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DICHROIC PRISM ASSEMBLY WITH FOUR
OR FIVE CHANNELS

FIELD OF THE INVENTION

[0001] The present invention relates to a dichroic prism
assembly, in particular a dichroic prism assembly with four
or five channels. The dichroic prism assembly may be used
in an endoscope tip.

BACKGROUND ART

[0002] FIG. 1 shows a prism assembly comprising prisms
PS5, P6, and P7 for splitting light in red, green and blue
components towards respective sensors D3, D4, and D5. The
light enters the prism assembly through arrow indicated in
FIG. 1. Between P5 and P6, an optical coating C1 is placed
and between prisms P6 and P7 an optical coating C2 is
placed, each optical coating C1 and C2 having a different
reflectance and wavelength sensitivity. At C1, the incoming
beam I is partially reflected back to the same face of the
prism as through which the light entered (beam I). At that
same face, the beam, now labelled K, is once again reflected
towards sensor D3. The reflection from I to K is an internal
reflection. Thus, sensor D3 receives light reflected by coat-
ing Cl1, and in analogue fashion sensor D4 receives light
from beam L reflected by coating S2 (beams M and N), and
sensor D5 receives light from beam O that has traversed the
prism unhindered.

[0003] The system of FIG. 1 can only measure three light
components (e.g. red, blue, green or alternatively RGB
bayer, NIR, NIR) simultaneously. If more components (for
example in the near infrared) are to be measured simulta-
neously, then the current state of the art is to use beam
splitters to split off the channel of interest to the side and let
the rest pass through. However, this increasing “stacking” of
prisms and beam splitters has a problem that in order to have
all sensors in its focal plane, the first prism is physically the
largest, decreasing when progressing, in order to compen-
sate the total focal length and compensate all sensors.
Furthermore, due to mechanical constraints, these prisms are
usually rotated 90 degrees along the incoming light axis,
such that the prisms are not directly underneath P6 and P7,
but rotated by 90 degrees, in which case they can be
designed somewhat smaller.

[0004] Another drawback of the stacking of prisms is that
each of these stacked prism elements relies on total internal
reflection, requiring an airgap between each of the
assembled prism elements in order to function correctly.
From basic physics it follows that this cannot be solved by
a e.g. a mirror coating without air gap. These air gaps need
an outside construction to provide structural integrity of the
optical system which is critical. Differences in temperature
and component material expansion coefficients of these
structural components need to be matched in order to avoid
optical path alignment issues.

[0005] Another main issue with these setups is that in all
cases, the sensors are opposite of each other adding to the
structural electronical complexity with long cables and
signal integrity. It is a problem that systems with more than
three channels have a large size and system complexity due
to these constraints.

[0006] U.S. Pat. No. 9,173,554 uses a dichroic prism
assembly as outlined in FIG. 1. In order to be able to
measure a fourth component for infrared fluorescence radia-
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tion, the optical path leading to sensor D3 is used to detect
both red (R) and infrared (IR) light, in time alternating
fashion. This approach has a number of drawbacks. First of
all, in the time domain the resolution is halved due to the
required switching. This makes real-time applications less
attractive and motion artefacts at the halved video rates will
be introduced. It also does not allow for any calculations that
require simultaneous multiple signals from different wave-
lengths. Second, the red and infrared images cannot both be
exactly in focus. Due to a large wavelength difference
between red and infrared, at best either the IR image is sharp
and in focus or the R image is sharp and in focus.

[0007] Due to the switching, the sensors can only be set at
the same exposure time, because switching exposure time
would require sensor settings that influence with the readout
timing and exposure time, which can no longer overlap and
finally influence either framerate and/or sensitivity of the
system as well as adding a great deal of system processing
complexity. Finally, gain needs to be switched heavily to
differ between low signal-strength IR signals and relatively
high signal-strength R signals. This negatively influences
either the sensitivity of the IR channel and/or the red channel
as well as frame time due to time it takes to apply the sensor
settings before starting the exposure.

[0008] Itis an object of the invention to provide a practical
solution which does not require time-switching of the
received signals.

SUMMARY OF THE INVENTION

[0009] The invention provides a dichroic prism assembly
configured to receive light from an object image through an
entrance face of the dichroic prism assembly, comprising a
first pentagonal prism having a cross section with at least
five corners, each corner with an inside angle of at least 90
degrees.

