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X-RAY TUBE ASSEMBLY AND METHOD FOR
ADJUSTING FILAMENT

TECHNICAL FIELD

[0001] The present invention relates to an X-ray tube
assembly and the method for adjusting a filament. In particu-
lar, the present invention relates to the technique of adjusting
an electron emission area of a filament having a plurality of
electric flow paths.

BACKGROUND ART

[0002] A flat plate-shaped filament (also called as a “flat
plate-shaped emitter”) including four legs for electrical heat-
ing will be described as an example of a filament including a
plurality of electric flow paths for electric flow. Typical struc-
tures of the flat plate-shaped filament will be described with
reference to FIGS. 6 and 7. FIGS. 6 and 7 are schematic plan
views of the typical flat plate-shaped filaments. FIG. 6 is the
flat plate-shaped filament having a rectangular shape, and
FIG. 7 is the flat plate-shaped filament having a circular
shape.

[0003] As illustrated in FIGS. 6 and 7, four legs 102 to 105
for electrical heating are provided at ends of an electron beam
emission surface 101 (an electron beam emission surface 101
having a rectangular shape in FIG. 6, and an electron beam
emission surface 101 having a circular shape in FIG. 7).
Typically, electric flow is made through each of the legs 102
to 105 bent at 90° at the positions indicated by dashed lines in
the figures, thereby heating the electron beam emission sur-
face 101. Then, thermal electrons are emitted from the elec-
tron beam emission surface 101. The thermal electrons emit-
ted from the electron beam emission surface 101 collide with
a positive-electrode target (not shown in the figures) to gen-
erate an X-ray.

[0004] Of the legs 102 to 105, the legs 102, 103 (indicated
by “A” and “B” in the figures) are legs 102, 103 for full
lighting, electrical heating, the legs 102, 103 being used for
full lighting for large focus. In the full lighting for large focus,
power is distributed to heat the entire region of the electron
beam emission surface 101 to emit an electron beam. Of the
legs 102 to 105, the legs 104, 105 (indicated by “C” and “D”
in the figures) are, on the other hand, legs 104, 105 for half
lighting, electrical heating, the legs 104, 105 being used for
half lighting for small focus. In the half lighting for small
focus, power is distributed to heat only a narrower region (see
the region hatched using lines obliquely extending toward the
upper right side in the figures) than the entire surface of the
electron beam emission surface 101 to emit an electron beam.

[0005] That is, in the case of heating the entire region of the
electron beam emission surface 101, power is distributed
through the legs 102, 103 (A, B) for full lighting, electrical
heating, thereby heating the entire region of the electron beam
emission surface 101. On the other hand, in the case of lim-
iting, for small focus, the electron emission area by partial
lighting, power is distributed through the legs 104, 105 (C, D)
for halflighting, electrical heating, thereby lighting and heat-
ing only the region hatched using the lines obliquely extend-
ing toward the upper right side in the figures. In the case of the
full lighting, the electric flow path is in the order of A, the base
end of A, the base end of D, the base end of C, the base end of
B, and B. In the case of the half lighting, the electric flow path
is in the order of D, the base end of D, the base end of C, and
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C. In this manner, the lighting area of the flat plate-shaped
filament is adjusted by a change in the electric flow path (see,
e.g., Patent Document 1).

CITATION LIST

Patent Document

[0006] Patent Document 1: JP-A-2012-015045
SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
[0007] However, in the flat plate-shaped filament (the flat

plate-shaped emitter) including four legs for electrical heat-
ing, there are only two ways including the way of heating the
entire region and the way of performing partial lighting. For
this reason, a focal dimension is switchable only between two
dimensions. If the filament includes a plurality of electric
flow paths, the number, other than four, of legs for electrical
heating may be provided. Thus, in the case of increasing the
number of types of focal dimension as a switching target, four
ormore legs for electrical heating may be provided. However,
this leads to a complicated structure.

[0008] The present invention has been made in view of the
above-described situation, and is intended to provide an
X-ray tube assembly which can provide an optional degree of
focus and the method for adjusting a filament.

Solutions to the Problems

[0009] The X-ray tube assembly includes a filament includ-
ing a plurality of electric flow paths, and an adjustor config-
ured to adjust at least one of values of current flowing through
the plurality of electric flow paths to adjust an electron emis-
sion area of the filament.

