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(54) X-RAY TUBE DEVICE

(57) An X-ray tube device according to an embodi-
ment comprises: a negative electrode that discharges
electrons; a positive electrode target that generates an
X-ray by being impacted with electrons discharged from
the negative electrode; a first tube part; a second tube
part that forms a flow passage for a cooling liquid together
with the first tube part; and a protective film. The protec-
tive film covers the inner surface of the first tube part and
is formed of hard gold.
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Description

Technical Field

[0001] Embodiments of the present invention de-
scribed herein relate generally to an X-ray tube device.

Background Art

[0002] An X-ray tube device used for X-ray fluores-
cence analysis includes a cathode, an anode target, a
cooling pipe, a water conducting pipe, and a joint con-
nection portion connecting the water conducting pipe and
the cooling pipe (hereinafter referred to as a joint). The
X-ray tube device comprises a flow path of a coolant for
cooling the anode target, which is composed of the cool-
ing pipe, the water conducting pipe, the joint and other
structures. The anode target is joined at a predetermined
position outside the structures constituting this flow path.
The water conducting pipe and the cooling pipe each are
connected to the joint. The water conducting pipe is com-
posed of, for example, an inner pipe disposed inside and
an outer pipe disposed outside. A tip nozzle portion of
the inner pipe is installed to emit the coolant in a direction
of where the anode target is installed. In this case, the
cooling pipe is composed of a first cooling pipe connected
to the inner pipe via the joint and a second cooling pipe
connected to the outer pipe via the joint. In this X-ray
tube device, the coolant passes through the first cooling
pipe and is sent to the inner pipe via the joint, and passes
through the flow path between the inner pipe and the
outer pipe and is discharged from the second cooling
pipe via the joint.
[0003] In the X-ray tube device, when electrons emitted
from the cathode collide with the anode target, the anode
target and its surrounding part become hot. The anode
target and its surrounding part are cooled by the coolant
flowing through the flow path formed in the vicinity of
them. On the wall surface of the flow path in the vicinity
of where the anode target is installed in the flow path
through which the coolant flows, subcooled boiling of the
coolant, cavitation in the flow of the coolant, and the like
may occur. These subcooled boiling, cavitation and the
like cause bubbles in the flow path in the vicinity of where
the anode target is installed, that is, in the vicinity of the
tip nozzle portion of the inner pipe.

Citation List

Patent Literature

[0004] Patent Literature 1: JP H06-162974 A 

Summary of Invention

Technical Problem

[0005] Embodiments described herein aim to provide

an X-ray tube device capable of extending a product life.

Solution to Problem

[0006] According to one embodiment, there is provided
an X-ray tube device comprising: a cathode which emits
electrons; an anode target which generates X-rays when
the electrons emitted from the cathode collide therewith;
a first tube portion having one end portion and another
end portion including a bottom portion which is closed
and joined to the anode target; a second tube portion
located inside the first tube portion, having a first end
portion where an inlet for taking in a coolant is formed
and a second end portion which is opposed to the bottom
portion and where an outlet for discharging the coolant
to the bottom portion is formed, and forming a flow path
of the coolant together with the first tube portion; and a
protective film covering an inner surface of the first tube
portion and formed of hard gold.

Brief Description of Drawings

[0007]

FIG. 1 is a cross-sectional view showing an X-ray
tube device according to one embodiment.
FIG. 2 is a graph showing a change in the thickness
of each of a protective film of the embodiment and
a protective film of a comparative example with re-
spect to time when each of the protective films is
exposed to a coolant.
FIG. 3 is a graph showing a change in corrosion re-
sistance and a change in thermal conductivity with
respect to a cobalt content in hard gold.

