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(54) METHOD OF GENERATING ELEMENTAL MAP AND SURFACE ANALYZER

(57) A method of generating an elemental map
includes : acquiring a plurality of correction channel im-
ages by scanning a surface of a standard specimen hav-
ing a uniform elemental concentration with a primary
beam and generating a correction channel image for
each channel; generating correction information for each
pixel of each correction channel image among the plu-
rality of correction channel images based on a brightness
value of the pixel; acquiring a plurality of analysis channel

images by scanning a surface of a specimen to be ana-
lyzed with the primary beam and generating an analysis
channel image for each channel; correcting brightness
values of pixels constituting an analysis channel image
among the plurality of analysis channel images based on
the correction information; and generating an elemental
map of the specimen to be analyzed based on the plu-
rality of analysis channel images having pixels with cor-
rected brightness values.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a method of generating an elemental map and to a surface analyzer.
[0002] As surface analyzers, an Auger electron microscope (AES) and an X-ray photoelectron spectroscope (XPS)
are well known (for example, refer to JP-A-2017-111022). With such a surface analyzer, an elemental map indicating a
distribution of desired elements can be acquired.
[0003] For example, with an Auger electron microscope, an elemental map (an Auger map) can be acquired by
irradiating each measurement point on a specimen surface with an electron beam to scan the measurement point with
the electron beam and detecting Auger electrons emitted from each measurement point.
[0004] With an Auger electron microscope, analyzed Auger electrons are detected by a detector having a plurality of
channels capable of detecting electrons with different energies in a mutually independent manner. As such a detector,
a detector equipped with a plurality of channeltrons is known.
[0005] Sensitivity of the detector described above is dependent on a position of a light source or, in other words, a
position of a measurement point that is a generation source of Auger electrons. Therefore, in some cases, when acquiring
an elemental map, the sensitivity of the detector changes at each measurement point and creates a variation in brightness
on the elemental map. In particular, a positional dependence of the sensitivity of the detector has a significant impact
in low-magnification measurement.

SUMMARY

[0006] According to a first aspect of the invention, there is provided a method of generating an elemental map in a
surface analyzer which acquires an elemental map by scanning a surface of a specimen with a primary beam, separating
signals emitted from the specimen with a spectrometer, and detecting the separated signals with a detector having a
plurality of channels capable of detecting the signals having energies that differ from one another, the method of generating
an elemental map including:

acquiring a plurality of correction channel images by scanning a surface of a standard specimen having a uniform
elemental concentration with the primary beam and generating a correction channel image for each of the channels;
generating correction information for each pixel of each correction channel image among the plurality of correction
channel images based on a brightness value of the pixel;
acquiring a plurality of analysis channel images by scanning a surface of a specimen to be analyzed with the primary
beam and generating an analysis channel image for each of the channels;
correcting brightness values of pixels constituting an analysis channel image among the plurality of analysis channel
images based on the correction information; and
generating the elemental map of the specimen to be analyzed based on the plurality of analysis channel images
having the pixels with corrected brightness values.

[0007] According to a second aspect of the invention, there is provided a surface analyzer including:

a scanning unit which scans a surface of a specimen with a primary beam;
a spectrometer which separates signals emitted from the specimen;
a detector which detects the signals separated by the spectrometer with a plurality of channels capable of detecting
the signals having energies that differ from one another; and
an image processing unit which generates an elemental map,
the image processing unit performing the processes of:

acquiring a plurality of analysis channel images obtained by scanning a surface of a specimen to be analyzed
with the primary beam ;
correcting brightness values of pixels constituting an analysis channel image among the plurality of analysis
channel images based on correction information which corrects a positional dependence of sensitivity of the
detector; and
generating the elemental map of the specimen to be analyzed based on the plurality of analysis channel images
having the pixels with corrected brightness values.
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

[0008]

FIG. 1 is a diagram illustrating a configuration of a surface analyzer according to an embodiment of the invention.
FIG. 2 is a diagram schematically illustrating a detector.
FIG. 3 is a flowchart illustrating an example of a method of generating an elemental map according to an embodiment
of the invention.
FIG. 4 is a flow chart illustrating an example of a process of generating correction information.
FIG. 5 illustrates correction channel images and an elemental map obtained by measuring a standard specimen.
FIG. 6 illustrates correction coefficients.
FIG. 7 illustrates analysis channel images and an elemental map obtained by measuring a specimen to be analyzed.
FIG. 8 illustrates analysis channel images after correction and an elemental map after correction.
FIG. 9 illustrates correction coefficients calculated by using correction channel images having been subjected to a
smoothing process.
FIG. 10 illustrates analysis channel images and an elemental map both corrected by using correction coefficients
calculated by using correction channel images having been subjected to a smoothing process.
FIG. 11 illustrates the elemental map in FIG. 8 and the elemental map in FIG. 10 for comparison.

