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ENERGY DISPERSIVE X-RAY ANALYZER
AND METHOD FOR ENERGY DISPERSIVE
X-RAY ANALYSIS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Japanese
Patent Application No. 2014-058389, filed on Mar. 20, 2014,
the entire subject matter of which is incorporated herein by
reference.

BACKGROUND
[0002] 1. Technical Field
[0003] Thepresent invention relates to an energy dispersive

X-ray analyzer that is used being attached to a scanning
electron microscope and a method for energy dispersive
X-ray analysis.

[0004] 2. Description of the Related Art

[0005] In energy dispersive X-ray analyzers to be attached
to a scanning electron microscope, X-rays that are generated
by irradiating a sample with an accelerated electron beam are
acquired by the energy dispersive X-ray analyzer and used for
quantitative/qualitative analysis of a minute portion of the
sample. For another example, a two-dimensional X-ray inten-
sity image is obtained together with a scanning electron
microscope image by scanning a sample two-dimensionally
with an accelerated electron beam and acquiring generated
X-rays being synchronized with the scanning.

[0006] Conventionally, for example, JP-A-2000-214108
discloses an area analysis method for a sample having an
arbitrary shape that employs an electron probe microanalyzer
(EPMA). A sample embedded body is used in which a sample
is embedded in an embedding material. An area analysis is
performed on a sample having an arbitrary shape by execut-
ing a step of setting an analysis target region in a sample
embedded body and dividing the analysis target region into
plural small divisional regions, a step of setting (selecting)
small divisional regions each containing part of the sample,
and a step of measuring and analyzing the thus-set small
divisional regions successively and connecting analysis
results of the respective small divisional regions.

[0007] JP-A-HO05(1993)-026826 discloses a method for
performing a quantitative analysis and a film thickness mea-
surement by an X-ray spectroscopic method using an EPMA
or the like in a case that a substrate and a thin film of a
thin-film sample contain the same element and the constituent
elements of the substrate and the thin film are known. This
analyzing method is a thickness measuring method using a
standard sample and is performed in the following manner. A
ratio (X-ray intensity ratio) between an intensity of charac-
teristic X-rays of a component element that are radiated from
a thin-film sample (whose constituent elements are known)
excited by an electron beam accelerated at a proper accelera-
tion voltage and an intensity of X-rays radiated from a simple
substance sample of the component element excited by an
accelerated electron beam of the same kind is measured actu-
ally in advance (the component element should be such as to
enable such an actual measurement). An X-ray intensity ratio
of'an element whose X-ray intensity ratio cannot be measured
by an actual measurement is determined from the above-
measured X-ray intensity ratio of the other element and a
chemical bonding form of the measurement-incapable ele-
ment and the other element. A thickness of the thin-film
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sample is calculated from X-ray intensity ratios of all com-
ponent elements according to a particular formula, and con-
centrations of the respective component elements are calcu-
lated from ratios between the X-ray intensity ratios.

[0008] The above described conventional technique may
have the following problems to be solved. That is, whereas the
above-described techniques enable recognition of a planar
element distribution by observing a two-dimensional X-ray
intensity image, they do not allow users to determine an
element distribution in the depth direction.

[0009] The technique disclosed in JP-A-HO05(1993)-
026826 relates to a thickness measurement using a standard
sample and does not allow users to determine an element
distribution in the depth direction.

[0010] A method for determining whether or not an ele-
ment is distributed uniformly in the thickness direction is
available in which a cross section of a sample is formed and an
element distribution in the depth direction is recognized by
performing a measurement on the cross section. However,
observation of a cross section of a region of attention requires
a dedicated facility and an element distribution in the depth
direction can be determined only after doing long-time work
of forming a cross section. As such, this method may have a
problem that it takes much time and labor.

SUMMARY

[0011] The present invention has been made in view of the
above-described circumstances, and one of objects of the
present invention is to provide an energy dispersive X-ray
analyzer which is used being attached to a scanning electron
microscope and enables to determine, easily in a nondestruc-
tive manner, whether or not a measurement target element is
distributed uniformly in the thickness direction, as well as a
method for energy dispersive X-ray analysis using such an
energy dispersive X-ray analyzer.

