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(57) Abstract: The present invention concerns an immersion bridge (10) for a microscope (12), comprising an inner collar (14) adapted
to be mounted to an objective (16) of the microscope (12), and an outer collar (18) surrounding at least a section of the inner collar
(14) and being in contact with the inner collar (14) such that the inner collar (14) and the outer collar (18) form a reservoir (22) for an
immersion fluid (23), wherein the inner collar (14) comprises a deformable part (15) which is adapted to be detormed such that a length
of the inner collar (14) in an axial direction of the objective (12) is changed, and the outer collar (18) extends in the axial direction
beyond a distal end (24) of the inner collar (14). Furthermore, the invention concerns a microscope having such an immersion bridge,
and a method of microscopically imaging a sample by such a microscope.
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Immersion bridge for a microscope, microscope, and
method of microscopically imaging a sample

Background and Field of the Invention

The present invention relates to an immersion bridge, a microscope having such an
immersion bridge, and a method of microscopically imaging a sample by such a
Microscope.

Three-dimensional (3D) fluorescence microscopy plays a potent role for investigating
cellular processes in basic research and drug discovery. Three dimensional images
of cells, 3D cell cultures and organ explants can be obtained with different
microscopy setups such as laser scanning microscopy (LSM) including spinning disk
microscopy, confocal microscopy, multi-photon-microscopy or camera based
acquisition methods such as single-plane-illumination microscopy (SPIM). In order to
image cells under multiple conditions over time, cells are grown in micro-well plates
that usually contain between 8 and 1536 chambers. Because of the straightforward
technical implementation, LSM is almost exclusively used for imaging of those plates.

For imaging of cells at high spatial resolution, low photobleaching and low photo-
toxicity, it is important to use microscopy lenses with a high numerical aperture (NA).
Physically, the parameter NA provides a measure of how much of the emitted light
can be collected from the object. High NA’s can be achieved by optimizing the optical
design of the objective and the use of an immersion fluid. The immersion fluid is
dispensed between the front-lens of the objective and the bottom of the plate. Ideally,
it has the same refractive index as the sample and fluid surrounding the sample in
the multi-well plate. The layer of immersion fluid between lens and plate needs to be
maintained over time even if the plate is moved around and the fluid layer might be
smeared or dried out.

US 2007/0291360 A1 discloses an objective with a short, sub-millimeter working
distance. However, for imaging of 3D cell cultures or organ explants, objectives with
a long working distance are used. The working distance of these objectives can
range from 2 to 8 mm, which suggests that surface tension is by far not sufficient to
create a stable layer of immersion fluid between the front-lens and the plate.
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Description of the Invention

The present invention relates to an immersion bridge which allows for imaging a
sample three-dimensionally over a wide, e.g., several millimeter, axial range, in
particular, using long working distance lenses. Furthermore, the invention relates to a
microscope having such an immersion bridge, and a method of microscopically
imaging a sample by such a microscope.

Accordingly the present invention provides an immersion bridge for a microscope,
comprising:
- an inner collar adapted to be mounted to an objective of the microscope, and
- an outer collar surrounding at least a section of the inner collar and being in
contact with the inner collar such that the inner collar and the outer collar form
a reservoir for an immersion fluid,
wherein
- the inner collar comprises a deformable part which is adapted to be deformed
such that a length of the inner collar in an axial direction (Z) of the objective is
changed, and
- the outer collar extends in the axial direction beyond a distal end of the inner
collar.

The present invention further provides a microscope comprising the immersion bridge
of the invention and an objective to which the inner collar is mounted.

The present invention also provides a method of microscopically imaging a sample,
comprising the steps of providing a microscope of the invention and deforming the
deformable part of the inner collar such as to change the length of the inner collar in
the axial direction (Z) of the objective, and thereby changing a distance between the
objective and the sample.

The immersion bridge is provided for a microscope, which may be a fluorescence
microscope, a wide-field microscope or a laser-scanning microscope.

The immersion bridge comprises an inner collar and an outer collar. The inner collar
is adapted to be mounted, e.g., fixed, directly or indirectly to an objective of the
microscope. The outer collar surrounds at least a section of the inner collar, e.g., the
entire inner collar, and is at least in sections in contact with the inner collar such that
the inner collar and the outer collar form a reservoir for an immersion fluid.
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Furthermore, the inner collar comprises a deformable part which is adapted to be
deformed such that a length of the inner collar in the axial direction of the objective is
changed. Moreover, the outer collar extends in the axial direction beyond a distal end
of the inner collar.

The present invention provides the advantage that immersion fluid is maintained
between the objective and the sample to be investigated while the objective is being
displaced in the axial direction, in particular, over several millimeters. Thus, the
sample can be imaged at high resolution three-dimensionally by using an immersion
objective with large working distance. In consequence, 3D cell cultures and excised
organs extending over a plurality of millimeters in the axial direction can be
accurately investigated by optical microscopy. Moreover, since immersion fluid is
reliably kept between the front lens of the objective and the sample when the
objective is displaced in the axial direction, the sample can be automatically, and thus
faster, scanned in three orthogonal dimensions. In addition, since the length of the
inner collar can be modified by deforming the deformable part, a relative movement
between the objective and a part of the inner collar contacting the objective can be
prevented, so that the objective can be displaced more precisely along the optical
axis. Particularly, this configuration reduces the probability that a stick and slip
phenomenon occurs at the contact between the inner collar and the outer collar.
Thus, the objective can be more accurately and reliably displaced in the axial
direction.

Since the position of the front lens of the objective in the axial direction can be more
freely adjusted over several millimeters, while preventing that the immersion fluid
rinses off, even a sample substantially extending in the axial direction over several
millimeters, such as a 3D cell culture, can be accurately imaged. Not only when the
front lens of the objective is in close proximity to the bottom of the imaging chamber
so that surface tension maintains the immersion fluid between the front lens of the
objective and the bottom of the imaging chamber, but also when the distance
between the front lens and the bottom of the imaging chamber is larger than approx.
1mm, the immersion fluid is effectively kept between this lens and the bottom of the
imaging chamber. In addition, when a multi-well plate is imaged, immersion is not
disrupted when the stage is moved from one well to another, in particular, if the lens
is moved in the axial direction.

In the context of the present disclosure, the axial direction of the objective is oriented
along the optical axis of the objective and directed towards its distal end / distal end
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side, i.e., the side of the objective to be arranged proximate to the sample. In other
words, the distal end of the objective is, when viewed along the optical axis, the end
opposite of the light source. Accordingly, the end / end side of the objective through
which light coming from the light source propagates into the objective is herein
designated as the proximal end / proximal end side. The axial direction (i.e., Z-
direction) is directed away from the front lens towards the exterior of the objective.
Preferably, the axial direction is arranged vertically. Furthermore, when the inner
collar is mounted to the objective and the outer collar is in contact with the inner
collar, the axial direction of the inner/outer collar is the same as the axial direction of
the objective.

