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(54) X-ray tube comprising field emission type electron gun and X-ray inspection apparatus using 
the same

(57) The X-ray tube (2) according to the present in-
vention comprises a field emission type electron gun
chamber (12), an electron beam aperture (40), an X-ray
target (23) and a vacuum pump (27), in one body with a
vacuum sealing structure (vacuum tube section). The
vacuum tube section (11) is attachable and detachable
to the electro magnetic lens section (28) in the X-ray tube,
thereby it is possible to perform the baking by removing
only the vacuum tube section. The fitting portions for po-
sitioning are provided at the vacuum tube section and
the electro magnetic lens section, and therefore it is a
constitution to easily perform an optical axis alignment
at a mounting time after the baking.
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Description

[0001] The present invention relates to an X-ray tube
comprising a field emission type electron gun and an X-
ray inspection apparatus using the same, and in partic-
ular to a high-resolution type X-ray tube and an X-ray
inspection apparatus using the same, whose perform-
ances are stable by improving a workability of the baking.
[0002] With regard to uses of study, development and
analytical investigation and so on of biological samples,
solid-state materials, industrial electronic parts or the like,
inspection apparatuses (hereinafter, merely called "X-
ray inspection apparatus(es)"), such as a projection type
X-ray inspection apparatus, an X-ray CT apparatus and
so on, are known as the apparatuses for observing inter-
nal condition and structure of samples at non-destructive
and high-resolution. In this high-resolution type (it is op-
erable for the performance to discriminate the sample at
a size from few micrometers to a few dozen nanometers.)
X-ray inspection apparatus, an X-ray tube having a mi-
cro-focus diameter and high-intensity X-ray source is es-
sentially necessary.
[0003] The X-ray tube used in such use has an open-
type tube constitution. That is, the electron beam emitted
from a thermal electron gun (using LaB6 (Lanthanum hex-
aboride) as the electron source), a field emission type
electron gun or a thermal field emission type electron gun
(generally called "Schottky-type electron gun(s)") is ac-
celerated with an electrical field, then the electron beam
is focused to a beam of extremely micro-focus diameter
by using an electron lens, and then the focused beam is
irradiated on the X-ray target, thereby to generate the
micro-focus diameter and high-intensity X-ray source
from the X-ray target. Then, although a sealed type X-
ray tube using materials, such as glass and ceramics and
so on, for vacuum sealing is generally used, the high-
resolution type tube comprising the field emission type
electron gun is not put to practical use in the sealed type
X-ray tube. That’s why it is difficult to maintain the inner
of the X-ray tube in ultra-high vacuum condition.
[0004] In the projection type X-ray inspection appara-
tus, a transmission X-ray image is obtained by detecting
with an X-ray detector while geometrically enlarging the
X-ray image transmitted the sample by irradiating an X-
ray beam generated from the X-ray source to the sample
(e.g. refer to Non-Patent Document 1).
[0005] In the X-ray CT apparatus, in addition to the
above-mentioned constitution, the transmission X-ray
images from plural different directions relative to the sam-
ple are obtained by relatively rotating the sample relative
to the X-ray beam, and then a three-dimensional struc-
tural information of the inner of the sample is obtained
by image-reconstruction processing the plural transmis-
sion X-ray images. In case of using the X-ray tube that
has the X-ray source that a focus diameter is equal to or
less than 400 nm, the X-ray CT apparatus having
150-200 nm of the resolution is known (e.g. refer to Non-
Patent Document 2).

[0006] In order to obtain good X-ray images in the X-
ray inspection apparatus, it is necessary to generate a
stable X-ray beam by emitting a stable electron beam
from the electron source of the X-ray tube. To that end,
it is important to keep an ultra-high vacuum condition for
a long term by well ultra-highly vacuuming (10-7 ∼ 10-8

Pa) a surrounding area of the electron source of the elec-
tron gun. That’s why that an emission of electron is un-
stable, the electron emission characteristic turns down,
and the lifetime of the electron source decreases, so a
pointed end portion of the electron source of the field
emission type electron gun receives an ion bombardment
by gas molecules unless the ultra-high vacuum condition
that the surrounding area of the electron source is stable.
[0007] In the general art, as shown in FIG.1, by vacu-
um-separating a traveling space of an electron beam
103, from an electron gun 100 comprising of a Schottky-
module 100a, an electron source 100b, an anode 100c,
a magnetic-field superposed lens 100d and an electron
beam axis alignment coil 100e etc. to an X-ray target
101, from magnetic circuit etc. of an electro magnetic
lens (objective lens) 104 prone to gas, it is known to form
the surrounding area of the electron source 100b of the
electron gun 100 to an ultra-highly vacuum (e.g. refer to
Japanese Unexamined Patent Publication No.
2004-138460 A (Patent Document 1)). As well, in FIG.1,
"112" shows an X-ray, the X-ray 112 transmits a sample
(object to be inspected), and the transmitted image(s)
is/are detected by an X-ray detector 111.
[0008] In the open type X-ray tube, it is well known to
use a liner tube (pipe) for the electron traveling path of
the electron beam. The liner tube is held by using an O-
ring, which is an airtight sealing member, between an
electron gun chamber and a pointed end member includ-
ing the X-ray target. The airtightness ensures with the
above constitution, and the vacuum of the space among
the electron gun ∼ the liner tube ∼ the X-ray target is held
(e.g. refer to Japanese Unexamined Patent Publication
No. 2009-301908 A (Patent Document 2)). Although gen-
eral electron microscopes also have similar constitutions,
the liner tube of the open type electron tube has an easily
detachable constitution in a single body from the main
body of the apparatus and is able to carry out the peri-
odical cleaning of the inner wall or the like of the liner tube.
[0009] In the X-ray inspection apparatus having the
open type X-ray tube, it is necessary to put the inner of
the electron gun chamber in air in the works, such as
manufacturing and assembling of the apparatus, change
of the electron source nearly and routinely implemented,
maintenance of the inner of the electron gun chamber,
and so on. Once, to return the electron gun chamber put
in air to the ultra-high vacuum condition, the work to make
the X-ray tube baking again is necessary. The baking
means the work to release the various gas molecules,
which are adhered or absorbed in a metal surface or inner
of a member facing the vacuum of the electron tube ap-
paratus, from the metal surface. By sufficiently baking
out before using the apparatus, it is easily operable to
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evacuate to the ultra-high vacuum condition in a use time.
Because it uselessly takes a long time to evacuate unless
the baking is sufficient, the required ultra-high vacuum
condition is not quite obtained.
[0010] It is an ideal that the work of baking is usually
performed by heating the member facing the vacuum with
a high temperature (200 - 300°C) and continuously evac-
uating for long times (about 24 ∼ 100 hours) by the vac-
uum pump (ion pump, turbo-molecular pump, and so on)
for the ultra-high vacuum. As the heating method, for
example, it is to continuously evacuate for long times
(about 24 ∼ 100 hours) by the vacuum pump for the ultra-
high vacuum, while winding a sheath heater across the
apparatus part around the X-ray tube and heating the X-
ray tube with a high temperature (200 ∼ 300°C) by turning
on electricity to the sheath heater. By this baking, it is
possible to obtain a stable and ultra-high vacuum tube
section including the electron gun chamber.
[0011] The electron microscope and so on have con-
stitutions to be able to easily vacuum-separate the elec-
tron gun chamber from an electron lens system, the sam-
ple chamber and so on. That is, it is operable to only
baking the part of the electron gun chamber by using a
constitution that an intermediate chamber is provided be-
tween the electron gun chamber and the electron lens
system and each part is separately evacuated with a dif-
ferential pumping. In this connection, the method to use
the lens system thereafter in usual vacuum (10-3 ∼ 10-4

