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Description

Field

[0001] The present invention relates generally to a data analysis system and a method for operating a data analysis
system which is configured for automated or semi-automated data analysis of microscopic data generated by a charged
particle microscope. More specifically, the invention is concerned with a data analysis system and a method for operating
the data analysis system, which is configured to generate statistical data for a plurality of object particles.

Background

[0002] There are SEM (scanning electron microscopy) systems known, which are equipped with an EDX (energy
dispersive X-ray spectroscopy) system. The primary electron beam stimulates emission of characteristic X-rays from a
specimen. The EDX system has an energy-dispersive spectrometer, which detects the number and energy of the X-
rays. This allows elemental analysis or chemical characterization of the specimen.
[0003] Such SEM systems are widely used for particle mineral analysis. In a typical sample preparation techniques
for particle mineral analysis the rock is disaggregated into its component grains, e.g. by crushing using a mortar and
pestle. The sample grains are then mixed with graphite particles, which act as a separator for distinguishing individual
particles. The mixture of sample grains and graphite is set in epoxy resin and polished. In an alternative sample preparation
method, the sample grains are held on double-sided adhesive carbon tape. Then, the surface is coated with a carbon
film to form a conductive coating to prevent electrical charging by the electron beam. The object is then inserted into the
vacuum chamber of the SEM.
[0004] For obtaining accurate results of the particle mineral analysis, it is necessary to determine each individual
particle in the SEM images. However, automatic detection of the individual particles is made difficult by the fact that
some of the particles are touching each other or seem to touch each other as a result of the limited resolution of the
microscopic image. Ignoring these effects lead to inaccurate results of the particle mineral analysis.
[0005] The article "Analysis of lipid nanoparticles by Cryo-EM for characterizing siRNA delivery vehicles", written
Randy Crawford et. al. and published in the International Journal of Pharmaceutics, 403 (2011), pages 237 to 244,
relates to an interactive segmentation editor, which allows editing the automatically generated particle segmentation
mask. The interactive segmentation editor allows the user to load an enhanced grayscale image along with an auto-
generated particle segmentation mask. The images are overlaid. Various operations can be manually performed to
revise the segmentation mask. When the mask is loaded, each particle in the mask is converted from a solid object into
a color outline, which is overlaid onto the enhanced grayscale image for reference of the underlying particles’ boundaries.
[0006] The article "Machines that learn to segment images: a crucial technology for connectomics", written by Viren
Jain and published in Current Opinion in Neurobiology (2010) 20, pages 653 to 666, relates to affinity graphs. The nodes
of the graph represent pixel locations. Edges between notes indicate affinities. The graph allows for objects to be
separated by boundaries that are less than a pixel wide.
[0007] Document US 2011/019749 relates to a device for removing areas of tissue. A programmable laser removes
precise areas of tissue while the tissue remains substantially frozen. The laser is programmed in part by analyzing a
reference image of a representative tissue section. A software program receives digital images of test slices. Areas of
interest in the image are selected by the user. The software program then creates and sends cut instructions to the
programmable laser.
[0008] Document US 7,490,009 B2 discloses a method of analyzing spectroscopic data comprising collecting spatially
resolved measurement spectroscopic data of a sample for a series of measurements spots, assigning the measurement
spots into a predefined set of spectral categories, based on characteristics of the spectroscopic data of the respective
measurement spots, identifying groupings of the measurement spots based on their respective spectral categories and
their spatial relationships, and assigning each grouping of measurement spots to a fundamental sample unit data object.
[0009] It is an object of the present invention to provide a method which allows to efficiently conduct a particle mineral
analysis based on data of a charged particle microscope.
[0010] This object is solved by the method having the features as defined in appended claim 1.
[0011] Accordingly, a method is provided, which allows to accurately cut apart structures of microscopic images of
charged particle microscopes for later analysis. In particular, the visible marking of the separation cut makes it possible
to accurately separate image structures, which represent a plurality of particles, into structures, which represent individual
particles.
[0012] This allows to obtain accurate analysis data on a per particle basis. Thereby, reliable statistical data can be
obtained when a plurality of particles are inspected. Thereby, the method can be advantageously applied for particle
analysis in the fields of geoscience (such as environmental geoscience or forensic geoscience), archaeology, forensic
analysis (such as analysis of gunshot residues or paint flakes), and analysis of airborne particulate materials. Further
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possible fields of application include inspection of tablet material in the pharmaceutical field, automotive parts cleanliness,
wear debris characterization, bulk material inspection in the construction industry.
[0013] The charged particle microscope may be a scanning electron microscope (SEM) and/or a focused ion beam
(FIB) microscope. By way of example, the focused ion beam microscope may be a helium ion microscope.
[0014] The microscopic data may be generated by detecting intensities of charged particles, which are emitted from
an interaction region where the primary beam of the charged particle microscope interacts with the object. The charged
particles may be secondary electrons backscattered electrons, backscattered ions and/or secondary ions.
[0015] The X-ray intensity data may be detected by EDX (energy dispersive X-ray spectroscopy) and/or WDS (wave-
length dispersive X-ray spectroscopy).
[0016] A data analysis system for performing the method may be a computer system. The computer system may
comprise one or a combination of the following components: a processor, a data storage device, an output device and/or
an input device. The output device may be the display.
[0017] A "structure" may refer to a pixel region within the image, wherein the structure has edges which are defined
by pixel data values of the pixel region. A structure may be determined by applying an edge detection filter. By way of
example, the structure may formed by pixels of a BSE image representing a particle. A structure may be detected using