Preferably, the immersion fluid is kept in the reservoir formed by the outer collar that
is in a fixed position with regard to a microscope frame and the deformable inner
collar, which is mounted on the objective. The deformability of the inner collar is
provided such that it does not affect the agitation of z-drive of the microscope and
does not deteriorate the accuracy of the system to focus on the sample in the sub-
micrometer range. Thus, in an embodiment, the inner collar is mounted or fixed to the
objective such that it can move together with the objective. Specifically, the position
of the outer collar may be fixed with regard to a microscope frame in the axial
direction, for example, the upper end of the outer collar may be less than 1mm away
from the bottom of a sample holder. Furthermore, the inner collar may at least partly
surround or encompass the objective. Advantageously, the inner collar is configured
to be put over the objective, for example, from the distal side of the objective. In
particular, the inner collar may comprise an objective contacting section adapted to
contact the objective. In this case, advantageously, at least the objective contacting
section is mounted or fixed to the objective such that the objective contacting section
may be moved together with the objective, particularly, with the front lens of the
objective. l.e., the objective contacting section may be adapted to move in the same
direction as the objective. Thus, displacing the objective in/fopposite of the axial
direction may cause the objective contacting section to be displaced in/opposite of
the axial direction. Insofar, the inner collar may be mechanically coupled to the
objective by the objective contacting section.

Furthermore, the objective contacting section may be adapted to slide on the
objective, such as to allow a relative movement between the objective and the
objective contacting section. In this case, displacing the objective by a particular
distance in the axial direction may cause the objective contacting section to be
displaced by less than the particular distance in the axial direction. Alternatively, the
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objective contacting section may be adapted to be fixed to the objective such as to
avoid a relative movement between the objective and the objective contacting
section.

In a preferred embodiment, the inner collar further comprises an outer collar
contacting section. The outer collar contacting section may be provided at a proximal
end side of the inner collar, and/or may be connected to the outer collar, e.g., such
as to contact the outer collar directly or indirectly. Preferably, the inner collar is
mounted or fixed to the outer collar at the proximal end of the inner collar and/or at
the proximal end of the outer collar. For example, the outer collar contacting section
may be formed as a flange essentially extending radially outwards with respect to the
optical axis of the inner collar (and of the objective). The outer collar contacting
section may abut against a proximal end surface of the outer collar extending in a
plane substantially perpendicular to the optical axis of the objective. Advantageously,
the outer collar contacting section is held, e.g., clamped, between the outer collar and
a holding part provided in the proximity of the outer collar.

If the inner collar comprises the objective contacting section and the outer collar
contacting section, the deformable part is preferably provided between the objective
contacting section and the outer collar contacting section, for example between these
two sections in the axial direction. Particularly, the deformable part may connect the
objective contacting section to the outer collar contacting section. Optionally, the
deformable part adjoins the outer collar contacting section in the axial direction, and
the objective contacting section adjoins the deformable part in the axial direction. The
deformable part may be formed integrally with the objective contacting section and/or
the outer collar contacting section. Furthermore, the objective contacting section, the
deformable part, and/or the objective contacting section may be made of the same
material, for example, may be formed from one single piece of material, e.g., by
molding. In a state in which the objective is mounted or fixed to the inner collar, the
objective may abut against or may adjoin the reservoir. In this case, for example, the
inner collar may have a hole at its distal end side through which the objective may
project such that the front lens of the objective limits the reservoir. Alternatively, this
hole may be covered with a membrane abutting against the front lens, so that the
membrane limits the reservoir.

The deformable part may be the entire inner collar. The deformable part may, further,
be deformable radially with respect to the optical axis of the microscope. It is
conceivable that the deformable part is elastically and/or plastically deformable.
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Furthermore, the deformable part may be configured so that it is deformed by
displacing the objective in or opposite to the axial direction. Alternatively, it is
conceivable that a part of the inner collar or the entire inner collar is displaced relative
to the outer collar in the axial direction of the objective while the inner collar keeps
contacting the outer collar to form the reservoir.

The outer collar may, particularly, surround the objective contacting section and/or
the deformable part of the inner collar and the outer collar contacting section may
contact the inner collar directly or indirectly. The outer collar may have the same
symmetry as the objective and/or the inner collar, e.g.,, may be essentially
cylindrically shaped. In the present context, a cylindrical shape comprises a conical
shape. Furthermore, the outer collar may at least partly surround or encompass the
entire inner collar and, preferably, the objective. Any of the inner and the outer collar
may have a distal portion and a proximal portion. The distal portion of the inner
and/or the outer collar may be shaped like a shell of a truncated cone. Thus, the
radius of the distal portion of the inner collar at its distal end may be smaller than the
radius of the distal portion of the inner collar at its proximal end side or proximal end.
Advantageously, the reservoir holds less immersion fluid in this case, so that it can
be more quickly emptied and refilled.

When the reservoir is filled with immersion fluid, the immersion fluid level is
preferably proximate to, most preferably in the axial direction at, a distal end of the
outer collar. In the present context, at the distal end of the outer collar means that the
immersion fluid level may, due to the surface tension of the immersion fluid, be above
the distal end of the outer collar in the axial direction, in the presence and even in the
absence of a sample. The immersion fluid may be or may comprise any one of water
or immersion oil.

The objective of the microscope is advantageously connected to an objective stage,
which is adapted to displace the objective in the axial direction of the objective. In
particular, the objective (i.e., the objective lens) may be displaced (e.g., by the
objective stage) from a first position to a second position in the axial direction. In the
axial direction, the first position and the second position may be spaced by at least or
at most 1mm, 2mm, 3mm, 5mm, 7mm, 10mm, 12mm or 15mm. When the objective
is in its first position, its distance to a light source of the microscope along the optical
axis of the microscope is preferably smaller than its distance to the same light source
when the objective is in its second position. Accordingly, when the objective is in its
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first position, its distance to the sample is preferably larger than its distance to the
sample when the objective is in its second position.

In a further embodiment, the inner collar is adapted to change, i.e., modify, a volume
of the reservoir when the deformable part is (being) deformed, particularly, in the
axial direction. Preferably, the deformable part is adapted to be deformed between a
first form and a second form in the axial direction. When the deformable part is being
deformed between its first and second form, its shell or contour may change.
Particularly, the width of the deformable part in the radial direction may decrease.
The inner collar may have its first form when the objective is in its first position and
the inner collar may have its second form when the objective is in its second position.
In this case, modifying the volume of the reservoir by deforming the deformable part
from its first form to its second form may occur simultaneously with modifying the
volume of the reservoir by displacing the objective. Independently of whether the
deformable part of the inner collar or the objective is in its first or second
form/position, the distance between the light source and the distal end of the outer
collar is the same. Also, independently of whether the deformable part of the inner
collar or the objective is in its first or second form/position, the distance between the
sample and the distal end of the outer collar is the same. Accordingly, the outer collar
is fixed in the axial direction, whereas the distal end of the inner collar is adapted to
be displaced in the axial direction.