Pa), while only keeping the part of the electron gun cham-
ber in the ultra-high vacuum (10-7 ∼ 10-8 Pa), is also much
used.
[0012] On the contrary, since the X-ray inspection ap-
paratus has the constitution which is difficult to perform
the vacuum-separation by such the differential pumping,
the method to entirely bake with the inclusion of the elec-
tron lens system is adopted.
[0013] As the constitution for easily performing the bak-
ing of the electron microscope, it is proposed to vacuously
separate the electron gun chamber from the liner tube
and so on by providing a gun valve on an exit of a field
emission type electron gun chamber and closing the gun
valve. It is operable to individually bake the only surround-
ing portion of the electron gun chamber by detaching the
electron gun chamber from the main body of the electron
microscope apparatus while keeping the inner of the
electron gun chamber in vacuum (e.g. refer to Japanese
Unexamined Patent Publication No. 2006-294481 A
(Patent Document 3)).

The List of Prior Art Documents

Patent Document

[0014]

Patent Document 1: Japanese Unexamined Patent
Publication No. 2004-138460 A
Patent Document 2: Japanese Unexamined Patent

Publication No. 2009-301908 A
Patent Document 3: Japanese Unexamined Patent
Publication No. 2006-294481 A

Non-Patent Document

[0015]

Non-Patent Document 1: MARS-TOHKEN X-RAY
INSPECTION Co. Ltd., "Transmission type X-ray in-
spection apparatus TUX-3200", [Search: March 12,
2013], INTERNET < URL: http://www.mars-to-
hken.co.jp/en/products/xray/detail/id=204 >
Non-Patent Document 2: "Bruker Micro CT
SkyScan2011 X-ray nanotomograph", [Search:
March 12, 2013], INTERNET < URL: http://www.sky-
scan.be/products/2011.htm >

[0016] As the above-mentioned, since the electron
tube using the field emission type electron gun needs the
ultra-high vacuum (degree of vacuum: 10-7 ∼ 10-8 Pa),
an evacuating system of the vacuum tube section adopts
the constitution combining the ion pump or a getter pump
for exclusive to the electron gun chamber in addition to
a turbo-molecular pump and so on.
[0017] Further, in the high-resolution type X-ray in-
spection apparatus and so on using an open type X-ray
tube, it is necessary to raise the current amount of the
electron beam 2∼3 digits greater than that of the electron
tube apparatus such as a usual electron scope, for an
advancement of workability and the shortening of the ac-
quired time of the X-ray image. The general electron mi-
croscope obtains the signals interacted with the sample
by directly irradiating the focused electron beam to the
sample. On the other hand, the X-ray inspection appa-
ratus obtains the image signals interacted with an X-ray
and the sample by irradiating the X-ray, which is gener-
ated by irradiating the focused electron beam to the X-
ray target, to the sample. The energy conversion efficien-
cy of the X-ray generating relative to an incident electron
beam in the X-ray target is quite-small insomuch as less
than 1%, therefore the amount of the obtained signal is
correspondingly diminutive. In the X-ray inspection ap-
paratus, it is necessary to obtain the good X-ray images
over a short time, because of the request of the advance-
ment of the workability. Thus, with respect to the current
amount (the ranges of a few hundreds nA to pA on the
sample surface) of the electron beam usually used in the
general electron microscope, in the high-resolution type
X-ray microscope apparatus, it is necessary to raise, 2∼3
digits, the current amount of the electron beam as the
current amount (the range of a few mA to a few dozen
mA on the surface of the X-ray target) of the electron
beam.
[0018] In the X-ray tube, the electron beam collides on
the electron optical parts such as a liner tube, an electron
beam aperture, an X-ray target and so on. In these col-
lisions, the degasification and re-adsorption of the gas
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molecules take place on the metal surfaces of the elec-
tron optical parts. The larger the current amount of the
electron beam is, the larger the influences of these gas
molecules are. In the X-ray tube belonging to the present
technical art, since it is necessary that the current amount
of the electron beam of the X-ray tube extremely raises
2∼3 digits greater than the current amount used in the
general electron microscope and son on, it is not easy
to avoid the influence of the emitted gas due to these
strong electron beams. In order to generate a stable X-
ray, it is potently desired to preferably suppress the de-
velopment of the gas molecules in use of the X-ray tube
by fully causing the release of the gas molecules includ-
ing in the surface or inner of the metal. This is especially
important in the X-ray inspecting apparatus of which the
constitution of the differential pumping is difficult.
[0019] In the baking of the general X-ray inspection
apparatus, there were the following problems. Since the
parts such as an O-ring or the like, of which the upper
operating temperature is low (e.g. 120 ∼ 150°C), are in-
cluded in the X-ray tube, the upper baking temperature
is limited by the operating temperature of the above parts,
there has been a problem that it is impossible to heat to
a high temperature and perform the enough baking. Fur-
ther, since the members (e.g. an electron magnetic lens
having a large heat capacity located around the vacuum
tube section, a column, peripheral members of the ap-
paratus, and so on) which do not need to essentially per-
form the baking are thermally connected with the X-ray
tube, it could not help but integrally heating. For this rea-
son, a large energy for heating was necessary, while the
usage efficiency of the energy was low. Moreover, in par-
allel, it was a problem that the necessary time for heating
was long.
[0020] Furthermore, since the baking is performed in
the X-ray tube being integrated into the apparatus, in a
part of the vacuum tube section of the X-ray tube, for
example the part that the pointed end portions of the liner
tube are intricately integrated into the peripheral parts, it
is not easy to heat and temperature unevenness partially
occurs. For this reason, the inner members of the vacuum
tube section could not be heated on uniform temperature.
As a result, there was a problem that a uniformly-stable
baking could not be performed and it was difficult to obtain
the good long-stable ultra-high vacuum in the X-ray tube.
[0021] The problem to be solved by the present inven-
tion is to solve the above mentioned-problems of the con-
ventional art in the high-resolution type X-ray inspection
apparatus using the open type X-ray tube. Concretely,
with regard to the X-ray tube of the X-ray inspection ap-
paratus, the problems are to permit the baking in a high
temperature range not depending on the temperature
limit of the usage parts, to permit the energy-efficient bak-
ing, to reduce the time and effort of the baking, and to
shorten the necessary time of the baking. Further, the
present invention aims to perform the baking by uniformly
heating the whole X-ray tube without temperature une-
venness. That is, the object of the present invention is to

