(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Burcau

(43) International Publication Date

AT O YOO

(10) International Publication Number

11 November 2004 (11.11.2004) PCT WO 2004/097888 A2

(51) International Patent Classification’: H01J 35/00 [GB/GB]; 17 Dene Street Gardens, Dorking, Surrey RH4
2DN (GB). DE ANTONIS, Paul [GB/GB]; 3 Valve Drive,

(21) International Application Number: Horsham, West Sussex RH12 2JU (GB).
PCT/GB2004/001732 (74) Agent: BARKER BRETTELL; 138 Hagley Road, Edg-

. baston, Birmingham B16 9PW (GB).
(22) International Filing Date: 23 April 2004 (23.04.2004)

(81) Designated States (unless otherwise indicated, for every
(25) Filing Language: English kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
(26) Publication Language: English CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, F1,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
(30) Priority Data: KG, KP, KR, KZ, L.C, LK, LR, LS, LT, LU, LV, MA, MD,
0309374.7 25 April 2003 (25.04.2003)  GB MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,

(71) Applicant (for all designated States except US): CXR
LIMITED [GB/GB]; Unit 5, Riverside Business Centre,
Walnut Tree Close, Guildford GU1 4UG (GB).

(72) Inventors; and

(75) Inventors/Applicants (for US only): MORTON, Ed-
ward, James [GB/GB]; 37 Banders Rise, Guildford,
Surrey GU1 2SL. (GB). LUGGAR, Russell, David

(84)

PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Euro-
pean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR,
GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI, SK,

[Continued on next page]

(54) Title: X-RAY SOURCES

® 4 360

= | "
— =

= e

— =77/ /f

% 18— ///r 3
= [

= 201 ',, —31
2 N
% 21.—«' i "/ 50
= | "' 22
% 307 74 /] !"A

g " f}\ 3% 34

S

o (57) Abstract: An anode for an X-ray source is formed in two parts, a main part (18) and a collimating part (22). The main part (18)

has the target region (20) formed on it. The two parts between them define an electron aperture (36) through which electrons pass
to reach the target region (20), and an X-ray aperture through which the X-rays produced at the target leave the anode. The anode
produces at least the first stage of collimation of the X-ray beam produced.
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X-RAY SOURCES

The present invention relates to X-ray sources and in particular to the

design of anodes for X-ray sources.

Muiltifocus X-ray sources generally comprise a single anode, typically in
a linear or arcuate geometry, that may be irradiated at discrete points
along its length by high energy electron beams from a multi-element
electron source. Such multifocus X-ray sources can be wused in
tomographic imaging systems or projection X-ray imaging systems where

it is necessary to move the X-ray beam.

The present invention provides an anode for an X-ray tube comprising a
target arranged to produce X-rays when electrons are incident upon it, the
anode defining an X-ray aperture through which the X-rays from the
target are arranged to pass thereby to be at least partially collimated by

the anode.

The anode may be formed in two parts, and the X- ray aperture can
conveniently be defined between the two parts. This enables simple
manufacture of the anode. The two parts are preferably arranged to be

held at a common electrical potential.

Preferably a plurality of target regions are defined whereby X-rays can be
produced independently from each of the target regions by causing
electrons to be incident upon it. This makes the anode suitable for use,
for example, in X-ray tomography scanning. In this case the X- ray
aperture may be one of a plurality of X- ray apertures, each arranged so
that X-rays from a respective one of the target regions can pass through

it.
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Preferably the anode further defines an electron aperture through which
electrons can pass to reach the target. Indeed the present invention further
provides an anode for an X-ray tube comprising a target arranged to
produce X-rays when electrons are incident upon it, the anode defining an

electron aperture through which electrons can pass to reach the target.

Preferably the parts of the anode defining the electron aperture are
arranged to be at substantially equal electrical potential. This can result in
zero electric field within the electron aperture so that electrons are not
deflected by transverse forces as they pass through the electron aperture.
Preferably the anode is shaped such that there is substantially zero
electric field component perpendicular to the direction of travel of the
electrons as they approach the anode. In some embodiments the anode has
a surface which faces in the direction of incoming electrons and in which
the electron aperture is formed, and said surface is arranged to be

perpendicular to the said direction.

