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(57) ABSTRACT

A method capable of constructing an accurate three-dimen-
sional image is offered. The method comprises the step (S10)
of obtaining a first series of tilted images which are consti-
tuted by electron microscope images or elemental mapping
images of a sample (S) at different tilt angles and which have
been obtained by tilting the sample in angular increments, the
step (S14) of obtaining a second series of tilted images which
are constituted by electron microscope images or elemental
mapping images of the sample at different tilt angles and
which have been obtained by rotating the sample about an
axis (P) perpendicular to a surface (Sf) of the sample and then
tilting the sample in angular increments, and the step (S16) of
constructing the three-dimensional image on the basis of the
first and second series of tilted images.
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METHOD OF CONSTRUCTING 3D IMAGE,
IMAGE PROCESSOR, AND ELECTRON
MICROSCOPE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a method of con-
structing a three-dimensional (3D) image, image processor,
and electron microscope.

[0003] 2. Description of Related Art

[0004] Electron tomography (ET) has been known as a
technique for observing and analyzing the morphology of a
sample in a three-dimensional manner by applying a comput-
erized tomography (CT) method to an electron microscope
such as a transmission electron microscope (TEM) or a scan-
ning transmission electron microscope (STEM) (see, for
example, JP-A-2012-209050).

[0005] Inrecentyears, EDS tomography that is a combina-
tion of energy dispersive X-ray spectroscopy (EDS) and elec-
tron tomography (ET) has attracted attention. EDS tomogra-
phy is a method of three-dimensional elemental analysis in
which EDS and ET are combined.

[0006] A process of EDS tomography starts with acquiring
elemental mapping images by tilting a sample at various
angles using an electron microscope. For example, the angu-
lar range of tilt is set to £60 degrees, and the sample is tilted
in increments of 5 degrees. If an elemental mapping image is
acquired at each tilt angle, then a series of tilted images
consisting of 25 elemental mapping images can be obtained.
Then, computer tomography is applied to the elemental map-
ping images constituting the series of tilted images, thus
obtaining two-dimensional reconstructed cross-sectional
images. A three-dimensional image showing a three-dimen-
sional elemental distribution is derived by superimposing the
resulting, series of cross-sectional images.

[0007] Generally, when a sample is to be observed in an
electron microscope, the sample is held on a mesh having a
diameter of 3 mm. If the sample is tilted in increments in an
attempt to obtain a series of tilted images, the EDS detector is
hidden in a shadow of the frame of the sample holder, mesh,
or sample at a certain tilt angle. Consequently, characteristic
X-rays produced from the sample are cut off, decreasing the
X-ray intensity. Also, the brightness levels of elemental map-
ping images decrease. These present the problem that the
accuracy of three-dimensional images will deteriorate.

SUMMARY OF THE INVENTION

[0008] Inview ofthe foregoing problem, the present inven-
tion has been made. One object associated with some aspects
of the present invention is to provide a method and image
processor capable of constructing an accurate three-dimen-
sional image. Another object associated with some aspects of
the present invention is to provide an electron microscope
including this image processor.

[0009] (1) A method associated with the present invention
to construct a three-dimensional image starts with obtaining a
first series of tilted images which are constituted by electron
microscope images or elemental mapping images of a sample
at different tilt angles and which have been obtained by tilting
the sample in a plurality of angular increments. Then, a sec-
ond series of tilted images which are constituted by electron
microscope images or elemental mapping images of the
sample at different tilt angles are obtained. The second series
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of tilted images has been obtained by rotating the sample
about an axis perpendicular to a surface of the sample and
then tilting the sample in a plurality of angular increments.
The three-dimensional image is constructed on the basis of
the first and second series of tilted images.

[0010] In this method of constructing a three-dimensional
image, the three-dimensional image is constructed on the
basis of the first and second series of tilted images. Therefore,
a three-dimensional image can be constructed by replacing
electron microscope images or elemental mapping images
which are included in the electron microscope images or
elemental mapping images constituting the first series of
tilted images and which have deteriorated in brightness level
because signals arising from the sample such as secondary
electrons and characteristic X-rays were cut off by a sample
holder and so on by the electron microscope images or
elemental mapping images constituting the corresponding
second series of tilted images. This can reduce the depen-
dence of the elemental mapping images forming the series of
tilted images for constructing a three-dimensional image on
tilt angle. Consequently, an accurate three-dimensional
image can be derived.

[0011] (2) In one feature of this method of constructing a
three-dimensional image, there may be further provided the
step of rotating the sample through 180 degrees about an axis
perpendicular to the surface of the sample after the step of
obtaining the first series of tilted images and prior to the step
of obtaining the second series of tilted images.

[0012] In this method of constructing a three-dimensional
image, the electron microscope images or elemental mapping
images constituting the second series of tilted images can be
made to correspond to the electron microscope images or
elemental mapping images constituting the first series of
tilted images by rotating the electron microscope images or
elemental mapping images constituting the second series of
tilted images through 180 degrees. In consequence, the elec-
tron microscope images or elemental mapping images con-
stituting the first series of tilted images can be easily replaced
by the electron microscope images or elemental mapping
images constituting the second series of tilted images.
[0013] (3) In another feature of this method of constructing
athree-dimensional image, during the step of constructing the
three-dimensional image, the second series of tilted images
may be rotated to the same orientation as the first series of
tilted images. Some of the electron microscope images or
elemental mapping images of the sample constituting the first
series of tilted images may be replaced by some of the elec-
tron microscope images or elemental mapping images of the
sample constituting the second series of tilted images so as to
create a third series of tilted images, thus constructing the
three-dimensional image.

[0014] In this method of constructing a three-dimensional
image, the dependence of the elemental mapping images
constituting the third series of tilted images on tilt angle can
bereduced. As a consequence, an accurate three-dimensional
image can be derived.

[0015] (4) Another method associated with the present
invention to construct a three-dimensional image starts with
obtaining a first series of tilted images which are constituted
by electron microscope images or elemental mapping images
of a sample at different tilt angles and which have been
obtained by tilting the sample in a plurality of angular incre-
ments. Then, a second series of tilted images which are con-
stituted by electron microscope images or elemental mapping
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images of the sample at different tilt angles and which have
been obtained by turning the sample upside down and then
tilting the sample in a plurality of angular increments is
obtained. The three-dimensional image is constructed on the
basis of the first and second series of tilted images.