DETAILED DESCRIPTION OF THE EMBODIMENT

[0009] According to an embodiment of the invention, there is provided a method of generating an elemental map in a
surface analyzer which acquires an elemental map by scanning a surface of a specimen with a primary beam, separating
signals emitted from the specimen with a spectrometer, and detecting the separated signals with a detector having a
plurality of channels capable of detecting the signals having energies that differ from one another, the method of generating
an elemental map including:

acquiring a plurality of correction channel images by scanning a surface of a standard specimen having a uniform
elemental concentration with the primary beam and generating a correction channel image for each of the channels;
generating correction information for each pixel of each correction channel image among the plurality of correction
channel images based on a brightness value of the pixel;
acquiring a plurality of analysis channel images by scanning a surface of a specimen to be analyzed with the primary
beam and generating an analysis channel image for each of the channels;
correcting brightness values of pixels constituting an analysis channel image among the plurality of analysis channel
images based on the correction information; and
generating the elemental map of the specimen to be analyzed based on the plurality of analysis channel images
having the pixels with corrected brightness values.

[0010] With such a method of generating an elemental map, since an elemental map is generated by correcting
brightness values of pixels constituting an analysis channel image based on the correction information, an elemental
map in which variation in brightness attributable to a positional dependence of sensitivity of the detector is reduced can
be generated.
[0011] According to an embodiment of the invention, there is provided a surface analyzer including:

a scanning unit which scans a surface of a specimen with a primary beam;
a spectrometer which separates signals emitted from the specimen;
a detector which detects the signals separated by the spectrometer with a plurality of channels capable of detecting
the signals having energies that differ from one another; and
an image processing unit which generates an elemental map,
the image processing unit performing the processes of:

acquiring a plurality of analysis channel images obtained by scanning a surface of a specimen to be analyzed
with the primary beam;
correcting brightness values of pixels constituting an analysis channel image among the plurality of analysis
channel images based on correction information which corrects a positional dependence of sensitivity of the
detector; and
generating the elemental map of the specimen to be analyzed based on the plurality of analysis channel images
having the pixels with corrected brightness values.
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[0012] With such a surface analyzer, since an elemental map is generated by correcting brightness values of pixels
constituting an analysis channel image based on the correction information, an elemental map in which variation in
brightness attributable to a positional dependence of sensitivity of the detector is reduced can be generated.
[0013] Embodiments of the invention are described in detail below with reference to the drawings. Note that the
following embodiments do not unduly limit the scope of the invention as stated in the claims. In addition, all of the elements
described below are not necessarily essential requirements of the invention.

