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(57) ABSTRACT 

A method for the manufacture of a cathode ?lament of an 

X-ray tube and an X-ray tube formed by the method Wherein 
the ?lament has at least tWo legs and one body, the ?lament 
being a single-piece ?lament. Spraying at least one material 
on a support by plasma spraying or by another deposition 
technique to obtain the ?lament molded on the support and 
separating the ?lament obtained from the support. The ?la 
ment obtained has a Variable thickness and a Variable com 

position. The thicknesses of the legs and of the body as Well 
as the composition of the ?lament can be modi?ed according 
to the user’s needs. 

50 Claims, 1 Drawing Sheet 
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METHOD FOR THE MANUFACTURE OF AN 
X-RAY TUBE CATHODE FILAMENT 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of a priority under 35 
USC ll9(a)-(d) to French Patent Application No. 03 51033 
?led Dec. 12, 2003, the entire contents of which are hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

An embodiment of the present invention relates to a 
method for the manufacture of an X-ray tube cathode ?la 
ment. More speci?cally, an embodiment of the invention 
relates to a method that can be used to obtain a single-piece 
cathode ?lament. An embodiment of the invention also relates 
to an X-ray tube provided with a cathode ?lament of this kind. 
An embodiment of the invention can be applied to X-ray 

tubes and particularly to tubes used in mammography, in 
devices used to study the vascular system or in scanners. In 
medicine, the device used generally as a cathode that emits 
electron beams is a cathode ?lament. At least one anode is 
positioned facing the cathode ?lament. The electrons emitted 
by the cathode ?lament strike the anode at high speed. The 
anode then emits X-rays. 

For use in medicine, X-ray production requires great pre 
cision in the positioning of the cathode relative to the anode. 
Variations of more than 10 micrometers in the position of one 
of these elements relative to its expected position can have a 
deleterious effect on the strict control of X-ray production. 
During X-ray production, the cathode ?lament reaches a tem 
perature of about 2800 degrees Celsius. The cathode ?lament 
therefore undergoes expansion. The expansion of the cathode 
?lament may cause said cathode ?lament to shift in relation to 
the anode. This expansion can cause a break in the ?lament. 

There is a known cathode ?lament comprising three parts: 
a ?lament body that is carried by two legs. The body of the 
?lament emits electrons. The two legs of the ?lament are 
mutually parallel and perpendicular to the body of the ?la 
ment. The legs are respectively soldered to two opposite ends 
of the body. Not only does the soldering method entail a 
delicate operation but it also causes the cathode ?lament to 
become brittle at the position of these solder Zones. There is a 
risk that the ?lament will break at the position of these solder 
Zones during an expansion. 

To resolve the problem of mechanical embrittlement 
between the body and the legs of the ?lament, there is a known 
way of using a single-piece cathode ?lament. This ?lament is 
made out of the single plate curved in a U shape. Thus the two 
legs in the body forming the ?lament are made in one piece. 
The soldering step is eliminated. 

The single-piece ?lament obtained is mechanically robust. 
However, the thickness of the legs is identical to that of the 
body. The rigidity of the ?lament obtained is therefore great. 
During the use of the X-ray tube provided with a cathode 
?lament of this kind, the body of the cathode ?lament is 
subjected to expansion to a greater degree than are the legs. 
The mechanical resistance of the body is diminished, causing 
it to undergo shifts. The body of the ?lament has a length that 
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increases owing to this expansion. Since the legs undergo less 
expansion, they have great rigidity and prevent the body of the 
?lament from stretching. The body of the ?lament is therefore 
subjected to plastic deformation to the extent of getting 
curved. The positioning of the cathode relative to the anode is 
therefore modi?ed in relation to the initial positioning. Once 
deformed, the ?lament body emits electrons in every direc 
tion. In medical engineering, it is often desired that the elec 
tron-emitting surface should remain perpendicular to the 
anode facing it. If the body is deformed uncontrollably, the 
?lament can no longer be used. 
The prior art cathode ?laments are therefore not satisfac 

tory. A ?lament having its body soldered to two legs risks 
breakage at the position of the solder Zones when the ?lament 
undergoes expansion. There is a risk that the single-piece 
?lament will get deformed during expansion, modifying the 
anode-cathode distance. This is incompatible with ef?cient 
operation of the X-ray tube that contains it. 

