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(54) Microfocus x-ray tube for microscopic inspection apparatus

(57) An X-ray microscopic inspection apparatus
with high resolving power equal to or better than 0.1 µm
requiring only short exposure time. The X-ray micro-
scopic inspection apparatus comprises X-ray generat-
ing means generating X-rays by impinging electrons on
a target (3), a magnetic superposition lens having a
magnetic field generating portion disposed in the vicinity
of an electron generating portion of an electron gun (1).
Further, the apparatus includes a liquid metal electron
source using liquid metal or a thermal field emission
electron source anda target with a heat sink comprising
thin CVD diamond plate.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an X-ray inspection apparatus, and specifically, to an X-ray microscopic
inspection apparatus capable of providing better resolution than 0.1 µm over a broad range of an accelerating voltage
by using an electron source for emitting a high intensity electron flow and a lens system for focusing electrons on the
X-ray target.

Description of the Related Art

[0002] As an inspection apparatus utilizing an X-ray; various kinds of industrial inspection apparatuses such as an
X-ray microscope, a foreign body inspection apparatus, a fluorescent X-ray analyzing apparatus, and medical X-ray
apparatuses such as an X-ray diagnostic apparatus are known. FIG. 1 shows a construction example of a conventional
X-ray inspection apparatus. The X-ray inspection apparatus in this example is designed so as to obtain a micro X-ray
point source 23a by accelerating electrons Re from an electron source 21b by applying a high voltage between a grid
21a and an anode 21c using a thermionic emission cathode 21b as the electron source, and then focusing the electrons
Re on a target 23 formed by a thin plate of high-melting point metal such as tungsten by electron lenses 22. Subse-
quently, the inside of a sample (object to be inspected) 10 is projected in magnifying mode by using the point-form X-
ray Rx generated from the X-ray targets 23a and the microstructure inside of the sample is subjected to non-destructive
perspective inspection.
[0003] In such X-ray inspection apparatus, the electron beam Re impinging on the target 23 is converted into the X-
ray Rx thereon, however, its conversion efficiency is as extremely low as equal to or less than 1%, and most of the
energy of the electron beam Re is converted into heat on, the target 23. By the way, since an X-ray has no electric
charge, it can not be bent freely as an electron by using an electron lens. On this account, in order to obtain high
magnifying power, it is necessary to bring the sample 10 as near to the X-ray source 23a as possible, to capture the
X-ray Rx that is transmitted through the sample 10 and spreads out radially with a two-dimensional detector (X-ray
detector) 24 disposed at a distance as far as possible, and to make it into an image (there are various kinds of X-ray
detectors 24, and an X-ray is converted into light and subjected to amplification and imaging). Only in theory, the
magnifying power is infinitely increased as the distance between the sample 10 and the X-ray detector 24 is taken
larger, however, actually, since the X-ray amount per unit area is reduced in inverse proportion to the square of the
distance, the upper limit of the magnifying power is determined by the balance between the sensitivity of the X-ray
detector 24 and the X-ray amount or X-ray density on the X-ray detector of the magnified image.
[0004] On the other hand, the resolving power of the X-ray image transmitted through the sample 10 is more improved
by making the X-ray source size (focal point size) smaller because the blurring amount is reduced. In the case where
the same electron source 21b is used, the X-ray source size can be made smaller by focusing the electron into a small
spot by the electron lens 22, however, since the electron beam amount included therein is reduced in reverse proportion
to the square of the spot diameter and the X-ray amount is also reduced in response thereto, the final resolving power
is determined by the balance between the electron spot diameter in which enough X-ray amount is produced and the
sensitivity of the above described X-ray detector 24, and has a certain limit. In the conventional X-ray microscopic
inspection apparatus that the applicant has developed and commercialized, a two-stage reduction system using lenses
having as small spherical aberration and chromatic aberration as possible for the focusing lens system and a LaB6
(lanthanum hexaboride) cathode having an advantageous character as a thermionic source are adopted, and further,
an image intensifier with high sensitivity is used, and thereby the resolving power becomes less than 1 µm and achieves
about 0.4 µm. This is the highest value on a global basis as a practical X-ray inspection apparatus at present (the
degree of 0.1 µm is the highest value if the exposure time is neglected), and the value may be assumed as the technical
limit under the present circumstances. Therefore, the resolving power better than 0.1 µm expected in the invention can
not be implemented by the conventional technology (see the following description of the non-patent documents).