1. Surface analyzer

1.1. Configuration of surface analyzer

[0014] First, a surface analyzer according to an embodiment of the invention will be described with reference to the
drawings. FIG. 1 is a diagram illustrating a configuration of a surface analyzer 100 according to an embodiment of the
invention.
[0015] The surface analyzer 100 is an apparatus for analyzing a specimen S using Auger electron spectroscopy.
Auger electron spectroscopy refers to a method of elemental analysis which is performed by measuring energy of Auger
electrons excited by an electron beam or the like and emitted from the specimen S.
[0016] With the surface analyzer 100, an elemental map (an Auger map) indicating a distribution of elements can be
acquired. Specifically, the surface analyzer 100 acquires an elemental map by scanning a surface of the specimen S
with an electron beam, analyzing Auger electrons emitted from the specimen S with a spectrometer 40, and detecting
the analyzed Auger electrons with a detector 50 having a plurality of channels capable of detecting electrons with energies
that differ from one another.
[0017] As illustrated in FIG. 1, the surface analyzer 100 includes an electron source 10, an optical system 20, a
specimen stage 30, the spectrometer 40, the detector 50, a counting device 60, a processing unit 70, an operating unit
80, a display unit 82, and a storage unit 84.
[0018] The electron source 10 generates an electron beam. The electron source 10 is, for example, an electron gun
which accelerates electrons emitted from a cathode by an anode and which emits an electron beam.
[0019] The optical system 20 irradiates a specimen S with an electron beam emitted from the electron source 10. The
optical system 20 is configured so as to include a condenser lens 22, an objective lens 24, and a deflector 26 as an
example of the scanning unit.
[0020] The condenser lens 22 and the objective lens 24 focus an electron beam discharged from the electron source
10. An electron probe can be formed by focusing an electron beam emitted from the electron source 10 with the condenser
lens 22 and the objective lens 24.
[0021] The deflector 26 deflects the electron probe focused by the condenser lens 22 and the objective lens 24. The
deflector 26 is used in order to scan an electron beam over a surface of the specimen S.
[0022] The specimen stage 30 holds the specimen S. The specimen stage 30 is equipped with a horizontal direction
moving mechanism which moves the specimen S in a horizontal direction, a height direction moving mechanism which
moves the specimen S in a height direction, and a tilting mechanism which tilts the specimen S. The specimen S can
be positioned by the specimen stage 30.
[0023] The spectrometer 40 analyzes Auger electrons generated by the specimen S when the specimen S is irradiated
with an electron beam. The spectrometer 40 is configured so as to include an input lens 42 and a hemispherical elec-
trostatic analyzer 44.
[0024] The input lens 42 guides incident electrons to the hemispherical electrostatic analyzer 44. In addition, the input
lens 42 makes energy resolution variable by decelerating the electrons. In the input lens 42, although the greater the
deceleration of the electrons, the higher the resolution, sensitivity decreases.
[0025] The hemispherical electrostatic analyzer 44 has a hemispherical inner electrode 44a and a hemispherical outer
electrode 44b. In the hemispherical electrostatic analyzer 44, by applying voltage between the hemispherical inner
electrode 44a and the hemispherical outer electrode 44b, electrons in an energy range in accordance with the applied
voltage can be collected.
[0026] The detector 50 detects electrons analyzed by the spectrometer 40. The detector 50 has a plurality of channels
capable of independently detecting electrons with energies that differ from one another.
[0027] FIG. 2 is a diagram schematically illustrating the detector 50. The detector 50 is configured so as to include a
plurality of channeltrons 52. The plurality of channeltrons 52 constitute a plurality of channels capable of independently
detecting electrons with energies that differ from one another.
[0028] While the detector 50 has seven channeltrons 52 in the example illustrated in FIG. 2, the number of channeltrons
52 is not particularly limited. The channeltrons 52 detect electrons and output an amplified signal.
[0029] The plurality of channeltrons 52 are arranged side by side in an energy dispersion direction A of electrons on
an exit plane of the spectrometer 40 or, in other words, on an energy dispersion surface. Therefore, the plurality of
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channeltrons 52 are capable of independently detecting electrons with energies that differ from one another. Accordingly,
the detector 50 is capable of simultaneously detecting electrons with energies that differ from one another.
[0030] The plurality of channeltrons 52 are assigned channel numbers. Specifically, ch0 is assigned to the channeltron
52 which detects electrons passing a center between the hemispherical inner electrode 44a and the hemispherical outer
electrode 44b. In addition, channel ch-1, channel ch-2, and channel ch-3 are respectively assigned to the three chan-
neltrons 52 sequentially arranged toward the side of the hemispherical inner electrode 44a from the ch0 channeltron
52. Furthermore, channel ch+1, channel ch+2, and channel ch+3 are respectively assigned to the three channeltrons
52 sequentially arranged toward the side of the hemispherical outer electrode 44b from the ch0 channeltron 52.
[0031] The plurality of channeltrons 52 are arranged so that an energy interval ΔE between adjacent channeltrons 52
is the same. Therefore, when energy that can be detected by the ch0 channeltron 52 is denoted by E, energy that can
be detected by the ch-1 channeltron 52 is denoted by E - ΔE, energy that can be detected by the ch-2 channeltron 52
is denoted by E - 2 3 ΔE, and energy that can be detected by the ch-3 channeltron 52 is denoted by E - 3 3 ΔE. In
addition, energy that can be detected by the ch+1 channeltron 52 is denoted by E + ΔE, energy that can be detected by
the ch+2 channeltron 52 is denoted by E + 2 3 ΔE, and energy that can be detected by the ch+3 channeltron 52 is
denoted by E + 3 3 ΔE.
[0032] The operating unit 80 performs a process of converting an instruction from a user into a signal and sending the
signal to the processing unit 70. For example, the operating unit 80 can be realized by an input device such as a button,
a key, a touch panel display, or a microphone.
[0033] The display unit 82 displays an image generated by the processing unit 70. The display unit 82 can be realized
by a display such as a liquid crystal display (LCD).
[0034] The storage unit 84 stores programs and data which enable the processing unit 70 to perform various calculation
processes and control processes. In addition, the storage unit 84 is also used as a work area of the processing unit 70.
The storage unit 84 can be realized by, for example, a random access memory (RAM), a read only memory (ROM), and
a hard disk. Correction information 2 is stored in the storage unit 84. A description of the correction information 2 will be
provided later.
[0035] The processing unit 70 performs processes including processes for controlling the respective parts constituting
the surface analyzer 100 and a process of generating an elemental map. Functions of the processing unit 70 can be
realized by having various processors (a central processing unit (CPU) and the like) execute programs. It should be
noted that at least part of the functions of the processing unit 70 may be realized by a dedicated circuit such as an ASIC
(a gate array or the like). The processing unit 70 includes a control unit 72 and an image processing unit 74.
[0036] The control unit 72 controls the optical system 20 so that, for example, an electron beam is scanned in a desired
region on a surface of the specimen S. In addition, the control unit 72 controls the optical system 20 and the spectrometer
40 in order to perform a measurement (for example, an elemental mapping) of the specimen S.
[0037] The image processing unit 74 performs a process of generating an elemental map. Details of the process by
the image processing unit 74 will be described later in "3. Processes".
[0038] The counting device 60 counts electrons detected by the channeltrons 52. The counting device 60 counts
detected electrons for each of the plurality of channeltrons 52. The counting device 60 receives output signals of the
plurality of channeltrons 52 and counts electrons for each energy. The counting device 60 sends a count result of
electrons for each energy to the processing unit 70. A count result is, for example, a count rate. A count rate represents
the number of electrons counted within a unit time.