[0010] The temperature of part of the region of the filament
and the temperature of the other part of the region of the
filament are properly set in such a manner that at least one of
the values of current flowing through the electric flow paths is
properly adjusted. Since the current value and the electron
emission area are in a non-linear relationship, the electron
emission area of the filament can be freely adjusted by adjust-
ment of the current value, and an optional degree of focus
between the focus obtained in the case of entire heating and
the focus obtained in the case of partial heating can be
obtained.

[0011] The filament includes first to fourth legs for electri-
cal heating, an outer electron emission surface electrically
connected to the first and second legs, and an inner electron
emission surface electrically connected to the third and fourth
legs and the outer electron emission surface. The adjuster
causes current flowing between the first and second legs to
flow through the outer electron emission surface, causes cur-
rent flowing between the first and second legs and current
flowing between the third and fourth legs to flow through the
inner electron emission surface, and adjusts at least one of the
value of current flowing between the first and second legs and
the value of current flowing between the third and fourth legs.
[0012] Current flowing between the first and second legs
and current flowing between the third and fourth legs flow
through the inner electron emission surface in the same direc-
tion.

[0013] The values of current flowing through the electric
flow paths are preferably synchronized and adjusted. Need-
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less to say, the current values are not necessarily synchronized
with each other, and may be separately adjusted.

Effects of the Invention

[0014] According to the X-ray tube assembly and the fila-
ment adjustment method of the present invention, the electron
emission area of the filament can be freely adjusted in such a
manner that at least one of the values of current flowing
through the electric flow paths is adjusted, and an optional
degree of focus between the focus obtained in the case of
entire heating and the focus obtained in the case of partial
heating can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG.1isablockdiagram ofan X-ray apparatus ofan
embodiment.
[0016] FIG. 2 is a schematic view of an X-ray tube assem-

bly of the embodiment.

[0017] FIG. 3 is a schematic plan view illustrating a flat
plate-shaped filament and a peripheral circuit according to the
embodiment.

[0018] FIG. 4 is a schematic plan view illustrating a flat
plate-shaped filament, having a shape different from that of
FIG. 3, and a peripheral circuit according to the embodiment.
[0019] FIGS. 5 (a) and 5 (b) are tables showing the corre-
spondence relationship between an electron emission area
and a combination between the value of current flowing
through legs for full lighting, electrical heating and the value
of current flowing through legs for half lighting, electrical
heating.

[0020] FIG. 6 is a schematic plan view of a typical flat
plate-shaped filament.

[0021] FIG. 7 is a schematic plan view of a typical flat
plate-shaped filament having a shape different from that of
FIG. 6.

DESCRIPTION OF EMBODIMENTS

[0022] As aresult of conducting intensive study to solve the
above-described problems, the present inventor (s) has found
as follows.

[0023] That is, the idea of increasing the number of electric
flow paths has been changed, and the present inventor (s) has
focused attention on parameters for controlling the distribu-
tion paths. Of the parameters for controlling the distribution
paths, a filament temperature has been focused. It has been
found that in fact, the filament temperature is not uniform in
the region subjected to electrical heating, but there is a ther-
mal gradient in such a region. Moreover, it has been also
found that an electron emission area is determined according
to a non-uniform temperature distribution at a filament.
[0024] On the other hand, the value of current of electric
flow has been set by switching between ON and OFF. Only
the maximum current value in an ON state and a value of O[ A ]
in an OFF state have been set. In the view of the thermal
gradient at the filament, the value of current of electric flow
and the electron emission area have been assumed to be in a
non-linear relationship. It has been found that taking advan-
tage of the non-linear relationship between the value of cur-
rent of electric flow and the electron emission area, the elec-
tron emission area can be finely adjusted by fine adjustment of
the value of current of electric flow, and therefore, an optional
degree of focus can be obtained.
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[0025] An embodiment of the present invention will be
described with reference to drawings. FIG. 1 is a block dia-
gram of an X-ray apparatus of the embodiment, FIG. 2 is a
schematic diagram of an X-ray tube assembly of the embodi-
ment, and FIGS. 3 and 4 are each a schematic plan view
illustrating a flat plate-shaped filament and a peripheral cir-
cuit according to the embodiment. In the present embodi-
ment, the case of using the flat plate-shaped filament for the
X-ray tube assembly will be described as an example, and the
case of incorporating the X-ray tube assembly into the X-ray
apparatus such as an X-ray fluoroscopic apparatus and X-ray
equipment will be described as another example.