Mode for Carrying Out the Invention

[0008] One embodiment will be described hereinafter
with reference to the accompanying drawings. The dis-
closure is merely an example, and proper changes in
keeping with the spirit of the invention, which are easily
conceivable by a person of ordinary skill in the art, come
within the scope of the invention as a matter of course.
In addition, in some cases, in order to make the descrip-
tion clearer, the widths, thicknesses, shapes, etc., of the
respective parts are illustrated schematically in the draw-
ings, rather than as an accurate representation of what
is implemented. However, such schematic illustration is
merely exemplary, and in no way restricts the interpre-
tation of the invention. In addition, in the specification and
drawings, elements similar to those described in connec-
tion with preceding drawings are denoted by like refer-
ence numbers, and detailed description thereof is omitted
unless necessary.
[0009] FIG. 1 is a cross-sectional view showing an X-
ray tube device 1 according to one embodiment. FIG. 1
(a) is a cross-sectional view showing the entire X-ray
tube device 1, FIG. 1 (b) is an enlarged partial cross-
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sectional view showing a part of the X-ray tube device 1,
and FIG. 1 (c) is an enlarged partial cross-sectional view
showing another part of the X-ray tube device 1 of the
embodiment. FIG. 1 (a) shows a cross section of a part
of the X-ray tube device 1 centered on a tube axis TA. A
direction parallel to the tube axis TA is hereinafter re-
ferred to as an axial direction. With regard to the axial
direction, a direction toward an X-ray tube 2 is referred
to as a downward direction (lower side), and a direction
opposite to the downward direction is referred to as an
upward direction (upper side). In addition, a direction per-
pendicular to the tube axis TA is referred to as a radial
direction.
[0010] As shown in FIG. 1, the X-ray tube device 1
comprises an X-ray tube 2, and a tube container 3 con-
taining this X-ray tube 2. The X-ray tube device 1 further
comprises a high-voltage receptacle 4 for inserting and
connecting a high-voltage cable, a cooling pipe 5, a joint
connection portion (hereinafter referred to simply as a
joint) 6, a water conducting pipe 7, a conductor spring 8
which electrically connects the high-voltage receptacle
4 and the water conducting pipe 7, a cylindrical insulating
cylinder 9 disposed outside the high-voltage receptacle
4, and a bellows 11 which isolates an adjustment space
10 and an internal space 22.
[0011] The high-voltage receptacle 4 is formed in a bot-
tomed cylindrical shape having an open upper end por-
tion and a closed lower end portion in order to connect
the high-voltage cable. The high-voltage receptacle 4 is
liquid-tightly disposed on the upper side of the tube con-
tainer 3 described later with the tube axis TA as the cen-
tral axis. The high-voltage receptacle 4 comprises a con-
nection terminal 12 which penetrates from the inside to
the outside bottom portion. The connection terminal 12
includes a bushing of an external electric circuit inserted
into the high-voltage receptacle 4, and a terminal. The
connection terminal 12 is connected to the joint 6 via the
conductor spring 8.
[0012] The insulating cylinder 9 is formed of a substan-
tially cylindrical insulator. The insulating cylinder 9 is
structured such that insulating oil can circulate, although
this is not shown in the drawing. The upper end portion
of the insulating cylinder 9 is fixed to the inside of the
tube container 3, for example.
[0013] The cooling pipe 5 is a conducting pipe through
which a coolant, for example, pure water as a water-
based coolant flows. The cooling pipe 5 is spirally dis-
posed between the high-voltage receptacle 4 and the
insulating cylinder 9. The cooling pipe 5 is composed of
a first cooling pipe 5b comprising a water supply port 5a
through which the coolant is supplied, and a second cool-
ing pipe 5c comprising a discharge port 5d through which
the coolant is discharged. In the first cooling pipe 5b, the
water supply port 5a is connected to a circulation cooling
device or the like (not shown) which is the supply source
of the coolant, and an end portion on a side opposite to
the water supply port 5a is connected to the joint 6. On
the other hand, in the second cooling pipe 5c, the dis-

