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Description

CROSS REFERENCE OF RELATED APPLICATION:

[0001] This application claims the priority of Japanese patent Application No. 2003-073932, filed March 18, 2003
under the Paris convention.

FIELD OF THE INVENTION:

[0002] The present invention relates to a material characterization system for characterizing substances in a material
by a combination of electron beam diffraction image and energy analysis result.

RELATED ART:

[0003] In characterization of a substance using an electron device such as electron microscopes, a transmission image
of a specimen is observed and recorded, at first. Then, the observed and recorded electron diffraction image is subjected
to measurement of the distance between recorded diffracted beam spots so as to acquire the lattice distance. In this
case, there may be fluctuation in measured values, because an operator decides a point the operator thinks it as the
center of the spot.
[0004] In order to increase the accuracy, it is necessary to measure plural spots for each of the spots, and to calculate
the lattice distance with respect to each of the set of the spots. Further, the electron microscope is converted to an EDX
(energy dispersive X-ray spectroscopy) mode; the focused electron beam is irradiated to the specimen; then constituting
elements are detected from the characterization X-ray emitted irradiated region of the specimen. At the same time, X-
ray emitted from structure components near the specimen other than the specimen is detected. The operator removes
elements of the structure components other than the specimen, based on experience to select the elements of the
specimen.
[0005] Then, the operator identifies a possible substance consisting of the detected elements by reference to the data
base of the lattice distances that are measured by X-ray diffraction. In transmission electron-microscopes, in general,
all these operations are carried out independently by manual; then the operator synthesizes the respective results to
identify a substance. Further, the operator analyzes and arranges diffraction images corresponding to transmitted images
and EDX analytical results, based on the transmitted images, electron beam diffraction images, EDX analytical results, etc.
[0006] In the patent publication 1, there is disclosed a method of identification wherein a strength of each of the pixels
to which the diffraction images are projected; and a set of d values of the substance is acquired based on the distance
from a coordinate of a pixel as the main spot whose strength is maximum to coordinates of the pixels to which other
diffraction spots are projected.
[0007] Patent Publication 1:Japanese Patent Publication hei 04-11822 (1992)
[0008] In the above-mentioned related art, however, all works of acquisition of data through identification of the sub-
stance are carried out by manual, which requires one or two days and a lot of jobs. In EDX analysis, candidates of
elements corresponding to each of the peaks are listed by automatic identification. However, such elements as corre-
sponding to system X-ray emitted from irradiation system lens of the electron microscope that is essentially not contained
in the analytical zone or corresponding to stray light X-ray emitted from a region of a specimen other than the irradiated
region may be listed. Judgment whether the elements are in the analytical zone or not requires experience of the operator.
[0009] Further, since the directions of scanning transmitted images and diffraction images are not always in coinci-
dence, it was necessary to observe a lattice structure with a high magnitude image and to make the sights of the diffraction
image and lattice image are in coincidence.
[0010] In the method disclosed in the patent document 1, since the main spot has a very high strength, so that brightness
has a spread area to occupy several pixels at the maximum strength, it is difficult to decide the center accurately. Further,
since the strength distribution by setting coordinates of all areas of acquired electron beam diffraction images is calculated,
it will take a long time to acquire the lattice distance.
[0011] I. M. Watt: "The analytical electron microscope", Journal of Physics E (Scientific Instruments) UK, vol. 19, no.
9, september 1986, pages 668-678 gives a review of technologies used to perform material analysis with an electron
microscope. The precharacterising first part of claim 1 starts out from one such technology.
[0012] JP-A-06 036729 discloses an electron microscope capable to record an electron beam diffraction pattern. JP-
A-59 163550 discloses means to automatically analyse a diffraction pattern obtained from an electron microscope.

SUMMARY OF THE INVENTION

[0013] It is an object of the invention to provide a material characterisation system which can help to reduce the amount
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of work for an operator and to carry out material characterisation with improved efficiency.
[0014] This object is solved by the system set forth in claim 1. The dependent claims relate to preferred embodiments
of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS:

[0015]

Fig. 1 is a diagrammatic Drawing of the material characterization system according to an embodiment of the present
invention.
Fig. 2 is an explanation drawing showing the main processing procedure for the material characterization system
shown in Fig. 1.
Fig. 3 is an explanation drawing of a nano-probe.
Figs. 4a to 4d are photographic drawings for explanation of a method of coinciding with the electron beam diffraction
image and the scanning direction of the specimen.
Figs. 5a to 5d are photographic drawings for explanation of another method of coinciding with the directions of the
electron beam diffraction image and the direction of the scanning image of the specimen.
Figs. 6a to 6e are drawings for explanation of an example for acquiring the lattice distance of the material.
Fig. 7 is a drawing for explanation of the procedure for acquiring the lattice distance of the material.
Figs. 8a and 8b are drawings of another example of a method of acquiring the lattice distance of the material.
Fig. 9 is a drawing for explanation of the procedure for acquiring the lattice distance of the material.
Figs. 10a to 10d are drawings of a diagrammatic explanation of a method for acquiring the lattice distance of the
material from the symmetric spots with respect to the main spot.
Fig. 11 is a flow chart of a method for acquiring the lattice distance of the material from the symmetric spots with
respect to the main spot.
Figs. 12a and 12b are drawings of explanation of another procedure for acquiring the lattice distance of the material.
Fig. 13 is a flow chart of a procedure of a method for acquiring the lattice distance of the material.
Figs. 14a to 14d are diagrammatic drawings of a procedure for acquiring the lattice distance of the material from
the electron beam diffraction image of a ring shape.
Fig. 15 is a flow chart of a procedure for acquiring the lattice distance from the electron beam diffraction image of
a ring form.
Fig. 16 is a drawing of explanation of a method for acquiring the peak position of the strength profile.
Figs. 17a and 17b are spectroscopic diagrams of a detected spectrum of the characterization X-ray.
Fig. 18 is a drawing of explanation of a method for carrying out the EDX analysis by automatic elimination of the X-
ray emitted from the region other than the analysis object.
Fig. 19 is an example of data stored in the material characterization section.
Fig. 20 is an example of a data storage format at the material characterization section.
Fig. 21 is another example of the material characterization section according to the present invention.
Fig. 22 is a drawing for explanation of the procedure of the material characterization section shown in Fig. 21

DETAILED DESCRIPTION OF THE INVENTION:

[0016] A material characterization system according to one embodiment of the present invention comprises:

means for irradiating a specimen with an electron-beamfrom an electron gun; an electron-beam scanning section
for scanning the specimen with the electron-beam;
an electron detector for detecting secondary electrons emitted from the specimen upon irradiation of electron-beam
or electrons transmitted through the specimen;
a specimen image display section; an elemental analysis section for analyzing an energy beam emitted by synergetic
action between the electron-beam and the specimen;
an electron-beam diffraction image photography section for picking up an electron diffraction image formed by the
specimen transmission electron-beam;
an electron-beam diffraction image analysis section for outputting information of the specimen concerning a lattice
distance of a crystal obtained from the electron diffraction pattern; and
a material characterization section for identifying the material contained in an area of electron irradiation zone of
the specimen. When the system according to the present embodiment is used, identification of material in a specific
area of a specimen can be carried out rapidly, easily and at high accuracy
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[0017] The elemental analysis section can be an energy disperse X-ray analysis section for outputting element infor-
mation by analyzing characterization X-ray emitted from the sample upon electron irradiation. In this case, the system
is preferably provided with an elemental analysis section, which has a judging section for judging whether to output the
elemental information based on the ratio of the strength of Ka ray of characterization X-ray spectrum of each element
to the strength of La ray.
[0018] By this judging section, it is possible to specify the specimen material based on the composition information
and lattice distance data of a crystal by reference to data base of lattice distance of crystals of various materials, after
elements other than ones present in the analytical object region are removed from the elements detected by EDX analysis.
[0019] The elemental analysis section can be an electron energy loss spectroscopy section for outputting elemental
information by analyzing energy loss spectrum of a specimen transmission electron-beam. In the material characterization
system according to the present embodiment, a scanning image, elemental information, an electron-beam diffraction
image and information concerning an identified material are stored as a set of information, all of the above information
having been acquired by analysis of one point of the specimen.
[0020] Another embodiment of the material characterization system according to the present invention further com-
prises:

an electron-beam diffraction image display section for display an electron-beam diffraction image photographed
with the electron-beam diffraction image photography section; a camera length adjusting lens of an electron-beam
diffraction image camera; and
a control section for controlling the electron-beam scanning section,

