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(57) Abstract: A method and a microscopy system for recording
an image of a sample region are provided, including: directing a
laser beam onto the sample region containing at least one interface
by means of at least one objective lens, wherein the objective lens
brings about an imaging of the laser beam on a focusing point which
lies on the optical axis of the objective lens or on an axis lying par-
allel thereto and which further lies in a focusing plane; displacing
the objective lens and the sample region with respect to one anoth-
er in relative fashion along the optical axis of the objective lens to
a plurality of difterent relative displacement positions; capturing a
plurality of intensity values of the lager beam for a respective rela-
tive displacement position, said laser beam being reflected at the in-
terface and passing through the objective lens, said intensity values
being detected by pixels of a two-dimensional portion of a detection
surface of a microscope camera; determining a respective highest
intensity value for a respective displacement position; determining
a curve of the highest intensity values; determining a reference rela-
tive displacement position from at least one maximum of the curve;
capturing at least one image of the sample region at the reference
relative displacement position.

(57) Zusammenfassung: Bereitgestellt sind ein Verfahren und ein
Mikroskopiesystem zum Aufnehmen eines Bildes eines Probenbe-
reichs, aufweisend: Richten eines Laserstrahls mittels wenigstens
eines Objektivs auf den Probenbereich, der mindestens eine Grenz-
flache, enthilt, wobei das Objektiv eine Abbildung des Laserstrahls
auf einen Fokussierungspunkt bewirkt, welcher auf der optischen
Achse des Objektivs oder einer dazu parallelen Achse liegt und wel-
cher ferner in
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Veriffentlicht:
—  mit internationalem Recherchenbericht (Artikel 21 Absatz
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einer Fokussierungsebene liegt; relatives Vertahren des Objektivs und des Probenbereichs zueinander entlang der optischen Achse
des Objektivs an mehrere, unterschiedliche Relativverfahrpositionen; Erfassen, fiir eine jeweilige Relativverfahrposition, von
mehreren Intensititswerten des an der Grenztlache reflektierten und durch das Objektiv tretenden Laserstrahls, die von Pixeln eines
zweidimensionalen Teilbereichs einer Detektionsfliche einer Mikroskopkamera detektiert werden; Bestimmen, flir eine jeweilige
Relativvertahrposition, eines jeweils hochsten Intensitédtswertes; Bestimmen eines Verlaufs der hchsten Intensititswerte; Bestimmen
einer Bezugsrelativverfahrposition aus mindestens einem Maximum des Verlaufs; Erfassen wenigstens eines Bildes des Probenbereichs
an der Bezugsrelativverfahrposition.
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Method and microscopy system for recording an image

The present invention relates to a method for recording an image of a sample region, in
particular for recording a fluorescence image, and further relates to a microscopy system for

recording an image of a sample region.

DE 10 2008 015 885 A1 describes a method for carrying out automatic focusing of optical
appliances, wherein a measurement light source and an objective are provided for imaging a
substantially parallel bundle of rays emanating from the measurement light source onto an
observation object for purposes of generating a reflection image, wherein, furthermore, provision
is made of an evaluation and adjustment unit that is suitable for ascertaining the focus position
from the reflection image and for positioning the objective. In the process, an image with
concentric rings is recorded, the diameter of said rings changing on the basis of the distance

from the correct focus position.

WO 2016/133787 A1 discloses methods and systems for automatically focusing a microscope
on a sample and for recording a focused image of the sample. The recorded measurements are
analyzed to determine which measurement contains a peak, a peak value being understood to
mean a measurement of a reflected laser beam, which means a maximum intensity as a function
of the position of the substrate along the optical axis of the microscope in relation to the position

of the objective lens.

DE 10 2014 002 548 discloses a method and an optics apparatus for imaging an object situated
within a three-dimensional sample region, wherein a depth profile of the sample region is
ascertained by means of optical coherence interferometry, a peak in the depth profile is
recognized, said peak originating from a reflection at an object point, an optical path length
position of the peak is determined and wherein a geometric path length position of the object
point is calculated on the basis thereof. Finally, on the basis of the geometric path length

position, the microscope is focused for the purposes of imaging the object.
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Conventionally, microscope images were recorded at different depth positions (Z-positions),
wherein the optimal focus position was determined by way of evaluating the structure sharpness
of the image recordings. However, this method is relatively time-consuming, and so working

through a multiplicity of samples with a high throughput is made more difficult.

In solutions from the prior art, such as US20170090176 A1, patterns with an extensive area are
sometimes projected onto a plane such as a reflecting boundary surface, wherein, then, the
reflected pattern is evaluated pixel-by-pixel by means of an image capturing unit in a virtual
mask region and a measure for the focusing between objective and boundary surface or sample
region is derived by means of combining the intensity values of a plurality of pixels within the

virtual mask.

Consequently, the methods and systems of the prior art cannot ensure fast and reliable focusing

of samples in microscopy, more particularly fluorescence microscopy, under all conditions.

Therefore, there is a need for a method and a microscopy system for recording an image of a
sample region, wherein fast and reliable focusing can be ensured, in particular of an object

embedded in a three-dimensional sample region.

The need is satisfied by the subject matter of the independent claims, which are directed to a
method and a microscopy system, respectively, for recording an image of a sample region. The

dependent claims specify particular embodiments of the present invention.

According to one embodiment of the present invention, a method for recording an image of a
sample region is provided, including: directing a laser beam on the sample region by means of at
least one objective, said sample region containing at least one boundary surface, wherein the
objective effectuates imaging of the laser beam on a focusing point that is located in a focusing
plane, wherein the focusing plane is located in parallel with the focal plane and, in particular,
coincides with the focal plane, wherein the focusing point is preferably located on the optical axis
of the objective or an axis parallel thereto, wherein the focusing plane further is preferably
perpendicular to the optical axis of the objective; displacing the objective and the sample region

in relative fashion with respect to one another along the optical axis of the objective to a plurality
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of different relative displacement positions; capturing, for a respective relative displacement
position, a plurality of intensity values of the laser beam that was reflected at the boundary
surface and that passes through the objective, said intensity values being detected by pixels of a
two-dimensional subarea of a detection area of a microscope camera; determining, for a
respective relative displacement position, a respective highest intensity value of the respective
plurality of captured intensity values of a subarea; determining a profile of the highest intensity
values by assigning the respective highest intensity value to the respective relative displacement
position; determining a reference relative displacement position from at least one local maximum
of the profile of the highest intensity values and preferably driving to the reference relative
displacement position; capturing at least one image of the sample region at the reference
relative displacement position, preferably by reading the detector area of the microscope camera

or a detector area of a further microscope camera.

In order to provide the reader with an understanding of one or more advantages of the method
according to the invention and the apparatus according to the invention, there now are more

detailed explanations in this respect.

The objective is embodied such that it projects laser beams, which enter its optical aperture
facing the laser light source parallel to one another as a parallel beam path or as a coliimated,
parallel bundle of rays, onto a point of a focal plane of the objective on the other side of the
objective, wherein the point can be the focus or a point offset from the focus in the focal plane if
the bundle of rays is not exactly symmetrically centered on the optical axis of the objective.
Laser beams which enter back into the objective from precisely this point, in particular the focus,
in the focal plane are, once again, formed into a parallel beam path on the aperture side or the

optical side facing the laser source or the microscope camera.

Thus, for example, if the laser beam is a collimated, parallel bundle of rays, the objective
generates a projection of the laser beam, with the entire intensity thereof, on the one point, more
particularly the focal point, in the focal plane of the objective. The beam path which is captured
by the objective from this point, in particular this focus, and is collimated on the other side of the
objective to form a parallel, collimated beam path can then be projected onto an imaging point
by means of a lens, preferably a tube lens, disposed downstream of the objective, the detection

area or the microscope camera being disposed at said imaging point.
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In the case where the laser beam is a parallel, combined beam path, the laser beam is then thus
projected through the objective onto a point in the focal plane, wherein the point can be the
focus or a point offset from the focus in the focal plane. As a result of this, a maximum optical
intensity of the laser beam is present at this point in the focal plane. Then, in this case or this
example, the focusing plane and the focal plane coincide. If the boundary surface of the sample
region is situated exactly at the focal plane as a result of altering the relative displacement
position, there is a reflection of the laser beam projected on the point in the focal plane back to
the objective, wherein the objective and the tube lens then effectuate an imaging of this
reflection on the detector area or microscope camera. The thus, at least one pixel or small
number of pixels will then be situated in the subarea of the detector area, said pixels having a
particularly high intensity. As a result, the highest intensity value within the subarea can then be
focused on particularly advantageously easily in the subarea in order to obtain a measure for the
focusing of the sample region. Thus, on account of the use of the laser beam described here,
there is no need for further processing or filtering the possibly many intensity values of the
subarea; instead, all that needs to be determined is what the corresponding highest intensity
value is within the subarea, in the corresponding relative displacement position. Here, it is
irrelevant which pixel has detected the maximum value of the intensity values, and so the
method is particularly fast. If the sample region is further displaced in relation to the objective
into another relative displacement position, a reflection of the laser beam is not implemented at a
single point, which was previously the point in the focal plane and, more particularly, the focus;
instead, the reflection is implemented in an extensive region of the sample region or the
boundary surface. As a result of this, the optical intensity of the laser beam is then thus
distributed over a larger region of the subarea than in the case where the laser beam is only
reflected at a single point in the focal plane. Therefore, intensity values which, in sum, still
represent or are able to represent the entire optical intensity of the laser beam then also arise
within the subarea on the detector area or the microscope camera, wherein the highest intensity
value now precisely is however also lower than the highest intensity value in the configuration
where the laser beam is reflected at precisely the one point in the focal plane by means of the
boundary surface. Thus, there is no need to focus on precise filtering of a reflected pattern, for
example by means of a stop, by the evaluation of the subarea or the pixels thereof; instead, the
evaluation of the highest intensity value for a respective relative displacement position allows

particularly simple and fast focusing or determination of the reference relative displacement



CA 03067883 2019-12-19

position with a particularly high spatial resolution. In the case where a plurality of boundary
surfaces are present, a third boundary surface can then be detected, for example, by a means of
the profile of the highest intensity values in order to ascertain a reference relative displacement
position. Consequently, it is thus possible to increase the sensitivity of the method and an extent
of the imaged laser beam in the depth direction can substantially equal a depth of field of the

optical unit.