an image processing algorithm, such as an edge detection filter. The structure may represent one or more particles of
the object. Two or more particles may touch each other and/or may have a separation distance, which is not resolved
by the microscopic image. The structure may be surrounded by an edge defined by values of the pixel data. The structure
is a non-divided image region. For each of the particles, a maximum diameter of the respective particle may be within
a range of between 50 nanometers and 500 micrometers, or within a range of between 0.5 micrometers and 100
micrometers. It is also conceivable that a single object is inspected by dividing the object into single structures. The
object portion, which corresponds to the structure may then have a maximum diameter, which is within the ranges above.
[0018] The separation cut cuts the structure of the image into at least two separated structure portions. Each of the
separated structure portions may represent an individual particle of the object.
[0019] The method may further comprise determining at least two object portions depending on the separation data.
The object portions may correspond to the structure portions of the image, which are generated by the separation cut.
Accordingly, each of the object portions may be a particle.
[0020] For each of the object portions, separate analysis data are generated. The separate analysis data may represent
physical and/or chemical attributes of the object portion. Such attributes may include one or a combination of the following
parameters: size and weight of the object portion, chemical composition, number and class of mineral grains contained
in the object portion, as well as the area weight and grain size of each of the grains.
[0021] The path of the separation cut may be continuous or discontinuous. The path of the separation cut may comprise
one or more linear or curved path segments. The path may be branched.
[0022] The separation data is generated interactively. In this context, the term interactively is defined to mean that the
step of generating the separation data depends on user input. The user input may be received via the graphical user
interface.
[0023] By way of example, the user input may include generating and/or adapting an indicator for the path of the
separation cut on the display by using an input device, such as a mouse.
[0024] The area portions of the graphical representation of the structure may be differently marked by marking the
different area portions in different colors or different color hues.
[0025] The method further comprises: updating the marking of the separation cut by the graphical user interface in
response to a change of the separation data. Changing the separation data comprises receiving user input via an input
device.
[0026] According to a further embodiment, the separation data is configured such that the structure is seamlessly cut
apart by the separation cut.
[0027] Accordingly, it is possible to cut the structure apart without discarding pixels, which represent information.
Thereby, the accuracy of the analysis of the object is increased.
[0028] The term seamlessly cut apart may be defined to mean that the structure comprises adjacent pixels, which are
separated from each other by the separation cut. The separation data may be configured such that the path of the
separation cut is infinitesimally thin.
[0029] The data analysis system may be configured to determine for each pixel of the structure a position of a midpoint
of the respective pixel relative to the path of the separation cut. Depending on the determined position of the midpoint,
the data analysis system may determine, which pixels are separated from each other by the separation cut.
[0030] When the path of the separation cut is an infinitesimally thin line, there are only few pixels, which midpoints
are located exactly on the path of the separation cut. These pixels may be marked by the data analysis system, such
that the user can assign them to one of the separated portions of the structure. Alternatively, the data analysis system
may decide, depending on a result of an image processing routine, to which of the separated structure portions these
pixels are to be assigned. Alternatively, these pixels may be excluded from the analysis.
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[0031] According to a further embodiment, the marking of the separation cut is executed by the graphical user interface
in time relation or in real-time relation to the generating of the separation data.
[0032] Accordingly, it is possible for the operator to see, how the separation path separates the structure. This allows
the operator to iteratively change the separation data. The time relation may be a real-time relation or substantially a
real-time relation.
[0033] The method further comprises generating X-ray intensity data by detecting X-rays emitted from each of a
plurality of impingement locations of a primary beam of the charged particle microscope on the object. The marking of
the separation comprises visibly marking the different portions of the representation depending on the generated X-ray
intensity data.
[0034] Accordingly, it is possible for the operator to generate the separation data such that a more accurate analysis
of the microscopic data can be achieved.
[0035] The impingement locations may be located within the portion of the object, which is represented by the structure.
The X-ray intensity data may comprise data generated by an EDX and/or a WDS detector. The X-ray intensity data may
comprise a spectrum and/or measurements at one or more selected X-ray wavelengths.
[0036] According to an embodiment, the method may further comprise assigning each of the impingement locations
of the primary beam to one of a plurality of pre-defined classes depending on the generated X-ray intensity data of the
respective impingement location. The marking of the separation may further comprise visibly marking the pixels depending
on the assigned pre-defined classes.
[0037] The pre-defined classes may represent a mineral or a group of minerals. By way of example, the classes may
be defined by ranges of elemental composition, elemental ratios and/or mathematical operations applied to the elemental
composition.
[0038] According to a further embodiment, the marking of the separation further comprises displaying, by the graphical
user interface, a separation indicator representing the path of the separation cut.
[0039] The separation indicator may comprise a line or a plurality of line segments. The line segments may be curved
or linear. The separation indicator may be branched or non-branched.
[0040] According to a further embodiment, the separation indicator has one or more position adjustable anchor points.
The position of the anchor points may be adjustable depending on user input. The position of the one or more anchor
points may define a course of the separation indicator.
[0041] This allows the user to accurately define the course of the separation indicator relative to the representation of