1.2. Operations of surface analyzer

[0039] Next, operations of the surface analyzer 100 will be described. Hereinafter, a case where an elemental mapping
is performed in the surface analyzer 100 will be described.
[0040] An electron beam discharged from the electron source 10 is focused by the condenser lens 22 and the objective
lens 24 and irradiates the specimen S. At this point, the electron beam is scanned over a surface of the specimen S by
using the deflector 26. Auger electrons, secondary electrons, backscattered electrons, and the like are discharged from
a measurement point of the specimen S irradiated by the electron beam.
[0041] The Auger electrons and the like discharged from the specimen S are incident into and decelerated by the input
lens 42. The decelerated Auger electrons are analyzed by the hemispherical electrostatic analyzer 44 and, as illustrated
in FIG. 2, dispersed in accordance with energy in the energy dispersion direction A on an exit plane of the hemispherical
electrostatic analyzer 44.
[0042] The Auger electrons dispersed in accordance with energy are detected by the plurality of channeltrons 52
arranged side by side in the energy dispersion direction A. The electrons detected by the plurality of channeltrons 52
are counted by the counting device 60 for each channeltron 52 and a count result thereof is sent to the processing unit 70.
[0043] In the processing unit 70, based on the count result for each channeltron 52, a channel image is generated for
each channeltron 52. Since the detector 50 has seven channeltrons 52 in the example illustrated in FIG. 2, seven channel
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images are generated. In the processing unit 70, an elemental map is generated based on the channel image generated
for each channeltron 52 (in the example illustrated in FIG. 2, seven channel images). A method of generating the
elemental map will be described later in "2. Method of generating elemental map".
[0044] In this case, as described earlier, not only Auger electrons but secondary electrons, backscattered electrons,
and the like are also discharged from the specimen S when irradiated by an electron beam. Since a signal discharged
from the specimen S includes Auger electrons as well as other electrons in this manner, a signal (an Auger peak) due
to the Auger electrons must be separated from signals (background) of other electrons.
[0045] Methods of separating the background include a method of performing two measurements (hereinafter, also
referred to as "PB separate measurement") and a method of performing one measurement (hereinafter, also referred
to as "PB simultaneous measurement").
[0046] In PB separate measurement, first, a measurement (a mapping) of an Auger peak corresponding to a desired
element is performed to acquire a map (hereinafter, also referred to as a "peak map"). Next, a measurement (a mapping)
of the background is performed in a vicinity of the Auger peak corresponding to the desired element to acquire a map
(hereinafter, also referred to as a "background map"). The background can be removed from the peak map by subtracting
the background map from the peak map. In this manner, an elemental map (an Auger map) is obtained.
[0047] In PB simultaneous measurement, by using a plurality of channeltrons 52, a measurement of an Auger peak
and a measurement of a background in the vicinity of the Auger peak are simultaneously performed. Accordingly, in PB
simultaneous measurement, a peak map and a background map are obtained by one measurement. Therefore, in PB
simultaneous measurement, an elemental map can be obtained in an efficient manner.

2. Method of generating elemental map

[0048] Next, a method of generating an elemental map according to an embodiment of the invention will be described
with reference to the drawings. FIG. 3 is a flowchart illustrating an example of the method of generating an elemental
map according to an embodiment of the invention.

2.1. Generation of correction information (S10)

[0049] First, correction information 2 for correcting brightness of an elemental map is generated. In this case, sensitivity
of the detector 50 is dependent on a position of a measurement point on the surface of the specimen S. The correction
information 2 is information for correcting a positional dependence of the sensitivity of the detector 50.
[0050] FIG. 4 is a flow chart illustrating an example of a process of generating the correction information 2.