wherein the control section controls the electron-beam scanning section so as to rotate the image displayed on the
specimen image display section by the same angle as the rotation angle of the specimen, the rotation angle being caused
by changing of the setting of the camera length adjusting lens.
[0021] According to the construction, the direction of the scanning image of the specimen and the direction of the
electron beam diffraction image of the scanning region can be always in coincidence so tat the image interpretation such
as degree of orientation, etc can be easily conducted. Instead of the control section for controlling the electron beam
scanning section, the material characterization system further comprises a control section for controlling the electron
beam diffraction image display section, whereby the control section controls images displayed on the electron beam
diffraction display section by rotating in the reverse direction the images displayed on the electron beam diffraction
display section, the angle of the rotation being the same as that of the rotation of the electron beam diffraction image,
which is formed by changing of the camera length control lens.
[0022] According to this construction, the directions of the scanning image of a specimen and of the electron beam
diffraction image of the region are always in coincidence so that image interpretation such as degree of orientation, etc.
can be easily conducted.
[0023] The electron-beam image analysis section can comprise: means for making a short axis strength profile accu-
mulating pixel strength in the lengthwise direction in each of the short lengths of a squares region set so as to embrace
the main spot and at least two spots which are set for the electron-beam diffraction image of a spot form displayed on
the electron-beam diffraction display section;
means for making a long axis strength profile accumulating pixel strength in the short length direction in each of the
lengthwise sides of the square region; means for rotating the square region around the center thereof; and
means for calculating the lattice distance of a crystal from a distance between peaks of the profiles measured at rotating
positions of the square region where the profile in the short length direction is the maximum. The spot embraced by the
square region is two spots comprising the main spot and one spot adjoining thereto, or three spots comprising the main
spot and two spots symmetric to the main spot.
[0024] Further, the electron-beam diffraction analysis section can be composed of:

means for making a short length profile accumulating pixel strength in the lengthwise direction in each of the short
lengths of a squares region set so as to embrace at least two spots which are set for the electron-beam diffraction
image of a spot form displayed on the electron-beam diffraction display section;
means for making a long axis strength profile accumulating pixel strength in the short length direction in each of the
lengthwise sides of the square region; and
means for calculating the lattice distance of a crystal based on a distance between the two spots, the distance being
calculated from the peak position of the short axis strength profile and the peak position of the long axis peak profile.

[0025] The spots embraced by the square region comprise the main spot and one spot adjoining to thereto, for example.
[0026] The electron-beam diffraction image analysis section can comprise:
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means for acquiring a pixel distribution strength at each of first and second regions which are so set as to embrace
two spots of spot like electron-beam images displayed on the electron-beam diffraction display section; and
means for calculating a lattice distance based on the distance between the spots acquired by calculated from the
peak positions of each of the pixel strength distributions. In this case, the first region and second region embracing
the two spots circular of square regions, for example.

[0027] The electron-beam image analysis section may comprise:

means for acquiring pixel strength distributions in a region so set as to embrace a main spot displayed on the
electron-beam diffraction image display section with respect to the electron-beam diffraction image of a concentric
circle where the main spot is the center;
means for acquiring a peak position of the pixel strength distribution;
means for acquiring a strength profile on the straight line intersecting the concentric circle via the peak position;
means for acquiring the peak position of the strength profile; and
means for calculating the lattice distance of a crystal based on the peak distance on the straight line. The peak of
the strength profile is preferably acquired by fitting the strength profile to a normal distribution or a parabola.

[0028] The material characterization system according to an embodiment of the present invention comprises:

means for irradiating a specimen with an electron-beam;
an X-ray detector for detecting characterization X-ray emitted from the specimen irradiated with the electron-beam;
an energy dispersive X-ray analysis section for outputting elemental information by analyzing the characterization
X-ray detected by the X-ray detector; and
a judging section for judging whether the characterization X-ray stems from the element present in the irradiated
region or not, based on the strength ratio (IL/IK) of the Ka and La lines of characterization X-ray identified as ones
of an element by the energy dispersive X-ray analysis section.

DETAILED DESCRIPTION OF THE EMBODIMENTS:

[0029] In the following, the embodiments of the present invention will be explained in detail by reference to the drawings.
Fig. 1 is a diagrammatic construction figure of the material characterization system according to the present invention.
[0030] In the drawings, the reference numerals are as follows: 1 is an electron beam device, 2.EDX analysis section,
3 an electron beam diffraction analysis section, 4.a material characterization section, 5 a scanning coil, 6 a secondary
electron detector, 7 a bright-field scanning transmission electron microscope detector, 8 a dark field scanning transmission
electron microscope detector, 9 a EDX detector, 10 a TV camera for observation of electron beam diffraction image, 11
a monitor for observation of the electron beam diffraction image, 12 an electron gun, 13 a condenser lens, 14 an objective
lens, 15 a specimen, 16 a signal amplifier, 17 a scanning image display section, 18 a scanning power source, 19 an
electron beam device control section, 20 an signal amplifier, 21 a signal display section, 22 an electron gun, 23 a display
section, 24 a project lens, 25 a specimen holder, 26 a specimen fine adjuster, 27 a main spot, 28 a diffraction spot, 29
an EELS spectrometer, 30 an EELS analysis section.
[0031] The material characterization system comprises an electron beam device 1, EDX analysis section 2, an electron
beam diffraction image analysis section 3, a retrieval data base (refer to Fig. 19) for characterization of a material, and
a material characterization section 4 having a data base retrieval function. The electron beam device 1 comprises an
electron beam gun 12, a condenser lens 13, an object lens 14, and a projection lens 24. A scanning coil 5 is disposed
between the condenser lens 13 and the objective lens 14, wherein the scanning coil is supplied with current from a
scanning power source 18 under control by an electron beam device controller 19.
[0032] The objective lens 14 has a function of two lenses as a pre-magnetic field 14a and post-magnetic field 14b
under strong excitation. A specimen 15 supported by a sample holder, which is movable by a specimen goriometer 26
is inserted between the pre-magnetic field 14a and the post-magnetic field 14b. A secondary electron detector 6 is
disposed above the specimen 15 and below the scanning coil 5.
[0033] An annular detector 8 for observing a dark-field STEM image is disposed below the projector lens 24, and a
detector for observing bright-field STEM image is so installed bellow the annular detector 8 as to take -in and take out
from an optic axis. Scanning signals are input into a scanning image display 17 from the scanning power source 18.
[0034] The electron beam 22 is focused in the form of a spot on the specimen 15 by the condenser lens 13 and the
pre-magnetic field 14a of the objective lens 14, and it scan on the specimen 15. The secondary electron detector 6
detects secondary electron emitted from the specimen 15 upon irradiation of the electron beam 22. The bright-field
STEM image observing detector 7 detects transmission electron scattered within a half angle detector, i.e. about 50
mrad from the specimen 15. The annular detector 8 detects electron (elastic scattered electron) scattered within a semi



EP 1 463 088 B9

6

5

10

15

20

25

30

35

40

45

50

55

angle, i.e. about 80 to 500 mrad upon irradiation with electron beam 22. A specimen image is displayed by brightness
modulation of the scanning image display section 17 in synchronizing the signals from the detectors 6, 7, 8 with the
scanning signals, whereby observation of the figure or crystalline structure of the specimen 15. The dark-field STEM
image has a contrast reflecting the means atomic number of the specimen 15.
[0035] A TV camera for observing an electron beam diffraction image 10 is disposed below the detector 7 for observing
the dark-field STEM image. The TV camera 10 for observing electron beam diffraction image is connected to a monitor
11 for electron beam diffraction image display by mans of the electron beam image analysis section 3. The EDX detector
9 for detecting characterization X-ray emitted from the irradiated specimen is disposed above the objective lens 14. The
EDX detector 9 is connected to the EDX analysis section 2. The electron beam device control section 19, the EDX
analysis section 2 and the electron beam diffraction image analysis section 3 are so connected as to cable of commu-
nicating with the material characterization section 4 by means of off-line and on-line data communication.
[0036] Fig. 2 is an explanation of processing for the material characterization system shown in Fig. 1.