[0010] In an embodiment of the invention, a different
approach is used compared to the state of the art. Instead of
splitting the incoming beam outwards, that is, away from the
incoming beam, it is split inward, that is, the light path
crosses its own incoming beam. By having the split-off beam
cross the incoming beam, the path length is increased
substantially, compared to the outward splitting as used in
e.g. FIG. 1. By using this inward splitting, the overall prism
size can be reduced while still allowing path length match-
ing between all optical paths. Unlike the state of the art of
FIG. 1, where an internal reflection is used from beam J to
beam K, in prism P1 a non-internal reflection B to C is used.
[0011] In an embodiment of the invention, the second IR
prism is enclosed with 2 wedge shaped prisms which can
move up/down and have at least one sloped side, such that
moving up/down will increase and/or decrease the path
length. When increasing the path length before the 4th
prisms to compensate channel 4 to match channel 5, the
other wedge prism behind channel 4 can be used to decrease
and/or increase the stage behind the 4th channel.

[0012] Furthermore the invention allows for placing both
sensors of the IR channels at the same time of the object,
allowing for a small mechanical construction, as opposed to
standard stacking elements which usually have sensors on
opposite sides of the prisms, or are spaced apart far, creating
a big system. By not using internal reflections at these first
two stages, no large external construction is required to
facilitate in creating the airgaps required for internal reflec-
tion. This allows for an easy and stable (both mechanically
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as optically) construction without external components,
which saves complexity, space, weight and as such adds to
the overall structure stability.

[0013] The invention further provides an endoscope com-
prising a dichroic prism assembly as described above.
[0014] The invention further provides a medical imaging
system comprising at least one dichroic prism assembly as
described above, wherein at least two infrared imaging
wavelength (e.g. between 640 and 1000 nm) sensors and
three visible wavelength (e.g. red, green, and blue) sensors
are used, wherein each of the sensors are optically pixel to
pixel aligned with a accuracy of better than /th of a pixel.
The imaging system may be used for real-time applications
during surgery. In an embodiment, the frame rate is at least
60 frames per second (fps) and the pixels are sampled with
at least 8 bits.

[0015] In an embodiment, the two infrared wavelengths
are in the 700-800 nm range for methylene blue and in the
800-900 nm range for ICG, respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The present invention will be discussed in more
detail below, with reference to the attached drawings, in
which:

[0017] FIG. 1 schematically shows a dichroic prism
assembly;
[0018] FIG. 2 schematically shows a dichroic prism

assembly according to an embodiment of the invention;
[0019] FIG. 3 schematically shows a further dichroic
prism assembly according to an embodiment of the inven-
tion;

[0020] FIGS. 4a-¢ schematically show an endoscope and
cabling according to an embodiment of the invention;
[0021] FIGS. 5a-d schematically show dichroic prism
assemblies with movable compensator prisms according to
an embodiment of the invention; and

[0022] FIGS. 6a-b shows an exemplary pentagonal prism
for use in an dichroic prism assembly according to an
embodiment of the invention.

DESCRIPTION OF EMBODIMENTS

[0023] FIG. 2 schematically shows a dichroic prism
assembly according to an embodiment of the invention.
[0024] In an embodiment of the invention, a pentagonal
prism P1 is used. In an embodiment, the incoming light
beam A is partially reflected on face S2, being one of the two
faces not adjoining the entrance face S1. The reflected beam
B is then reflected against a first one of the faces adjoining
the entrance face. The angle of reflection can be below the
critical angle, so that the reflection is not internal (in an
embodiment, the adjoining face is coated to avoid leaking of
light and reflect the required wavelength of interest). The
reflected beam C then crosses itself (beam A) and exits the
prism through the second one of the faces adjoining the
entrance face, towards sensor D1. A part of the beam A goes
through face S2 and enters compensating prism P2.