BRIEF DESCRIPTION OF THE INVENTION 

In an embodiment of the invention, these problems are 
resolved by the manufacture, according to a disclosed 
method, of a single-piece cathode ?lament in which the thick 
ness of the legs may differ from that of the body. Since the 
?lament obtained in an embodiment of the invention is a 
single-piece ?lament, any risk of breakage of the legs relative 
to the body of the ?lament is generally avoided. Furthermore, 
since the thicknesses of the legs and of the body are indepen 
dent, these thicknesses can be modi?ed in order to make legs 
that are ?exible in relation to the body. Thus, when the ?la 
ment undergoes expansion. the legs may spread apart out 
wards. It is therefore possible to have a plane elongation of the 
body of the ?lament that does not modify the distance 
between the cathode and the anode facing it. The cathode 
?lament that it is proposed to make is such that the legs have 
suf?cient ?exibility to absorb the deformations of the body of 
the ?lament subjected to expansion. 
An embodiment of the invention is directed to a method for 

the manufacture of a cathode ?lament of an X-ray tube, the 
?lament comprising at least two legs and one body, the ?la 
ment being a single-piece ?lament. An embodiment of the 
method comprises spraying at least one material on a support 
by, for example, plasma spraying, or another deposition tech 
nique to obtain the ?lament molded on the support and sepa 
rating the ?lament obtained from the support. An embodi 
ment of the invention is also directed to an X-ray tube 
provided with at least one cathode ?lament provided by an 
embodiment of the method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

An embodiment of the invention will be understood more 
clearly from the following description and the accompanying 
?gures. These ?gures are given purely by way of an indication 
and in no way restrict the scope of the invention. Of these 
?gures: 

FIG. 1 is a general view of an operation of plasma spraying, 
for example, of a material on a support to form a ?lament; and 

FIG. 2 shows a cathode ?lament obtained. 

DETAILED DESCRIPTION OF THE INVENTION 

In an embodiment of the invention, it is proposed to make 
a cathode ?lament by plasma spraying. Plasma spraying is a 
thermal spraying process. A product that is solid, melted or 
softened by means of a heat source is sprayed in the form of 
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?ne particles on a surface prepared beforehand. The combus 
tion energy from a plasma jet is used for this purpose. The 
plasma is an ionized medium, i.e., a medium constituted by 
mixture of ions, electrons and neutral species that may or may 
not be excited. To carry out the plasma spraying, a torch 
comprising tWo electrodes is used. The torch takes the form of 
a conical cathode Within a cylindrical anode forming a noZZle. 
An inert gas such as argon ?oWs betWeen the tWo electrodes 
Where it is ioniZed to form a plasma. A tube is used to intro 
duce the material to be sprayed in poWder form into the 
plasma jet. The material to be sprayed is itself carried by a 
neutral gas. The sprayed particles reached the substrate in a 
highly melted state, at high speeds in the range of some 
hundreds of meters per second. They crash into the substrate 
and cool doWn very swiftly, and then get stacked on one 
another, thus gradually forming a deposit. 

In an embodiment of the invention, plasma spraying is used 
to manufacture a ?lament out of a desired material. 

FIG. 1 shoWs a ?lament 1 made by plasma spraying on a 
support 2. The process starts by the manufacture of a support 
2 Whose external contour corresponds to the contour that is to 
be obtained for the ?lament 1. Depending on the mechanical 
characteristics to be assigned to the cathode ?lament 1, one or 
more materials are chosen for spraying in poWder form on the 
support. For example, tungsten poWder is sprayed. Thus, at 
the end of the plasma spraying operation, a cathode ?lament 
1 made of tungsten is obtained. 