(1) Measurement of standard specimen (S100)

[0051] As the standard specimen, when the sensitivity of the detector 50 is not positionally dependent, a specimen is
used from which an elemental map with uniform brightness is obtained. Specifically, the standard specimen is a specimen
having uniform elemental concentration. In addition, the standard specimen is preferably flat. Examples of such a standard
specimen include semiconductor wafers such as a silicon wafer. Performing an elemental mapping of the standard
specimen enables an elemental map with uniform brightness to be obtained when the sensitivity of the detector 50 is
not positionally dependent. The measurement of the standard specimen is performed by, for example, PB simultaneous
measurement.

(2) Acquisition of correction channel image (S102)

[0052] By measuring the standard specimen, in the processing unit 70, a correction channel image is generated for
each channeltron 52. Accordingly, the processing unit 70 (the image processing unit 74) can acquire seven correction
channel images.
[0053] FIG. 5 illustrates correction channel images and an elemental map (an Auger map) obtained by measuring a
standard specimen. The correction channel images in FIG. 5 are images obtained by PB simultaneous measurement.
[0054] As illustrated in FIG. 5, in the surface analyzer 100, seven channel images are obtained in correspondence to
the seven channeltrons 52. For example, a channel image of ch0 is an image indicating a distribution of intensities (count
rates) of electrons obtained by detecting, with the ch0 channeltron 52, electrons discharged from the standard specimen
when an electron beam is scanned over a surface of the standard specimen. A brightness value of a pixel constituting
a channel image corresponds to an intensity (a count rate) of electrons at a measurement point corresponding to the
pixel. The seven channel images are images obtained by detecting electrons with energies that differ from one another.
[0055] An elemental map (an Auger map) is generated based on a plurality of correction channel images. For example,
a brightness value of a pixel constituting a channel image is represented by Ach (x,y,ch), where x denotes a pixel number
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in a horizontal direction of the channel image, y denotes a pixel number in a vertical direction of the channel image, and
ch denotes a channel number. When generating an elemental map based on the seven channel images in FIG. 5, a
brightness value Amap (x,y) of an image constituting the elemental map is represented by the following equation.

[0056] As used herein, F denotes a function of calculating an elemental map from a plurality of channel images during
PB simultaneous measurement.
[0057] As illustrated in FIG. 5, the elemental map (the Auger map) exhibits a variation in brightness. Since the standard
specimen is a specimen from which an elemental map with uniform brightness is obtained, the variation in brightness
is attributable to the surface analyzer 100.
[0058] In this case, the effect of a positional dependence of the sensitivity of the detector 50 is manifested in brightness
of the elemental map regardless of whether PB separate measurement or PB simultaneous measurement is performed.
[0059] In addition, in PB separate measurement, since a measurement of an Auger peak and a measurement of a
background can be performed with the same channeltron 52, an individual difference among a plurality of channeltrons
52 does not affect the brightness of the elemental map. On the other hand, in PB simultaneous measurement, since a
plurality of channeltrons 52 measure electrons with energies that differ from one another, an individual difference among
the plurality of channeltrons 52 affects the brightness of the elemental map.
[0060] In this manner, in PB simultaneous measurement, an effect of the positional dependence of the sensitivity of
the detector 50 and an effect of the individual difference among the plurality of channeltrons 52 are manifested on the
elemental map as variations in brightness.

(3) Generation of correction information (S104)

[0061] The correction information 2 is obtained by calculating a correction coefficient at which the variation in brightness
of the elemental map in FIG. 5 is eliminated. The correction coefficient is generated for each pixel of a correction channel
image based on a brightness value of the pixel in each of the plurality of correction channel images. For example, the
correction coefficient is a coefficient in which a value obtained by multiplying the brightness value of a pixel constituting
a correction channel image by the coefficient becomes constant. For example, a correction coefficient C (x,y,ch) can be
obtained by equation (1) below. 

[0062] As used herein, E(n) denotes an average value of all pixels constituting a correction channel image of channel
n (n = -3, -2, -1, 0, +1, +2, +3). In this manner, the correction coefficient can be calculated by dividing an average value
of brightness values of all pixels constituting a correction channel image by each brightness value of all pixels constituting
the correction channel image.
[0063] It should be noted that an average value of brightness values of pixels constituting a center portion of a correction
channel image can be used as the average value E(ch). Accordingly, pixels constituting an outer peripheral portion of
the correction channel image can be excluded from the calculation. Sensitivity of the channeltrons 52 is low in the outer
peripheral portion of a correction channel image. Therefore, excluding the pixels constituting the outer peripheral portion
of a correction channel image from the calculation enables a correction coefficient to be obtained with greater accuracy.
[0064] FIG. 6 illustrates correction coefficients calculated by using the equation (1) described above from the correction
channel images in FIG. 5. The generated correction coefficients are stored in the storage unit 84 as the correction
information 2.