Furthermore, when the deformable part of the inner collar has its first form, the distal
end of inner collar is farther remote from the distal end of outer collar (and, thus, the
distal end of the reservoir) than when the deformable part has its second form. Thus,
when the deformable part has its first form, the volume of the reservoir is larger than
when the deformable part has its second form. It is also conceivable that the inner
collar may modify the volume of the reservoir when the inner collar, or at least its
deformable part, is being displaced. Particularly, when the deformable part is
deformed from its first form to its second form, so that the distal end of the inner
collar is moved in the axial direction, the inner collar pushes immersion fluid out of
the reservoir so that the volume of immersion fluid present in the reservoir is
reduced. In this case, the immersion fluid may flow out of the reservoir, e.g., over the
distal end of the outer collar and/or through an opening in the outer collar, in each
case preferably to a below described overflow chamber. On the other hand, when the
inner collar is deformed from its second form to its first form, whereby the distal end
of the inner collar is moved opposite of the axial direction, the volume of the reservoir
is being increased. In this case, additional immersion fluid may be introduced into the
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reservoir, e.g., by means of a fluid flow generating device described below, to reach
or keep the immersion fluid level at the distal end of the outer collar.

For imaging, the immersion fluid may be pushed through an opening at the upper end
of the outer collar against the bottom of a well-plate. The volume of the reservoir
depends on the position of the inner collar in the axial direction with respect to the
outer collar. A constant infusion of immersion fluid into the reservoir while
withdrawing access immersion fluid from the overflow chamber will account for
creating a stable attachment of immersion fluid to the bottom of the well-plate while
the objective is moved in the axial direction.

In a further embodiment, the inner collar comprises a bellows configured to be
expanded or contracted in the axial direction. Particularly, the deformable part may
be or may comprise the bellows. Thus, if the inner collar comprises an objective
contacting section and an outer collar contacting section, the bellows may be
provided between the objective contacting section and the outer collar contacting
section, e.g., such as to connect the objective contacting section with the outer collar
contacting section. The bellows may comprise one or more folds extending such as
to encompass the objective. For example, one or more of these folds may extend
along a circular path when viewed in a plane transversal to the axial direction.
Advantageously, the bellows is, thus, expendable in the axial direction from its first
form to its second form. When the bellows has its first form, its length in the axial
direction is smaller than its length in the axial direction when the bellows has its
second form. This configuration enables a particularly smooth displacement of the
objective in or opposite of the axial direction, particularly, if the objective contacting
section is fixed to the objective such as to stick to a surface of the objective when the
objective is displaced in the axial or opposite of the axial direction, i.e., when the
inner collar does not slide over the objective. Thus, the occurrence of a stick-and-slip
phenomenon can be more effectively prevented, even if the objective is displaced
comparably fast. It is needless to say that the bellows, being one type of a
deformable part, may have each of the herein described features of the deformable
part.

The deformable part may be substantially shaped at least in sections, preferably in its
entirety, like a shell of a truncated cone. Substantially having the shape of a
truncated cone means herein that the deformable part has at one of its axial ends a
first diameter, and has at the other one of its axial ends a second diameter, the
second diameter being smaller than the first diameter. Particularly, the deformable
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part (e.g., the bellows) may have its first diameter at its proximal end side, and its
second diameter at its distal end side. This means that the diameter of the
deformable part may decrease towards the distal end of the deformable part,
particularly, when the diameter is measured in a plane extending transversally to the
axial direction. Accordingly, the deformable part provides improved stability against
flexing in a direction perpendicular to the axial direction.

In a further alternative, a contact between the inner collar and the outer collar may be
a sliding contact, i.e., the at least part of or the entire inner collar may slide on the
outer collar while keeping the contact with the outer collar. The inner collar may
contact the outer collar along the outer circumference of the inner collar and/or along
the inner circumference of the outer collar. More particularly, the inner collar may
contact the outer collar along a closed path, for example, having the shape of an
ellipse, particularly, in a plane oblique, e.g. perpendicular, to the axial direction. Thus,
the contact between the inner and outer collar defines a proximal end of the
reservoir. In the axial direction, the reservoir may extend beyond a distal end of the
inner collar and/or beyond a distal end of the objective. Accordingly, the outer collar
may extend in the axial direction beyond the distal end of the inner collar and/or the
objective. Preferably, the inner collar is adapted to be retracted relative to the outer
collar in a direction opposite of the axial direction so that the distal end of the outer
collar is offset relative to the distal end of the inner collar, e.g., by at least or at most
2mm, 4mm, 6mm, 8mm, 10mm, 12mm, 14mm or 16mm.

Moreover, the outer collar may be mounted to the microscope, to a base of the
microscope and/or to a microscopy stage, particularly, such as to have a fixed
distance in the axial direction to the bottom of the sample. For example, the outer
collar may be adapted to be mounted at a fixed distance in the axial direction from at
least a part of a sample holder of the microscope. Thus, the outer collar may
comprise a fixing device configured for mounting, preferably fixing, the outer collar to
the holding part provided in the proximity of the outer collar. Preferably, the fixing
device is cylindrically shaped. In an embodiment, the fixing device comprises a
radially extending flange, which may be mounted or fixed to the holding part by fixing
means, e.g., by screws. Particularly, the holding part may extend radially with respect
to the axial direction in a transversal plane. The holding part and the flange of the
fixing device may overlap to be joined together, e.g., by screw/s or adhesive.
Particularly, the flange of the fixing device may be positioned on a surface of the
inner collar facing in the axial direction, e.g. at the outer collar contacting section,
and/or a surface of the holding part facing in the axial direction. Furthermore, it is
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conceivable that the flange of the fixing device is positioned on a surface of the inner
collar, e.g. at the outer collar contacting section, and/or a surface of the holding part
facing opposite of the axial direction. The holding part is preferably a part, such as a
frame part, of the microscope. Advantageously, the holding part has a bore through
which the objective extends.

Additionally, the contact between the inner collar and the outer collar may be
configured to seal the reservoir, preferably along the inner circumference of the outer
collar. l.e., the outer collar may comprise an inner surface, which is preferably an
inner circumferential surface. The inner surface may have a recess and a sealing
ring, such as an O-ring, arranged in the recess. The recess preferably has a U-
shaped cross-section and/or is arranged in the proximal portion of the outer collar,
optionally proximate to the proximal end of the inner collar when the inner collar is in
its second position. The sealing ring may provide a sealing contact between the inner
collar and the objective while permitting the axial displacement between the inner
collar and outer collar.