the structure, which is to be separated.
[0042] An anchor point may be defined as a point, which is located at one or both ends of a line or line segment. The
anchor point may connect two line segments. The anchor point is position adjustable. In other words, the graphical user
interface is configured to adjust the position of the anchor point depending on user input. The anchor point may be
positionable by using the pointer of the mouse.
[0043] Accordingly, by positioning the anchor points relative to the graphical representation of the structure, the user
can adjust the course of the indicator for the path of the separation cut.
[0044] According to an embodiment, the generating of the separation data comprises adjusting a course of the path
of the separation cut by adjusting a course of the separation indicator. The course of the separation indicator may be
adjusted by adjusting the position of one or more anchor points on the display.
[0045] According to a comparative example, which is useful for the understanding of the invention, there is provided
a method of operating a data analysis system for analyzing microscopic data acquired by a charged particle microscope
from an object comprising a plurality of sample particles. The microscopic data comprises X-ray intensity measurement
data and charged particle intensity measurement data, which have been acquired by scanning a primary beam of the
charged particle microscope in a first and a second scanning region. The first and the second scanning regions may be
adjacent to each other or partially overlapping with each other. The method may comprise identifying at least one sample
particle of the plurality of sample particles, which is at least partially located in the first and in the second scanning region.
The method may further comprise generating X-ray intensity data assigned to surface locations of the identified sample
particle, depending on at least a portion of the X-ray intensity measurement data of the first scanning region, at least a
portion of the X-ray intensity measurement data of the second scanning region, and further depending on at least a
portion of the particle intensity measurement data of the first and the second scanning regions.
[0046] The scanning regions may be portions of the object surface. The X-ray intensity measurement data and/or the
X-ray intensity data may be wavelength specific. The X-ray intensity measurement data and/or the X-ray intensity data
may comprise X-ray spectra for a range of wavelengths. Each of the spectra may have been acquired at a location on
the object surface, such as an impingement location of the primary beam or a surface location of the identified particle
to which the generated X-ray intensity data has been assigned. The X-ray intensity data may include data of EDX and/or
WDS measurements at one or more locations on the object surface. The charged particle intensity measurement data
may be measured by detecting secondary electrons backscattered electrons, backscattered ions and/or secondary ions.
[0047] According to the comparative example, the surface locations of the identified particle are located in the first
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and in the second scanning region. In other words, the generated X-ray data which are assigned to the surface locations
of the identified particle depend on the X-ray intensity measurement data of the first and the second scanning regions.
[0048] According to the comparative example, the generating of the assigned X-ray intensity data comprises generating,
for each of the first and second scanning regions, an image depending on the particle intensity measurement data of
the respective scanning region. The method may further comprise generating the assigned X-ray intensity data depending
on the images of the first and the second scanning regions. The image of the first scanning region and/or the second
scanning region may further be determined depending on the X-ray intensity measurement data of the respective scanning
region. The generating of the assigned X-ray intensity data may comprise aligning and/or stitching the images of the
first and the second scanning regions.
[0049] According to the comparative example, the generating of the assigned X-ray intensity data further comprises
determining positions of impingement locations of the primary beam in the first and in the second scanning region relative
to each other, wherein at the impingement locations, the portions of the X-ray intensity measurement data of the first
and second scanning regions have been acquired.
[0050] The determining of the positions of the impingement locations relative to each other may be performed depending
on the images of the first and the second image region. The determining of the positions of the impingement locations
relative to each other may comprise determining a position and orientation of the image of the first scanning region
relative to an image of the second scanning region.
[0051] Since the positions of the impingement locations relative to each other are determined, the X-ray intensity data
can be assigned to the surface locations with a high positional accuracy. The surface locations of the identified particle
to which the X-ray intensity data are assigned may be identical or substantially identical to the impingement locations.
[0052] According to the comparative example, the assigned X-ray intensity data comprises an X-ray spectrum. The
X-ray spectrum may be generated depending on data of the X-ray intensity measurement data of the first scanning
region and depending on data of X-ray intensity measurement data of the second scanning region. The X-ray spectrum
may be a combined spectrum generated depending on X-ray spectra of the first and the second scanning regions.
[0053] According to a further comparative example, which is useful for the understanding of the invention, there is
provided a data analysis system for analyzing microscopic data acquired by a charged particle microscope from an
object comprising a plurality of sample particles. The microscopic data may comprise X-ray intensity measurement data
and charged particle intensity measurement data, which have been acquired by scanning a primary beam of the charged
particle in a first and a second scanning region. The first and the second scanning regions may be adjacent to each
other or partially overlapping with each other. The data analysis system may be configured to identify at least one sample
particle of the plurality of sample particles, which is at least partially located in the first and in the second scanning region.
The data analysis system may be further configured to generate X-ray intensity data assigned to surface locations on
a surface of the identified sample particle, depending on at least a portion of the X-ray intensity data of the first scanning
region, at least a portion of the X-ray intensity data of the second scanning region, and further depending on at least a
portion of the particle intensity data of the first and the second scanning regions.