In the case where the laser beam converges from the laser light source to the aperture of the
objective, a focusing of the laser beam arises on a focusing point in a focusing plane that does
not coincide with the focal plane of the objective but lies parallel with the latter; here, the
focusing plane extends perpendicular to the optical axis of the objective. If a reflection of the
laser beam then is detected at an boundary surface in the manner described above by way of
considering the highest intensity value of the subarea, then the boundary surface is situated in
the focusing plane but not in the focal plane of the objective and, in particular, slightly closer to
the objective than the focusing plane. If this offset between the focusing plane and the focal
plane is known as the convergence angle of the laser beam prior to entry into the objective is
known, this offset can then be used as a stored or predetermined value in order to bring about
final focusing of the sample region to the focal plane. This may be advantageous, in particular, if
a reference relative displacement position is estimated initially using a first, coarser distance
resolution on the basis of a plurality of maxima of the profile of the highest intensity values and if,
following a direction reversal of the relative displacement, the objective and the sample region
are once again positioned relative to one another or displaced in a second, finer distance
resolution. If the decisive maximum of the profile is detected again during this second
displacement with the higher distance resolution, a presence of the maximum can be detected
with a more accurate precision only during the second displacement, with at least two
successive highest intensity values indicating a negative first derivative in the current
displacement direction. Then, the above-described and known optical offset between the
focusing plane and focal plane can be used to effectuate a final alignment of the sample region
in relation to the objective for actual focusing of the sample region in the focal plane without a
need for a direction reversal during the relative displacement. In the case of a direction reversal
during the relative displacement, alignment tolerances of mechanical guide elements of the
objective and/or of the sample region may have such an effect that the actual desired relative

position between objective and sample region is falsified. Such alignment tolerances are
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sometimes also referred to as reversal play of the mechanism. By means of the variant,
described here, in which the focusing plane and the focal plane do not coincide, it is possible to
dispense with the aforementioned direction reversal in order thus to avoid a negative effect of

alignment tolerances.

According to one embodiment, the laser beam has a collimated parallel bundle of rays, wherein
the focusing plane of the laser beam coincides with the focal plane of the objective. In particular,
the focusing point preferably coincides with the focus of the objective. In particular, a cross-

sectional diameter of the laser beam is substantially equal to the aperture of the objective.

Within the meaning of this application, the phrase focal plane can also be referred to as the

phrase focal length plane.

According to one embodiment, the proposed method further includes the steps of: displacing the
objective and the sample region in relative fashion with respect to one another by means of
reducing a relative distance between the objective and the sample region from a largest distance
to a smallest distance using a first distance resolution such that the profile has a plurality of
maxima; determining the reference relative displacement position on the basis of the plurality of
maxima as a first reference relative displacement position; increasing the relative distance to the
first reference relative displacement position with a second distance resolution, which is higher
than the first distance resolution, while simultaneously capturing further highest intensity values
at the respective, further relative displacement positions; detecting a presence of a local

maximum on the basis of the further highest intensity values.

According to one embodiment, the laser beam has a parallel bundle of rays collimated to the
objective, wherein, further, the focusing plane of the laser beam coincides with the focal plane of
the objective. Here, there then is setting the relative displacement position at which the local
maximum detected on the basis of the further highest intensity values is present or was present

as a final reference relative displacement position.

According to one embodiment, the laser beam has a bundle of rays that converges to the
objective, wherein, further, the focusing plane of the laser beam does not coincide with the focal

plane of the objective. Here, there then is renewed increasing of the relative distance by a
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predetermined default value to a final reference relative displacement position. The focusing
plane thus does not coincide with the focal plane of the objective in this embodiment but is

located parallel thereto, wherein the focusing plane extends perpendicular to the optical axis.

The source of the laser beam can be deactivated before the pixels of the detection area of the
one microscope camera or the further microscope camera are read and a fluorescence light

source for exciting a fluorescence radiation of the sample can be activated.

The laser beam may comprise electromagnetic radiation in the visible and/or invisible

wavelength range (e.g., infrared, ultraviolet).

The method can be carried out using a microscopy system according to an embodiment of the

present invention.

The sample region can be a sample region with an extent in three dimensions, which is
consequently extended in two lateral directions and extended in a depth direction perpendicular
thereto. In particular, a (biological) sample may be situated within the sample region at a certain
depth, a focused image, more particularly a fluorescence image, intended to be recorded of said
sample. The method (and the microscopy system) can consequently be used, in particular, in
autoimmune diagnostics for evaluating immunofluorescence preparations. In particular, the
method and the microscopy system can assist an indirect immunofluorescence test (IIFT). The
method can ensure quick working through the samples to be diagnosed, which requires fast

focusing of the samples.

The objective may comprise one or more lenses, which can be disposed in succession along the
optical axis of the objective. By way of example, the objective may provide a 10-fold, 20-fold or,
e.g., 40-fold magnification and may, for example, have a numerical aperture of between 0.3 and
0.8. The light emanating from the sample region and ultimately used for recording the image can
comprise visible light, for example green light, red light and/or blue light and may, in particular,
have been emitted by a fluorescence emission following a fluorescence excitation from the

sample region.
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The (depth) range in which the sample is imaged sharply in the object plane of the microscope,
the so-called depth of field, depends on the numerical aperture NA of the objective in this case.
Here, the following relationship exists between the depth of field tu, the centroid wavelength Ao of

the light spectrum to be imaged and the numerical aperture NA:
tw = Ao/NA?

By way of example, the depth of field can lie between 500 nm and 6000 nm, in particular
between 700 nm and 1100 nm. Embodiments of the present invention can determine the
reference relative displacement position with an accuracy that substantially equals the depth of

field of the objective. Using this, reliable focusing can be ensured.

For the purposes of a relative displacement between the objective and sample region, the
objective and/or the sample region can be displaced. Here, the distance between objective and
sample region is varied; there is a relative movement between objective and sample region. This
displacement can be implemented by way of an actuation of a drive means by a processor,
wherein the drive means changes the position of, or displaces, the objective and/or the sample

region.

For the purposes of a relative displacement (or movement along the z-direction, i.e., the depth
direction) between the objective and the sample region, the sample region can be moved, e.g.,
relative to a stationary objective or the objective can be moved relative to a stationary sample

region (in the Z-direction, i.e., depth direction).

By way of example, an employed laser can have an emission spectrum in the visible red
wavelength range. In particular, this laser beam may include wavelengths that overlap with
wavelengths provided to record the image of the sample region. By way of example, the
wavelength of the laser beam may overlap with an emission spectrum detected in the
fluorescence microscopy. Consequently, only a (single) microscope camera is preferably
required to assist focusing on the one hand and the intended recording of the image on the other
hand. By way of example, the laser beam can be coupled into the beam path of the objective

with the aid of a beam splitter. A cross-sectional extent of the laser beam may preferably
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substantially equal a diameter of the entrance region (or the aperture or the pupil aperture) of the

objective.

By way of example, the at least one boundary surface can be a plane boundary surface, for
example between a solid material and air, between a solid material and a liquid or between a
solid material and an (organic) sample. The presence of the at least one boundary surface can

simplify focusing or increase a reliability of the focusing.

The microscope camera or a further microscope camera can be provided in conventional fashion
for recording the image, wherein the image may be formed by the totality of the intensity values
of the pixels of the detection area of the microscope camera. However, for focusing purposes —
and, in particular, for determining the reference relative displacement position — only pixels of a
two-dimensional subarea of the entire detection area of the microscope camera are required or
read, without it being necessary to read the remaining pixels of the detection area outside of the
subarea in a time-consuming manner. As a result, the method can be accelerated. The two-
dimensional subarea may, for example, have a size which is 16 x 16 pixels in the case of a
preferred detector area of 2440 x 2048 pixels, which, in particular, corresponds to approximately
0.005% of the detector area.

Laser beams emanating in different directions from a point, more particularly the focus, of the
object-side focal plane of the objective are refracted to form parallel beams by the objective such
that, from the view of the focal plane, a parallel bundle of rays is present behind (or downstream
in the light path from) the objective. A lens (e.g., a tube lens) disposed downstream of the
objective collects the parallel beams at a point in an image-side focal plane of this further lens.
Here, the detection area of the microscope camera is located in the image-side focal plane of
this further lens. By way of example, the detection area can be an array or a field (more
particularly, two-dimensional field) of light-sensitive cells, for example CCD or CMOS light-

sensitive cells.

In particular, the size of the predetermined area of the subarea can preferably be chosen so as
to ensure that substantially only light emitted in various directions from or at a certain point in the

object-side focal plane of the objective is detected by the pixels of the predetermined area. This
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can exclude light not emanating from the object plane of the objective from being detected. By

way of example, the size of the predetermined area may be several square micrometers.