charge port 5d is connected to the circulation cooling
device or the like (not shown), and an end portion on a
side opposite to the discharge port 5d is connected to
the joint 6. Note that the cooling pipe 5 may not be spirally
disposed.
[0014] The joint 6 is disposed in the central part of the
X-ray tube device 1, for example, on the tube axis TA,
and connects the cooling pipe 5 and the water conducting
pipe 7. The joint 6 has a main body 6a where three holes,
that is, a first passage 6p1, a second passage 6p2 formed
substantially parallel to the first passage 6p1, and a third
passage 6p3 formed perpendicular to the first passage
6p1 and the second passage 6p2 are formed.
[0015] For example, as shown in FIG. 1 (b), the first
passage 6p1 is formed to communicate from the side
surface portion (outer peripheral portion) to the third pas-
sage 6p3 substantially perpendicularly to the tube axis
TA in the upper part of the main body 6a. Similarly, the
second passage 6p2 is formed to communicate from the
side surface portion to the third passage 6p3 substantially
perpendicularly to the tube axis TA in a part lower than
the first passage 6p1 of the main body 6a. That is, the
first and second passages 6p1 and 6p2 are open in a
direction perpendicular to the tube axis TA in the side
surface portion of the main body 6a. In addition, the first
cooling pipe 5b is liquid-tightly connected to the first pas-
sage 6p1, and the second cooling pipe 5c is liquid-tightly
connected to the second passage 6p2. The third passage
6p3 is formed to communicate from the lower end portion
of the main body 6a to the first passage 6p1 along the
tube axis TA, and has a step from a part leading to the
second passage 6p2 to a part leading to the first passage
6p1. That is, the third passage 6p3 is open toward the
lower part along the tube axis TA, and is formed such
that the hole diameter of the part leading to the first pas-
sage 6p1 is less than the hole diameter of the part leading
to the second passage 6p2. In the third passage 6p3, the
part leading to the first passage 6p1 and having a small
hole diameter is hereinafter referred to as a small-diam-
eter portion, and the part leading to the second passage
6p2 and having a large hole diameter is hereinafter re-
ferred to as a large-diameter portion.
[0016] The water conducting pipe 7 includes a cylin-
drical outer pipe 7a and a cylindrical inner pipe 7b dis-
posed inside the outer pipe 7a. In addition, the water
conducting pipe 7 comprises an elastic member 23 and
a support member 25 inside. The water conducting pipe
(tube portion) 7 is disposed to extend along the axial di-
rection, for example, the tube axis TA, and is connected
to the lower part of the joint 6.
[0017] The outer pipe 7a is liquid-tightly joined to the
lower part of the main body 6a of the joint 6 and the upper
part of an anode block 14 described later. The inner di-
ameter of the outer pipe 7a is substantially equal to the
diameter of the small-diameter portion of the third pas-
sage 6p3.
[0018] The inner pipe 7b has an outer diameter less
than the inner diameter of the outer pipe 7a. The inner