Brief Description of the Drawings

[0054] The foregoing as well as other advantageous features will be more apparent from the following detailed de-
scription of exemplary embodiments with reference to the accompanying drawings. It is noted that not all possible
embodiments necessarily exhibit each and every, or any, of the advantages identified herein.

Figure 1 schematically illustrates a charged particle microscope. The charged particle microscope is in
signal communication with a data analysis system, which is configured according to an exem-
plary embodiment;

Figure 2 schematically illustrates a backscattered electron image, which has been acquired by using
the charge particle microscope shown in figure 1;

Figure 3 schematically illustrates the operation of the graphical user interface of the data analysis system
according to the exemplary embodiment;

Figures 4 and 5 schematically illustrate the generation of separation data by using the graphical user interface
of the data analysis system according to the exemplary embodiment; and

Figures 6A, 6B and 7 schematically illustrate the data analysis of the data analysis system according to a comparative
example, which is useful for understanding the invention.
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Detailed Description of Exemplary Embodiments

[0055] While the disclosure has been described with respect to certain exemplary embodiments thereof, it is evident
that many alternatives, modifications and variations will be apparent to those skilled in the art. Accordingly, the exemplary
embodiments of the disclosure set forth herein are intended to be illustrative and not limiting in any way.
[0056] Various changes may be made without departing from the spirit and scope of the present disclosure.
[0057] Figure 1 illustrates a data analysis system 4 for generating analysis data from microscopic data of a charged
particle microscope 2 according to an exemplary embodiment. The data analysis system and the charged particle
microscope form an analysis system 1. In the exemplary embodiment, shown in figure 1, the charged particle microscope
2 is a scanning electron microscope. The scanning electron microscope 2 comprises a particle optical system 20 for
scanning a focused electron beam 21 across a surface of an object 10, which is disposed in a vacuum chamber 25. The
vacuum chamber 25 is equipped with a vacuum pumping system 27 for maintaining a pre-determined vacuum pressure
during measurements with the focused electron beam 21.
[0058] The object 10 is mounted on a positioning system 26. The positioning system 26 is disposed within the vacuum
chamber 25 and configured to position the object 10 relative to the particle optical system 20 such that a region of interest
on the object surface is scannable by the electron beam 21.
[0059] The scanning electron microscope 2 is equipped with a backscattered electron detector 23 (also denoted as
BSE detector). The BSE detector 23 is in signal communication with the data analysis system 4 via signal line 50. The
data analysis system 4 is configured to read detector signals of the BSE detector 23 and to generate image data
depending on the signals of the BSE detector 23.
[0060] The scanning electron microscope 2 is further equipped with an energy-dispersive spectrometer 22 (EDX
detector). When the electron beam 21 removes an inner shell electron from an atom of the object 10, characteristic X-
rays are emitted when higher energy electrons fill the inner shell of the atom and release energy. The EDX detector 22
is configured to detect intensities of these characteristic X-rays, resulting in an X-ray spectrum. The X-ray spectrum can
be used to identify the elemental composition of an interaction region where the electron beam 21 interacts with the
object 10. This allows to measure the abundance of specific elements at the impingement location of the electron beam 21.
[0061] The EDX detector 22 is in signal communication with the data analysis system 4 via signal line 52. The data
analysis system 4 is configured to read detector signals of the EDX detector 22 and to generate X-ray spectra depending
on the signals of the EDX detector 22.
[0062] In the exemplary embodiment, which is illustrated in figure 1, the data analysis system 4 includes a computer
system, which comprises a display 43, a storage system 42, and one or more processors 44. The storage system 42
may comprise internal and/or external storage units. An external storage unit may be for example a network drive or a
cloud storage unit. The data analysis system 4 further comprises a graphical user interface that resides in the storage
system 42.
[0063] The data analysis system 4 is configured to efficiently generate separate analysis data for each of a plurality
of particles of a surface of the object 10. This allows to obtain statistical data on the plurality of particles.
[0064] The inspection routines of the data analysis system can be advantageously applied in the field of geoscience
(such as environmental geoscience and forensic geoscience), archaeology, forensic analysis (such as analysis of gunshot
residues or paint flakes), and analysis of airborne particulate materials. Further possible fields of application include
inspection of tablet material in the pharmaceutical field, automotive parts cleanliness, wear debris characterization, bulk
material inspection in the construction industry.
[0065] Figure 2 illustrates an image of a plurality of particles, which has been generated by the data analysis system
4 depending on BSE detector signals. The image shows the particles of the object surface surrounded by a dark back-
ground.
[0066] In an exemplary sample preparation technique, the particles are generated by crushing a rock using a mortar
and pestle. The rock particles are then mixed with graphite particles, which act as a separator for distinguishing the
individual particles with the charged particle microscope 2. The mixture of particles and graphite is set in epoxy resin,
polished and coated with carbon to form a conductive coating. The conductive coating prevents electrical charging by
the electron beam 21 (shown in figure 1).
[0067] The object is then introduced into the vacuum chamber 25 (shown in figure 1) of the scanning electron microscope
and imaged using the BSE detector. The carbon between the particles moderates backscatter, since it has a low atomic
number, compared to the major constituents of the rock particles. Accordingly, as illustrated in figure 2, the rock particles
are imaged as bright regions, such as region 61, surrounded by a darker background 62. The darker background 62
indicates those portions of the object surface, where only carbon is present.
[0068] In order to determine those image regions, where particles are present, the data analysis system applies a
threshold filter to the image, shown in figure 2. The threshold may be selected such that pixel data values of the darker
background, where only carbon is present, are filtered out.
[0069] After application of the threshold filter, the data analysis system 4 (shown in figure 1) determines structures,
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which are formed by single undivided image regions of pixels. Accordingly, the pixel data values of the pixels of the
structure exceed the threshold value.
[0070] The undivided image regions are either formed by a single particle or by a group of particles. The group of
particles is formed from individual particles, which either touch each other and/or which have a distance from each other
which is not resolved by the BSE image.
[0071] For determining the undivided image regions, the data analysis system 4 may additionally or alternatively
perform a segmentation of the image. The segmentation may comprise one or a combination of the following segmentation
methods: a pixel-oriented method, an edge-oriented method, a region-oriented method, and a model-based method.
[0072] After the structures have been identified, EDX and/or WDS measurements are performed by detecting a spec-
trum of X-ray intensities at each of a plurality of impingement locations of the primary beam within each of the determined
structures.
[0073] The data analysis system comprises a data base having pre-defined classes stored therein for assigning the
detected X-ray spectra to one or more of the classes. Each of the class represents a mineral or a group of minerals.
The pre-defined classes comprise a class designated "unclassified", which covers X-ray spectra, which either do not