While the distance between the objective and the sample region is varied in the depth direction
along the discrete relative displacement positions, the intensity values of the pixels of the two
dimension subarea are read at the same time; then, the highest intensity value of the intensity
values of the pixels is determined for each relative displacement position (i.e., for each distance
between objective and sample region). Thus, the value of exactly one pixel of the subarea is

determined as the highest intensity value for a respective relative displacement position.

Each highest intensity value determined thus is assigned to the associated relative displacement
position (i.e., distance between objective and sample region). Consequently, a multiplicity of
highest intensity values is determined for the multiplicity of different relative displacement
positions. Here, the resultant profile for various relative displacement positions may have a
plurality of local maxima or a global maximum. The local maxima and also the global maximum
can each indicate a reflection of the laser beam at one of the boundary surfaces. Here, the
reference relative displacement position may correspond, for example, to a distance between
the objective and the sample region at which the laser beam is focused on a specific boundary
surface within the sample region, in particular a boundary surface between a substrate carrier
that is also referred to as biochip below (in particular the surface of the biochip) and an
encapsulation medium (or embedding medium). Ascertaining the reference relative
displacement position can then ease setting a relative displacement position for recording the
image. By way of example, the image can be recorded when setting the reference relative
displacement position; preferably, further images can then be recorded at positions around the
reference relative displacement position, for example at other relative displacement positions
that have a slightly larger (a few micrometers) distance (and/or smaller distance) between the
objective and sample region. Further knowledge about the nature and geometry of a sample
situated within the sample region may ease a suitable setting of a relative displacement position

for recording the image proceeding from the reference relative displacement position.
Preferably, for the purposes of determining the reference relative displacement position, a

multiplicity of partial images can be recorded during the relative displacement of the objective

and the sample region and can be evaluated continuously in respect of the respective highest

10
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intensity value. It is possible, for example, to record several thousand partial images per second.
The exposure times may lie in the microsecond range. An increment in the depth direction
between two partial images can lie between 200 nm and 1000 nm, more particularly at
approximately 500 nm. The increment between two partial images should be no greater than the

depth of field of the microscope.

This can ensure reliable focusing for the purposes of recording the image and a high throughput

can be ensured on account of the fast determination of the focus.

According to one embodiment, the method further includes the steps of: displacing the objective
and the sample region in relative fashion with respect to one another along the optical axis to
respective concluding relative displacement positions above and/or below the reference relative
displacement position or the final reference relative displacement position; capturing respective
images at the respective concluding relative displacement positions by means of the first or the
further microscope camera and storing the respective images; determining respective focus
metrics for the respective images; selecting the image with the best focus metric. The other
images, which do not have the best focus metric, are preferably discarded. This allows an image
to be obtained in automated fashion, said image being optimal in respect of its focusing without
said image needing to be observed by a user and needing to be adjusted by the latter since this
image is stored directly; then, the microscope need not be put into an operational state at the
end of the method, in which operational state objective and sample region are optimally aligned
with respect to one another; instead, the image can be called from a memory at a later time. The
focus metric referred to here can preferably be based on one or more of the following operators:
Marr-Hildreth operator, Laplacian of Gaussian and difference of Gaussian.

According to one embodiment, a diameter of the laser beam is dimensioned in such a way that

the full aperture of the objective is illuminated.

According to one embodiment, the subarea is less than 1/10 of the detector area, more
particularly less than 1/100 of the detector area. Preferably, the subarea has less than 50 x 50

pixels, more particularly less than 20 x 20 pixels.
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According to one embodiment of the present invention, the method is configured in such a way
that the subarea has a size of between 350 ym”2 and 6400 pm”2, more particularly between
750 um?2 and 1300 ym”2, and, in particular, said subarea is formed by 16 x 16 pixels, wherein
the detection area, in particular, has a size that is between 10 and 100 times larger than the size

of the subarea. A choice of a smaller subarea allows the method to be carried out quicker.

According to one embodiment, a lens, more particularly a tube lens, which images a focal plane
of the objective on the detection area, is disposed in a detection beam path between the
objective and the detection area. A parallel beam path can be present behind the objective
(downstream in the light path thereof) and the parallel beams can be imaged by the tube lens
into an image-side focal plane. Consequently, a displacement of the objective relative to the tube
lens has no influence on the imaging of the parallel beams into the image-side focal plane of the
tube lens. Consequently, only beams that emanated in various directions from a certain,
common point in the focal plane of the objective, more particularly the focus, reach a certain
point within the subarea of the detection area. By way of a suitable choice of the size of the
predetermined area, it is thus possible to preclude stray light (which has not emanated in various
directions from a point in the object-side focal plane of the objective) from the detection for

focusing purposes.

According to one embodiment of the present invention, the method is embodied in such a way
that at least one boundary surface does not adjoin air, more particularly that two boundary
surfaces do not adjoin air, wherein the sample region comprises, in particular, an organic sample
that rests on a biochip, that is embedded in a liquid substance and that is covered by a coverslip,
wherein, further, the upper side, in particular, of the coverslip forms a first boundary surface,
wherein the lower side of the coverslip forms a second boundary surface, and wherein the
surface of the biochip forms a third boundary surface. By way of example, the organic sample
may comprise a histological sample, which, e.g., is stained and/or to which one or more
fluorescence marker(s) or fluorescence molecule(s) were added. The fluorescence markers or
the fluorescence molecules can be attached to the organic sample at predetermined sites or
receptors or antigens. By way of example, the liquid substance may comprise glycerol. By way
of example, the organic sample can be a wet organic sample, with the sample desiccating
possibly being prevented. Embodiments of the invention allow an organic sample embedded in a

liguid (in three-dimensional fashion, i.e., substantially from all sides) to be imaged. The boundary
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surfaces may be characterized by a change in the refractive index above and below the
boundary surface. By way of example, the refractive index may have a less pronounced change
at the boundary surface between a liquid medium and a solid medium than in the case of a
boundary surface between air and a solid medium, for example glass. The reflectance at the
boundary surface may be lower, the smaller the change of the refractive index is at the boundary
surface. Despite a relatively low reflection at the third boundary surface, the latter can be

detected by the method according to the invention.

According to one embodiment of the present invention, the method is embodied in such a way
that a relative distance between the objective and the sample region is initially reduced
proceeding from a greatest distance while intensity values of the pixels of the subarea are
captured, and so, in particular, a first local maximum originating from the reflection of the laser
beam at the first boundary surface is detected first, followed by a second local maximum
originating from the reflection of the laser beam at the second boundary surface and, finally, a
third local maximum originating from the reflection of the laser beam at the third boundary
surface. The first local maximum can be a global maximum of the profile of the maxima as a
function of the relative displacement position. If all three (local) maxima are detected in the
profile of the maxima as a function of the relative displacement position, the reliability of the
focusing can be improved. By way of example, a (local) maximum can be determined within the
profile of the maxima as a function of the relative displacement position when a certain threshold
of the intensity of the pixel is exceeded. By way of example, the threshold may be derived from
the previously detected (local) maximum. The first local maximum can be greater than the
second local maximum and the second local maximum, in turn, can be greater than or
substantially the same height as the third local maximum. If this sequence of maxima is detected,
there can be an increase in the reliability of the identification of the boundary surfaces, and
hence in the determination of the focus. Then, the reference relative displacement position is

therefore determined on the basis of the third maximum.

According to one embodiment of the present invention, the method is embodied in such a way
that the reference relative displacement position corresponds to that relative displacement
position for which the laser beam that was reflected at the third boundary surface, in particular
the surface of the biochip, is imaged in focus on the subarea of the detection area, wherein, in

particular, the relative displacement position for recording the image is set from a priori
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knowledge about the sample, proceeding from the reference relative displacement position. By
way of example, the thickness of the sample (on the biochip) may be known in advance, at least
approximately, and may be predetermined as a default value. Proceeding from the reference
relative displacement position (where the surface of the biochip lies in the focal plane of the
objective), the distance between the objective and the sample region, for example, can be
modified or corrected as a function of the default value, e.g., by a few micrometers (depending
on the thickness of the sample known in advance) in order to satisfy a sample type or substrate
type. Then, preferably even more images can be recorded at displacement positions which lie

around the corrected reference relative displacement position.

According to one embodiment of the present invention, the method is embodied in such a way
that a dichroic or non-dichroic beam splitter is disposed between the source of the laser beam
and the objective, for the purposes of reflecting the laser beam through the objective, said beam
splitter more particularly having a refiectance for the laser beam of between 5% and 20%. Hence,
the laser beam can easily be coupled into the beam path of the objective. If the reflectance for
the laser beam is relatively low, for example substantially 10%, it is consequently possible also
to exclude only a small component of the light provided for recording the image from the
detection by the microscope camera. In other embodiments, the beam splitter may also be

removed from the beam path when the image of the sample region is recorded.

According to one embodiment of the present invention, the method is embodied in such a way
that the beam splitter has a wedge shape, wherein planes of a front side and back side of the
beam splitter intersect at a wedge angle, which lies, for example, between 0.1° and 1°, in
particular, wherein the wedge angle and the size of the subarea, in particular, are chosen in
such a way that only a reflection of the laser beam, which is imaged following reflection of either
the front side or the back side of the beam splitter and following reflection from the sample
region onto the subarea. The beam splitter with a wedge form may reduce the occurrence of
interferences, which may arise as a result of reflection at a front side and a back side of a beam
splitter embodied as a plane plate. For focusing purposes, use can be made, in particular, of the
laser light reflected at the front side of the wedge-shaped beam splitter. The laser light reflected
at the back side of the wedge-shaped beam splitter is focused at a laterally different location in
the object-side focal plane of the objective. By a suitable choice of the size and position of the

two-dimensional subarea of the detection area of the microscope camera, a laser beam reflected
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this at the wedge-shaped beam splitter can be precluded from the detection. Hence, the method

can be further improved. Preferably, the subarea comprises all pixels of the detector area.