(1) Electron beam is scanned on the specimen by scanning; then, observation of secondary electron, bright-field
scanning transmission image, and dark-field scanning transmission image of the specimen thereby to observe the
shape and crystal structure of the specimen. The observation results are stored in the electron beam control section
19.At the same time, the name of the file or image data are input in the material characterization section 4.
(2) The electron microscope is focused at a position that is an object of observation. The electron beam diffraction
image formed at this stage is taken into by the TV camera 10 for observation of the electron beam diffraction image.
The displayed secondary electron image, bright-field scanning transmission image, and dark-field scanning trans-
mission image are corrected so as to coincide with the direction of the images with that of the diffraction image. The
corrected images are displayed on the monitor 11 for displaying electron beam diffraction images. Concurrently with
the storing, the image file name or image data is input in the material characterization section 4.
(3) Selection of a method of measuring the lattice distance of a crystal (any one of the methods disclosed in Figs.
6, 8, 12, 14) in accordance with the kinds of electron beam images displayed on the electron beam diffraction image
monitor 11.
A measurement value R is determined by the selected measuring method. The lattice distance d is given d=Lλ/R,
where L is a camera length, λ is a wave length of electron beam, and Lλ is a constant. Therefore, the lattice distance
d can be acquired from the measured value R if Lλ is obtained using d, λ of a known material in advance. The
calculated lattice distance of the crystal is stored in the electron beam diffraction image analysis section 3, the date
of which is input into the material characterization section 4.
(2’) The EDX analysis starts concurrently with the step (2) above. The EDX spectrum obtained is stored in the EDX
analysis section 2. Concurrently with the storage, the file name or EDX spectrum data is input into the material
characterization section 4.
(3’) A qualitative analysis of the material of the irradiated specimen with the electron beam is conducted from the
EDX spectrum.
The acquired composition data is memorized in the EDX analysis section 2 and, at the same time, is input into the
material characterization section 4.
(4) At the material characterization section 4, the data obtained at the above mentioned (3) and the composition
data obtained at the above-mentioned (3’) are verified; then substances corresponding to the data are retrieved.
(5) Characterization of the material is conducted at the material characterization section 4 to display the result.
(6) At the material characterization 4, the characterization result and a series of data (1) through (4) are stored with
the same label.

[0037] Fig. 3 is an explanation drawing of a nano-probe diffraction image generated at the time of irradiating a minute
region of the specimen with a focused electron beam. The electron beam 22 emitted from the electron beam gun 12 is
focused by the condenser lens 13 and the objective lens 14 and irradiated on the specimen 15. When the electron beam
22 is focused at the region to be measured on the specimen 15, the electron beam 22 that has passed through the
specimen 15 is subjected to diffraction by the specimen 15, thereby to form an electron beam diffraction image in the
post-focus surface of the objective lens 14.
[0038] The electron beam diffraction image is then enlarged by the projection lens 24, and the photographed diffraction
image is projected on a TV camera for observing the electron beam diffraction image. The photographed diffraction
image is displayed on the monitor 11. The distance between the main spot 27 of the electron beam diffraction image
and the diffraction spot 28 corresponds to the lattice distance of the specimen. The magnitude of the electron beam
diffraction image can be altered by changing current value to the project lens 24.
[0039] If there is not the project lens, the distance between the specimen and the enlarged electron beam diffraction
image is expressed as the camera length L, which is necessary for acquiring the same electron beam diffraction image
as the electron beam diffraction image enlarged by the project lens. When the current value of the project lens 24 is