2.2. Measurement of specimen to be analyzed (S20)

[0065] A measurement of a specimen to be analyzed is performed. The measurement of the specimen to be analyzed
is performed by PB simultaneous measurement.
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2.3. Acquisition of channel image (S30)

[0066] By measuring the specimen to be analyzed, in the processing unit 70, a channel image is generated for each
channeltron 52. Accordingly, the processing unit 70 (the image processing unit 74) can acquire seven analysis channel
images.
[0067] FIG. 7 illustrates analysis channel images and an elemental map (an Auger map) obtained by measuring a
specimen to be analyzed. The analysis channel images in FIG. 7 are images obtained by PB simultaneous measurement.
[0068] As illustrated in FIG. 7, variations in brightness due to an effect of the positional dependence of the sensitivity
of the detector 50 and an effect of the individual difference among the plurality of channeltrons 52 are observed on an
elemental map generated from the analysis channel images.

2.4. Correction of channel image (S40)

[0069] A brightness value of a pixel constituting an analysis channel image is corrected based on the correction
information 2 (the correction coefficients in FIG. 6).
[0070] For example, a brightness value Ach_mod (x,y,ch) of a pixel constituting a channel image after correction is
calculated by equation (2) below. 

[0071] FIG. 8 illustrates analysis channel images after correction and an elemental map (an Auger map) after correction
obtained by correcting the analysis channel images in FIG. 7 by using the correction coefficients in FIG. 6. A brightness
value of a pixel constituting the analysis channel images after correction in FIG. 8 is obtained by correcting a brightness
value of a pixel constituting the analysis channel images in FIG. 7 by using the equation (2) described above.

2.5. Generation of elemental map (S50)

[0072] An elemental map (an Auger map) of the specimen to be analyzed is generated based on the analysis channel
images after correction in FIG. 8.
[0073] A brightness value Amap_mod (x,y,ch) of a pixel constituting an elemental map is represented by the following
equation. 

[0074] A comparison of the elemental map (the Auger map) prior to correction in FIG. 7 and the elemental map (the
Auger map) after the correction in FIG. 8 reveals that a variation in brightness is reduced in the corrected elemental map.
[0075] An elemental map can be generated by the steps described above.
[0076] For example, the method of generating an elemental map according to the embodiment described above has
the following features.
[0077] The method of generating an elemental map according to the embodiment described above includes the steps
of: acquiring a plurality of correction channel images by scanning a surface of a standard specimen having a uniform
elemental concentration with an electron beam and generating the correction channel image for each channeltron 52;
and generating correction information 2 for each pixel of each correction channel image among the plurality of correction
channel images based on a brightness value of the pixel. Therefore, the correction information 2 for correcting a positional
dependence of the sensitivity of the detector 50 can be generated.
[0078] Furthermore, the method of generating an elemental map according to the embodiment described above in-
cludes the steps of: acquiring a plurality of analysis channel images by scanning a surface of a specimen to be analyzed
with an electron beam and generating the analysis channel image for each channeltron 52; correcting brightness values
of pixels constituting an analysis channel image among the plurality of analysis channel images based on the correction
information 2; and generating the elemental map of the specimen to be analyzed based on the plurality of analysis
channel images having the pixels with corrected brightness values. Therefore, an elemental map in which a variation in
brightness attributable to the positional dependence of the sensitivity of the detector 50 has been reduced can be
generated. Accordingly, for example, even in a case where PB simultaneous measurement is performed at low magni-
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fication where the positional dependence has a significant impact, a variation in brightness attributable to the positional
dependence can be reduced in the elemental map.
[0079] In the method of generating an elemental map according to the embodiment described above, in the step of
generating the correction information 2, a coefficient is used as the correction information 2 in which a value obtained
by multiplying a brightness value of a pixel constituting a correction channel image by the coefficient becomes constant.
Therefore, the correction information 2 for correcting the positional dependence of the sensitivity of the detector 50 can
be generated.
[0080] In the method of generating an elemental map according to the embodiment described above, the correction
coefficient is calculated by dividing an average value of brightness values of all pixels constituting a correction channel
image by each brightness value of all pixels constituting the correction channel image. Therefore, the correction infor-
mation 2 for correcting the positional dependence of the sensitivity of the detector 50 can be generated.