[0026] The X-ray apparatus of the present embodiment
includes, as illustrated in FIG. 1, a top panel 1 on which a
subject M is placed, an X-ray tube assembly 2 configured to
irradiate the subject M with an X-ray, and a flat panel type
X-ray detector (FPD) 3 configured to detect an X-ray trans-
mitted through the subject M. Note that the X-ray detector is
not limited to the above-described FPD, and examples of the
X-ray detector include an image intensifier. The X-ray tube
assembly 2 is equivalent to an X-ray tube assembly of the
present invention.

[0027] The X-ray tube assembly 2 includes an envelope 21,
a cathode 22, and an anode 24, the cathode 22 and the anode
24 being housed in the envelope 21. The cathode 22 is formed
mainly of a flat plate-shaped filament 11 and focusing elec-
trodes 23. The specific configuration of the flat plate-shaped
filament of the present embodiment will be described later
with reference to FIGS. 3 and 4. Note that the X-ray tube
assembly 2 is not limited to the type of extracting an X-ray in
the direction perpendicular to the optical axis of an electron
beam B as illustrated in FIG. 2, and may be the type of
transmitting an X-ray in parallel with the optical axis of an
electron beam B.

[0028] In addition, as illustrated in FIG. 2, the X-ray tube
assembly 2 includes, at the periphery of the envelope 21,
power sources 25, 26 (also see FIGS. 3 and 4) and variable
resistors 27, 28 (also see FIGS. 3 and 4). The power sources
25, 26 are not limited. The power sources 25, 26 may be
alternating-current sources or direct-current sources. The
variable resistors 27, 28 are equivalent to an adjuster of the
present invention.

[0029] Returning to the description of FIG. 1, the X-ray
apparatus further includes an image processor 4 and a high-
voltage generator 5. In addition, the X-ray apparatus further
includes configurations such as a monitor, a storage medium,
and an input section (any of these configurations are not
shown in the figure). However, these configurations are not
features, or do not relate to the features. The description of
such configurations will not be made.

[0030] The X-ray tube assembly 2 generates an X-ray to
irradiate, with the X-ray, the subject M placed on the top panel
1. The FPD 3 detects the X-ray generated from the X-ray tube
assembly 2 and transmitted through the subject M. The FPD
3 is configured such that X-ray detection elements (not shown
in the figure) corresponding respectively to pixels are
arranged in a two-dimensional matrix. The image processor 4
performs image processing based on the X-ray detected by
the FPD 3 to obtain an X-ray image. Specifically, an X-ray
image is output in such a manner that pixel values based on
the X-ray detected by the X-ray detection elements are asso-
ciated respectively with the pixels and are arranged. At this
point, the image processor 4 performs, for the X-ray image,
various types of image processing.
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[0031] Inshooting, the X-ray tube assembly 2 irradiates the
subject M with a normal dose of X-ray radiation once, and
then, an X-ray image obtained by the image processor 4 is
output. In fluoroscopy, the X-ray tube assembly 2 continu-
ously irradiates the subject M with a smaller dose of X-ray
radiation than that in shooting, and then, X-ray images
obtained by the image processor 4 are continuously output to
the monitor (not shown in the figure). Moreover, in tomogra-
phy, at least one of the X-ray tube assembly 2, the FPD 3, or
the subject M is moved. While the X-ray tube assembly 2 or
the FPD 3 are moved relative to the subject M, the X-ray tube
assembly 2 continuously irradiates the subject M with an
X-ray, and reconstruction processing is performed for X-ray
images obtained by the image processor 4. Then, a tomo-
graphic image is output.