[0016] In this method of constructing a three-dimensional
image, the three-dimensional image is constructed on the
basis of the first and second series of tilted images. Therefore,
a three-dimensional image can be formed by replacing elec-
tron microscope images or elemental mapping images which
are included in the electron microscope images or elemental
mapping images constituting the first series of tilted images
and which have deteriorated in brightness level because sig-
nals arising from the sample were cut oft by a sample holder
and so on by the electron microscope images or elemental
mapping images constituting the corresponding second series
of tilted images. This can reduce the dependence of the
elemental mapping images forming the series of tilted images
for constructing a three-dimensional image on tilt angle. Con-
sequently, an accurate three-dimensional image can be
derived.

[0017] (5) In one feature of this method of constructing a
three-dimensional image, there may be further provided the
step of turning the sample upside down after the step of
obtaining the first series of tilted images and prior to the step
of obtaining the second series of tilted images.

[0018] (6) In another feature of this method of constructing
athree-dimensional image, the three-dimensional image may
be constructed by reversing the second series of tilted images
to the same orientation as the first series of tilted images and
replacing some of the electron microscope images or elemen-
tal mapping images of the sample constituting the first series
of'tilted images by some of the electron microscope images or
elemental mapping images of the sample constituting the
second series of tilted images so as to create a third series of
tilted images.

[0019] In this method of constructing a three-dimensional
image, the dependence of the elemental mapping images
forming the third series of tilted images on tilt angle can be
reduced. Consequently, an accurate three-dimensional image
can be derived.

[0020] (7) In one feature of any one of these methods of
constructing a three-dimensional image, the elemental map-
ping images of the sample may be obtained by irradiating the
sample with an electron beam to induce X-rays and detecting
the X-rays by an energy dispersive X-ray detector.

[0021] In this method of constructing a three-dimensional
image, an accurate three-dimensional elemental distribution
image can be obtained.

[0022] (8) An image processor associated with the present
invention comprises: a first series tilted image acquisition
portion for obtaining a first series of tilted images which are
constituted by electron microscope images or elemental map-
ping images of a sample at different tilt angles and which have
been obtained by tilting the sample in a plurality of angular
increments; a second series tilted image acquisition portion
for obtaining a second series of tilted images which are con-
stituted by electron microscope images or elemental mapping
images of the sample at different tilt angles and which have
been obtained by rotating the sample about an axis perpen-
dicular to a surface of the sample and then tilting the sample
in a plurality of angular increments; and a three-dimensional
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image constructing portion for constructing a three-dimen-
sional image on the basis of the first and second series oftilted
images.

[0023] In this image processor, a three-dimensional image
is constructed on the basis of the first and second series of
tilted images and, therefore, a three-dimensional image can
be constructed by replacing electron microscope images or
elemental mapping images which are included in the electron
microscope images or elemental mapping images constitut-
ing the first series of tilted images and which have deterio-
rated in brightness level because signals emanating from the
sample were cut off by a sample holder and so on by the
electron microscope images or elemental mapping images
constituting the corresponding second series of tilted images.
Consequently, the dependence of the elemental mapping
images constituting the series of tilted images for construct-
ing a three-dimensional image on tilt angle can be reduced.
Hence, an accurate three-dimensional image can be obtained.
[0024] (9)Inone feature of this image processor, the second
series of tilted images may be constituted by electron micro-
scope images or elemental mapping images of the sample
obtained after rotating the sample about an axis perpendicular
to the surface of the sample through 180 degrees when the
sample is in the same state as when the first series of tilted
images was obtained.

[0025] In this image processor, the electron microscope
images or elemental mapping images constituting the second
series of tilted images can be made to correspond to the
electron microscope images or elemental mapping images
constituting the first series of tilted images by rotating the
electron microscope images or elemental mapping images
constituting the second series of tilted images through 180
degrees. Consequently, the electron microscope images or
elemental mapping images constituting the first series of
tilted images can be easily replaced by the electron micro-
scope images or elemental mapping images constituting the
second series of tilted images.

[0026] (10) In another feature of this image processor, the
three-dimensional image constructing portion may construct
the three-dimensional image by rotating the second series of
tilted images to the same orientation as the first series of tilted
images and replacing some of the electron microscope
images or elemental mapping images of the sample consti-
tuting the first series of tilted images by some of the electron
microscope images or elemental mapping images of the
sample constituting the second series of tilted images so as to
create a third series of tilted images.

[0027] This image processor permits the dependence of the
elemental mapping images constituting the third series of
tilted images on tilt angle to be reduced and so an accurate
three-dimensional image can be obtained.

[0028] (11) Another image processor associated with the
present invention comprises: a first series tilted image acqui-
sition portion for obtaining a first series of tilted images which
are constituted by electron microscope images or elemental
mapping images of a sample at different tilt angles and which
have been obtained by tilting the sample in a plurality of
angular increments; a second series tilted image acquisition
portion for obtaining a second series of tilted images which
are constituted by electron microscope images or elemental
mapping images of the sample at different tilt angles and
which have been obtained by turning the sample upside down
and then tilting the sample in a plurality of angular incre-
ments; and a three-dimensional image constructing portion
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for constructing a three-dimensional image on the basis of the
first and second series of tilted images.

[0029] In this image processor, a three-dimensional image
is constructed on the basis of the first and second series of
tilted images and so a three-dimensional image can be fabri-
cated by replacing electron microscope images or elemental
mapping images which are included in the electron micro-
scope images or elemental mapping images constituting the
first series of tilted images and which have deteriorated in
brightness level because signals emanating from the sample
were cut off by a sample holder and so on by the electron
microscope images or elemental mapping images constitut-
ing the corresponding second series of tilted images. Conse-
quently, the dependence of the elemental mapping images
constituting the series of tilted images for constructing a
three-dimensional image on tilt angle can be reduced. As a
result, an accurate three-dimensional image can be derived.
[0030] (12) In one feature of this image processor, the
three-dimensional image constructing portion may construct
the three-dimensional image by reversing the second series of
tilted images to the same orientation as the first series of tilted
images and replacing some of the electron microscope
images or elemental mapping images of the sample consti-
tuting the first series of tilted images by some of the electron
microscope images or elemental mapping images of the
sample constituting the second series of tilted images so as to
create a third series of tilted images.

[0031] In this image processor, the dependence of the
elemental mapping images constituting the third series of
tilted images on tilt angle can be reduced and so an accurate
three-dimensional image can be obtained.

[0032] (13) In one feature of these image processors, the
elemental mapping images of the sample may be obtained by
irradiating the sample with an electron beam to induce X-rays
and detecting the X-rays by an energy dispersive X-ray detec-
tor.