[0005] Hereinafter, the conventional technology concerning the resolving power of the X-ray inspection apparatus
will be described.
[0006] The technology concerning the resolving power is disclosed in Non-patent Document 1, Nixon, "High-reso-
lution X-ray projection microscopy", 1960, A232: pp. 475-485, Non-patent Document 2, Keiji Yada & Hisashi Ishikawa,
"Projection X-ray Shadow Microscopy using SEM", Bulletin of the Research Institute for Scientific Measurements,
Tohoku University, 1980, Vol. 29, No. 1, pp. 25-42, Non-patent Document 3, Keiji Yada & Kunio Shinohara, "Develop-
ment of Soft X-ray Microscopy", 1980, Biophysics, Vol. 33, No. 4, pp. 8-16, Non-patent Document 4, Keiji Yada &
Shoichi Takahashi, "High-Resolution Projection X-ray Microscopy", 1994, Chap. 8, pp. 133-150, and Non-patent Doc-
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ument 5, Keiji Yada & Kunio Shinohara, "Development of Projection X-Ray Microscopy and Its Biological Applications"
1996, Bulletin of Aomori Public College, Vol. 1, pp. 2-13, for example. In Non-patent Document 1, there described that,
regarding X-ray Shadow Microscopy, the limit of its resolving power has been 0.5 µm conventionally, however, the
resolving power of 0.1 µm is achieved by using a high brightness electron emitter and avery thin metal film (0.1µm in
thickness) as the target at this time. In addition, there also described that the exposure time for obtaining a sheet of
image is five minutes, and after Non-patent Document 1 is disclosed, studies for shortening the exposure time have
been actively performed. Further, Non-patent Document 2 is a research report (bulletin of the research institute for
scientific measurements, Tohoku University) on the projection X-ray shadow microscopy utilizing an irradiation system
of an electron microscope, and there described that the resolving power of 0.1 µm is achieved. Additionally, theoretical
analyses are performed regarding respective factors that affect the resolving power, and there derived the conclusion
that the spot size of the X-ray source exerts the greatest effects on the resolving power. Furthermore, there described
that, by converting a SEM (scanning electron microscope) to an X-ray microscope , scanning of the electron beam
with a deflection coil is utilized for focusing.
[0007] Moreover, Non-patent Document 3 is for explaining the trend in the X-ray microscopy to the present, and
there explained that the soft X-ray microscope of a relatively short wavelength (0.1 to 10 nm) by specifically referring
to the observation of biological samples. The contents of Non-patent Document. 4 are substantially the same as those
of Non-patent Document 2, however, there shown a densitometry profile of an X-ray image having the resolving power
better than 0.1 µm (on 146 page in the main body). Non-patent Document 5 is for explaining the X-ray microscope in
an easily understandable way, and there described that the image quality becomes better by changing the target in
relation to the sample that is difficult to provide contrast as is the case with Non-patent Documents 2, 3, and 4.
[0008] In order to manufacture an X-ray inspection apparatus having high power resolution never before possible,
an electron source with higher brightness (greater current amount per unit area/unit solid angle) and greater emission
current amount becomes required. Additionally, an electron lens system for assuring a great electron probe current
amount as possible becomes also required. Further, devices for increasing the heat release effect of the target are
required so that the target may not melt or evaporate even if the electron probe having such high current density
impinges thereon.
[0009] By the way, the nano-technology extends across information, medical, environmental fields, and, for example,
in a micromachine referred to in the medical field, the component constituting the machine becomes less than 1 µm
and ready to enter nano order. In addition, the current semiconductor technology is ever being directed to miniaturi-
zation, and non-destructive inspection in the class of the resolving power equal to or less than 0.1 µm never before
possible using the micro X-ray source becomes a challenge that is required by all means. Especially, in the information
field, there is the great challenge of making the line width in the next generation very large scale. integrated circuit
from 180-130 nm at present to 70-100 nm. Simultaneously, it is often the case where the microstructure consisted
principally of a light element become an object to be observed, and, for providing contrast to the image, it becomes
an important challenge that the high resolution power is held even in the case of using an X-ray having a long wavelength
by the low accelerating voltage of 10 to 20 kV, which has been difficult in the conventional X-ray inspection apparatus.
[0010] The invention is achieved in the light of the above described circumstances, and an object of the invention is
to provide an X-ray microscopic inspection apparatus for solving the above described various challenges, enabling
non-destructive inspection with high resolving power equal to or less than 0.1 µm within a very short period, and capable
of largely contributing to the nano-technology field.