[0032] The high-voltage generator 5 provides tube voltage
or tube current to the X-ray tube assembly 2 to control the
X-ray tube assembly 2 to generate an X-ray. In the present
embodiment, the high-voltage generator 5 includes a syn-
chronizing circuit in order to synchronize and adjust the val-
ues of current flowing through a plurality of electric flow
paths (two electric flow paths in the present embodiment).
Specifically, the high-voltage generator 5 simultaneously
controls the variable resistors 27, 28 (see FIGS. 2 to 4) to be
synchronized with each other, thereby adjusting the value of
current flowing through the variable resistor 27 and the value
of current flowing through the variable resistor 28. Note that
although will be described later, one of the current values may
be fixed while only the other current value may be variably
adjusted. At least one of the current values may be adjusted.
[0033] As illustrated in FIG. 2, the envelope 21 houses the
flat plate-shaped filament 11, the focusing electrodes 23, and
the anode 24. A window (not shown in the figure) is provided
in the envelope 21. Through the window, the X-ray (indicated
by “Xray” in FIG. 2) generated by collision of the electron
beam B with the anode 24 is, after transmission thereof,
extracted to the outside of the envelope 21. The cathode 22 is
formed mainly of the flat plate-shaped filament 11 illustrated
in FIG. 3 or 4 and the focusing electrodes 23 (see FIG. 2), and
is configured to focus, on the anode 24, the electron beam B
emitted from an electron beam emission surface of the flat
plate-shaped filament 11.

[0034] The flat plate-shaped filament 11 has the structure
illustrated in FIG. 3 or 4. FIG. 3 illustrates a flat plate-shaped
filament having a rectangular shape, and FIG. 4 illustrates a
flat plate-shaped filament having a circular shape. Four legs
12 to 15 for electrical heating are provided at ends of the
electron beam emission surface (an electron beam emission
surface having a rectangular shape in FI1G. 3, and an electron
beam emission surface having a circular shape in FIG. 4).
Electric flow is made through each of the legs 12 to 15 bent at
90° at the positions indicated by dashed lines in the figures,
thereby heating the electron beam emission surface. Then,
thermal electrons are emitted from the electron beam emis-
sion surface. The thermal electrons (see the electron beam B
illustrated in FIG. 2) emitted from the electron beam emission
surface collide with the anode 24 to generate an X-ray.
[0035] Of the legs 12 to 15, the first leg 12 and the second
leg 13 (indicated by “A” and “B” in the figures) are legs 12,13
for full lighting, electrical heating, the legs 12, 13 being used
for full lighting for large focus. In the full lighting for large
focus, power is distributed to heat the entire region of the
electron beam emission surface to emit the electron beam B.
Of the legs 12 to 15, the third leg 14 and the fourth leg 15
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(indicated by “C” and “D” in the figures) are, on the other
hand, legs 14, 15 for half lighting, electrical heating, the legs
14, 15 being used for half lighting for small focus. In the half
lighting for small focus, power is distributed to heat only a
narrower region (an inner electron emission surface) (see the
region hatched using lines obliquely extending toward the
upper right side in the figures) than the entire surface of the
electron beam emission surface to emit the electron beam B.
Thelegs 12, 13 are electrically connected to an outer electron
emission surface (a region other than the region hatched using
the lines obliquely extending toward the upper right side), and
the legs 14, 15 and the outer electron emission surface are
electrically connected to the inner electron emission surface.

[0036] Thatis, inthe case of heating the entire region of the
electron beam emission surface, power is distributed through
the legs 12, 13 (A, B) for full lighting, electrical heating,
thereby heating the entire region of the electron beam emis-
sion surface. On the other hand, in the case of limiting, for
small focus, the electron emission area by partial lighting,
power is distributed through the legs 14, 15 (C, D) for half
lighting, electrical heating, thereby lighting and heating only
the region hatched using the lines obliquely extending toward
the upper right side in the figures. In the case of the full
lighting, the electric flow path is in the order of A, the base end
of A, the base end of D, the base end of C, the base end of B,
and B. In the case of the half lighting, the electric flow path is
in the order of D, the base end of D, the base end of C, and C.
In this manner, the heating area (lighting area) of the flat
plate-shaped filament 11 is adjusted by a change in the elec-
tric flow path.

[0037] Inthe case of the present embodiment, current flow-
ing between the first leg 12 and the second leg 13 is applied to
the outer electron emission surface; current flowing between
the first leg 12 and the second leg 13 and current flowing
between the third leg 14 and the fourth leg 15 are applied to
the inner electron emission surface in the same direction; and
the value of current flowing between the first leg 12 and the
second leg 13 and the value of current flowing between the
third leg 14 and the fourth leg 15 are adjusted. In this manner,
the electron emission area is adjusted. The variable resistors
27, 28 are provided in the periphery of the flat plate-shaped
filament 11, the variable resistor 27 is electrically connected
to the power source 25, and the variable resistor 28 is electri-
cally connected to the power source 26. The power source 25
is a power source for electric flow between the legs 12,13 (A,
B) for full lighting, electrical heating, and the power source
26 is a power source for electric flow between the legs 14, 15
(C, D) for half lighting, electrical heating.