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pipe 7b is disposed to extend along the tube axis TA. In
the inner pipe 7b, the upper end portion is fitted into the
small-diameter portion of the third passage 6p3, the mid-
dle portion is supported by the support member 25, and
the lower end portion is provided with a tip nozzle portion
24. The inner pipe 7b has an outer diameter substantially
equal to the hole diameter of the first passage 6p1, and
has a fitting gap having a predetermined tolerance be-
tween the inner pipe 7b and the first passage 6p1.
[0019] The shape of the elastic member 23 is, for ex-
ample, an O-ring shape or a pipe shape. The cross-sec-
tional shape of the elastic member 23 may be circular or
quadrangle. The elastic member 23 is formed of a res-
inous rubber member. The elastic member 23 is disposed
between the outer peripheral portion in the vicinity of the
fitting portion of the inner pipe 7b and the large-diameter
portion of the third passage 6p3 in the stepped part of
the third passage 6p3. The thickness of the elastic mem-
ber 23 is substantially equal to the width between the
outer diameter of the inner pipe 7b and the diameter of
the large-diameter portion of the third passage 6p3, or
greater than this width. In addition, the elastic member
23 may be disposed in at least a part between the inner
pipe 7b and the third passage 6p3 in the vicinity of the
fitting portion of the inner pipe 7b.
[0020] The outer pipe 7a and the anode block 14 func-
tion as a first tube portion, and the first tube portion has
one end portion 7ae on the joint 6 side and another end
portion 14e including a bottom portion 14b which is closed
and joined to an anode target 13. The anode target 13
is located outside the anode block 14.
[0021] The inner pipe 7b functions as a second tube
portion, and is located inside the outer pipe 7a and the
anode block 14. The inner pipe 7b has a first end portion
7be1 and a second end portion 7be2, and forms the flow
path of the coolant together with the first tube portion
(outer pipe 7a and anode block 14). In the first end portion
7be1, an inlet IL through which the coolant is taken in is
formed. The second end portion 7be2 corresponds to the
tip nozzle portion 24, and is opposed to the bottom portion
14b. In the second end portion 7be2, an outlet OL through
which the coolant is discharged to the bottom portion 14b
is formed.
[0022] As shown in FIG. 1 (c), a protective film PR cov-
ers the inner surface of the anode block 14 (first tube
portion). The inner surface of the anode block 14 has a
bottom surface S1 on a side opposite to a side of the
anode block 14 opposed to the anode target 13, and an
inner peripheral surface S2 opposed to the tip nozzle
portion 24 in the radial direction. The protective film PR
continuously covers from the bottom surface S1 to the
inner peripheral surface S2.
[0023] The protective film PR is formed of hard gold.
Cobalt (Co) is used as an additive in the hard gold. The
hard gold contains gold (Au) of greater than or equal to
99 wt% and cobalt of greater than 0 wt% but less than
or equal to 1 wt%. In the present embodiment, the hard
gold contains 0.3 wt% cobalt. The protective film PR is