Furthermore, the inner collar may be mounted to the objective, preferably by the
objective contacting section, such as to seal at least a part of the objective against
immersion fluid present in the reservoir. Thus, in an embodiment, the inner collar has
an inner surface facing and contacting the objective, the inner surface
advantageously being an inner circumferential surface of the inner collar. The inner
surface may have a recess and a sealing ring, such as an O-ring, arranged in the
recess. The recess preferably has a U-shaped cross-section and/or is arranged in the
distal portion of the inner collar, optionally proximate to the distal end of the inner
collar. Particularly, the recess may extend along the inner circumference of the inner
collar. The sealing ring may provide a sealing contact between the inner collar and
the objective. Moreover, the inner collar may comprise a wheel configured to interact
with a coverslip correction device of the objective. Particularly, the wheel may be
formed as a toothed wheel, and/or may extend in the axial direction and be adapted
to rotate about an axis parallel to and offset from the optical axis. Thus, the wheel is
preferably adapted such as to actuate, e.g. rotate, the coverslip correction device of
the objective, when being itself rotated about its axis.

In a further embodiment, the deformable part is spaced apart from the outer collar.
Particularly, the deformable part may be spaced apart from the outer collar, when the
deformable part has its first form (i.e., shape) and/or when the deformable part has
its second form (i.e., shape). Preferably, the deformable part may be spaced apart
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from the outer collar in the radial direction of the objective, of the inner collar, or of
the deformable part. This radial direction is substantially perpendicular to the axial
direction. Additionally or alternatively, the objective contacting section may be spaced
apart from the outer collar, e.g., in the radial direction of the objective, of the inner
collar, or of the deformable part. This allows the deformable part two expand and
contract more freely, so that the objective can be displaced more precisely in or
against the axial direction. The space between the deformable part and/or the
objective contacting section and the outer collar may be provided for immersion fluid,
thus, may form part of the reservoir.

It has been said that the immersion bridge may comprise an overflow chamber. This
chamber is preferably adapted to collect immersion fluid escaping from the reservoir
when the deformable part of the inner collar is being deformed. In particular,
deforming the deformable part may modify the volume of the reservoir taken by the
inner collar. If the deformable part is expanded or stretched in the axial direction, the
volume of the reservoir taken by the inner collar may increase. On the other hand, if
the deformable part is compressed, the volume of the reservoir taken by the inner
collar may decrease. When the deformable part of the inner collar is being deformed,
the distal end and/or the proximal end of the inner collar may be displaced in the axial
direction.

The overflow chamber may be formed on the outer surface, e.g., the outer
circumferential surface, of the outer collar. Further, the overflow chamber may be
arranged at the distal or at the proximal portion of the outer collar. Moreover, the
overflow chamber may be formed integrally with the outer chamber. Advantageously,
the overflow chamber is formed integrally with the flange, e.g., on a side of the flange
facing in the axial direction. The overflow chamber may comprise a ring-shaped
recess extending along the outer circumference of the outer collar. The recess may
extend from a surface of the overflow chamber facing in the axial direction in a
direction opposite of the axial direction. Furthermore, the recess may have a
substantially U-shaped cross-section in a plane comprising the optical axis of the
objective. If the overflow chamber is formed integrally with the flange, the recess may
extend into the flange, so that the overflow chamber can be manufactured more
easily. Thus, the flange may have a substantially L-shaped cross section in a plane
comprising the optical axis of the objective. The flange of the fixing device may be
spaced apart from the distal end of the outer collar by at least 5 mm. Additionally, the
overflow chamber may comprise a cap having a flange covering the recess of the
overflow chamber at least in sections. Furthermore, the cap may have a lower portion
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abutting against a surface of the outer collar facing radially with respect to the optical
axis. The cap is preferably ring-shaped and may be adapted to extend the volume of
the overflow chamber to a volume larger than the volume of the recess.

The above mentioned fluid flow generating device of the immersion bridge has a
pumping device, an inlet conduit, and a fluid source. The inlet conduit may be
connected to the reservoir, i.e., fluidically connected therewith. Furthermore, the inlet
conduit may be in fluidic communication with the fluid source. The pumping device
may be configured to direct/cause immersion fluid to flow, preferably from the fluid
source, towards the reservoir, particularly, through the inlet conduit into the reservoir.
E.g., the outer collar, such as in its outer cap, may have an inlet, optionally with a
check valve, through which inlet the immersion fluid may enter the reservoir. The inlet
may be arranged proximate to the proximal end side of the outer collar. A check
valve may be arranged within the inlet conduit, the check valve being adapted to
prevent flow out of the reservoir through the inlet conduit. In another alternative, the
pumping device may comprise a bypass around the pumping device, the inlet conduit
and bypass being configured such that fluid may flow out of the reservoir through the
inlet conduit and the bypass to the fluid source, when the volume of the reservoir is
being reduced.

In an embodiment, the fluid source is or comprises the overflow chamber. Thus, the
inlet conduit may communicate with the overflow chamber such that immersion fluid
collected in the overflow chamber may flow out of the overflow chamber into the
reservoir through the pumping device and the inlet conduit. The fluid source may
alternatively or additionally comprise a further, e.g. separate, immersion fluid tank.
Moreover, the immersion bridge may comprise an outlet conduit in fluid
communication with the fluid source. If the fluid source is the overflow chamber and
the fluid source comprises a further immersion fluid tank, the outlet conduit may
interconnect the overflow chamber with the further immersion tank.

The outer collar and/or the inner collar, preferably, the deformable part or the bellows
of the inner collar, may be made at least in sections of an elastic material, such as an
elastomer or a rubber, preferably, a natural rubber, latex or a silicone. Thus, the
elastic modulus of any of the outer collar, the inner collar, the deformable part, and
the bellows may be on the order of 10 to 100 MPa. In this case, the recess in the
inner collar is not necessary. Rather, the objective may tightly fit into the inner collar
so that the sealing between the objective and the inner collar is obtained by
location/transition fit or press fit. To obtain such sealing fit, the objective may be



10

15

20

25

30

35

WO 2019/016048 PCT/EP2018/068833
-13 -

pressed from the proximal end of the inner collar into the inner collar in the axial
direction so that the objective radially biases the inner collar proximate to its distal
end.

A microscope described herein comprises an immersion bridge as described above,
and an objective to which the inner collar is mounted, preferably, fixed. The
microscope may be a microscope of one of the types described above. Preferably,
the microscope further comprises a sample holder. The inner and outer collars may
be configured such that a distance, particularly, a distance in the axial direction
between the outer collar and at least a part of the sample holder, e.g. the entire
sample holder, is fixed when the deformable part of the inner collar is being
deformed.