[0012] According to an exemplary embodiment of the
present invention, there is provided an energy dispersive
X-ray analyzer attached to a scanning electron microscope.
The energy dispersive X-ray analyzer is provided with: a
SEM controller configured to control electron beam scanning
of'a sample by the scanning electron microscope; a detector
configured to detect X-rays generated from the sample by
being irradiated with an electron beam; an EDS controller
configured to processes electrical signal pulses that are output
from the detector; and a data processor configured to generate
an X-ray mapping image based on processed electrical signal
pulses and to control a display unit to display the generated
X-ray mapping image. The data processor generates a first
X-ray mapping image when the SEM controller controls the
scanning electron microscope to irradiate the sample with an
electron beam under a first acceleration voltage condition.
The data processor generates a second X-ray mapping image
when the SEM controller controls the scanning electron
microscope to irradiate the sample with an electron beam
under a second acceleration voltage condition that is different
from the first acceleration voltage condition. The data pro-
cessor is configured to correct the first X-ray mapping image
and the second X-ray mapping image into images that are
independent of acceleration voltage condition based on a
measurement intensity variation ratio of the X-ray when
changed from the first acceleration voltage condition to the
second acceleration voltage condition, the measurement
intensity variation ratio being obtained from different excita-
tion efficiency values of generated X-rays under the first
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acceleration voltage condition and the second acceleration
voltage condition. The data processor is configured to control
the display unit to display a difference image between the
corrected first X-ray mapping image and the corrected second
X-ray mapping image.

[0013] According to another exemplary embodiment of the
present invention, there is provided a method for energy dis-
persive X-ray analysis using an energy dispersive X-ray ana-
lyzer attached to a scanning electron microscope. The energy
dispersive X-ray analyzer is provided with: a SEM controller
configured to control electron beam scanning of a sample by
the scanning electron microscope; a detector configured to
detect X-rays generated from the sample by being irradiated
with an electron beam; an EDS controller configured to pro-
cesses electrical signal pulses that are output from the detec-
tor; and a data processor configured to generate an X-ray
mapping image based on processed electrical signal pulses
and to control a display unit to display the generated X-ray
mapping image. The method includes: generating a first
X-ray mapping image by the data processor when the SEM
controller controls the scanning electron microscope to irra-
diate the sample with an electron beam under a first accelera-
tion voltage condition, generating a second X-ray mapping
image by the data processor when the SEM controller con-
trols the scanning electron microscope to irradiate the sample
with an electron beam under a second acceleration voltage
condition that is different from the first acceleration voltage
condition; correcting, by the data processor, the first X-ray
mapping image and the second X-ray mapping image into
images that are independent of acceleration voltage condition
based on a measurement intensity variation ratio of the X-ray
when changed from the first acceleration voltage condition to
the second acceleration voltage condition, the measurement
intensity variation ratio being obtained from different excita-
tion efficiency values of generated X-rays under the first
acceleration voltage condition and the second acceleration
voltage condition; and controlling, by the data processor, the
display unit to display a difference image between the cor-
rected first X-ray mapping image and the corrected second
X-ray mapping image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above and other aspects of the present invention
will become more apparent and more readily appreciated
from the following description of illustrative embodiments of
the present invention taken in conjunction with the attached
drawings, in which:

[0015] FIG. 1 is a schematic diagram showing the overall
configuration of a system including an energy dispersive
X-ray analyzer according to an embodiment of the invention
and a scanning electron microscope;

[0016] FIG.2 shows an example difference image between
a first X-ray mapping image and a second X-ray mapping
image that is displayed on a display unit in the embodiment;

[0017] FIG. 3 shows an example scanning electron micro-
scope image and difference image that are displayed on the
display unit in the embodiment; and

[0018] FIG. 4 shows an example distribution image that is
displayed on the display unit stereographically in the embodi-
ment.
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DETAILED DESCRIPTION

[0019] An energy dispersive X-ray analyzer and a method
for energy dispersive X-ray analysis according to an embodi-
ment of the present invention will be hereinafter described
with reference to FIGS. 1-4.

[0020] As shown in FIG. 1, the energy dispersive X-ray
analyzer 1 according to the embodiment is an energy disper-
sive X-ray analyzer that is attached to a scanning electron
microscope 2. The energy dispersive X-ray analyzer 1 is
equipped with a SEM controller 3 for controlling electron
beam scanning of a sample S by the scanning electron micro-
scope 2, a detector 4 for detecting X-rays X that are generated
from the sample S being irradiated with the electron beam e,
an EDS controller 5 for processing electrical signal pulses
that are output from the detector 4, and a data processor 7 for
generating an X-ray mapping image based on the electrical
signal pulses processed and displaying it on a display unit 6.
[0021] The data processor 7 has a function of generating a
first X-ray mapping image M1 (see FIG. 2) as the SEM
controller 3 controls the scanning electron microscope 2 to
irradiate the sample S with an electron beam e under a first
acceleration voltage condition.

