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(57) ABSTRACT

A disposable endoscope with a tip part including a vision
sensor, an exterior housing having a front wall and a
circumferential wall, an interior spacing of the exterior
housing accommodating the vision sensor, and a camera
window positioned at least partly in front of the vision
sensor, the housing further comprising a nozzle provided at
the distal end of the tip part and configured to flush an
exterior surface of the window, wherein the front wall and
the nozzle are integrally formed in one piece from one
polymer material.
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TIP PART FOR AN ENDOSCOPE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 17/157,769, filed Jan. 25, 2021, which
claims priority to and the benefit of European Patent Appli-
cation No. EP20153967, filed Jan. 28, 2020, all said appli-
cations are incorporated herein by reference in their entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to insertable medical
vision devices, such as, but not limited to, endotracheal
tubes and endoscopes, in particular disposable insertion
endoscopes, more specifically to a tip part of such a vision
device, to an endoscope with such a tip part, and to a method
of manufacture of such a tip part, the tip part comprising a
nozzle.

BACKGROUND

[0003] Vision devices, such as endoscopes, are well
known for visually inspecting inaccessible places such as
human body cavities. Typically, the endoscope comprises an
elongated insertion tube with a handle at the proximal end,
as seen from the operator, and visual inspection means, such
as a built-in camera including a vision sensor, at a distal end
of the elongated insertion tube. This definition of the terms
distal and proximal, i.e. “proximal” being the end closest to
the operator and “distal” being the end remote from the
operator, as used herein for endoscopes in general, is
adhered to in the present specification. Electrical wiring for
the camera and other electronics, such as one or more LEDs
accommodated in the tip part at the distal end, runs along the
inside of the elongated insertion tube from the handle to the
tip part. A working or suction channel may run along the
inside of the insertion tube from the handle to the tip part,
e.g. allowing liquid to be removed from the body cavity or
allowing for insertion of surgical instruments or the like into
the body cavity. The suction channel may be connected to a
suction connector, typically positioned at a handle at the
proximal end of the insertion tube.

[0004] To be able to manoeuvre the endoscope inside the
body cavity, the distal end of the endoscope may comprise
a bending section with increased flexibility, e.g. a number of
articulated segments of which the tip part or an external
housing thereof may form the distalmost segment. The
maneuvering of the endoscope inside the body is typically
done by tensioning or slacking pull wires also running along
the inside of the elongated insertion tube from the tip part
through the remainder of articulated segments to a control
mechanism of the handle.

[0005] As the name indicates, endoscopes are used for
seeing inside things, such as lungs or other human body
cavities of a patient. Modern endoscopes are therefore
typically equipped with a light source and a vision receptor
including a vision or image sensor. Provided that sufficient
light is present, it is possible for the operator to see where
the endoscope is steered and to set the target of interest once
the tip has been advanced thereto. This therefore normally
requires illumination of the area in front of the distal tip of
the endoscope, in particular the field of vision of the
camera(s). The light source, such as a light emitting diode or
an optical fiber, may provide illumination.
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[0006] Additionally, when, as in the present disclosure, the
insertion tube of the endoscope is intended to be inserted
into a human body cavity, the insertion tube should further-
more be sealed in a watertight manner. This is particularly
the case for a distal tip part accommodating a camera,
LED(s), and/or other delicate electronics, prone to malfunc-
tion or destruction if exposed to humidity.

[0007] One known way of sealing the tip part of an
endoscope is disclosed in W02010/066790. In this docu-
ment, a transparent monolithic housing is formed around the
electronics and working channel by placing the electronics
and the tube forming the working channel in a mold of
transparent material, such as silicone. A transparent UV
curable resin is then inserted from the bottom of the mold to
avoid bubbles to form in the transparent resin. Because the
resin rises slowly from the bottom, the air is slowly expelled
from top of the mold, without any risk of air bubbles being
trapped in the mold. The resin is then cured using UV
irradiation through the transparent mold to form the mono-
lithic housing.