The immersion bridge is preferably arranged such that the distance in the axial
direction between the sample holder and the outer collar is fixed/constant, i.e.,
remains the same, even when the deformable part is being deformed or when the
distal end of the inner collar and/or the objective is displaced in the axial direction.
Therefore, even when the distal end of the inner collar and/or the objective is being
displaced axially so that the volume of the reservoir is being changed, the axial
distance between the outer cap and the sample is maintained constant. Accordingly,
the immersion bridge is adapted for maintaining immersion fluid between the front
lens of the microscope and the sample held in the sample holder.

A method of microscopically imaging a sample comprises the step of providing a
microscope described above. In particular, a sample may be held by the sample
holder, and the reservoir may be filled with immersion fluid so that immersion fluid is
present between the front lens and the sample. Moreover, the method comprises
deforming the deformable part of the inner collar, preferably the entire inner collar,
such as to change the length of the inner collar in the axial direction of the objective,
and thereby changing an axial distance between the objective and the sample.
Particularly, the deforming of the deformable part may be a deforming in the axial
direction of the objective. Optionally, during the deforming of the deformable part, the
outer collar may remain undeformed.

During the deforming step, the axial distance between the sample and the outer
collar is preferably maintained constant. Moreover, if the deforming step comprises
deforming the part of the inner collar, at least a part of the immersion fluid may be
pushed out of the reservoir, and collected in the overflow chamber. On the other
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hand, if the deforming step comprises deforming the deformable part of the inner
collar opposite of the axial direction, to maintain the immersion fluid level, immersion
fluid may be flown into the reservoir, advantageously by the fluid flow generating
device. The deforming of the deformable part may be caused by displacement of the
objective by means of a linear stage. Optionally, the inner collar may slide along the
outer collar in the displacing step. Subsequently to, simultaneously with, or before the
displacing step, the sample may be displaced in a plane substantially perpendicular
to the axial direction. Simultaneously with the above displacing step and/or with
displacing the sample in the plane substantially perpendicular to the axial direction,
the microscope may acquire image signals (e.g., by means one or more sensors), to
generate a three-dimensional optical image. Herein, the term substantially
perpendicular means that an angle between the plane and the axial direction may be
in the range of 80° to 100°, preferably 85° to 95°, most preferably between 88° and
92°. Thus, the plane may extend slightly oblique with respect to a plane ideally
transversal to the axial direction. The substantially perpendicular plane may be a
transversal plane of the objective.

Preferred embodiments of an immersion bridge and a microscope are described in
greater detail with reference to the attached schematic drawings in the following,
wherein

Figure 1 shows a cross-sectional view of a microscope along the optical axis, the
microscope having an immersion bridge according to an embodiment
mounted therein,

Figure 2 shows a detailed cross-sectional view of the microscope of Fig. 1 along
the optical axis, wherein the deformable part has a second form,

Figure 3 shows a detailed cross-sectional view of the microscope of Fig. 1 along
the optical axis, wherein the deformable part has a first form,

Figure 4 shows a perspective view of the microscope of Fig. 1 from diagonally
above the immersion bridge,

Figure 5 shows a perspective view of the outer collar of an immersion bridge
according to a further embodiment as viewed from diagonally above,
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Figure 6 shows a perspective view of the inner collar of an immersion bridge
according to a further embodiment as viewed from diagonally above,

Figure 7 shows a combined partial perspective and cross-sectional view of a
further microscope from diagonally above the immersion bridge,
wherein the cross-sectional view is in a plane comprising the optical
axis of the objective,

Figure 8 shows a partial perspective view of the microscope of Fig. 7 from
diagonally above the immersion bridge,

Figure 9 shows a partial top view of the microscope of Fig. 7,

Figure 10  shows a partial side view of the microscope of Fig. 7, and

Figure 11 shows a partial cross-sectional view of the microscope of Fig. 7.

An immersion bridge 10 for a microscope 12 is shown in Figs. 1 to 4. The microscope
12 is an inverted two-photon microscope, but the immersion bridge may alternatively
be utilized in other types of microscopes. The immersion bridge 10 comprises an
inner collar 14 mounted, herein exemplarily fixed, to an objective 16 of the
microscope 12 and an outer collar 18 surrounding a part of the inner collar 14,
particularly, surrounding a deformable part 15 of the inner collar 14. The inner and
outer collars 14, 18 contact each other at a contact 20 and together form a reservoir
22 for an immersion fluid 23. The reservoir 22 is limited by the outer collar 18, the
inner collar 14, and the objective mounted in the inner collar 14. Alternatively, a
membrane may cover the objective 16 in an area between the objective 16 and the
reservoir. The objective 16 is tightly fit into the inner collar 14 so that the objective
contacts the inner collar 14 proximate to a distal end 24 of the inner collar 14 at an
outer circumferential surface of the objective 16.

As shown in Figs. 2 and 3, the deformable part 15 can be deformed, herein
compressed and expanded, in and opposite of the axial direction Z, so that the length
of the deformable part 15 in the axial direction Z is changed. Particularly, in Figs. 1
and 2, the objective 16 and a distal end 24 of the inner collar 14 are shown in their
second position, wherein the objective 16 and the distal end 24 are arranged more
distally than in their respective second position shown in Fig. 3, and the deformable
part 15 has a second form which is more extended in the axial direction than a first
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form of the deformable part 15 shown in Fig. 3. Thus, the focal region of the objective
16 is farther away from the outer collar 18 in the axial direction Z when the objective
16 and the distal end 24 of the inner collar 14 are in their second position and the
deformable part has its second form than when the objective 16 and the distal end 24
of the inner collar 14 are in their first position and the deformable part has its first
form. In the exemplary arrangement shown in Figs. 1 and 2, the inner collar 14 and
the objective 16 are in their most distal end position, and in the exemplary
arrangement shown in Fig. 3, the inner collar 14 and the objective 16 are in their
most proximal end position, respectively. In both situations, i.e., when the inner collar
14 and the objective 16 are in their first and second positions and when the
deformable part 15 has its first and second form, respectively, the outer collar 18
extends beyond the distal end 24 of the inner collar and the distal end 26 of the
objective 16. Therefore, the reservoir 22 extends farther distally than the inner collar
14 and the objective 16 when the inner collar 14 and the objective 16 are in their first
and second positions, and when the deformable part 15 has its first and second form,
respectively. It is further noted that the objective 16, particularly a front lens of the
objective 16, projects in the axial direction Z through an opening 28 in the inner collar
14, which opening 28 may optionally be covered by a membrane.