EP 1 463 088 B9

7

5

10

15

20

25

30

35

40

45

50

55

altered, the direction of the electron beam diffraction changes. In this case, since the direction of the electron beam
diffraction image does not coincide with the direction of observation angle, there is a problem when the orientation of
the crystal is investigated. In the present embodiment, there is means for arranging the direction of the electron beam
diffraction image and the direction observation view.
[0040] A method for arranging the direction of scanning the specimen and the direction of the electron beam diffraction
image is explained by reference to Figs. 4a to 4d. The position of the TV camera for observation of the electron beam
diffraction image is mechanically adjusted so as to make the direction of the electron beam diffraction image of Fig. 4a
coincide with the direction of the specimen scanning at a current value of the project lens 24, in advance. When enlarging
the electron beam diffraction image, the electron beam diffraction image rotates concurrently with enlargement as shown
by Fig. 4c.
[0041] Generally, the relationship between a lens current value I of the project lens 24 and a rotation angle f of the
image is expressed as f = 0.18NI/vF0. In the equation, F0 is an acceleration voltage, N the number of winding, I a lens
current. Accordingly, since the rotation angle f (Since the rotation direction is anticlockwise in Fig. 4c, the angle is shown
as "-f".) of the electron beam diffraction image is seen from the current value of the project lens 24, alteration of the
scanning direction of the electron beam 22 is given the scanning power source 18 from the control section for the electron
beam device so as to rotate the specimen scanning image by the same angle as the rotation angle, i.e., the angle f. As
a result, the specimen scanning image of Fig. 4d that has been rotated by the angle f from the specimen image of Fig.
4b is displayed on the scanning image display section 17.
[0042] The direction of the thus displayed electron beam diffraction image of Fig. 4c coincides with the direction of
the specimen scanning image of Fig. 4d.
[0043] Figs. 5a to 5d explain another method of making the direction of the electron beam diffraction image coincide
with the direction of the specimen scanning image. When the direction in Fig. 5a of the electron beam diffraction image
and the direction in fig. 5b of the specimen scanning image are in the same direction, the enlarged electron beam
diffraction image in Fig. 5c rotates by the angle f (Since the rotation direction is clockwise, the angle is shown as "-f" in
Fig. 5c. ) with respect to the electron beam diffraction image of Fig. 5a. In this method, the electron beam diffraction
image is returned to the former direction by rotating it on the monitor 11 for displaying the electron beam diffraction
image backward by the angle f (Since the image that has rotated by -f is rotated backward, the angle is +f.).
[0044] Concretely, an instruction for rotating the electron beam diffraction image of Fig. 5c is given the diffraction
image analysis section 3 from the control section for the electron beam device so as to rotate the image having rotated
by angle f (-f)by the angle -f (+f). In the diffraction image analysis section 3, the diffraction image of Fig. 5d that has been
rotated by the angle -f (+f) is displayed on the monitor for the electron beam diffraction display 11. Like this, the specimen
scanning image of Fig. 5b and the electron beam diffraction image of Fig. 5d, the directions being agreed, are acquired.
[0045] Then, a method of acquiring the lattice distance of a material from the electron beam diffraction image will be
explained. The electron beam diffraction image exhibits different figures such as spot like or ring like forms according
to the size of the crystal.
[0046] Figs. 6a to 6e explain an example of the method of acquiring the lattice distance from the distance between
diffraction spots of the electron beam diffraction image. Fig. 7 is a flow-chart explaining the procedure of the method. At
first, the position of the main spot in the electron beam diffraction image displayed on the monitor for displaying the
electron beam diffraction image 11 is confirmed (S11 in Fig. 7). In order to do this, the fine specimen adjusting device
26 is operated. When the specimen 15 moves and if a spot remains, the spot is the main spot. Thus, its position is
confirmed and the sight is returned.
[0047] Then, a measurement region that covers the main spot and one spot adjoining to the main spot is determined
(S 12 in Fig. 7). This is done by encircling the region in which the pair of the diffraction spots on the display with a square
frame as shown in Fig. 6a.
[0048] In order to accurately measure the distance between the spots, it is necessary to measure the distance on the
straight lines in parallel with the arrangement of the spots. So, a square that embraces the two diffraction spots is rotated
within a certain angle θ (for example, �5°), and the diffraction spots are arranged in the direction of the lengthwise axis
of the square, as shown in Fig. 6c. Therefore, as shown in Fig. 6b, the sum of the pixel strength in the lengthwise direction
at each of the short length sides (Y axis) of the square is calculated to obtain summed strength profile in the direction
of Y axis (S13 in Fig. 7), thereby to acquire the peak value of the sum strength.
[0049] The measurement region designated by the square is rotated by 0.1 °, for example, around the center of the
measurement region, thereby to acquire the sum strength in the Y axis direction. The process of the peak value acquisition
is repeated within the range of �5° (S16 in Fig. 7). If the two diffraction spots are aligned in the lengthwise direction of
the measurement region, the summed strength profile of the pixel in the Y axis direction exhibits one peak, which is the
maximum as shown in Fig. 6d. Therefore, the measurement region in the angle exhibiting the maximum of the peak of
the summed strength profile in the Y axis direction, which is measured by rotating the measurement region is determined
(S17 in Fig. 7) as the measurement region for measuring the distance between the diffraction spots.
[0050] In the determined measurement region, the summed pixel strength in the short axis (Y axis) at each of the
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lengthwise axis (X axis) of the square is calculated to measure the summed strength profile in the X axis (S18 in Fig.
7). Then, as shown in Fig. 6 (e), the X coordinate xi, xj of two peaks appearing in the measured sum strength profile is
calculated (S19 in Fig. 7) to calculate the distance R (= |Xj - xi| between the spots (S20 in fig. 7).
[0051] The lattice distance d is given d=Lλ/R. L is a camera length, λ a wave length of the electron beam; since Lλ is
a constant, the lattice distance d can be acquired from the measured value R if the Lλ is acquired using a known material
in advance. These processing is done by the electron beam diffraction analysis section 3; the obtained value is transferred
to the material characterization section 4.
[0052] When spots are distributed homogeneously in the electron beam diffraction image, the measurement of the
spot distance is done only once. However, if there is a pair of spots which have spots adjoining thereto, a new region
where new different spots may appear is set, and then step 12 through step 20 are repeated to measure the lattice
distance from the diffraction spots.
[0053] There is a case where only one measured value of the lattice distance is obtained or plural measured values
are obtained. This is common to the following case where the lattice distance is measured by another method, which
will be explained hereinafter.
[0054] Figs. 8a and 8b explain a method of acquiring the lattice distance of a material from the distance between the
diffraction spots of the electron beam diffraction image. Fig. 9 is a flowchart for explaining the procedure. At first, the
position of the main spot is confirmed (S21 in Fig. 9). Then, as shown in Fig. 8a, the measuring region embracing the
main spot and spot adjoining the main spot is set (S 22 in Fig. 9). The step 21 and step 22 are the same as the procedure
explained as the step 11 and step 12 in Fig. 7.
[0055] Next, as shown in Fig. 8b, the pixel strength in the direction of X axis is calculated as the X axis being long
axis of the square measurement region and the short axis being Y axis. Similarly, the sum of the pixel strength in the Y
axis is calculated to acquire the sum strength profile in the Y axis (S23 in Fig. 9). Then, the distance R = [(xi - xj)2 + (y1
- y2)2] 1/2 between the peaks is calculated (S25), based on two peak coordinates (xi, yi), (xj, yj), which correspond to the
two diffraction spots. In the step 25, the equation represents relationship between the peak distance R and coordinates
(xi,yi), (xj, yj). The R is calculated by the equation {( xj - xi)2 - (yj -yi)2}1/2. The equation in Fig. 13 at step 48 has the same
meaning mentioned above.
[0056] If the peak distance R is determined, the lattice distance d is calculated using the relationship d=Lλ/R. Then,
a method of the lattice of a material in case where a spot symmetric to the main spot is explained, using the flow chart
of Fig. 11 and the diagrammatic explanation shown in Figs. 10a to 10d. In this example, as shown in Figs. 10a, a square
in which the main spot between spots are embraced is set to the electron beam diffraction image displayed on the
monitor for the electron beam diffraction image, the spots being located at symmetrical position with respect to the main
spot.
[0057] The position of the main spot can be confirmed by the manner as having been explained for the steps in Fig.
7. Then, as is diagrammatically shown in Figs. 10a to 10d, the sum of the pixel strength in the direction the lengthwise
axis (X axis) at each of points on the short axis (Y axis) of the square is calculated to acquire the sum strength profile
in the direction of the Y axis.
[0058] In order to measure the distance between the spots, it is necessary to measure the distance on the straight
lines in parallel with the arrangement of the spots. Thus, the square region that embracing the three diffraction spots
including the main spots is turned by a certain range of angle, so that the peak appearing in the profile of the sum value
of the pixel strength in the Y axis becomes one as shown in Fig. 10c. The position which exhibits the maximum strength
is set as the measuring region. The procedure having been described is almost the same as that comprising the step
11 to step 16 explained in Fig. 7.
[0059] Next, the profile of the sum value of pixel strength in the X axis direction (lengthwise axis) (S31 in Fig. 11) is
acquired. Thereafter, in the profile of the sum value of the pixel strength in the direction of X-axis (lengthwise direction),
the coordinate x0 where the sum value of the pixel strength corresponding to the main spot becomes Ix = Imax that is
deleted (S33 in Fig. 11). Then, the Xi and xj coordinates of the two peaks remained in the profile of the sum value of the
pixel strength in the X-axis (lengthwise direction) are calculated. And, the distance between the spots R = |xj - xi|/2 is
calculated using the acquired two coordinates xi, xj. The lattice distance is calculated by the equation d = Lλ/R as having
explained.
[0060] Another method of acquiring the lattice distance regardless of whether the arrangement of the spots is sym-
metrical or asymmetrical will be explained, using the diagrammatic drawing of Figs. 12a and 12b and the flow chart of
Fig. 13. At first, the position of the main spot in the electron beam diffraction image displayed on the monitor for the
electron beam diffraction image is confirmed (S41 in Fig. 13). This confirmation is done by the manner explained at the
step 11 of Fig. 7. Then, as shown in Fig. 12a, the first measuring region with respect to the electron beam diffraction
image is set to designate one of the pair of spots (S42 in Fig. 13).
[0061] This designation is done by selecting a desired spot with a circle embracing it, for example. Further, it is desirable
to select the main spot or the spot adjoining to the main spot. When the spot is designated, the sum strength profiles in
the X axis and Y axis directions are acquired (S43 in Fig. 13), and X coordinate xi where the sum strength profile in the
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X axis direction exhibits the maximum and Y coordinate yi where the sum strength profile in the Y axis direction exhibits
the maximum are acquired (S44 in Fig. 13).
[0062] Then as shown in Fig. 12b, the second measuring region with respect to the electron beam diffraction image
is set to select the other spot for acquiring the distance between the spots (S45 in Fig. 13). The selection of the second
spot is done by circling the desired spot with a circle. The spot selected as the second spot is the one adjoining to the
main spot, when the spot previously selected is the main spot. When the spot previously selected is the one adjoining
to the main spot, the spot selected here is preferably the spot at symmetrical position with respect to the main spot.
[0063] Then, as similar to the first spot, the sum strength profile in the X axis and Y axis directions in the second
measuring region is acquired (S48 in fig. 13), and then, X coordinate xj where the sum strength profile exhibits the
maximum in the X axis direction and Y coordinate yj where the sum strength profile in the Y axis direction exhibits the
maximum are acquired (S47 in Fig. 13).
[0064] If the measurement of the two spots is over, the distance S = {(xj - xi)2 + (yj - yi)2}1/2 is calculated (S48 in fig.
13). Here, the value of R is acquired in accordance with R = S/2 or R = S under the condition of whether the selected
pair of spots are the symmetrical spots (2R) sandwiching the main spot or the main spot is included (R). The lattice
distance d is calculated by the equation d = Lλ/R. In the case where measurement of another spots pair is conducted,
the processing is repeated after returning to the step 42.
[0065] Then, a method of measuring the distance is explained in the case where the electron beam diffraction image
is a ring shape by way of the diagrammatic view of Figs. 14a to 14d and the flow chart of Fig. 15.
[0066] Fig. 14a is a diagrammatic view showing an electronic beam diffraction image of a ring shape. The spot located
at the center is the main spot, and the electron beam diffracted by the specimen distributes around the main spot in the
form of the ring.
[0067] At first, the position of the main spot is confirmed on the monitor 11 for observing the electron beam diffraction
image (S51 in Fig. 15). Then, as shown in Fig. 14b, the main spot is encircled with a circle to designate a region to
acquire the sum strength profiles in the directions of X axis and Y axis of the main spot in the region (S52 in Fig. 15).
And, the coordinates (xi, yi) of the main spot are acquired from peaks of the sum strength profiles in each of the directions
(S53 in Fig. 15). The processing until this step is carried out in the same manner as step 41 to step 44 explained in Fig. 13.
[0068] Then, a straight line is drawn from the origin so as to transverse the diffraction ring, as shown in Fig. 14c, where
the coordinates of the main spot is the origin (S55 in Fig. 15). And, the strength profile is acquired on the straight line
(S56 in fig. 15). Fig. 14d is a diagrammatic view of the acquired strength profile.
[0069] Then, the distance R between the adjoining peaks of the strength profile (S57 in Fig. 15). The lattice distance
d is calculated by the equation d = Lλ/R as described before. When the distance R between the adjoining peaks is
different from the other distance based on the positions on the strength profiles, plural values are obtained as the lattice
distance.
[0070] In any of the measurement methods having been described with reference to Figs. 6a through 15, the positions
of the strength profile are preferably acquired with high accuracy by fitting the strength profile to the parabola or Gauss’
distribution, etc. wherein the optimum fitting positions are set as peak positions.
[0071] According to this method, the distance between the center spot of the electron beam diffraction and the diffraction
spot, which was difficult to measure with high accuracy, can be measured with high accuracy, and to calculate the lattice
distance with high accuracy.
[0072] Fig. 16 explains a method of acquiring the peak position of the strength profile by fitting to the normal distribution,
etc. For example, coordinate X is given each of the regions to be taken. When the X coordinate of i-th pixel is xi, and
when the strength is Ix, the measured value is plotted as o. The parabola to be fitted is expressed as the equation (1).