[0025] In an embodiment according the invention, prism
P1 does not use internal reflection to reflect the incoming
beam towards sensor D1. In an embodiment, two non-
internal reflections are used to direct the incoming beam A
via beams B and C towards sensor D1. In an embodiment
there are no airgaps between prisms P1 and P2. In an
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embodiment, there are no airgaps between prisms P3 and P4.
In an embodiment, there are no airgaps between prisms P2
and P3.
[0026] Prism P2 is a compensator prism which will be
described in more detail in reference to FIGS. 5a-d.
[0027] In an embodiment of the invention, from P2 the
beam D enters a second pentagonal prism P3. As in prism
P1, inward reflection is used to make the beam cross itself.
For brevity, the description of the beam will not be repeated,
except to state that in prism P3, the beam parts E, F, and G
correspond to beam parts A, B, and C in prism P1, respec-
tively.
[0028] In an embodiment according the invention, prism
P3 also does not use internal reflection to reflect the incom-
ing beam towards sensor D2. In an embodiment, two non-
internal reflections are used to direct the incoming beam E
via beams F and G towards sensor D2. In an embodiment
there are no airgaps between prisms P1, P2, P3, and P4.
[0029] After prism P3, there is another compensating
prism P4. Finally, beam H enters the dichroic prism assem-
bly comprising prisms P5, P6, and P7, with sensors D3, D4,
and D5 respectively. The dichroic prism assembly of P5, P6,
and P7 has already been described in reference to FIG. 1. In
an embodiment, between prism P4 and prism P5 there is an
air gap.
[0030] In FIG. 2, the following total path lengths are
defined for each endpoint channel (defined in terms of the
sensor at the end of the channel):

[0031] Sensor D1 (e.g. first near infrared) path: A+B+C

[0032] Sensor D2 (e.g. second near infrared) path:

A+D+E+F+G

[0033] Sensor D3 (e.g. red) path: A+D+E+H+I+J+K

[0034] Sensor D4 (e.g. blue) path: A+D+E+H+I+O

[0035] Sensor D5 (e.g. green) path: A+D+E+H+1+M+N
[0036] Inan embodiment, the path lengths are matched, so

that A+B+C=A+D+E+F+G=A+D+E+H+I+J+K=A+D+E+
H+I+O=A+D+E+H+I+M+N. The matching of path lengths
can comprise an adjustment for focal plane focus position
differences in wavelengths to be detected at the sensors
D1-D5. That is, for example the path length towards the
sensor for blue (B) light may not be exactly the same as the
path length towards the sensor for red (R) light, since the
ideal distances for creating a sharp, focused image are
somewhat dependent on the wavelength of the light. The
prisms can be configured to allow for these dependencies.
[0037] The D+H lengths can be adjusted and act as focus
compensators due to wavelength shifts, as will be described
in reference to FIG. 5a-d.

[0038] A larger airgap in path T can be used for additional
filters or filled with glass compensator for focus shifts and
compensation. An airgap needs to exist in that particular
bottom surface of red prism because of the internal reflection
in the path from beam J to beam K. A space can be reserved
between the prism output faces and each of the sensors D1-5
to provide an additional filter, or should be filled up with
glass compensators accordingly.

[0039] An advantage of the fact that P1 and P3 use
essentially the same reflection paths, is that this way the
optical assembly can have sensors mostly on one side (D1,
D2, D3 are all on one side), still use an even amount of
direction change so all sensors see the same image and no
mirror effects need to be compensated for.

[0040] Normally optical prisms are designed as in the case
of the three channel blue and red channels, and that way the
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path length would require a very long prism, which would
result in a large module which is less suitable for use in an
endoscope or handheld imaging system. Furthermore the
two channels (sensors D1 and D2) would need to be opposite
of each other which also makes the electronics more cum-
bersome as the large distance between the 2 sensors. In the
embodiment of FIG. 2, the two sensors D1 and D2 can be on
the same side as prisms P1 and P3.

[0041] According an embodiment of the invention, the
first two prisms P1, P3 have a pentagonal shape where at
least five corners are used and all corners have an inside
angle>=90 degree.

[0042] Each of these prisms has an additional compensator
prism P2, P4 to create a flat exit surface pane for the light
and at the same time have a path length compensation
function to be able to match the path lengths of all sensors.
[0043] In an embodiment according the invention, the
dimensions are given as follows. Total height of the module
is 30 mm or smaller for a 5-channel configuration includ-
ing the sensors. The maximum width<15 mm. The maxi-
mum length=<45 mm.

[0044] In an embodiment according the invention, a sys-
tem using a dichroic prism assembly has a capability to
create image resolutions in full color without artifacts at
3840x2160@12 bit per color at 60 Fps without using
infrared frame insertion. Infrared frames are available as
well at these same resolution@]12 bit.