SUMMARY OF THE INVENTION

[0011] The invention relates to X-ray microscopic inspection apparatus having X-ray generating means for generating
X-rays by allowing an electron beam from an electron source to impinge on a target for X-ray generation, for inspecting
an object to be inspected by utilizing the X-rays, and the above described object of the invention is achieved by including
a magnetic superposition lens whose magnetic lens-field is superposed on an electron generating portion of en electron
gun, as a component element of the X-ray generating means. Further, the object is achieved by including a liquid metal
electron source using Taylor cone consisting of the liquid metal, as a component element of the X-ray generating
means. Furthermore, the object is achieved by including a thermal field emission electron source as the electron source,
as a component element of the X-ray generating means. Moreover, the object is achieved by including a target with a
backing plate using CVD diamond as the heat sink, as a component element of the X-ray generating means.
[0012] In addition, the object is achieved even more effectively by including at least one component element of an
electron source using liquid metal or a thermal field emission electron source as the electron source, and a target with
a CVD diamond plate as the heat sink of the target, as a component element of the X-ray generating means, other
than the magnetic superposition lens disposed in the vicinity of the electron generating portion of the electron gun.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

FIG. 1 is a diagram showing an example of a construction of a conventional X-ray inspection apparatus.
FIG. 2 is a diagram showing a construction example of a conventional FE electron gun.
FIG. 3 is a schematic diagram showing an example of a construction of a main part of an X-ray microscopic
inspection apparatus according to the invention.
FIGs. 4A and 4B are diagrams showing an example of a liquid metal field emission cathode: FIG. 4A is a front
view; and FIG. 4B is a side view.
FIG. 5 is a diagram showing a first construction example of a magnetic lens superposition electron gun according
to the invention.
FIG. 6 is a diagram showing a second construction example of a magnetic lens superposition electron gun ac-
cording to the invention.
FIGs . 7A and 7B are diagrams showing an example of a target with a diamond heat sink: FIG. 7A is a side view;
and FIG. 7B is a plan view.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0014] In an X-ray microscopic inspection apparatus of the invention, the following means are adopted in order to
solve the various problems as described in "Description of the Related Art". First, "thermal field emission cathode" or
"liquid metal field emission cathode" with higher brightness compared to the thermionic emission cathode used in the
conventional X-ray inspection apparatus is used for the electron source for the first time in the X-ray microscopic
inspection apparatus. The characteristics of these electron sources are that the brightness is higher than the LaB6
cathode by two orders of magnitude, and simultaneously, the effective size of the electron source is smaller by three
orders of magnitude. On this account, special devices are required for the electron optical system that forms an electron
probe. In the conventional X-ray inspection apparatus, as shown in FIG. 1, the electron probe has been reduced totally
by two orders of magnitude by accelerating the electrons Re from the electron source 21b and then focusing them by
the electron lenses 22. This probe size reduction accompanies the reduction of the electron beam amount as described
above. Therefore, secondly, in the X-ray microscopic inspection apparatus of the invention, operating at a magnifying
mode of several times totally while reducing the electron beam loss amount by introducing a magnetic superposition
electron lens (hereinafter, referred to as "magnetic superposition lens") for focusing electrons while accelerating them
is adopted. Thus, a high intensity X-ray source never before possible is realized by using the electron source (thermal
field emission cathode, liquid metal electron source) that has never been used for the X-ray microscope and the mag-
netic superposition lens that has never been used for the X-ray microscope, either, and an X-ray image with high
resolving power of equal to or better than 0.1 µm can be obtained within a very short period.
[0015] Thirdly, to the target for X-ray generation, a thin plate of diamond formed by CVD (chemical vapor deposition)
is introduced as a heat sink. Diamond is a light element and has good X-ray transparency, and has extremely high
thermal conductivity (about three times that of pure copper) despite that it is an insulative material and extremely high
melting point. Recently, a diamond plate of good thermal conductivity can be obtained by CVD. In the embodiment ,
by using a target with a diamond heat sink as the target by further depositing a target material on the diamond plate
by CVD, the temperature rise of the target due to the electron beam is largely reduced, and the target is made to endure
thermal load even in the case where the X-ray converted from the electron beam is largely increased. The surface of