According to one embodiment of the present invention, the method is embodied in such a way
that the intensity values of the pixels of the subarea are read between 1000 and 10 000 times a
second during the relative displacement of the objective and the sample region in order to

determine the reference relative displacement position.

It should be understood that features which are described, explained or provided individually or
in any combination in conjunction with the method for recording an image of a sample region can
just as well be applied, individually or in any combination, to a microscopy system for recording

an image of a sample region, according to embodiments of the present invention.

According to one embodiment of the present invention, a microscopy system is provided for
recording an image of a sample region, said microscopy system comprising: a laser source that
is embodied to generate a laser beam; at least one objective that is embodied to direct the
laser beam on the sample region which contains at least one boundary surface, wherein the
objective further effectuates imaging of the laser beam on a focusing point, is located in a
focusing plane that is parallel to the focal plane and preferably coincides with the latter, and
which preferably is located on the optical axis of the objective or an axis parallel thereto; further,
the objective is displaceable to a plurality of different relative displacement positions relative to
the sample region along the optical axis; further comprising at least one microscope camera with
a detection area, wherein the microscope camera is embodied to capture, for a respective
relative displacement position, a plurality of intensity values of the laser beam that was reflected
at the boundary surface and that passes through the objective, wherein the intensity values of
pixels of a two-dimensional subarea of a detection area of a microscope camera are detected; at
least one processor that is embodied to determine a respective highest intensity value of the
captured intensity values of the subarea for a respective relative displacement position, that is
further embodied to determine a profile of the highest intensity values by assigning the
respective highest intensity value to the respective relative displacement position, that is further
embodied to determine a reference relative displacement position from at least one local
maximum of the profile (67) of the highest intensity values, that is further embodied to set a drive

means (15) for driving to the reference relative displacement position, and that is further
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embodied to capture an image of the sample region by means of the microscope camera or a

further microscope camera.

Embodiments of the present invention are now explained with reference to the attached

drawings. The invention is not restricted to the described or illustrated embodiments.

Figure 1 shows, in a schematic side view, a microscopy system according to an embodiment of

the present invention;

figure 2 shows, in a schematic side view or lateral sectional view, a sample region with a

sample, an image of which can be recorded using the microscopy system illustrated in figure 1;
figure 3 illustrates an example of an image recorded by a microscope camera;

figures 4a, 4b and 4c illustrate examples of a subarea of a detection area of a microscope
camera with partial images recorded at different relative displacement positions and figure 4d

shows an example of a predetermined area within the subarea;

figure 5 illustrates a profile of highest intensity values as a function of a relative displacement

position, as determined according to one embodiment of the method;
figure 6 shows a further example of a local maximum in a profile of maximum values as a
function of a relative displacement position, as determined according to an embodiment of the

method;

figure 7 illustrates a schematic lateral sectional view of a microscopy system according to an

embodiment of the present invention, in the region of a plate-shaped beam splitter;

figure 8 illustrates, in a schematic lateral sectional view, a part of a microscopy system according

to an embodiment of the present invention, in the region of a wedge-shaped beam spilitter; and
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figure 9 illustrates an embodiment of the microscopy system according to the invention, in which
the laser beam is focused in a focusing plane that does not coincide with the focal plane of the

objective;

figures 10a and 10b illustrate a reflection of the laser beam at a boundary surface in different

optical planes, and

figures 11a to 11d illustrate different positions of the sample region when carrying out an
embodiment of the method according to the invention, in which the focusing plane of the laser

beam is offset in relation to the focal plane of the objective.

The microscopy system 100 illustrated in a schematic lateral sectional view in figure 1 comprises
an objective 3, which is displaceable along an optical axis 13 of the objective relative to a
sample region 2. In general, the objective 3 and the sample region 2 can be displaceable relative
to one another along the optical axis 13. To this end, a drive means 15 is provided, the latter
being embodied to displace a microscope stage 1 (or the objective 3) along the arrow directions
17 (i.e., in the Z-direction or the vertical direction) while the objective 3 is stationary or to
displace the objective while the stage is stationary. The microscopy system 100 further
comprises a laser 10, which is embodied to generate a laser beam 19 that is directed through
the objective 3 on the sample region 2. The laser light source or the laser 10 contains a
collimation optical unit 10a, by means of which the laser beam can be formed into a parallel,
collimated bundle of rays. Preferably, the collimation optical unit 10a is adjustable in order to
form the laser beam as a convergent bundle of rays. The sample region contains at least one
boundary surface, as explained in more detail below with reference to figure 2. In order to steer
the laser beam 19 through the objective 3, provision is further made of a beam splitter 11. The
objective 3 brings about an imaging of the laser beam on a focusing point, which is located on
the optical axis of the objective or on an axis parallel thereto and which is further located in a
focusing plane that is parallel to the focal plane of the objective and preferably coincides with the
focal plane. The focusing plane extends perpendicular to the optical axis of the objective 3.

In one embodiment, the focusing plane of the laser beam 19 coincides with the focal plane of the

objective, wherein, preferably, the focusing point more particularly coincides with the focus of the

objective. Thus, the focusing point is preferably located in the focal plane. Here, the laser beam
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19 preferably has a collimated, parallel bundle of rays, as illustrated in figure 1. Preferably, a
cross-sectional diameter d of the laser beam 19 in this case substantially equals the aperture of
the objective 3 at the location at which the laser beam 19 enters the objective 3; expressed
differently: the diameter d of the laser beam 19 is dimensioned in such a way that the full
aperture of the objective 3 at the location at which the laser beam 19 enters the objective 3 is

illuminated.

In a further embodiment, the laser beam has a bundle of rays that is convergent toward the
objective, as still described below with reference to figure 9. Preferably, the focusing plane of the
laser beam does not coincide with the focal plane of the objective, and so, in particular, the
focusing point does not coincide with the focus of the objective. Here, the focusing plane of the
laser beam preferably has a smaller distance from the objective than the focal plane of the
objective. However, here, too, the focusing plane extends perpendicular to the optical axis of the

objective 3. Here, too, the focusing plane extends parallel to the focal plane.

The microscope system 100 of figure 1 further comprises at least one microscope camera 8 with
a detection area 29, which is embodied to capture intensity values, detected by pixels of a two-
dimensional subarea of the detection area, of the laser beam 19 that was reflected from the
sample region 2 and passed through the objective 3. In the embodiment 100 of the microscopy
system, illustrated here in figure 1, a set of filters 7 is provided for deflecting red light, which has
passed through the objective 3 and a tube lens 6, so as to reflect light with a red component
onto the microscope camera 8. To this end, the set of filters 7 is provided for red-green channel
separation. In particular, the set of filters 7 comprises a semi-transparent mirror 21 and a red
filter, which filters out wavelengths from outside of a red wavelength band such that only
wavelengths in a desired red band strike the detection area 29 of the microscope camera 8.

The set of filters 7 further preferably comprises a green filter 25 in order only to pass through a
desired green band onto a preferably present second microscope camera 9. The second
microscope camera 9 is optional; only a single microscope camera need be provided in other
embodiments. The set of filters 7 is also optional and may be omitted in other embodiments. In
these embodiments, the microscope camera 8 can be disposed along the optical axis 13 in

place of the second microscope camera 9. However, for certain fluorescence examinations, it

18



CA 03067883 2019-12-19

may be advantageous to record the fluorescence light of a plurality of fluorophores separately by

way of two different microscope cameras or detection channels.

The microscopy system further comprises a lens 6 (illustrated schematically in figure 1), more
particularly a tube lens, or a lens system 6, which is disposed between the objective 3 and the
microscope camera 8 in a beam path and which, together with the objective 3, images a focal
plane 27 of the objective 3 on the detection area 29 of the microscope camera 8. In particular,
the objective and lens 6 together form an optical system, which effectuates imaging of the focus
of the focal plane of the objective on an image point of an image plane, at which the detection
area 29 is situated. The detection area 29 of the microscope camera 8 is located in a focal plane

31 of the lens 6.

For a respective relative displacement position, the system 100 may capture a plurality of
intensity values of the laser beam that was reflected at the boundary surface and passed
through the objective, wherein the intensity values are detected by pixels of a two-dimensional

subarea of the one detection area 29 of the microscope camera 8.

The microscopy system 100 further comprises a processor 33, which is embodied to determine
a respective highest intensity value of the captured intensity values of the subarea 65 for a
respective relative displacement position. A highest intensity value determined in this way is
assigned to the corresponding relative displacement position such that a profile of highest
intensity values is determined from such respective highest intensity values for respective
relative displacement positions. Then, a reference relative displacement position is determined
from at least one maximum, more patrticularly a local maximum, of the profile of the highest
intensity values. The processor then actuates the drive means 15 for driving to the reference
relative displacement position using a control unit 37. Further, the processor 33 captures an
image of the sample region by means of the microscope camera 8 or a further microscope
camera 9. Here, the processor 33 transmits a request signal 38 to the controller 37 for

requesting that a certain position be set in the z-direction.
To this end, the processor 33, which may be comprised in a computer, for example, has a

communication link to the microscope camera 8 in order to capture or read intensity signals 35

of the intensities of the pixels of the subarea of the detection area 29, in particular in a red
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channel. By way of this camera 8, the processor 33 can preferably also capture or read intensity
signals 35 of the intensities of the pixels of the detection area 29 in order to capture an image of

the sample region, in particular in a red channel.