[0033] Inthese image processors, an accurate three-dimen-
sional elemental distribution image can be obtained.

[0034] (14) An electron microscope associated with the
present invention includes an image processor as herein
described.

[0035] In this electron microscope, an accurate three-di-
mensional image can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG.1 is a schematic representation, partly in block
form, of an electron microscope including an image processor
associated with one embodiment of the present invention.
[0037] FIGS. 2 and 3 are diagrams illustrating the operation
of'a sample stage included in the microscope shown in FIG. 1.
[0038] FIGS. 4 and 5 are schematic representations illus-
trating the positional relationship between an EDS detector
and a sample.

[0039] FIG. 6 is a flowchart illustrating one example of a
method associated with one embodiment of the present inven-
tion to construct a three-dimensional image.

[0040] FIG. 7 is a TEM image of a sample consisting of a
coated film.
[0041] FIG. 8 shows some of elemental mapping images

that constitute a first series of tilted images.

[0042] FIG. 9 shows some of elemental mapping images
that constitute a second series of tilted images.
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[0043] FIG. 10 is an elemental mapping image formed at a
tilt angle of 0 degree and constituting the first series of tilted
images.

[0044] FIG. 11 is a graph showing a relationship between
X-ray counts for the first series of tilted images and tilt angle.
[0045] FIG. 12 is a graph showing a relationship between
X-ray counts for the third series of tilted images and tilt angle.

[0046] FIG. 13 shows constructed three-dimensional
images.
[0047] FIGS. 14 and 15 are diagrams illustrating the opera-

tion of the sample stage.

[0048] FIG. 16 is a flowchart illustrating one example of
method of associated with a first modification to fabricate a
three-dimensional image.

DESCRIPTION OF THE INVENTION

[0049] The preferred embodiments of the present invention
are hereinafter described in detail with reference to the draw-
ings. It is to be understood that the embodiments provided
below do not unduly restrict the scope and content of the
present invention delineated by the appended claims and that
not all the configurations described below are essential con-
stituent components of the invention.

1. Image Processor and Electron Microscope

[0050] An electron microscope including an image proces-
sor associated with one embodiment of the present invention
is first described by referring to FIG. 1, which schematically
shows the configuration of the electron microscope, 1000,
including the image processor, 100, associated with the
present embodiment. In FIG. 1, the polepieces of an objective
lens 14 are omitted from being shown for the sake of conve-
nience.

[0051] The electron microscope 1000 includes a micro-
scope body 10 and the image processor 100 as shown in FIG.
1.

[0052] For example, the microscope body 10 has the struc-
ture of a scanning transmission electron microscope (STEM).
A scanning transmission electron microscope is an instru-
ment for scanning an electron probe over a sample S, detect-
ing electrons transmitted through the sample S, and obtaining
an STEM image. The microscope body 10 is equipped with
an energy dispersive X-ray spectrometer (also referred to as
an EDS detector) 20.

[0053] The electron microscope body 10 includes an elec-
tron beam source 11, a condenser lens system 12, a scan
deflector 13, the objective lens 14, a sample stage 15, asample
holder 16, an intermediate lens 17, a projector lens 18, a
transmitted electron detector 19, the EDS detector 20, a
deflector controller 30, a stage controller 32, and a multichan-
nel analyzer (MCA) 34.

[0054] The electron beam source 11 produces an electron
beam EB by accelerating electrons, which are emitted from a
cathode, by means of an anode. For example, an electron gun
can be used as the electron beam source 11. No restriction is
placed on the electron gun used as the electron beam source
11. For example, a thermionic-emission electron gun, a ther-
mal field-emission electron gun, a cold field emission elec-
tron gun, or other electron gun can be used.

[0055] The condenser lens system 12 is disposed behind
(on the downstream side as viewed along the stream of the
electron beam EB) the electron beam source 11. The electron
beam EB produced by the electron beam source 11 is focused



US 2016/0079031 Al

onto the sample S by the condenser lens system 12. The
condenser lens system 12 may be configured including a
plurality of lenses (not shown).

[0056] The scan deflector 13 is disposed behind the con-
denser lens system 12. The scan deflector 13 scans the elec-
tron beam EB (electron probe) over the sample S by deflect-
ing the beam EB which, in turn, has been focused by both
condenser lens system 12 and objective lens 14. The deflector
13 has deflection coils for deflecting the beam EB. The opera-
tion of the scan deflector 13 is controlled by the deflector
controller 30. The controller 30 controls the operation of the
scan deflector 13 on the basis of a scan signal generated by a
control signal generator 112 (described later).

[0057] Theobjective lens 14 is located behind the scan coils
of'the scan deflector 13. The objective lens 14 is used to focus
the electron beam EB onto the sample S.

[0058] The sample stage 15 holds the sample S. In the
illustrated example, the sample stage 15 holds the sample S
via the sample holder 16. The sample stage 15 can place the
sample S in position by moving and stopping the sample
holder 16. The sample stage 15 can move the sample S in a
horizontal direction perpendicular to the direction of travel of
the electron beam EB and in a vertical direction that is along
the direction of travel of the beam EB.

[0059] FIGS. 2 and 3 illustrate the operation of the sample
stage 15. FIG. 3 shows a state in which the sample S has been
rotated through 180 degrees about an axis P.

[0060] The sample stage 15 can tilt the sample S, for
example, about a tilted axis TA perpendicular to the optical
axis, for example, within a range of 60 degrees.

[0061] As shownin FIGS. 2 and 3, the sample stage 15 can
rotate the sample S about the axis P perpendicular to a surface
Sf of the sample S, for example, through 180 degrees. For
example, the sample surface Sfis a virtual plane representing
a surface of the sample S on which the electron beam EB
impinges when this surface is assumed to be planar. The
sample stage 15 is controlled by the stage controller 32.
[0062] In the illustrated example, the sample stage 15 is a
side entry stage for inserting the sample S from a side of the
polepieces (not shown) of the objective lens 14. Alternatively,
the sample stage 15 may be a top-loading stage for inserting
the sample S from above the polepieces in an unillustrated
manner.

[0063] The intermediate lens 17 is disposed behind the
objective lens 14. The projector lens 18 is located behind the
intermediate lens 17. The intermediate lens 17 and projector
lens 18 cooperate to guide the electron beam EB transmitted
through the sample S to the transmitted electron detector 19.
For example, the intermediate lens 17 and projector lens 18
project and focus an image plane or back focal plane of the
objective lens 14, where a diffraction pattern is formed, onto
the electron detector 19.