[0038] For the value of current of electric flow (the electric
flow current), conditions are set so that sufficient electron
emission can be obtained with about 9 [A] in the case of
distributing power through the legs 14, 15 (C, D) for half
lighting, electrical heating. Under such conditions, a current
of about 9 [A] flows from the leg 12 (A) for full lighting,
electrical heating to the leg 13 (B) for full lighting, electrical
heating, and the legs 14, 15 (C, D) for half lighting, electrical
heating are set at 0 [A]. Accordingly, electrons are emitted
from the entire surface of the electron emission surface 11,
resulting in the maximum focus size. This is because a current
ot 9 A flows through the entire surface of the electron emis-
sion surface 11. On the other hand, a current of about 6 [A]
flows from the leg 12 (A) for full lighting, electrical heating to
the leg 13 (B) for full lighting, electrical heating, and a current
of about 3 [A] flows from the leg 15 (D) for half lighting,
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electrical heating to the leg 14 (C) for half lighting, electrical
heating. Thus, a current of 9 [ A], which can provide sufficient
electron emission, flows through the inner electron emission
surface (the region between the base end of D and the base end
of C), whereas a current of 6 A, which leads to such a maxi-
mum temperature that no electron is emitted, flows through
the outer electron emission surface (the region between the
base end of A and the base end of D and the region between
the base end of C and the base end of B). This results in the
minimum focus size.

[0039] A current of about 9 [A] to 6 [A] is applied from the
leg 12 (A) for full lighting, electrical heating to the leg 13 (B)
for full lighting, electrical heating, and a current of about 0
[A] to 3 [A] is applied from the leg 15 (D) for half lighting,
electrical heating to the leg 14 (C) for half lighting, electrical
heating. In this manner, a current of 9 [A], which can provide
sufficient electron emission, flows through the inner electron
emission surface (the region between the base end of D and
the base end of C). It is assumed that there is a thermal
gradient at the flat plate-shaped filament and that the value of
current of electric flow and the electron emission area arein a
non-linear relationship.

[0040] In the case of providing the minimum focus size in
such a manner that a current of about 6 [ A] is applied from the
leg 12 (A) for full lighting, electrical heating to the leg 13 (B)
for full lighting, electrical heating and that a current of about
3 [A]isapplied from the leg 15 (D) for halflighting, electrical
heating to the leg 14 (C) for half lighting, electrical heating,
the electron emission area can be ensured at least at the inner
electron emission surface in such a manner that a current of
about 9 [A] to 6 [A] is applied from the leg 12 (A) for full
lighting, electrical heating to the leg 13 (B) for full lighting,
electrical heating and that a current of about 0 [A] to 3 [A] is
applied from the leg 15 (D) for halflighting, electrical heating
to the leg 14 (C) for half lighting, electrical heating. Depend-
ing on each current value within the above-described range,
the electron emission area is finely adjusted within the area
from the inner electron emission surface to the outer electron
emission surface. Thus, the focus size is adjustable to the size
between the maximum and minimum focus sizes.

[0041] Thus, the high-voltage generator 5 (see FIG. 1)
simultaneously controls the variable resistors 27, 28 to be
synchronized with each other, thereby setting the value of
current flowing through the variable resistor 27 to about 9 [A]
to 6 [A] and setting the value of current flowing through the
variable resistor 28 to about O [A] to 3 [A]. Thus, the variable
resistor 27 adjusts current flowing through the legs 12,13 (A,
B) for full lighting, electrical heating to a current value of 9
[A] to 6 [A], and the variable resistor 28 adjusts, in synchro-
nization with such adjustment, current flowing through the
legs 14, 15 (C, D) for half lighting, electrical heating to a
current value of about 0 [A] to 3 [A].