Preferably, the processor 33 further has a communication link to the further microscope camera
9 in order to preferably read intensity signals 35a of the intensities of the pixels of a detection

area 29a in order to capture an image of the sample region, in particular in a green channel.

The microscopy system 100 further comprises the control unit or controller 37, which is likewise
connected to the processor 33 (or comprises the processor) and which is embodied to actuate
the drive 15 by control signals 39 for the purposes of displacing the microscope stage 1 (or the
objective 3). Further, a measurement system MS can be provided, which independently
measures the Z-position (i.e., relative displacement position) and communicates this to the

controller 37.

Then, for the purposes of recording an image of the sample region 2, a relative displacement
position for recording the image is determined on the basis of the reference relative
displacement position and said relative displacement position is set and the image is finally

recorded by means of the microscope camera 8 or the microscope camera 9.

The sample region 2 comprises an object carrier with an embedded biochip, as illustrated in
greater detail in a schematic lateral sectional view in figure 2. The sample region 2 comprises an
object carrier 41, which has a plate-shaped structure with a cutout 43. A biochip 45 is disposed
in the cutout 43 of the object carrier 41 and said biochip is attached to the object carrier 41 by
means of an adhesive 47. Glycerol 49 is filled around the biochip 45 within the cutout 43. A
(biological) sample 51 is applied to the biochip 45. Consequently, the sample 51 is embedded in
the glycerol 49. A coverslip 53 covers the cutout 43 with the sample 51, which is situated therein
and surrounded by glycerol 49. The coverslip 53 has an upper surface 55, which forms a first
boundary surface, and a lower surface 57, which forms a second boundary surface. The surface
59 of the biochip 45 forms a third boundary surface. In particular, this third boundary surface 59

is determined in a focusing method according to an embodiment of the present invention.
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The reference relative displacement position (relative vertical distance between the objective
3 and the sample region 2) is adopted when the laser beam 19 is focused by the objective 3
on the surface 59 (i.e., third boundary surface) of the biochip 45. As soon as this reference
relative displacement position has been found, it is possible to record one or more images by
reading the detection area 29, preferably the entire detection area, of the microscope camera
8 when, for example, the sample 51 is illuminated by visible light or illuminated by suitable
fluorescence-exciting light. Alternatively, use is made here of the detection surface 29a of the

camera 9.

In the embodiment illustrated in figure 1, the microscope stage 1 is displaced vertically for the
purposes of changing the relative displacement position (distance between objective 3 and
sample region 2) while the objective 3 is stationary. In other embodiments, the microscope

stage 1 can be stationary while the objective 3 can be displaced vertically.

For the purposes of exciting fluorescence in the sample 51 (to which, e.g., fluorophores may
have been added), a light source 4 (e.g., an LED) is used, the latter generating excitation
light 201 in a suitable, e.g., blue, emission spectrum. A set of fluorescence filters 5 spectrally
separates the excitation light and fluorescence light. With the aid of the objective 3 and the
tube lens 6, the fluorescence light emitted in the object plane 27 is imaged in magnified
fashion on the two microscope cameras 8, 9. Between the objective 3 and the tube lens 6,
the light beams of the fluorescence light extend in parallel; therefore, the space between the
objective 3 and the tube lens 6 is also referred to as “infinity space”. To this end, the set of
fluorescence filters 5 may comprise a dichroic mirror 61, which reflects the fluorescence
excitation light 201 while the fluorescence light can pass therethrough substantially without

reflection.

For fast focusing before an image recording, the sample is optically measured prior to the
microscopic recording with the aid of the laser- and camera-based system. Here, for the
purposes of determining the focus position of the surface of the biochip, the light of the laser
10 with, e.g., visible red emission spectrum is used and coupled onto the optical axis 13 of
the objective 3 with the aid of the beam splitter plate 11. Here, input coupling can be
implemented in the infinity space (i.e., in the section in which the beams extend parallel to
one another) of the microscope. The laser beam 19 is shaped here by an optical unit, not

illustrated, to form a parallel bundle of rays 19. In this embodiment,
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the laser beam has a collimated, parallel bundle of rays. In one embodiment, the focusing
plane of the laser beam coincides with the focal length plane of the objective. Preferably, a
cross-sectional diameter of the laser beam is substantially equal to the aperture of the

objective.

The laser beam 19 passes through the set of fluorescence filters 5 and is focused by the
objective 3 into the object plane 27 of the microscopy system 100. Should an optical
boundary surface be situated in the focal plane 27 of the objective 3, a punctiform reflection
of the laser beam 19 arises, said reflection being imaged by the objective 3 and the tube lens
6 on the microscope camera 8, more particularly on the detection area 29 of the microscope
camera 8. Here, the reflection of the laser beam 19 appears as a punctiform signal in the
image of the camera, the intensity of which depends on the boundary surface-transition in

the materials of the object carrier.

Figure 3 shows an overall image of a punctiform laser reflection, as was recorded by the
entire detection area 29 of the microscope camera 8. The overall image 63, as registered by

the microscope camera 8, comprises 1024 x 1024 pixel, for example.

In the method for determining the reference relative displacement position, (i.e., the position
at which the surface 59 of the biochip 45 is disposed in the focal plane 27 of the objective),
only a subarea of the pixels of the entire detection area 29 of the microscope camera 8 is
read while the distance between the objective 3 and the sample region 2, or the relative

displacement position, is modified.

In this respect, figures 4a, 4b and 4c illustrate exemplary subareas 65a, 65b, 65c of the
detection area 29 and the intensities detected from the pixels contained therein, as grayscale
values of the image of the laser reflection for different relative displacement positions. By
way of example, the subareas 65a, 65b, 65¢ can be formed by 16 x 16 pixels. Here, figures
4a, 4b and 4c illustrate partial images which arise at z = -0.5 ym, z = 0 ym and z = t0.5 ym
relative to the relative distance between objective 3 and sample region 2, wherein the
surface 59 of the biochip 45 is disposed in the focal plane 37 of the objective such that the
reference relative displacement position to be determined is assumed for z = 0 ym. The
respective highest intensity value Gmax is likewise illustrated. If the focal plane of the
objective is moved away from the corresponding boundary surface in the object carrier (see
figures 4a, 4c), the laser signal is imaged in attenuated or broadened fashion. It is evident

from figures 4a, 4b and 4c that the saturation of the individual pixels already significantly
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reduces in the case of displacements of approximately +/-500 nm; i.e., the highest pixel
intensity of the subarea is greatest when precisely the reference relative displacement
position is adopted, i.e., in the case of figure 4b. By using the system, described here, with
focusing of the laser beam on a focus in the focal plane of the objective, it is possible to
obtain a particularly accurate spatial resolution of the z-position. Were a spatially extensive
and overall pattern to be projected onto a plurality of pixels of the subarea, this pattern would
have a greater spatial extent than the laser beam used in this case, even in the ideal
focusing position, and so a spatial resolution in the z-direction would also be coarser or less
accurate. Further, in the case of such a pattern projection, it would not be sufficient to
consider only a single highest pixel intensity of the subarea as a measure for focusing, as is
possible in the method according to the invention; instead, a plurality of pixels would have to
be combined and focusing in respect of the extensive pattern would have to be determined
as a measure for focusing by way of a common analysis of the plurality of pixels, the latter
evidently being more time-consuming than the consideration, according to the invention, of

the highest intensity of an individual pixel of the subarea.

In order to determine the focus position of the biochip surface (i.e., the relative distance
between objective 3 and sample region 2, at which the surface 59 of the biochip 45 is in the
focal plane 27 of the objective 3), the object carrier 1 is moved in the Z-direction 17 through
the focal plane 27 of the microscopy system 100, preferably with a first distance resolution or
spatial resolution. This can be achieved with the aid of an objective mount that is motor-
driven in the Z-direction or by moving the object carrier 1. For the purposes of determining
the focus, the intensity profile of the laser reflection is recorded with an image capture rate
corresponding to the distance resolution or spatial resolution by the microscope camera 8. In
order to be able to achieve frame rates that are as high as possible, only a small subarea
(e.g., subarea 65 illustrated in figures 4a, 4b, 4c) is read and transmitted to the processor 33.
By way of example, the subarea may comprise 16 x 16 pixels, as a result of which image
capture rates of several thousand frames per second, e.g., approximately 3000 frames per

second, are achievable.

Figure 4d illustrates a preferably used predetermined area 66 in exemplary fashion, in which
area intensity values of one or pixels are captured and evaluated in order to ascertain the
maximum of the subarea (e.g., 65a, 65b, 65c). The predetermined area 66 may correspond
to precisely the area of an individual pixel, or a plurality of pixels can be used to cover the

predetermined area 66.

23



CA 03067883 2019-12-19

The highest pixel grayscale value or the highest intensity value can be ascertained for each
partial image recorded for a certain relative distance (relative displacement position). By
knowing the request signal 28 to the controller 37, the processor 33 is able to link the camera
data or intensity values with the associated relative displacement positions and, further, able

to determine the reference relative displacement position.

Figure 5 illustrates an example of a profile 67 of the highest determined intensity values
(determined for each relative displacement position) as a function of the relative
displacement position as a curve 67 in a coordinate system, wherein the relative
displacement position (Z-position) is plotted on an abscissa 69 and the respective highest
intensity value in the subarea is plotted at the associated relative displacement position on
the ordinate 71. Here, the lowest Z-value indicates a position at which the sample region is
situated furthest from the objective; the highest Z-value here indicates a position at which the
sample region is situated closest to the objective. Initially, there is a relative displacement of
the objective and of the sample region with respect to one another by way of reducing a
relative distance between the objective and the sample region with a first distance resolution,
from a greatest distance to a smallest distance, wherein the profile of the highest intensity
values, which has a plurality of maxima, is determined. In particular, the profile has a first
local maximum 73, thereafter a second local maximum 75 and finally a third local maximum

77 of the profile.