[0008] Tip part fluid nozzles are known from the prior art.
Such nozzles are typically formed by providing a metal
blank and then milling out the fluid paths within the nozzle.
Some prior art nozzles are positioned to project from a front
surface of the tip part. Typically, a milled out metal nozzle
element is attached to an exterior housing of the tip part. In
use, the tip part is then connected to one or more fluid
sources. The fluid provided from the fluid sources may be
liquid, such as water, and/or gas, such as carbon dioxide. In
some prior art tip parts, one nozzle is provided for ejection
of both gas and liquid; in others, two separate nozzles are
provided. Ejection of liquid from the nozzle is typically used
for flushing a front surface or a camera window or light
windows with liquid and thereby cleaning at least part of the
front surface. Ejected gas may be used for cleaning remain-
ing liquid on the camera window off after flushing with
liquid, but is primarily used for expanding a body volume to
improve the view through the camera.

SUMMARY OF EMBODIMENTS OF THE
DISCLOSURE

[0009] A first aspect of this disclosure relates to a tip part
for forming a tip of a disposable insertion endoscope, the tip
part comprising: an exterior housing having an open proxi-
mal end for connection to other parts of the endoscope, such
as an insertion tube, the housing further having a front wall,
wherein a circumferential wall of the housing extends from
a front end of the housing to the proximal end of the housing,
the circumferential wall and the front wall enclosing an
interior spacing accommodating a vision receptor able to
provide an image from light received from an object to be
investigated; and a camera window positioned at least partly
in front of the vision receptor, the camera window being
positioned in, positioned in front of, or forming part of the
front wall so that light received from the object can pass
through the window to the vision receptor; wherein the
housing further comprises a nozzle provided at the distal end
of' the tip part for flushing an exterior surface of the window
with a liquid transferred to the nozzle through a liquid
conduit extending from the proximal end of the housing,
through the interior spacing, and to the nozzle; and wherein
the front wall and the circumferential wall are integrally
formed from one polymer material and are in one piece with
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each other, and the front wall and the nozzle are integrally
formed from said one polymer material and are in one piece
with each other.

[0010] The tip parts according to this disclosure may make
it possible to reduce external dimensions of the tip parts and
may reduce costs and time in manufacture.

[0011] The tip of the disposable insertion endoscope may
be a distal tip of the disposable insertion endoscope.
[0012] The front wall may be a distal front wall positioned
oppositely from the proximal end and at least partly coin-
ciding with a distal end of the tip part.

[0013] The circumferential wall of the housing may
extend from the, potentially distal, front wall of the housing
to the proximal end of the housing.

[0014] The nozzle may be provided at the distal end of the
tip part.
[0015] The camera window may be an opening in the

exterior housing or a transparent part in or of the exterior
housing enabling light to enter into the tip part to be received
by the image sensor.

[0016] The camera window may comprise a second mate-
rial, which may be a second polymer material, and which
may be different from said one polymer material of the
exterior housing. The camera window and the exterior
housing may be integrally molded in one piece by a multi-
component molding process, which may be according to the
methods according to the second aspect of this disclosure. A
front surface of the camera window may be in the same
plane as a front surface of the exterior housing.

[0017] The term “integrally formed in one piece” as used
herein may involve that two or more parts are integrally
molded in one piece with each other.

[0018] The exterior housing may be cup-shaped, the cup
being formed by the front wall and the circumferential wall.
[0019] The nozzle may be a liquid nozzle or a nozzle for
ejection of liquid and/or may be a gas nozzle or a nozzle for
ejection of gas.

[0020] Said one polymer material may include or consist
of one or several polymers and/or further materials. One or
more of said polymers may be plastic or thermoplastic
polymers. Said one polymer material and a potential second
polymer material (see below) may be selected from ther-
moplastic materials, thermoset materials, and elastomers.
The second material may comprise or consist of a transpar-
ent material and/or may include or consist of several poly-
mers and/or further materials. Said one polymer material
and/or said second polymer material may be fiber-rein-
forced. The first material may be opaque at least in a set
condition. Said one polymer material may also be selected
for other properties, such as good adhesion to sealant
materials and adhesives. Thus, the set said one polymer
material may have better adhesion properties to glue than the
second polymer material.

[0021] The circumferential wall may have a cylindrical or
circular-cylindrical outer and/or inner surface. The circum-
ferential wall may comprise or be a circumferentially
extending cylindrical wall.

[0022] The front wall of the housing may include a liquid
outlet, which may be for introducing liquid into the nozzle.
The front wall of the housing may include further outlets,
inlets, and/or openings, such as a working channel opening
and a water jet outlet for rinsing tissue.