represent a mineral or which represent a mineral, which is not to be covered in the analysis.
[0074] Depending on the assigned X-ray spectra, the data analysis system is configured to identify in each of the
structures, regions, which represent grains of minerals or a group of minerals.
[0075] Figure 3 illustrates how the data analysis system 4 presents the analysis results to the user via the graphical
user interface. The graphical user interface displays on the display a window 70. The window 70 comprises a rendering
space 71, within which graphical representations 77, 72, 73, 79, 93, 94 of the structures, determined in the BSE image,
are presented. Each of the graphical representation 77, 72, 73, 79, 93, 94 represents an individual particle or a group
of individual particles. The graphical representations 77, 72, 73, 79, 93, 94 are presented in the rendering space 71 in
one or more lines in order to allow the operator to sequentially screen the representations.
[0076] Where particles, are composed of more than one grain, the graphical representation shows subregions, wherein
each of the subregion indicates the geometry of the respective grain. In figure 3, this is for example illustrated by the
graphical representation 72, which is formed from subregions 75 and 74. Hence, the graphical representation 72 rep-
resents a particle, which is composed of two grains.
[0077] Each of the subregions 75, 74 is displayed in a color, which indicates the mineral or the group of minerals, of
the respective grain. A list 78, which maps each of the colors to a name of a mineral or a group of minerals is presented
to the user in a separate pane 76 of the window 70.
[0078] The stepped boundaries of the representations and the subregions, as shown in figure 3, indicate the sampling
distance of the EDX measurements. The sampling distance may be defined as the distance between adjacent impinge-
ment locations of the primary beam, where X-ray spectra are acquired.
[0079] The graphical representation 73 represents a structure, which is most likely composed of a plurality of particles
80, 81, 82, 83 as can be recognized by the trained eye of the operator.
[0080] The data analysis system is configured such that the structure 73 is separable into structure portions, repre-
senting a single particle, based on user input. As is illustrated in figure 3, the operator can select the representation 73,
for example, by drawing a rectangle around the representation 73 by using the pointer 95 of the mouse or by clicking
on the representation 73 with the mouse. The representation 73 may be highlighted by the graphical user interface,
when the pointer 95 of the mouse is positioned on the representation.
[0081] After the operator has selected the graphical representation 73, the graphical user interface displays in a
rendering space 87 of a second window 88 the representation 73 of the structure 73 in an enlarged mode. This is
schematically illustrated in figure 4.
[0082] The graphical user interface is configured to display, depending on user input, a line 84, which is an indicator
for a path of a separation cut for separating the structure, which is represented by the graphical representation 73. At
each end of the line 84, there is provided a position adjustable anchor point 85, 86. The graphical user interface is
configured such that, by using the pointer of the mouse, the operator can adjust the position of each of the anchor points
85, 86 in the rendering space 87 relative to the graphical representation 73. This allows the operator to adjust the course
of the separation cut.
[0083] The data analysis system is configured such that in response to the generation of the line 84, portions of the
representation 73, which are separated by the separation cut, are differently marked.
[0084] In the exemplary embodiment, illustrated in figure 4, portions of the representation 73, which are separated
from each other are marked with different hues. In figure 4, this is indicated by letters R and G. The letter R indicates
the portion of the representation, which is displayed in a red hue. The letter G indicates the portion, which is displayed
in a green hue.
[0085] Inside each of the portions, areas, which correspond to different grains are marked with different values of other
parameters of color appearance, such as colorfulness, chroma, saturation, lightness, and brightness. In figure 4, this is
illustrated by differently hatched or dotted regions.
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[0086] This allows the operator to more finely adjust the line 84 to accurately separate the structure.
[0087] The data analysis system is further configured to differently mark the portions of the representation 73, which
are separated from each other, in real-time relation to the course of the line 84.
[0088] This allows the operator to iteratively adjust the position and orientation of the line 84 such that the separation
cut accurately separates the structure into regions, which represent single particles.
[0089] The data analysis system is configured to generate depending on the position and orientation of the line 84,
separation data, which defines the separation of the structure, which is represented by the representation 73.
[0090] The separation data are configured such that the structure is seamlessly cut apart by the separation cut.
Accordingly, it is possible to cut the structure apart without discarding pixels, which represent information. Thereby, the
accuracy of the analysis of the object is increased.
[0091] The term seamlessly cut apart may be defined to mean that the structure comprises adjacent pixels, which are
separated from each other by the separation cut. The separation data may be configured such that the path of the
separation cut is infinitesimally thin.
[0092] The data analysis system is configured to determine for each pixel of the structure a position of a midpoint of
the respective pixel relative to the path of the separation cut. Depending on the determined position of the midpoint, the
data analysis system may determine, which pixels are separated from each other by the separation cut.
[0093] Figure 5, illustrates a plurality of lines 84, 96, 97, each of which representing a dissection indicator, which have
been generated by the operator to separate the structure, which is represented by representation 73 into four regions,
each of which representing a single particle. The graphical user interface is configured to allow the user to generate
kinked dissection indicators, such as line 96. This provides the user with more flexibility to accurately cut the structure
apart. The graphical user interface is further configured to provide a user-positionable anchor point 91 at the location of
the kink and at the end of each of the lines 84, 96, 97.
[0094] As is illustrated in figure 5, the data analysis system differently marks pixels, which are separated from each
other by the paths of dissection defined by lines 84, 96, 97. The letter R in figure 5 indicates those pixels, which are
displayed in a red hue. The letter G in figure 5 indicates those pixels, which are marked in a green hue. The letter Y in
figure 5 indicates those pixels, which are marked in a yellow hue and the letter B indicates those pixels, which are marked
in a blue hue.
[0095] Thereby, the operator has cut apart the structure into four regions, each of which representing a single particle.
After the operator has committed to the change, the data analysis system generates analysis data on the plurality of
particles, which have been identified. For each mineral or group of minerals, one or a combination of the following data
may be obtained: number of particles which contain grains of the respective mineral or the respective group of minerals,
area%, weight%, mean grain size (measured in units of length), grain size standard deviation, assays, distributions,
average composition, mode of liberation, cumulative liberation index.
Figures 6A and 6B illustrate a comparative example, which is useful for understanding the invention.
Figures 6A and 6B illustrate two imaging modes for acquiring microscopic data of an object by using the charged particle
microscope. The object is prepared by setting a mixture of rock particles and graphite in epoxy resin, polishing the object
surface and coating the object surface with carbon. The object is then introduced into the vacuum chamber 25 (shown