3. Processes

[0081] Next, processes performed by the image processing unit 74 will be described.
[0082] The image processing unit 74 performs a process of acquiring an elemental map. Specifically, first, the image
processing unit 74 acquires a plurality of analysis channel images in FIG. 7 obtained by scanning a surface of the
specimen S with the electron beam.
[0083] Next, in each of the plurality of analysis channel images, the image processing unit 74 corrects a brightness
value of a pixel constituting the analysis channel image based on the correction information 2 for correcting the positional
dependence of the sensitivity of the detector 50 or, in other words, the correction coefficients in FIG. 6.
[0084] In other words, the image processing unit 74 performs the process of "2.4. Correction of channel image (S40)"
described above. As a result, the corrected channel images in FIG. 8 are obtained. In the present process, the image
processing unit 74 acquires the correction information 2 by reading the correction information 2 from the storage unit 84.
[0085] Next, the image processing unit 74 generates an elemental map based on the plurality of corrected analysis
channel images. In other words, the image processing unit 74 performs the process of "2.5. Generation of elemental
map (S50)" described above. Accordingly, the elemental map (the Auger map) in FIG. 8 can be generated.
[0086] For example, the surface analyzer 100 has the following features.
[0087] In the surface analyzer 100, the image processing unit 74 performs the processes of: acquiring a plurality of
analysis channel images obtained by scanning a surface of a specimen to be analyzed with an electron beam; correcting,
in each of the plurality of channel images, a brightness value of a pixel constituting the channel image based on the
correction information 2 for correcting a positional dependence of sensitivity of the detector 50; and generating an
elemental map based on the plurality of corrected analysis channel images. Therefore, in the surface analyzer 100, an
elemental map in which a variation in brightness attributable to the positional dependence of the sensitivity of the detector
50 has been reduced can be generated.
[0088] In the surface analyzer 100, in each of a plurality of correction channel images acquired by scanning a surface
of a standard specimen having a uniform elemental concentration with an electron beam, the correction information is
generated for each pixel of the correction channel image based on a brightness value of the pixel. Therefore, in the
surface analyzer 100, an elemental map in which the positional dependence of the sensitivity of the detector 50 has
been corrected can be generated.

4. Modifications

[0089] The invention is not limited to the embodiments described above, and various modifications and variations can
be made without departing from the scope of the invention.

4.1. First modification

[0090] The sensitivity of the detector 50 is affected by, for example, a working distance, a measurement magnification,
a resolution of an elemental map, a tilt angle of the specimen stage 30, measurement energy of the spectrometer 40,
pass energy of the spectrometer 40, voltage applied to the channeltrons 52, a mechanical axis of the spectrometer 40,
and the like. Therefore, the correction information 2 is sequentially acquired while varying these measurement conditions.
[0091] For example, in the step of acquiring a plurality of correction channel images or, in other words, in steps S100
and S102 in FIG. 4, a plurality of correction channel images are acquired while varying measurement conditions. In
addition, in the step of generating the correction information 2 or, in other words, in step S104 in FIG. 4, correction
information is generated for each measurement condition. Furthermore, in the step of correcting a brightness value of
a pixel constituting an analysis channel image or, in other words, in step S40 in FIG. 2, correction of an analysis channel
image is performed by using the correction information 2 in accordance with the measurement condition.
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[0092] In this manner, according to the first modification, since correction in accordance with measurement conditions
can be performed, the sensitivity of the detector 50 can be corrected with greater accuracy.
[0093] When the correction information 2 of a same measurement condition is not stored in the storage unit 84 in the
step of correcting a brightness value of a pixel constituting an analysis channel image, correction may be performed by
newly generating the correction information 2 by, for example, interpolation from the correction information 2 stored in
the storage unit 84. Alternatively, correction may be performed by generating the correction information 2 by newly
measuring the standard specimen under a same measurement condition. Alternatively, when the correction information
2 of a same measurement condition is not stored in the storage unit 84, correction may not be performed.

4.2. Second modification

[0094] A sensitivity gradient derived from the positional dependence of the detector 50 is often extremely gradual in
comparison to the resolution of an elemental map or, in other words, a size of a pixel. Therefore, in the second modification,
a smoothing process is performed on a correction channel image and correction information is generated for each pixel
of the smoothed correction channel image based on a brightness value of the pixel.
[0095] FIG. 9 illustrates correction coefficients calculated by using correction channel images having been subjected
to a smoothing process. FIG. 10 illustrates analysis channel images and an elemental map (an Auger map), both having
been corrected by using the correction coefficients in FIG. 9. FIG. 11 illustrates an elemental map I2 in FIG. 8 and an
elemental map I4 in FIG. 10 for comparison.
[0096] By performing a smoothing process on correction channel images, as illustrated in FIG. 11, noise of an elemental
map is reduced as compared to a case where a smoothing process is not performed on the correction channel images.

4.3. Third modification

[0097] While a case where a measurement of a standard specimen and a measurement of a specimen to be analyzed
are performed by PB simultaneous measurement has been explained in the embodiments described above, a meas-
urement of a standard specimen and a measurement of a specimen to be analyzed may be performed by PB separate
measurement. Even when the measurements are performed by PB separate measurement, the positional dependence
of the sensitivity of the detector 50 can be corrected. Even when a measurement of a standard specimen and a meas-
urement of a specimen to be analyzed are performed by PB separate measurement, an elemental map can be generated
by a method similar to the method of generating an elemental map illustrated in FIG. 3 described above.