[0073] Coefficients a, b and c are acquired by the minimum power method, for example, so as to be closest to each
other. That is, the coefficients a, b and c are acquired by, for example, the least square method. Tat is, they are decided
to be that the sum S of the squares of the error e is the minimum according to equations (2) and (3). Here, n is the
number of pixels in the region to be taken into.
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[0074] In case of acquiring the peak position by fitting to the normal (Gauss’) distribution, the average value P, distri-
bution s and standardization constant a are decided by using the following equation (1’) instead of equation (1). In
acquiring these parameters p, s and a, the equations (2) and (3) are used, as mentioned before.

[0075] Next, an analysis of composition according to EDX analysis will be explained. In carrying out the analysis of
composition by EDX analysis, the electron beam 22 is focused at the measurement object region 15. Then, character-
ization X-ray having energy corresponding to the composition is emitted from the region. The characterization X-ray is
detected by the EDX detector 9, and at the EDX analysis section of the EDX detector, processing of the electric pulse
wave height corresponding to the energy of the detected X-ray is conducted.
[0076] The processing result is displayed on the display section 23 of the EDX analysis section 2 as spectrum arranged
in the order of energy. Further, at the EDX analysis section 2, signal processing of quantitative calculation using the
spectrum is carried out. The result of processing is transferred to the material characterization section 4.
[0077] In determining elements contained based on the result of the EDX analysis, it is necessary to take into con-
sideration whether the characterization X-ray detected by the EDX detector is emitted from the specimen 15 or system
X-ray emitted from the neighborhood of the irradiation lens system of the electron beam device 1 or stray light X-ray
emitted from the region other than irradiated region with electron beam, X-ray emitted from the region other than the
analytical region must be deleted from the analytical object.
[0078] The present embodiment provides a system for carrying out the EDX analysis wherein the X-ray emitted from
the region other than the analytical region is automatically deleted. The system is explained with reference to Figs. 17a,
17b and 18. Figs. 17a and 17b show an example of detected characterization X-ray spectrum, and Fig. 18 is a flow chart
showing a procedure for acquiring elements in the analytical region.
[0079] The analytical result of EDX is displayed on the display section 23 as spectra shown in Figs. 17a and 17b. The
horizontal axis is energy of X-ray, and the vertical axis is signal strength. The characterization X-ray, which is emitted
when electrons of L kernel transit to the vacancy formed by shooting electrons out with irradiation electron beam from
the K nucleus is called Ka ray, while characterization X-ray emitted when electrons transit from M nucleus to L nucleus
is called La ray.
[0080] Supposing that when X-ray is detected without absorption in the specimen, which X-ray is emitted from the
specimen 15 by irradiation with the electron beam, a spectrum of La ray having higher strength as shown in Fig. 17a
than Ka is detected.
[0081] When characterization X-ray of structure members is emitted by irradiation of the focus of the irradiation system
for trimming the spread of electron beam, not by irradiation with electron beam, or when electron beam scattered by the
specimen excites the structure members, the strength of Ka is higher than La, as shown in Fig. 17b.
[0082] When plural elements are concurrently excited by the electron beam irradiation, plural Ka rays and plural La
rays are emitted. Since the energy values of Ka ray and La ray of the respective elements are known, it is easy to find
pairs of Ka ray and La ray.
[0083] The composition in the analytical region by the procedure shown in Fig. 18 is acquired in light of the above-
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mentioned phenomenon.
[0084] At first, the EDX analysis of the objective region is carried out. Elements that are never contained are removed
at this step. At the EDX analysis section 2, a strength ratio A = IL/IK of Ka ray and La ray is calculated with respect to
Ka ray and La ray that are detected among the detected elements (S61 in Fig. 18).
[0085] Information of the detected remaining elements is input from the EDX analysis section 2 into the material
characterization section 4. In the material characterization section 4, data inputted from the EDX analysis section 2, data
inputted from the electron beam diffraction image analysis section 3 are compared with automatic retrieval data (S62 in
Fig. 18). When the both data are in coincidence, the material characterization processing is carried out using the data
(S67 in fig. 18).
[0086] When the combination does not coincide with judgment at the step 62, or when the number of elements detected
by the EDX is too large, analysis at a position near the edge of the specimen 16 is carried out by the electron beam
thereby calculate the strength ratio of La ray and Ka ray H = I0L/I0K (S63 in Fig. 18) with respect to the detected elements,
the position being in the neighborhood of the analytical region. The hole-count in the step 63 means the number of
counts of characteristic X-ray detected when a focused electron beam is injected into a hole (i.e. there is no specimen).
Although the X-ray due to the hole-count should not be detected, the excited X-ray may be detected when the insufficiently
focused electron beam scatters to excite the electron microscope mirror tube. Thus, it is necessary to investigate the
hole-count.
[0087] Then, the strength ratio of La ray and Ka ray H is compared with the strength ratio of La ray and Ka ray A (S64
in Fig. 18) as H/A. In case of AA1, i.e. ILAIK, the detected X-ray can be regarded as the characterization X-ray emitted
from the analytical region. Thus, the data can be used as the retrieval data for material characterization of the elements
(S65 in Fig. 18). In case of A<1, comparison of A and H is done; if A>H, the X-ray can be regarded as the characterization
X-ray emitted from the analytical region.
[0088] Thus, the result can be used as the automatic retrieval data for processing material characterization (S65). In
case of A<1 and A�H, the characterization X-ray is regarded as one emitted from the region other than analytical region,
and the data is deleted from the automatic retrieval data. This processing is carried out for respective elements detected
by the EDX analysis (S66 in Fig. 18). Thereafter, the material characterization section carries out material characterization
based on the remaining elements (S67 in Fig. 18).
[0089] According to this, the X-ray that may be emitted from the region other than the analytical region is removed
from the analytical object, and hence the material characterization can be carried out with high accuracy.
[0090] Fig. 19 shows an example of data stored in the material characterization section 4. The material characterization
section 4 stores data base 53 for retrieval by characterization processing. In addition to the data, the lattice distance
data 51 transferred from the electron beam diffraction image section 3 and the composition (elements) data transferred
from the EDX analysis section 2 is added thereto. The retrieval data base 53 stores names of materials (or chemical
formulas, chemical structures), their compositions (element composition) and the lattice distance are stored as a set.
[0091] In the material characterization section 4, possible compounds are picked up from the retrieval data base,
based on the composition data 52 acquired by the analysis of the specimen. Then, the lattice distance of the picked up
candidate compounds is compared with the measured lattice distance 51 to retrieve a compound having the same values
as the data, and the compound is stored. In case of the example shown in the drawing, if the composition coincides with
the composition data 52, the material 54 having the lattice distance that coincides with measured lattice distance 51 is
retrieved to display on the display section and to store it.
[0092] Fig. 20 shows an example of a data storage format in the material characterization section 4. As shown in this
example, the data obtained from the one analytical view of the specimen is filed under one name in the following order.

(1) The file name of file recording the image data or images of secondary electron images or transmission electron
images, etc.
(2) The file name of image data of the electron beam diffraction image or the file recording the images
(3) The file name of the EDX spectrum data or the file recording the images
(4) The lattice distance data
(5) Composition data
(6) Retrieval data

[0093] According to the file storage format, the specimen image, electron beam diffraction image, EDX analytical result
and material characterization result of one analytical region are stored as a set, and the retrieval of the data becomes easy.
[0094] Fig. 21 shows a diagrammatical view of an example of the material characterization system. The material
characterization system of this example is provided with an electron energy loss spectroscopy (EELS) 29 below the TV
camera 10 for the electron beam diffraction image. EELS spectroscopy 29 is connected to the material characterization
section 4 by way of EELS analysis section 30. EELS can be used in place of EDX or EDX and EELS are used together
to conduct a qualitative analysis.
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[0095] Fig. 22 is a drawing for explanation of the processing procedure of the material characterization system shown
in Fig. 21.
[0096] The steps (1) to (3) are the same as the steps in Fig. 2. When the lattice distance data and composition data
are acquired, the TV camera 10 for observation of the electron beam diffraction image is taken off from the electron
beam axis, and electron beam 22, which has transmitted the specimen 15 is entered into the EELS spectroscopy 29.
Since the energy that received loss by the specimen 15 depends on the material constituting the specimen, spectrum
including the energy loss is acquired to obtain the composition constituting the material.
[0097] The result is inputted into the material characterization section 4.