provide the X-ray tube and the X-ray inspection appara-
tus using the same, whose performances are stable by
improving a workability of the baking.
[0022] The present invention relates to an X-ray tube,
the above-described object of the present invention is
achieved by that comprising: an electron gun chamber
having a field-emission type electron gun for generating
an electron beam; an electromagnetic lens section for
focusing said electron beam; an electron beam aperture
for narrowing said electron beam; an X-ray target to emit
an X-ray with an irradiation of said electron beam nar-
rowed by said electron beam aperture; a liner tube sec-
tion comprising by connecting said electron gun chamber
and said X-ray target; and a vacuum pump for evacuating
said electron gun chamber to ultra-high vacuum and for
keeping said ultra-high vacuum; wherein said electron
gun chamber, said electron beam aperture, said X-ray
target, said liner tube section and said vacuum pump
constitute a vacuum tube section in one body with vac-
uum sealing, and said vacuum tube section is attachable
and detachable to said electromagnetic lens section.
[0023] The above-described object of the present in-
vention is more effectively achieved that wherein an op-
tical axis of said vacuum tube section and an optical axis
of said electromagnetic lens section are axially aligned
by fitting a first fitting section located at an outer wall of
said liner tube section and a second fitting section located
at said electromagnetic lens section, or wherein said liner
tube section is constituted by dividing into plural mem-
bers for a length direction of said liner tube, or wherein
said electromagnetic lens section further comprises a
scanning coil to scan said electron beam on said X-ray
target, said liner tube further comprises a backscattered
electron detecting section to detect an electron beam re-
flecting on said X-ray target, and said backscattered elec-
tron detecting section has a ceramic supporting member
to support a backscattered electron detecting electrode,
thereby to be possible to observe a backscattered elec-
tron image on a surface of said X-ray target, or wherein
said electromagnetic lens section is located at a nearest
side for said field-emission type electron gun and com-
prises a first electron lens that an inside diameter of an
upper magnetic polepiece is larger than a same of a lower
magnetic polepiece, and said electron gun chamber con-
stitutes a magnetic-field superposed type electron gun
by having a convex shape corresponding to a shape of
said first electron lens.
[0024] Moreover, the present invention relates to the
X-ray inspection apparatus, the above-described object
of the present invention is achieved by the X-ray inspec-
tion apparatus comprising said X-ray tube described in
any one of the above-mentioned, a sample stage which
is irradiated an X-ray beam from said X-ray tube, and an
X-ray detector to detect a transmission X-ray image
transmitted said sample stage.
[0025] The vacuum tube section of the X-ray tube ac-
cording to the present invention has the constitution not
having the parts which have temperature limitation, such
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as an O-ring and so on, and the constitution being easily
capable of picking up from the electron magnetic lens
section and being detachable while keeping the ultra-
high vacuum. Accordingly, it is possible to uniformly and
energy-efficiently perform the baking of the single body
of the vacuum tube section without temperature uneven-
ness in a high temperature. Moreover, because of the
constitution appropriate to heat in a constant temperature
bath, a workability of the baking is also progressive. In
addition, because the portions except the vacuum tube
section may not heat, there is an effect that the range of
the part selection broadens while the use of the parts
having weakness of heating is possible regard to the
above portions.
[0026] According to the present invention, since it is
adopted the constitution fitting the vacuum tube section
with the electron magnetic lens, it is possible to correctly
and easily perform an optical axis alignment. As a result,
it is possible to improve the workability of the assembly
after the baking, and there is an effect that can easily
make sure of the reproducibility and stability of the prod-
uct performance.
[0027] According to the present invention, since the
change of X-ray target is permitted to replace only the
liner tube on a side where the X-ray target is attached
and the liner tube on the side of the electron gun is re-
usable, there are effects that there are no waste for the
usage members and they are economically advanta-
geous. Further, so the backscattered electron detecting
section is firm and minimized while the supporting mem-
bers of the backscattered electron detecting electrodes
are made from ceramic materials, it is possible to mini-
mize the pointed end portion of the liner tube for contain-
ing the target and the backscattered electron detecting
section. As a result, the polepiece radius of the electron
magnetic lens section contained the pointed end portion
of the liner tube becomes small, the electron magnetic
lens can also minimize, and accordingly there is an effect
of energy saving that the lens current is also small as
well as the lens aberration is suppressed small.
[0028] Furthermore, according to the present inven-
tion, because of the constitution being able to achieve
the compact high-performing magnetic-field superposed
type electron gun, there is an effect of the advancement
of the performance. Moreover, the X-ray inspection ap-
paratus comprising the X-ray tube of the present inven-
tion has effects that the baking operation is easy and the
maintenance performance is excellent. Furthermore, by
the X-ray tube having the stable X-ray source, it is pos-
sible to provide the X-ray inspection apparatus having
the stable performance in the X-ray observance of the
sample.

Brief Description of the Drawings

[0029] In the accompanying drawings:

FIG.1 is a cross-sectional structural diagram show-

ing one example of a structure of a conventional X-
ray inspection apparatus;
FIG.2 is a cross-sectional structural diagram show-
ing one example of a structure of an X-ray inspection
apparatus according to the present invention;
FIG.3 is a cross-sectional structural diagram show-
ing one example of a structure of a vacuum tube
section according to of the present invention;
FIG.4 is a cross-sectional structural diagram show-
ing another example of a vacuum tube section ac-
cording to the present invention;
FIG.5 is a cross-sectional structural diagram show-
ing one example of a structure of a backscattered
electron detecting section according to of the present
invention;
FIG.6 is a cross-sectional structural diagram show-
ing another example of an X-ray tube according to
the present invention;
FIG.7 is a structural diagram showing an embodi-
ment of an X-ray inspection apparatus according to
the present invention; and
FIG.8 is a structural diagram showing an embodi-
ment of an X-ray CT apparatus according to the
present invention: (A) a plane view of the apparatus,
(B) an elevation view of the apparatus.