[0022] The data processor 7 also has a function of generat-
ing a second X-ray mapping image M2 (see FIG. 2) as the
SEM controller 3 controls the scanning electron microscope
2 to irradiate the sample S with an electron beam e under a
second acceleration voltage condition that is different from
the first one.

[0023] For example, when the sample S is silicon (Si), the
depth of its X-ray generation region is 0.3 pm under a first
acceleration voltage condition of 5kV and increases to 1.0 um
under a second acceleration voltage condition of 10kV. As the
acceleration voltage is set higher, the electron beam e goes
deeper into the Si sample and X-rays are generated according
to the irradiation depth.

[0024] The data processor 7 also has a function of correct-
ing the first X-ray mapping image M1 and the second X-ray
mapping image M2 into images that are independent of the
acceleration voltage condition according to an X-ray mea-
surement intensity variation ratio of the change from the first
acceleration voltage condition to the second one resulting
from different excitation efficiency values of generated
X-rays corresponding to the first and second acceleration
voltage conditions, respectively, and displaying, on the dis-
play unit 6, a difference image M3 between the corrected first
X-ray mapping image M1 and second X-ray mapping image
M2 (see FIG. 2).

[0025] As shown in FIG. 3, the data processor 7 displays a
scanning electron microscope image SEM acquired by the
scanning electron microscope 2 on the display unit 6 together
with the difference image M3 simultaneously.

[0026] Furthermore, the data processor 7 has a function of
performing the above-described image correction according
to a measurement intensity variation ratio that is calculated
based on a first X-ray mapping image M1 and a second X-ray
mapping image M2 obtained in advance from a region where
an element distribution in the depth direction is uniform.
[0027] As shown in FIG. 4, the EDS controller 5 can dis-
play, on the display unit 6, as a three-dimensional area graph,
a distribution image M4 corresponding to the difference
image M3 by showing corrected X-ray intensities in different
colors indicating respective intensity ranges and showing
corrected difference values in the form of projections and
recesses.
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[0028] The scanning electron microscope 2 is equipped
with a SEM barrel 2a for accelerating an electron beam e and
irradiating the sample S with the electron beam e, a sample
stage 8 on which the sample S is placed, and a sample cham-
ber 9 which houses the sample stage 8.

[0029] The detector 4 detects X-rays X generated from the
sample S when it is irradiated with an electron beam e and
generates resulting electrical signal pulses. More specifically,
an X-ray incidence window of the detector 4 is provided with
a semiconductor detecting device (e.g., pin diode (Si device);
not shown). When receiving a single X-ray photon, the detec-
tor 4 generates a current pulse (electrical signal pulse) corre-
sponding to it. An instantaneous current value of this current
pulse is proportional to the energy of the incident character-
istic X-ray. The detector 4 is set so as to convert the current
pulse generated by the semiconductor detecting device into a
voltage pulse, amplifies it, and outputs an amplified voltage
pulse as a signal.

[0030] The EDS controller 5 is equipped with a scanning
signal processor 5a and a signal processor 5b. The scan signal
processor Sa generates a scanning signal to be used for the
scanning electron microscope 2 to perform a scan with an
electron beam e and sends it to the SEM controller 3, to
generate an X-ray mapping image. The scanning signal pro-
cessor Sa receives, from the detector 4, an electrical signal
pulse sequence generated by detection of X-rays and gener-
ates a histogram as an X-ray energy spectrum based on
heights of the electrical signal pulses. That is, the signal
processor 55 is an analyzer for analyzing signals received
from the detector 4 and is a multichannel pulse height ana-
lyzer which obtains voltage pulse heights from signals
received from the detector 4 and thereby generates an energy
spectrum.

[0031] The scanning signal processor 5a sends a scanning
signal to the SEM controller 3, whereby the SEM barrel 2a
scans the sample S with an electron beam e and a scanning
electron microscope image SEM is displayed on the display
unit 6 (see FIG. 3).