(4) At the material characterization 4, the EELS data, the lattice distance data acquired at the step (3) and the
composition data acquired at (3’) are ticked off to retrieve a possible material from the retrieval data base. Or, the
possible material is retrieved from the retrieval data base using only the EELS data.
(5) The material characterization result is displayed at the material characterization section 4.
(6) At the material characterization section 4, the material characterization result and a series of data of (1) to (4)
are stored under the singe label.

Claims

1. A material characterisation system comprising:

means for irradiating a specimen (15) with an electron-beam (22);
an electron-beam scanning section (5) for scanning the specimen with the electron-beam;
an electron-beam diffraction image photography section (10) for picking up an electron beam diffraction image
formed by the electron-beam transmitted through the specimen; and
an elemental analysis section (2, 9, 29, 30) for analysing an energy beam emitted by irradiating the specimen
with the electron-beam, and outputting elemental composition data (52) ;
characterised by:
an electron-beam diffraction image analysis section (3) for outputting lattice distance data (51) obtained from
the electron diffraction pattern of the specimen; and
a material characterisation section (4) having a data-base (53) storing plural sets of information, each set
including the elements contained in a material, a composition formula of the material, and the lattice distances
of the material, and being adapted for:

picking candidate sets from the sets of the data-base (53) by matching the elemental composition data (52)
output by the elemental analysis section (2, 9, 29, 30), with the elements in each set of the database (53), and
comparing the lattice distance data (51) output by the electron-beam diffraction image analysis section (3)
with the lattice distances in each of the picked candidate sets, and retrieving the composition formula from
a set (54) whose lattice distances coincide with the lattice distance data (51) output by the electron-beam
diffraction image analysis section (3), for characterising the material in the region of electron irradiation of
the specimen.

2. A material characterization system according to claim 1, wherein the elemental analysis section is an energy dis-
persive X-ray analysis section (2, 9) for outputting elemental composition data by analyzing characteristic X-rays
emitted from the sample (15) upon electron beam irradiation.

3. A material characterization system according to claim 2, wherein the elemental analysis section (2, 9) has a judging
section for judging whether to output the elemental composition data based on the ratio of the strength of the Ka
ray of the characteristic X-ray spectrum of each element to the strength of the La ray.

4. A material characterization system according to claim 1, wherein the elemental analysis section is an electron-beam
energy loss spectroscopy section (29, 30) for outputting elemental composition data by analyzing an energy loss
spectrum of a specimen transmission electron-beam.

5. A material characterization system according to claim 1, adapted for storing as a set of information, a scanning
image together with elemental composition data, an electron-beam diffraction image and information concerning a
characterized material which have been acquired by analysis of one point of the specimen (15) included in the
scanning image.
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6. A material characterization system according to claim 1, which further comprises:

an electron-beam diffraction image display section (11) for display of an electron-beam diffraction image pho-
tographed with the electron-beam diffraction image photography section (10);
a camera length adjusting lens (24) of an electron-beam diffraction image camera (10); and
a control section (19) for controlling the electron-beam scanning section,

wherein the control section controls the electron-beam scanning section whereby to rotate the specimen image
displayed on a specimen image display section (17) by the same angle as the rotation angle of the specimen, the
rotation angle being caused by changing the setting of the camera length adjusting lens.

7. A material characterization system according to claim 1, which further comprises:

an électron-beam diffraction image display section (11) for displaying an electron-beam diffraction image pho-
tographed with the electron-beam diffraction image photography section (10);
a camera length adjusting section (24) of an electron-beam diffraction image camera (10); and
a control section (19) for controlling the electron-beam diffraction image display section;

wherein the control section controls the electron-beam scanning section thereby to rotate the image displayed on
a specimen image display section, in the reverse direction by the same angle as the rotation angle of the specimen,
the rotation angle being caused by changing of the setting of the camera length adjusting section.

8. A material characterization system according to claim 1, wherein the electron-beam diffraction image analysis,
section (3) comprises:

means for making a short axis strength profile, accumulating pixely strengths in the lengthwise direction in each
of the short lengths of a rectangular region set so as to embrace the main spot and at least two spots which
are set for the electron-beam diffraction image of a spot form displayed on an electron-beam diffraction image
display section (11);
means for making a long axis strength profile accumulating pixel strengths in the short length direction in each
of the lengthwise sides of the rectangular region;
means for rotating the rectangular region around the center thereof; and
means for calculating the lattice distance of a crystal from a distance between peaks of the profiles measured
at rotating positions of the rectangular region where the profile in the short length direction is the maximum.

9. A material characterization system according to claim 1, wherein the electron-beam diffraction image analysis
section. (3) comprises:

means for making a short axis strength profile, accumulating pixels strengths in the lengthwise direction in each
of the short length of a rectangular region set so as to embrace at least two spots which are set for the electron-
beam diffraction image of a spot form displayed on an electron-beam diffraction image display section (11);
means for making a long axis strength profile accumulating pixel strengths in the short length direction in each
of the lengthwise sides of the rectangular region; and
means for calculating the lattice distance of crystal based on a distance between the two spots, the distance
being calculated from the peak position of the short axis strength profile and the peak position of the long axis
strength profile.

10. A material characterization system according to claim 1, wherein the electron-beam diffraction image analysis section
(3) comprises:

means for acquiring a pixel distribution strength at each of first and second regions which are so set as to
embrace two spots of spot like electron-beam images displayed on an electron-beam diffraction image display
section (11); and
means for calculating a lattice distance based on the distance between the spots acquired by calculation from
the peak positions of each of the pixel strength distributions.

11. A material characterization system according to claim 1, wherein the electron-beam diffraction image analysis section
(3) comprises:
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means for acquiring pixel strength distribution in a region so set as to embrace a main spot displayed on an
electron-beam diffraction image display section (11) width resect to the electron-beam diffraction image of a
concentric circle where the main spot is the center;
means for acquiring a peak position of the pixel strength distribution;
means for acquiring a strength profile on the straight line intersecting the concentric circle via the peak position;
means for acquiring the peak position of the strength profile; and
means for calculating the lattice distance of a crystal based on the peak distance on the straight line.

12. A material characterization system according to many of claims 8 to 11, wherein the peak of the strength profile is
acquired by fitting the strength profile to a normal distribution line or a parabola line.

Patentansprüche

1. Materialbestimmungssystem, aufweisend:

eine Einrichtung zum Bestrahlen einer Probe (15) mit einem Elektronenstrahl (22),
einen Elektronenstrahlabtastabschnitt (5) zum Abtasten der Probe mit dem Elektronenstrahl,
einen Elektronenstrahlbeugungsbild-Fotografierabschnitt (10) zum Aufnehmen eines Elektronenstrahlbeu-
gungsbilds, das von dem durch die Probe hindurchgestrahlten Elektronenstrahl gebildet wird, und
einen Elementanalyseabschnitt (2, 9, 29, 30) zum Analysieren eines durch Bestrahlen der Probe mit dem
Elektronenstrahl emittierten Energiestrahls und zum Ausgeben von Elementzusammensetzungsdaten (52),
gekennzeichnet durch
einen Elektronenstrahlbeugungsbild-Analyseabschnitt (3) zum Ausgeben von Gitterabstandsdaten (51), die
aus dem Elektronenbeugungsmuster der Probe gewonnen werden, und
einen Materialbestimmungsabschnitt (4) mit einer Datenbank (53) zum Speichern mehrerer Sätze an Informa-
tionen, von denen jeder Satz die in einem Material enthaltenen Elemente, eine Zusammensetzungsformel des
Materials und die Gitterabstände des Materials beinhaltet, wobei der Materialbestimmungsabschnitt eingerichtet
ist,
aus den Sätzen der Datenbank (53) Kandidatensätze herauszugreifen, indem die von dem Elementanalyse-
abschnitt (2, 9, 29, 30) ausgegebenen Elementzusammensetzungsdaten (52) mit den Elementen in jedem Satz
der Datenbank (53) abgeglichen werden, und
die von dem Elektronenstrahlbeugungsbild-Analyseabschnitt (3) ausgegebenen Gitterabstandsdaten (51) mit
den Gitterabständen in jedem der herausgegriffenen Kandidatensätze zu vergleichen und die Zusammenset-
zungsformel aus einem Satz (54), dessen Gitterabstände mit den vom Elektronenstrahlbeugungsbild-Analyse-
abschnitt (3) ausgegebenen Gitterabstandsdaten übereinstimmen, zu gewinnen, um das Material in dem Bereich
der Elektronenbestrahlung der Probe zu bestimmen.