[0064] The transmitted electron detector 19 is disposed
behind the projector lens 18 and detects electrons transmitted
through the sample S. An STEM image can be obtained by
imaging the output signal from the transmitted electron detec-
tor 19 in synchronism with the scan signal.

[0065] The EDS detector 20 detects characteristic X-rays
emanating from the sample S when it is irradiated with the
electron beam EB. A silicon drift detector (SDD), a Si (Li)
detector, or the like can be used as the EDS detector 20.
Output pulses from the EDS detector 20 are sent to the mul-
tichannel analyzer 34.

Mar. 17,2016

[0066] The multichannel analyzer 34 is a pulse-height ana-
lyzer having a plurality of channels. The analyzer 34 counts
the output pulses from the EDS detector 20 for each energy of
X-rays, generates information about an EDS spectrum, and
sends this information to a processing section 110 (see FIG.
1).

[0067] FIGS. 4 and 5 schematically show the positional
relationship between the EDS detector 20 and the sample S in
the electron microscope 1000. FIG. 4 shows a state in which
the sample S is placed horizontally. FIG. 5 shows a state in
which the sample S is at an angle.

[0068] Asshown in FIGS. 4 and 5, the objective lens 14 has
an upper polepiece 14a and a lower polepiece 145 and pro-
duces a magnetic field between the upper polepiece 14a and
the lower polepiece 145 to focus the electron beam EB. The
sample stage 15 places the sample S, which is held on the
sample holder 16, for example, between the upper polepiece
14a and the lower polepiece 145 of the objective lens 14. The
gap between the upper polepiece 14a and the lower polepiece
145 is so sized that even if the sample S is tilted at a large angle
by the sample stage 15, no mechanical interference will
occur.

[0069] As shown in FIGS. 4 and 5, the EDS detector 20 is
located at a side of the objective lens 14. More specifically, the
EDS detector 20 lies in a direction A that is perpendicular to
the tilted axis TA and also to the optical axis (direction of
travel of the electron beam EB), as viewed from the objective
lens 14. Since the sample S is located between the upper
polepiece 14a and the lower polepiece 145 of the objective
lens 14, the EDS detector 20 is located beside the sample S,
i.e., located in the direction A as viewed from the sample S.
Since the EDS detector 20 is located at a side of the sample
(objective lens 14), at a certain tilt angle, at least some of
characteristic X-rays emanating from the sample S are cut off
by the sample holder 16 and the sample S itself and not
detected by the EDS detector 20 as shown in FIG. 5.

[0070] Referring back to FIG. 1, the electron microscope
body 10 is installed on a pedestal 42 via vibration isolators 40.
[0071] The image processor 100 constructs a three-dimen-
sional elemental distribution image of the sample S by EDS
tomography. As shown in FIG. 1, the image processor 100
includes the processing section 110, a manual control unit
120, a display device 122, a storage device 124, and a data
storage medium 126.

[0072] The manual control unit 120 obtains a manual con-
trol signal responsive to a user’s manipulation or action and
sends the signal to the processing section 110. The manual
control unit 120 is made of buttons, keys, a touch panel
display, a microphone, or the like.

[0073] The display device 122 displays images generated
by the processing section 110. The function of the display
device 122 can be implemented by an LCD, a CRT, or the like.
The display device 122 displays a three-dimensional distri-
bution image, for example, of the sample S generated by the
processing section 110. Furthermore, the display device 122
can display elemental mapping images constituting first and
second series of tilted images respectively obtained by a first
series tilted image acquisition portion 114 and a second series
tilted image acquisition portion 116 described later.

[0074] The storage device 124 acts as a working area for the
processing section 110. The function of the storage device
124 is implemented by a RAM or the like. Computer pro-
grams, data, and related information permitting the process-
ing section 110 to perform various control operations and
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computational operations are stored in the storage device 124.
The storage device 124 is used also to temporarily store the
results of computations performed by the processing section
110 in accordance with various programs.

[0075] The data storage medium 126 that is a computer-
readable medium stores computer programs, data, and related
information. The function of the storage medium 126 is
implemented by an optical disc (such as a CD ora DVD), a
magnetooptical disc (MO), a magnetic disc, hard disc, mag-
netic tape, memory (ROM), or the like. The processing sec-
tion 110 performs various kinds of processing of the present
embodiment on the basis of program and data stored in the
data storage medium 126. Programs for causing a computer to
operate as various portions of the processing section 110 can
be stored in the storage medium 126.

[0076] The processing section 110 performs various kinds
of control operations and computational operations in accor-
dance with computer programs stored in the data storage
medium 126. The processing section 110 operates as the
control signal generator 112, a two-dimensional image gen-
erator 113, the first series tilted image acquisition portion
114, the second series tilted image acquisition portion 116,
and a three-dimensional image constructing portion 118
described later by executing programs stored in the data stor-
age medium 126. The functions of the processing section 110
can be implemented by hardware such as various processors
(e.g., CPU and DSP) or ASIC (e.g., gate array) or by software.
At least a part of the processing section 110 may be realized
by hardware such as dedicated circuitry.

[0077] The control signal generator 112 generates various
control signals and outputs them to the deflector controller 30,
stage controller 32, and other devices. For example, the con-
trol signal generator 112 generates a scan signal and outputs
it to the deflector controller 30. Furthermore, the control
signal generator 112 generates a control signal for tilting the
sample S in a plurality of angular increments and outputs the
signal to the stage controller 32. In addition, the control signal
generator 112 generates a control signal for rotating the
sample S through a given angle such as 180 degrees about the
axis P and outputs this signal to the stage controller 32.
[0078] The two-dimensional image generator 113 accepts
the EDS spectrum information delivered from the multichan-
nel analyzer 34 and generates an elemental mapping image
(two-dimensional elemental distribution image) of the
sample S. The two-dimensional image generator 113 obtains
information about the X-ray intensities intrinsic to individual
chemical elements on the basis of the EDS spectrum infor-
mation and generates an elemental mapping image by syn-
chronizing a brightness signal responsive to the intensities
with the scan signal.

