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Method for operating a multi-beam particle microscope in a contrast operating mode with defocused
beam guiding, computer program product and multi-beam particle microscope

@ The invention discloses a method for operating a multi-beam particle microscope in a contrast operating mode,
comprising the following steps: irradiating an object with a multiplicity of charged first individual particle beams,
wherein each first individual particle beam irradiates a separate individual field region of the object in a scanning
fashion; collecting second individual particle beams which emerge or emanate from the object on account of the
first individual particle beams; defocused projecting of the second individual particle beams onto detection regions
of a detection unit in such a way that the second individual particle beams emerging or emanating from two
different individual field regions are projected onto different detection regions, wherein a plurality of detection
channels are assignhed to each detection region, wherein the detection channels each encode angle information
and/or direction information of the second individual particle beams when starting from the object; and generating
individual images of each of the individual field regions on the basis of data which are obtained or have been
obtained by means of sighals from each of the detection regions with their respectively assighed detection
channels.

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de techniek en
schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende stukken.
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Method for operating a multi-beam particle microscope in a contrast operating mode
with defocused beam guiding, computer program product and multi-beam particle

microscope

Field of the invention

The invention relates to a method for operating a multi-beam particle microscope in a contrast
operating mode with defocused beam guiding, and also to an associated computer program

product, and also to a multi-beam particle microscope.

Prior art

With the continuous development of ever smaller and ever more complex microstructures such
as semiconductor components, there is a need to develop and optimize planar production
techniques and inspection systems for producing and inspecting small dimensions of the
microstructures. By way of example, the development and production of the semiconductor
components requires monitoring of the design of test wafers, and the planar production
techniques require process optimization for a reliable production with a high throughput.
Moreover, there have been recent demands for an analysis of semiconductor wafers for
reverse engineering and for a customer-specific, individual configuration of semiconductor
components. Therefore, there is a need for inspection means which can be used with a high

throughput for examining the microstructures on wafers with great accuracy.

Typical silicon wafers used in the production of semiconductor components have diameters of
up to 300 mm. Each wafer is divided into 30 to 60 repeating regions ("dies") with a size of up
to 800 mm2. A semiconductor apparatus comprises a plurality of semiconductor structures,
which are produced in layers on a surface of the wafer by planar integration techniques.
Semiconductor wafers typically have a plane surface on account of the production processes.
The structure size of the integrated semiconductor structures in this case extends from a few
Hm to the critical dimensions (CD) of 5 nm, with the structure sizes becoming even smaller in
the near future; in future, structure sizes or critical dimensions (CD) are expected to be less
than 3 nm, for example 2 nm, or even under 1 nm. In the case of the aforementioned small
structure sizes, defects in the size of the critical dimensions must be identified quickly in a very
large area. For several applications, the specification requirement regarding the accuracy of a
measurement provided by inspection equipment is even higher, for example by a factor of two
or one order of magnitude. By way of example, a width of a semiconductor feature must be

measured with an accuracy of below 1 nm, for example 0.3 nm or even less, and a relative
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position of semiconductor structures must be determined with an overlay accuracy of below

1 nm, for example 0.3 nm or even less.

The MSEM, a multi-beam scanning electron microscope, is a relatively new development in
the field of charged particle systems (charged particle microscopes, CPMs). By way of
example, a multi-beam scanning electron microscope is disclosed in US 7 244 949 B2 and in
US 2019/0355544 A1. In the case of a multi-beam electron microscope or MSEM, a sample is
irradiated simultaneously with a plurality of individual electron beams, which are arranged in a
field or grid. By way of example, 4 to 10 000 individual electron beams can be provided as
primary radiation, with each individual electron beam being separated from an adjacent
individual electron beam by a pitch of 1 to 200 micrometers. By way of example, an MSEM
has approximately 100 separate individual electron beams ("beamlets"), which are arranged
for example in a hexagonal grid, with the individual electron beams being separated by a pitch
of approximately 10 um. The plurality of charged individual particle beams (primary beams)
are focused on a surface of a sample to be examined by way of a common objective lens. By
way of example, the sample can be a semiconductor wafer which is fastened to a wafer holder
that is mounted on a movable stage. During the illumination of the wafer surface with the
charged primary individual particle beams, interaction products, for example secondary
electrons or backscattered electrons, emanate from the surface of the wafer. Their start points
correspond to those locations on the sample on which the plurality of primary individual particle
beams are focused in each case. The amount and the energy of the interaction products
depend on the material composition and the topography of the wafer surface. The interaction
products form a plurality of secondary individual particle beams (secondary beams), which are
collected by the common objective lens and which are incident on a detector arranged in a
detection plane as a result of a projection imaging system of the multi-beam inspection system.
The detector comprises a plurality of detection regions, each of which comprises a plurality of
detection pixels, and the detector captures an intensity distribution for each of the secondary
individual particle beams. An image field of for example 100 ym x 100 um is obtained in the

process.

The multi-beam electron microscope of the prior art comprises a sequence of electrostatic and
magnetic elements. At least some of the electrostatic and magnetic elements are settable in
order to adapt the focus position and the stigmation of the plurality of charged individual particle
beams. The multi-beam system with charged particles of the prior art moreover comprises at
least one cross-over plane of the primary or the secondary charged individual particle beams.
Moreover, the system of the prior art comprises detection systems to make the setting easier.

The multi-beam particle microscope of the prior art comprises at least one beam deflector
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{("deflection scanner") for collective scanning of a region of the sample surface by means of
the plurality of primary individual particle beams in order to obtain an image field of the sample
surface. Further details regarding a multi-beam electron microscope and a method for
operating same are described in the German patent application with the application number
102020206739.2, filed on May 28, 2020, and in the associated patent family documents, the

disclosure of which is fully incorporated by reference in this patent application.

The inspection tasks for which multi-beam electron microscopes, or more generally multi-beam
particle microscopes, are used have to satisfy different requirements depending on the
application or sample. By way of example, one objective may be to obtain an overview image
of a sample at a high speed {(e.g. in a normal operating mode or normal inspection mode).
However, it is also possible for regions of a sample that are specifically of interest to be
intended to be examined more closely. Issues here relate for example to the exact course of
edges (topographical contrast or edge contrast), to material boundaries in the sample (material
contrast) or to local accumulations of charge on the sample (charge contrast). In a so-called
contrast operating mode, a contrast aperture is arranged in the projection path or secondary
path of the multi-beam particle microscope in the region of a beam cross-over of the secondary
beams (cross-over; pupil plane), and enables the secondary particles starting or emanating
from the sample to be filtered according to their starting angles or more generally according to
their trajectory. Different contrasts can be examined by selecting and/or combining different
contrast apertures. After passing through the contrast aperture(s), the secondary particles or
second individual particle beams strike detection regions of the detector in each case in a
focused fashion. Further details in this respect are described for example in DE 2015 202 172

B4, the disclosure of which is fully incorporated by reference in this patent application.

In accordance with the prior art, it is necessary to effect a plurality of recordings with different
settings in order to obtain different contrast information (edge contrast, material contrast,
voltage contrast). The settings that are advantageous or necessary for obtaining an edge
contrast are different than those for obtaining a material contrast or voltage contrast. Moreover,

it is generally desirable to further improve contrast recordings.

Martin Kienle, Aufbau und Erprobung eines auleraxialen Vielkanalspektrometers fur
Sekundérelektronen [Setup and testing of an off-axis multi-channel spectrometer for
secondary electrons], dissertation, University of Tubingen, 2002, discloses defocused
incidence of secondary particles on a light guide during adjustment of a multi-channel

spectrometer.
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Description of the invention

Consequently, the object of the present invention is to propose an improved method for
operating a multi-beam particle microscope in a contrast operating mode. The method is
intended to facilitate and/or improve in particular the generation of contrast information. In
addition, the intention is to make it possible, in principle, to obtain different contrast information

by means of a single scan/single recording.

The object is achieved by the independent patent claims. Advantageous embodiments of the

invention are evident from the dependent claims.

The present patent application claims the priority of the German patent application with the
application number 10 2021 124 099.9 of September 17, 2021, the disclosure of which is fully

incorporated by reference in the present patent application.

The invention is based on the consideration, inter alia, that the angular spectrum of the
secondary particle beams contains contrast information which is not used in the contrast
operating modes that have existed hitherto. Instead, this contrast information is lost during the
focused imaging of the secondary beams onto the detector. Conversely, the invention allows
the use of this information from the angular spectrum. To put it more precisely, the invention
makes it possible to use not only angle information from the angular spectrum but also direction
information. This information becomes accessible if the imaging of the secondary particle
beams onto a detector intentionally takes place in a defocused, rather than focused, fashion
and if different detection channels are assigned to the resultant increasing incidence area on
the detector (detection region), the respective signals of said detection channels allowing an

evaluation of the angle information and/or direction information.

In accordance with a first aspect of the invention, the latter relates to a method for operating a
multi-beam particle microscope, said method including the following steps:

operating the multi-beam particle microscope in a contrast operating mode, comprising the
following steps:

irradiating an object with a multiplicity of charged first individual particle beams, wherein each
first individual particle beam irradiates a separate individual field region of the object in a
scanning fashion;

collecting second individual particle beams which emerge or emanate from the object on

account of the first individual particle beams;
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defocused projecting of the second individual particle beams onto detection regions of a
detection unit in such a way that the second individual particle beams emerging or emanating
from two different individual field regions are projected onto different detection regions, wherein
a plurality of detection channels are assigned to each detection region, wherein the detection
channels each encode angle information and/or direction information of the second individual
particle beams when starting from the object; and

generating individual images of each of the individual field regions on the basis of data which
are obtained or have been obtained by means of signals from each of the detection regions

with their respectively assigned detection channels.

The first charged individual particle beams can be, for example, electrons, positrons, muons
or ions or other charged particles. The individual field regions of the object that are assigned
to each first individual particle beam are scanned in a scanning fashion, e.q. line by line or
column by column. In this case, it is preferred for the individual field regions to be adjacent to
one another or to cover the object or a part thereof in tiling fashion. The individual field regions
are substantially separate from one another, but they can also overlap one another in the
marginal regions. In this way, it is possible to obtain an image of the object that is as complete
and contiguous as possible. Preferably, the individual field regions are embodied in rectangular
or square fashion since this is the easiest to realize for the scanning process with the aid of
particle radiation. Preferably, the individual field regions are arranged as rectangles in different
lines one above another so as to result overall in a hexagonal structure. It is advantageous if
the number of particle beams is 3n (n-1}+1, where n is an arbitrary natural number, in the
hexagonal case. Other arrangements of the individual field regions, e.g. in a square or

rectangular grid, are likewise possible.

The second individual particle beams can be backscattered electrons or else secondary
electrons. In this case, for analysis purposes it is preferred for the low-energy secondary
electrons to be used for image generation. However, it is also possible for mirror ions/mirror
electrons to be used as second individual particle beams, i.e. first individual particle beams

undergoing reversal directly upstream of or at the object.

The invention involves effecting defocused projecting of the second individual particle beams
onto detection regions of a detection unit in such a way that the second individual particle
beams emerging or emanating from two different individual field regions are projected onto
different detection regions, wherein a plurality of detection channels are assigned to each
detection region, wherein the detection channels each encode angle information and/or

direction information of the second individual particle beams when starting from the object. In
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the case, too, of the defocused projecting of the second individual particle beams onto
detection regions of a detection unit, crosstalk between the second individual particle beams
is thus avoided, just as is already known from operating a multi-beam particle microscope in a
normal operating mode/inspection mode. However, the defocusing enlarges the actual
incidence regions and thus the detection regions per second individual particle beam. As a
result, information present in the angular spectrum of the second individual particle beams can
be maintained during detection. What is important for this purpose is the provision of a plurality
of detection channels, this can be for example two, three, four, five, six or more detection
channels per detection region. These detection channels have the property, then, that they
each encode angle information and/or direction information of the second individual particle
beams when starting from the object. Specifically, the second individual particle beams are
incident on different detection channels depending on the starting direction and/or the starting
angle. Spatially resolved detection takes place. Reference can be made to direction-sensitive
detection for example if the detection channels are arranged such that the incidence of
particles of the second individual particle beams can be subdivided into, for example, at the
top, at the bottom, on the left and on the right (corresponding to four sectors) or else obliquely
at the top left, obliquely at the top right or centrally at the bottom (three sectors). In this case,
the detection channels can be formed by sectorization of detection regions. In this context, the
term detection channel then relates to the incidence surface of the detection region. However
—depending on context — the term detection channel can also encompass the signal evaluation
in the course of detection. Specifically, a signal is generated separately, in principle, for each
detection channel. For each detection region, therefore, a plurality of signals are generated
from the corresponding plurality of detection channels. Angle information about the second
individual particle beams when starting from the object can be obtained for example by way of
radially sensitive detection channels, for example by means of circular or concentrically ring-
shapedly arranged channels (example of a shell-like construction). In accordance with one
preferred embodiment, the detection channels allow both direction information and angle
information to be encoded; they are then direction-sensitive and radially sensitive. Examples

of this are set out in even greater detail further below.