in figure 1) for inspection. Figures 6A and 6B show the object 10 in top view. The object 10 may have a diameter of
between 1 and 50 millimeters or between 1 and 70 millimeters. The object may include a plurality of separate object
portions, which are mounted on a common sample holder.
[0096] The object 10 is imaged by the charged particle microscope in a plurality of imaging scans. Each imaging scan
is performed by scanning the primary electron beam in a different scanning region on the object surface, denoted with
reference signs 96-1 ... 96-59 in the imaging mode shown in figure 6A, and with reference signs 97-1 ... 97-59 in the
imaging mode shown in figure 6B. Each scanning region may be scanned in a scanning pattern of a plurality of parallel
or substantially parallel scanning lines. The scanning regions may have a substantially rectangular shape.
[0097] For switching between the imaging scans, the object is displaced by the positioning system and/or the particle
optical system deflects the primary beam to a start position of the subsequent imaging scan.
[0098] In the imaging mode illustrated in figure 6A, the scanning regions are adjacent to each other. In the imaging
mode shown in figure 6B, the scanning regions are partially overlapping.
[0099] In each of the scanning regions, the charged particle microscope detects particle intensities and X-ray intensities
when scanning the primary particle beam across the respective scanning region. The data analysis system reads the
detector signals and generates, for each of the scanning regions, X-ray intensity measurement data and particle intensity
measurement data.
[0100] The detected particle intensities may be intensities of backscattered electrons and/or secondary electrons. A
detected particle intensity may represent a number of measured particles per unit time. The particle intensity measurement
data may include, for each of the scanning regions, an image. By way of example, the image may be a BSE (backscattered
electron) image and/or an SE (secondary electron) image.
[0101] The X-ray intensity measurement data may include, for each of a plurality of impingement locations of the
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primary beam on the object surface, an X-ray spectrum. The impingement locations on the object surface, where the
X-ray spectra are acquired may be determined depending on the BSE images and/or depending on the SE images.
[0102] By way of example, the data analysis system may determine locations on the object surface, where sample
particles are present, depending on the BSE images and/or dependent on the SE images. The X-ray spectra are then
acquired at a plurality of impingement locations on the surfaces of the sample particles.
[0103] Figure 2 shows a BSE image 60, acquired in one of the plurality of scanning regions 96-1 ... 96-59, 97-1 ...
97-59 (shown in figures 6A and 6B). The BSE image 60 shows particles 64, 65, 66, which are only partially imaged in
the BSE image 60. The complementary parts of these particles may be located in a scanning region, which is adjacent
or overlapping with the scanning region, which is imaged by the BSE image 60 shown in figure 2. This is illustrated by
sample particle 98 in Figures 6A and 6B.
[0104] The data analysis system is configured to merge the X-ray intensity measurement data for the sample particle
98 of both scanning regions 97-42, 97-43. This is described with reference to figure 7, which is a further illustration of
the comparative example, which is useful for understanding the invention.
Figure 7 shows the particle 98 and the scanning regions 97-42 and 97-43 in an enlarged mode. For each of the scanning
regions, 97-42 and 97-43, X-ray intensity measurement data and particle intensity measurement data have been acquired.
[0105] Depending on at least a portion of the X-ray intensity measurement data and the particle intensity measurement
data, which have been acquired in the scanning regions 97-42 and 97-43, the data analysis system generates X-ray
intensity data which are assigned to a plurality of surface locations on the surface of particle 98 which are illustrated as
dots in figure 7 (such as dots 100, 101 and 102). The assigned X-ray intensity data may include a spectrum for each of
at least a part of the surface locations of the sample particle 98.
[0106] Since the X-ray intensity measurement data have been acquired at impingement locations of the primary beam
in two different scanning regions 97-42 and 97-43, it is necessary to determine the positions of the impingement locations
in the scanning regions 97-42 and 97-43 relative to each other.
[0107] This allows to merge the X-ray intensity measurement data of scanning region 97-42 with the X-ray intensity
measurement data of scanning region 97-43 with a high positional accuracy.
[0108] A high positional accuracy results in a high accuracy of geometrical data determined by analyzing the grains
which are contained in the sample particle 98. This increases the accuracy of the statistical analysis.
[0109] The data analysis system generates, depending on the particle intensity measurement data, generated from
the imaging scans in each of the scanning regions 97-42 and 97-43, images for each of the scanning region. Each of
the images may be BSE image and/or an SE image.
[0110] The relative positions of the impingement locations in regions 97-42 and 97-43, where the X-ray intensity
measurement data have been acquired, are then determined by comparing the image of scanning region 97-42 with the
image of scanning region 97-43. This allows to determine the relative position of the impingement locations of the
scanning regions relative to each other with a high accuracy.
[0111] Comparing the image of scanning region 97-42 with the image of scanning region 97-43 may comprise applying
an image processing procedure, such as aligning and/or stitching. Depending on the comparison, a position and orien-
tation of the images relative to each other may be determined.
[0112] Depending on the determined positions of the impingement locations of the primary beam relative to each
other, the data analysis system generates the X-ray intensity data, which is assigned to the surface locations (such as
locations 100, 101, 102) of the particle 98 with the outer boundary line 103.
[0113] Thereby, the acquired X-ray intensity measurement data of scanning regions 97-42 and 97-43 are merged with
a high positional accuracy.
[0114] By way of example, the X-ray intensity data value assigned to location 100 is set to the value of an X-ray
intensity measurement value, which has been acquired at an impingement location, which is substantially the same as
location 100 or close to location 100. Alternatively, the X-ray intensity data value assigned to location 100 is set to an
average of X-ray intensity data values, which have been acquired at impingement locations, which are located close to
location 100.
[0115] Where impingement locations on the sample particle 98 of both scanning regions are identical or substantially
identical (e.g. in an overlapping region), the X-ray spectra of both scanning regions may be combined. Combining two
or more spectra may include summing up spectra. Accordingly, the combined spectrum is based on an increased number
of counts, which increases the signal to noise ratio of the combined spectrum.
[0116] The generated X-ray intensity data which is assigned to the locations on the object surface (such as the locations
illustrated by dots 100, 101, 102 in figure 7) of particle 98 allows to perform an analysis of the particle 98 to identify
grains within the particle. The grains can be assigned to one or more of the pre-defined classes, which represent minerals
or groups of minerals. Thereby, a representation of the sample particle 98 can be incorporated into the list of represen-
tations, which is displayed in rendering space 71 (shown in figure 3) of window 70. This allows to include the sample
particle 98 into the statistical analysis of the plurality of sample particles of the object.
[0117] The data analysis system is configured to remove from the list of representations, which is shown in the rendering
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space 71 (shown in figure 3) of window 70, graphical representations of unmerged particles which are only partially
imaged (such as particles 64, 65, 66) to avoid double count in the statistical analysis. Thereby, a higher reliability of the
statistical analysis is achieved.