[0079] The first series tilted image acquisition portion 114
accepts the elemental mapping image information delivered
from the two-dimensional image generator 113 and obtains
an elemental mapping image. The first series tilted image
acquisition portion 114 obtains a first series of tilted images
by deriving elemental mapping images at different tilt angles
which have been obtained by tilting the sample S in angular
increments. For example, the first series tilted image acqui-
sition portion 114 obtains the first series of tilted images by
obtaining 25 elemental mapping images which are obtained
when the sample S is tilted in 25 angular increments of 5
degrees from +60 degrees to —60 degrees.

[0080] The second series tilted image acquisition portion
116 obtains elemental mapping images after the sample S has
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been rotated through 180 degrees about the axis P when the
sample S is in the same state as when the elemental mapping
images constituting the first series of tilted images were
obtained. Information about the latter elemental mapping
images is output from the two-dimensional image generator
113.

[0081] Assuming that the elemental mapping images con-
stituting the first series of tilted images are obtained under the
state (i.e., the orientation) of the sample S shown in FI1G. 2, the
elemental mapping images constituting the second series of
tilted images are obtained under the state of the sample S
shown in FIG. 3.

[0082] The second series tilted image acquisition portion
116 obtains the second series of tilted images by obtaining
elemental mapping images at different tilt angles by tilting the
sample S, which has been rotated, in the angular increments.
That is, the second series of tilted images is made up of a
plurality of elemental mapping images obtained at different
tilt angles. For example, the second series tilted image acqui-
sition portion 116 obtains the second series of tilted images by
tilting the sample S in 25 angular increments of 5 degrees
from +60 degrees to —60 degrees so as to obtain 25 elemental
mapping images. The elemental mapping images constituting
the second series of tilted images are obtained, for example,
under the same measuring conditions as for the elemental
mapping images constituting the first series of tilted images.
That is, the elemental mapping images constituting the first
series of tilted images and the elemental mapping images
constituting the second series of tilted images are identical,
for example, in field of view for measurement and in dose of
the electron beam EB. They are obtained using the same range
of'tilt angles and the same angular increment.

[0083] The three-dimensional image constructing portion
118 builds a three-dimensional image on the basis of the first
and second series of tilted images. The 3D image constructing
portion 118 rotates the elemental mapping images constitut-
ing the second series of tilted images to the same orientation
as the elemental mapping images constituting the first series
of tilted images. The 3D image constructing portion 118
replaces some of the elemental mapping images constituting
the first series of tilted images by some of the elemental
mapping images constituting the second series of tilted
images so as to create a third series of tilted images.

[0084] Forexample, the 3D image constructing portion 118
creates the third series of tilted images by replacing elemental
mapping images having lower levels of brightness (lower
X-ray counts) out of the elemental mapping images consti-
tuting the first series of tilted images by the elemental map-
ping images constituting the second series of tilted images.
For example, the 3D image constructing portion 118 mea-
sures the brightness levels of the elemental mapping images
constituting the first series of tilted images and selects
elemental mapping images of lower brightness levels to be
replaced.

[0085] The three-dimensional image constructing portion
118 may subject the elemental mapping images lying in a
predetermined angular range to replacement. This angular
range of mapping images subject to replacement can be set by
previously empirically or computationally finding an angular
range in which the brightness levels of the elemental mapping
images decrease because the EDS detector 20 is hidden in the
shadow of the sample holder 16 or of the sample S itself.
[0086] Alternatively, a human operator may check the
elemental mapping images constituting the first series of
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tilted images displayed on the display device 122 and select
elemental mapping images subject to replacement.

[0087] Thus, the three-dimensional image constructing
portion 118 replaces some of the first elemental mapping
images constituting the first series of tilted images by some of
the second elemental mapping images constituting the second
series of tilted images, thus forming a third series of tilted
images.

[0088] The three-dimensional image constructing portion
118 operates to construct a three-dimensional image by
applying a computerized tomography (CT) method to plural
elemental mapping images constituting the created third
series of tilted images. Specifically, the 3D image construct-
ing portion 118 reconstructs cross-sectional images from the
elemental mapping images constituting the third series of
tilted images and superimposes the obtained series of recon-
structed cross-sectional images to construct a three-dimen-
sional image (three-dimensional elemental distribution
image).

2. Method of Constructing Three-Dimensional Image

[0089] A method of constructing a three-dimensional
image of the sample S using the electron microscope 1000
including the image processor 100 associated with the present
embodiment is next described by referring to FIG. 6, which is
a flowchart illustrating one example of the method of con-
structing a three-dimensional image in accordance with the
present embodiment.

[0090] First, a first series of tilted image is obtained (step
S10).
[0091] In particular, the control signal generator 112 gen-

erates a control signal for tilting the sample S in angular
increments and outputs the signal to the stage controller 32.
The stage controller 32 controls the sample stage 15 in
response to the signal to tilt the sample S in the angular
increments. Furthermore, the control signal generator 112
outputs a scan signal for scanning the electron beam EB over
the sample S to the deflector controller 30 at each tilt angle.
Consequently, EDS mapping can be performed at each tilt
angle. The two-dimensional image generator 113 generates
elemental mapping images at different tilt angles.

[0092] The first series tilted image acquisition portion 114
obtains the first series of tilted images by obtaining those
elemental mapping images at different tilt angles which have
been produced by the two-dimensional image generator 113.
[0093] Then, the sample S is rotated through 180 degrees
about the axis P perpendicular to the sample surface Sf (step
S12).

[0094] In particular, the control signal generator 112 gen-
erates a control signal for rotating the sample S through 180
degrees about the axis P and outputs the signal to the stage
controller 32. The stage controller 32 controls the sample
stage 15 in response to the control signal to rotate the sample
S through 180 degrees about the axis P.

[0095] The present step may also be carried out, for
example, by removing the sample S from the sample holder
16 by a human operator, then rotating the sample S through
180 degrees, and reinstalling the sample on the sample holder
16. That is, the present step may be manually conducted by
the operator.

[0096] Then, the second series of tilted images is obtained
(step S14).
[0097] This step S14 can be performed similarly to step S10

except that this step S14 is performed after the sample S is
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rotated through 180 degrees about the axis P and that the
second series tilted image acquisition portion 116 obtains
elemental mapping images at different tilt angles. Further-
more, step S14 is carried out in the same measuring condi-
tions as for step S10. That is, steps S14 and S10 are identical,
for example, in range of tilt angles and in angular increment.
In addition, steps S14 and S10 are identical, for example, in
measuring range and in dose of the electron beam EB.
[0098] In step S14, the second series tilted image acquisi-
tion portion 116 obtains elemental mapping images of the
sample S, which has been rotated through 180 degrees about
the axis P, at different tilt angles and derives a second series of
tilted images.