Proximate to the distal end 24 of the inner collar 14, the inner collar 14 has an
objective contacting section 17 by which the inner collar sealingly contacts the
objective 16. Exemplarily, this contact is present between an inner circumferential
surface 30 of the objective contacting section 17 and an outer circumferential surface
38 of the objective 16. In particular, the inner circumferential surface 30 comprises a
recess 32 in which an O-ring (not shown) is arranged press-fit between the inner
circumferential surface 30 and the objective 16 to provide the contact between the
objective contacting section 17 and the objective 16. The O-ring, thus, extends along
an outer circumferential surface 38 of the objective 16 in a plane perpendicular to the
axial direction Z. The O-ring is made of an elastic material, such as a rubber. By this
configuration, a part of the outer circumferential surface of the objective 16 arranged
below the O-ring is sealed against the reservoir 22, so that immersion fluid 23
present in the reservoir 22 is prevented from spilling this part of the objective 16.
Alternatively, the entire inner collar 14 may be made of an elastic material, e.g., like a
gasket. Thus, the objective 16 can be pressed into the inner collar 14 to deform and
bias the inner collar 14 radially outwards, so that the inner collar 14 essentially
clamps the objective 16. In an alternative, the recess 32 is formed in the objective 16
instead of in the inner collar 14.
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The inner collar 14 further comprises an outer collar contacting section 19, at which
the outer collar 18 has a recess 36, which may be formed like the recess 32.
Alternatively, the recess 36 may be formed in the inner collar 14 instead of the outer
collar 18. The recess 36 is arranged more proximate to the proximal end 27 of the
objective 16 than the recess 32, and, particularly when the distal end 24 of the inner
collar 14 and the objective 16 are in their second position and the deformable part 15
has its second form, on the level of a central portion of the objective 16 in the axial
direction Z. In the recess 36, a further O-ring (not shown) is arranged, which extends
between the inner circumferential surface 34 of the outer collar 18 and an outer
circumferential surface 40 of the inner collar 14 such as to seal the reservoir 22. The
deformable part 15 is provided between the objective contacting section 17 and the
outer collar contacting section 19.

When the distal end 24 of the inner collar 14 and the objective 16 are moved
between their first position shown in Fig. 3 and their second position shown in Fig. 2,
or when the deformable part 15 is deformed between its first form shown in Fig. 3
and its second form shown in Fig. 2, the bottom of the reservoir 22 is at least partially
moved in the axial direction Z so that the inner volume of the reservoir 22 is changed.
Particularly, when the distal end 24 of the inner collar 14 and the objective 16 are
moved from their first position into their second position, or when the deformable part
15 is expended from its first form to its second form, the inner volume of the reservoir
22 is reduced, so that immersion fluid 23 present in the reservoir swaps out of the
reservoir 22, e.g., over a distal end 25 of the outer collar 18. The outer collar 18 is,
thus, configured such that the escaping immersion fluid 23 flows in a direction
opposite of the axial direction Z along an outer circumference 42 of the outer collar
18 into an overflow chamber 46 (see Figs. 2 and 3). Accordingly, this overflow
chamber 46 collects immersion fluid 23 escaping from the reservoir when the distal
end of the inner collar 14 is displaced in the axial direction or when the deformable
part 15 is stretched in the axial direction Z.

The overflow chamber 46 comprises a ring-shaped recess which extends
circumferentially with respect to the optical axis A. The recess extends in a direction
opposite of the axial direction Z from a surface of the outer collar facing in the axial
direction Z. Furthermore, the overflow chamber 46 comprises a cap 48 having a
flange 50 extending radially inwards with respect to the optical axis A, and partly
covering the recess of the overflow chamber 46. Furthermore, the cap 48 has a lower
portion 52 abutting against a radially outer circumferential surface of the outer collar.
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The cap 48 comprises a recess extending radially outwards from a surface of the 48
facing radially inwards.

The outer collar 18 further comprises a fixing device 54 by which the outer collar 18 is
mounted, herein fixed, to a holding part 56 being a stage of the microscope 12
provided in the proximity of the outer collar 18. The fixing device 54 comprises a
flange 58 extending radially outwards with respect to the optical axis A, at which the
outer collar 18 is mounted to the holding part 56 by fixing means 60, which are herein
screws 60. Alternatively, the holding part 56 may comprise a recess at its surface
facing in the axial direction Z adapted to receive the flange 58. In this case, the flange
58 is preferably formed complementary to the recess.

Furthermore, the immersion bridge 10 comprises a fluid flow generating device
having an inlet conduit 64, a pumping device 66 and a fluid source. The fluid source
may comprise the overflow chamber 46 and an additional immersion fluid tank 68.
The inlet conduit 64 is connected with the fluid source and the reservoir 22, and the
pumping device 66, herein a pump, is configured to cause the immersion fluid 23 to
flow from the fluid source through the inlet conduit 64 into the reservoir 22. In
particular, when the objective 16 or the distal end 24 of the inner collar 14 is moved in
the axial direction Z so that fluid escapes from the reservoir 22, this fluid flows
through an outlet conduit 65 into the tank 68. On the other hand, when the objective
16 / distal end 24 of the inner collar 14 is moved in a direction opposite of the axial
direction Z, the immersion bridge 10 is configured such that immersion fluid 23 is
refilled to the reservoir 22 at least until the immersion fluid level reaches the distal
end 25 of the outer collar 18. Thus, the pumping device 66 generates a flow of
immersion fluid 23 from the immersion fluid tank 68 through the inlet conduit 64 and
through an inlet provided in the outer collar 18 into the reservoir 22.

The microscope 12 further comprises a sample holder 70 configured to hold a
sample 72. In the particular example shown in Figs. 1 to 3, the sample 72 is a multi-
well plate for 3D cell culture. In order to three-dimensionally image a specimen 74
provided in one of the wells, the outer collar 18 is brought to the very proximity of the
bottom of the sample 72, so that the outer collar 18 just does not contact the sample
72. Then, the immersion fluid is flown into the reservoir 22 by the inlet conduit 64 until
the reservoir 22 is filled with immersion fluid, whereby the sample 72 and the sample
holder 70 are moved to their initial position by means of a motorized stage 76
adapted to displace the sample 72 and sample holder 70 in a plane transversal to the
optical axis A. Furthermore, the objective 16 and the objective contacting section 17
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of the inner collar 14 are brought to their initial scanning position by means of a
further motorized stage 78 adapted to displace the objective 16 along the optical axis
A. Subsequently, the inner collar 14 is displaced in the axial direction Z in the
transversal directions X, Y to scan the specimen 74 three-dimensionally. During the
scanning, a distance in the axial direction Z between the objective 16 and the sample
72 is changed after each scan in a transversal plane has been finalized.