formed by a plating method, and is hard gold plating. The
hardness of the protective film PR varies depending on
a heat treatment temperature after a film of hard gold is
formed on the inner surface of the anode block 14. The
heat treatment temperature at which the protective film
PR is formed is 700° in the present embodiment but is
not limited to this temperature.
[0024] Here, the thickness of the protective film PR in
a region opposed to the bottom surface S1 is T1, and the
thickness of the protective film PR in a region opposed
to the inner peripheral surface S2 is T2. In the present
embodiment, the thickness T1 is in a range of 15 to 25
pm, and the thickness T2 is in a range of 25 to 35 mm.
Although the thickness T2 tends to be greater than the
thickness T1, the relationship between the thickness T1
and the thickness T2 is not limited to this relationship.
For example, the thickness T1 may be greater than the
thickness T2.
[0025] The protective film PR is disposed to prevent
corrosion and erosion of the anode block 14 by the cool-
ant. The protective film PR formed of hard gold has a
thermal conductivity equal to the thermal conductivity of
a protective film formed of soft gold. The hardness of the
protective film PR formed of hard gold is substantially
twice the hardness of a protective film formed of soft gold.
Therefore, the protective film PR formed of hard gold has
an excellent function in corrosion and erosion durability.
[0026] As shown in FIG. 1, the X-ray tube 2 comprises
the anode target (anode) 13, the anode block 14, a cath-
ode 15 which emits electrons, a Wehnelt electrode 16, a
first vacuum envelope 17 and a second vacuum envelope
18. When the high-voltage cable is connected to the high-
voltage receptacle 4, a high voltage (tube voltage) is ap-
plied between the anode target 13 and the cathode 15
described later.
[0027] The anode block 14 is formed in a bottomed
cylindrical shape with the tube axis TA as the central axis.
The lower end portion of the outer pipe 7a is fixed to the
opening side of the anode block 14. The tip nozzle portion
24 of the inner pipe 7b is arranged inside the anode block
14. The coolant is emitted from this tip nozzle portion 24
toward the bottom portion 14b of the anode block 14 (or
in the direction of where the anode target 13 is installed).
[0028] In the X-ray tube device 1, the joint 6, the water
conducting pipe 7 and the anode block 14 described ear-
lier constitute the flow path through which the coolant
flows when they are assembled. Although the joint 6, the
water conducting pipe 7 and the anode block 14 are de-
scribed as separate bodies, they may all be formed as a
single body or may be partially formed as a single body
as long as they constitute the flow path through which
the coolant flows. When the coolant circulates through
the flow path composed of the joint 6, the water conduct-
ing pipe 7 and the anode block 14, and the cooling pipe
5, the insulating oil filling the internal space 22 described
later, the anode target 13 and the like are cooled.
[0029] The anode target 13 is joined to the bottom por-
tion 14b of the anode block 14. The anode target 13 gen-
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erates X-rays when electrons collide therewith. At this
time, the anode target 13 is heated by collision of elec-
trodes, but is cooled by the coolant flowing through the
flow path inside the anode block 14. Relatively, a positive
voltage is applied to the anode target 13, and a negative
voltage is applied to the cathode 15. For example, the
cathode 15 is electrically grounded.
[0030] The cathode 15 is formed of a ring-shaped fil-
ament, and is disposed with a predetermined space out-
ward in the radial direction from the anode target 13 (or
the anode block 14). Electrons emitted from the cathode
15 cross the lower end portion of the Wehnelt electrode
16 described later, and collide with the anode target 13.
[0031] The Wehnelt electrode 16 is formed in a circular
shape, and is disposed between the anode target 13 and
the cathode 15. The Wehnelt electrode 16 focuses the
electrodes emitted from the cathode 15 on the anode
target 13.
[0032] The first vacuum envelope 17 is composed of
an inner cylinder and an outer cylinder. In the first vacuum
envelope 17, the upper end portions of the inner cylinder
and the outer cylinder are joined together. The inner cyl-
inder and the outer cylinder have a substantially cylindri-
cal shape and are formed of, for example, a glass material
or a ceramic material. In the first vacuum envelope 17,
the lower end portion of the inner cylinder is vacuum-
lightly connected to the anode block 14, and the lower
end portion of the outer cylinder is vacuum-tightly con-
nected to the wall portion of the X-ray tube 2 as a part of
the wall surface of the X-ray tube 2.
[0033] The second vacuum envelope 18 is formed in
a bottomed substantially cylindrical shape. The upper
end portion of the second vacuum envelope 18 is vacu-
um-tightly connected to the wall portion of the X-ray tube
as a part of the wall surface of the X-ray tube 2. The
second vacuum envelope 18 is electrically grounded to-
gether with the tube container 3 described later. In the
second vacuum envelope 18, an X-ray transmissive win-
dow (window portion) 19 is vacuum-tightly joined to an
opening penetrating the vicinity of the center of the bot-
tom portion. The X-ray transmissive window 19 transmits
X-rays generated from the anode target 13 when elec-
trons collide therewith, and emits the X-rays to the outside
of the X-ray tube device 1. The X-ray transmissive win-
dow 19 is formed of an X-ray transmissive material, for
example, a beryllium sheet. In addition, the X-ray tube 2
comprises a first convex portion 20a and a second con-
vex portion 20b protruding outward in the radial direction
on a part of the outer wall.
[0034] The tube container 3 is a sealed container which
houses the respective parts of the X-ray tube device 1
inside. The tube container 3 is formed in a substantially
cylindrical shape with the tube axis TA as the central axis.
The tube container 3 is formed of, for example, a metal
member. In addition, a lead plate 21 is internally attached
to the inner wall of the tube container 3. The internal
space 22 inside the tube container 3 (lead plate 21) is
filled with insulating oil. Here, the internal space 22 is,