diamond plate is kept electrically conductive with a suitably material in use such as thin deposition layer of Be. It is
optimum to adopt all of the above described first to third technical matters, however, they can be adopted independently,
and any of them can be used for providing an X-ray image with higher resolving power.
[0016] By the way, it has been known that X-rays having long wavelength is desirable for a sample consisting prin-
cipally of light elements, however, since the conventional X-ray microscopic inspection apparatus is short of the signal
amount, there has been only a method of contrast intensification by image processing. In the X-ray microscopic in-
spection apparatus of the invention, since the signal amount can be increased largely by adopting the respective
technical matters as described above, the light element sample can be inspected with high resolving power using X-
rays having long wavelength. For example, the accelerating voltage is lowered to the order of 10 to 20 kV, and Ge
(germanium), Cr (chromium), etc. is adopted as a target corresponding thereto to generate a characteristic X-ray having
a wavelength of 0.2 to 3nm, in addition to a continuous X-ray having a wavelength of 0.06 to 0.2nm. The apparatus
can perform significant contrast enhancement to X-ray images of the samples consisting principally of light elements.
[0017] Hereinafter, preferable embodiments of the invention will be described in detail by referring to the drawings.
[0018] FIG. 3 shows an example of a construction of a main part of an X-ray microscopic inspection apparatus
according to the invention, and X-ray generating means includes an electron gun 1, an objective lens 2, a target 3, etc.
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and the electron gun 1 is constituted by a Schottky module 1a, an electron source 1b, an anode 1c, etc. In the X-ray
microscopic inspection apparatus of the invention, as described above, "liquid metal field emission cathode (liquid
metal electron source)" or "thermal field emission cathode (thermal field emission electron source)" is used as the
electron source 1b.
[0019] FIGs. 4A and 4B show an example of a liquid metal field emission cathode by diagrams. The liquid metal field
emission cathode 1b has a construction in which a filament of tungsten is provided as a thermionic source a1 and a
tungsten having a tip end formed at an acute angle as shown in FIG. 4A is attached to the thermionic source a1, as
an electron generating portion a2 as shown in FIG. 4B, and the electron generating portion a2 is coated with liquid
metal a3. By such construction, the liquid metal a3 diffuses along the surface and is supplied to the tip end forming
very thin tip called Taylor cone as the electron generating portion a2. The effect provided by the liquid metal a3 causes
the increase of electron beam brightness about a hundred times. As the material used as the liquid metal, a material
having relatively low vapor pressure at a molten state of the metal having low melting point used in a liquid metal ion
source is preferable. For example, In (indium) [melting point ≈ 429 K, vapor pressure at melting point: « 10-10 Pa], Ga
(gallium) [melting point ≈303 K, vapor pressure at melting point: « 10-10 Pa], etc. are suitable.
[0020] In addition, in the invention, as the construction example in FIG. 3, a construction adopted in which a magnetic
superposition lens 1d that has never been used for the X-ray microscope is disposed in the vicinity of the electron
generating portion of the electron gun 1 of the X-ray microscopic inspection apparatus, and, by superposing the mag-
netic field formed by the magnetic superposition lens 1d on the electric field formed by the electron gun at least from
the electron generating portion 1a to the anode 1c as a component element of electron accelerating means, the elec-
trons Re are focused while accelerating them by the anode 1c. That is, the loss amount of the focused electron beams
is reduced by accelerating the electron Re just after generated from the electron generating portion 1a while focusing
them. Then, the focused electron beam (electron probe for X-ray generation) having high current density is impinged
on the target 3 so as to increase the X-ray amount generated from the target 3.
[0021] The so-called magnetic superposition lens has been conventionally used in an electron beam apparatus such
as a transmission electron microscope and a scanning electron microscope, however, the lens can not be applied to
the X-ray microscopic inspection apparatus because the desired X-ray amount can not be obtained because of the
small emission current amount. The reason for that is, in the electron microscope, the small emission current amount
is not problematic to some extent because it is enough as the signal. In the X-ray microscopic inspection apparatus,
however, different from the electron microscope, the problem that the image is dark and long exposure time is needed
with the small amount of the probe current raises. Especially, short exposure time is a required condition for the wide-
spread industrial use. Further, the electron beam apparatus such as an electron microscope has the construction in
which a magnetic circuit etc. is incorporated within the electron gun chamber that requires ultra-high vacuum. In the