According to the invention, generating individual images of each of the individual field regions
takes place on the basis of data which are obtained or have been obtained by means of signals
from each of the detection regions with their respectively assigned detection channels.
Therefore, the generation of individual images is not just influenced wholesale by the signals
from each of the detection regions by way of mere addition of all the signals of the detection
channels of the entire detection region, rather the individual images are generated by using

signals from each of the detection channels per detection region according to a suitable
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algorithm. In this case, it is possible to generate the individual images practically immediately,
but it is also possible to store the data and to generate the individual images therefrom only
later. As a result, it also becomes possible to obtain different individual images for different

contrast modes on the basis of data or signals, once present.

In accordance with one preferred embodiment of the invention, the method according to the
invention furthermore includes the following steps in the contrast operating mode:

defining weightings for signals from each detection channel; and

mixing the signals from the detection channels to form a mixed signal of the assigned detection
region on the basis of the weightings.

It is thus possible, depending on the objective, to weight the signals from each detection
channel differently and thereby to take account of the spatial resolution of the signals. Angle
information and/or direction information can be processed accordingly. Mixing the signals
makes it possible for signals from different detection channels to be added or subtracted from
one another in a targeted manner, for example. It is also possible to determine average values
or median values; maxima or minima can likewise be determined. Therefore, depending on
the issue, the mixed signal of a detection region is constituted on the basis of the signals of its
detection channels. The technique of mixing signals is known from the prior art, in principle.
More detailed explanations in this respect may be found for example in US 10,192,716 B2 and
also US 10,186,399 B2. Simple basic principles concerning angle-dependent detection of
secondary electrons in a single-beam system are also already known from the textbook by
Ludwig Reimer, “Scanning Electron Microscopy", Springer-Verlag Berlin Heidelberg 1985,
1998.

In accordance with one preferred embodiment of the invention, the method furthermore
includes the following step in the contrast operating mode:

selecting a contrast aperture which has been or is arranged in the secondary path of the multi-
beam particle microscope in the region of a beam cross-over of the second individual particle
beams.

The contrast aperture can be for example a circular aperture or a ring aperture, a bright field
aperture or a dark field aperture. It is possible to provide not just one but rather a plurality of
identical or different contrast apertures through which the second individual particle beams
pass successively. It is possible for the contrast aperture already to be situated in the beam
path of the second individual particle beams and for the selection to take place by the second
individual particle beams being deflected accordingly. This can be done for example by means
of a parallel offset of the second individual particle beams in the secondary path. However, it

is also possible for a contrast aperture only to be introduced into the beam path, for example
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moved or rotated into the desired position. Selecting a contrast aperture can then comprise
moving a specifically selected contrast aperture (or contrast apertures) into the beam path.
Different contrast apertures can differ for example in terms of their diameter and/or their
annular width. In any case the contrast aperture or contrast stop has the task of filtering second
individual particle beams according to their starting angles from the object plane. Second
individual particle beams proceeding from/up to a specific starting angle range are cut out from
the pencil of the second individual particle beams in the beam cross-over. Further details
concerning the significance of the contrast aperture and also concerning the possible
configurations thereof can be gathered for example from the German patent application with
the application number 10 2020 123 567 .4, filed on September 9, 2020, and the German patent
DE 2015 202 172 B4, the disclosure of which is in each case fully incorporated by reference

in the present patent application.

In accordance with a further preferred embodiment of the invention, the method furthermore
includes the following step in the contrast operating mode:

setting the defocusing of the second individual particle beams upon incidence on the detection
unit, in particular on the basis of the selected contrast aperture. As a result, the defocusing
chosen can be of a greater or lesser degree. Angle information and/or direction information of
the second individual particle beams can be detected in a more detailed way, the greater the
degree of defocusing is chosen. Conversely, however, the signal per detection channel then
also becomes weaker and the area requirement of the detection unit increases with the same
number of individual particle beams being used. Depending on the information requirement
and/or configuration of the detection unit, the defocusing can thus be selected accordingly.
This can be carried out manually by a user, but it is also possible for the setting of the
defocusing to be carried out automatically on the basis of known or stored parameters
regarding the sample/inspection aim. The setting of the defocusing itself can be carried out by
way of corresponding control of the projection lens system in the secondary path of the multi-

beam particle beam microscope.

In accordance with a further preferred embodiment of the invention, the method furthermore
comprises the following step in the contrast operating mode:

selecting a number of detection channels per detection region.

In this case, selecting a number of detection channels can, but need not, be coupled to the set
defocusing. This is dependent, inter alia, on the physical realization of the detection unit. It is
possible, for example, for the detection unit to be constructed overall from a multiplicity of
detection channels. In a normal operating mode, for example, a detection region can then be

assigned to each detection channel or correspond thereto. In the contrast operating mode, on
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the other hand, a plurality of detection channels are combined to form a detection region. In
this case, the detection unit as such is not altered physically, just the assignment of the
detection channels to a detection region changes. Selecting a number of detection channels
per detection region increases the flexibility of the method according to the invention. The
greater the number of angle- and/or direction-sensitive detection channels used per detection
region, the greater the amount of angle- and/or direction-sensitive information that can be
obtained during imaging. In one extreme case, all available detection channels can be
combined to form a detection region — however, the imaging is then also based only on a single
individual particle beam and the method is accordingly slower. In most practical applications,
therefore, a considerable proportion of all the individual particle beams, e.g. approximately one
third, quarter or fifth of all available individual particle beams, will then be used for imaging and
be caused to be incident on the detector in a defocused fashion. In another extreme case, all
available individual particle beams can be used for imaging and are incident on the detector in
a defocused fashion. It is then necessary, however, for a correspondingly large number of
detection channels to be kept available. This exemplary embodiment may be particularly
advantageous in particular in the case of small contrast apertures and/or a large pitch of the

first individual particle beams.

In accordance with a further preferred embodiment of the invention, the method furthermore
comprises the following step in the contrast operating mode:

setting a pitch of the second individual particle beams upon incidence on the detection unit on
the basis of the selected contrast aperture and/or the set defocusing and/or the selected
number of detection channels per detection region. In this case, the pitch of the second
individual particle beams can be set for example such that out of available detection channels
as few detection channels as possible remain unused. The total detection area of the detection
unit is used as optimally as possible as a result. Moreover, setting the pitch on the basis of the
set defocusing ensures that different second individual particle beams are imaged onto
different detection regions. If detection channels are not produced by interconnecting detection
pixels, for example, but rather are physically separate and extremely small detection units,
then setting a pitch is automatically accompanied by selecting a number of detection channels.
It is thus possible for the parameters of number of detection channels, on the one hand, and
magnitude of the pitch, on the other hand, not to be strictly independent of one another.
Nevertheless, gaps between the defocused second individual particle beams can be present

or set and detection channels present can therefore also remain unused.

Moreover, the total alignment of the defocused second individual particle beams with the

detection unit can be performed such that center points of the individual particle beams are
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aligned substantially exactly with a detection channel or else substantially symmetrically
centrally between incidence surfaces of detection channels. This last is advantageous for
example given a number of three detection channels per detection region, wherein the three
detection channels can have round incidence surfaces and can be arranged in a “triangular”
fashion or close to one another as much as possible. Other shapes of incidence surfaces are

also possible, for example hexagonal incidence surfaces.

The total alignment of the defocused second individual beams can be effected for example by
a multi-beam deflector in the secondary path, for example by means of the so-called anti-scan
upstream of the detection unit. It is thus possible for the second individual particle beams to
be displaced in parallel fashion on the detection unit until the desired total alignment of the

second individual particle beams is achieved.

The pitch itself can be set by way of a setting of the enlargement in the primary path and/or in
the secondary path. It is also possible to use multi-aperture plates having different aperture
arrangements or aperture spacings when producing the multiplicity of individual particle beams

in the primary path.

In accordance with one preferred embodiment of the invention, the method furthermore
includes the following steps in the contrast operating mode:

selecting a number of individual particle beams which are incident on the detection unit in the
contrast operating mode; and/or

masking out all other individual particle beams.

It is possible that only a single individual particle beam is intended to be incident on the
detection unit. In another extreme case, all the individual particle beams are selected, but a
corresponding number of detection channels must then be kept available. What is given
preference, however, is for two or more individual particle beams to be incident on the detection
unit, for example approximately one third, one quarter or one fifth of all individual particle
beams. One objective when selecting the number of individual particle beams which are
incident on the detector in a defocused fashion should be that as many of the theoretically
available detection channels as possible are also used for obtaining signals. If not enough
detection channels are available or if the required area of the detection unit is not large enough,
then remaining or surplus individual particle beams would no longer be able to be incident on
the detection unit or on detection channels. It may then be advantageous for these as it were
superfluous individual particle beams to be masked out in a targeted manner. In this case, the
masking out can be effected in the primary path and/or in the secondary path. Preferably, it is

already effected in the primary path, for example comparatively far up in the particle optical
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beam path shortly after the generation of the multiplicity of individual particle beams. By way
of example, a beam selector can be provided in the particle optical beam path. Additionally or
alternatively, it is also possible to concomitantly convey individual particle beams not used for
the defocused detection and to bring about charging effects at the sample in a targeted manner

by way of said beams.

In accordance with a further preferred embodiment of the invention, the method furthermore
includes the following step:

aligning the defocused second individual particle beams upon incidence on the detection unit
in such a way that the chief rays of the second individual particle beams are aligned
substantially exactly centrally with a detection channel; or

aligning the defocused second individual particle beams upon incidence on the detection unit
in such a way that the chief rays of the second individual particle beams are aligned
substantially symmetrically centrally between incidence surfaces of detection channels.

The central alignment with a detection channel is particularly suitable for obtaining angle
information since this alignment facilitates a shell-like arrangement of detection channels. The
symmetrical alignment centrally between incidence surfaces is particularly advantageous for
obtaining direction information. However, that respectively does not preclude also additionally

generating direction information or additionally generating angle information.

In accordance with a further preferred embodiment of the invention, the latter furthermore
comprises the following step in the contrast operating mode:

encoding the individual images in a false color code on the basis of signals from the detection
regions and/or the detection channels.

It is possible, for example, on the basis of the angle information and/or direction information
used, to distinguish rising edges from falling edges by way of color coding. It is possible, for
example, to represent upper and lower edges or left and right edges in different colors as a

false color code. This facilitates the interpretation of the image data obtained.

In accordance with a further preferred embodiment of the invention, the method furthermore
includes the following step in the contrast operating mode:

representing the individual images in a perspective representation or in a 3D representation.
A perspective representation is occasionally also referred to as a 2.5D representation. By
means of conventional 2D display means, the perspective representation enables a good
spatial impression of what is represented. A 3D representation can be attained for example by

means of a 3D display such as, for example, by means of smartglasses or an augmented
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reality or virtual reality display, in which a user can move or change his/her perspective.

Holographic representations are possible as well.

In accordance with a further preferred embodiment of the invention, the method furthermore
comprises the following step in the contrast operating mode:

providing an arrangement of detection channels which is direction-sensitive and/or radially
sensitive. This arrangement of detection channels can be provided for each detection region.
As aresult, it is possible to obtain direction information and/or angle information of the second

individual particle beams when starting from the object plane or the object during detection.

In accordance with a further preferred embodiment of the invention, the method furthermore
comprises the following step:

operating the multi-beam particle microscope in a normal inspection mode, comprising the
following steps:

irradiating the object with a multiplicity of charged first individual particle beams, wherein each
first individual particle beam irradiates a separate individual field region of the object in a
scanning fashion;

collecting second individual particle beams which emerge or emanate from the object on
account of the first individual particle beams;

focused projecting of the second individual particle beams onto detection regions of a detection
unit in such a way that the second individual particle beams emerging or emanating from two
different individual field regions are projected onte different detection regions, wherein exactly
one detection channel is assigned to each detection region; and

generating individual images of each of the individual field regions on the basis of data which
are obtained or have been obtained by means of signals from each of the detection regions
with their respectively assigned detection channel.

Operating the multi-beam particle microscope in a normal inspection mode thus describes, in
principle, operating a multi-beam particle microscope as already known from the prior art. What
is important in this case is the conventional focused projecting of the second individual particle
beams onto the detection unit. In this case, the detection unit used in the contrast operating
mode can be the same detection unit that is also used in the normal inspection mode. However,
the detection regions then have a different size and position and a different assignment of
detection regions to detection channels takes place; in the normal inspection mode, each

detection region is only assigned to a single detection channel.