The curve 67 exhibits a characteristic signal pattern (“autofocus signal®), which is based on
the geometry of the sample region, as illustrated in figure 2. Since the structure of the sample
region 2 is known, the Z-position of the biochip 45, more particularly of the surface 59 of the

biochip 45, can be determined from the signal profile 67.

The curve 67 (autofocus signal) has a first maximum 73, which originates from the reflection
of the laser beam 19 at the first boundary surface 55 (upper surface of the coverslip 53).
Further, the curve 67 has a second maximum 75, which originates from the reflection of the
laser beam 19 at the lower surface 57 (second boundary surface) of the coverslip 563. Finally,
the curve 67 has a third maximum 77, which originates from the reflection of the laser beam
19 at the surface 59 of the biochip 45 (third boundary surface). The focus position of the
biochip surface 59 or the reference relative displacement position emerges here from

determining the Z-position 79 of the third signal maximum 77.
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With the aid of the microcontroller or the controller 37 and a drive means for displacing the
objective 3, the objective 3 can subsequently be driven back again in the direction of the
ascertained focus location or the reference relative displacement position while the distance
between the objective and sample region is increased. This driving back is implemented, in
particular, using a second distance resolution, which is higher or finer than the first distance
resolution. Here, the length of the travel over the autofocus signal is controlled which is
monitored and evaluated at the same time as the movement in Z. Here, respective further
highest intensity values are determined at respective, further relative displacement positions
and a presence of the maximum 82 from figure 6 is detected on the basis of the further
intensity values. Preferably, then, the relative displacement position is set at such a final
reference relative displacement position at which the local maximum is or was present, the
latter being detected on the basis of the further highest intensity values, in the case where
the laser beam has a paraltel bundle of rays collimated toward the objective and, further, the

focusing plane of the laser beam coincides with the focal plane of the objective.

To this end, Figure 6 illustrates an autofocusing signal which originated from the reflection of
the laser beam 19 at the surface 59 of the biochip 45; i.e., a third maximum 82 in a profile at
a position 85. The profile 81 of the further highest intensity values in the subarea as a
function of the Z-position on the abscissa 83 was determined using an objective with a 20-
fold magnification and numerical aperture of 0.5, wherein use is made of a laser with an
emission wavelength of Ay = 635 nm. The axial resolution of this signal 81 can be determined
to be approximately 2.1 ym, for example from the full width at half maximum A. The
reference relative displacement position 85 can be determined, for example, as the Z-
position at which the maximum 82 occurs, or as a centroid of the curve 81 or a centroid of
the maximum 82. Then, the objective can be displaced relative to the sample region to the
relative displacement position 85, at which the maximum 82 of the further highest intensity
values was present. This may possibly require a further direction reversal of the drive 15 of
figure 1 since the value 82 at the position 85 may only be recognized as the maximum 82, for
example, if a subsequent presence of the value 82a at the position 85a is recognized, and so

there must be a displacement back from the position 85a to the position 85.
The focus position as the final reference relative displacement position preferably counts as

reached and the travel movement is preferably stopped if the following conditions are

satisfied:
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e A previously defined threshold of the autofocus signal was exceeded. This threshold
is ascertained from the signal level of the previously ascertained autofocus signal.

e The autofocus signal reaches a local maximum 82.

However, the surface of the biochip need not represent the optimal imaging plane for the
fluorescence microscopy since the layer thickness of the sample 51 may in part be greater
than the depth of focus of the microscopy system 100. Therefore, a plurality of fluorescence
recordings may be made about the ascertained focus position or the ascertained final
reference relative displacement position. Therefore, a plurality of images of the sample
region can then preferably be captured by means of the camera 8 or the further camera 9
from figure 1, proceeding from the final reference relative displacement position. The camera
8 preferably captures images in a red channel. The camera 9 preferably captures images in
a green channel. In the process, the objective and the sample region are displaced relative to
one another along the optical axis to respective concluding relative displacement positions
above and/or below the final reference relative displacement position. Further, respective
images are captured at the respective concluding relative displacement positions by means
of the first microscope camera 8 or the further microscope camera 9 in this case. Then, the
processor 33 stores the respective images and determines respective focus metrics for the
respective images. Then, the processor 33 selects the image that has the best focus metric.
Preferably, the processor 33 discards the other images, which do not have the best focus

metric.

As emerges from Figure 5, the maxima have signal levels with a specific pattern. From the
profile, the third maximum 77 can preferably be recognized as reliably detected, for example,
if the signal level of the local maximum 77 is higher than a previously determined or
predetermined threshold and if, further, a local maximum is in fact present, i.e., if intensity
values to the right and left of the reference relative displacement position 79 are lower than
the intensity at exactly the reference relative displacement position 79. Consequently, the
reference relative displacement position can preferably be ascertained in reliable fashion, the
laser beam 19 being focused on the surface 59 of the biochip 45 at said reference relative
displacement position. In order to be able to reliably separate the maxima 73, 75 and 77 from
one another, the resolution of the autofocus system approximately equals the depth of field
of the microscopy system according to one embodiment of the present invention. The
diameter d of the parallel laser beam 19 (see figure 1) is preferably dimensioned in such a

way that the full aperture of the microscope objective 3 is illuminated. By way of example,
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use can be made of a laser that has a red emission wavelength (e.g., Ao = 635 nm); for this, a

depth of field of approximately t, = 2.54 um arises in the case of a numerical aperture of 0.5.

In order to prevent light, which has been cast back from outside of the focal plane 27, from
being superposed on the measurements and thus reducing the axial resolution of the
method, the physical properties of the laser and detector are advantageously used without
needing a perforated stop, as is used conventionally. The active emission area of the laser
10 can advantageously be a few pm, and so a punctiform light source is present. As a result,

it is possible to dispense with a light source perforated stop.

It is also possible to dispense with a detector perforated stop since, according to one
embodiment of the invention, the signal strength at each Z-measurement point (at each
relative displacement position) is respectively only defined by the pixel with the highest
intensity value in the subarea of the detection area 29. In this way, it is possible to simulate a
virtual perforated stop of a few square micrometers, the area of which corresponds to the
pixel area. Depending on the size of the pixel, the predetermined area can be provided by
one or more pixels. As a result of the larger camera image region of 16 x 16 pixels, evaluated
in the process, the method can be robust at the same time in relation to the deviations of the
laser position from the image region center. In the case of short exposure times, the
influence of reflections imaged out-of-focus from outside the focal plane can be reduced so
strongly that the obtained signal is defined almost exclusively by laser reflection from the
focal plane 27. By way of example, 3.45 pm x 3.45 pm can be used as a pixel dimension and

the exposure times can lie, for example, between 20 ps and 1000 ps.

Figure 7 illustrates, in a schematic lateral sectional view, a beam splitter 11a according to
one embodiment of the present invention, which may be used, for example, in the
microscopy system 100 illustrated in figure 1. The beam splitter 11a is a parallel plate beam
splitter with a front surface 87 and a back surface 89, at which the laser beam 19 can be
reflected in each case in order fo lead to two different reflected partial beams 11 and 1,. The
two partial beams |1 and I; are superposed in the focal plane 27 by the objective 3, as a
result of which power variations may arise. For the purposes of reducing these power
variations, a low-coherence light source can be used, as a result of which the interferences

can be reduced.

Alternatively, a beam splitter plate 11b with a slight wedge angle (“wedge plate”) can be used

to reduce these power variations, as is illustrated schematically in a sectional view in figure
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8. The wedge plate 11b has a front surface 91 and back surface 93, which are not parallel to
one another but are further tilted with respect to one another by an angle a. By using this
wedge plate as a beam splitter 11 (for example in the microscopy system 100 illustrated in
figure 1), the laser reflections of the laser light 19 at the front side 91 and at the back side 93
are deflected in different directions in order to result in partial beams |1 and Iz, which
accordingly enter the objective 3 at different angles and consequently are focused on two
different locations 95 and 97, respectively, in the focal plane 27 of the objective.
Consequently, the locations 95 and 97 are laterally offset in the object plane 27. Now, there
no longer is a superposition of the two partial beams |4, 1> at the observation location and

consequently there is no bothersome interference either.

Furthermore, the two partial beams |y and I> may be superposed in the entrance pupil of the
objective. However, an interference modulation forms at the superposition location, the
spatial frequency of said interference modulation depending on the wedge angle of the beam
splitter. In order to avoid power losses as a result of an inexpedient position of the minima
and maxima of the modulation pattern in the entrance pupil, the wedge angle shou!d be
chosen to be at least so large that the interference pattern has at least 10 maxima or minima

over the full aperture of the objective.

The beam splitter 11b with a wedge angle may also influence the imaging of the microscopy
system 100. Thus, lateral, wavelength-dependent displacements of the microscope image
and distortions in a one-dimensional direction may arise, for example. Therefore, the
maximum wedge angle of the beam splitter depends on the respective microscopy
application. By way of example, a = 0.5° can be chosen as wedge angle in exemplary

fashion.

In principle, possibly occurring imaging aberrations may be corrected by suitable additional
optical elements or methods within the scope of the image evaluation. By way of example,
provision can be made of a second wedge-shaped beam splitter plate, which is identical to
the first beam splitter plate and disposed in the infinity space of the microscope in such a
way that the angle changes by the wedge shape of the two beam splitters cancel one

another.