X-ray microscopic inspection apparatus that requires the greater electron flow (probe current), it is difficult to solve the
vacuum deterioration due to the magnetic circuit accompanying gas and heat generation and consequently outgas
that is emitted by the electron flow impingement. On this account, there is no example in which the lens used in the
electron beam apparatus is applied to the X-ray inspection apparatus . In the invention , the problem is solved by
adopting a material that is thought to emit small amount of gas, and by placing the magnetic circuit outside the vacuum
chamber with water cooling for the circuit.
[0022] Hereinafter, the construction of the magnetic superposition lens that is unique to the X-ray inspection appa-
ratus according to the invention will be described by comparison with the lens used in the electron beam apparatus
such as a scanning electron microscope.
[0023] The FE (field emission) electron gun provides electron beams having high brightness and good coherence,
and thereby, demonstrates its high performance in a transmission electron microscope, a scanning electron micro-
scope, a scanning transmission electron microscope, an electron beam exposure apparatus, etc. However, this per-
formance is obtained by reducing the crossover of the electron source extremely small. The so-called electron beam
probe demonstrates its performance only when the probe is made in a size equal to or less than nanometer (sub-
nanometer). However, in order to obtain a probe in which the crossover of the electron source is enlarged from sub-
micron to micron size, it becomes difficult to obtain sufficient probe current due to the large aberration of the magnifi-
cation lens. This aberration in associated with the distance from the position of the electron source of the electron gun
to the first stage of the magnifying lens (single stage or plural stages) , and proportional to the third to fourth power of
the distance. Therefore, a so-called compound lens in which an electron lens is added to the electron gun part is
devised and put into practical use.
[0024] However, the conventional FE electron gun has a construction in which, as shown in the construction example
in FIG. 2, the entire housing of the electron gun chamber is made from a vacuum sealing material 1B such as stainless
steel, and a magnetic circuit 1d1 (magnetic body 1d11, excitation coil 1d12, etc.) is incorporated in the electron gun tip
end 1A disposed within the ultra-high vacuum thereof. In such construction, there are great difficulties associated with
incorporation of the magnetic circuit accompanying heat generation within the FE electron gun chamber A that requires
ultra-high vacuum, cooling water, and the magnetic coil, and taking out of lead lines and pipes connected thereto. In
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addition, the axis alignment mechanism of the electron gun and the electron lens is also extremely difficult. On the
contrary, the electron gun for X-ray generation having the magnetic superposition lens (hereinafter, referred to as
magnetic superposition electron gun) according to the invention has a construction in which a magnetic field generating
portion of the magnetic superposition lens constituted by the magnetic circuit 1d1, etc. is provided in the position in the
vicinity of the electron source of the electron gun (electron gun tip end 1A for electron generation) outside the electron
gun chamber under vacuum.
[0025] FIG. 5 shows a first construction example of the magnetic lens superposition electron gun according to the
invention corresponding to the construction of the conventional FE electron gun shown in FIG. 2. 1A denotes the
electron gun tip end constituted by an emitter, a suppressor, an extractor, etc. , 1d1 denotes the magnetic circuit, 1d11
denotes the magnetic body constituting the magnetic circuit, 1d12 denotes the excitation coil for the magnetic circuit
1d1, s denotes the distance between two pole pieces. of the electron lens; and b2 ("b" in FIG. 2) denotes the hole
diameter of the pole piece, respectively. As shown in FIG. 5, in the embodiment, the construction in which the electron
gun chamber itself is incorporated in the magnetic circuit 1d1 constituted by the magnetic body 1d11, etc., is adopted.
Specifically, the construction includes an electron gun accommodation part having a rectangular section, for example,
as shown in FIG. 5, and a housing covering the magnetic body as the electron gun chamber A, as the component
element of the magnetic superposition lens 1d, and the electron gun incorporated in the electron gun accommodation
part. That is, the construction includes the parts of the housing (the entire or a part of the housing such as an upper
plate, a bottom plate, and an outer cylinder) provided as a part or the entire of the magnetic circuit (magnetic field
generating portion) and the electron gun and the electron lens 1d separated under vacuum.
[0026] In the first construction example, strong excitation is required, since the object surface (crossover of electron
source) is disposed rearward than the center of the lens field, though there is an advantage that the aberration coefficient
(especially, the spherical aberration) is made significantly small. The reason for that is, generally, when the distance
from the object surface (in this case, crossover of electron source) to the lower pole of the electron lens is fixed, the