[0032] The scanning signal processor 5a sends a clock
pulse to the signal processor 56 for each one-pixel scan
amount, whereby X-ray measurement data corresponding to
each pixel is stored in the signal processor 5b. Finally, data of
an X-ray mapping image is produced. Usually, because of a
limited memory capacity of the signal processor 55, the signal
processor 55 holds X-ray measurement data of one line and
sends it to the data processor 7. The data processor 7 accu-
mulates, as X-ray mapping image data, data sent from the
signal processor 5b successively and displays an X-ray map-
ping image on the display unit 6.

[0033] The signal processor 55 has a function of receiving
a clock pulse from the scanning signal processor 54, storing
X-ray measurement data of one pixel, and starting to acquire
X-ray measurement data of the next pixel, to generate an
X-ray mapping image. The signal processor 5b generates an
X-ray measurement data sequence by repeating the above
operation, whereby an X-ray mapping image is produced.
[0034] Connected to the EDS controller 5, the data proces-
sor 7 can display, on the display unit 6, a scanning electron
microscope image SEM, an X-ray spectrum, a result of a
quantitative analysis on an X-ray spectrum, X-ray mapping
images M1 and M2 (mentioned above), a difference image
M3, etc. The data processor 7 is a computer configured by
electrical components such as a CPU.
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[0035] Next, ananalyzing method according to the embodi-
ment that uses the energy dispersive X-ray analyzer 1 will be
described.

[0036] The an analyzing method according to the embodi-
ment has a step that the SEM controller 3 controls the scan-
ning electron microscope 2 to irradiate a sample S with an
electron beam e under a first acceleration voltage condition
and the data processor 7 generates a first X-ray mapping
image MI; a step that the SEM controller 3 controls the
scanning electron microscope 2 to irradiate a sample S with
an electron beam e under a second acceleration voltage con-
dition that is different from the first one and the data processor
7 generates a second X-ray mapping image M2; and a step
that the data processor 7 corrects the first X-ray mapping
image M1 and the second X-ray mapping image M2 into
images that are independent of the acceleration voltage con-
dition according to an X-ray measurement intensity variation
ratio of the change from the first acceleration voltage condi-
tion to the second one resulting from different excitation
efficiency values of generated X-rays corresponding to the
first and second acceleration voltage conditions, and displays,
on the display unit 6, a difference image M3 between a cor-
rected first X-ray mapping image M1 and second X-ray map-
ping image M2.

[0037] The step of generating a difference image M3 will
be described below in more detail. When a first X-ray map-
ping image M1 and a second X-ray mapping image M2 have
been obtained under the first acceleration voltage condition
and the second acceleration voltage condition, respectively,
the data processor 7 generates a difference image M3 in one
of the following three modes:

[0038] (1) Mode in which a Difference Image M3 is
Obtained by Performing a Quantitative Calculation at Each
Point

[0039] First, the following calculations are performed for
each point of X-ray mapping images. Symbols a(n) and Ib(n)
represent measurement intensities of an element n measured
at a first acceleration voltage a and a second acceleration
voltage b of an electron beam e, respectively.

[0040] A concentration ratio is determined by performing a
quantitative calculation using an X-ray spectrum obtained at
the first acceleration voltage a.

[0041] Then a measurement intensity variation ratio k(n) of
a change from the first acceleration voltage a to the second
acceleration voltage b is calculated theoretically using the
determined concentration ratio.

[0042] Ifthe element nis distributed uniformly in the depth
direction, the following Equation (1) should be satisfied for
the measurement intensity variation ratio k(n):

k()=Ib () Ia(n) (1)
[0043] Ifthe element n is not distributed uniformly but has
ahigh concentration (in terms of weight) in the vicinity of the
surface, the following Equation (2) should be satisfied:

Ta(n)>Ib(m)/k(n) 2)
[0044] If the element n is distributed so as to have a high
concentration (in terms of weight) in a deep region, the fol-
lowing Equation (3) should be satisfied:

Ta(n)<Ib(m)/k(n) 3)
[0045] Therefore, the corrected difference value Diff(n)
which is defined by the following Equation (4) can be used as

an index indicating whether or not the element n is distributed
uniformly in the depth direction.
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Diff(r)=la(n)~Ib(n)/k(x) @)

[0046] Corrected difference values Diff(n) are calculated
for all pixels of the generated

[0047] X-ray mapping images, whereby a difference image
M3 of the element n is obtained.