An outer collar 18 of a further immersion bridge 10 is shown in Fig. 5. This outer
collar 18 differs from the outer collar 18 shown in Figs. 1 to 4 in that the overflow
chamber 46 is formed integrally with the flange 58 of the fixing device 54, and a cap
48 is not provided. Particularly, the flange 58 is formed with a recess 79 extending
from a surface 80 of the flange 58 facing in the axial direction Z into the flange 58 in a
direction opposite of the axial direction Z. This recess 79 is formed like the above
described recess of the overflow chamber 46. Particularly, this recess 79 extends
along the circumference of the outer collar 18. The surface 80 of the flange 58 may
optionally be arranged flush with a surface of the holding part 56 facing in the axial
direction Z. Furthermore, the outer collar 18 shown in Fig. 5 comprises the features
of the outer collar 18 shown in Figs. 1 to 4. Thus, the same reference numbers
concern the same elements.

Fig. 6 shows a further inner collar 14, which, in addition to the inner collar 14 shown
in Figs. 1 to 4 comprises a wheel 82 configured to interact with a coverslip correction
device of the objective 16. Particularly, the wheel 82 is formed as a toothed wheel,
and extends in parallel to the optical axis A. The wheel 82 is adapted to rotate about
an axis parallel to and offset from the optical axis A. Thus, the wheel 82 is adapted
such as to actuate, e.g. rotate, the coverslip correction device of the objective 16,
when the wheel 82 is rotated about its axis. The wheel 82 is arranged in a window 84
formed in the inner collar 14, which window 84 is arranged closer to the proximal end
of the inner collar 14 than to the distal end 24 of the inner collar 14. Furthermore, the
inner collar 14 shown in Fig. 6 comprises the features of the inner collar 14 shown in
Figs. 1 to 4. Thus, the same reference numbers concern the same elements.

A further immersion bridge 10 for a microscope 12 is shown in Figs. 7 to 11. Again,
the same reference numbers already described above concern the same elements.
This immersion bridge 10 differs from the immersion bridge 10 shown in Figs. 1 to 4
in that its inner collar 14 does not have a recess 32 with an O-ring. Instead, the
objective contacting section is fit to the objective 16 at the distal side of the objective
16, whereby the objective contacting section 17 is biased radially outwards to provide
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a sealing contact with the objective 16. Furthermore, the inner collar 14 comprises an
outer collar contacting section 19 formed as a flange extending radially outwards
from the deformable part 15, wherein the flange is herein exemplarily arranged at a
proximal end side of the inner collar 14. A section of the outer collar contacting
section 19 is held, particularly pressed, between the forwarding part 56 and the
flange 58 of the fixing device 54, which flange 58 extends substantially radially
outwards, too. Thereby, a contact between the outer collar 19 and the inner collar 14
seals the reservoir 22. The reservoir 22 is further limited by the deformable part 15,
which is arranged between the outer collar contacting section 19 and the objective
contacting section 17 in the axial direction Z. In other words, the objective contacting
section 17 joins the deformable part 15 in the axial direction Z, and the outer collar
contacting section 19 joins the deformable part 15 in a direction opposite of the axial
direction Z. Thus, the deformable part 15 interconnects the objective contacting
section 17 and the outer collar contacting section 19.

In the immersion bridge 10 shown in Figs. 7 to 11, the deformable part 15 is formed
as a bellows. This bellows has a plurality of folds, and can be expanded in the axial
direction Z and contracted/compressed opposite of the axial direction Z, since the
outer collar contacting section 19 is fixed to the outer collar 18 and the holding part
56. Furthermore, the deformable part 15 / the bellows is substantially shaped like a
shell of a truncated cone. Herein, substantially shaped like a shell of a truncated cone
means that the shell, due to the bellows shape, is not planar, but essentially waved,
preferably, such that the amplitudes of the waves are essentially equal. This means
that the radially outer ends of the folds lie on a plane having the shape of a cone
shell. Particularly, the deformable part 15 / the bellows essentially has cylindrical
symmetry, and is arranged coaxially with the objective 16. Preferably, the deformable
part 15 / the bellows has a smaller diameter at the distal side of the deformable part
15 than at a proximal side of the deformable part 15. Independently of whether the
deformable part 15 has its first form or its second form, the objective contacting
section 17, and optionally the deformable part 15 is spaced apart from the outer
collar 18. Also independently of whether the deformable part 15 has its first form or
its second form, the outer collar 18 extends in the axial direction Z beyond the distal
end 24 of the inner collar 14. In a plane transversal to the optical axis A, due to the
bellows, a distance between the outer collar 18 and the deformable part 15, is
successively increased and reduced as the plane is displaced in the axial direction Z.

When the deformable part 15 is being deformed, the volume of the reservoir 22 is
modified. Particularly, when the objective 16 is displaced in the axial direction Z, the
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objective contacting section 17 is also displaced in the axial direction Z. Since the
outer collar contacting section 19 is fixed to the holding part 56, the outer collar
contacting section 19 will not move in this situation. Therefore, the deformable part
15 is stretched, i.e., expanded, in the axial direction. As a consequence, the volume
of the reservoir 22 is reduced, and immersion fluid 23 shown shaded in Fig. 8 will
flow out of the reservoir 22. This immersion fluid 23 will essentially flow down the
outer circumferential surface 42 of the outer collar 18 to the flange 58. Herein, the
flange 58 is formed like an overflow chamber 46, so that immersion fluid 23, is
collected on the flange 58. Exemplarily, to collect the immersion fluid 23, the flange
58 has a substantially L-shaped cross section in a plane comprising the optical axis A
of the objective 16, i.e., comprises a radially outer sidewall extending in the axial
direction Z. On the other hand, when the objective 16 is moved opposite of the axial
direction Z, the level of immersion fluid 23 will be lowered, so that immersion fluid 23
needs to be (re-) introduced in the reservoir 22. Thus, the fluid flow generating device
62 comprises an inlet conduit 64 (in Figs. 7 to 11 exemplarily illustrated by an inlet
port) through which immersion fluid 23 can enter the reservoir 22. Particularly,
immersion fluid 23 collected in the overflow chamber 46 on the flange 58 may be
pumped out through the outlet conduit 65 and into the inlet conduit 64. Thus, the level
of immersion fluid 23 will reach the distal end 25 of the outer collar 18, and,
subsequently, will essentially be maintained at the level of the distal end 25. By
capillary forces, immersion fluid will then keep the gap to the sample closed.

With reference to Figs. 1 to 3, a further embodiment of an immersion bridge 10 for a
microscope 12 comprises
- an inner collar 14 adapted to be mounted to an objective 16 of the microscope
12, and
- an outer collar 18 surrounding at least a section of the inner collar 14 and
being in contact with the inner collar 14 such that the inner collar 14 and the
outer collar 18 form a reservoir 22 for an immersion fluid 23, wherein
- at least a part of the inner collar 14 is adapted to be displaced relative to the
outer collar 18 in an axial direction Z of the objective 16 while the inner collar
14 keeps a contact 20 with the outer collar 18 to form the reservoir 22.