[0045] Another advantage of the current invention is that
because all surfaces that connect the paths to D1 and D2 are
flat. Accordingly the modules (P1, P2, P3, P4) can be easily
aligned which makes automatic assembly easy. These mod-
ules can be prepared individually and afterwards bonded
together with a simple robotic or manual tool.

[0046] The second prism P3 (for the D2 path) can be
smaller than the prism P1 (for the D1 path), because path
length A is already compensated for. In order to shape the
first prism for the path to D1 with a slightly longer length (A)
a perfect match can be created between the total internal path
to D1 and compensate as much as possible for the total
length of the path to D2.

[0047] The pentagonal prisms are usually not regular. For
example, length a (influencing the length of beams B and C)
of the P1 cross section may be smaller than length b
(influencing the length of beams A and B).

[0048] FIG. 3 schematically shows a dichroic prism
assembly according to an embodiment of the invention.
Compared to FIG. 2, the first pentagonal prism P1 and the
first compensator prism P2 are absent. The resulting dichroic
prism assembly of FIG. 3 has four channels, each respective
channel formed by a path to one of the sensors D2-D5. The
following path lengths are defined for each channel:

[0049] Sensor D2 (e.g. near infrared) path: E+F+G

[0050] Sensor D3 (e.g. red) path: E+H+I+J+K

[0051] Sensor D4 (e.g. blue) path: E+H+1+O

[0052] Sensor D5 (e.g. green) path: E+H+I+M+N
[0053] The path lengths are matched, so that E+4F+G=E+

H+I+J+K=E+H+I[+O=E+H+I+M+N.

[0054] FIG. 4a schematically shows an endoscope 10 or
laparoscope 10, according to an embodiment of the inven-
tion. For the purposes of this invention, the differences
between laparoscopes and endoscopes are relatively small,
so where the description mentions an endoscope, a laparo-
scope configuration is usually also possible. The endoscope/
laparoscope 10 comprises camera module 11 including a
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dichroic prism assembly 15 such as shown in FIG. 2 or 3.
The camera module 11 may also include an additional lens
12 for focusing incident light onto the entrance face of the
dichroic prism assembly 15. This last lens 12 may also be
integrated in the last part of the endoscope part to match the
prism back focal length. An optical fiber 14 connected to a
light source 13 couples light into the endoscope 10. Inside
the endoscope, optical fiber 14 splits off into several fibers
14'.

[0055] Inside the laparoscope a lens system is created
consisting of lens elements and/or relay rod lenses (similar
as in standard laparoscopes) or, in an endoscope configura-
tion, a fiber bundle can be used like in a standard flexible
endoscope. Furthermore a processing unit (not shown) may
be placed in the camera module 11 for high speed image
processing and image cleanup to optionally reduce data such
that it does not have to be transmitted.

[0056] In another embodiment of the invention, the pro-
cessing unit is placed further away from the imaging system
and optical elements. A key issue with specifically endos-
copy systems, but also open configurations, is the cabling
which provides the electronic signals of the systems to be
transferred between the processing unit and the image
sensors placed on the prism elements, and the cables that
provide the lighting to the object that is imaged. Most
configurations have 2 cabling systems based on Low Voltage
Differential Signals (LVDS). The data transfer speed of these
cables however is mostly limited to the length of the cable.
The optical configuration proposed in this invention means
that more data needs to be transferred at a higher bitrate than
usual in endoscopic medical imaging systems. Usability and
size are largely hindered by the fact that two cables are
required (one for light and one electrical for the image and
control signals). Simply adding more cable pairs is the
standard solution, but the downside of this is that the
minimal required thickness of the cables is limiting the
flexibility and agility of the camera head. Furthermore the
cables will become thicker in diameter and heavier and more
electronics is required inside the camera head, which makes
the camera head larger and heavier.

[0057] FIG. 45 shows an embodiment where the dichroic
prism assembly 15' (for example the assembly shown in
FIG. 2 or 3) and the lens 12' are located in the tip of
endoscope 10. In this embodiment, there is no need to
transport light from the tip to the camera module. However,
it is necessary now to transport the signal from the sensors
D1-D5 to the module 18 housing the processing unit. The
rod relaying lenses normally placed in the tube of the
laparoscope, or the fibers in case of an endoscope are no
longer required, and only a simple lens system 12' needs to
be placed in front of the prism assembly.