2. System nach Anspruch 1, wobei der Elementanalyseabschnitt ein energiedispersiver Röntgenstrahlanalyseab-
schnitt (2, 9) zur Ausgabe von Elementzusammensetzungsdaten durch Analyse charakteristischer Röntgenstrahlen,
die von der Probe (15) bei Elektronenbestrahlung emittiert werden, ist.

3. System nach Anspruch 2, wobei der Elementanalyseabschnitt (2, 9) einen Beurteilungsabschnitt aufweist, um auf-
grund des Verhältnisses der Stärke der Ka-Strahlung des charakteristischen Röntgenstrahlspektrums jedes Ele-
ments zur Stärke der La-Strahlung zu beurteilen, ob die Elementzusammensetzungsdaten ausgegeben werden
sollen.

4. System nach Anspruch 1, wobei der Elementanalyseabschnitt ein Elektronenstrahlenergieverlust-Spektroskopie-
abschnitt (29, 30) zur Ausgabe von Elementzusammensetzungsdaten durch Analyse eines Energieverlustspektrums
eines probendurchdringenden Elektronenstrahls ist.

5. System nach Anspruch 1, das eingerichtet ist, als ein Satz von Informationen ein Abtastbild zusammen mit Elem-
entzusammensetzungsdaten, einem Elektronenstrahlbeugungsbild und Informationen über ein bestimmtes Material
zu speichern, die durch Analyse eines Punkts auf der Probe (15), der im Abtastbild enthalten ist, gewonnen wurden.

6. System nach Anspruch 1, weiterhin aufweisend:

einen Elektronenstrahlbeugungsbild-Anzeigeabschnitt (11) zum Anzeigen eines mit dem Elektronenstrahlbeu-
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gungsbild-Fotografierabschnitt (10) aufgenommenen Elektronenstrahlbeugungsbilds,
eine Kameralängeneinstelllinse (24) einer Elektronenstrahlbeugungsbildkamera (10), und
einen Steuerabschnitt (19) zum Steuern des Elektronenstrahlabtastabschnitts,
wobei der Steuerabschnitt den Elektronenstrahlabtastabschnitt steuert, um das auf einem Probenbildanzeige-
abschnitt (17) angezeigte Probenbild um den gleichen Winkel wie den Drehwinkel der Probe zu drehen, der
von einer Änderung der Einstellung der Kameralängeneinstelllinse verursacht wird.

7. System nach Anspruch 1, weiterhin aufweisend:

einen Elektronenstrahlbeugungsbild-Anzeigeabschnitt (11) zum Anzeigen eines vom Elektronenstrahlbeu-
gungsbild-Fotografierabschnitt (10) fotografierten Elektronenstrahlbeugungsbilds,
einen Kameralängeneinstellabschnitt (24) einer Elektronenstrahlbeugungsbildkamera (10), und
einen Steuerabschnitt (19) zum Steuern des Elektronenstrahlbeugungsbild-Anzeigeabschnitts,
wobei der Steuerabschnitt den Elektronenstrahlabtastabschnitt steuert, um das auf einem Probenbildanzeige-
abschnitt angezeigte Bild gegenüber dem Drehwinkel der Probe, der durch Änderung der Einstellung des
Kameralängeneinstellabschnitts bewirkt wird, in entgegengesetzte Richtung um den gleichen Winkel zu drehen.

8. System nach Anspruch 1, wobei der Elektronenstrahlbeugungsbild-Analyseabschnitt (3) Folgendes aufweist:

eine Einrichtung zum Erzeugen eines Kurzachsenstärkenprofils, die an den jeweiligen kurzen Längen eines
rechteckigen Bereichs, der so festgelegt ist, dass er auf einem punktartigen Elektronenstrahlbeugungsbild, das
auf einem Elektronenstrahlbeugungsbild-Anzeigeabschnitt (11) angezeigt wird, den Hauptpunkt und minde-
stens zwei Punkte umspannt, Pixelstärken in Längsrichtung summiert,
eine Einrichtung zum Erzeugen eines Langachsenstärkenprofils, die an den jeweiligen Längsseiten des recht-
eckigen Bereichs Pixelstärken in Richtung der kurzen Länge summiert,
eine Einrichtung zum Drehen des rechteckigen Bereichs um dessen Mitte, und
eine Einrichtung zum Berechnen des Gitterabstands eines Kristalls aus dem Abstand zwischen Spitzen der
Profile, die an Drehpositionen des rechteckigen Bereichs gemessen werden, an denen das Profil in Richtung
der kurzen Länge am größten ist.

9. System nach Anspruch 1, wobei der Elektronenstrahlbeugungsbild-Analyseabschnitt (3) Folgendes aufweist:

eine Einrichtung zum Erzeugen eines Kurzachsenstärkenprofils, die an den jeweiligen kurzen Längen eines
rechteckigen Bereichs, der so festgelegt ist, dass er auf einem punktartigen Elektronenstrahlbeugungsbild, das
auf einem Elektronenstrahlbeugungsbild-Anzeigeabschnitt (11) angezeigt wird, mindestens zwei Punkte um-
spannt, Pixelstärken in Längsrichtung summiert,
eine Einrichtung zum Erzeugen eines Langachsenstärkenprofils, die an den jeweiligen Längsseiten des recht-
eckigen Bereichs Pixelstärken in Richtung der kurzen Länge summiert, und
eine Einrichtung zum Berechnen des Gitterabstands eines Kristalls aufgrund des Abstands zwischen den zwei
Punkten, der aus der Spitzenposition des Kurzachsenstärkenprofils und der Spitzenposition des Langachsen-
stärkenprofils berechnet wird.

10. System nach Anspruch 1, wobei der Elektronenstrahlbeugungsbild-Analyseabschnitt (3) Folgendes aufweist:

eine Einrichtung zum Gewinnen einer Pixelverteilungsstärke an jeweils einem ersten und einem zweiten Bereich,
die auf punktartigen Elektronenstrahlbildern, die auf einem Elektronenstrahlbeugungsbild-Anzeigeabschnitt (11)
angezeigt werden, zwei Punkte umspannen, und
eine Einrichtung zum Berechnen des Gitterabstands aufgrund des Abstands zwischen den Punkten, der durch
Berechnen aus den Spitzenpositionen der jeweiligen Pixelstärkenverteilungen gewonnen wird.

11. System nach Anspruch 1, wobei der Elektronstrahlbeugungsbild-Analyseabschnitt (3) Folgendes aufweist:

eine Einrichtung zum Gewinnen von Pixelstärkenverteilungen in einem Bereich, der einen Hauptpunkt um-
spannt, der auf einem Elektronenstrahlbeugungsbild-Anzeigeabschnitt (11) für ein Elektronenstrahlbeugungs-
bild mit konzentrischem Kreis und dem Hauptpunkt als Mitte angezeigt wird,
eine Einrichtung zum Gewinnen einer Spitzenposition der Pixelstärkenverteilung,
eine Einrichtung zum Gewinnen eines Stärkenprofils auf der den konzentrischen Kreis schneidenden geraden
Linie durch die Spitzenposition,
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eine Einrichtung zum Gewinnen der Spitzenposition des Stärkenprofils, und
eine Einrichtung zum Berechnen des Gitterabstands eines Kristalls aufgrund des Spitzenabstands auf der
geraden Linie.

12. System nach einem der Ansprüche 8 bis 11, wobei die Spitze des Stärkenprofils durch Anpassen des Stärkenprofils
an eine Normalverteilungslinie oder eine Parabellinie gewonnen wird.