[0099] Then, a three-dimensional image is constructed
(step S16).
[0100] The three-dimensional image constructing portion

118 constructs a three-dimensional image on the basis of the
first and second series of tilted images. In particular, the 3D
image constructing portion 118 creates a third series of tilted
images by replacing elemental mapping images which are
included in the elemental mapping images constituting the
first series of tilted images and which are lower in brightness
level than other elemental mapping images by the elemental
mapping images constituting the second series of tilted
images. The 3D image constructing portion 118 operates to
apply computerized tomography to the elemental mapping
images constituting the third series of tilted images for gen-
erating a three-dimensional image and to display the gener-
ated three-dimensional image on the display device 122.
Because of the processing steps described so far, a three-
dimensional image (three-dimensional elemental distribution
image) of the sample S can be built.

[0101] The three-dimensional image constructing method
and image processor 100 associated with the present embodi-
ment have the following features. The three-dimensional
image constructing method associated with the present
embodiment comprises the step S10 of obtaining the first
series of tilted images which are constituted by elemental
mapping images at different tilt angles and which have been
obtained by tilting the sample S in a plurality of angular
increments, the step S14 of obtaining the second series of
tilted images which are constituted by elemental mapping
images at different tilt angles and which have been obtained
by rotating the sample S about the axis P when the sample is
in the same state as when the first series of tilted images was
obtained and then tilting the sample S in a plurality of angular
increments, and the step S16 of constructing a three-dimen-
sional image on the basis of the first and second series oftilted
images.

[0102] If the sample S is tilted in increments, the EDS
detector 20 may become hidden in the shadow of any one of
the sample holder 16, mesh holding the sample S, and the
sample S itself at a certain tilt angle, and the generated char-
acteristic X-rays are cut off and the X-ray intensity decreases,
reducing the brightness levels of the elemental mapping
images. In the three-dimensional image constructing method
associated with the present embodiment, a three-dimensional
image can be built by replacing elemental mapping images
which are included in the elemental mapping images consti-
tuting the first series of tilted images and which have
decreased in brightness level because the characteristic
X-rays are cut off as described above by the elemental map-
ping images constituting the corresponding second series of
tilted images. Consequently, the dependence of the elemental
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mapping images constituting the series of tilted images for
constructing a three-dimensional image on tilt angle (i.e.,
variation in brightness level among tilt angles) can be
reduced. Hence, an accurate three-dimensional image can be
obtained.

[0103] In the embodiment associated with the present
embodiment to construct a three-dimensional image, the step
S12 of rotating the sample S through 180 degrees about the
axis P is carried out after the step S10 of obtaining the first
series of tilted images and prior to the step S14 of obtaining
the second series of tilted images. Consequently, the elemen-
tal mapping images constituting the second series of tilted
images can be made to correspond to the elemental mapping
images constituting the first series of tilted images by rotating
the elemental mapping images constituting the second series
of tilted images through 180 degrees. Thus, the elemental
mapping images constituting the first series of tilted images
can be easily replaced by the elemental mapping images
constituting the second series of tilted images.

[0104] In the method associated with the present embodi-
ment to construct a three-dimensional image, a three-dimen-
sional image is fabricated by rotating the elemental mapping
images of the sample S constituting the second series of tilted
images to the same orientation as the elemental mapping
images of the sample S constituting the first series of tilted
images and replacing some of the elemental mapping images
constituting the first series of tilted images by some of the
elemental mapping images constituting the second series of
tilted images so as to create a third series of tilted images.
Consequently, the dependence of the elemental mapping
images constituting the series of tilted images for construct-
ing a three-dimensional image on tilt angle can be reduced
and thus an accurate three-dimensional image can be
obtained.

[0105] In the image processor 100, the three-dimensional
image constructing portion 118 constructs a three-dimen-
sional image on the basis of the first and second series oftilted
images and so the dependence of the elemental mapping
images constituting the series of tilted images for construct-
ing a three-dimensional image on tilt angle can be reduced as
described previously. As a result, an accurate three-dimen-
sional image can be derived.

[0106] The electron microscope 1000 includes the image
processor 100 and, therefore, an accurate three-dimensional
image can be obtained.

3. Examples

[0107] The present embodiment is described in further
detail below by taking its examples. However, the present
invention is not restricted thereby.

(1) Sample

[0108] A coated film sectioned into ultrathin slices by a
microtome was used as a sample.

(2) Acquisition of Series of Tilted Images

[0109] First, the sample was tilted in a plurality of angular
increments to perform EDS mapping at each tilt angle. An
elemental mapping image at each tilt angle was acquired, thus
obtaining a first series of tilted images. Then, the sample was
rotated through 180 degrees relative to a line perpendicular to
the sample surface. In particular, a sample was rotated
through 180 degrees about a vertical axis while kept placed
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horizontally, i.e., at a tilt angle of O degree. Then, the rotated
sample was tilted in angular increments to perform EDS
mapping at each tilt angle. Thus, an elemental mapping image
was acquired at each tilt angle. In this way, a second series of
tilted images was obtained.

[0110] The measurements were performed using JEM-
2100F (a transmission electron microscope manufactured by
JEOL Ltd.). A solid state detector (SDD) of 60 mm? was used
as an EDS detector.

[0111] The measuring conditions under which the first
series of tilted images was obtained and the measuring con-
ditions under which the second series of tilted images was
obtained were made identical. In particular, the angular incre-
ment was 5 degrees. The angular range of'tilt angles was from
-60 degrees to +60 degrees. That is, each of the first and
second series of tilted images is made up of 25 elemental
mapping images at different tilt angles. The size of each
elemental mapping image was 256x256 pixels.

(3) Results of Measurements

[0112] FIG. 7 is a transmission electron microscope image
of a sample made of a coated film. FIG. 8 shows some of
elemental mapping images of Ti Ko line constituting the first
series of tilted images. FIG. 9 shows some of elemental map-
ping images of Ti Ka line constituting the second series of
tilted images.

(4) Construction of Three-Dimensional Image

[0113] First, a relationship between the tilt angle at which
each elemental mapping image constituting the first series of
tilted images was obtained and the brightness level was
found.

[0114] FIG. 10 is an elemental mapping image at a tilt angle
of'0° constituting the first series of tilted images. One particle
surrounded by the dotted square in FIG. 10 was noticed. The
tilt angle was plotted on the horizontal axis, while X-ray
count of Ti Ka line produced from this particle was plotted on
the vertical axis. The results are shown in FIG. 11.