[0048] The above series of steps is executed for every target
element.
[0049] (2) Mode in which a Difference Image M3 is

Obtained by Determining Voltage Dependence of the Mea-
surement Intensity for Each Element Using a Standard
Sample

[0050] First, preparatory work is done in the following
manner. A standard sample is placed the sample stage 8, an
X-ray measurement is performed by irradiating the standard
sample with an electron beam e at a first acceleration voltage
a, and a resulting X-ray spectrum XSPECa is stored. Then, an
X-ray measurement is performed by irradiating the standard
sample with an electron beam e at a second acceleration
voltage b, and a resulting X-ray spectrum XSPECb is stored.
[0051] Although in this example measurements are per-
formed in the two conditions, that is, at the first acceleration
voltage a and the second acceleration voltage b, performing
X-ray spectrum measurements additionally at other accelera-
tion voltages in the preparatory work increases the level of
completeness of preparation and hence can lower the prob-
ability of occurrence of insufficient preparation for measure-
ment of a true sample.

[0052] Next, a difference image M3 is calculated by the
data processor 7 in the following manner.

[0053] The following calculations are performed at each
point of X-ray mapping images. A measurement intensity
Sla(n), measured at the first acceleration voltage a, of an
element n in the standard sample is calculated from the X-ray
spectrum XSPECa. And a measurement intensity SIb(n),
measured at the second acceleration voltage b, of the element
n in the standard sample is calculated from the X-ray spec-
trum XSPECb.

[0054] A measurement intensity variation ratio k(n) of a
change of the acceleration voltage of an electron beam e is
calculated according to the following Equation (5):

k(n)=SIb(n)/SIa(n) ®

[0055] Let Ia(n) and Ib(n) represent measurement intensi-
ties of the element n measured at the first acceleration voltage
a and the second acceleration voltage b, respectively. A cor-
rected difference value Diff(n) is calculated according to the
following Equation (6):

Diff()=la(m)~Ib(n)/k(n) (6)
[0056] Corrected difference values Diff(n) are calculated
for all pixels of the generated

[0057] X-ray mapping images, whereby a difference image
M3 of the element n is obtained.

[0058] The above series of steps is executed for every target
element.
[0059] (3) Mode in which a Difference Image M3 is

Obtained by Designating a Uniform Distribution Region
[0060] This is a method in which the above-described
image correction is performed according to a measurement
intensity variation ratio that is calculated using a first X-ray
mapping image M1 and a second X-ray mapping image M2
that were obtained in advance for a region where an element
distribution in the depth direction is uniform.
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[0061] First, a region where the distribution of an elementn
in the depth direction is uniform is designated and a first
X-ray mapping image M1 and a second X-ray mapping image
M2 are generated for the designated region.

[0062] Region integration intensities Rla(n) and RIb(n) of
the element n are calculated for the designated region from
the first X-ray mapping image M1 and the second X-ray
mapping image M2.

[0063] A measurement intensity variation ratio k(n) of a
change of the acceleration voltage of an electron beam e is
calculated by the following Equation (7):

k(n)=RIb(n)/Rla(n) @]

[0064] Let Ia(n) and Ib(n) represent measurement intensi-
ties of the element n measured at the first acceleration voltage
aand the second acceleration voltage b, respectively. For each
point of the X-ray mapping images M1 and M2, a corrected
difference value Diff(n) is calculated according to the follow-
ing Equation (8):

Diff(s1)=la(n)~Ib(n)/k(n) (8)

[0065] Corrected difference values Diff(n) are calculated
for all pixels of the acquired X-ray mapping images, whereby
a difference image M3 of the element n is obtained.

[0066] The above series of steps is executed for every target
element.
[0067] In the embodiment, as shown in FIG. 4, the EDS

controller 5 displays, on the display unit 6, as a three-dimen-
sional area graph, a distribution image M4 corresponding to a
difference image M3 by showing corrected X-ray intensities
(hereinafter referred to as absolute X-ray intensities) in dif-
ferent colors indicating respective intensity ranges and show-
ing corrected difference values in the form of projections and
recesses. For example, a portion where the absolute X-ray
intensity is high is shown in red and a portion where the
absolute X-ray intensity is low is shown in blue. The distri-
bution image M4 is an area graph presenting a three-dimen-
sional (3D) effect (i.e., 3D area graph) that has a depth dimen-
sion and in which corrected difference values are shown
stereographically in the form of projections and recesses in
the height direction (Z axis).