In another exemplary embodiment, the plasma sprayed can 
be an alloy of tungsten poWder and rhenium poWder. In par 
ticular, the tungsten/rhenium mixture obtained gives anti 
ageing properties to cathode ?lament 1. It is knoWn that 
tungsten forms macro-crystals When it ages. These macro 
crystals embrittle the structure or reduce the rigidity of the 
?lament 1. As for rhenium, it is knoWn to limit the spread of 
these macro-crystals throughout the structure forming the 
?lament 1. Thus, manufacturing a rhenium-tungsten ?lament 
of this kind increases the lifetime of the cathode ?lament 1. 

In another exemplary embodiment, it is also possible to 
carry out several successive plasma-spraying operations, in 
using a different material each time. Thus, the cathode ?la 
ment 1 obtained is a single-piece unit but one With a mixed 
composition. In other Words the cathode ?lament is formed 
by several successive layers of different materials. The mate 
rials used may be chosen as a function of their mechanical or 
chemical properties, depending on the user’s needs. 

In an embodiment of the method of manufacture of the 
cathode ?lament 1 by plasma spraying gives a cathode ?la 
ment 1 of the required thickness. The thickness of the ?lament 
1 Will vary according to the time during Which the support is 
subjected to plasma spraying. A part 6 of the support 2 on 
Which a body 8 of the ?lament 1 is molded can also be 
subjected to plasma spraying 5 for a period of time that is 
greater than the period of time during Which plasma spraying 
operations 3 and 4 are applied to parts 7 of the support 2 on 
Which legs 9 of the ?lament 1 are molded. 

Thus, as shoWn in FIG. 2, it is possible to make a ?lament 
1 Whose body 8 has a thickness D greaterthan a thickness d of 
the legs 9. The legs 9 are thus more ?exible than the body 8. 
This ?exibility of the legs 9 relative to the body 8 of the 
?lament 1 enables the body 8 to stretch in a rectilinear, plane 
Way While the legs 9 respectively get tWisted outWards rela 
tive to the body 8 of the ?lament 1. For example, the body 8 
has a thickness D ranging from 100 to 300 microns, and the 
legs 7 has a thickness d ranging from 50 to 150 microns. In 
one particular example, the thickness d of the tWo legs 9 is 
identical. In one particular exemplary embodiment of the 
invention, a cathode ?lament 1 is made With its body 8 having 
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4 
a thickness D of about 200 microns, and its legs 9 having a 
thickness of about 100 microns. 
An embodiment of the manufacturing method of the inven 

tion comprises spraying, on a previously manufactured sup 
port 2, of one or more materials by plasma spraying 3, 4, and 
5. The ?lament 1 thus obtained is recovered by separating the 
?lament 1 from the support 2. The support 2 can be made out 
of one or more materials such that the support 2 can subse 
quently be selectively dissolved in a chemical bath. The term 
“selectively dissolved” is understood to mean that only the 
support 2 is dissolved, the ?lament 1, for its part being non 
dissolvable in the chemical solution. In one exemplary 
embodiment of the invention, the support 2 can be made out 
of an alloy of titanium or molybdenum. Tungsten poWder is 
then sprayed on this support 2. Once the desired cathode 
?lament 1 is obtained, With one or more desired thicknesses d 
and D, the unit formed by the tungsten ?lament 1 and the 
titanium, Zirconium and molybdenum support 2 is dipped into 
a special solution in Which the support 2 is dissolved but not 
the ?lament 1. 