for example, a space inside the tube container 3 and
outside the X-ray tube 2 and the high-voltage receptacle
4 but other than the adjustment space 10.
[0035] The bellows 11 is disposed to isolate the internal
space 22 and the adjustment space 10 in a predeter-
mined part on the lower side of the tube container 3. In
the bellows 11, one end portion is fixed to the first convex
portion 20a, and another end portion is fixed to the sec-
ond convex portion 20b. The bellows 11 is formed of a
resinous elastic member, and absorbs expansion and
contraction, etc., of the insulating oil by contraction and
expansion of the adjustment space 10. The bellows 11
is a stretchable elastic member, for example, a rubber
bellows (rubber film).
[0036] In the present embodiment, in the X-ray tube
device 1, the coolant is taken in from the first cooling pipe
5b, and flows from the upper end portion into the inner
pipe 7b via the first passage 6p1. The coolant flowing
into the inner pipe 7b collides with the bottom portion 14b
of the anode block 14 in the direction of where the anode
target 13 is installed from the tip nozzle portion 24 of the
inner pipe 7b. The coolant emitted from the tip nozzle
portion 24 flows into the third passage 6p3 of the joint 6
through the flow pass composed of the inner surface of
the anode block 14 or the inner surface of the outer pipe
7a and the outer peripheral portion of the inner pipe 7b.
The coolant flowing into the third passage 6p3 is taken
out of the second cooling pipe 5c via the second passage
6p2.
[0037] In addition, in the X-ray tube device 1, when the
high-voltage cable is connected to the high-voltage re-
ceptacle 4, the tube voltage is applied to the anode target
13. Then, electrons emitted from the cathode 15 collide
with the anode target 13, and X-rays are generated. At
this time, the anode target 13 is cooled by the coolant
flowing through the flow path composed inside the anode
block 14. In the coolant flowing through the flow path
inside the anode block 14, bubbles are generated by sub-
cooled boiling and cavitation.
[0038] Next, the counter-corrosion (counter-cavita-
tion) of the protective film PR formed of hard gold (the
protective film PR of the present embodiment) and that
of a protective film formed of soft gold (a protective film
of a comparative example) are compared under the same
evaluation conditions. FIG. 2 is a graph showing a change
in the thickness of each of the protective films with respect
to time when each of the protective films is exposed to
the coolant. When the protective film was exposed to the
coolant, the change in the protective film with time was
tested while the protective film was not only immersed in
the coolant but also sprayed with the coolant.
[0039] As shown in FIG. 2, the results show that the
thickness of the protective film formed of soft gold de-
creases with time. For example, after 30 minutes, the
thickness of the protective film formed of soft gold was
substantially reduced to 45%. On the other hand, the
results show that the thickness of the protective film PR
formed of hard gold hardly changes (decreases). From
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the above, forming the protective film PR not with soft
gold but with hard gold has a significant improvement
effect from the perspective of chemically protecting the
anode block 14.
[0040] According to the X-ray tube device 1 of one em-
bodiment configured as described above, the X-ray tube
device 1 comprises the cathode 15, the anode target 13,
the first tube portion (outer pipe 7a and anode block 14),
the second tube portion (inner pipe 7b), and the protective
film PR covering the inner surface of the anode block 14.
Incidentally, boiling cooling of the coolant, pressure dif-
ference in the coolant circuit and the like cause bubbles,
and the protective film PR is repeatedly subjected to
shock waves when the bubbles disappear.
[0041] Therefore, if the protective film PR is formed of
soft gold, corrosion will occur in the protective film PR.
In addition, corrosion and erosion of the protective film
PR by the coolant gradually progress, and in the worst
case, the coolant may penetrate the anode block 14 and
the anode target 13 behind it, and may flow into the X-
ray tube 2. It is very difficult to suppress the generation
of bubbles in order to prevent the corrosion and erosion
of the protective film PR by the coolant.
[0042] To solve this, the protective film PR is formed
of hard gold in the present embodiment. The hard gold
contains gold of greater than or equal to 99 wt%, and
cobalt of greater than 0 wt% but less than or equal to 1
wt%. The protective film PR can be obtained by forming
a film of hard gold containing cobalt by a plating method.
By forming the protective film PR with hard gold having
a higher hardness than soft gold, the corrosion and ero-
sion durability of the protective film PR can be improved.
[0043] From the above, the X-ray tube device 1 capa-
ble of extending the product life can be obtained.
[0044] Next, a modification of the above embodiment
will be described. FIG. 3 is a graph showing a change in
corrosion resistance and a change in thermal conductiv-
ity with respect to a cobalt content in hard gold.
[0045] As shown in FIG. 3, it can be seen that, as the
cobalt content increases in the protective film PR, the
hardness of the protective film PR increases, the corro-
sion resistance improves, and corrosion is less likely to
occur. However, it can be seen that, as the cobalt content
increases, the thermal conductivity of the protective film
PR decreases.
[0046] As the thermal conductivity of the protective film
PR decreases, the cooling efficiency of the anode block
14 and the anode target 13 decreases, and the surface
(target surface) of the anode target 13 easily deteriorates
(easily becomes rough). As a result, the product life of
the X-ray tube device 1 is shortened, and the product
reliability is reduced. From the above, it is preferable that
the hard gold should contain cobalt of less than or equal
to 0.4 wt%.
[0047] When the amount of cobalt added to the hard
gold exceeds 0.4 wt%, the thermal conductivity of the
protective film PR decreases, the deterioration (rough-
ness) of the surface of the anode target 13 is accelerated,