In accordance with one preferred embodiment of the invention, the method changes between

operating the multi-beam particle microscope in the contrast operating mode and in the normal
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inspection mode. In this case, it is possible to alternate strictly between the two modes.
However, it is also possible for example firstly for a relatively large sample region to be scanned
in the normal inspection mode and subsequently for a plurality of partial regions of the sample
to be scanned in the contrast operating mode. As a result, sample regions of particular interest

can be examined more closely again in the contrast operating mode.

In accordance with a further preferred embodiment of the invention, various contrast operating
modes with associated operating parameters are stored in a controller of the multi-beam
particle microscope and the method furthermore includes the following step:

selecting a contrast operating mode and operating the multi-beam particle microscope in this
contrast operating mode. The various contrast operating modes can differ for example in the
contrast apertures used, the set defocusing, the number of second individual particle beams
that are incident on the detector or used for imaging in the contrast operating mode, the number
of detection channels per detection region or per second individual particle beam, the beam
current intensity of the individual particle beams, the landing energy, the beam pitch, the
sample material, etc. The selectable contrast operating modes can then also include the
following modes in an application-related manner: edge contrast operating mode, material
contrast operating mode, charge contrast operating mode and also direction-edge contrast
operating mode. Unlike in the conventional edge contrast operating mode, which only analyzes
the presence of an edge, the direction-edge contrast operating mode makes it possible to
distinguish between different types of edges with regard to their nature (rising edge, falling
edge, left side, right side, etc.). This necessitates, besides the angle information, also the
direction information and thus the direction-sensitive detection of the second individual particle

beams in the contrast operating mode.

The above-described embodiments of the invention can be combined with one another in full

or in part, provided that no technical contradictions arise as a result.

In accordance with a second aspect of the invention, the latter relates to a computer program
product having a program code for carrying out the method as described above in a plurality

of embodiment variants.

In accordance with a third aspect of the invention, the latter relates to a multi-beam particle
microscope comprising the following:
a multi-beam particle source, which is configured to generate a first field of a multiplicity of

charged first individual particle beams;
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a first particle optical unit with a first particle optical beam path, configured to image the
generated first individual particle beams onto an object plane such that the first individual
particle beams strike an object at incidence locations, which form a second field;

a detection system with a multiplicity of detection regions that form a third field;

a second particle optical unit with a second particle optical beam path, configured to image
second individual particle beams, which emanate from the incidence locations in the second
field, onto the third field of the detection regions of the detection system;

an in particular magnetic objective lens, through which both the first and the second individual
particle beams pass;

a beam switch, which is arranged in the first particle optical beam path between the multi-beam
particle source and the objective lens and which is arranged in the second particle optical beam
path between the objective lens and the detection system;

a mode selection device configured to make a selection between a normal operating mode
and a contrast operating mode; and

a controller;

wherein a beam cross-over of the second individual particle beams is arranged in the second
particle optical beam path between the beam switch and the detection system,

wherein a contrast aperture for filtering the second individual particle beams according to their
starting angles from the object plane is arranged in the region of the beam cross-over,
wherein the controller is configured to control the second particle optical unit in the normal
operating mode in such a way that the second individual particle beams are incident on the
detection regions substantially in a focused fashion, wherein in the normal operating mode
each detection region is assigned exactly one detection channel for signal evaluation, and
wherein the controller is configured to control the second particle optical unit in the contrast
operating mode in such a way that at least one or some or all of the second individual particle
beams are incident on the detection regions in a defocused fashion, wherein in the contrast
operating mode each detection region is assigned a plurality of detection channels for signal
evaluation,

wherein each of the plurality of detection channels is arranged such that an angle-dependent
and/or direction-dependent detection of second individual particle beams can take place in the

contrast operating mode.

The multi-beam particle microscope according to the invention is suitable in particular for
carrying out the described method according to the invention in accordance with the first aspect
of the invention. In this case, the terms used for describing the multi-beam particle microscope

correspond to those for describing the method according to the invention.
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In accordance with one preferred embodiment of the invention, the detection system
comprises one or more particle detectors or the detection system consists of one or more
particle detectors. In accordance with one preferred embodiment, the detection system
comprises one or more particle detectors and also a plurality of light detectors disposed
downstream thereof. By way of example, the detection system can comprise as particle
detector a scintillator plate having a plurality of detection regions and/or detection channels. In
this case, the interaction products are projected onto the detection regions/detection channels
of the particle detector with the aid of a suitable particle optical unit, for example by means of
a projection lens system and a collective scan deflector (so-called anti-scan). The light signhals
emitted by the particle detector then pass in a suitable manner to a light detector assigned to
the respective detection region or detection channel of the particle detector. It is possible, for
example, for the light emitted by a detection region of the particle detector to be coupled into
optical fibers via a corresponding light optical unit, said fibers in turn being connected to the
actual light detector. The light detector comprises for example a photomultiplier, a photodiode,
an avalanche photodiode or other types of suitable light detectors. It is possible, for example,
for a detection region together with an optical fiber assigned thereto and in turn together with
a light detector assigned to said optical fiber to form a detection channel (in the signal sense).
Alternatively, it is passible for a light detector not to comprise an optical fiber. It is possible, for
example, to provide, instead of an optical fiber bundle, an array of light-sensitive detectors (e.g.
photomultipliers, photodiodes, avalanche photodiodes, etc.) directly as signal entrance
surface. In this case, as it were, each optical fiber is replaced by one or more light detector

pixels.

In accordance with an alternative embodiment of the invention, the detection system consists
of one or more particle detectors. In other words, the detection system then comprises one or
more particle detectors, but no light detectors. It is then possible to detect the secondary
individual particle beams directly, without the detour via photons, for example by their being
injected into the depletion layer of a semiconductor, whereby once again an electron avalanche
can then be initiated. This then requires a correspondingly structured semiconductor detector

comprising at least one independent conversion unit for each beam.

In accordance with one preferred embodiment of the invention, each detection channel
comprises exactly one optical fiber and different detection channels comprise different optical
fibers. In other words, a one-to-one assignment is present here. It is true that the prior art also
discloses optical fibers which are multi-channel and transfer different signals separately for
example by way of a sectorial construction of the optical fiber. However, here the unwanted

mixing/mode coupling of different channels currently still poses a challenge; however, by way
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of example, partial or gradual mixing between detection channels which are to be assigned to

the same detection region may be acceptable.

By virtue of the assignment — already described above — of detection regions of a particle
detector to specific detection channels or light detectors and, in concrete terms, to the signal
entrance surface of optical fiber bundles, the geometric configuration of the signal entrance
surface also acquires further significance. The way in which the optical fibers are arranged or
packed in relation to one another is important. For a good resolution, it is advantageous to
pack the optical fibers with their respective signal entrance surfaces as close to one another

as possible.

In accordance with one preferred embodiment of the invention, each detection channel has a
signal entrance surface that is circular or triangular or hexagonal. The triangular case involves
preferably an isosceles triangle or most preferably an equilateral triangle. The signal entrance
surface can be the incidence surface on a particle detector or else an incidence surface for
photons on an optical fiber. In the case of a detection system comprising one or more particle
detectors and also a plurality of light detectors disposed downstream thereof, each channel
thus optionally has two signal entrance surfaces, namely in one instance for particle detection
and later also in another instance for light detection. For at least one signal entrance surface,
the criterion of circular or triangular is satisfied in accordance with this embodiment variant; it

is preferably satisfied for light detection.

In accordance with one preferred embodiment of the invention, the signal entrance surfaces
of the detection channels have a hexagonally close packed arrangement and/or the signal
entrance surfaces are arranged overall as a hexagon. This hexagonally close packed
arrangement and/or the arrangement overall as a hexagon can be attained in particular with
the above-described circular or triangular or hexagonal signal entrance surface of the detection
channels. However, it is also possible for the signal entrance surfaces of the detection
channels to be rectangular or square and for the signal entrance surfaces overall to give rise
to a rectangle or square. Other geometric shapes are also conceivable, although the

complexity during signal evaluation then increases.

In accordance with one preferred embodiment of the invention, exactly three or exactly four
or exactly six detection channels are assigned to a detection region in the contrast operating
mode. In the case of exactly three detection channels, the signal entrance surface of each
detection channel can be circular or hexagonal, for example, and the three detection channels

are “triangular” and have a close packed arrangement relative to one another. This
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arrangement enables direction-sensitive detection for each detection channel. If exactly four
detection channels are assigned to a detection region, this can be realized for example by four
congruent right-angled isosceles triangles arranged overall as a square. The corners of the
triangles thus meet at the center point of the square. In this embodiment, too, a direction
sensitivity is easily possible by virtue of the four sectors. If a detection region comprises exactly
six detection channels, then these six detection channels can be realized for example by six
equilateral triangles arranged overall as a hexagon. This embodiment variant also ensures the
direction sensitivity. However, it is also possible, of course, to choose other forms of
arrangement, for example exactly four detection channels, the signal entrance surfaces of
which are embodied in each case as squares, the four detection channels then overall likewise

being arranged as a square.

In accordance with one preferred embodiment of the invention, at least two shells of a
concentric shell-like arrangement of signal entrance surfaces are assigned to a detection
region in the contrast operating mode. This shell-like concentric arrangement of signal
entrance surfaces makes it possible to obtain radially sensitive information or angle
information, preferably in addition to obtaining direction-sensitive information. In this case, the
inner shell includes information about a central angular range and thus a relatively steep
incidence of beams on the detector; the second shell encompasses larger angular deviations
and hence a shallower incidence of the beams on the detection surface. It is possible to provide

exactly two shells, but it is also possible to provide more than two shells.

In accordance with one preferred embodiment of the invention, the arrangement of the signal
entrance surfaces of the detection channels is hexagonal and the innermost shell comprises
exactly one, exactly seven or exactly nineteen detection channels. In this case, the individual
signal entrance surfaces of the detection channels are circular or hexagonal, for example, and
the innermost shell comprises for example one central detection channel and six further
detection channels arranged annularly or hexagonally around it, or, in the case of a total of
nineteen detection channels, twelve further detection channels are again arranged around the

described 1 + 6 = 7 detection channels.

In accordance with a further preferred embodiment of the invention, the arrangement of the
signal entrance surfaces of the detection channels is hexagonal and the innermost shell
comprises exactly six or exactly 24 detection channels. The signal entrance surfaces are then
embodied for example in the form of equilateral triangles. In the case of exactly six detection
channels as the innermost shell, these six triangular signal entrance surfaces then have the

six-fold rotational symmetry around the center point formed by a corner of the triangles. In the
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case of exactly 24 detection channels, the described hexagonal unit of six is used to construct

a larger hexagon with a total of 24 detection channels.

In accordance with a further preferred embodiment of the invention, the arrangement of the
signal entrance surfaces of the detection channels is rectangular and the innermost shell
comprises exactly one, exactly nine or exactly sixteen detection channels. In the case of
exactly nine detection channels, for example nine rectangles or squares are arranged relative
to one another such that they in turn give rise to a rectangle or square. In the case of exactly
sixteen detection channels, additional seven detection channels are again arranged around

the rectangle of nine or square of nine, thus resulting in a larger rectangle or square.

Itis also possible for groups of detection channels to be connected to one another, for example
laser-welded to one another. This contributes to minimizing a signal loss that would otherwise
result from incidence of secondary particles between detection channels. Connecting or in
particular laser welding is possible in particular if the connected or laser-welded detection
channels are each to be assigned to the same detection region. Crosstalk between the
detection channels that possibly occurs as a result of the connection is then less or not

disturbing at all.

Further geometric configurations which are advantageous for practical application will be

evident to the person skilled in the art.

The described embodiments in accordance with the third aspect of the invention can be
combined with one another in full or in part, provided that no technical contradictions arise as

aresult.
It is also possible for the embadiments in accordance with the first, second and/or third aspects
of the invention to be combined with one another in full or in part, provided that no technical

contradictions arise as a result.

The invention will be understood even better with reference to the accompanying figures, in

which:
figure 1: shows a schematic illustration of a multi-beam particle microscope (MSEM);
figure 2a: schematically shows a detection system of a multi-beam particle microscope;

figure 2b: shows an alternative embodiment variant of a detection system;



10

15

20

25

30

35

19

figure 3: schematically compares the effect of an angular distribution of second individual

particle beams in the case of focused and defocused detection;

figure 4: illustrates one application example for the invention (edge contrast);
figure 5: illustrates one application example for the invention (voltage contrast);
figure 6: schematically shows detection of focused secondary beams in a normal

inspection mode;

figure 7: schematically shows detection of defocused secondary beams in a contrast
operating mode;

figure 8: schematically shows detection of defocused secondary beams with three
detection channels per detection region;

figure 9: schematically shows detection of defocused secondary beams with seven

detection channels per detection region;

figure 10: schematically illustrates various geometries of detection regions and detection
channels;

figure 11: schematically illustrates a geometry of detection regions and detection
channels;

figure 12: schematically illustrates various geometries of detection regions and detection
channels;

figure 13: schematically illustrates a geometry of detection regions and detection
channels;

figure 14 schematically shows further embodiment variants for detection regions and

detection channels; and
figure 15 shows an exemplary workflow in which the method according to the invention is

used.