[0058] In any of these embodiments, it is possible to
include four small diameter coax cables 51 and place these
around/integrate these with the fiber optic cable 54. The
cable is then fused, together with optional filler cables 56 to
improve stability, as an integrated part and a single cable,
which is directly coupled between camera and control
system with light engine. Such an arrangement is shown in
FIG. 4c¢, where central core fiber 54 can carry light from the
light engine to the tip of the endoscope, and the diameter
coax cables 51 can carry the signal from detectors D1-D5
located in the tip to the processing unit in housing 53.
Depending on the amount of data to be transferred and the
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required length of the coax cables 51, a suitable number of
coax cables can be selected, e.g. one, two, three, four, or
more.

[0059] FIGS. Sa-d schematically show dichroic prism
assemblies with movable compensator prisms according to
an embodiment of the invention. FIG. 5¢ shows the same
configuration as FIG. 2, with optical axis of prisms P1, P2,
P3, and P4 aligned (which in this example coincides with the
bottoms of all prisms being aligned).

[0060] FIG. 5b shows prisms P2 and P4 shifted down-
wards compared to prisms P1, P3 and P5-P7 which are still
in the same vertical position as in FIG. 5a. The prisms P3
and P5-P7 have been shifted to the left so that the prisms still
connect with downward shifted compensator prisms P2 and
P4 (it is also possible to move P1 to the right). There is still
no airgap between P1 and P2 or between P3 and P4. As a
result, the path lengths D and H in FIG. 54 are slightly
shorter than the original path lengths D and H in FIG. 5a. In
other words, each of the paths to sensors D2, D3, D4, D5 is
now a little shorter compared to the path to sensor DI.
Moreover, the paths to sensors D3, D4 and D5 is now a little
shorter compared to the path to sensor D2 as well. If prisms
P2 and P4, were moved in the opposite direction (upwards
in FIG. 55), the paths to D2, D3, D4, D5 would be a little
longer compared to the path to sensor D1. In all cases the
optical axis of prisms shall remain the same. Additionally
prisms P1 and P3 may be moved up/down slightly to change
the position along the optical axis of the imaging sensor
(left/right) to perfectly match the best achieved mechanical
position. This would furthermore have an impact on the total
path length of each of the sensors and hence, according an
embodiment of the invention the two compensator prisms P2
and P4 are movable to correct for this change in path length.

[0061] In FIG. Sc¢, prism P4 is shifted with respect to
P1-P3 and P5-P7. The paths to sensors D3, D4, D5 is slightly
decreased compared to the path to sensors D1 and D2. The
prisms P5-P7 remain on the same optical axis.

[0062] In FIG. 5d, the prism P2 is shified downwards
which result in P3-P7 to also move slightly to the left, so that
prisms P1 and P2 are still connected to each other without
air gap as well as P3 and P4. The paths to sensors D2-D5 is
slightly decreased compared to the path to sensors D1.

[0063] FIGS. Sa-d show a few example path length adjust-
ments that can be made by shifting compensator prisms P2
and/or P4 while maintaining a connection without air gap
with prisms P1 and P3. Other adjustments are possible as
well. The key point is that by adjusting the compensator
prisms, small adjustments can be made so that the path
lengths towards all five sensors match, e.g. depending on the
wavelengths used in each of the sensors D1-D5.

[0064] In embodiments according the invention, the opti-
cal axis of the prisms P1, P3, and P5-P7 remains the same,
in other words, these prisms are not moved in a vertical
direction. This is practical, because by only moving P2 and
P4 in a vertical direction, only the path lengths D and H are
affected, while the others A-C, E-G, I-O remain the same.
Moving e.g. P1 in a vertical direction would also affect path
lengths A, B, and C. making the effect of the vertical
adjustments harder to understand. However, the invention
does not exclude embodiments in which any one or more of
the prisms P1, P3, P5-P7 are moved vertically in order to
adjust path lengths.
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[0065] FIG. 6a shows a cross section of an exemplary
pentagonal prism for use in a dichroic prism assembly
according to an embodiment of the invention.