[0023] The tip part may further comprise a bending sec-
tion having a distal end segment, the distal end of the
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bending section and the proximal open end of the housing
potentially being adjoined to each other.

[0024] A first window part and a second window part of
the camera window may be molded as one single piece of a
second polymer material.

[0025] The nozzle may be formed integrally with the front
wall as a single piece of a first polymer material and/or
integrally with said first and second window parts as a single
piece of the second polymer material.

[0026] The first material may be opaque. This may allow
the introduction of shading parts inter alia reducing stray
light and glare into the vision receptor.

[0027] The first material may have better adhesion prop-
erties to glue than the second material. This may allow the
circumferential wall of the housing to adhere efficiently to a
sealing glue for sealing the interior spacing, and for an
exterior sleeve or an outer sheath of the insertion tube of the
endoscope to be securely adhered to the exterior or the
interior of the circumferential wall of the housing.

[0028] The second material may be a thermoplastic mate-
rial. This may allow the exterior housing to be produced in
an efficient manner, such as by injection molding.

[0029] The molding tool may comprise a first mold cavity,
a second mold cavity and a core. The first cavity and the
second cavity may have generally cylindrical shapes.
[0030] The first material may be allowed to set before the
at least one second material is introduced.

[0031] A volume of the at least one second material
introduced in the mold may be smaller than a volume of the
first material introduced in the mold.

[0032] The at least one second material may be selected
from the group comprising thermoplastic materials, thermo-
set materials, and elastomers.

[0033] The at least one second material may comprise the
transparent material.

[0034] The vision sensor may be a camera sensor of a
camera. The vision sensor and camera may form part of a
vision receptor, which may also include a lens stack and a
printed circuit board (PCB). At least part of or all of the
vision receptor may be accommodated in the exterior hous-
ing.

[0035] The circumferential wall may be a side wall and/or
may have a substantially cylindrical shape. The front wall
and window may be integrally formed or molded in one
piece. The front wall and the circumferential wall may form
a liquid-tight (except for any potential inlets, outlets, and
openings) barrier or border between an exterior of the tip
part or the environment and the interior spacing of the tip
part. The exterior housing may also accommodate at least
part of a working channel for supplying fluid to a working
channel opening in the front wall, a PCB of the vision
receptor, and/or the vision sensor or image sensor of a vision
receptor.

[0036] By integrally forming the circumferential wall and
window, a sealed tip part may be provided. Additionally,
assembly of the tip part may be made simpler as fewer parts
are required.

[0037] Additionally or alternatively, the exterior housing
may essentially consist of the same material as the window,
such as a transparent material.

[0038] This may provide the advantage that the first and
second materials can be selected according to the desired
properties, for instance a transparent material may be
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selected for the window and an opaque material may be
selected for the exterior housing.

[0039] In this context and applying generally to this dis-
closure, the term “comprises” includes “consists essentially
of”. The multi-component molding process may be a two-
component molding process.

[0040] The tip part may further comprise at least one light
source for providing light to the object to be investigated, the
light source potentially being accommodated in the interior
spacing of the exterior housing.

[0041] The camera window may also extend to be posi-
tioned in front of the first light source, or a window part may
include the camera window and one or more light windows
as described further below. Alternatively, a light window
provided separately from the camera window may be pro-
vided for the light source, the separate light window being
provided in front of the light source, potentially in a distal
front surface of the tip part.

[0042] The exterior housing may comprise a first polymer
material and a second polymer material, the second polymer
material being transparent,

[0043] The exterior housing may comprise a first window
part arranged in front of an electronic vision device in the
field of view thereof and a second window part arranged in
front of at least one light source.

[0044] The light source(s) may be optical fiber or a light
emitting diode (LED).

[0045] The light source may be a first light source, and the
tip part may comprise a second light source. The second
light source may be provided in a manner similar to the first
light source. The first light source may be positioned at a first
lateral side of the vision sensor and/or receptor, and the
second light source may be positioned on an opposite lateral
side of the vision sensor and/or vision receptor.

[0046] The vision receptor may comprise one or more
lenses, potentially arranged in a lens stack and arranged
between the vision receptor and the camera window, poten-
tially in the housing.