larger the hole diameter and the distance of the pole pieces, the smaller the spherical aberration becomes. Note that,
chromatic aberration is not limited to that, the chromatic aberration can be neglected as the subject of the invention.
In addition, since the magnetic circuit is separated from the electron gun chamber that requires ultra-high vacuum in
construction, there is an advantage that the vacuum seal, the cooling water, and lead lines can be taken out easily.
[0027] FIG. 6 shows a second construction example of the magnetic lens superposition electron gun according to
the invention corresponding to the first construction example shown in FIG. 5. In the embodiment, as shown in FIG.
6, the construction in which the electron gun chamber A in the convex form is provided at the upper portion of the
magnetic superposition lens 1d constituted by the magnetic body 1d11 etc. formed so as to have a section in a concaved
form, for example, and the electron gun tip end 1A is formed so as to be inserted into the magnetic field from upside
of the magnetic superposition lens 1d, so that the electron gun tip end 1A and the magnetic body 1d11 may be more
close, is adopted. Since the extremely strong magnetic excitation is needed in the first construction example shown in
FIG. 5, the construction is extremely effective to the low accelerated electron beams, however, not necessarily advan-
tageous for the highly accelerated electron beams to some degree. Therefore, the embodiment adopts the construction
in which the hole diameter b of the pole pieces (hole diameters b1 and b2 in different sizes between upper and lower
holes in this example) and the distance s are made small so that much weaker excitation may be enough, and the
electron gun tip end 1A is formed so as to be inserted into its.magnetic field.
[0028] In both of the above described first and second construction examples of the magnetic lens superposition
electron gun, the magnetic superposition lens has the construction in which the magnetic field generating point is
disposed in the position in the vicinity of the electron generating portion of the electron gun outside the electron gun
chamber, and thereby, there are advantages that the electron gun and the electron lens are separated under vacuum
(easy to realize ultra-high vacuum including baking out) and the electric field formed by the electron gun and the
magnetic field formed by the electron lens are superposed with no difficulty. In addition, in the construction of FIG. 6,
as the example thereof is shown, a deflection coil 1e can be easily provided in the vicinity of the electron gun tip end
1A for the electromagnetic axis alignment.
[0029] As an electron beam focusing, the above described magnetic superposition lens 1d and the electron lens
(objective lens) 2 as shown in FIG. 3 are needed. By providing the objective lens 2 to make the focusing of the electron
beam by two stages, the freedom of selecting the desired electron probe size and the probe current becomes extremely
increased. In addition, since the focal length of the objective lens 2 is longer in the X-ray microscopic inspection ap-
paratus of the invention compared to that in the conventional apparatus (see FIG. 1) , the longer working distance
(several centimeters) that can be never obtained by the conventional X-ray microscopic inspection apparatus can be
realized. On this account, the space between the objective lens 2 and the target 3 can be taken broader, peripheral
equipment for the inspection can be provided within the space.
[0030] Further, it is essentially important that the X-ray amount applied to the sample (object to be inspected) 10 is
greater in order to realize an X-ray microscopic inspection apparatus with high resolving power, so as to make greater
electron amount to impinge on the target 3 with high intensity and micro focal point size by a high performance lens.
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The orientation of the axis and the position of the electron beam for X-ray generation are also important. In the em-
bodiment, as illustrated in FIG. 3 and FIG. 6, the apparatus has the construction in which the electron beam axis
alignment coil 1e is disposed in the vicinity of the electron generating portion 1a (close by the electron source) for the
first time as the X-ray microscopic inspection apparatus, and by shifting the electron beam before acceleration by the
anode 1c in X and Y directions to align the electron beam using the axis alignment coil 1e. The axis alignment of the
electron beam for the X-ray source can be performed precisely and extremely easily.
[0031] Further, as the target 3 shown in FIG. 3, a thin diamond plate that has enough transparency to X-ray, has
extremely high thermal conductivity despite that it is an insulative material, and has extremely high melting point is
used as a heat sink is adopted. The following Table 1 shows properties of Be (beryllium) and diamond. Since diamond
has extremely higher thermal conductivity and melting point compared to Be, which has conventionally used, the prob-
lem of melting or evaporation of the target does not occur because of the advantageous effect as the heat sink even
if the electron probe having high current density is focused by the magnetic superposition lens 1d.