Preferably the electron aperture has sides which are arranged to be
substantially parallel to the direction of travel of electrons approaching
the anode. Preferably the electron aperture defines an electron beam
direction in which an electron beam can travel to reach the target, and the
target has a target surface arranged to be impacted by electrons in the
beam, and the electron beam direction is at an angle of 10° or less, more

preferably 5° or less, to the target surface.

Preferably the anode claim further comprises cooling means arranged to
cool the anode. For example the cooling means may comprise a coolant
conduit arranged to carry coolant through the anode. Preferably the anode
comprises two parts and the coolant conduit is provided in a channel

defined between the two parts.
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The present invention further provides an X-ray tube including an anode

according to the invention.

Preferred embodiments of the present invention will now be described by
way of example only with reference to the accompanying drawings in
which:

Figure 1 is a schematic representation of an X-ray tube according

to a first embodiment of the invention;

Figure 2 is a partial perspective view of an anode according to a

second embodiment of the invention;

Figure 3 is a partial perspective view of a part of an anode

according to a third embodiment of the invention;
Figure 4 is a partial perspective view of the anode of Figure~ 4; and

Figure 5 is a partial perspective view of an anode according to a

fourth embodiment of the invention.

Referring to Figure 1, an X-ray tube according to the invention comprises
a multi-element electron source 10 comprising a number of elements 12
each arranged to produce a respective beam of electrons, and a linear
anode 14, both enclosed in a tube envelope 16. The electron source
elements 12 are held at a high voltage negative electrical potential with

respect to the anode.

Referring to Figure 2, the anode 14 is formed in two parts: a main part
18 which has a target region 20 formed on it, and a collimating part 22,

both of which are held at the same positive potential, being electrically
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connected together. The main part 18 comprises an elongate block having
an inner side 24 which is generally concave and made up of the target
region 20, an X-ray collimating surface 28, and an electron aperture
surface 30. The collimating part 22 extends parallel to the main part 18.
The collimating part 22 of the anode is shaped so that its inner side 31
fits against the inner side 24 of the main part 18, and has a series of
parallel channels 50 formed in it such that, when the two parts 18, 22 of
the anode are placed in contact with each other, they define respective
electron apertures 36 and X-ray apertures 38. Each electron aperture 36
extends from the surface 42 of the anode 14 facing the electron source to
the target 20, and each X-ray aperture extends from the target 20 to the
surface 43 of the anode 14 facing in the direction in which the X-ray
beams are to be directed. A region 20a of the target surface 20 is exposed
to electrons entering the anode 14 through each of the electron apertures
36, and those regions 20a are treated to form a number of discrete

targets.

In this embodiment, the provision of a number of separate apertures
through the anode 14, each of which can be aligned with a respective
electron source element, allows good control of the X-ray beam produced
from each of the target regions 20a. This is because the anode can
provide collimation of the X-ray beam in two perpendicular directions.
The target region 20 is aligned with the electron aperture 36 so that
electrons passing along the electron aperture 36 will impact the target
region 20. The two X-ray collimating surfaces 28, 32 are angled slightly
to each other so that they define between them an X-ray aperture 38
which widens slightly in the direction of travel of the X-rays away from
the target region 20. The target region 20, which lies between the
electron aperture surface 30 and the X-ray collimating surface 28 on the

main anode part 18 is therefore opposite the region 40 of the collimating
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part 22 where its electron aperture surface 34 and X-ray collimating

surface 32 meet.

Adjacent the outer end 36a of the electron aperture 36, the surface 42 of
the anode 14 which faces the incoming electrons and is made up on one
side of the electron aperture 36 by the main part 18 and on the other side
by the collimating part 22, is substantially flat and perpendicular to the
electron aperture surfaces 30, 34 and the direction of travel of the
incoming electrons. This means that the elecirical field in the path of the
electrons between the source elements 12 and the target 20 is parallel to
the direction of travel of the electrons between the source elements 12 and
the surface 42 of the anode facing the source elements 12. Then within
the electron aperture 36 between the two parts 18, 22 of the anode 14
there is substantially no electric field, the electric potential in that space

being substantially constant and equal to the anode potential.