Figure 1 is a schematic illustration of a particle beam system 1 in the form of a multi-beam
particle microscope 1, which uses a multiplicity of particle beams. The particle beam system 1
generates a multiplicity of particle beams which are incident on an object to be examined in
order to generate there interaction products, e.g. secondary electrons, which emanate from
the object and are subsequently detected. The particle beam system 1 is of the scanning
electron microscope (SEM) type, which uses a plurality of primary particle beams 3 which are
incident on a surface of the object 7 at a plurality of locations 5 and produce there a plurality
of electron beam spots, or spots, that are spatially separated from one another. The object 7
to be examined can be of any desired type, e.g. a semiconductor wafer or a biological sample,
and comprise an arrangement of miniaturized elements or the like. The surface of the object 7
is arranged in a first plane 101 {object plane) of an objective lens 102 of an objective lens

system 100.
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The enlarged detail 11 in Figure 1 shows a plan view of the object plane 101 having a regular
rectangular field 103 of incidence locations 5 formed in the first plane 101. In Figure 1, the
number of incidence locations is 25, which form a 5 x 5 field 103. The number 25 of incidence
locations is a number chasen for reasons of simplified illustration. In practice, the number of
beams, and hence the number of incidence locations, can be chosen to be significantly greater,

such as, for example, 20 x 30, 100 x 100 and the like.

In the illustrated embodiment, the field 103 of incidence locations 5 is a substantially reqular
rectangular field having a constant spacing P1 between adjacent incidence locations.
Exemplary values of the spacing P1 are 1 micrometer, 10 micrometers and 40 micrometers.
However, it is also possible for the field 103 to have other symmetries, such as a hexagonal

symmetry, for example.

A diameter of the beam spots shaped in the first plane 101 can be small. Exemplary values of
said diameter are 1 nanometer, 5 nanometers, 10 nanometers, 100 nanometers and 200
nanometers. The focusing of the particle beams 3 for shaping the beam spots 5 is carried out

by the objective lens system 100.

The primary particles incident on the object generate interaction products, e.g. secondary
electrons, backscattered electrons or primary particles that have experienced a reversal of
movement for ather reasons and which emanate from the surface of the object 7 or from the
first plane 101. The interaction products emanating from the surface of the object 7 are shaped
by the objective lens 102 to form secondary particle beams 9. The particle beam system 1
provides a particle beam path 11 for guiding the plurality of secondary particle beams 9 to a
detector system 200. The detector system 200 comprises a particle optical unit with a
projection lens 205 for directing the secondary particle beams 9 at a particle multi-detector
209.

The detail 12 in Figure 1 shows a plan view of the plane 211, in which individual detection
regions of the particle multi-detector 209 on which the secondary particle beams 9 are incident
at locations 213 are located. The incidence locations 213 lie in a field 217 with a regular
spacing P2 from one another. Exemplary values of the spacing P2 are 10 micrometers, 100

micrometers and 200 micrometers.

The primary particle beams 3 are generated in a beam generating apparatus 300 comprising

at least one particle source 301 (e.g. an electron source), at least one collimation lens 303, a
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multi-aperture arrangement 305 and a field lens 307. The particle source 301 generates a
diverging particle beam 309, which is collimated or at least substantially collimated by the
collimation lens 303 in order to shape a beam 311 which illuminates the multi-aperture

arrangement 305.

The detail 13 in Figure 1 shows a plan view of the multi-aperture arrangement 305. The multi-
aperture arrangement 305 comprises a multi-aperture plate 313, which has a plurality of
openings or apertures 315 formed therein. Midpoints 317 of the openings 315 are arranged in
a field 319 that is imaged onto the field 103 formed by the beam spots 5 in the object plane
101. A spacing P3 between the midpoints 317 of the apertures 315 can have exemplary values
of 5 micrometers, 100 micrometers and 200 micrometers. The diameters D of the apertures
315 are smaller than the distance P3 between the midpoints of the apertures. Exemplary
values of the diameters D are 0.2 x P3, 0.4 x P3 and 0.8 x P3.

Particles of the illuminating particle beam 311 pass through the apertures 315 and form particle
beams 3. Particles of the illuminating beam 311 which are incident on the plate 313 are

absorbed by the latter and do not contribute to the formation of the particle beams 3.

On account of an applied electrostatic field, the multi-aperture arrangement 305 focuses each
of the particle beams 3 in such a way that beam foci 323 are formed in a plane 325.
Alternatively, the beam foci 323 can be virtual. A diameter of the beam foci 323 can be, for

example, 10 nanometers, 100 nanometers and 1 micrometer.

The field lens 307 and the objective lens 102 provide a first imaging particle optical unit for
imaging the plane 325, in which the beam foci 323 are formed, onto the first plane 101 such
that a field 103 of incidence locations 5 or beam spots arises there. Should a surface of the
object 7 be arranged in the first plane, the beam spots are correspondingly formed on the

object surface.

The objective lens 102 and the projection lens arrangement 205 provide a second imaging
particle optical unit for imaging the first plane 101 onto the detection plane 211. The objective
lens 102 is thus a lens that is part of both the first and the second particle optical unit, while
the field lens 307 belongs only to the first particle optical unit and the projection lens 205

belongs only to the second particle optical unit.

A beam switch 400 is arranged in the beam path of the first particle optical unit between the

multi-aperture arrangement 305 and the objective lens system 100. The beam switch 400 is
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also part of the second optical unit in the beam path between the objective lens system 100

and the detector system 200.

Further information relating to such multi-beam particle beam systems and components used
therein, such as, for instance, particle sources, multi-aperture plate and lenses, can be
obtained from the international patent applications WO 2005/024881 A2, WO 2007/028595
A2, WO 2007/028596 A1, WO 2011/124352 A1 and WO 2007/060017 A2 and the German
patent applications DE 10 2013 016 113 A1 and DE 10 2013 014 978 A1, the disclosure of

which is fully incorporated by reference in the present application.

The multiple particle beam system furthermore comprises a computer system 10 configured
both for controlling the individual particle optical components of the multiple particle beam
system and for evaluating and analyzing the signals obtained using the multi-detector 209 or
the detection unit 209. It can also be used to carry out the method according to the invention.
The computer system 10 can be constructed from a plurality of individual computers or

components.

In the illustration in accordance with figure 1, the second individual particle beams 9 impinge
on the detection plane 211 in a focused fashion. This illustration or this kind of operation
corresponds to the already known operation of a multi-beam particle microscope in a normal
operating mode or in a normal inspection mode. During operation of the multi-beam particle
microscope in accordance with the method according to the invention, which method
comprises operating the microscope in a contrast operating mode, the incidence of the second
individual particle beams on the detection plane 211 changes; the incidence takes place in a
defocused fashion in the contrast operating mode. This will be explained in even greater detail

below.

Figure 2a is a schematic illustration for elucidating a realization of the detector 209 by way of
example; reference is initially made once again to the normal operating mode. In this case, the
detector 209 comprises a scintillator plate 207 as particle detector, onto which scintillator plate
the interaction products, for example secondary electron beams, are directed by an electron
optical unit. Said electron optical unit comprises, if it is integrated into the multi-beam particle
microscope from Fig. 1, the electron optical components of the particle optical unit which shape
the electron beams 9, i.e. e.g. the objective lens 102, which direct the electron beams 9 toward
the detector 209, such as e.g. the beam switch 400, and which focus the electron beams 9 on
the surface of the scintillator plate 207, such as e.g. the lens 205. The electron beams 9 are

incident on the scintillator plate 207 at incidence locations 213. Even if the electron beams 9
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are focused on the surface of the scintillator plate 207, beam spots having diameters that are
not arbitrarily small are formed on the surface. The midpoints of the beam spots can be
regarded as the incidence locations 213, which are arranged at the distance Pz (cf. Fig. 1) from

one another.

The scintillator plate 207 contains a scintillator material, which is excited to emit photons by
the incident electrons of the electron beams 9. Each of the incidence locations 213 thus forms
a source of photons. Figure 2a illustrates just a single corresponding beam path 221 emanating
from the incidence location 213 of the central electron beam of the five electron beams 9
illustrated. The beam path 221 passes through a light optical unit 223, which comprises a first
lens 225, a mirror 227, a second lens 229 and a third lens 231 in the example shown, and then
impinges on a light receiving surface 235 (signal entrance surface 235) of a light detection
system 237. The light receiving surface 235 is formed by an end face of an optical fiber 239,
into which at least a portion of the photons is coupled and guided to a light detector 241. The
light detector 241 can comprise e.g. a photomultiplier, an avalanche photodiode, a photodiode
or other types of suitable light detectors. The light optical unit 223 is configured such that it
optically images the surface 208 of the scintillator plate 207 into a region 243 in which the light
receiving surface 235 is arranged. On account of this optical imaging, optical images of the
incidence locations 213 are generated in the region 243. In the region 243, a separate light
receiving surface 235 of the light detection system 237 is provided for each of the incidence
locations 213. Each of the further light receiving surfaces 235 (signal entrance surfaces 235)
is formed by an end face of a light guide 239, which guides the light coupled into the end face
to a light detector 241. On account of the optical imaging, a light receiving surface 235 is
assigned to each of the incidence locations 213, wherein the light entering a respective light
receiving surface 235 is detected by a separate light detector 241. The light detectors 241
output electrical signals via signal lines 245. Said electrical signals represent intensities of the
particle beams 9. Consequently, the locations on the surface of the scintillator plate 207 which
are imaged onto the light receiving surfaces of light detectors 241 define different detection
points or detection regions. On account of the electron optical unit described above, interaction
products, for example electrons, which emanate from two different individual field regions of
an object are also projected onto different detection regions of the scintillator plate 207. In the
exemplary embodiment explained here, the light detectors 241 are arranged at a distance from
the light receiving surfaces 235, onto which the light optical unit 223 images the scintillator
plate 207, and the received light is guided to the light detectors 241 through optical fibers 239.
However, it is also possible for the light detectors 241 to be arranged directly where the light
optical unit generates the image of the scintillator plate and the light-sensitive surfaces of the

light detectors thus form the light receiving surfaces.
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In this case, figure 2a merely schematically elucidates some details of the detector 209. It
should still be pointed out at this juncture that by virtue of the scanning movement of the
primary particle beams over an object or a sample, many points of the sample are irradiated
or scanned. In this case, each primary particle beam 3 sweeps wholly or partly over an
individual field region of the object. In this case, each primary particle beam 3 is allocated a
dedicated individual field region of the object. From these individual field regions of the object
7, interaction products, e.qg. secondary electrons, then in turn emanate from the object 7. The
interaction products are then projected onto the detection regions of the particle detector or
onto the scintillator plate 207 in such a way that the interaction products emanating from two
different individual field regions are projected onto different detection regions of the scintillator
plate 207. Light signals are emitted by each detection region of the scintillator plate 207 upon
incidence of the interaction products, e.g. secondary electrons, on said detection region,
wherein the light signals emitted by each detection region are fed to a light detector 241
assigned to the respective detection region. In other words, the situation is that each primary
particle beam 3 comprises its own detection region on the scintillator 207 and also its own light

detector 241, which together form a detection channel in the normal inspection mode.

In the contrast operating mode, the second individual particle beams 9 are incident on the
scintillator plate 207 in a defocused fashion. The detection area impinged on by a particle beam
9 increases as a result of the defocusing; the detection region 215 assigned to the particle
beam 9 grows in size. However, the optical imaging of the emerging photons onto the light
receiving surfaces 235 remains unchanged, in principle, such that for each second individual
beam 9 photons now pass into a plurality of light receiving surfaces 235 or optical fibers with
connected light detectors 241. In other words, a plurality of detection channels 235 are

assigned to a detection region 215 defined relative to an individual particle beam.

Figure 2b shows an alternative embodiment variant of a detection system 209. In this variant,
no optical fibers 239 are provided; instead, photons emanating from the scintillator plate 207,
after the optical imaging, impinge directly on an array having light-sensitive detectors 241, for

example an array comprising photomultipliers, photodiodes or avalanche photodiodes.

Detection architectures other than the ones illustrated in figure 2a and figure 2b are also
suitable for carrying out the method according to the invention for operating a multi-beam
particle microscope 1 in a normal operating mode and in the contrast operating mode

according to the invention. Reference is made, for example, to the method of DED (“direct
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electron detection”), which manages without light detectors and in which secondary electrons

are directly converted into a current signal.