[0030] The X-ray inspection apparatus of the present
invention has constitutions explained in the followings for
solving the above-described problems. The constitution
is what a vacuum tube section is easily detachable from
an X-ray inspection apparatus by providing an X-ray tube
has a constitution being able to separate the X-ray tube
into the vacuum tube section and another sections. The
present invention proposes a high-resolution type X-ray
tube having a stable performance by improving the work-
ability of the baking and an X-ray inspection apparatus
using the X-ray tube.
[0031] Hereinafter, embodiments of the present inven-
tion will be described in detail with reference to the ac-
companying drawings.
[0032] The present invention relates to an X-ray tube
using a field emission type electron source and an X-ray
inspection apparatus using the same, and degrees of
vacuum to be obtained are ultra-high vacuum (10-7 ∼ 10-8

Pa) in an electron gun chamber of the X-ray tube. With
regard to expressions of mutual positional relations of
parts etc., in case the present description conveniently
describes the side of an electron source of an optical axis
of an electron optical system as (upper, upper portion,
upper end and so on) and describes the side of an X-ray
target as (lower, lower portion, lower end and so on),
unless specially notice, regardless of a direction of grav-
ity.
[0033] A first embodiment of the present invention will
be explained with reference to FIG.2 and FIG.3.
[0034] A main section of an X-ray inspection apparatus
1 of the present invention comprises of an X-ray tube 2,
a sample stage 5, and an X-ray detector 3. When an X-
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ray beam 48 generated at an X-ray source 47 in the X-
ray tube 2 penetrates a sample 4 of an inspection target
held on a sample stage 5, a transmission X-ray image is
enlarged to an enlargement magnification geometrically
defined by an inter-location among the X-ray source 47,
the sample 4 and the X-ray detector 3 and then is detect-
ed by the X-ray detector 3.
[0035] A main section of the X-ray tube 2 comprises
of a vacuum tube section 11 and an electron magnetic
lens section 28. A main section of the vacuum tube sec-
tion 11 comprises of a cylindrically-shaped electron gun
chamber 12, a cylindrically-shaped liner tube section 19,
an X-ray target 23 downwardly arranged in the liner tube
section 19, and a vacuum pump 27 forming and keeping
a vacuum condition.
[0036] The electron gun chamber 12 mainly comprises
of an electron gun 13 and an insulator section 14, and
the vacuum pump 27 which is connected to an outer of
the electron gun chamber 12. A lower end of the electron
gun chamber 12 is connected to the liner tube section
19. An electron beam 17 generated from an electron
source 16 of the electron gun 13, travels in the liner tube
section 19 that is the pathway, receives a focused action
from the electron magnetic lens section 28 arranged out-
side the vacuum around the liner tube section 19, further
receives a limitation that a passage of a part of the elec-
tron beam 17 is prevented from an electron beam aper-
ture 40, and is then irradiated as an electron probe having
an extremely micro-focus diameters on the X-ray target
23. As a result, an X-ray source 47 generating a high-
intensity X-ray having a micro-focus diameter is formed
on the X-ray target 23. An X-ray component having same
direction that is a travelling direction of the electron beam
17 is taken from the X-ray source 47, as an X-ray beam
48 (transmitted target type X-ray beam), in a lower-outer
portion of the vacuum tube section 11.
[0037] The present invention uses the thermal field
emission type electron gun 13 (TFE) as the electron
source 16 generating the electron beam 17. The electron
gun 13 comprises of the electron source 16, a control
electrode (suppressor electrode, extractor electrode) not
shown, and an anode, and these parts are mounted to a
nearly-discoidal insulator section 14 (flange made of ce-
ramics) having the diameter about 200 mm. The electron
source 16 of the electron gun 13 and the control electrode
are connected to a high-tension cable 15 via some intro-
ducing terminals (not shown) passing through the insu-
lator section 14. The insulator section 14 and the intro-
ducing terminals have airtight structures with a vacuum
sealing. The insulator section 14 is used for the purposes
of a vacuum-keeping for an inner of the electron gun
chamber 12, the generation of the electron beam 17, and
an electric insulation of a necessary high-voltage signal
for accelerating. The high-tension cable 15 is connected
to a control section 6 (FIG.7), as well as, supplies a nec-
essary high-voltage electrical energy for generating the
electron beam 17 and an electric control signal to the
electron gun 13 through the introducing terminals. As