In use, each of the source elements 12 is activated in turn to project a
beam 44 of electrons at a respective area of the target region 20. The use
of successive source elements 12 and successive areas of the target region
enables the position of the X-ray source to be scanned along the anode 14
in the longitudinal direction perpendicular to the direction of the incoming
electron beams and the X-ray beams. As the electrons move in the region
between the source 12 and the anode 14 they are accelerated in a straight
line by the electric field which is substantially straight and parallel to the
required direction of travel of the electrons. Then, when the electrons
enter the electron aperture 36 they enter the region of zero electric field
which includes the whole of the path of the electrons inside the anode 14
up to their point if impact with the target 20. Therefore throughout the
length of their path there is substantially no time at which they are subject
to an electric field with a component perpendicular to their direction of

travel. The only exception to this is any fields which are provided to
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focus the electron beam. The advantage of this is that the path of the
electrons as they approach the target 20 is substantially straight, and is
unaffected by, for example, the potentials of the anode 14 and source 12,

and the angle of the target 20 to the electron trajectory.

When the electron beam 44 hits the target 20 some of the electrons
produce fluorescent radiation at X-ray energies. This X-ray radiation is
radiated from the target 20 over a broad range of angles. However the
anode 14, being made of a metallic material, provides a high attenuation
of X-rays, so that only those leaving the target in the direction of the
collimating aperture 38 avoid being absorbed within the anode 14. The
anode therefore produces a collimated beam of X-rays, the shape of which
is defined by the shape of the collimating aperture 38. Further collimation
of the X-ray beam may also be provided, in conventional manner,

externally of the anode 14.

Some of the electrons in the beam 44 are backscattered from the target
20. Backscattered electrons normally travel to the tube envelope where
they can create localised heating of the tube envelope or build up surface
charge that can lead to tube discharge. Both of these effects can lead to
reduction in lifetime of the tube. In this embodiment, electrons
backscattered from the target 20 are likely to interact with the collimating
part 22 of the anode 14, or possibly the main part 18. In this case, the
energetic electrons are absorbed back into the anode 14 so avoiding
excess heating, or surface charging, of the tube envelope 16. These
backscattered electrons typically have a lower energy than the incident
(full energy) electrons and are therefore more likely to result in lower
energy bremsstrahlung radiation than fluorescence radiation. There is a
high chance that this extra off-focal radiation will be absorbed within the
anode 14 and therefore there is little impact of off-focal radiation from

this anode design.
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In this particular embodiment shown in Figure 2, the target 20 is at a low
angle of preferably less than 10°, and in this case about 5°, to the
direction of the incoming electron beam 44, so that the electrons hit the
target 20 at a glancing angle. The X-ray aperture 38 is therefore also at a
low angle, in this case about 10° to the electron aperture 36. With
conventional anodes, it is particularly in this type of target geometry that
the incoming electrons tend to be deflected by the electric field from the
target before hitting it, due to the high component of the electric field in
the direction transverse to the direction of travel of the electrons. This
makes glancing angle incidence of the electrons on the anode very
difficult to achieve. However, in this embodiment the regions inside the
electron aperture 36 and the X-ray aperture 38 are at substantially
constant potential and therefore have substantially zero electric field.
Therefore the electrons travel in a straight line until they impact on the
target 20. This simplifies the design of the anode, and makes the glancing
angle impact of the electrons on the anode 20 a practical design option.
One of the advantages of the glancing angle geometry is that a relatively
large area of the target 20, much wider than the incident electron beam, is
used. This spreads the heat load in the target 20 which can improve the

efficiency and lifetime of the target.

Referring to Figures 3 and 4, the anode of a second embodiment of the
invention is similar to the first embodiment, and corresponding parts are
indicated by the same reference numeral increased by 200. In this second
embodiment, the main part 218 of the anode is shaped in a similar manner
to that of the first embodiment, having an inner side 224 made up of a
target surface 220, and an X-ray collimating surface 228 and an electron
aperture surface 230, in this case angled at about 11° to the collimating
surface 228. The collimating part 222 of the anode again has a series of

parallel channels 250 formed in it, each including an electron aperture
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part 250a, and an X-ray collimating part 250b such that, when the two
parts 218, 222 of the anode are placed in contact with each other, they
define respective electron apertures 236 and X-ray apertures 238. The two
X-ray collimating surfaces 228, 232 are angled at about 90° to the electron
aperture surfaces 230, 234 but are‘ angled slightly to each other so that
they define between them the X-ray aperture 238 which is at about 90° to

the electron aperture 236.