The methods and systems according to the present invention may yield various advantages:
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As a result of the dual use of the microscope camera in the red channel for focusing and for
capturing one or more images of the sample region in the red channel, no additional detector
then is necessary. This yields savings in terms of component costs and adjustment outlay.
The number of additionally required components can be restricted to a beam-widened,

collimated laser module and a beam splitter.

A high resolution in the Z-direction may arise as a result of evaluating a single pixel in the
camera data, said resolution being comparable to a photodetector perforated stop
combination (confocal technique). At the same time, the great adjustment outlay
conventional in perforated stop applications may be dispensed with since a detector region
with a multiplicity of pixels (typically 16 x 16) is captured for each measurement depth. Here,
it is irrelevant which pixel within the region, i.e., the subarea, detects or has the maximum

grayscale value.

Since the selection of the detector region may also be implemented dynamically (e.g., during
the initialization phase of the microscope), the laser signal can be situated virtually arbitrarily
on the detector area of the camera. Therefore, the method is very robust in comparison with

perforated stop-based autofocus applications.

A laser module whose emission wavelength lies in the near infrared (NIR), for example at
approximately 830 nm, can be used as a light source. In this case, a dichroic beam splitter
11 can be used for coupling the laser light into the beam path of the objective. A wedge-

shaped beam splitter plate would not be required in this case.

In principle, a low-coherence light source, for example a superluminescent diode or a laser
light source with a reduced coherence length, can also be used for avoiding interference-
related signal variations. In this case, the wedge-shaped beam splitter plate could be
replaced by a simple beam splitter (parallel plate). Here, the emission wavelength can lie in

the visible or else in the near infrared.
The microcontroller-controlled movement in the Z-direction (change in the relative
displacement position) can be implemented either by way of a motor-driven objective mount

or by a motor-driven microscope stage.

According to embodiments of the present invention, no rigid perforated stop is used
(upstream of the detection area); instead, the brightness of the individual pixels of a detector
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region of the camera is evaluated. The dimensions of the predetermined area 66 used for the
evaluation (see figure 4D) may be of the order of the conventionally used physical perforated

stop aperture.

According to the embodiment of the method described above with reference to figures 1, 5
and 6, the laser beam has a parallel bundie of rays and is collimated toward the objective
and, further, the focusing plane of the laser beam coincides with the focal plane of the
objective. According to this embodiment, determining a first reference relative displacement
position 79 on the basis of the maximum 77 from figure 5 is subsequently followed by an
increase in the relative distance to the first reference relative displacement position with a
second distance resolution, which is higher than the first distance resolution. Here, further
highest intensity values at the respective, further relative displacement positions are captured
at the same time, and so, if a local maximum is detected as present on the basis of the
further highest intensity values, the relative displacement position at which the local
maximum detected on the basis of the further highest intensity values is present or was
present is set as a final reference relative displacement position. As described above, this
may require a further direction reversal. If such a direction reversal is implemented, a so-
called reversal play of the mechanism of the drive means 15 of figure 1 may result in an
incorrect alignment between objective and sample region, and so a quality of focusing may

be reduced as a resutt thereof.

A further embodiment of the method is now described on the basis of figure 9; here, such a
direction reversal can be avoided in order to avoid an incorrect alignment between objective
and sample region on account of the reversal play. By means of the collimation optical unit
10a, the laser light source 10 is set in such a way that the laser beam has a bundle of rays
19a that converges toward the objective. As a result of this, the focusing plane 27b of the
laser beam 19a through the objective 3 does not coincide with the focal plane 27 of the
objective. In particular, this causes the focusing point not to lie in the focal plane 27. Here,
the focal point is displaced by way of the collimation optical unit of the laser from the focus of
the microscope toward the objective, in particular, preferably by a value of 3 to 10 times the
depth of field of the objective. In this case, the convergence angle (half aperture angle) of the
focused laser beam may preferably lie in the range of -1 arcmin to -15 arcmin, without being

restricted to these values.

However, since the objective 3 and the lens 6 and also the camera 8, and in particular the

mirror 7, are positioned relative to one another in terms of their respective optical distances

30



CA 03067883 2019-12-19

such that beams from a common point of the focal plane 27, in particular the focus of the
focal plane 27, of the objective 3 are imaged on a point of the detector area 29, there is no
accurate imaging of a reflection of the laser beam point on a precise point of the detector
area in the case where the boundary surface or surface 59 of the biochip of 45 is situated in
the focusing plane 27. However, there is a further reflection plane 27¢ between the focal
plane 27 and the focusing plane 27b, at which reflection plane the boundary surface or the
surface 59 of the biochip of 45 brings about such a reflection of the laser beam that this

reflection is likewise imaged in punctiform fashion at one point on the detector plane 29.

In this respect, figures 10a and 10b show details of the optical aperture of the objective 3, the
focal plane 27 with the focus 271 of the objective and the focusing plane 27b of the laser
beam with the focusing point 272. The further reflection plane 27c is located between the
focal plane 27 and the focusing plane 27b. The assumption is made that the boundary
surface or the surface 59 of the biochip is situated on the further reflection plane 27c.
Incident laser beams 19a are, in fact, reflected at the further reflection plane 27¢ and guided
back to the objective as reflected laser beams 19b. These laser beams 19b enter the
objective 3 at the same angle at which they would aiso enter if they had been reflected not in
the further reflection plane 27c but in the correct focal plane 27; expressed differently: the
laser beams 19a are reflected at the sample boundary surface in the further reflection plane
27c in such a way that the returning laser beams 19c appear to originate from a common
point 271 of the focal plane 27, more particularly the focus 271 of the focal plane 27, of the
objective 3, like beams 19c. Therefore, there then is also correct, punctiform imaging on a
point in the detector plane 27 of figure 9 for these laser beams 19b reflected in the further

reflection plane 27c.

The distance or the displacement V between the further reflection plane 27c and the actual
focal plane 27 can be ascertained in advance with the aid of a reference sample for
calibration purposes, installed in the microscope, and so a default value can be stored in the
processor 33, which default value may later be used in the embodiment of the method.

Figure 10b once again illustrates the effect of the further reflection plane for further beam
paths 19a, 19b, 19c. A description follows below as to how this effect of the displacement of

the focus, explained on the basis of figures 10a and b, can be used for avoiding the reversal

play.
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The assumption is made that initially, as described above, there has been a relative
displacement of the objective and of the sample region with respect to one another by way of
reducing a relative distance from the greatest distance to a smallest distance using a first
distance resolution, such that the aforementioned profile of the highest intensity values has a
plurality of maxima, as illustrated in figure 5. Then, the further assumption is made that the
reference relative displacement position is determined as a first reference relative
displacement position on the basis of the plurality of maxima. The further assumption is
made that the surface 59 of the biochip, as a boundary surface, is then situated between the
focal plane 27b of the laser beam and the objective 3, as illustrated in figure 11a. If there now
is an increase in the relative distance between objective 3 and sample region, or between
objective 3 and the surface 59 of the biochip, toward the first reference relative displacement
position in a displacement direction R with a second distance resolution, which is higher than
the first distance resolution, and if, at the same time, further highest intensity values are
captured at the respective, further relative displacement positions, the assumption can be
made that the curve 81 of further intensity values, illustrated in figure 6, is traced from the

right in the direction of the maximum 82.

If then, as illustrated in figure 11b, the surface 59 of the biochip is situated exactly in the
further reflection plane 27c, the maximum value 82 arises at the position 85 in the profile 81
of the curve. Then, the objective is displaced relative to the sample region (or vice versa)
with a further second resolution accuracy or a second resolution accuracy step such that the
distance between objective 3 and sample region is further increased. The displacement

direction is plotted as direction R.

If the surface 59 of the biochip is in the position illustrated in figure 11b, i.e., in the further
reflection plane 27c, the maximum value 82 arises at the position 85. If the surface 59 of the
biochip is in the position illustrated in figure 11c, i.e., below the further reflection plane 27¢, a
value 82a that is lower than the maximum value 82 arises at the position 85a. Thus, it is then
possible on the basis of the further highest intensity values of the profile 81 to detect that the
local maximum 82 was present at the previous position 85. Now, preferably, only from the
position 85a, which corresponds to figure 11c, the relative distance between the sample
region or the surface 59 of the biochip and the objective must be increased by a
predetermined default value to the final reference relative displacement position 85f, which
corresponds to figure 11d with the sample region or the surface 59 of the biochip in the focal
plane. This increase or this default value is chosen in a manner corresponding to the offset V

between the focal plane 27 and the further reflection plane 27c¢, minus a second resolution
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accuracy step, to the extent of which the sample region or the surface 59 of the biochip was,
of course, already displaced from the position in figure 11b to the position in figure 11c. This
further increase is implemented in the same direction R without a direction reversal. This
therefore avoids a direction reversal having to take place following the detection of the
maximum 82 (figure 6) by means of a displacement of the sample region or the surface 59 of
the biochip from the position 85a to the position 85f, and so, precisely, an inaccuracy on
account of the reversal play of the mechanism of the drive 15 (figure 1) is also avoided.
Without the offset V between the focal plane and the focusing plane, there would have to be
a direction reversal from the position 85a to the position 85, and so a reversal play would
have a negative effect in respect of the positioning of the sample region and hence also in

respect of the focusing resuit.