Figure 3 schematically compares the effect of an angular distribution of second individual
particle beams 9 in the case of focused and defocused detection. Figure 3 illustrates two
different case situations: In case a, it is assumed that second individual particle beams 9 that
emanated from a flat sample 7 are detected. The second individual particle beams 9 start
isotropically from the sample. In case b, it is assumed that second individual particle beams 9
or secondary beams emanated from a structured sample 7. The second individual particle
beams start from the sample anisotropically, i.e. with an anisotropic direction distribution and/or
angle distribution. The illustration in figure 3 then shows the two different cases during

detection:

In case a, during detection the angle distribution of the secondary electrons is symmetrical
about the axis A arranged orthogonally to the detection plane. The secondary electron yield,
designated by |, is plotted on the Y-axis in figure 3a. Furthermore, the beam cone 280 is
depicted schematically. The focused incidence of secondary beams on the detection surface
207 is illustrated at the bottom of the depiction in figure 3a, and the defocused incidence is
illustrated at the top in the figure. In the case of focused incidence on the detection surface
207, no additional information about the angle distribution of the second individual particle
beams is obtained; it is practically lost during focused detection. In the defocused case, on the
other hand, the angle distribution of the second individual particle beams is present and, during
detection, it is reproduced in the spatial distribution on the detector or the detection surface
207.

In the case of a flat sample, the secondary electron yield is isotropic about the axis A and, in
the case of a structured sample, the secondary electron yield | is anisotropic, the maximum
being to the left of the axis A of symmetry in the example shown. In principle, therefore,
defocused detection of secondary beams makes it possible to obtain angle information and/or
direction information of the second individual particle beams 9 when starting from an object 7.
It becomes accessible as a result of spatially resaolved detection of the secondary beams 9 or

assigned photons with the use of light detectors 241.

Figure 4 illustrates one application example for the invention. In this case, figure 4a shows a
structured sample 7 in a side view, elevations 7a and depressions 7b being arranged
alternately in said sample. The width of an elevation 7a is designated by b. This width b often

has to be determined during an inspection of semiconductor samples. The underlying issue
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concerns so-called edge contrast (topography contrast). An associated electron-optically
obtained image is shown in figure 4b: During this recording, the imaging of the secondary
electron beams onto the detector 209 is effected in a focused fashion. As a result, the image
in accordance with figure 4b shows alternately wide strips 502 and narrow strips 501. However,
during focused imaging it is not possible to differentiate whether a wide strip 502 is to be

assigned to an elevation 7a or to a depression 7b.

By comparison therewith, the situation is different when using a contrast operating method
according to the invention for the multi-beam particle microscope 1: Figure 4c schematically
shows a structured sample 7 and the emergence of secondary beams or second individual
particle beams 9 from the sample 7. The secondary particles are illustrated by the arrows in
figure 4c. The situation at the left edge 7c¢ of the sample 7 will be considered first: Secondary
electrons 9 starting from the sample 7 at the edge 7c have an angle distribution. Secondary
electrons 9 starting toward the left may tend to start without being obstructed by the sample 7,
and secondary electrons 9 initiated or starting toward the right tend to be shaded or absorbed
by the elevation 7a of the sample 7. At the left edge 7¢, therefore, the secondary electrons 9
tend to comprise more particles that start from the sample toward the left. The opposite
situation arises at the edge 7d of the sample 7: Here secondary electrons 9 can also emerge
from the lateral flank 7d, and the angular spectrum of the secondary electrons starting from
the sample 7 therefore tends to comprise more secondary particles © deflected toward the right

than secondary particles 9 deflected toward the left.

Figure 4d then shows an electron optical recording in which the secondary beams have been

detected in a defocused and spatially resolved fashion: By virtue of the use of angle information
and/or direction information of the second individual particle beams 9 when starting from the
object 7, the narrow regions 503 and 504 can be differentiated from one another in the
recording: The strips 503 shown dark each correspond to a falling edge in figure 4a, and the
light strips 504 each correspond to a rising edge in figure 4a. The use of the method according
to the invention thus makes it possible to obtain improved contrast information, or contrast
information not accessible hitherto in accordance with the prior art, when scanning a sample
7.

Figure 5 illustrates a further application example for the invention, specifically in the case of
examining charged samples. The examination of accumulations of charge on samples 7 takes
place in the course of determining a so-called voltage contrast. The latter is of importance in
particular in the case of so-called electric response measurements. This is because some

types of defects (resistance defects, leakage defects) cannot be detected by conventional
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inspection methods (focused detection). That is different in the case of defocused detection of
second individual particle beams 9 and with the use of a plurality of spatially resolved detection
channels per detection region. Specifically, the angular spectrum of the secondary electrons
or second individual particle beams 9 starting from a sample changes in the case of
accumulations of charge on the sample. This is illustrated in figure 5. Figure 5a shows a
sample 7 with different regions 505, 506 and 507, none of which is charged. Different
secondary electrons emanate from these regions or the surface thereof; in this illustration, said
secondary electrons start perpendicularly in each case and have different energies. In the
example shown, these are electrons having 5 eV, 3 eV and 1 eV, the different energies are
encoded by the different types of dashes used for the arrows in figure 5. Secondary electrons
that start at other angles (not illustrated) are likewise influenced, and so an asymmetrical angle

distribution of the secondary electrons arises according to the charge difference.

In figure 5b, the sample regions 505 and 507 are negatively charged, this being -1 V in the
example illustrated. As a result, an electric field E is generated between the regions 505 and
506, and 506 and 507. The secondary electrons 9 starting from the sample are directionally
deflected by said electric field E, and an offset additionally occurs at the negatively charged
sample regions 505 and 507 (the offset is indicated by the short dashed arrow). The angular
spectrum (location and/or direction information) of the secondary particles 9 emanating from
the sample 7 thus changes as a result of the accumulation of charge on the sample 7. In the
case of defocused detection, this information from the angular spectrum is transferred into
location information and it is made measurable or usable during corresponding multi-channel

measurement.

Figure 6 schematically shows detection of focused secondary beams 9 in a normal inspection
mode that is known from the prior art, in principle. A particle source 301 emits a divergent
particle beam, which, in the example shown, passes through a condenser lens system 303a,
303b and, in the example shown, impinges in a collimated fashion on a multi-beam particle
generator 305 and passes through the latter. Said generator can comprise for example a multi-
aperture plate with a succeeding counterelectrode, but other embodiment variants are also
possible. Theoretically it is also possible, of course, to use a multi-beam particle source 301
directly, such that the first individual particle beams 3 do not have to be formed separately by

a multi-beam particle generator 305.

In the further particle optical beam path, in the example illustrated, the first individual particle
beams 3 pass through a field lens system having the field lenses 307a, 307b and 307c.

Afterward, they pass through a beam switch 400 and also an in particular magnetic objective
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lens 102, and then the first individual particle beams 3 are incident in a focused fashion on the
object 7 in the object plane 101. The incidence of the first individual particle beams 3 triggers
the emergence of the second individual particle beams 9 from the sample or the object 7. Said
second individual particle beams likewise pass through the objective lens 102 and the beam
switch 400 and also, in the example illustrated, subsequently a projection lens system 205a,
205b, 205c. In the projection lens system 205, a contrast aperture 222 is arranged in a beam
cross-over of the second individual particle beams 9. Said contrast aperture 222 can be a
circular aperture or a ring aperture, for example. It can be a bright field aperture or a dark field
aperture. The contrast aperture has the task of filtering second individual particle beams 9
according to their starting angles from the object plane 101. Second individual particle beams
9 proceeding from/up to a specific starting angle range are cut out from the pencil of the second
individual particle beams @ in the beam cross-over. This is illustrated schematically in the circle
shown in an enlarged view in figure 6. The beam path in figure 6 — as already explained — is
illustrated only schematically and thus necessarily in a greatly simplified manner. In the normal
inspection mode illustrated in figure 6, the second individual particle beams 9 are incident in a
focused fashion on the detection plane 207 or the scintillator 207. Disposed downstream of the
scintillator 207 is the light detector 237, which in figure 6 is illustrated schematically by the
hexagonal arrangement of detection channels 1 to 37, the cross section or signal entrance
surface 235 of which is configured here as a circle. In the case of the imaging illustrated in
figure 6, the situation is such that the object plane 101 is imaged in a focused fashion onto the
scintillator 207 or the plane E:. Moreover, the situation is such that preferably all the individual
particle beams 3, 9 are used for the imaging in order to achieve the highest possible throughput

during the imaging.

Figure 7 then schematically shows detection of defocused secondary beams 9 in a contrast
operating mode according to the invention of the multi-beam particle microscope 1. Figures 6
and 7 are largely identical to one another; hereinafter, therefore, only the differences of figure
7 compared with figure 6 are discussed. The secondary path in figure 7 is set for example via
the projection lens system 205a, 205b, 205c¢ such that the second individual particle beams 9
are incident in a defocused, rather than focused, fashion on the detection surface or, in the
example shown, on the scintillator 207. In this case, figure 7 shows by way of example
defocusing with the use of just one individual particle beam 9; in practice, a plurality of second
individual particle beams are preferably used; even further explanations in this regard are given
below. The second individual particle beam 9 passes through the contrast aperture 222 at the
{theoretical) cross-over point between the second individual particle beams 9. The defocused
individual particle beam 9 is then incident on the scintillator 207; by virtue of corresponding

setting of the projection lens(es) 205b, 205¢, the position of the detection plane/scintillator 207
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is no longer identical to the position of the focal plane E:. As a result of the defocusing, the
incidence area of the second individual particle beam 9 on the detector also increases; in other
words, the size of the detection region 215 changes. However, the physical detector 207, 209
is still the same; it is preferably spatially fixed. Therefore, photons released from the scintillator
plate 207 now impinge on a plurality of detection channels of the light detector 237. Figure 7
shows by way of example the illumination spot 213 when the photons are incident on the signal
entrance surfaces/light receiving surfaces 235 of the optical fiber bundle of the light detector
237. However, it is also possible, of course, to use other detection systems. Figure 7 merely

shows the principle in this respect.

Moreover, in accordance with figure 7, preference is given to selecting a number of second
individual particle beams 9 which are incident on the detection unit 207, 209 in the contrast
operating mode, and to masking out all remaining individual particle beams. In the example
shown, this is already done in the primary path by means of a beam selector 510. The latter
can optionally mask out a single individual particle beam, two, three or any other number of
individual particle beams 3 as early as in the primary path. Additionally or alternatively, it is
also possible, in the secondary path, to mask out one or more second individual particle beams

9 from the secondary path.

Depending on the application, it is possible to set the defocusing of the second individual
particle beams 9 upon incidence on the detection unit 209, in particular on the basis of the
selected contrast aperture. It is also possible to provide a plurality of contrast apertures
successively. In addition, the contrast aperture can be moved into the beam path or provision
can be made of a sectorized contrast aperture having different stops, through which the second
individual particle beams can optionally pass. For this purpose, the sectorized contrast
aperture can be mounted rotatably, for example, or it is possible to alter the path of the second

individual particle beams accordingly in such a way as to pass through a specific sector.

Moreover, it is possible to select or fix a number of detection channels per detection region or
per secondary particle beam 9. Additionally or alternatively, it is possible to set a pitch of the
second individual particle beams 9 upon incidence on the detection unit 207, 209, for example
on the basis of the selected contrast aperture 222 and/or the set defocusing and/or the selected
number of detection channels 235 per detection region 215. Moreover, it is possible to operate
the multi-beam particle microscope alternately in a normal inspection mode (focused detection)
and in a contrast operating mode (defocused detection). It is possible that different contrast
operating modes with associated operating parameters are stored in a controller 10 of the

multi-beam particle microscope 1 and that one of the stored contrast operating modes is
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selected and the multi-beam particle microscope 1 is operated in this selected contrast

operating mode.

Figure 8 schematically shows detection of defocused secondary beams 9 with three detection
channels 235 per detection region 215. The illustration shows the projection from the particle
detector, here a scintillator plate 207, onto a light detector 237 with the signal entrance surfaces
235 of an optical fiber bundle 239. The projection is indicated by the dotted lines in figure 8.
The assignment of detection channels 235 to the optical fibers 237 is indicated by the
numbering 1, 2, 3, 4. The numbers 1, 2, 3 denote active detection channels 235, and the
number 4 denotes inactive detection channels 235. By way of example, 235a, 235b and 235¢
denote the three detection channels covered by the beam spot 213. Figure 8 shows overall
the detection of seven second individual particle beams 9. It additionally reveals that the beam
spots 213 that are to be assigned to each of the second individual particle beams 9 do not
overlap one another. Crosstalk between different detection regions 215 is avoided as a result.
The beam pitch of the second individual particle beams 9 upon incidence on the detector 207
is set accordingly. It is possible to use the in principle non-active detection channels 4 in the
interspaces between the active detection channels 1, 2, 3 to detect the occurrence of possible
crosstalk. Moreover, it is possible to use any signals that might arise in the detection channels
4 to check whether the alignment of the beams with the detector is correct. In the example
shown, the center of the beams is aimed exactly at an intermediate region between the
detection channels 1, 2 and 3. If a signal is then additionally detected in the channels 4, the

alignment of the beams with the detector 209 is not optimal and must be corrected.