[0115] Itisseen from FIG. 11 that the X-ray count dropped
extremely in the neighborhood of a tilt angle +20° (+5° to
+35°). It is considered that characteristic X-rays emanating
from the sample are cut off by the sample holder and so on.
From the results shown in FIG. 11, the angular range of tilt
angles at which the elemental mapping images subject to
replacement were obtained has been set to be from +5° to
+60° in which the X-ray counts were relatively low.

[0116] Then, the elemental mapping images obtained at tilt
angles of +5° to +60° and constituting the first series of tilted
images were replaced by the elemental mapping images
obtained in the corresponding range of tilt angles and consti-
tuting the second series of tilted images. At this time, the
elemental mapping images constituting the second series of
tilted images which were replacements were rotated through
180 degrees to the same orientation as the elemental mapping
images constituting the first series of tilted images. In this
way, a third series of tilted images was created.

[0117] FIG. 12 is a graph showing a relationship between
X-ray count and tilt angle in the third series of tilted images.
The graph shown in FIG. 12 was generated in the same way as
the graph shown in FIG. 11. That is, one particle surrounded
by the dotted square shown in FIG. 10 was noticed. Tilt angle
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was plotted on the horizontal axis, while X-ray count for Ti
Kaline produced from this particle was plotted on the vertical
axis.

[0118] It is observed from the graph of FIG. 12 that the
X-ray counts in the neighborhood of the tilt angle of +20° did
not drop. That is, it can be said that the third series of tilted
images has less dependence on tilt angle than the first series of
tilted images.

[0119] A three-dimensional image was then constructed by
computerized tomography from the 25 elemental mapping
images of Ti constituting the third series of tilted images.
Similarly, three-dimensional images were constructed from
elemental mapping images of Fe, Si, and O, respectively.
[0120] FIG. 13 shows the constructed three-dimensional
images. Shown in FIG. 13 are a dark field (DF) STEM image,
a three-dimensional elemental distribution image of Ti, a
three-dimensional elemental distribution image of Fe, a
three-dimensional elemental distribution image of Si, a three-
dimensional elemental distribution image of O, and a super-
imposition of the three-dimensional distribution images of T1,
Fe, Si, and O.

[0121] As shown in FIG. 13, the distributions of the ele-
ments are observed clearly and thus accurate three-dimen-
sional elemental distribution images have been obtained.

4. Modifications

[0122] Itistobeunderstood thatthe present invention is not
restricted to the above-described embodiment but rather can
be implemented in various forms without departing from the
gist of the present invention.

(1) First Modification

[0123] A first modification is first described. Only difter-
ences with the above-described examples of image processor
100 and electron microscope 1000 are described. A descrip-
tion of similarities is omitted.

[0124] In the image processor 100 described above, the
second series tilted image acquisition portion 116 obtains a
second series of tilted images which constitute elemental
mapping images at different tilt angles and which have been
derived by tilting the sample S in plural angular increments
after the sample S has been rotated about the axis P through
180 degrees.

[0125] In contrast, in the present modification, the second
series tilted image acquisition portion 116 obtains a second
series of tilted images which consist of elemental mapping
images at different tilt angles and which have been obtained
by tilting the sample S in plural angular increments after the
sample S is turned upside down when the sample S is in the
same state as when the elemental mapping images constitut-
ing the first series of tilted images were obtained.

[0126] The sample stage 15 can turn the sample S upside
down. FIGS. 14 and 15 illustrate the operation of the sample
stage 15. The sample stage 15 can turn the sample S upside
down as shown in FIG. 15, for example, when the stage 15 is
in the state shown in FIG. 14 by rotating the sample S about
the tilted axis TA through 180 degrees.

[0127] A method associated with the present modification
to construct a three-dimensional image is next described by
referring to FIG. 16, which is a flowchart illustrating one
example of the method of constructing a three-dimensional
image in accordance with the first modification.
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[0128] First, a first series of tilted images is obtained (step
S10). This step S10 is the same as the step S10 already
described in connection with FIG. 6 and so a description
thereof is omitted.

[0129] Then, the sample S is turned upside down (step
S13).
[0130] In particular, the control signal generator 112 gen-

erates a control signal for turning the sample S upside down
(i.e., rotating the sample S about the tilted axis TA through
180 degrees) and outputs the signal to the stage controller 32.
The stage controller 32 controls the sample stage 15 on the
basis of this control signal and turns the sample S upside
down.

[0131] Alternatively, the present step may be carried out by
turning the sample S upside down and reinstalling the sample
S on the holder 16 after the operator removes the sample S
from the sample holder 16.

[0132] Then, a second series of tilted image is obtained
(step S14). This step S14 is similar to the step S14 illustrated
in FIG. 6 except that this step S14 of FIG. 16 is performed
after the sample S has been reversed and so a description of
the step S14 of FIG. 16 is omitted.

[0133] A three-dimensional image is then constructed (step
S16). This step S16 is similar to the step S16 illustrated in
FIG. 6 except that the three-dimensional image constructing
portion 118 reverses the elemental mapping images consti-
tuting the second series of tilted images to the same orienta-
tion as the elemental mapping images constituting the first
series of tilted images and so a description of this step S16 of
FIG. 16 is omitted.

[0134] Because of the processing steps described so far, a
three-dimensional elemental distribution image of the sample
S can be fabricated.

[0135] The three-dimensional image constructing method
and image processor associated with the present modification
can yield advantageous effects similar to those produced by
the above-described three-dimensional image constructing
method and image processor 100 associated with the present
embodiment.

(2) Second Modification

[0136] A second modification is next described. The above-
described electron microscope 1000 is equipped with the
EDS detector 20 as shown in FIG. 1. Alternatively, the micro-
scope may be equipped with other detector. For example, the
electron microscope 1000 may be equipped with a secondary
electron detector instead of the EDS detector 20.

[0137] The secondary electron detector is disposed, for
example, in a position similar to that of the EDS detector 20.
Therefore, where a secondary electron detector is used, there
is the problem that secondary electrons emanating from the
sample S are cut off by the sample holder 16 and the sample
S itself at certain angles in the same way as for the EDS
detector 20. At this time, the image processor 100 performs
processing similar to the processing in the above-described
embodiment to construct a three-dimensional image from
secondary electron images which are examples of electron
microscope images. Consequently, an accurate three-dimen-
sional image can be fabricated from secondary electron
images.