[0042] Note that tables shown in FIGS. 5 (a¢) and 5 (b) are
preferably prepared before fluoroscopy or shooting. FIGS. 5
(a) and 5 (b) are the tables showing the correspondence rela-
tionship between the electron emission area and the combi-
nation between the value of current flowing the legs for full
lighting, electrical heating and the value of current flowing
the legs for half lighting, electrical heating. Suppose that the
maximum focus is obtained with 0.75 [mm], and the mini-
mum focus is obtained with 0.5 [mm]. Before fluoroscopy or
shooting, the variable resistors 27, 28 are controlled such that
each of the values of current flowing through the variable
resistors 27, 28 is set. The emission area at this point is
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measured, and the current value combination (indicated by
“Current Value of A, B” and “Current Value of C, D” in FIGS.
5 (a) and 5 (b)) and the electron emission area are associated
with each other to prepare the tables. FIG. 5 (a) is the table for
synchronization, the table showing synchronized current val-
ues. That is, the current value of A, B and the current value of
C, D are each changed. FIG. 5 () is the table when one of the
current values is fixed while only the other current value is
variable.

[0043] After the tables shown in FIGS. 5 (a) and 5 (b) are
prepared, the high-voltage generator (see FIG. 1) reads, with
reference to the tables, the current values corresponding to the
electron emission area according to a purpose in fluoroscopy
or shooting. The variable resistors 27, 28 are controlled to be
set at the read current values, and accordingly, at least one of
the values of current flowing through the variable resistors 27,
28 is adjusted.

[0044] According to the present embodiment, at least one
of'the values of current flowing through the plurality of elec-
tric flow paths (two electric flow paths in the present embodi-
ment) is adjusted, and therefore, the temperature of part of the
region of the filament (the flat plate-shaped filament 11 in the
present embodiment) and the temperature of the other part of
the region of the filament are properly set. The above-de-
scribed current value and the electron emission area are in the
non-linear relationship. Thus, the current value (s) is adjusted
so that the electron emission area of the filament (the flat
plate-shaped filament 11) can be freely adjusted. As a result,
an optional degree of focus between the focus obtained in the
case of entire heating and the focus obtained in the case of
partial heating can be obtained.

[0045] Inthe method foradjusting the filament according to
the present embodiment, the values of current flowing
through the plurality of electric flow paths (two electric flow
paths) are preferably synchronized and adjusted with refer-
enceto, e.g., thetable shownin FIG. 5 (a). Needless to say, the
current values are not necessarily synchronized with each
other, and may be separately adjusted with reference to, e.g.,
the table shown in FIG. 5 ().

[0046] The present invention is not limited to the above-
described embodiment, and the following variations can be
employed.

[0047] (1) The specific configuration of the X-ray tube
assembly using the filament is not limited. For example, the
present invention is applicable to a rotary envelope type medi-
cal X-ray tube configured such that an anode and an envelope
housing the anode rotate together, other types of medical
X-ray tube, and a large focus X-ray tube for industrial use.
[0048] (2) In the above-described embodiment, the present
invention is applied to the X-ray tube assembly. However, the
present invention may be applied to an electron source con-
figured to emit an electron beam without generating an X-ray.
[0049] (3) The X-ray apparatus may be a medical X-ray
apparatus configured to diagnose a subject or an industrial
X-ray apparatus used for a non-destructive testing apparatus.
[0050] (4) In the above-described embodiment, the case of
using the filament (the flat plate-shaped filament in the
embodiment) for the X-ray tube assembly has been described
as an example, and the example of incorporating the X-ray
tube assembly into the X-ray apparatus such as the X-ray
fluoroscopic apparatus and the X-ray equipment has been
also described as the example. However, the same applies to
the case of adjusting only the X-ray tube assembly or the
filament.
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[0051] (5) In the above-described embodiment, the flat
plate-shaped filament has been described as an example, but
the electron beam emission surface is not necessarily in a flat
plate shape. Note that the flat plate-shaped filament having
the flat plate-shaped electron beam emission surface can be
more easily fixed along the horizontal plane, and therefore,
the focus can be more precisely controlled.