well, the present invention can similarly apply in the case
of using a cold-cathode field emission type, field-emis-
sion type, or thermal emission type electron gun.
[0038] In FIG.2 and FIG.3, although only one pumping
port 26 for connecting between the electron gun chamber
12 and the vacuum pump 27 is shown, plural ports may
be mounted in a plurality of places in parallel with a vac-
uum-evacuating system employing. The mounting place
and number can be arbitrarily selected.
[0039] The vacuum pump 27 for using the apparatus
according to the present invention uses by arbitrarily
combing a rotary pump having a large vacuum perform-
ance in a low vacuum area, a turbo-molecular pump hav-
ing a vacuum performance in low to high vacuum areas,
an ion pump suitable for keeping ultra-high vacuum etc.
with reference to well known methods. Although the elec-
tron gun chamber 12 is connected to the ion pump via
the vacuum port 26, the constitution placing a getter
pump in an inner of the electron gun chamber 12 may
also be further achieved.
[0040] While respective members, such as a housing
of the electron gun chamber 12, the insulator section 14,
the vacuum port 26, the liner tube section 19, the electron
beam aperture 40, and the X-ray target 23 and so on,
are connected by methods of brazing, weld, or metal
seals, an integrally vacuum enclosed space is formed.
As well, an O-ring part for a usual vacuum seal is not
used in the present invention. Hereinafter, a section form-
ing the vacuum enclosed space is called "vacuum tube
section 11".
[0041] The liner tube section 19 (including the X-ray
target 23) of the vacuum tube section 11 has a detachable
constitution relative to a magnetic pole aperture 31 of the
electron magnetic lens section 28 (including a scanning
coil 39 and a stigmator 51), and it is possible to draw and
take out the vacuum tube section 11 from the X-ray tube
2 at any time. Then, as needed, it is possible to perform
the baking of the only vacuum tube section 11 in a high
temperature by taking out from the X-ray tube while keep-
ing the vacuum of the vacuum tube section 11.
[0042] The connection between the electron gun
chamber 12 and the insulator section 14 is made by in-
tegrating an insulator and a flange by weld, brazing, or
metal seals. If vacuum-sealing by the metal seals, by
removing the seal of this section, it is possible to change
the electron source 16 and the X-ray target 23 by sepa-
rating the insulator section 14 from the vacuum tube sec-
tion 11. When changing the electron source 16, the
change of the electron source 16 can be easy if removing
the metal seal of this section. In this case, the members
of the electron gun chamber 12 and the liner tube section
19 can be reused. When changing the X-ray target 23,
by removing the metal seal of this section, the change of
the X-ray target 23 is to be performed by integrating the
electron gun chamber 12 with the exception of the elec-
tron gun 13, the liner tube section 19 and the X-ray target
23.
[0043] In the present embodiment, a cylindrical section
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of the electron gun chamber 12 has 205 mm in diameter
and 220 mm in height, and a cylindrical section of the
liner tube section 19 has 15 mm in diameter and about
85 mm in height. The any mainly materials of them use
non-magnetic austenitic stainless steels. Therefore, as
shown in FIG.2 and FIG.3, the approximate dimension
of the whole vacuum tube section 11 has the matter of
the dimension which is the cylindrical section of the elec-
tron gun chamber 12 plus the cylindrical section of the
liner tube section 19. The mass of the vacuum tube sec-
tion 11 is light-weighted and is about 20 kg even if the
ion pump, a vacuum pump (not shown) and so on are
included. However, the above mentioned values of di-
mension and mass of the parts are one of embodiment,
must not be limited by the values such mentioned, and
may be chose appropriate values depending on a pur-
pose of use. Therefore, there are non-conventional ef-
fects that the baking with the mounting and removing of
the vacuum tube section 11 and the maintenance work
can be easily achieved by humans.
[0044] The electron gun chamber 12 of the vacuum
tube section 11 and the liner tube section 19 of the same
are connected by brazing or weld. Because of the con-
stitution not to remove the liner tube section 19 from the
electron gun chamber 12, the members, such as an O-
ring (the upper endurance temperature is 120 ∼ 150 °C)
and so on, used in a joint portion of the liner tube section
19 of the general electron tube apparatus are not used
on the vacuum seal of the vacuum tube section 11. As a
result, it is possible to perform the baking of the vacuum
tube section 11 in a high temperature. It is possible to
easily and uniformly perform the baking of the whole area
of the vacuum tube section 11 in a high temperature more
than 200 ∼ 300°C. Further, since the constitution being
able to perform the baking of the vacuum tube section
11 alone by releasing the vacuum tube section 11 from
the X-ray inspection apparatus 1, the members of the
electron magnetic lens section 28 etc. around the vacu-
um tube section 11 are not thermally influenced. More-
over, so the members (such as electrical wiring member,
winding wire material of magnetic field lens, supporting
member and so on) except the vacuum tube section 11
has not need of using special heat-resistant members
for a baking temperature, it is economical because of
being able to use the general member.
[0045] FIG.2 is showing a constitution of the electron
magnetic lens section 28, wherein the main section of
the electron magnetic lens section 28 comprises of a first
electron lens (condenser lens) and a second electron
lens (objective lens), and wherein the above main section
has a function to focus the electron beam 17 generated
from the electron gun chamber 12 on the X-ray target 23.
A central part of the electron magnetic lens section 28
has a magnetic pole aperture 31, and the liner tube sec-
tion 19 of the vacuum tube section 11 is attachably and
detachably arranged in the magnetic pole aperture 31.
Although the magnetic pole aperture 31 is formed by
polepieces of the electron lens for determining the lens

property, as a matter of convenience herein, the names
of the respective polepieces are called, in the order of
side from the electron source 16, a first electron lens 32
(an upper magnetic polepiece 33 and a lower magnetic
polepiece 34) and a second electron lens 35 (an upper
magnetic polepiece 36 and a lower magnetic polepiece
37). The scanning coil 39 and the stigmator 51 are ar-
ranged around the magnetic pole aperture 31, and the
former has a function scanning the electron beam 17 on
the X-ray target 23. The latter has a function correcting
an astigmatism of the electron beam.
[0046] The X-ray target 23 is integrally placed in a lower
end of the liner tube section 19 by brazing and so on.
[0047] In the constitutions shown in FIG.2 and FIG.3,
when changing the X-ray target 23, it is necessary to
exchange by integrating the electron gun chamber 12
except the electron gun 13, the liner tube section 19 and
the X-ray target 23 by removing the metal seal of the
insulator section 14.
[0048] The constitutions for solving these problems are
shown in FIG.4 and FIG.5. FIG.4 is showing another con-
stitution example of the vacuum tube section 11, and
FIG.5 is showing one example of a backscattered elec-
tron detecting section 49.
[0049] With regard to a length direction of the liner tube
section 19, the constitution(s) is/are able to divide the
liner tube section 19 up and down between an upper liner
tube 20 and a lower liner tube 21. Vacuum seals of the
divisional ports can use a metal O-ring 46 or a ConFlat™
flange ("CONFLAT" and "ConFlat" are the trademarks of
Agilent Technologies Incorporated.). The metal O-ring
(e.g. "SunLimes™ series" of MITSUBISHI CABLE IN-
DUSTRIES, LTD.. "SUNLIMES" and "SunLimes" are the
trademarks of MITSUBISHI CABLE INDUSTRIES,
LTD.), which is recently commercially-supplied, has
about 8 mm in minimum diameter, so the diameter of the
metal O-ring is further smaller than that of the ConFlat™