[0138] Note that the above-described embodiment and
modifications are merely exemplary and that the present
invention is not restricted thereto. For example, the embodi-
ment and modifications can be combined appropriately.
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[0139] The present invention embraces configurations
(e.g., configurations identical in function, method, and results
or identical in purpose and advantageous effects) which are
substantially identical to the configurations described in the
above embodiment. Furthermore, the invention embraces
configurations which are similar to the configurations
described in the above embodiment except that their nones-
sential portions have been replaced. Additionally, the inven-
tion embraces configurations which are identical in advanta-
geous effects to, or which can achieve the same object as, the
configurations described in the above embodiment. Further,
the invention embraces configurations which are similar to
the configurations described in the above embodiment except
that a well-known technique is added.

[0140] Having thus described my invention with the detail
and particularity required by the Patent Laws, what is desired
protected by Letters Patent is set forth in the following claims.

The invention claimed is:

1. A method of constructing a three-dimensional image,
comprising the steps of:

obtaining a first series of tilted images which are consti-

tuted by electron microscope images or elemental map-
ping images of a sample at different tilt angles and which
have been obtained by tilting the sample in a plurality of
angular increments;

obtaining a second series of tilted images which are con-

stituted by electron microscope images or elemental
mapping images of the sample at different tilt angles and
which have been obtained by rotating the sample about
anaxis perpendicular to a surface of the sample when the
sample is in the same state as when the first series of
tilted images was obtained and then tilting the sample in
a plurality of angular increments; and

constructing the three-dimensional image on the basis of

the first and second series of tilted images.

2. The method of constructing a three-dimensional image
as set forth in claim 1, further comprising the step of rotating
the sample through 180 degrees about an axis perpendicular
to the surface of the sample after the step of obtaining the first
series of tilted images and prior to the step of obtaining the
second series of tilted images.

3. The method of constructing a three-dimensional image
as set forth in claim 1, wherein, during the step of constructing
the three-dimensional image, said second series of tilted
images is rotated to the same orientation as said first series of
tilted images and some of the electron microscope images or
elemental mapping images of the sample constituting the first
series of tilted images are replaced by some of the electron
microscope images or elemental mapping images of the
sample constituting the second series of tilted images so as to
create a third series of tilted images, thus constructing the
three-dimensional image.

4. The method of constructing a three-dimensional image
as set forth in claim 1, wherein said elemental mapping
images of the sample are obtained by irradiating the sample
with an electron beam to induce X-rays and detecting the
X-rays by an energy dispersive X-ray detector.

5. A method of constructing a three-dimensional image,
comprising the steps of:

obtaining a first series of tilted images which are consti-

tuted by electron microscope images or elemental map-
ping images of a sample at different tilt angles and which
have been obtained by tilting the sample in a plurality of
angular increments;
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obtaining a second series of tilted images which are con-
stituted by electron microscope images or elemental
mapping images of the sample at different tilt angles and
which have been obtained by turning the sample upside
down when the sample is in the same state as when the
first series of tilted images was obtained and then tilting
the sample in a plurality of angular increments; and

constructing the three-dimensional image on the basis of
the first and second series of tilted images.

6. The method of constructing a three-dimensional image
as set forth in claim 5, further comprising the step of turning
the sample upside down after the step of obtaining said first
series of tilted images and prior to the step of obtaining said
second series of tilted images.

7. The method of constructing a three-dimensional image
as set forth in claim 5, wherein said three-dimensional image
is constructed by reversing said second series of tilted images
to the same orientation as said first series of tilted images and
replacing some of the electron microscope images or elemen-
tal mapping images of the sample constituting the first series
of'tilted images by some of the electron microscope images or
elemental mapping images of the sample constituting the
second series of tilted images so as to create a third series of
tilted images.

8. An image processor comprising:

afirst series tilted image acquisition portion for obtaining a
first series of tilted images which are constituted by
electron microscope images or elemental mapping
images of a sample at different tilt angles and which have
been obtained by tilting the sample in a plurality of
angular increments;

a second series tilted image acquisition portion for obtain-
ing a second series of tilted images which are constituted
by electron microscope images or elemental mapping
images of the sample at different tilt angles and which
have been obtained by rotating the sample about an axis
perpendicular to a surface of the sample when the
sample is in the same state as when the first series of
tilted images was obtained and then tilting the sample in
a plurality of angular increments; and

a three-dimensional image constructing portion for con-
structing a three-dimensional image on the basis of the
first and second series of tilted images.

9. The image processor as set forth in claim 8, wherein said
second series of tilted images is constituted by electron
microscope images or elemental mapping images of the
sample obtained after rotating the sample about an axis per-
pendicular to the surface of the sample through 180 degrees
when the sample is in the same state as when said first series
of'tilted images was obtained.

10. The image processor as set forth in claim 8, wherein
said three-dimensional image constructing portion constructs
said three-dimensional image by rotating said second series
of'tilted images to the same orientation as said first series of
tilted images and replacing some of the electron microscope
images or elemental mapping images of the sample consti-
tuting the first series of tilted images by some of the electron
microscope images or elemental mapping images of the
sample constituting said second series of tilted images so as to
create a third series of tilted images.

11. The image processor as set forth in claim 8, wherein
said elemental mapping images of the sample are obtained by
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irradiating the sample with an electron beam to induce X-rays
and detecting the X-rays by an energy dispersive X-ray detec-
tor.

12. An electron microscope including an image processor

as set forth in claim 8.

13. An image processor comprising:

afirst series tilted image acquisition portion for obtaining a
first series of tilted images which are constituted by
electron microscope images or elemental mapping
images of a sample at different tilt angles and which have
been obtained by tilting the sample in a plurality of
angular increments;

a second series tilted image acquisition portion for obtain-
ing a second series of tilted images which are constituted
by electron microscope images or elemental mapping
images of the sample at different tilt angles and which
have been obtained by turning the sample upside down
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when the sample is in the same state as when the first
series of tilted images was obtained and then tilting the
sample in a plurality of angular increments; and

a three-dimensional image constructing portion for con-

structing a three-dimensional image on the basis of the
first and second series of tilted images.

14. The image processor as set forth in claim 13, wherein
said three-dimensional image constructing portion constructs
said three-dimensional image by reversing said second series
of'tilted images to the same orientation as said first series of
tilted images and replacing some of the electron microscope
images or elemental mapping images of the sample consti-
tuting the first series of tilted images by some of the electron
microscope images or elemental mapping images of the
sample constituting the second series of tilted images so as to
create a third series of tilted images.
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