[0066] In an embodiment, the prism P1 or P3 has corners
which are designed so that an incoming beam which enters
the entrance face in a direction parallel to a normal of said
entrance face is reflected twice inside the prism and exits the
prism through an exit face parallel to a normal of said exit
face, wherein the normal of the entrance face and the normal
of the exit face are perpendicular to each other.

[0067] A skilled person can design such a prism. In the
example of FIG. 6a, one of the five angles is a right angle
(between faces F1 and F2), two angles have a first value
0290 degrees (between faces F2 and F3 and F3 and F4) and
two angles have a second value 225-c degrees (between
faces F1 and F5 and F5 and F4), making a total inside angle
of 540 degrees for a pentagonal prism. As can be easily
verified, the pentagonal prism as shown in FIG. 6a will
inwardly reflect an incoming horizontal beam, incoming
through face F1 in parallel with the normal of face F1, using
two reflections against faces F3 and F5, so that it exits the
prism in a vertical direction through face F2, in parallel with
the normal of face F2. In the first reflection, at face F3, the
beams will make an angle with the normal of the face of
reflection of 0—90 degrees. In the second reflection, at face
F5, the angle with the normal of the face of reflection is
135-c.. In this example, the angle . should have a value
90<a<135.

[0068] In a specific embodiment, the value of o is 112.5
degrees, so that the pentagonal prism has one right angle and
four angles of 112.5 degrees.

[0069] FIG. 65 shows a reduced part of the prism of FIG.
6a. As can be seen from the construction of the lines, it is
sufficient if one angle in the prism is 90 degrees (between F1
and F2), an angle adjoining the 90 degrees angle is o, and
the other angle (between F1 and F5) adjoining the 90
degrees angle is 225—c. The angles between F3 and F4 and
F4 and F5 can in fact be freely chosen.

[0070] The skilled person will also be able to design
prisms in which the incoming and outgoing beams are not at
right angles to each other. However, there are practical
advantages to designs, such as the embodiment of FIG. 65,
wherein the incoming and outgoing chief ray beam are at a
right angle to each other, as additional angles of light are
coming from the lens system.

[0071] A pentagonal prism shape is a logical and practical
choice for the prisms P1 and P3. However, as is clear from
FIG. 6b, in order to create the conditions for the required
reflections, in fact many different types of prism shape will
serve. The invention is therefore not limited to the use of
pentagonal prisms.

[0072] In the foregoing description of the figures, the
invention has been described with reference to specific
embodiments thereof. It will, however, be evident that
various modifications and changes may be made thereto
without departing from the scope of the invention as sum-
marized in the attached claims.

[0073] In addition, many modifications may be made to
adapt a particular situation or material to the teachings of the
invention without departing from the essential scope thereof.
Therefore, it is intended that the invention not be limited to
the particular embodiments disclosed, but that the invention
will include all embodiments falling within the scope of the
appended claims.
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[0074] 1In particular, combinations of specific features of
various aspects of the invention may be made. An aspect of
the invention may be further advantageously enhanced by
adding a feature that was described in relation to another
aspect of the invention.

[0075] It is to be understood that the invention is limited
by the annexed claims and its technical equivalents only. In
this document and in its claims, the verb “to comprise” and
its conjugations are used in their non-limiting sense to mean
that items following the word are included, without exclud-
ing items not specifically mentioned. In addition, reference
to an element by the indefinite article “a” or “an” does not
exclude the possibility that more than one of the element is
present, unless the context clearly requires that there be one
and only one of the elements. The indefinite article “a” or
“an” thus usually means “at least one”.

FIGURE REFERENCES

[0076] P1: First pentagonal prism

[0077] P2: First compensator prism

[0078] P3: Second pentagonal prism

[0079] P4: Second compensator prism

[0080] D1: First sensor

[0081] D2: Second sensor

[0082] P5: dichroic prism of further dichroic prism assem-
bly

[0083] P6: dichroic prism of further dichroic prism assem-
bly

[0084] P7: dichroic prism of further dichroic prism assem-
bly

[0085] D3: red light sensor

[0086] D4: blue light sensor

[0087] DS5: green light sensor

[0088] A-O: path segments

[0089] 10: endoscope

[0090] 11: camera module

[0091] 12: lens

[0092] 13: light source

[0093] 14: optic fiber

[0094] 15: dichroic prism assembly
[0095] 51: coax cable

[0096] 52: coax cable cover
[0097] 53: housing

[0098] 54: fiber optic cable
[0099] 55: fiber optic cable cover
[0100] 56: filler cable.