Since the measurement values or the further highest intensity values of the curve 81 may
also be superimposed by variations and noise, what is described below is preferably carried
out for finding the maximum 82 and the final reference relative displacement position.
Initially, the curve 81 is traced from right to left using the second distance resolution. If a
decrease in successive values is determined from a previous value 82c of the position 85c¢ or
from a current maximum 85c to a current value 82d of the position 85d, a check is carried out
to the left within a subsequent position window as to whether a further value that is greater
than the previously detected, current maximum 82c can be found. The assumption is made
that this is the case since an application to the left of the illustrated window FE from the
position 85¢ would lead to values greater than the value 82c being found. If then,
subsequently, the maximum 82 is found at the position 85, the lower value 82a is still found
at the position 85a, but there is no value greater than the current maximum 82 within the
window FE to the left. Then, the sample region or the surface 59 of the biochip is situated at
the position 85e. The offset V between the focusing plane and the focal plane can then be
taken into account accordingly, and so, from the position 85e, there is a displacement of the
sample region or the surface 59 of the biochip further to the position 85f as the final
reference relative displacement position by a default value or advance V2. The default vaiue

V2 is preferably determined according to V2 = V-FE.

Embodiments of the present invention facilitate reliable focusing on optical boundary
surfaces situated within a three-dimensional sample region and, in particular, having
boundary surfaces that do not adjoin air. Laser reflections at boundary surfaces lying within
the sample region are, as a matter of principle, weaker than laser reflections at the surface

exposed to the air. By way of example, the reflectance of the glycerol-biochip boundary
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surface (i.e., the third boundary surface) may be only 0.029%. By contrast, the reflectance of
the air to coverslip upper side boundary surface can be approximately 4.3%. Therefore, the
boundary surface relevant for focusing purposes supplies a signal that is lower than the
sample surface to air signal by a factor of approximately 150. Reliable focusing on the
biochip surface can nevertheless be achieved on account of the identification of the

characteristic reflection pattern as a function of the relative displacement position.

Depending on certain implementation requirements, exemplary embodiments of the invention
can implement the processor and/or the control unit in hardware and/or in software. An
implementation of the processor specified here and/or of the control unit specified here can
be implemented as at least one unit, or else by a plurality of units in combination. The
implementation can be performed using a digital storage medium, for example a floppy disk,
a DVD, Blu-ray disc, CD, a ROM, a PROM, an EPROM, an EEPROM or a flash memory, a
hard disk drive or any other magnetic or optical memory on which electronically readable
control signals are stored, the latter being able to interact or interacting with a programmable
hardware component in such a way that the respective method is carried out. A
programmable hardware component can be formed as a control unit by a central processing
unit (CPU), a computer, a computer system, an application-specific integrated circuit (ASIC),
an integrated circuit (IC), a system on chip (SOC), a programmable logic element or a field
programmable gate array (FPGA) with a microprocessor. The digital storage medium can
therefore be machine-readable or computer-readable. Thus, some exemplary embodiments
comprise a data medium that has electronically readable control signals that are able to
interact with a programmable computer system or programmable hardware component in
such a way that one of the methods described herein is carried out. In general, exemplary
embodiments or parts of the exemplary embodiments of the present invention can be
implemented as a program, as firmware, as a computer program or as a computer program
product with program code or as data, wherein the program code or the data is effective to
the effect of carrying out one of the methods or a part of a method if the program runs on a

processor or programmable hardware component.
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What is claimed is:

1. A method for recording an image of a sample region, the method comprising the

steps of:

directing a laser beam on the sample region by means of at least one objective, said
sample region containing at least one boundary surface, wherein the objective effectuates
imaging of the laser beam on a focusing point that is located in a focusing plane and that is

located on the optical axis of the objective or an axis parallel thereto;

displacing the objective and the sample region in relative fashion with respect to one
another along the optical axis of the objective to a plurality of different relative displacement
positions;

capturing, for a respective relative displacement position, a plurality of intensity
values of the laser beam that is reflected at the boundary surface and that passes through
the objective, said intensity values being detected by pixels of a two-dimensional subarea of
a detection area of a microscope camera;

determining, for a respective relative displacement position, a respective highest
intensity value of precisely one individual pixel of the respective plurality of detected

intensity values of the subarea as a single highest pixel intensity;

determining a profile of the highest intensity values by assigning the respective
highest intensity value to the respective relative displacement position;

determining a reference relative displacement position from at least one maximum
of the profile of the highest intensity values; and

capturing at least one image of the sample region at the reference relative

displacement position.

2. The method as claimed in claim 1, wherein the laser beam has a collimated parallel
bundle of rays and wherein the focusing plane of the laser beam coincides with the focal
plane of the objective.
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3. The method as claimed in claim 1, further comprising the steps of:

displacing the objective and the sample region in relative fashion with respect to one
another by means of reducing a relative distance from a largest distance to a smallest

distance using a first distance resolution such that the profile has a plurality of maxima;

determining the reference relative displacement position on the basis of the plurality

of maxima as a first reference relative displacement position;

increasing the relative distance to the first reference relative displacement position
with a second distance resolution, which is higher than the first distance resolution, while
simultaneously capturing further highest intensity values at the respective, further relative

displacement positions; and

detecting a presence of a local maximum on the basis of the further highest intensity

values.

4. The method as claimed in claim 3,

wherein the laser beam has a parallel bundle of rays collimated to the objective and
wherein, further, the focusing plane of the laser beam coincides with the focal plane of the

objective;
the method further comprising the step of:

setting the relative displacement position, at which the local maximum detected on
the basis of the further highest intensity values is present or was present, as a final
reference relative displacement position.

5. The method as claimed in claim 3,

wherein the laser beam has a bundle of rays that converges to the objective and
wherein, further, the focusing plane of the laser beam does not coincide with the focal plane
of the objective;

the method further comprising the step of:

renewed increasing of the relative distance by a predetermined default value to a
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final reference relative displacement position.

6. The method as claimed in any one of claims 1 to 5, the method further comprising
the steps of:

displacing the objective and the sample region in relative fashion with respect to one
another along the optical axis to respective concluding relative displacement positions

above and/or below the reference relative displacement position;

capturing respective images at the respective concluding relative displacement
positions and storing the respective images; and

determining respective focus metrics for the respective images and selecting the
image with the best focus metric.

7. The method as claimed in claim 1, wherein a diameter of the laser beam is

dimensioned in such a way that a full aperture of the objective is illuminated.

8. The method as claimed in any one of claims 1 to 7, wherein the subarea is less than
1/10 of a detector area.

9. The method as claimed in any one of claims 1 to 7, wherein the subarea is less than
1/100 of a detector area.

10. The method as claimed in any one of claims 1 to 9, wherein a lens or a lens system,
which images a focal plane of the objective on the detection area, is disposed in a detection
beam path between the objective and the detection area.

11. The method as claimed in any one of claims 1 to 10,

wherein at least one boundary surface does not adjoin air;
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wherein the sample region comprises an organic sample that rests on a substrate
carrier, that is embedded in a liquid substance and that is covered by a coverslip;

wherein, further, the upper side of the coverslip forms a first boundary surface,
wherein the lower side of the coverslip forms a second boundary surface; and

wherein the surface of the substrate carrier forms a third boundary surface.

12. The method as claimed in any one of claims 1 to 11,

wherein a relative distance between the objective and the sample region is initially
reduced proceeding from a greatest distance while intensity values of the pixels of the
subarea are captured,

and so the profile initially has a first local maximum, followed by a second local
maximum and finally a third local maximum of the profile, wherein the reference relative

displacement position is determined on the basis of the third maximum.

13. The method as claimed in claim 8 or 9,

wherein the reference relative displacement position corresponds to that relative
displacement position for which the laser beam that was reflected at a third boundary
surface is imaged in focus on the subarea of the detection area; and

wherein the reference relative displacement position is modified or corrected for the

purpose of recording the image on the basis of a default value.

14. The method as claimed in any one of claims 1 to 13, wherein a dichroic or non-
dichroic beam splitter is disposed between a source of the laser beam and the objective, for
the purpose of reflecting the laser beam through the objective.

15. The method as claimed in claim 14, wherein the beam splitter has a wedge shape,
wherein planes of a front side and back side of the beam splitter intersect at a

wedge angle (a), which lies between 0.1° and 1°;
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wherein the wedge angle (a) is chosen such that an interference pattern arising from
a superposition of the reflections at the front side and back side of the beam splitter has at
least 10 maxima or minima over a full aperture of the objective;

or

wherein the imaging aberrations caused by the beam splitter, which has a wedge
shape, are corrected by at least one additional optical element.

16. A microscopy system for recording an image of a sample region, comprising:
a laser source that is embodied to generate a laser beam,
at least one objective:

that is embodied to direct the laser beam on the sample region which
contains at least one boundary surface, wherein the objective effectuates imaging of
the laser beam on a focusing point which is located in a focusing plane and which is

located on the optical axis of the objective or on an axis parallel thereto; and

that is displaceable to a plurality of different relative displacement positions
relative to the sample region along the optical axis;

at least one microscope camera with a detection area, wherein the
microscope camera is embodied to capture, for a respective relative displacement
position, a plurality of intensity values of the laser beam that is reflected at the
boundary surface and that passes through the objective, wherein the intensity
values of pixels of a two-dimensional subarea of a detection area of a microscope
camera are detected;

at least one processor that is embodied:

to determine a respective highest intensity value of the captured
intensity values of the subarea for a respective relative displacement
position;

to determine a profile of the highest intensity values by assigning the
respective highest intensity value to the respective relative displacement

position;
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to determine a reference relative displacement position from at least
one maximum of the profile of the highest intensity values;

to set a drive means for driving to the reference relative displacement

position; and

further to capture an image of the sample region by means of the

microscope camera or a further microscope camera.
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