In another exemplary embodiment of the invention, the 
support 2 can be made of graphite. Graphite cannot be selec 
tively dissolved by a chemical solution. HoWever, it can be 
planned to coat the graphite support 2 With a selectively and 
chemically dissolvable intermediate layer. For example, an 
intermediate layer of rhenium is sprayed on the graphite 
support 2 by plasma spraying. The rhenium is, for example, 
selectively dissolved in a solution containing nitric acid. 
Thus, once the support 2 is coated With the intermediate layer 
of rhenium, plasma spraying 3, 4, and 5 is carried out With the 
material or materials chosen to form the cathode ?lament 1. 
The unit formed by the support 2 and ?lament 1 is then dipped 
into a bath containing nitric acid at 40-500 C., for a period of 
time ranging from 1 to 15 minutes, depending on the thick 
ness of the intermediate layer of rhenium to be dissolved. 
Once the intermediate layer of rhenium is dissolved, the cath 
ode ?lament 1 and graphite support 2 are recovered sepa 
rately. 

In an embodiment of the method of the invention, it is 
possible to manufacture cathode ?laments 1 of all shapes. 
Depending on the external contour of the support 2, the ?la 
ment 1 Will have a different contour. 

It also possible, to make the body 8 of the cathode ?lament 
1 With a Winding shape as shoWn in FIG. 2. The machining is 
done for example by electro-erosion. The term “electro-ero 
sion” is understood to mean Wire-cutting. The Wire is driven 
rotationally at high speed in order to form an electrical arc 
betWeen the Wire and the parts to be cut. When the Wire is 
brought close to the part to be cut, matter is liberated very 
precisely. Thus, notches 10 can be made With Widths ranging 
from 40 to 80 microns, and preferably 50 to 60 microns, and 
With depths ranging from 0.5 to 3 mm, preferably 1.5 mm. 
Depending on the user’s needs, and the initial length of the 
body 8 ofthe ?lament 1, it is possible to make a varied number 
of notches 1 0. In one particular exemplary embodiment of the 
invention, 10 identical notches are made, and distributed in a 
quincunx arrangement on each side 11 and 12 of the body 8 of 
the ?lament 1. 

In an exemplary implementation of the method, the ?la 
ment 1 is machined When it is still on the support 2. Once the 
notches 10 have been machined on the ?lament 1 and on the 
support 2, this support 2 is dissolved to recover the Winding 
?lament 1. 

According to another exemplary implementation of the 
method, it is also possible to dissociate the ?lament 1 from the 
support 2, before machining the notches 10. The mechanical 
resistance of the ?lament 1 obtained by an embodiment of the 
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method of the invention may be su?icient to enable a machin 
ing of the ?lament 1 dissociated from the support 2. 
An embodiment of the method of manufacture of the cath 

ode ?lament 1 can be used to obtain a single-piece ?lament 1 
With desired and variable thicknesses d and D. These thick 
nesses d and D may be different at the positions of the body 8 
and legs 9, but the thicknesses d of the legs 9 may also be 
different from one another. It is also possible to modify the 
mechanical properties of the ?lament 1 by choosing an appro 
priate material to carry out the plasma spraying. It is also 
possible to combine chemical and mechanical properties of 
the different materials to form a ?lament 1 made out of a 
particular alloy, meeting precise requirements. It is possible 
to make a ?lament J of complex shape, simply, Without any 
soldering step that might embrittle the ?lament 1. 
The ?lament 1 obtained by an embodiment of the method 

provides a sure positioning of the cathode relative to the 
anode (Which is not shoWn). The expansion undergone by the 
body 8 of the ?lament 1 does not modify the position of said 
body 8 relative to the anode. As a consequence of the ?ex 
ibility of the legs 9 relative to the body 8 of the ?lament 1, the 
body 8 stretches in a rectilinear and plane sense, While the legs 
9 respectively get tWisted outWards relative to the body 8 of 
the ?lament 1. 
An embodiment of the invention also relates to an X-ray 

tube provided With a cathode ?lament 1 made according to 
any variant of implementation of the method that has just 
been described. 
One skilled in the art may make or propose various modi 

?cations to the function and/or Way and/or result and/or the 
structure and/or the steps of the disclosed embodiments and 
equivalents thereof Without departing from the scope and 
extent of the invention. 
What is claimed is: 
1. A method for the manufacture of a cathode ?lament of an 

X-ray tube comprising: 
providing a ?lament having at least tWo legs and one body, 

the ?lament being a single-piece ?lament; 
spraying at least one material on a support by plasma 

spraying, to obtain the ?lament molded on the support; 
and 

separating the ?lament obtained from the support. 
2. The method according to claim 1, Wherein the material is 

sprayed by plasma spraying to form the ?lament is tungsten. 
3. The method according to claim 2, Wherein the material is 

sprayed by plasma spraying to form the ?lament are an alloy 
of tungsten and rhenium. 