1. A dichroic prism assembly (P1-P7) configured to
receive light from an object image through an entrance face
of the dichroic prism assembly, comprising a first prism (P3)
and a further dichroic prism assembly (P5, P6, P7) for
splitting light in three light components, the first prism
having a cross section with at least five corners, each corner
having an inside angle of at least 90 degrees,

wherein the corners of the first prism are designed so that

an incoming beam which enters the entrance face in a
direction parallel to a normal of said entrance face is
reflected twice inside the prism and exits the prism
through an exit face parallel to a normal of said exit
face,

wherein the normal of the entrance face and the normal of

the exit face are perpendicular to each other,

wherein the dichroic prism assembly comprises a com-

pensator prism (P4) between the first prism and the
further dichroic prism assembly,
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wherein a first side of the first prism (P3) is provided with
a first sensor (D2) and each prism in the further dichroic
prism assembly (P5, P6, P7) is provided with a sensor
(D3, D4, D5), and

wherein the dichroic prism assembly (P1-P7) is arranged
so that the path lengths from the entrance face of the
dichroic prism assembly to each of the sensors (D2, D3,
D4, D5) are substantially equal.

2. The dichroic prism assembly (P1 -P7) according to
claim 1, wherein the first prism is a pentagonal prism.

3. The dichroic prism assembly (P1-P7) according to
claim 2, wherein the pentagonal prism has one right angle,
two angles a and two angles 225-, wherein 90<a<135.

4. The dichroic prism assembly (P1-P7) according to any
of the previous claims, wherein the first prism (P3) and the
compensator prism (P4) have their optical axes aligned, and
the compensation prism is movable with respect to the first
prism (P3) in a direction parallel to a normal of the optical
axis while maintaining a connection to the first.

5. A dichroic prism assembly (P1-P7) according to any of
the preceding claims, comprising a second prism (PT), the
second prism having a cross section with at least five corners
with an inside angle of at least 90 degrees prism and a
second side of the second prism (P1) being provided with a
second sensor (D1).

6. (canceled)

7. The dichroic prism assembly (P1-P7) according to
claim 5, wherein the first sensor (D2) and/or the second
sensor (D1) is an infrared light sensor.

8. The dichroic prism assembly (P1-P7) according to
claim 5, wherein, when light enters the second prism (PI)
through a first surface (SI), the light will be partially
reflected towards the second sensor (D1), thereby travelling
a first path length, and the light will partially enter the first
prism (P3) and be partially reflected towards the first sensor
(D2), thereby travelling a second path length, wherein the
second prism is larger than the first prism so that the first and
the second path lengths are the same.

9. The dichroic prism assembly (P1-P7) according to
claim 5, comprising a further compensator prism (P2) con-
nected to the second prism (PI).

10. (canceled)

11. Endoscope or laparoscope (10) comprising at least one
dichroic prism assembly (15) according to claim 1.

12. Endoscope or laparoscope (10) according to claim 1
1, further comprising a lens (12) for focussing light onto the
dichroic prism assembly.

13. A medical imaging system comprising at least one
dichroic prism assembly (15) according to claim 5 wherein
at least two infrared imaging wavelength sensors (D1, D2)
and three visible light wavelength sensors (D3, D4, D5) are
used, wherein each of the sensors are optically pixel to pixel
aligned with a accuracy of better than Ysth of a pixel.

14. The endoscope or the laparoscope according to claim
11, comprising an integrated cable comprising an optical
fiber core (54) for providing light from a light engine onto
a surgical field to illuminate, the optical fiber core sur-
rounded by a plurality of coax cables (51) for transporting
sensor data.

15. (canceled)

16. The endoscope or the laparoscope according to claim
11, wherein a frame acquisition frequency is at least 60
frames per second and a sampling rate is at least 8 bits per
pixel.
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17. The medical imaging system according to claim 13,
comptrising an integrated cable comprising an optical fiber
core (54) for providing light from a light engine onto a
surgical field to illuminate, the optical fiber core surrounded
by a plurality of coax cables (51) for transporting sensor
data.

18. The imaging system according to claim 13, wherein a
frame acquisition frequency is at least 60 frames per second
and a sampling rate is at least 8 bits per pixel.

® 0% % % %
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