[0032] FIGs. 7A and 7B schematically show an example of the target 3 with a diamond heat sink by the side view
and plan view. As shown in FIG. 7A, for example, the target has a construction in which, on the diamond plate 3b
formed in the form of a thin plate by CVD, the target material 3a is deposited by CVD. Thus, by making the target with
CVD diamond as the heat sink, the temperature rise of the target 3 due to the electron beam is largely reduced, to
endure a high intensity X-ray generation. The target 3 is kept in the electrically conductive state to the column at the
earth potential with thin conductive layer such as Be to avoid the charging up due to the insulative diamond plate.
[0033] By the above described construction, the X-ray microscopic inspection apparatus having ultra-high resolving
power of 40 nm to 100 nm can be realized, and the apparatus can contribute to non-destructive inspections etc. in
various fields such as the inspection of the next generation very large scale integrated circuit, the inspection of the
components of the medical micromachine, the inspection of the sample consisted principally of a light element by an
X-ray having a long wavelength (0.2 to 3nm).
[0034] As described above, according to the invention, an X-ray microscopic inspection apparatus capable of per-
forming non-destructive inspection of the object can be performed with ultra-high resolving power (40 to 100 nm) better
than 0.1 µm. Specifically, since the electron beam for X-ray generation having high current density is formed by using
the magnetic superposition lens, and greater X-ray amount is generated, the apparatus can be operated as a higher
magnification system of several times as a whole, while avoiding the electron beam loss. In addition, by the construction
in which liquid metal or thermal field emission cathode is used for the electron source, the electron source with higher
brightness and greater emission current amount compared to the conventional electron source using the LaB6 cathode
can be obtained, and the X-ray amount applied to the object to be inspected can be largely increased.
[0035] Further, by the construction in which CVD diamond is used as a heat sink of the target for X-ray generation,
the' temperature rise when the energy of the electron beam is converted into heat on the target can be largely reduced,
and as a result, the target can endure the thermal load even if the X-ray amount applied to the object to be inspected
is largely increased.
[0036] Furthermore, as described in "Description of the Related Art", the miniaturization of the minimum constitutional
unit of the semiconductor component is recently being promoted from the micro-scale to nano-scale. The non-destruc-
tive inspection of the microstructure inside such components will be a necessary and indispensable technology in the
future. Only an X-ray can be used for non-destructive inspection with high resolving power of such inner structure.
Therefore, the invention that enables the non-destructive inspection with ultra-high resolving power of 40 nm to 100
nm can largely contribute to the nano-technology fields.