and the probability of not fulfilling the expected (de-
signed) product life of the X-ray tube device 1 increases.
[0048] On the other hand, as the amount of cobalt add-
ed to the hard gold decreases, the corrosion resistance
of the protective film PR gradually decreases, and the
corrosion inside the anode block 14 easily progresses.
From the above, it is preferable that the hard gold should
contain cobalt of greater than or equal to 0.3 wt%.
[0049] When the amount of cobalt added to the hard
gold is less than 0.4 wt%, the corrosion inside the anode
block 14 is accelerated, and the probability of not fulfilling
the expected (designed) product life of the X-ray tube
device 1 increases.
[0050] From the above, it is preferable that the hard
gold should contain cobalt in a range of 0.3 to 0.4 wt%.
[0051] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein
may be made without departing from the spirit of the in-
ventions. The accompanying claims and their equiva-
lents are intended to cover such forms or modifications
as would fall within the scope and spirit of the inventions.
[0052] For example, as the hard gold used for the pro-
tective film PR, metal other than cobalt (Co) may be used
as an additive. For example, the hard gold may contain
nickel (Ni) of greater than 0 wt%% but less than or equal
to 1 wt%. Alternatively, the hard gold may contain chro-
mium (Cr) of greater than 0 wt% but less than or equal
to 1 wt%.

Claims

1. An X-ray tube device comprising:

a cathode which emits electrons;
an anode target which generates X-rays when
the electrons emitted from the cathode collide
therewith;
a first tube portion having one end portion and
another end portion including a bottom portion
which is closed and joined to the anode target;
a second tube portion located inside the first
tube portion, having a first end portion where an
inlet for taking in a coolant is formed and a sec-
ond end portion which is opposed to the bottom
portion and where an outlet for discharging the
coolant to the bottom portion is formed, and
forming a flow path of the coolant together with
the first tube portion; and
a protective film covering an inner surface of the
first tube portion and formed of hard gold.

2. The X-ray tube device of claim 1, wherein the hard
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gold contains gold of greater than or equal to 99 wt%,
and any one of cobalt, nickel and chromium of less
than or equal to 1 wt%.

3. The X-ray tube device of claim 2, wherein the hard
gold contains cobalt in a range of 0.3 to 0.4 wt%.

4. The X-ray tube device of claim 1, wherein the coolant
is a water-based coolant.
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