flange, it is possible to minify a size of the divisional port
if using the metal O-ring 46. In order to insert or remove
the vacuum tube section 11 to or from the X-ray tube 2,
a hole diameter can be 15mm in diameter, although it is
necessary to make the hole diameter of the magnetic
pole aperture 31 of the electron magnetic lens section
28 larger than an outer diameter of the vacuum seal. By
using the present constitution, it is quite for changing the
lower liner tube 21 on the side of having the X-ray target
23. So the members of the electron gun chamber 12 and
the upper liner tube 20 on the side of the electron gun
chamber can be reused, it is economical while the waste
members are low. Moreover, the joint port(s) between
both liner tubes is/are possible to perform a high-temper-
ature baking because of vacuum-sealing with the metal
O-ring 46. As well, instead of the metal O-ring 46, it is
possible to use a seal material, which is possible to bake
out in a high-temperature more than 200°C, such as Ka-
lrez™ O-ring ("KALREZ" and "Kalrez" are the trademarks
of DU PONT (in US) CO. LTD.) and so on.
[0050] By using such the metal O-ring 46, since the
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divisional port of the liner tube section 19 gets smaller,
it is possible to arrange a divisional port of the liner tube
section 19 near a lower magnetic polepiece of a second
electron lens 37 (refer to FIG.4 and FIG.5.). By contrast
to the case of using the ConFlat™ flange, it is possible
to make the outer diameter of the liner tube section 19
thin, as a result, the electron magnetic lens section 28
itself can also minimize while the hole diameter of the
magnetic pole aperture 31 of the electron magnetic lens
section 28 is smaller. Moreover, since an excitation cur-
rent of the electron magnetic lens section 28 also requires
less, a saving of the energy is possible while a calorific
power of the electron magnetic lens section 28 also re-
quires less.
[0051] An outer diameter of the ConFlat™ flange is 34
mm in the minimum diameter, therefore the large space
for mounting is necessary because of using M4-screw
for constricting. It is to arrange the ConFlat™ flange within
near this upper polepiece by extremely making a diam-
eter of the upper magnetic polepiece of the first electron
lens 33 larger. Although this constitution is not shown, a
configuration of the first electron lens is similar shape to
the first electron lens 32 shown in FIG.6 hereinafter.
[0052] FIG.5 shows an example arranging the electron
beam aperture 40 that is imperative for focusing of the
electron beam 17. A function of the electron beam aper-
ture 40 is to block unnecessary electron beams, such as
scattered electron and so on, by controlling an influence
of an aberration of the electron lens. In general, it is major
to use by making a circular hole in a disk made of a ma-
terial, such as platinum, molybdenum and so on, having
2-3 mm in diameter. A mounting position of the electron
beam aperture 40 is major to be in the vicinity of a primary
plane of the objective lens having a position which an
effect of the aperture is the highest. However, if being
able to block unnecessary electron beams and being able
to accurately limit a convergence angle of the electron
beam 17, it is not very necessary to cling to the material,
the shape and the arrangement. It is possible to perform
the baking in a high temperature, because the vacuum
seals of the mounting portion of the electron beam aper-
ture 40 use the metal seals.
[0053] If the electron beam aperture 40 is eccentrically
arranged relative to an optical axis of the electron mag-
netic lens section 28, since it does not only come up to
a huge influence on the aberration, but also the electron
beam actively moves when focusing, a huge bad-influ-
ence on the performance and the operability is occurred.
In this connection, it is absolutely necessary to mechan-
ically position a center of the electron beam aperture 40
with a high degree of accuracy in regard to the electron
magnetic lens section 28. Accordingly, first, the thing to
do is to accurately position the electron beam aperture
40 on a central axis (on the optical axis) of the liner tube
section 19. Next, by accurately positioning the liner tube
section 19 of the vacuum tube section 11 in the magnetic
pole aperture of the electron magnetic lens section 28,
it is operable to prevent an eccentricity. Thus, since the

centering is performed so that the center of aperture is
on an optical axis of the lens, it is possible to easily po-
sition the both positions of the electro magnetic lens sec-
tion 28 and the liner tube section 19 by placing the re-
spective steps fitting on an outer wall of the liner tube
section 19 of the vacuum tube section 11 and the lower
magnetic polepiece of the second electron lens 37 and
by fitting steps. That is, a central position of the optical
axis, a direction of the optical axis and upper and lower
positions of the optical axis direction are easily aligned.
Moreover, because the electron beam aperture 40 can
position as prescribed relative to the electron magnetic
lens section 28, an assembling accurately positioning is
possible relative to the optical axis of the electron mag-
netic lens section 28 and the primary plane of the objec-
tive lens.
[0054] In FIG.5, a constitution of positioning in the di-
visional type liner tube is shown. A step of a joint portion
22 of the lower liner tube 21 has a constitution fitting on
a step of a joint portion 38 of the lower magnetic polepiece
of the second electron lens 37, and it is possible to take
from the magnetic pole aperture 31 of the electron mag-
netic lens section 28 by upward pulling up the liner tube
sections (20, 21). In doing so, because the mounting of
the vacuum tube section 11 can be accurately and easily,
it is possible to make the assembly operation more effi-
cient, as well as easily ensure the repeatability and sta-
bility of the product performance. As well, the constitution
and effect shown in FIG.5 are clear to be also able to
apply the X-ray tube having the non-divisional liner tube
section 19 shown in FIGs.2 and 3.
[0055] FIG.5 is showing a cross-section of a mainly
constitution of a detecting section for observing a back-
scattered electron image on a surface of the X-ray target
23. As well, the notes of fastener parts, such as screw
and so on, are abbreviated. A backscattered electron
beam generated from the surface of the X-ray target 23
is detected on a backscattered electron detecting elec-
trode 42 by scanning the electron beam on the surface
of the X-ray target 23 by the scanning coil 39 arranged
in the electron magnetic lens section 28. In order to obtain
high-resolution type X-ray images, it is necessary to cor-
rect an astigmatism of the electron beam 17 while accu-
rately focusing the electron beam relative to a face of the
X-ray target 23. By only observing the X-ray images, it
is difficult to do these works. In FIG.5, the backscattered
electron detecting electrode 42 centrally has a hole for
giving a passage to the electron beam 17, and has a
constitution to efficiently collect the back scattered elec-
tron 50 generated from the X-ray target 23 and to take a
signal of a backscattered electron 50 on the side of at-
mosphere with a lead line 43 by placing an opposite ar-
rangement on a position near the X-ray target 23. More-
over, in case of changing the X-ray target 23, the lower
liner tube 21 after the metal O-ring 46 and the backscat-
tered electron detecting electrode 42 are integrally
changed. With this constitution, it is possible to perform
the baking in a high temperature.
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[0056] A detecting terminal supporting member 44
shown in FIG.5 is made of ceramics, and the member
has a cylindrical shape. The backscattered electron de-
tecting electrode 42 passes through a side plane of the
cylindrical portion of the detecting terminal supporting
member 44 and is vacuum-sealed by a metal seal 45 as
shown in FIG.5. Due to this constitution, it is possible to
perform the high temperature baking and to satisfy a use
in an ultra-high vacuum. Because a metallizing process
can optionally perform an only necessary part, the proc-
ess can separate an insulator part and a conductive part.
As well, the process may also use a brazing instead of
the metal seals. As against a hermetic seal generally
used in the detecting section of the scattered electron
50, it is possible to be substantially firm and compact the
backscattered electron detecting section 49 by using a
supporting member made of ceramics. Because it is pos-
sible to minimize a pointed end portion of the liner tube
including the X-ray target 23 and the backscattered elec-
tron detecting section 49, the outer diameter of the pole-
piece placing the pointed end portion of the liner tube
may be small. Therefore, it is possible to minimize the
magnetic field electron lens, and there is an energy sav-
ing effect that a lend current may be small while sup-
pressing the lens aberration. As well, the constitution and
effect shown in FIG.5 are clear to be also able to apply
the X-ray tube having the non-divisional liner tube section
19 shown in FIGs.2 and 3.
[0057] FIG.5 is showing a constitution arranging a scat-
tered radiation aperture 41 for blocking backgrounds
generated by a scattered electron beam and a scattered
X-ray. In the X-ray tube used in the X-ray inspection ap-
paratus, it is difficult to avoid the generation of scattered
electron and the scattered X-ray caused by colliding the
electron beam 17 against the electron gun 13, the anode,
the liner tube section 19, and the electron beam aperture
40 and so on. These become backgrounds of the X-ray
images by mixing in the primary X-ray beam 48, and then
these deteriorate X-ray transmission images. The scat-
tered beam aperture 41 has a function for reducing the
backgrounds by blocking a commingling of the scattered
electron and X-ray with the X-ray beam 48. By arranging
the scattered beam aperture 41 backward of the electron
beam aperture 40, a great improvement of the X-ray im-
ages is realized. The scattered beam aperture 41 that is
consumable supply is integrally changed with the liner
tube 21 after the metal O-ring 46, the detecting terminal
supporting member 44 (metallization ceramics), the
backscattered electron detecting electrode 42, and the
X-ray target 23.
[0058] FIG.5 is further showing a constitution cooling
the X-ray target 23. The high-resolution type X-ray in-
spection apparatus 1 uses the X-ray beam 48 outputting
from opposite place side of the X-ray target 23, so-called
the transmission target type X-ray beam 48, by irradiating
the electron beam 17 to the ultra-thin X-ray target 23.
Because most energy gets converted to heat when the
electron beam 17 having a large energy irradiates to the