Claims

1. A method of generating microscopic data of an object by a charged particle microscope and operating a data analysis
system for generating analysis data depending on the microscopic data;
wherein the generating of the microscopic data includes directing a primary beam of the charged particle microscope
at a plurality of impingement locations;
wherein the method further comprises generating X-ray intensity data by detecting X-rays emitted from each of the
plurality of impingement locations ;
wherein the microscopic data comprises an image showing a structure, which is a non-divided image region;
wherein the data analysis system comprises a graphical user interface and a display;
wherein the method comprises:

displaying a graphical representation of the structure on the display by the graphical user interface;
interactively generating, depending on user input, separation data representing at least one path of a separation
cut, which separates pixels of the structure from each other, wherein the structure is cut by the separation cut
into at least two separated structure portions;
visually marking the separation cut by the graphical user interface, depending on the separation data, by dif-
ferently marking different area portions of the representation, which represent different pixels of the structure
which are separated from each other by the separation cut, wherein the marking of the separation further
comprises visibly marking the different portions of the representation depending on the generated X-ray intensity
data;
changing the generated separation data; wherein the changing of the separation data comprises receiving
further user input;
updating the marking of the separation cut by the graphical user interface in response to the change of the
separation data; and
generating separate analysis data for each of at least two portions of the object, depending on the microscopic
data and depending on the separation data.

2. The method of claim 1, wherein the separation data is configured such that the structure is seamlessly cut apart by
the separation cut.

3. The method of claim 1 or 2, wherein the path of the separation cut is infinitesimally thin.

4. The method of any one of the preceding claims, wherein the marking of the separation cut is executed by the
graphical user interface in time relation or in real-time relation to the generating of the separation data.

5. The method of any one of the preceding claims, further comprising:

assigning each of the impingement locations to one of a plurality of pre-defined classes depending on the
generated X-ray intensity data of the respective impingement location;
wherein the marking of the separation further comprises visibly marking the pixels depending on the assigned
pre-defined classes.

6. The method of any one of the preceding claims, wherein the marking of the separation further comprises displaying,
by the graphical user interface, a separation indicator representing the path of the separation cut.

7. The method of claim 6, wherein the separation indicator has one or more position adjustable anchor points.

8. The method of claim 6 or 7, wherein the generating of the separation data comprises adjusting a course of the path
of the separation cut by adjusting a course of the separation indicator.
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Patentansprüche

1. Verfahren zum Erzeugen von mikroskopischen Daten eines Objekts mittels eines Geladene-Teilchen-Mikroskops
und Bedienen eines Datenanalysesystems zum Erzeugen von Analysedaten in Abhängigkeit von den mikroskopi-
schen Daten;
wobei das Erzeugen der mikroskopischen Daten das Leiten eines Primärstrahls des Geladene-Teilchen-Mikroskops
auf eine Vielzahl von Auftreffstellen umfasst;
wobei das Verfahren ferner das Erzeugen von Röntgenstrahlenintensitäts-Daten durch Detektieren von Röntgen-
strahlen, die von jeder der Vielzahl von Auftreffstellen emittiert werden, umfasst;
wobei die mikroskopischen Daten ein Bild, das eine Struktur zeigt, die eine nicht unterteilte Bildregion ist, umfassen;
wobei das Datenanalysesystem eine grafische Benutzerschnittstelle und eine Anzeige umfasst;
wobei das Verfahren umfasst:

Anzeigen einer grafischen Darstellung der Struktur auf der Anzeige mittels der grafischen Benutzerschnittstelle;
interaktives Erzeugen, in Abhängigkeit von der Benutzereingabe, von Trenndaten, die mindestens einen Weg
eines Trennschnitts darstellen, der Pixel der Struktur voneinander trennt, wobei die Struktur durch den Trenn-
schnitt in mindestens zwei getrennte Strukturabschnitte geschnitten wird;
visuelles Markieren des Trennschnitts mittels der grafischen Benutzerschnittstelle, in Abhängigkeit von den
Trenndaten, durch unterschiedliches Markieren von unterschiedlichen Bereichsabschnitten der Darstellung,
die unterschiedliche Pixel der Struktur darstellen, welche durch den Trennschnitt voneinander getrennt sind,
wobei das Markieren der Trennung ferner das sichtbare Markieren der unterschiedlichen Abschnitte der Dar-
stellung in Abhängigkeit von den erzeugten Röntgenstrahlenintensitäts-Daten umfasst;
Verändern der erzeugten Trenndaten; wobei das Verändern der Trenndaten das Empfangen einer weiteren
Benutzereingabe umfasst;
Aktualisieren der Markierung des Trennschnitts mittels der grafischen Benutzerschnittstelle in Reaktion auf die
Veränderung der Trenndaten; und
Erzeugen von separaten Analysedaten für jeden der mindestens zwei Abschnitte des Objekts in Abhängigkeit
von den mikroskopischen Daten und in Abhängigkeit von den Trenndaten.