4.4. Fourth modification

[0098] While a case where the surface analyzer 100 is an Auger electron microscope which uses an electron beam
as a primary beam to irradiate a specimen and in which secondary signals emitted from the specimen are Auger electrons
has been explained in the embodiments described above, the surface analyzer according to the invention is not limited
thereto. For example, the surface analyzer according to the invention may be an X-ray photoelectron spectroscope
which uses X-rays as a primary beam and in which secondary signals emitted from the specimen are photoelectrons.
Even in this case, a similar working effect to that of the embodiments described above can be produced.
[0099] The above-described embodiments and modifications are examples and the invention is not limited thereto.
For example, the embodiments and the modifications may be combined appropriately.
[0100] The invention includes configurations that are substantially the same (for example, in function and method) as
the configurations described in the embodiments. The invention also includes configurations in which non-essential
elements described in the embodiments are replaced by other elements. The invention further includes configurations
obtained by adding known art to the configurations described in the embodiments.
[0101] Some embodiments of the invention have been described in detail above, but a person skilled in the art will
readily appreciate that various modifications can be made from the embodiments without materially departing from the
invention as defined by the claims. Accordingly, all such modifications are assumed to be included in the scope of the
invention.

Claims

1. A method of generating an elemental map in a surface analyzer which acquires an elemental map by scanning a
surface of a specimen with a primary beam, separating signals emitted from the specimen with a spectrometer, and
detecting the separated signals with a detector having a plurality of channels capable of detecting the signals having
energies that differ from one another, the method of generating an elemental map comprising:
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acquiring a plurality of correction channel images by scanning a surface of a standard specimen having a uniform
elemental concentration with the primary beam and generating a correction channel image for each of the
channels;
generating correction information for each pixel of each correction channel image among the plurality of cor-
rection channel images based on a brightness value of the pixel;
acquiring a plurality of analysis channel images by scanning a surface of a specimen to be analyzed with the
primary beam and generating an analysis channel image for each of the channels;
correcting brightness values of pixels constituting an analysis channel image among the plurality of analysis
channel images based on the correction information; and
generating the elemental map of the specimen to be analyzed based on the plurality of analysis channel images
having the pixels with corrected brightness values.

2. The method of generating an elemental map according to claim 1, wherein
generating the correction information, a coefficient is used as the correction information, wherein a value obtained
by multiplying each of the brightness values of the pixels constituting the correction channel image by the coefficient
becomes constant.

3. The method of generating an elemental map according to claim 2, wherein
the coefficient is calculated by dividing an average of the brightness values of all of the pixels constituting the
correction channel image by each of the brightness values of all of the pixels constituting the correction channel image.

4. The method of generating an elemental map according to any one of claims 1 to 3, wherein
acquiring the plurality of correction channel images, the plurality of correction channel images are acquired under
a plurality of different measurement conditions,
generating the correction information, the correction information is generated for each of the measurement conditions,
and
correcting the brightness values of the pixels constituting the analysis channel image, correction is performed by
using the correction information generated for each of the measurement conditions.

5. The method of generating an elemental map according to any one of claims 1 to 4, further comprising:

performing a smoothing process on each of the plurality of correction channel images after the step of acquiring
the plurality of correction channel images, wherein
generating the correction information, the correction information is generated for each pixel of the smoothed
correction channel image based on a brightness value of the pixel.

6. The method of generating an elemental map according to any one of claims 1 to 5, wherein
the primary beam is constituted by electrons, and
the signals are constituted by Auger electrons.

7. The method of generating an elemental map according to any one of claims 1 to 5, wherein
the primary beam is constituted by X-rays, and
the signals are constituted by photoelectrons.

8. A surface analyzer comprising:

a scanning unit which scans a surface of a specimen with a primary beam;
a spectrometer which separates signals emitted from the specimen;
a detector which detects the signals separated by the spectrometer with a plurality of channels capable of
detecting the signals having energies that differ from one another; and
an image processing unit which generates an elemental map,
the image processing unit performing processes of:

acquiring a plurality of analysis channel images obtained by scanning a surface of a specimen to be analyzed
with the primary beam;
correcting brightness values of pixels constituting an analysis channel image among the plurality of analysis
channel images based on correction information which corrects a positional dependence of sensitivity of
the detector; and
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generating the elemental map of the specimen to be analyzed based on the plurality of analysis channel
images having the pixels with corrected brightness values.

9. The surface analyzer according to claim 8, wherein
in each correction channel image of a plurality of correction channel images acquired by scanning a surface of a
standard specimen having a uniform elemental concentration with the primary beam, the correction information is
generated for each pixel of the correction channel image based on a brightness value of the pixel.
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