Figure 9 schematically shows detection of defocused secondary beams 9 with seven detection
channels 235 per detection region 215. In this case, the beam spots 213 of each beam are
incident on seven signal entrance surfaces 235 of optical fibers 237. In the example shown,
seven second individual particle beams 9 are in turn used for the detection. A hexagonal
pattern of detection regions 215 arises overall in the example illustrated. For the rest, reference

is made to the explanations regarding Figure 8.

Figure 10 schematically illustrates various geometries of detection regions 215 and detection
channels 235. In this case, figures 10a, b and ¢ show detection regions 215, the detection
channels 235 of which are arranged in a direction-sensitive manner. In accordance with the
example in figure 10a, the detection channels 235 or the signal entrance surfaces 235 are
circular, and the detection region 215 forms a triangle. In figure 10b, the detection channels

235 are embodied as isosceles triangles, the detection region 215 comprises four sectors and
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overall a square arises as the detection region 215. Figure 10c shows a hexagonal detection

region 215 comprising six sectors, each channel 235 being formed by equilateral triangles 235.

Figures 10d and 10e show in each case radially sensitive arrangements of detection channels
235. In figure 10d, the innermost detection channel 235a is embodied as a circle. The annulus
of the detection channel 235b is situated concentrically around said circle 235a. In figure 10e,
a further annular detection channel 235c is situated concentrically around the other two
detection channels 235a, 235b. By means of the radially sensitive arrangement of detection
channels 235 or by means of correspondingly constructed detection regions 215, it is possible
to encode angle information of second individual particle beams 9 when starting from an object
7.

Figures 10f and 10g show a both direction-sensitive and radially sensitive arrangement of
detection channels 235. In figure 10f, seven circular detection channels 235 are disposed in a
close packed arrangement, thus resulting overall in a hexagonal arrangement of the detection
channels 235. They can jointly form a detection region 215. Figure 10g shows a further shell,
in principle: Here a further shell composed of detection channels 235 is arranged on the outside
around the seven detection channels 235 from figure 10f. It is possible to interconnect the
detection channels 235 to form an innermost shell with exactly seven detection channels and
a further shell with a further twelve detection channels to form a detection region 215. However,

other or extended combinations are also possible.

Figure 11 schematically illustrates a further geometry of detection regions 215 and detection
channels 235. In the example illustrated, the individual detection channels 235 are formed by
equilateral triangles combined in each case to form hexagonal detection regions 215. The
hexagonal detection regions 215 can in turn be put together altogether in such a way as to

form a hexagonal overall arrangement; figure 11 here shows only a detail in this respect.

Figure 12 schematically illustrates further various geometries of detection regions 215 and
detection channels 235. In the example in accordance with figure 12a, the detection channels
235 are rectangular. In this case, nine rectangles form a detection region 215a. The latter can
be regarded as the innermost shell in the case of a shell-like arrangement of detection regions
215. Exactly sixteen further detection channels 235 as a shell 215b are arranged around said
innermost shell 215a. Figure 12b shows a different arrangement of detection channels 235,
which are likewise rectangular. The latter are combined in each case to form rectangular

detection regions 215, which overall are arranged hexagonally. Figure 12B shows by way of
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example nineteen detection regions 215, each of which is radially sensitive and direction-

sensitive. However, other arrangements and combinations are also possible.

Figure 13 schematically illustrates a further geometry of detection channels 235 of a detection
region 215. In the example shown, the individual detection channels 235 are embodied as
square or rectangular, and the detection region 215 overall is hexagonal. The different

shadings in figure 13 illustrate a possible shell-like construction of the detection region 215.

Figure 14 schematically illustrates further embodiment variants for detection regions 215 and
detection channels 235. Figure 14a shows diverse optical fibers 239 having a round or drop-
shaped signal entrance surface, which in each case form detection channels 235. In the
example shown, three drop-shaped detection channels 235 are in each case connected to one
another at the connection point 236, here by means of laser welding. In the example shown,
only those detection channels 235 or optical fibers 239 which are to be assigned to the same
detection region 215 in the contrast operating mode are connected to one another. Possible
crosstalk between the connected detection channels therefore has hardly any effects on the
overall signal of the detection region 215. Alternatively, however, it would also be possible for
all the optical fibers 239 or detection channels 235 to be connected to one another or to be

fused together at least at a seam, provided that resultant crosstalk is tolerable.

Figure 14b schematically shows, as a light detection system, an array having light-sensitive
detector units 241, which does not comprise any optical fibers 239 in the example shown.
Instead, an array comprising photomultipliers, photodiodes or avalanche photodiodes or the
like can be involved. The individual light detector units 241 are sectorized (here: three sectors
or channels). Dead regions 238 between the light detector units 241 offer space for cabling,

for example.

Figure 14c schematically shows an arrangement of hexagonal detection channels 235. The
latter can be joined together without gaps, in principle, by means of tessellation. In the example
shown, three detection channels are in each case combined to form a detection region 215.

Dead regions 238 between the detection regions 215 serve for reducing crosstalk.

For all the detection regions 215 and detection channels 235 illustrated in figures 10 to 14, it
holds true that they can be assignable to a particle detector and/or to a light detector, even if
many of the examples can be realized particularly well by means of a combination of particle
detector with downstream light detector. The embodiment variants described should be

understood not to be restrictive in this respect.
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Figure 15 shows by way of example a workflow in which the method according to the invention
is used. A first method step S1 involves recording the sample in a contrast operating mode,
with the use of only one defocused second individual particle beam or only a few defocused
second individual particle beams with as many detection channels as possible per second
individual particle beam. Such a contrast operating mode can also be referred to as a contrast
review mode. This recording contains very much angle information and/or direction

information, but is comparatively time-consuming.

In a further method step S2, contrast images of different types are represented on a graphical
user interface. Said contrastimages are all based on the recording in the contrast review mode.
The signals of the detection channels 23 are evaluated differently, however, thereby enabling

different contrast information to be generated by means of one recording.

In a further step S3, e.g. by means of an input, a user of the multi-beam particle microscope
can then mark one (or a plurality of) representation(s) of particular interest to the user. Step

S3 thus involves selecting a contrast representation.

In a further method step S4, an algorithm stored in the controller, for example, calculates the
operating parameters with which the selected contrast can be generated as rapidly as possible

and/or in the best way. A contrast inspection task is thus optimized in step S4.

Step S5 involves recording the sample 7 with the optimized operating parameters. A user of

the multi-beam particle microscope 1 can be optimally supported as a resullt.

List of reference signs

Multi-beam particle microscope

Primary particle beams (individual particle beams)

Beam spots, incidence locations

~N W =

Object, sample
7a Elevation

7b Depression

7c Edge, flank

7d Edge, flank

8 Sample stage



10

15

20

25

30

35

10

11

13

100
101
102
103
110
200
205
207
208
209
211
213

215
217
221
222
223
225
227
229
231
235
236
237
238
239
241
243
245
280
300
301

Secondary particle beams
Computer system, controller
Secondary particle beam path
Primary particle beam path
Objective lens system
Object plane

Objective lens

Field

Aperture

Detector system

Projection lens

Scintillator plate

Deflector for adjustment purposes

34

Detection system, particle multi-detector

Detection plane

Incidence locations, beam spot of the secondary particles or of the associated photon

beam

Detection region
Field

Optical beam path
Contrast aperture
Light optical unit
Lens

Mirror

Lens

Lens

Light receiving surface, signal entrance surface, detection channel

Connection point

Light detection system
Dead region

Optical fiber, light guide
Light detector

Region for optical imaging of the scintillator surface

Line
Beam cone
Beam generating apparatus

Particle source
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303 Collimation lens system

305  Multi-aperture arrangement

306  Micro-optics

307 Field lens system

309 Diverging particle beam

310  Multi-beam generator

311 llluminating particle beam

313  Multi-aperture plate

314  Multi-field lens

315  Openings in the multi-aperture plate
317  Midpoints of the openings

319  Field

320  Multi-stigmator

323 Beam foci

325 Intermediate image plane

330  Multi-focus correction means

380 Accumulation of positive charge
381  Accumulation of negative charge
400 Beam switch

501  Narrow strip

502  Wide strip

503  Dark strip for representing a falling edge
504  Light strip for representing a rising edge
505 Sample region

506 Sample region

507 Sample region

510 Beam selector

A Axis

Ef Focal plane

b Structure width

S1 Recording a sample with the fewest possible defocused second individual particle
beams and as many detection channels as possible per second individual particle
beam

S2 Generating and representing different contrast images

S3 Selecting a desired contrast or contrast image

S4 Optimizing the contrast inspection task

S5 Recording a sample with optimized operating parameters
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CONCLUSIES

Een werkwijze voor het bedienen van een multi-bundel

deeltjesmicroscoop (1), omvattende de volgende stappen:

het bedienen van de multi-bundel deeltjesmicroscoop (1)
in een contrastbedieningsmodus, omvattende de volgende stappen:

het bestralen van een object (7) met een veelheid van
geladen eerste individuele deeltjesbundels (3), waarbij elke eerste
individuele deeltjesbundel (3) een afzonderlijk individueel
veldgebied van het object (7) bestraalt op een scanmanier;

het verzamelen van tweede individuele deeltjesbundels
(9) die ontstaan of uitstralen vanuit het object (7) vanwege de
eerste individuele deeltjesbundels (3);

het ongefocusseerd projecteren van de tweede individuele
deeltjesbundels (9) op detectiegebieden (215) van een detectie-
eenheid (207, 209) op een dusdanige manier dat de tweede
individuele deeltjesbundels (9) die ontstaan of uitstralen vanuit
twee verschillende individuele veldgebieden worden geprojecteerd
op verschillende detectiegebieden (215), waarbij een aantal
detectiekanalen (235) zijn toegewezen aan elk detectiegebied (215),
waarbij de detectiekanalen (235) elk hoekinformatie en/of
richtingsinformatie van de tweede individuele deeltjesbundels (9)
wanneer gestart vanuit het object (7) codificeren; en

het genereren van individuele afbeeldingen van elk van
de individuele veldgebieden op basis van gegevens die verkregen
worden of verkregen zijn door middel van signalen vanuit elk van
de detectiegebieden (215) met hun respectievelijk toegewezen

detectiekanalen (235).
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2. De werkwijze volgens de voorgaande conclusie, verder omvattende de
volgende stappen in de contrastbedieningsmodus:
het definiéren van wegingen voor signalen vanuit elk
detectiekanaal (235); en
het mengen van de signalen vanuit de detectiekanalen
(235) om een gemengd signaal van het toegewezen detectiegebied

(215) te vormen op basis van de wegingen.

3. De werkwijze volgens één van de voorgaande conclusies, verder
omvattende de volgende stap in de contrastbedieningsmodus:
het selecteren van een contrastdiafragma (222) die is of
wordt ingericht in het secundaire pad (11) van de multi-bundel
deeltjesmicroscoop (1) in het gebied van een bundel cross-over van

de tweede individuele deeltjeshundels (9).

4. De werkwijze volgens één van de voorgaande conclusies, verder
omvattende de volgende stap in de contrastbedieningsmodus:
het instellen van de onscherpte van de tweede individuele
deeltjesbundels (9) bij inval op de detectie-eenheid (207, 209), in
het bijzonder op basis van het geselecteerde contrastdiafragma

(222).

5. De werkwijze volgens één van de voorgaande conclusies, verder
omvattende de volgende stap in de contrastbedieningsmodus:
het selecteren van een aantal detectiekanalen (235) per

detectiegebied (215).

6. De werkwijze volgens één van de voorgaande conclusies 3-5, verder

omvattende de volgende stap in de contrastbedieningsmodus:
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het instellen van een hellingshoek van de tweede
individuele deeltjesbundels (9) bij inval op de detectie-eenheid
(207, 209) op basis van het geselecteerde contrastdiafragma (222)
en/of de ingestelde onscherpte en/of het geselecteerde aantal

detectiekanalen (235) per detectiegebied (215).

7. De werkwijze volgens één van de voorgaande conclusies, verder

omvattende de volgende stap in de contrastbedieningsmodus:

het selecteren van een aantal individuele deeltjesbundels
(9) die invallen op de detectie-eenheid (207, 209) in de
contrastbedieningsmodus; en/of

het maskeren van alle andere individuele deeltjesbundels

9).