4. The method according to claim 2, comprising: 
successively spraying different materials on the support by 

plasma spraying to form a ?lament of mixed composi 
tion. 

5. The method according to claim 2, comprising: 
carrying out the plasma spraying so as to obtain the ?la 
ment Whose legs have a thickness different from a thick 
ness of the body of the ?lament. 

6. The method according to claim 2, Wherein the thickness 
of the body ranges from 100 microns to 300 microns, and the 
thickness of the legs ranges from 50 microns to 150 microns. 

7. The method according to claim 2, comprising: 
making the support out of a selectively and chemically 

dissolvable material; and dissolving the support once the 
?lament has been made by plasma projection. 

8. The method according to claim 2, Wherein the support is 
formed by an alloy of titanium, Zirconium and molybdenum. 

9. The method according to claim 2, comprising: 
making the support out a material that is not chemically 

dissolvable; 
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6 
coating the support, by plasma spraying, With an interme 

diate layer formed by a selectively and chemically dis 
solvable material; and 

dissolving the intermediate layer once the ?lament is made 
by plasma. 

10. The method according to claim 2, comprising: 
machining the body of the ?lament so as to obtain a body 

With a Winding shape. 
11. The method according claim 1, Wherein the material is 

sprayed by plasma spraying to form the ?lament are an alloy 
of tungsten and rhenium. 

12. The method according to claim 11, comprising: 
successively spraying different materials on the support by 

plasma spraying to form a ?lament of mixed composi 
tion. 

13. The method according to claim 11, comprising: 
carrying out the plasma spraying so as to obtain the ?la 

ment Whose legs have a thickness different from a thick 
ness of the body of the ?lament. 

14. The method according to claim 11, Wherein the thick 
ness of the body ranges from 100 microns to 300 microns, and 
the thickness of the legs ranges from 50 microns to 150 
microns. 

15. The method according to claim 11, comprising: 
making the support out of a selectively and chemically 

dissolvable material; and dissolving the support once the 
?lament has been made by plasma projection. 

16. The method according to claim 11, Wherein the support 
is formed by an alloy of titanium, Zirconium and molybde 
num. 

17. The method according to claim 11, comprising: 
making the support out a material that is not chemically 

dissolvable; 
coating the support, by plasma spraying, With an interme 

diate layer formed by a selectively and chemically dis 
solvable material; and 

dissolving the intermediate layer once the ?lament is made 
by plasma. 

18. The method according to claim 11, comprising: 
machining the body of the ?lament so as to obtain a body 

With a Winding shape. 
19. The method according to claim 1, comprising: 
successively spraying different materials on the support by 

plasma spraying to form a ?lament of mixed composi 
tion. 

20. The method according to claim 19, comprising: 
carrying out the plasma spraying so as to obtain the ?la 

ment Whose legs have a thickness different from a thick 
ness of the body of the ?lament. 

21. The method according to claim 19, Wherein the thick 
ness of the body ranges from 100 microns to 300 microns, and 
the thickness of the legs ranges from 50 microns to 150 
microns. 

22. The method according to claim 19, comprising: 
making the support out of a selectively and chemically 

dissolvable material; and dissolving the support once the 
?lament has been made by plasma projection. 

23. The method according to claim 19, Wherein the support 
is formed by an alloy of titanium, Zirconium and molybde 
num. 