Claims

1. An apparatus having X-ray generating means for generating an X-ray by allowing an electron beam from an electron
source to impinge on a target for X-ray generation, for inspecting an object to be inspected by utilizing said X-ray,

Table 1

Be Diamond

Melting point (K) 1551 3873

Density (kgm-3) 1847.7 [293K] 3510 [293K]

Thermal conductivity (Wm-1K-1) 200 [300K] 1540 [400K]

Electric conductivity (Ω-1m-1) 2.5 x 107 [293K] 3.7 x 10-5 [293K]
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said X-ray microscopic inspection apparatus comprising a magnetic superposition lens having a magnetic field
generating portion disposed in the vicinity of an electron generating portion of an electron gun, as a component
element of said X-ray generating means.

2. An X-ray microscopic inspection apparatus having X-ray generating means for generating an X-ray by allowing
an electron beam from an electron source to impinge on a target for X-ray generation, for inspecting an object to
be inspected by utilizing said X-ray,
said X-ray microscopic inspection apparatus comprising a liquid metal electron source using liquid metal as said
electron source, as a component element of said X-ray generating means.

3. An X-ray microscopic inspection apparatus having X-ray generating means for generating an X-ray by allowing
an electron beam from an electron source to impinge on a target for X-ray generation, for inspecting an object to
be inspected by utilizing said X-ray,
said X-ray microscopic inspection apparatus comprising a thermal field emission electron source as said electron
source; as a component element of said X-ray generating means.

4. An X-ray microscopic inspection apparatus having X-ray generating means for generating an X-ray by allowing
an electron beam from an electron source to impinge on a target for X-ray generation, for inspecting an object to
be inspected by utilizing said X-ray,
said X-ray microscopic inspection apparatus comprising a target with a heat sink using thin CVD diamond plate
as the heat sink as said target for X-ray generation, as a component element of said X-ray generating means.

5. An X-ray microscopic inspection apparatus according to Claim 1, further comprising at least one component ele-
ment of an electron source using liquid metal or a thermal field emission electron source as said electron source,
and a target with a heat sink using thin CVD diamond plate as the heat sink as said target for X-ray generation,
as a component element of said X-ray generating means.
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