8. De werkwijze volgens één van de voorgaande conclusies, verder

omvattende de volgende stap in de contrastbedieningsmodus:

het uitlijnen van de ongefocusseerde tweede individuele
deeltjesbundels (9) bij inval op de detectie-eenheid (207, 209) op
een dusdanige manier dat de hoofdbundels van de tweede
individuele deeltjesbundels (9) in hoofdzaak exact centraal zijn
uitgelijnd met een detectiekanaal (235); of

het uitlijnen van de ongefocusseerde tweede individuele
deeltjesbundels (9) bij inval op de detectie-eenheid (207, 209) op
een dusdanige manier dat de hoofdbundels van de tweede
individuele deeltjesbundels (9) in hoofdzaak symmetrisch centraal
zijn uitgelijnd tussen invalsoppervlakken van detectiekanalen

(235).
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9. De werkwijze volgens één van de voorgaande conclusies, verder
omvattende de volgende stap in de contrastbedieningsmodus:
het codificeren van de individuele afbeeldingen in een
valse kleurcode op basis van signalen vanuit de detectiegebieden

5 (215) en/of de detectiekanalen (235).

10.De werkwijze volgens één van de voorgaande conclusies, verder
omvattende de volgende stap in de contrastbedieningsmodus:
het weergeven van de individuele afbeeldingen in een

10 perspectief weergave of in een 3D weergave.

11.De werkwijze volgens één van de voorgaande conclusies, verder
omvattende de volgende stap in de contrastbedieningsmodus:
het verschaffen van een schikking van detectiekanalen

15 (235) die richtingsgevoelig is en/of radiaalgevoelig is.

12.De werkwijze volgens één van de voorgaande conclusies, verder
omvattende de volgende stap:
het bedienen van de multi-bundel deeltjesmicroscoop (1)
20 in een normale inspectiemodus, omvattende de volgende stappen:
het bestralen van een object (7) met een veelheid aan
geladen eerste individuele deeltjesbundels (3), waarbij elke eerste
individuele deeltjesbundel een afzonderlijk individueel veldgebied
van het object (7) bestraalt op een scanmanier;
25 het verzamelen van tweede individuele deeltjesbundels
(9) die ontstaan of uitstralen vanuit het object (7) vanwege de
eerste individuele deeltjesbundels (3);
het gefocusseerd projecteren van de tweede individuele

deeltjesbundels (9) op detectiegebieden (215) van een detectie-
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eenheid (207, 209) op een dusdanige manier dat de tweede
individuele deeltjesbundels (9) die ontstaan of uitstralen vanuit
twee verschillende veldgebieden worden geprojecteerd op
verschillende detectiegebieden (215), waarbij exact één
detectiekanaal (235) aan elk detectiegebied (215) is toegewezen; en

het genereren van individuele afbeeldingen van elk van
de individuele veldgebieden op basis van gegevens die worden
verkregen of die zijn verkregen door middel van signalen vanuit
elk van de detectiegebieden (215) met hun respectievelijk

toegewezen detectiekanaal (235).

13.De werkwijze volgens de voorgaande conclusie, waarbij de werkwijze

verandert tussen het bedienen van de multi-bundel
deeltjesmicroscoop (1) in de contrastbedieningsmodus en in de

normale inspectiemodus.

14.De werkwijze volgens één van de voorgaande conclusies, waarbij

verschillende contrastbedieningsmodi met geassocieerde
bedieningsparameters worden opgeslagen in een regelaar (10) van
de multi-bundel deeltjesmicroscoop (1) en waarbij de werkwijze
verder de volgende stap omvat:

het selecteren van een contrastbedieningsmodus en het
bedienen van de multi-bundel deeltjesmicroscoop (1) in deze

contrastbedieningsmodus.

15.Een computerprogrammaproduct omvattende een programmacode

voor het uitvoeren van de werkwijze volgens één van de

voorgaande conclusies.
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16.Een multi-bundel deeltjesmicroscoop (1), omvattende het volgende:

een multi-bundel deeltjesbron (305) die geconfigureerd is
voor het genereren van een eerste veld (319) van een veelheid van
geladen eerste individuele deeltjesbundels (3);

een eerste deeltjes optische eenheid met een eerste
deeltjes optische bundelpad (13), geconfigureerd voor het afbeelden
van de gegenereerde eerste individuele deeltjesbundels (3) op een
objectvlak (101) zodanig dat de eerste individuele deeltjesbundels
(3) een object (7) raken op invalslocaties (5), die een tweede veld
(103) vormen;

een detectiesysteem (207, 209) met een veelheid van
detectiegebieden (215) die een derde veld (217) vormen;

een tweede deeltjes optische eenheid met een tweede
deeltjes optische bundelpad (11), geconfigureerd voor het afbeelden
van tweede individuele deeltjesbundels (9), die uitstralen vanuit
de invalslocaties (5) in het tweede veld (103), op het derde veld
(217) van de detectiegebieden (215) van het detectiesysteem (207,
209);

een magnetische objectieflens (102), waar zowel de eerste
(3) als de tweede individuele deeltjesbundels (9) doorheen gaan;

een bundelschakelaar (400) die is ingericht in het eerste
deeltjes optische bundelpad (13) tussen de multi-bundel
deeltjesbron (305) en de objectieflens (102) en die is ingericht in
het tweede deeltjes optische bundelpad (11) tussen de objectieflens
(102) en het detectiesysteem (207, 209);

een modus-selectieapparaat dat geconfigureerd is om een
selectie te maken tussen een normale bedieningsmodus en een
contrastbedieningsmodus; en

een regelaar (10);
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waarbij een bundel cross-over van de tweede individuele
deeltjesbundels (9) is ingericht in het tweede deeltjes optische
bundelpad (11) tussen de bundelschakelaar (400) en het
detectiesysteem (207, 209),

waarbij een contrastdiafragma (222) voor het filteren van
de tweede individuele deeltjesbundels (9) volgens hun starthoeken
vanuit het objectvlak (101) is ingericht in het gebied van de bundel
Cross-over,

waarbij de regelaar (10) is geconfigureerd voor het
regelen van de tweede deeltjes optische eenheid in de normale
bedieningsmodus op een dusdanige manier dat de tweede
individuele deeltjesbundels (9) in hoofdzaak op een gefocusseerde
manier op de detectiegebieden (215) invallen, waarbij in de
normale bedieningsmodus elk detectiegebied (215) aan exact één
detectiekanaal (235) is toegewezen voor signaalevaluatie, en

waarbij de regelaar (10) is geconfigureerd voor het
regelen van de tweede deeltjes optische eenheid in de
contrastbedieningsmodus op een dusdanige manier dat ten minste
één van de of sommige of alle tweede individuele deeltjesbundels
(9) op een ongefocusseerde manier op de detectiegebieden (215)
invallen, waarbij in de contrastbedieningsmodus elk
detectiegebied aan een aantal detectiekanalen is toegewezen voor
signaalevaluatie,

waarbij elk van het aantal detectiekanalen (235) zodanig
is ingericht dat een hoekathankelijke en/of richtingsafthankelijke
detectie van tweede individuele deeltjesbundels (9) plaats kan

vinden in de contrastbedieningsmodus.
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17.De multi-bundel deeltjesmicroscoop (1) volgens de voorgaande
conclusie, waarbij het detectiesysteem (207, 209) één of meer
deeltjesdetectors omvat of uit één of meer deeltjesdetectors

bestaat.

18.De multi-bundel deeltjesmicroscoop (1) volgens conclusie 16 of 17,
waarbij het detectiesysteem (207, 209) één of meer
deeltjesdetectors omvat en tevens een aantal lichtdetectors, die

stroomafwaarts daarvan zijn aangebracht.

19.De multi-bundel deeltjesmicroscoop (1) volgens de voorgaande
conclusie, waarbij elk detectiekanaal (235) exact één optische vezel
(239) omvat en waarbij verschillende detectiekanalen (235)

verschillende optische vezels (239) omvatten.

20.De multi-bundel deeltjesmicroscoop (1) volgens de voorgaande
conclusies, waarbij een aantal detectiekanalen (235) ten minste
deels met elkaar zijn verbonden, in het bijzonder door middel van
laserlassen, waarbij de verbonden detectiekanalen (235)
toegewezen kunnen worden aan hetzelfde detectiegebied (215) in

de contrastbedieningsmodus.

21.De multi-bundel deeltjesmicroscoop (1) volgens conclusie 18, waarbij
een detectiekanaal (235) geen optische vezel omvat en waarbij een
reeks lichtgevoelige detectors, in het bijzonder een reeks met
fotovermenigvuldigers, fotodiodes of avalanche fotodiodes, is

verschaft als het lichtdetectiesysteem.
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22.De multi-bundel deeltjesmicroscoop (1) volgens één van conclusies 16-
21, waarbij elk detectiekanaal (235) een signaalingangsoppervlak

heeft dat rond or driehoekig of zeshoekig is.

23.De multi-bundel deeltjesmicroscoop (1) volgens de voorgaande
conclusie, waarbij de signaalingangsoppervlakken van de
detectiekanalen (235) een zeshoekige dicht opeengepakte
schikking hebben en/of waarbij de signaalingangsoppervlakken

algeheel zijn ingericht als een zeshoek.

24.De multi-bundel deeltjesmicroscoop (9) volgens één van conclusies 16-
23, waarbij drie of vier of zes detectieckanalen (235) aan een
detectiegebied (215) zijn toegewezen in de

contrastbedieningsmodus.

25.De multi-bundel deeltjesmicroscoop (1) volgens één van conclusies 16-
24, waarbij ten minste twee schelpen van een concentrische
schelpvormige schikking van signaalingangsoppervlakken aan een
detectiegebied (215) zijn toegewezen in de

contrastbedieningsmodus.

26.De multi-bundel deeltjesmicroscoop (1) volgens conclusie 25, waarbij
de schikking van de signaalingangsoppervlakken van de
detectiekanalen (235) zeshoekig 1s en waarbij de binnenste schelp

exact 1, exact 7 of exact 19 detectiekanalen (235) omvat.

27.De multi-bundel deeltjesmicroscoop (1) volgens conclusie 25, waarbij
de schikking van de signaalingangsoppervlakken van de
detectiekanalen (235) zeshoekig is en waarbij de binnenste schelp

exact 6 of exact 24 detectiekanalen (235) omvat.



28.De multi-bundel deeltjesmicroscoop (1) volgens conclusie 25, waarbij
de schikking van de signaalingangsoppervlakken van de
detectiekanalen (235) rechthoekig is en waarbij de binnenste

schelp exact 1 of exact 9 of exact 16 detectiekanalen (235) omvat.
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Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1 Reference is made to the following documents:

D1 WO 2018/145983 A1 (ASML NETHERLANDS BV [NL]; HERMES
MICROVISION INC) 16 augustus 2018 (2018-08-16)

D2 US 2017/316912 A1 (ZEIDLER DIRK [DE] ET AL) 2 november
2017 (2017-11-02)

D3 JP 2011 192498 A (HITACHI HIGH TECH CORP) 29 september
2011 (2011-09-29)

D4 US 2019/355544 A1 (RIEDESEL CHRISTOPH [DE] ET AL) 21
november 2019 (2019-11-21)

2 The method according to claim 1 encompasses also the operation of multi-
electron beam microscopes comprising a detector unit with a plurality of pixels
configured to detect the respective secondary beams.

2.1 The invention in view of document D1

2.1.1  Therefore, reference is made to document D1 that discloses:

Een werkwijze voor het bedienen van een multi-bundel

deeltjesmicroscoop (cf. Fig.2), omvattende de volgende
stappen:

— het bedienen van de multi-bundel deeltjesmicroscoop in
een eentrastbedieningsmodus, omvattende de volgende
stappen:

— het bestralen van een object (230) met een veelheid
van geladen eerste individuele deeltjesbundels (214, 216,

218), waarbij elke eerste individuele deeltjesbundel
een afzonderlijk individueel veldgebied van het object

bestraalt op een scanmanier (cf.[0041]: Typically, scanning with
a multi-beam instrument is organised so that a region is illuminated only
by one primary beam.);

— het verzamelen van tweede individuele deelt jesbundels

(236, 238, 240) die ontstaan of uitstralen vanuit het
object vanwege de eerste individuele deeltjesbundels;

Form NL237-3 (separate sheet) (July 2006) (sheet 1)
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— het ongefocusseerd projecteren (via242) van de tweede
individuele deeltijesbundels op detectiegebieden (246,
248, 250) van een detectie—eenheid (244) op een dusdanige
manier dat de tweede individuele deeltjesbundels die
ontstaan of uitstralen vanuit twee verschillende
individuele veldgebieden worden geprojecteerd op
verschillende detectiegebieden (cf.[0041], [0042]),

— waarbij een aantal detectiekanalen (cf. Fig. 3A: 306) ziijn
toegewezen aan elk detectiegebied (302A-302D),

— waarbij de detectiekanalen (306) elk hoekinformatie
en/of richtingsinformatie van de tweede individuele
deelt jesbundels wanneer gestart vanuit het object
codificeren (NB: The spatial arrangement of the individual pixels
provides information about the direction - and thus also the angle - of the
impinging secondary particles.); en

— het genereren van indiviawetre afbeeldingen wan—etk—~van
ge—individuete—vetdagebieden op basis van gegevens die
verkregen worden of verkregen zijn door middel wvan
signalen vanuit elk van de detectiegebieden (cf. Fig. 3A)
met hun respectievelijk toegewezen detectiekanalen (cf.