[0047] An exterior front surface of the tip part may be
substantially planar, wherein the nozzle may project in a
front or distal direction from a plane of the distal front
surface. The circumferential wall may extend from the front
surface, potentially along lateral sides of the vision sensor
and/or vision receptor and the potential light source.

[0048] The circumferential wall may extend in a direction
distally-to-proximally. The exterior front wall may extend in
a transverse direction, the transverse direction being trans-
verse to the distally-to-proximally direction.

[0049] The nozzle may include one or two or more fluid
inlets and at least one fluid outlet. The one or more fluid
inlets may be formed by outlets of respective fluid channels
and/or fluid tubes as described further below.

[0050] The tip part, in particular the one or more fluid
tubes, may be connected to or be connectable to one or more
fluid sources. The fluid provided from the fluid sources may
be liquid and/or air or gas. The liquid may be water. The gas
may be carbon dioxide. Ejection of liquid from or a liquid
jet ejected or sprayed from the nozzle may be used for
flushing with liquid and thereby cleaning at least part of the
front surface of the camera window. Ejected gas may be used
for cleaning remaining liquid on the camera window off after
flushing with liquid. The ejected gas may also be used for
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expanding a body volume. The gas may also be used for
accelerating or otherwise affecting the liquid flow and/or the
liquid flushing process.

[0051] The nozzle may comprise at least one nozzle outlet
which may face towards the camera window. The nozzle
outlet may include an outlet opening. The outlet opening
may have a width in a direction extending along a front
surface of the tip part and a depth extending in the proximal-
distal direction. The outlet opening may be rectangular, in
particular when viewed in a radial direction transverse to the
proximal-distal direction towards the nozzle outlet. The
outlet opening may include rounded corners. The nozzle
outlet may, when seen towards a front surface of the tip part,
have an outwardly rounded shape, which may increase an
opening area of the outlet opening compared to if the shape
were linear. This rounded shape may be formed by an edge
of a nozzle roof, this edge forming a top edge of the nozzle
opening. Beneath the roof, in the proximal direction, a
bottom edge may be formed by a nozzle floor or, if no nozzle
floor is present, by an edge of a plane front surface of the
exterior housing.

[0052] The nozzle may have a low depth, which may be
measured from the bottom edge to the top edge, compared
to its width. A proportional relationship of depth:width may
be from 1:2 to 1:12, in particular from 1:3 to 1:11, 1:4 to
1:10,1:4t0 1:9, 1:5t0 1:9, 1:6 to 1:9 or 1:7 to 1:9. The depth
may be from 0.1 to 0.3 mm, in particular from 0.15 to 0.25
mm. The width may be from 1 to 2.2 mm, in particular from
13 t0 1.9 or 1.4 to 1.8 mm. This may provide a flat jet that
may be used to flush the entire camera window, including
potential light windows, especially if the hand fan shape as
described below is also applied.

[0053] The nozzle may comprise a nozzle roof with an
interior roof surface facing in the proximal direction. The
nozzle roof may extend to the nozzle outlet. The roof may
have an opposed exterior surface facing in the distal or front
direction. The interior roof surface may be positioned at
least partly above the nozzle inlet(s) and/or may extend to
the nozzle outlet and may be inclined towards a plane of the
camera window or a distal front surface of the tip part. The
interior roof surface may comprise a fin projecting in the
proximal direction, which fin may be positioned centrally in
a flow direction towards the nozzle outlet.

[0054] The nozzle may comprise a nozzle floor positioned
opposed to the nozzle roof in the distal direction where the
nozzle floor may form part of a distal front surface of the tip
part. A surface of the nozzle floor may face outwardly, in the
distal direction and/or in a front direction of the tip part.
[0055] Alternatively, the nozzle may not comprise such a
nozzle floor. In this case one or more of the fluid nozzle
inlets may be positioned at least partly directly beneath (in
the distal direction) the nozzle roof. This may make it
possible to mold the nozzle in one piece with the exterior
housing front surface.