24. The method according to claim 19, comprising: 
making the support out a material that is not chemically 

dissolvable; 
coating the support, by plasma spraying, With an interme 

diate layer formed by a selectively and chemically dis 
solvable material; and 
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dissolving the intermediate layer once the ?lament is made 
by plasma. 

25. The method according to claim 19, comprising: 
machining the body of the ?lament so as to obtain a body 

With a Winding shape. 
26. The method according to claim 1, comprising: 
carrying out the plasma spraying so as to obtain the ?la 
ment Whose legs have a thickness different from a thick 
ness of the body of the ?lament. 

27. The method according to claim 26 Wherein the thick 
ness of the body ranges from 100 microns to 300 microns, and 
the thickness of the legs ranges from 50 microns to 150 
microns. 

28. The method according to claim 27, comprising: 
making the support out of a selectively and chemically 

dissolvable material; and dissolving the support once the 
?lament has been made by plasma projection. 

29. The method according to claim 27, Wherein the support 
is formed by an alloy of titanium, Zirconium and molybde 
num. 

30. The method according to claim 27, comprising; 
making the support out a material that is not chemically 

dissolvable; 
coating the support, by plasma spraying, With an interme 

diate layer formed by a selectively and chemically dis 
solvable material; and 

dissolving the intermediate layer once the ?lament is made 
by plasma. 

31. The method according to claim 27, comprising: 
machining the body of the ?lament so as to obtain a body 

With a Winding shape. 
32. The method according to claim 26, comprising: 
making the support out of a selectively and chemically 

dissolvable material; and dissolving the support once the 
?lament has been made by plasma projection. 

33. The method according to claim 26, Wherein the support 
is formed by an alloy of titanium, Zirconium and molybde 
num. 

34. The method according to claim 26, comprising: 
making the support out a material that is not chemically 

dissolvable; 
coating the support, by plasma spraying, With an interme 

diate layer formed by a selectively and chemically dis 
solvable material; and 

dissolving the intermediate layer once the ?lament is made 
by plasma. 

35. The method according to claim 26, comprising: 
machining the body of the ?lament so as to obtain a body 

With a Winding shape. 
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36. The method according to claim 1, comprising: 
making the support out of a selectively and chemically 

dissolvable material; and dissolving the support once the 
?lament has been made by plasma projection. 

37. The method according to claim 36, Wherein the support 
is formed by an alloy of titanium, Zirconium and molybde 
num. 

38. The method according to claim 37, comprising: 
machining the body of the ?lament so as to obtain a body 

With a Winding shape. 
39. The method according to claim 36, comprising: 
machining the body of the ?lament so as to obtain a body 

With a Winding shape. 
40. The method according to claim 1, comprising: 
making the support out a material that is not chemically 

dissolvable; 
coating the support, by plasma spraying, With an interme 

diate layer formed by a selectively and chemically dis 
solvable material; and 

dissolving the intermediate layer once the ?lament is made 
by plasma spraying. 

41. The method according to claim 40, Wherein the non 
dissolvable support is made of graphite and the material form 
ing the intermediate layer is rhenium. 

42. The method according to claim 41, comprising: 
machining the body of the ?lament so as to obtain a body 

With a Winding shape. 
43. The method according to claim 40, comprising: 
machining the body of the ?lament so as to obtain a body 

With a Winding shape. 
44. The method according to claim 1, comprising: 
machining the body of the ?lament so as to obtain a body 

With a Winding shape. 
45. The method according to claim 44, comprising: 
machining the body of the ?lament on the support; and 

separating the machined ?lament from the support. 
46. The method according to claim 45, Wherein the body of 

the ?lament is machined by electro-erosion. 
47. The method according to claim 44 comprising: 
separating the ?lament from the support; and machining 

the body of the ?lament. 
48. The method according to claim 47, Wherein the body of 

the ?lament is machined by electro-erosion. 
49. The method according to claim 44, Wherein the body of 

45 the ?lament is machined by electro-erosion. 
50. The method according to claim 1, Wherein the thick 

nesses of the legs and the body are independent. 

* * * * * 