[0083]).

D1 does not mention explicitly that an individual image of each region is
generated, but it explains that the image reconstruction unit (512) generates an
image of the object on the basis of the collected detection signals (cf. [0083],
[0093]).

However, this suggests that, at least internally in the system, an "individual
image" is generated for each area, i.e., the data for each area scanned by a
beam is the basis for part of the overall image. It should be noted that the term
"individuele afbeelding" does not necessarily imply the representation of the
image.

D1 does also not mention a contrast operating mode, yet it remains unclear
which limitation is intended: It goes without saying that the generated image
comprises contrast information.

Accordingly, the subject-matter of claim 1, as far as it can be understood, is
rendered obvious, if not anticipated, by the content of D1.

Form NL237-3 (separate sheet) (July 2006) (sheet 2)
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2.1.2 Furthermore, dependent claims 4, 5,7, 11 and 14, as far as they can be

2.1.3

2.2

understood, do also not delimit the invention from the content of D1:

« Claim 4: "onscherpte” means within the context of the present application
that one secondary beam is widened so that it covers an area comprising
a plurality of detector channels. This apparently happens in D1, too (NB:
Features introduced by "in het bijzonder" are optional, i.e. they do not
introduce a limitation of the claimed subject-matter.)

+ Claim 5: Obviously, a number of detection channels per detector area is
also selected or determined in the D1 at the latest when the microscope is
provided.

» Claim 7: Blocking of beamlets is introduced only as an alternative option
("en/of het maskeren van alle andere individuele deeltjesbundels”). Thus,
the selection of primary beamlets as disclosed in D1 corresponds to
"selecteren van een aantal individuele deeltjesbundels" and consequently
also the selection of respective secondary beamlets impinging on the
detector.

» Claim 11: Since the detection channels (pixels) of a multi-pixel detector
are direction and radial sensitive due to their spatial arrangement,
providing such a detector also includes the following feature:
"verschaffen van een schikking van detectiekanalen die richtingsgevoelig
is en/of radiaalgevoelig is."”

» Claim 14: It is normal procedure to operate a unit as shown in D1 in
different modes the associated operating parameters of which (e.g. beam
energy, focus settings, etc.) are stored.

It is implicit, or at least obvious, to the skilled reader that a process as
described in D1 is carried out by activating a program code on a computer.

Accordingly, the subject-matter of claim 15 also lacks novelty, or at least
inventive step.

The invention in view of document D2

For similar reasons, document D2 is regarded as relevant: It also discloses a
multi-beam scanning electron microscope (cf. Fig. 1) that is operated such that
the individual secondary beamlets are projected onto a detector unit (cf. Fig. 7:
25a-c) which contains a plurality of detection channels (216a-216c).

Even if defocused projection ("ongefocusseerd projecteren”) is not explicitly
mentioned, it is noted that an operation of the projection optical system (cf. Fig.
1: 205, 208) as defined in claim 1, i.e., second individual particle beams

Form NL237-3 (separate sheet) (July 2006) (sheet 3)
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2.3

emerging or emanating from two different individual field regions are projected
onto different detection regions, yields a "defocus" within the meaning of the
present application.

Furthermore, it is noted that D2 also discloses:

* Claim 3: het selecteren van een contrastdiafragma (cf. Fig.
2:213) die is of wordt ingericht in het secundaire pad
van de multi-bundel deeltjesmicroscoop in het gebied
van een bundel cross-over (214) van de tweede
individuele deeltjesbundels.

* Claim 6: het instellen van een hellingshoek ("pitch") van de
tweede individuele deeltijesbundels bij inval op de
detectie—eenheid op basis van het geselecteerde
contrastdiafragma (213), de ingestelde onscherpte of het
geselecteerde aantal detectiekanalen per
detectiegebied;

» Claim 8: het uitlijnen van de ongefocusseerde tweede
individuele deeltjesbundels bij inval op de detectie-
eenheid op een dusdanige manier dat de hoofdbundels
van de tweede individuele deeltjesbundels in hoofdzaak
symmetrisch centraal zijn uitgeliijnd tussen

invalsoppervlakken van detectiekanalen (cf.Fig.7).

Hence, D2 renders the subject-matter of claims 1, 3 to 8, 11 and 14 obvious.
The same objection applies in view of claim 15.

It should be noted that with regard to the D1 and D2, the defocused operating
mode according to the invention can only be delimited by comparison with the
normal inspection mode:

This prior art does not disclose a further operating modus with het
gefocusseerd projecteren van de tweede individuele
deeltjesbundels op detectiegebieden van een detectie-
eenheid op een dusdanige manier dat de tweede individuele
deeltjesbundels die ontstaan of uitstralen vanuit twee
verschillende veldgebieden worden geprojecteerd op
verschillende detectiegebieden, waarbij exact één
detectiekanaal aan elk detectiegebied is toegewezen.
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Therefore, the method of claim 12 as well as the microscope of claim 16, which
is configured to switch between the normal operating mode and the contrast
operating mode, is new and inventive in view of D1 and D2.

3 The invention in view of document D3
3.1 Document D3 discloses:

Een werkwijze voor het bedienen van een multi-bundel
deeltjesmicroscoop (cf. Fig.1) in een normale inspectiemodus,
omvattende de volgende stappen:

a. het bestralen van een object (1) met een veelheid aan
geladen eerste individuele deeltijesbundels (17a-17c),
waarbij elke eerste individuele deeltjesbundel een
afzonderlijk individueel veldgebied van het object
bestraalt op een scanmanier (cf.[0024], [0025]);

b. het verzamelen van tweede individuele deeltjesbundels
(20) die ontstaan of uitstralen vanuit het object
vanwege de eerste individuele deeltjesbundels;

C. het gefocusseerd projecteren van de tweede individuele
deeltjesbundels (cf. Fig.4:71a-71d) op detectiegebieden
(72a-72d) van een detectie—eenheid (cf. Fig. 1: 25a-25¢c) op een
dusdanige manier dat de tweede individuele
deeltjesbundels die ontstaan of uitstralen vanuit twee
verschillende veldgebieden worden geprojecteerd op
verschillende detectiegebieden, waarbij exact één
detectiekanaal aan elk detectiegebied is toegewezen (cf.

[0042], [0042]); en

d. het genereren van individuele afbeeldingen van elk wvan
de individuele veldgebieden op basis van gegevens die
worden verkregen of die zijn verkregen door middel wvan
signalen vanuit elk van de detectiegebieden met hun

respectievelijk toegewezen detectiekanaal (cf. Fig. 2: 63;

[0033]).

D3 further discloses:
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3.2

3.3

De werkwijze voor het bedienen van de multi-bundel
deeltjesmicroscoop in een contrastbedieningsmodus,
omvattende de volgende stappen: (a), (b)and (d) as described above
and further

€. het ongefocusseerd projecteren van de tweede
individuele deeltjesbundels op detectiegebieden wvan
een detectie—eenheid (cf. Fig.9;[0048]) op een dusdanige
manier dat de tweede individuele deeltjesbundels die
ontstaan of uitstralen vanuit twee verschillende
individuele veldgebieden worden geprojecteerd op
verschillende detectiegebieden (cf. [0048]; NB: The central axis
of each secondary beam is directed towards the centre of a different
detector area, so the projection itself is onto different detector areas.),
waarbij een aantal detectiekanalen zijn toegewezen aan
elk detectiegebied (cf. Figs. 22-25: A detector area used to detect a
single defocused secondary beam comprises several detector channels.),
waarbij de detectiekanalen elk hoekinformatie en/of
richtingsinformatie van de tweede individuele
deelt jesbundels wanneer gestart vanuit het object
codificeren (NB: Due to the spatial arrangement of the detector
channels, the detector signals again contain information on the angle and
direction of the secondary beam.).

Consequently, the subject-matter of claims 1 and 12, as far as it could be
understood, lacks novelty.

Following the discussion of D3, it is further apparent that also the subject-matter
of claims 4, 5, 7, 8, 11, 13, 14 and 15, as far as thy can be understood, is at
least rendered obvious by D3.

It should be noted that according to the preferred embodiment of the present
application (cf. Fig. 8), secondary beams are projected onto different detector
areas which do not overlap, i.e., there is no crosstalk.

This feature is neither defined or implied by the wording of claims 1 and 12, but
leads to a substantial difference compared to D3:

In order to be able to exclude such overlapping, either the secondary beams
must have a sufficiently large distance to each other, or only a certain number of
secondary beams are selected and the others are blanked out, as defined in
present claim 7.
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4.2

4.3

This is neither disclosed, nor fairly suggested, in D3: Here, an analysis of the
detector signals in the defocused mode only serves to align the irradiation, i.e.
to achieve the optimum setting for the normal operating state.

Consequently, revised claims 1 and 12 which exclude an overlap would be
considered new and inventive in view of D3 and would actually define a
prerequisite for the contrast operating mode within the meaning of the present
application.

Claims 2, 9, 10 and 16-28

Mixing the signals from the detection channels to form a mixed signal of the
assigned detection region on the basis of the weighting is not mentioned in any
of D1 to DS.

Furthermore, encoding the individual images in a false color code on the basis
of signals from the detection regions and/or the detection channels or
representing the individual images in a perspective representation or in a 3D
representation, is not disclosed in the cited prior art.

Therefore, the subject-matter of claims 2, 9 and 10 is regarded to involve an
inventive step, yet the applicant's attention is drawn to the necessary
clarification (cf. item VIII.1).

As already pointed out (see point 2.3), D1 and D2 do not disclose any means to
switch between a contrast and a normal operating mode.

In principle, such means are implemented in the microscope according to D3,
but this document does not disclose the following:

waarbij een bundel cross—over van de tweede individuele
deeltjesbundels is ingericht in het tweede deeltijes
optische bundelpad tussen de bundelschakelaar (400) en het
detectiesysteem,

waarbij een contrastdiafragma voor het filteren wvan de
tweede individuele deeltjesbundels volgens hun starthoeken
vanuit het objectvlak is ingericht in het gebied wvan de

bundel cross—over.

Consequently, the subject-matter of claim 16 as far as it can be understood (see
item VIII) as well as that of dependent claims 17 to 28 is new and inventive.
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Re Item Vil
Certain defects in the application

The relevant background art disclosed in D3 is not mentioned in the description, nor is
this document identified therein.

Re ltem Vil
Certain observations on the application

1 The wording used in claim 1

het ongefocusseerd projecteren van de tweede individuele
deeltjesbundels (9) op detectiegebieden van een detectie-
eenheid op een dusdanige manier dat de tweede individuele
deeltjesbundels die ontstaan of uitstralen vanuit twee
verschillende individuele veldgebieden worden geprojecteerd
op verschillende detectiegebieden

does not imply that the detection region may not overlap (see also the
discussion of D3 in item V.3.1).

According to the present understanding of the application, this is however
essential to the definition of the invention: "In the case, too, of the defocused
projecting of the second individual particle beams onto detection regions of a
detection unit, crosstalk between the second individual particle beams is thus
avoided ..." (cf. page 6, first paragraph).

Since independent claim 1 does not contain this feature it does not meet the
requirement of clarity that any independent claim must contain all the technical
features essential to the definition of the invention.

2 Claim 16 does not contain the above discussed wording of claim 1, but merely
defines that in the contrast operating mode the following applies:

in de contrastbedieningsmodus op een dusdanige manier
dat ten minste één van de of sommige of alle tweede
individuele deeltjesbundels op een ongefocusseerde manier
op de detectiegebieden invallen, waarbij in de
contrastbedieningsmodus elk detectiegebied aan een aantal
detectiekanalen is toegewezen voor signaalevaluatie

There is however no indication, that when using some or all of the secondary
beams, these beams impinge on different detection regions.
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This inconsistency between claims 1 and 16 leads to doubt concerning the
matter for which protection is sought.

Accordingly, taking into account the previous objection, a clarification should be
added that the secondary beams emerging from different field areas are
projected onto different, non-overlapping detection areas.
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