Preferably, the reservoir 22 extends beyond a distal end of the inner collar 14 and/or
beyond a distal end 26 of the objective 16 in the axial direction Z.

Further preferably, in a state in which the inner collar 14 is mounted to the objective
16, the objective 16 adjoins the reservoir 22.
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Further preferably, the inner collar 14 is mounted to the objective 16 such as to seal
at least a part of the objective 16 against immersion fluid 23 present in the reservoir
22.

Further preferably, the at least part of the inner collar 14 is configured to slide along
the outer collar 18 while keeping the contact 20 with the outer collar 18, and/or the
contact between the inner collar 14 and the outer collar 18 is configured to seal the
reservoir 22.

Further preferably, the inner collar 14 is adapted to change a volume of the reservoir
22 when the at least part of the inner collar 14 being displaced in the axial direction Z.

Further preferably, the outer collar 18 is adapted to be mounted at a fixed distance in
the axial direction Z from at least a part of a sample holder of the microscope, and/or
the outer collar 18 comprises a fixing device 54 configured for fixing the outer collar
18 to a holding part 56 provided in the proximity of the outer collar 18.

Further preferably, the immersion bridge 10 comprises an overflow chamber 46
adapted to collect immersion fluid 23 escaping from the reservoir 22 when the at
least part of the inner collar 14 is displaced in the axial direction Z.

Further preferably, the immersion bridge 10 comprises a fluid flow generating device
62 having an inlet conduit 64, a pumping device 66 and a fluid source 68, wherein the
inlet conduit 64 is connected to the fluid source 68 and the reservoir 22, and wherein
the pumping device 66 is configured to cause the immersion fluid 23 to flow from the
fluid source 68 through the inlet conduit into the reservoir 22.

Further preferably, the inner collar 14 and/or the outer collar 18 are/is made of an
elastic material.

With reference to Figs. 1 to 3, in a further embodiment of a microscope 12 according
to the present invention, the inner 14 and outer collars 18 are configured such that a
distance in the axial direction Z between the outer collar 18 and the sample holder 70
is fixed when the at least part of the inner collar 14 is displaced.

With reference to Figs. 1 to 3, a method of microscopically imaging a sample
according to a further embodiment of the present invention comprises the steps of
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- providing a microscope 12, and

- displacing at least a part of the inner collar 14 in the axial direction Z of the
objective 16 relative to the outer collar 18, and thereby changing a distance
between the objective 16 and the sample 72.
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Claims

1. An immersion bridge (10) for a microscope (12), comprising:

- an inner collar (14) adapted to be mounted to an objective (16) of the
microscope (12), and

- an outer collar (18) surrounding at least a section of the inner collar (14) and
being in contact with the inner collar (14) such that the inner collar (14) and the
outer collar (18) form a reservoir (22) for an immersion fluid (23),
wherein

- the inner collar (14) comprises a deformable part (15) which is adapted to be
deformed such that a length of the inner collar (14) in an axial direction (Z) of
the objective (16) is changed, and

- the outer collar (18) extends in the axial direction (Z) beyond a distal end (24)
of the inner collar (14).

2. The immersion bridge according to claim 1, wherein the inner collar (14)
comprises
an objective contacting section (17) adapted to contact the objective (16), and
an outer collar contacting section (19) connected to the outer collar (18),
wherein the deformable part (15) is provided between the objective (16)
contacting section (17) and the outer collar contacting section (19).

3. The immersion bridge according to one of the preceding claims, wherein the
inner collar (14) is adapted to change a volume of the reservoir (22) when the
deformable part (15) is deformed.

4. The immersion bridge according to one of the preceding claims, wherein the
inner collar (14) comprises a bellows configured to be expanded or contracted in the
axial direction (Z).

5. The immersion bridge according to one of the preceding claims,

wherein the deformable part (15) is substantially shaped like a shell of a
truncated cone and/or

wherein a diameter of the deformable part (15) decreases towards a distal end
of the deformable part (15).

6. The immersion bridge according to one of the preceding claims,
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wherein the outer collar (18) is adapted to be mounted at a fixed distance in
the axial direction (Z) from at least a part of a sample holder (70) of the microscope,

and/or

wherein the outer collar (18) comprises a fixing device (54) configured for
mounting the outer collar (18) to a holding part (56) provided in the proximity of the
outer collar (18).

7. The immersion bridge according to one of the preceding claims, wherein the
inner collar (14) is configured to contact the objective (16) such as to seal at least a
part of the objective (16) against immersion fluid (23) present in the reservoir (22).

8. The immersion bridge according to one of the preceding claims, wherein the
deformable part (15) is spaced apart from the outer collar (18).

9. The immersion bridge according to one of the preceding claims, further
comprising

an overflow chamber (46) adapted to collect immersion fluid (23) escaping
from the reservoir (22) when the deformable part (15) is deformed, and/or

a fluid flow generating device (62) having an inlet conduit (64), a pumping
device (66) and a fluid source (68), wherein the inlet conduit (64) is connected to the
fluid source (68) and the reservoir (22), and wherein the pumping device (66) is
configured to cause the immersion fluid (23) to flow from the fluid source (68) through
the inlet conduit (64) into the reservoir (22).

10. The immersion bridge according to one of the preceding claims, wherein the
inner collar (14) and/or the outer collar (18) are/is made of an elastic material.

11. A microscope (12), comprising an immersion bridge (10) according to any one
of the preceding claims, and an objective (16) to which the inner collar (14) is
mounted.

12.  The microscope according to claim 11,

further comprising a sample holder (70),

wherein the inner collar (14) and the outer collar (18) are configured such that
a distance in the axial direction (Z) between the outer collar (18) and the sample
holder (70) is fixed when the deformable part (15) is deformed.
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13.  The microscope according to any one of claims 11 and 12,
wherein the microscope (12) is an inverted microscope,
wherein the microscope (12) is a multi-photon microscope, or
wherein the microscope (12) is an inverted multi-photon microscope.

14. A method of microscopically imaging a sample, comprising the steps of
providing a microscope (12) according to any one of claims 11 to 13, and
deforming the deformable part (15) of the inner collar (14) such as to change

the length of the inner collar (14) in the axial direction (Z) of the objective (16), and

thereby changing a distance between the objective (16) and the sample (72).

15. The method of claim 14, further comprising displacing the sample (72),
particularly a multi-well plate, held by the sample holder (70) relative to the objective
(16) in a direction substantially perpendicular to the axial direction (Z) of the objective
(10).
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