[0068] Not only is a distribution image M4 displayed that
corresponds to a difference image M3 and in which corrected
difference values are shown in the form of projections and
recesses, but also data in which corrected difference values of
an element n are selected to form projections and recesses
may be displayed in the form of a 3D area graph against a
scanning electron microscope image SEM. Furthermore, data
in which measurement values of a first X-ray mapping image
M1 of an element n are selected to form projections and
recesses may be displayed in the form of a 3D area graph
against a scanning electron microscope image SEM.

[0069] As described above, in the energy dispersive X-ray
analyzer 1 according to the embodiment, the data processor 7
corrects a first X-ray mapping image M1 and a second X-ray
mapping image M2 into images that are independent of the
acceleration voltage condition according to an X-ray mea-
surement intensity variation ratio of a change from a first
acceleration voltage condition to a second one resulting from
different excitation efficiency values of generated X-rays cor-
responding to the first and second acceleration voltage con-
ditions, respectively, and displays, on the display unit 6, a
difference image M3 between the corrected first X-ray map-
ping image M1 and second X-ray mapping image M2. Thus,
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an element distribution in the depth direction is detected in the
form of the difference image M3.

[0070] More specifically, if two corrected X-ray intensity
distribution images obtained under different acceleration
voltage conditions (i.e., a corrected first X-ray mapping
image M1 and second X-ray mapping image M2) have
approximately equal numerical values, a difference image
M3 has corrected difference values that are close to zero and
it is determined that the element is distributed uniformly in
the depth direction. On the other hand, if a difference image
M3 has corrected difference values that are certain non-zero
values, it can be determined from the sign of the corrected
difference values whether the element is mainly distributed
near the surface or in a low layer.

[0071] Measurements can be performed as long as the
acceleration voltage is higher than or equal to a minimum
acceleration voltage that enables excitation of characteristic
X-rays to be measured. Therefore, where it is desired to
determine in a thin layer whether or not an element is distrib-
uted uniformly in the thickness direction, two electron beam
acceleration voltages are employed that are relatively close to
the minimum acceleration voltage. Where it is desired to
determine in a thick layer whether or not an element is dis-
tributed uniformly in the thickness direction, two electron
beam acceleration voltages having a large difference are
employed. In this manner, the electron beam acceleration
voltages are selected according to the thickness in which to
determine whether or not an element is distributed uniformly.

[0072] Thedata processor 7 can display a scanning electron
microscope image SEM obtained by the scanning electron
microscope 2 on the display unit 6 together with a difference
image M3 simultaneously. Displaying a difference image M3
and a scanning electron microscope image SEM such as a
secondary electron image simultaneously makes it possible to
recognize differences between them visually.

[0073] Furthermore, the data processor 7 performs the
above-described image correction according to a measure-
ment intensity variation ratio that is calculated from a first
X-ray mapping image M1 and a second X-ray mapping image
M2 that were obtained in advance for a region where the
element distribution in the thickness direction is uniform.
This makes it unnecessary to produce a correction value data-
base using samples whose compositions are known and to
determine a correction value by a quantitative analyzing
method and sample current correction. Therefore, where it is
known that a measurement sample has a region where the
element distribution in the thickness direction is uniform,
determining a correction value (measurement intensity varia-
tion ratio) by designating this region as a region of attention
makes it possible to generate a corrected first X-ray mapping
image M1 and second X-ray mapping image M2 easily. Thus,
increase in practicality is attained.

[0074] For example, by setting, as such a region of atten-
tion, a thick SiO, region of'a semiconductor device or the like,
the analyzing method according to the embodiment can be
applied to a determination for a thin SiO, region.

[0075] Still further, the EDS controller 5 can display, on the
display unit 6, as a three-dimensional area graph, a distribu-
tion image corresponding to a difference image M3 by show-
ing corrected X-ray intensities in different colors indicating
respective intensity ranges and showing corrected difference
values in the form of projections and recesses. This makes it
possible to determine a corrected X-ray intensity distribution
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and an element distribution in the thickness direction with a
high level of visual recognition using a stereographic display
method.

[0076] The technical scope of the invention is not limited to
the above-described embodiment, and various modifications
are possible without departing from the spirit and scope of the
invention.