Revendications

1. Système de caractérisation de matériaux comportant :

des moyens pour irradier un échantillon (15) à l’aide d’un faisceau d’électrons (22),
une section de balayage de faisceau d’électrons (5) pour balayer l’échantillon à l’aide du faisceau d’électrons,
une section de photographie d’image de diffraction de faisceau d’électrons (10) pour capturer une image de
diffraction de faisceau d’électrons formée par le faisceau d’électrons transmis via l’échantillon, et
une section d’analyse élémentaire (2, 9, 29, 30) pour analyser un faisceau d’énergie est émis en irradiant
l’échantillon à l’aide du faisceau d’électrons, et délivrer en sortie des données de composition élémentaire (52),
caractérisé en ce que
une section d’analyse d’image de diffraction de faisceau d’électrons (3) pour délivrer en sortie des données de
distance de réseau (15) obtenues à partir du motif de diffraction d’électrons de l’échantillon, et
une section de caractérisation de matériaux (4) ayant une base de données (53) mémorisant plusieurs ensemble
d’informations ofx, chaque ensemble incluant les éléments contenus dans un matériau, une formule de com-
position du matériau, et les distances de réseau du matériau, et étant adaptée pour :

choisir des ensembles candidats à partir des ensembles de la base de données (53) correspondant aux
données de composition élémentaire (52) délivrées en sortie par la section d’analyse élémentaire (2, 9,
29, 30) avec les éléments dans chaque ensemble de la base de données (53), et
comparer les données de distance de réseau (53) délivrées en sortie par la section d’analyse d’image de
diffraction de faisceau d’électrons (3) aux distances de réseau dans chacun des ensembles candidats
choisis, et récupérer la formule de composition à partir d’un ensemble (54) dont les distances de réseau
coïncident avec les données de distance de réseau (51) délivrées en sortie par la section d’analyse d’image
de diffraction de faisceau d’électrons (3), pour caractériser le matériau dans la région d’irradiation d’électrons
de l’échantillon.

2. Système de caractérisation de matériaux selon la revendication 1, dans lequel la section d’analyse élémentaire est
une section d’analyse de rayons X à dispersion d’énergie (2, 9) pour délivrer en sortie des données de composition
élémentaire en analysant des rayons X caractéristiques émis par l’échantillon (15) lors de l’irradiation de faisceau
d’électrons.

3. Système de caractérisation de matériaux selon la revendication 2, dans lequel la section d’analyse élémentaire (2,
9) a une section de détermination pour déterminer s’il faut délivrer en sortie les données de composition élémentaire
sur la base du rapport de l’intensité du rayon Ka du spectre de rayons X caractéristiques de chaque élément sur
l’intensité du rayon La.

4. Système de caractérisation de matériaux selon la revendication 1, dans lequel la section d’analyse élémentaire est
une section de spectroscopie de perte d’énergie de faisceau d’électrons (29, 30) pour délivrer en sortie des données
de composition élémentaire en analysant un spectre de perte d’énergie d’un faisceau d’électrons de transmission
d’échantillon.

5. Système de caractérisation de matériaux selon la revendication 1, adapté pour mémoriser sous forme d’un ensemble
d’informations une image de balayage conjointement avec des données de composition élémentaire, une image
de diffraction de faisceau d’électrons et des informations concernant un matériau caractérisé lesquelles ont été
acquises par analyse d’un point de l’échantillon (15) inclus dans l’image de balayage.

6. Système de caractérisation de matériaux selon la revendication 1, lequel comporte en outre :

une section d’affichage d’image de diffraction de faisceau d’électrons (11) pour afficher une image de diffraction
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de faisceau d’électrons photographiée à l’aide de la section de photographie d’image de diffraction de faisceau
d’électrons (10),
une lentille de réglage de longueur d’appareil photographique (24) d’un appareil photographique d’image de
diffraction de faisceau d’électrons (10), et
une section de commande (19) pour commander la section de balayage de faisceau d’électrons,
dans lequel la section de commande commande la section de balayage de faisceau d’électrons de manière à
mettre en rotation l’image d’échantillon affichée sur une section d’affichage d’image d’échantillon (17) par
l’intermédiaire du même angle que l’angle de rotation de l’échantillon, l’angle de rotation étant généré en chan-
geant le paramétrage de la lentille de réglage de longueur d’appareil photographique.

7. Système de caractérisation de matériaux selon la revendication 1, lequel comporte en outre :

une section d’affichage d’image de diffraction de faisceau d’électrons (11) pour afficher une image de diffraction
de faisceau d’électrons photographiée à l’aide de la section de photographie d’image de diffraction de faisceau
d’électrons (10), et
une section de réglage de longueur d’appareil photographique (24) d’un appareil photographique d’image de
diffraction de faisceau d’électrons (10), et.
une section de commande (19) pour commander la section d’affichage d’image de diffraction de faisceau
d’électrons,
dans lequel la section de commande commande la section de balayage de faisceau d’électrons de manière à
mettre en rotation l’image affichée sur une section d’affichage d’image d’échantillon dans la direction inverse
par l’intermédiaire du même angle que l’angle de rotation de l’échantillon, l’angle de rotation étant généré en
changeant le paramétrage de la section de réglage de longueur d’appareil photographique.

8. Système de caractérisation de matériaux selon la revendication 1, dans lequel la section d’analyse d’image de
diffraction de faisceau d’électrons (3) comporte :

des moyens pour créer un profil d’intensité d’axe court, accumulant des intensités de pixels dans la direction
de la longueur de chacune des longueurs courtes d’une région rectangulaire définie de manière à regrouper le
spot principal est au moins deux spots lesquels sont définis pour l’image de diffraction de faisceau d’électrons
d’une forme de spot affichée sur une section d’affichage d’image de diffraction de faisceau d’électrons (11),
des moyens pour créer un profil d’intensité d’axe long accumulant des intensités de pixels dans la direction de
longueur courte de chacun des côtés dans le sens de la longueur de la région rectangulaire,
des moyens pour mettre en rotation la région rectangulaire autour du centre correspondant, et
des moyens pour calculer la distance de réseau d’un cristal par rapport à une distance entre des pics des profils
mesurés à des positions de rotation de la région rectangulaire où le profil dans la direction de longueur courte
est le maximum.

9. Système de caractérisation de matériaux selon la revendication 1, dans lequel la section d’analyse d’image de
diffraction de faisceau d’électrons (3) comporte :

des moyens pour créer un profil d’intensité d’axe court, accumulant des intensités de pixels dans la direction
de la longueur dans chacune des longueurs courtes d’une région rectangulaire définie de manière à regrouper
au moins deux spots lesquels sont définis pour l’image de diffraction de faisceau d’électrons d’une forme de
spot affichée sur une section d’affichage d’image de diffraction de faisceau d’électrons (11),
des moyens pour créer un profil d’intensité d’axe long accumulant des intensités de pixels dans la direction de
longueur courte dans chacun des côtés dans le sens de la longueur de la région rectangulaire, et
des moyens pour calculer la distance de réseau d’un cristal sur la base d’une distance entre les deux spots, la
distance étant calculée à partir de la position de pic du profil d’intensité d’axe court et de la position de pic du
profil d’intensité d’axe long.

10. Système de caractérisation de matériaux selon la revendication 1, dans lequel la section d’analyse d’image de
diffraction de faisceau d’électrons (3) comporte :

des moyens pour acquérir une intensité de répartition de pixels au niveau de chacune des première et seconde
régions lesquelles sont définies de manière à regrouper deux spots d’image de faisceau d’électrons de type
spot affichées sur une section d’affichage d’image de diffraction de faisceau d’électrons (11), et
des moyens pour calculer une distance de réseau sur la base de la distance entre les spots acquis par calcul
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à partir des positions de pic de chacune des répartitions d’intensités de pixels.

11. Système de caractérisation de matériaux selon la revendication 1, dans lequel la section d’analyse d’image de
diffraction de faisceau d’électrons (3) comporte :

des moyens pour acquérir des répartitions d’intensités de pixels dans une région définie de manière à regrouper
un spot principal affiché sur une section d’affichage d’image de diffraction de faisceau d’électrons (11) par
rapport à l’image de diffraction de faisceau d’électrons d’un cercle concentrique où le spot principal est le centre,
des moyens pour acquérir une position de pic de la répartition d’intensité de pixels,
des moyens pour acquérir un profil d’intensité sur la ligne droite coupant le cercle concentrique via la position
de pic,
des moyens pour acquérir la position de pic du profil d’intensité, et
des moyens pour calculer la distance de réseau d’un cristal sur la base de la distance de pic sur la ligne droite.

12. Système de caractérisation de matériaux selon l’une quelconque des revendications 8 à 11, dans lequel le pic du
profil d’intensité est acquis en adaptant le profil d’intensité par rapport à une ligne de répartition normale ou une
ligne parabolique.
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