As with the embodiment of Figure 2, the embodiment of Figures 3 and 4
shows that the collimating apertures 238 broaden out in the horizontal
direction, but are of substantially constant height. This produces a fan-
shaped beam of X-rays suitable for use in tomographic imaging. However
it will be appreciated that the beams could be made substantially parallel,
or spreading out in both horizontal and vertical directions, depending on

the needs of the particular application.

Referring to Figure 5, in a third embodiment of the invention the anode
includes a main part 318 and a collimating part 322 similar in overall
shape to those of the first embodiment. Other parts corresponding to those
in Figure 2 are indicated by the same reference numeral increased by 300.
In this embodiment the main part 318 is split into two sections 318a,
318b, one 318a which includes the electron aperture surface 330, and the
other of which includes the target region 320 and the X-ray collimating
surface 328. One of the sections 318a has a channel 319 formed along it
parallel to the target region 320, i.e. perpendicular to the direction of the
incident electron beam and the direction of the X-ray beam. This channel
319 is closed by the other of the sections 318b and has a coolant conduit
in the form of a ductile annealed copper pipe 321 inside it which is
shaped so as to be in close thermal contact with the two sections 318a,
318b of the anode main part 318. The pipe 321 forms part of a coolant

circuit such that it can have a coolant fluid, such as a transformer oil or
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fluorocarbon, circulated through it to cool the anode 314. It will be
appreciated that similar cooling could be provided in the collimating part

322 of the anode if required.
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CLAIMS

1. An anode for an X-ray tube comprising a target arranged to
produce X-rays when electrons are incident upon it, the anode defining an
X-ray aperture through which the X-rays from the target are arranged to
pass thereby to be at least partially collimated by the anode and wherein
the X- ray aperture is one of a plurality of X- ray apertures, each
arranged so that X-rays from a respective one of the target regions can

pass through it.

2. An anode according to claim 1 wherein the anode is formed in two

parts, and the X- ray aperture is defined between the two parts.

3. An anode according to claim 2 wherein the two parts are arranged

to be held at a common electrical potential.

4. An anode according to any foregoing claim wherein a plurality of
target regions are defined whereby X-rays can be produced independently
from each of the target regions by causing electrons to be incident upon

it.

5. An anode according to any foregoing claim wherein the anode
further defines an electron aperture through which electrons can pass to

reach the target.

6. An anode for an X-ray tube comprising a target arranged to
produce X-rays when electrons are incident upon it, the anode defining an

electron aperture through which electrons can pass to reach the target.
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7. An anode according to claim 5 or claim 6 wherein the parts of the
anode defining the electron aperture are arranged to be at substantially

equal electrical potential.

8. An anode according to any of claims 5 to 7 wherein the anode is
shaped such that there is substantially zero electric field component
perpendicular to the direction of travel of the electrons as they approach

the anode.

9. An anode according to claim 8 having a surface which faces in the
direction of incoming electrons and in which the electron aperture is
formed, wherein said surface is arranged to be perpendicular to the said

direction.

10. An anode according to any of claims 5 to 9 wherein the electron
aperture has sides which are arranged to be substantially parallel to the

direction of travel of electrons approaching the anode.

11.  An anode according to any of claims 7 to 10 wherein the electron
aperture defines an electron beam direction in which an electron beam can
travel to reach the target, and the target has a target surface arranged to
be impacted by electrons in the beam, and the electron beam direction is

at an angle of 10° or less to the target surface.

12.  An anode according to claim 11 wherein the electron beam

direction is at an angle of 5° or less to the target surface.

13. An anode according to any foregoing claim further comprising

cooling means arranged to cool the anode.
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14. An anode according to claim 13 wherein the cooling means

comprises a coolant conduit arranged to carry coolant through the anode.

15. An anode according to claim 14 wherein the anode comprises two
parts and the coolant conduit is provided in a channel defined between the

two parts.

16. An X-ray tube including an anode according to any foregoing

claim.

17.  An anode for an X-ray tube substantially as described herein with
reference to Figures 1 and 2, Figure 3, Figures 4 and 5 or Figure 6 of the

accompanying drawings.

18. An X-ray tube substantially as described herein with reference to
Figures 1 and 2, Figure 3, Figures 4 and 5 or Figure 6 of the

accompanying drawings.
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