X-ray target 23, the cooling of the X-ray target 23 is very
important. The X-ray target 23 is damaged if the cooling
is not enough. The X-ray target 23 is put on a target sup-
porting body 24 having an easily X-ray transparency due
to beryllium, diamond or the like and an extremely high
thermal conductivity. The heat generated on the X-ray
target is radiated to an outer cooling section (not shown)
via the target supporting body 24 and a target holder 25.
A constitution of the cooling section variously has forced-
air cooling, water cooling, liquid-nitrogen cooling, Peltier
cooling and so on. It goes without saying that the consti-
tution of the cooling section of the X-ray target 23 shown
in FIG.5 is practicable in the X-ray tube 2 of the field
emission type electron gun of the magnetic-field super-
posed type shown in FIG.6.
[0059] Next, the baking method will be described. By
be composed of an integrated combination of integrating
the vacuum pump 27 for ultra-high vacuum, such as an
ion pump and so on, with a vacuum port 26 of the vacuum
tube section 11, the baking for obtaining ultra-high vac-
uum is capable by putting the whole integrated combi-
nation for a constant time in a high temperature with an
evacuation by the vacuum pump 27. A method for making
the high temperature condition may heat the only inte-
grated combination of the vacuum tube section 11 de-
tached from the X-ray inspection apparatus 1 and the
vacuum pump 27. There is a method heating by looping
a sheath heater around the whole integrated combination
of the vacuum tube section 11 and the vacuum pump 27.
Because of heating not the whole apparatus but the lim-
ited part of the only integrated combination of the vacuum
tube section 11 and the vacuum pump 27, there is a merit
that the mounting of the sheath heater for heating etc. is
easy, wherein the vacuum tube section 11 can be uni-
formly heated without temperature unevenness, and
wherein the heating energy can also economize to the
minimum necessary.
[0060] As another method, it is also operable to heat
the whole integrated combination into a convenient elec-
tric furnace. Because the vacuum tube section 11 which
is objective to heating is not large, there are also merits
that the large electric furnace is no necessary, wherein
the uniformly heating without temperature unevenness
is operable, wherein the heating energy has no waste,
and wherein the temperature control is easy. Further, in
any methods, there are merits that the procedure of the
heating work is easy and simple, and wherein a work
time of the baking can shorten. Other various heating
methods are thought. Because of integrally heating and
vacuum-evacuating by mounting the vacuum pump 27,
such as the ion pump and so on, to the electron gun
chamber 12, the method is very effective means as the
baking.
[0061] FIG.6 is showing other embodiment of the X-
ray tube and a constitution for superposing the magnetic
field into the internal electric field of the field emission
type electron gun 13. In case of using the field emission
type electron gun 13 as the X-ray source 47, it is strongly
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desired to irradiate the large current electron beam 17 to
the X-ray target 23 by magnifying the electron source 16
by the electron lens. In this case, it is not operable to
irradiate the electron probe having a micro-diameter onto
the X-ray target 23, because the general field emission
type electron gun widely receives an influence of a spher-
ical aberration coefficient of the first lens (condenser
lens). In order to solve this problem, the magnetic-field
superposed type electron gun 13 which focuses the elec-
tron beam 17 by superposing the magnetic field on the
electric field in the space between the electron source
16 and an anode 18 before the electron beam 17 from
the electron source 16 is spreads. Thus, it is possible to
efficiently use as an electron probe of the electron beam
17 having large electron radiation angle ranges radiated
from the electron source 16 and to produce the high-
intensity electron probe having a micro-diameter. In the
constitution of the present embodiment, in order to ar-
range the position of the electron source 16 of the elec-
tron gun 13 in the magnetic field lens of the first electron
lens 32, an inner diameter of the polepiece of the upper
magnetic polepiece 33 of the first electron lens is larger
than an inner diameter of the polepiece of the lower mag-
netic polepiece 34 of the first electron lens, and a bottom
face on the side for outputting the electron beam 17 of
the electron gun chamber 12 is in such a way as to enter
into an altitude of the polepiece of the lower magnetic
polepiece 34 of the first electron lens by taking a convex
shape on the downside. In doing so, it is operable to
redundantly put the electron field of the electron source
16 of the electron gun 13 on the magnetic field of the
magnetic field electron lens 28, and the magnetic field
superposed type electron gun 13 can be realized.
[0062] FIG.7 is showing another embodiment of the
present invention. A main section of an X-ray inspection
apparatus 1 according to the present invention comprises
of an X-ray tube 2 of the present invention, a sample
stage 5 for placing a sample 4 to be inspected, an X-ray
detector 3, and an apparatus control section 6. An X-ray
beam 48 generated from an X-ray source 47 of the X-ray
tube 2 results in a transmission X-ray image by penetrat-
ing the sample 4 to be inspected held on the sample
stage 5, the transmission X-ray image is detected by the
X-ray detector 3 by being projected and enlarged in a
magnification geometrically determined by an inter-ar-
rangement with the X-ray source 47, the sample 4 and
the X-ray detector 3. In the high-resolution type X-ray
inspection apparatus 1, a position of the sample 4 is im-
aged in a high magnification by much approximating the
X-ray source 47. By relatively moving the sample 4 in
regard to the optical axes (the X-ray source 47 to the X-
ray detector 3) of an X-ray radioscopy system, the sample
stage 5 can set an observing portion and an observing
direction. Although the function of the sample stage 5 is
well known, five axes relative displacements (three di-
rections of (X, Y, Z) and two rotational directions of (0,
φ)) of the sample 4 is generally often used. The X-ray
detector 3 uses flat-panel type semiconductor detector