[0077] Thepresent invention provides the following advan-
tages. In the energy dispersive X-ray analyzer and the method
for energy dispersive X-ray analysis according to the inven-
tion, a first X-ray mapping image and a second X-ray map-
ping image are corrected into images that are independent of
the acceleration voltage condition according to an X-ray mea-
surement intensity variation ratio resulting from different
excitation efficiency values of generated X-rays correspond-
ing to first and second acceleration voltage conditions,
respectively, and a difference image between the corrected
first X-ray mapping image and second X-ray mapping image
is displayed on the display unit. As a result, an element dis-
tribution in the depth direction can be detected in the form of
the difference image. Thus, the invention makes it possible to
determine, easily in a nondestructive manner, whether or not
a measurement target element is distributed uniformly in the
thickness direction.

What is claimed is:

1. An energy dispersive X-ray analyzer attached to a scan-
ning electron microscope, the energy dispersive X-ray ana-
lyzer comprising:

a SEM controller configured to control electron beam scan-

ning of a sample by the scanning electron microscope;

a detector configured to detect X-rays generated from the

sample by being irradiated with an electron beam;

an EDS controller configured to processes electrical signal

pulses that are output from the detector; and

a data processor configured to generate an X-ray mapping

image based on processed electrical signal pulses and to
control a display unit to display the generated X-ray
mapping image,
wherein the data processor generates a first X-ray mapping
image when the SEM controller controls the scanning
electron microscope to irradiate the sample with an elec-
tron beam under a first acceleration voltage condition,

wherein the data processor generates a second X-ray map-
ping image when the SEM controller controls the scan-
ning electron microscope to irradiate the sample with an
electron beam under a second acceleration voltage con-
dition that is different from the first acceleration voltage
condition,

wherein the data processor is configured to correct the first

X-ray mapping image and the second X-ray mapping
image into images that are independent of acceleration
voltage condition based on a measurement intensity
variation ratio of the X-ray when changed from the first
acceleration voltage condition to the second accelera-
tion voltage condition, the measurement intensity varia-
tion ratio being obtained from different excitation effi-
ciency values of generated X-rays under the first
acceleration voltage condition and the second accelera-
tion voltage condition, and

wherein the data processor is configured to control the

display unit to display a difference image between the
corrected first X-ray mapping image and the corrected
second X-ray mapping image.
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2. The energy dispersive X-ray analyzer according to claim
15

wherein the data processor is configured to control the

display unit to display a scanning electron microscope
image obtained by the scanning electron microscope
together with the difference image simultaneously.

3. The energy dispersive X-ray analyzer according to claim
15

wherein the data processor is configured to perform the

image correction based on the measurement intensity
variation ratio that is calculated based on the first X-ray
mapping image and the second X-ray mapping image
obtained in advance for a region where an element dis-
tribution in the depth direction is uniform.

4. The energy dispersive X-ray analyzer according to claim
15

wherein the EDS controller is configured to control the

display unit to display a distribution image as a three-
dimensional area graph, the distribution image corre-
sponding t the difference image by showing corrected
X-ray intensities in different colors indicating respective
intensity ranges and showing corrected difference val-
ues in a form of projections and recesses.

5. A method for energy dispersive X-ray analysis using an
energy dispersive X-ray analyzer attached to a scanning elec-
tron microscope,

wherein the energy dispersive X-ray analyzer comprises:

aSEM controller configured to control electron beam scan-

ning of'a sample by the scanning electron microscope;

a detector configured to detect X-rays generated from the

sample by being irradiated with an electron beam;
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an EDS controller configured to processes electrical signal
pulses that are output from the detector; and

a data processor configured to generate an X-ray mapping
image based on processed electrical signal pulses and to
control a display unit to display the generated X-ray
mapping image,

wherein the method comprises:

generating a first X-ray mapping image by the data proces-
sor when the SEM controller controls the scanning elec-
tron microscope to irradiate the sample with an electron
beam under a first acceleration voltage condition;

generating a second X-ray mapping image by the data
processor when the SEM controller controls the scan-
ning electron microscope to irradiate the sample with an
electron beam under a second acceleration voltage con-
dition that is different from the first acceleration voltage
condition;

correcting, by the data processor, the first X-ray mapping
image and the second X-ray mapping image into images
that are independent of acceleration voltage condition
based on a measurement intensity variation ratio of the
X-ray when changed from the first acceleration voltage
condition to the second acceleration voltage condition,
the measurement intensity variation ratio being obtained
from different excitation efficiency values of generated
X-rays under the first acceleration voltage condition and
the second acceleration voltage condition; and

controlling, by the data processor, the display unit to dis-
play a difference image between the corrected first X-ray
mapping image and the corrected second X-ray mapping
image.