[0056] Lateral side walls of the nozzle may extend
between and connect the nozzle roof with the nozzle floor
and/or may extend between and connect the nozzle roof with
a distal front surface of the tip part. One of these side walls
may be a back wall positioned opposed to the nozzle outlet,
and may include a transitional section providing a transition
from the distal front surface of the tip part to the nozzle roof.
[0057] An interior surface of this back side surface may be
rounded or form a curvature, or may be non-straight and
include no steps, in a transition of a fluid flow from the fluid
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channel(s) to the flow ejected from the nozzle outlet towards
the camera window, which may be an advantage in terms of
the fluid flow through the nozzle. This distal front surface
may be parallel with the roof and may be positioned farther
in the distal direction than the nozzle roof so that the nozzle
projects from this front surface in the distal direction. Two
lateral interior side surfaces of associated lateral nozzle side
walls provided on each side of the back surface may be
arranged to form a flow path formed as a hand fan or a
Japanese fan and/or a flow path of flow inside the nozzle
towards the nozzle outlet may expand laterally along these
lateral interior side surfaces. Accordingly, a fluid jet ejected
from the nozzle outlet may be relatively flat in the distal-
proximal direction and may expand towards the camera
window, potentially shaped as a hand fan or a Japanese fan.
Hereby, an advantageous flow path may be provided, which
may potentially extend to an entire front surface of the
camera window and potentially of one or light windows. A
flow velocity of fluid flow may decrease towards the nozzle
outlet.

[0058] The tip part may additionally or alternatively com-
prise a working tube which potentially forms part of a
working channel of an endoscope. The exterior housing may
accommodate at least part of the working tube. The working
tube may be sealed in relation to the exterior housing,
potentially so that fluid in the working tube may not ingress
into the interior of the exterior housing. The working tube
may include a working outlet opening, which may be
positioned in a distal front surface of the exterior housing.
[0059] The vision receptor may comprise a vision sensor,
such as an image sensor, such as of a camera module. The
vision receptor may comprise a lens or a plurality of lenses
potentially arranged successively and optionally in a casing.
The plurality of lenses may be arranged, potentially in a lens
stack, in front of the vision sensor, potentially so that an
optical axis of the lens, potentially of the plurality of lenses,
align or coincide with an optical axis of the vision sensor. A
front or distal lens may form the camera window. The
plurality of lenses may be spaced apart by at least one
spacer, potentially a plurality of spacers. The vision receptor
may comprise a printed circuit board (PCB) having at least
one electrical component for converting light received by
the vision receptor to an image. The exterior housing may
accommodate a printed circuit board.

[0060] The camera window may have different shapes,
such as circular, half~-moon shaped etc. The camera window
may comprise a plurality of window parts. The window parts
may abut each other. The window parts may be fixed to each
other, potentially by gluing or welding. The camera window
may form part of the exterior housing. The camera window
may be integrally formed or molded in one piece with the
exterior housing. The camera window may be formed by a
lens, potentially a front lens of a lens stack, of the vision
receptor in which case this lens may be positioned in an
opening of the housing.

[0061] Additionally or alternatively, the camera window
may be a distal front window, potentially allowing the vision
sensor to receive image information from the distal end of
the tip part. An exterior surface of the camera window may
form part of a distal front wall of the exterior housing.
[0062] Additionally or alternatively, the camera window
may be a side window, for instance when the endoscope is
a duodenum endoscope. In this case, the front wall may be
a side front wall positioned at a lateral side surface of the tip
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part. The side window may allow the vision sensor to receive
image information from a side, potentially from a radial
direction, of the tip part. The exterior surface of the window
may be an exterior side surface. Accordingly, the front wall
may be a side front wall instead of a distal front wall.
[0063] Additionally or alternatively, the camera window
may comprise a front window and a side window. Accord-
ingly, the front wall may be both a distal and a side front
wall.

[0064] The camera window may comprise, potentially
consist essentially of, a transparent material. A transparent
material can transmit some image information and may
potentially be defined as allowing at least 50% of visible
light entering the window at the exterior surface to pass
through the window. The transparent material may be a
polymer, glass, plastic polymer, or any other suitable mate-
rial, e.g. silicone, or a combination thereof.

[0065] In this specification, the term “to accommodate”
may additionally or alternatively be defined as “to house” or
“to enclose” or “to surround”. For instance, the exterior
housing may enclose or surround the vision sensor and/or
the light source.