[0052] (6) In the above-described embodiment, the fila-
ment (the flat plate-shaped filament in the embodiment)
includes two electric flow paths. However, as long as the
filament includes a plurality of distribution paths, the filament
may include three or more electric flow paths. For example, as
illustrated in FIG. 4 of Patent Document 1: JP-A-2012-
015045, the filament including three electric flow paths may
be applied. That is, the filament includes at least two electric
flow paths. The filament at least includes first to fourth legs for
electrical heating, an outer electron emission surface electri-
cally connected to the first and second legs, and an inner
electron emission surface electrically connected to the third
and fourth legs and the outer electron emission surface. An
adjuster causes current flowing between the first and second
legs to flow through the outer electron emission surface, and
causes current flowing between the first and second legs and
current flowing between the third and fourth legs to flow
through the inner electron emission surface, thereby adjust-
ing at least one of the value of current flowing between the
first and second legs or the value of current flowing between
the third and fourth legs.

[0053] (7)Inthe above-described embodiment, the adjuster
is the variable resistors 27, 28. However, as long as the con-
figuration is made to adjust the current value (s), the adjuster
is not limited to the variable resistor. For example, a capaci-
tance (electrostatic capacitance) or a reactance may be
employed as the adjuster. In addition, the primary current of
avoltage converter (a transformer) may be adjusted such that
the secondary current of electric flow to the flat plate-shaped
filament 11 is adjusted.

[0054] (8) In the above-described embodiment, the con-
figuration for synchronization is employed for (the synchro-
nizing circuit of) the high-voltage generator 5. However, as
long as the configuration is made to synchronize and adjust
the current values, the configuration for synchronization is
not limited to the high-voltage generator 5. Alternatively,
synchronization may be performed according to a trigger.

INDUSTRIAL APPLICABILITY

[0055] Asdescribed above, the present invention is suitable
for the X-ray apparatus such as the X-ray fluoroscopic appa-
ratus and the X-ray equipment.

DESCRIPTION OF REFERENCE SIGNS

[0056] 2 X-ray tube assembly

[0057] 3 flat panel type X-ray detector (FPD)
[0058] 4 image processor

[0059] 5 high-voltage generator

[0060] 11 flat plate-shaped filament

[0061] 22 cathode

[0062] 27,28 variable resistor

1. An X-ray tube assembly for generating an X-ray, com-
prising:
a filament including a plurality of electric flow paths; and
an adjustor configured to adjust at least one of values of
current flowing through the plurality of electric flow
paths to adjust an electron emission area of the filament.
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2. The X-ray tube assembly according to claim 1, wherein
the filament includes
first to fourth legs for electrical heating,
an outer electron emission surface electrically con-
nected to the first and second legs, and
an inner electron emission surface electrically con-
nected to the third and fourth legs and the outer elec-
tron emission surface, and

the adjuster

causes current flowing between the first and second legs
to flow through the outer electron emission surface,

causes the current flowing between the first and second
legs and current flowing between the third and fourth
legs to flow through the inner electron emission sur-
face,

and adjusts at least one of a value of the current flowing
between the first and second legs and a value of the
current flowing between the third and fourth legs.

3. The X-ray tube assembly according to claim 2, wherein

the current flowing between the first and second legs and

the current flowing between the third and fourth legs
flow through the inner electron emission surface in an
identical direction.

4. A method for adjusting an electron emission area of a
filament including a plurality of electric flow paths, compris-
ing:

an adjustment step of adjusting at least one of values of

current flowing through the plurality of electric flow
paths to adjust the electron emission area of the filament.

5. The method according to claim 4, wherein

the filament includes

first to fourth legs for electrical heating,

an outer electron emission surface electrically con-
nected to the first and second legs, and

an inner electron emission surface electrically con-
nected to the third and fourth legs and the outer elec-
tron emission surface, and

the adjustment step

causes current flowing between the first and second legs
to flow through the outer electron emission surface,

causes the current flowing between the first and second
legs and current flowing between the third and fourth
legs to flow through the inner electron emission sur-
face,

and adjusts at least one of a value of the current flowing
between the first and second legs and a value of the
current flowing between the third and fourth legs.

6. The X-ray tube assembly according to claim 1, wherein

the adjustor adjusts atleast one of values of current flowing

through the plurality of electric flow paths among plu-
rality of values greater than or equal to three values.

7. The X-ray tube assembly according to claim 1, wherein

the adjustor adjusts values of all current flowing through

the plurality of electric flow paths.

8. The method according to claim 4, wherein

the adjustment step adjusts at least one of values of current

flowing through the plurality of electric flow paths
among plurality of values greater than or equal to three
values.

9. The method according to claim 4, wherein the adjust-
ment step adjusts values of all current flowing through the
plurality of electric flow paths.
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