generally applicable to X-ray
apparatus, not merely to X-ray diffraction apparatus, in-
cluding for example X-ray radiography.

[0056] Figure 6 schematically illustrates such X-ray
apparatus, with an X-ray anode 16 having a target ma-
terial 34 of W and a coating 38 outside the focal spot.
[0057] In this case, there are no "optics" as such - the
detector 50 is a two dimensional detector 50. In this em-
bodiment the discrimination between X-rays from the fo-
cal spot and those emitted from coating is achieved using
a thin filter 48 between the anode 16 and sample 14. The
filter 48 preferentially filters out the X-rays emitted by the
coating 38.

[0058] Further selection is provided by the X-ray de-
tector 50 which is an energy-sensitive X-ray detector and
hence able to select the desired X-rays from the focal
spot by their energy.

[0059] In this example, the use of a standard anode
can easily result in smearing in the detected pattern. By
using the invention, the X-rays from away from the focal
spot 24 are filtered out by means of the filter 48, reducing
smearing and improving the spatial discrimination of the
apparatus.

[0060] Inalternative embodiments, both optics 10 such
as x-ray mirrors and filters 48 can be used to remove
unwanted X-rays from the second region of the anode.
[0061] It will be appreciated that the invention is also
applicable to other forms of X-ray apparatus, such as X-
ray fluorescence apparatus, etc.

[0062] The above examples are notintended to be lim-
iting and those skilled in the art will be aware of many
variations in the design of the X-ray apparatus, the X-ray
source, and X-ray anode and the materials and arrange-
ments of these components, that may be adopted.
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Claims

1. An X-ray source for emitting X-rays at a target char-
acteristic wavelength, comprising:

an anode having a surface for generating X-rays
when electrons impact the target surface;

a cathode for emitting electrons, to fire electrons
from the cathode onto a predetermined focal
spot region at the anode;

the target surface of the anode in the predeter-
mined focal spotregion is of a first material struc-
ture for generating X-rays at the target charac-
teristic wavelength; and

the target surface of the anode outside the pre-
determined focal spot region is of a second ma-
terial structure different to the first material struc-
ture for generating fewer X-rays at the target
characteristic wavelength than the first material
structure.

2. An X-ray source according to claim 1 wherein the
surface of the anode has the second material struc-
ture over the whole of the target surface of the anode
around the predetermined focal spot region.

3. An X-ray source according to claim 1 or 2 wherein
the first material structure differs from the second
material structure by being of a different material
emitting X-rays of a different charateristic wave-
length.

4. An X-ray source according to claim 3 wherein the
first material structure is of a first element and the
second material structure is of a second element,
wherein the second element is lighter than the first
element in the periodic table.

5. An X-ray source according to claim 3 or 4 wherein
the material of the first material structure is one of
Cu, Mo, W, Co, Cr, Au, Ag and Fe.

6. An X-ray source according to claim 4 wherein the
first material is Cu and the second material is C, Mg,
Al, Si, Ca, Sc,V, Cr, Mn, Ti, Co, or Ni.

7. An X-ray source according to any preceding claim
wherein the first material structure is substantially
flat and the second material structure is rougher than
the first material structure.

8. An X-ray source according to any preceding claim
including a housing containing the anode and the
cathode, wherein the inside of the housing is coated
with a material different to the material of the focal
spot.

9. AnX-ray system comprising an X-ray source accord-
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ing to any preceding claim.

An X-ray system according to claim 9 further com-
prising an X-ray absorber for absorbing the charac-
teristic X-rays emitted by the second material struc-
ture preferentially to the characteristic X-rays emit-
ted by the first material structure.

An X-ray system according to claim 9 or 10 wherein
the X-ray systemincludes an optics system arranged
to pass the characteristic X-rays emitted by the first
material structure preferentially to the characteristic
X-rays emitted by the second material structure.

An X-ray system according to claim 11 wherein the
optics includes an X-ray mirror, an X-ray lens and/or
a crystal monochromator.

An X-ray system according to any of claims 9 to 11
further comprising an energy discriminating x-ray de-
tector for discriminating between X-rays at the the
target characteristic wavelength and X-rays emitted
at other wavelengths.

An X-ray system according to any of claims 11 to 13
for supplying a predetermined useful characteristic
radiation component, wherein

the target material produces at least two character-
istic radiation components including the predeter-
mined useful characteristic radiation component and
another characteristic radiation component, and
the X-ray system is arranged to reduce the effect of
the other characteristic radiation component com-
pared with the predetermined useful characteristic
radiation component.

An X-ray system according to any of claims 9 to 14
for measuring X-ray diffraction or X-ray scattering,
comprising:

the X-ray source generating a beam of X-rays
from the focal spot;

a sample stage for a sample; and

an X-ray detector for measuring X-rays from the
source scattered or diffracted from the sample.
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