[0066] Inthis specification, the terms “integrally” or “inte-
grally provided” or “integrally comprising” or similar may
be defined as the associated features forming an integral part
of' a whole; and/or are in one piece, potentially molded in
one piece; and/or are substantially inseparable by hand.
[0067] In this specification, the term “proximal” may be
defined as being closest to an operator of the endoscope, and
the term “distal” as being remote from the operator. The term
“proximal-distal” may be defined as extending between
these two extremes, in the present case proximal-distal may
extend along a center axis of the tip part extending between
a proximal extremity of the proximal end of the tip part and
a distal extremity of the distal end of the tip part.

[0068] In this specification, the distal end of the tip part
should not be construed to only comprise the most distal
extremity of the tip part, rather the term “distal end of the tip
part” should be understood as a portion of the tip part being
distally positioned, e.g. a remaining portion of the tip part
relative to the proximal or back end and/or a portion of the
tip part for not being connected to other parts of the
endoscope and/or a distally located half of the tip part. In
some embodiments, the window may be a side window
positioned at the distal or front end of the tip part.

[0069] In this specification, the term “interior” may be
defined as being positioned in an interior space of the tip
part, and the term “exterior” may be defined as being
positioned in an exterior space of the tip part or as not being
positioned in an interior space of the tip part. The exterior
housing may include an exterior surface that forms an outer
surface of the exterior housing or the tip part.

[0070] In this specification, an endoscope may be defined
as a device adapted for viewing body cavities and/or chan-
nels of a human and/or animal body. The endoscope may for
instance be a conventional flexible or steerable endoscope or
a rigid endoscope or an endotracheal tube potentially pro-
vided with a camera and light source for ensuring the correct
position of the endotracheal tube, for instance a laryngo-
scope. The endoscope may be a duodenum endoscope or a
ureteroscope, or, in particular, a gastroscope or a coloscope.
[0071] Additionally or alternatively, the vision receptor
comprises a casing, potentially in the form of a lens barrel,
positioned between the first light source and a vision sensor
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of'the vision receptor, the casing potentially including a light
shield configured to substantially prevent light from passing
through the casing.

[0072] The casing may encase the vision sensor and/or a
lens or lenses of the vision receptor. The casing may extend
along a proximal-distal axis of the tip part. The casing may
be in the form of a lens barrel potentially substantially
having the shape of a cylindrical shell. The light shield may
be provided in the form of a light shielding layer provided
on the casing. The light shielding layer may be provided by
an adhesive, potentially hardened glue. The glue may be
opaque, potentially black.

[0073] Additionally or alternatively, the camera window is
positioned at a distal end of the tip part.

[0074] Additionally or alternatively, the vision receptor
may comprise a lens, potentially a plurality of lenses, being
arranged, potentially successively in the casing, between the
vision receptor, potentially the image sensor or vision sen-
sor, and the camera window.

[0075] Additionally or alternatively, the lens or plurality
of lenses may be provided separately from the camera
window. Additionally or alternatively, the lens or plurality of
lenses is not an integral part of the camera window. Addi-
tionally or alternatively, the lens or plurality of lenses is
made of a material different from a material of the camera
window.

[0076] Additionally or alternatively, the camera window
comprises a first light guide positioned in front of the first
light source, potentially directly in front of the first light
source.

[0077] Additionally or alternatively, The first light guide
may be of a transparent material, potentially the same
material as the window. The first light guide may have a
predetermined length between at least one first light recep-
tion end adapted for receiving light from the first light source
and at least one second light emission end adapted to emit
light. The first light guide may form an integral part of the
exterior housing and/or the camera window. By integrating
the light guide in the exterior housing, it becomes possible
to provide a sealed front end of the tip part and at the same
time provide a well-defined exit viewing angle for the light
from the light source.

[0078] In an embodiment, the front wall and the circum-
ferential wall are integrally molded in one piece with each
other, and the front wall and the nozzle are integrally molded
in one piece with each other.

[0079] Alternatively, either the front wall and the circum-
ferential wall are integrally molded in one piece with each
other or the front wall and the nozzle are integrally molded
in one piece with each other.

[0080] Inanembodiment, two fluid channels for providing
fluid to the nozzle are formed integrally in one piece with the
exterior housing.

[0081] The two fluid channels for providing fluid to the
nozzle may be molded integrally in one piece with the
exterior housing.

[0082] A first of the two fluid channels may be for gas, a
second for liquid.

[0083] The first fluid channel may extend farther towards
the nozzle in the distal-proximal direction than the second
fluid channel.