2. Verfahren nach Anspruch 1, wobei die Trenndaten so ausgeführt sind, dass die Struktur durch den Trennschnitt
nahtlos auseinandergeschnitten wird.

3. Verfahren nach Anspruch 1 oder 2, wobei der Weg des Trennschnitts unendlich dünn ist.

4. Verfahren nach einem der vorhergehenden Ansprüche, wobei das Markieren des Trennschnitts mittels der grafischen
Benutzerschnittstelle in einer Zeitbeziehung oder in einer Echtzeit-Beziehung zu dem Erzeugen der Trenndaten
ausgeführt wird.

5. Verfahren nach einem der vorhergehenden Ansprüche, das ferner umfasst:

Zuweisen jeder der Auftreffstellen zu einer Vielzahl von vordefinierten Klassen in Abhängigkeit von den erzeug-
ten Röntgenstrahlenintensitäts-Daten der jeweiligen Auftreffstellen;
wobei das Markieren der Trennung ferner das sichtbare Markieren der Pixel in Abhängigkeit von den zugewie-
senen vordefinierten Klassen umfasst.

6. Verfahren nach einem der vorhergehenden Ansprüche, wobei das Markieren der Trennung ferner das Anzeigen
eines Trennanzeigers, der den Weg des Trennschnitts darstellt, mittels der grafischen Benutzerschnittstelle umfasst.

7. Verfahren nach Anspruch 6, wobei der Trennindikator einen oder mehrere positionseinstellbare Verankerungspunkte
aufweist.

8. Verfahren nach Anspruch 6 oder 7, wobei das Erzeugen der Trenndaten das Einstellen eines Verlaufs des Wegs
des Trennschnitts durch Einstellen eines Verlaufs des Trennanzeigers umfasst.

Revendications

1. Procédé de génération de données microscopiques d’un objet par un microscope à particules chargées et de
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fonctionnement d’un système d’analyse de données pour la génération de données d’analyse en fonction des
données microscopiques ;
la génération des données microscopiques comportant l’orientation d’un faisceau primaire du microscope à particules
chargées vers une pluralité d’emplacements d’impact ;
le procédé comprenant en outre la génération de données d’intensité de rayons X par détection de rayons X émis
depuis chacun de la pluralité d’emplacements d’impact ;
les données microscopiques comprenant une image montrant une structure, qui est une région d’image non divisée ;
le système d’analyse de données comprenant une interface utilisateur graphique et un écran ;
le procédé comprenant :

l’affichage d’une représentation graphique de la structure sur l’écran par l’interface utilisateur graphique ;
la génération interactive, en fonction d’une saisie utilisateur, de données de séparation représentant au moins
un trajet d’une coupure de séparation, qui sépare des pixels de la structure les uns des autres, la structure
étant coupée par la coupure de séparation en au moins deux parties de structure séparées ;
le marquage visuel de la coupure de séparation par l’interface utilisateur graphique, en fonction des données
de séparation, par un marquage différent de différentes parties de surface de la représentation, qui représentent
différents pixels de la structure qui sont séparés les uns des autres par la coupure de séparation, le marquage
de la séparation comprenant en outre le marquage visible des différentes parties de la représentation en fonction
des données d’intensité de rayons X générées ;
la modification des données de séparation générées ; la modification des données de séparation comprenant
la récession d’une autre saisie utilisateur ;
l’actualisation du marquage de la coupure de séparation par l’interface utilisateur graphique en réponse à la
modification des données de séparation ; et
la génération de données d’analyse séparées pour chacune d’au moins deux parties de l’objet, en fonction des
données microscopiques et en fonction des données de séparation.

2. Procédé de la revendication 1, dans lequel les données de séparation sont configurées de telle sorte que la structure
est coupée sans raccord par la coupure de séparation.

3. Procédé de la revendication 1 ou 2, dans lequel le trajet de la coupure de séparation est infinitésimalement fin.

4. Procédé de l’une quelconque des revendications précédentes, dans lequel le marquage de la coupure de séparation
est exécuté par l’interface utilisateur graphique en relation temporelle ou en temps réel avec la génération des
données de séparation.

5. Procédé de l’une quelconque des revendications précédentes, comprenant en outre :

l’affectation de chacun des emplacements d’impact à une d’une pluralité de classes prédéfinies en fonction des
données d’intensité de rayons X générées de l’emplacement d’impact respectif ;
dans lequel le marquage de la séparation comprend en outre le marquage visible des pixels en fonction des
classes prédéfinies affectées.

6. Procédé de l’une quelconque des revendications précédentes, dans lequel le marquage de la séparation comprend
en outre l’affichage, par l’interface utilisateur graphique, d’un indicateur de séparation représentant le trajet de la
coupure de séparation.

7. Procédé de la revendication 6, dans lequel l’indicateur de séparation a un ou plusieurs points d’ancrage réglables
en position.

8. Procédé de la revendication 6 ou 7, dans lequel la génération des données de séparation comprend le réglage d’un
parcours du trajet de la coupure de séparation par réglage d’un parcours de l’indicateur de séparation.



EP 2 835 817 B1

13



EP 2 835 817 B1

14



EP 2 835 817 B1

15



EP 2 835 817 B1

16



EP 2 835 817 B1

17



EP 2 835 817 B1

18



EP 2 835 817 B1

19



EP 2 835 817 B1

20

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 2011019749 A [0007] • US 7490009 B2 [0008]

Non-patent literature cited in the description

• RANDY CRAWFORD. Analysis of lipid nanoparticles
by Cryo-EM for characterizing siRNA delivery vehi-
cles. International Journal of Pharmaceutics, 2011,
vol. 403, 237-244 [0005]

• VIREN JAIN. Machines that learn to segment imag-
es: a crucial technology for connectomics. Current
Opinion in Neurobiology, 2010, vol. 20, 653-666
[0006]


	bibliography
	description
	claims
	drawings
	cited references