or image-intensifier type X-ray detector (refer to Non-Pat-
ent Document 1). The apparatus control section 6 com-
prises of a main control section for mainly controlling the
operations of the whole apparatus, an X-ray control sec-
tion for controlling the X-ray tube 2, a stage control sec-
tion for controlling the sample stage 5, an image process-
ing section for processing an image signal detected by
the X-ray detector 3, and a display section for displaying
a processed image.
[0063] FIG.8 is showing further other embodiment of
the present invention. In FIG.8 (A), a main section of an
X-ray CT inspection apparatus 8 of the present invention
comprises of an X-ray tube 2 of the present invention, a
sample stage 5 for placing a sample 4 to be inspected,
an X-ray detector 3, and a CT-apparatus control section
7. An X-ray beam 48 generated from an X-ray source 47
of the X-ray tube 2 results in a transmission X-ray image
by penetrating the sample 4 to be inspected held on the
sample stage 5, the transmission X-ray image is detected
by the X-ray detector 3 by being projected and enlarged
in a magnification geometrically determined by an inter-
arrangement with the X-ray source 47, the sample 4 and
the X-ray detector 3. By relatively moving the sample 4
in regard to the optical axes (the X-ray source 47 to the
X-ray detector 3) of an X-ray radioscopy system, the sam-
ple stage 5 can set an observing portion and an observing
direction. In addition, the sample stage 5 gets transmis-
sion X-ray images from a plurality of different directions
relative to the sample 4 with a relative rotational-moving
to the X-ray beam 48. The X-ray detector 3 uses a flat-
panel type semiconductor detector or an image-intensi-
fier type X-ray detector. The CT-apparatus control sec-
tion 7 comprises of a main control section for mainly con-
trolling the operations of the whole apparatus, an X-ray
control section for controlling the X-ray tube 2, a stage
control section for controlling the sample stage 5, an im-
age processing section for reconfiguring and processing
by using plural image signals from plural different direc-
tions detected by the X-ray detector 3, and a display unit
for displaying a processed image. By this constitution, a
three-dimensional structure information of an interior of
the sample can be obtained (e.g. refer to
[0064] Non-Patent Document 2). Moreover, the Lam-
inography-type X-ray inspection apparatus using the X-
ray tube 2 of the present invention can also obtain a to-
mographic image of the inner of the sample in the high-
resolution.
[0065] The X-ray inspection apparatus comprising the
X-ray tube of the present invention can easily perform
the baking of the X-ray tube and is excellent in the main-
tenance performance. Moreover, because of using the
X-ray tube having the stable X-ray source, the apparatus
has stable performances in the observation of the X-ray
image of the sample.
[0066] As well, the X-ray inspection apparatus of the
present invention does not only include the high-resolu-
tion and projection type X-ray inspection apparatus, but
also the X-ray CT apparatus or generalized X-ray appa-
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ratuses using the X-ray tube of the present invention.

Explanation of Reference Numerals

[0067]

1 X-ray inspection apparatus
2 X-ray tube
3 X-ray detector
4 sample
5 sample stage
6 apparatus control section
7 CT-apparatus control section
8 X-ray CT apparatus
11 vacuum tube section
12 electron gun chamber
13 electron gun
14 insulator part
15 high-tension cable
16 electron source
17 electron beam
18 anode
19 liner tube (part)
20 upper liner tube
21 lower liner tube
22 joint portion A
23 X-ray target
24 target supporting body
25 target holder
26 pumping port
27 vacuum pump
28 electron magnetic lens section
31 magnetic pole aperture
32 first electron lens
33 upper magnetic polepiece of first electron lens
34 lower magnetic polepiece of first electron lens
35 second electron lens
36 upper magnetic polepiece of second electron lens
37 lower magnetic polepiece of second electron lens
38 joint portion B
39 scanning coil
40 electron beam aperture
41 scattered radiation aperture
42 backscattered electron detecting electrode
43 lead line
44 detecting terminal supporting member
45 metal seals
46 metal O-ring
47 X-ray source
48 X-ray beam
49 backscattered electron detecting section
50 backscattered electron
51 stigmator

Claims

1. An X-ray tube comprising:

an electron gun chamber having a field-emis-
sion type electron gun for generating an electron
beam;
an electromagnetic lens section for focusing
said electron beam;
an electron beam aperture for narrowing said
electron beam;
an X-ray target to emit an X-ray with an irradia-
tion of said electron beam narrowed by said
electron beam aperture;
a liner tube section comprising by connecting
said electron gun chamber and said X-ray target;
and
a vacuum pump for evacuating said electron gun
chamber to ultra-high vacuum and for keeping
said ultra-high vacuum;
wherein said electron gun chamber, said elec-
tron beam aperture, said X-ray target, said liner
tube section and said vacuum pump constitute
a vacuum tube section in one body with vacuum
sealing, and said vacuum tube section is attach-
able and detachable to said electromagnetic
lens section.

2. The X-ray tube according to Claim 1, wherein an
optical axis of said vacuum tube section and an op-
tical axis of said electromagnetic lens section are
axially aligned by fitting a first fitting section located
at an outer wall of said liner tube section and a sec-
ond fitting section located at said electromagnetic
lens section.

3. The X-ray tube according to Claim 1 or 2, wherein
said liner tube section is constituted by dividing into
plural members for a length direction of said liner
tube section.

4. The X-ray tube according to any one of Claims 1 to
3, wherein said electromagnetic lens section further
comprises a scanning coil to scan said electron
beam on said X-ray target, said liner tube section
further comprises a backscattered electron detecting
section to detect an electron beam reflecting on said
X-ray target, thereby to be possible to observe a
backscattered electron image on a surface of said
X-ray target.

5. The X-ray tube according to Claim 4, wherein said
backscattered electron detecting section has a ce-
ramic supporting member to support a backscat-
tered electron detecting electrode.

6. The X-ray tube according to any one of Claims 1 to
5, wherein said electromagnetic lens section is lo-
cated at a nearest side for said field-emission type
electron gun and comprises a first electron lens that
an inside diameter of an upper magnetic polepiece
is larger than a same of a lower magnetic polepiece.
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7. The X-ray tube according to Claim 6, wherein said
electron gun chamber constitutes a magnetic-field
superposed type electron gun by having a convex
shape corresponding to a shape of said first electron
lens.

8. An X-ray inspection apparatus comprising said X-
ray tube described in any one of Claims 1 to 7, a
sample stage which is irradiated an X-ray beam from
said X-ray tube, and an X-ray detector to detect a
transmission X-ray image transmitted said sample
stage.
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