[0084] An inner diameter or largest cross section of one or
both fluid channels may be 1.3 to 1.9 mm or 1.4 to 1.8 mm
or 1.5 to 1.7 mm.
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[0085] A fluid tube, which may alternatively be denoted a
fluid pipe, may be positioned in each of the fluid channels.
Each tube may extend through the tip part, potentially to
respective fluid sources. Each tube may be provided sepa-
rately from or not in one piece with the exterior housing. A
first of the fluid tubes may be for gas, a second of the fluid
tubes may be for liquid.

[0086] Positioning of tubes in the fluid channels may
occur subsequent to manufacture of the exterior housing
including the nozzle and potentially the camera window. The
tubes may be inserted into the fluid channels in a distal to
proximal direction, potentially through a proximally posi-
tioned opening of the exterior housing.

[0087] The first fluid tube may extend farther towards the
nozzle in the distal-proximal direction than the second fluid
tube.

[0088] An outer diameter or largest outer cross section of
an outer surface of each fluid tube may correspond to the
diameter or largest cross section of each corresponding fluid
channel and may accordingly be 1.3 to 1.9 mm or 1.4 to 1.8
mm or 1.5 to 1.7 mm. An inner diameter or largest inner
cross section may be 1 to 1.4 mm or 1.1 to 1.3 mm.
[0089] One or both tubes may have a constant diameter
along its/their length(s). The tubes may be flexible and may
comprise or consist of a plastic or polymer material, such as
PET, PE or PP. The tubes may be tubular and may be
cylindrical.

[0090] In a further development of the present embodi-
ment, the nozzle comprises at least part of a fluid joint, the
fluid joint joining flow paths extending through the fluid
channels.

[0091] The fluid joint may join outlets from the fluid
channels or fluid tubes.

[0092] The fluid joint may be formed and/or molded
integrally in one piece with the exterior housing.

[0093] Including the fluid joint in the tip part may gener-
ally make it possible to enable e.g. an insertion tube of an
endoscope, which may be a critical dimension, to be smaller
in the radial direction.

[0094] The fluid joint may be at least partly formed by the
nozzle, and/or the two fluid flow paths may be joined at least
partly within the nozzle. This may save space within the
exterior housing, making it possible to provide a tip part
with a smaller radial extent. Alternatively, a further fluid
tube or channel collecting the two fluid paths may extend
from the tube joint to the nozzle.

[0095] Providing the fluid joint integrally, potentially
molded integrally, in one piece with the exterior housing,
potentially with either of or both of the exterior housing
front surface and circumferential wall, may shorten the dead
space in the tubes and may also make it possible to mix gas
and liquid, potentially within the nozzle.

[0096] In another or further development of the present
embodiment, at least part of the two fluid channels extend
side-by-side and include an open slot extending longitudi-
nally between them.

[0097] The open slot may allow for the two fluid tubes to
be positioned close to, potentially abutting, each other along
a longitudinal direction when the fluid tubes are positioned
in the fluid channels.

[0098] Potentially, parts of the fluid channels along a
longitudinal direction may be coinciding and/or parts of
circumferential walls may be removed from the cut-outs
where the fluid channels intersect each other. Accordingly,
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outlets from two fluid tubes and/or the inlets of the nozzle
may be shaped like the number “8”, especially if the fluid
tubes have a rounded or circular cross section. This embodi-
ment may make it possible to minimize dimensions of the
fluid channels and/or fluid tubes since they are positioned
very close to each other. This may, in turn, allow for a
reduction of a total cross-sectional or radial extent of the tip
part and/or the exterior housing.

[0099] This embodiment may also make it possible or at
least easier to mold the fluid channels since there is a
connection between them.

[0100] Another or further development of the present
embodiment comprises two fluid tubes provided separately
from the fluid channels, wherein one of the two fluid tubes
is positioned in each of the two fluid channels.

[0101] The fluid tubes may be provided as any one of the
fluid tubes described previously.

[0102] In another or further development of the present
embodiment, a fluid outlet from each of the fluid tubes
terminates at or in the nozzle so that they form fluid inlets
into the nozzle.

[0103] The fluid tubes may terminate to form the joint
described previously.

[0104] In an embodiment, a distal front surface of the tip
part includes the camera window, two fluid inlets extending
into the nozzle, and a working channel opening, wherein the
camera window, the two fluid inlets, and the working
channel window are equally distributed on the front surface
in a circumferential direction of the tip part.

[0105] In an embodiment, a first nozzle fluid inlet to the
nozzle is positioned closer to the camera window than a
second nozzle fluid inlet to the nozzle.

[0106] The first fluid inlet may be for gas, and the second
fluid inlet may be for liquid.

[0107] The nozzle may generally be suitable for ejection
of both gas and liquid. The nozzle outlet may generally be
for ejection of both gas and liquid.

[0108] A fluid flow path within the nozzle for fluid from
the second nozzle inlet may cross a fluid flow path within the
nozzle for fluid from the first nozzle inlet.

[0109] This embodiment may especially be combined
with one or more of the options regarding the shape of the
interior nozzle surfaces defining the fluid flow. A rounded
shape of a flow path of the gas may generally be less
important than that for the flow path of the liquid.

[0110] The nozzle fluid inlets may be positioned next to
each other along a straight line in a cross-sectional or radial
direction of the tip part, and the nozzle outlet may also be
positioned along this line. The nozzle gas inlet may be
positioned between the nozzle liquid inlet and the nozzle
outlet. Hereby, the liquid flow path may intersect the gas
flow path within the nozzle. A camera window center part
may also be positioned along the line, allowing fluid to be
sprayed from the nozzle outlet to the camera window.
[0111] The nozzle outlet may generally face and provide a
flow path from the outlet along or in a cross-sectional or
radial direction of the tip part. This may allow the flow from
the nozzle outlet to reach the camera window.

[0112] An embodiment of the tip part further comprises a
window part positioned at or in the front wall, wherein the
window part comprises the camera window, and the window
part is formed of a second polymer material, the second
polymer material being different from said one polymer
material.
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[0113] The second polymer material being different from
said one polymer material may involve that a composition of
the two polymer materials is different and/or that the one
polymer material comprises at least one component not
included in the second polymer material, or reversely. For
example, the one polymer material may comprise a polymer
not included in the second polymer material, and/or
reversely, and/or the one polymer material may comprise a
specific polymer in one amount and the second polymer
material comprises the same specific polymer in a different
amount. Various physical or chemical properties, such as
melting point and/or adhesive properties may similarly be
different in the two polymer materials.

[0114] Alternatively, the window part is formed of the
same material as the exterior housing, i.e. of the said one
polymer material, which may in this case be transparent
and/or translucent.

[0115] The window part may form part of the exterior
housing or may be provided separately from the exterior
housing.

[0116] The exterior housing may have been or may be
manufactured in a two-component molding process,
whereby the window part or camera window can potentially
be said to be integrally molded in one piece with the front
wall, the circumferential wall, and the nozzle.

[0117] The window part may be positioned in a cut-out of
the distal end wall and/or may extend into a cut-out of the
circumferential wall.

[0118] The window part may further include one or more,
such as two, light windows for distribution of light from
light sources positioned within the spacing of the exterior
housing. The camera window and the light window(s) may
be integrally formed in one piece with each other, the light
window(s) potentially being integrally molded in one piece
with the camera window.

[0119] The window part and/or the camera window may
be transparent and/or translucent. The light window(s) may
similarly be transparent and/or translucent and/or may allow
light from an object to be investigated to pass through the
light window(s) to illuminate the object to be investigated.
The object to be investigated will typically be provided in
front of or distal to the front wall, the camera window, and
the light window(s).

[0120] The camera window may generally be positioned
with a center line of the camera window coinciding with a
center line of a distal front surface of the tip part or of the
exterior housing. Two light windows may be positioned one
on each side of the camera window, potentially with an equal
distance to the center lines.

[0121] The nozzle may be provided, and the nozzle outlet
positioned, so that a nozzle fluid jet ejected from the nozzle
may, potentially directly, reach both the camera window and
the light window(s).

[0122] An embodiment of the tip part further comprises a
light guide positioned in front of a light source.

[0123] The light guide may be positioned behind or proxi-
mally from the light window of the previous embodiment.
[0124] One or further light guides may be provided, each
potentially being positioned behind or proximally from a
light window.

[0125] The window part of the previous embodiment may
comprise the light guide(s). The light guide(s) may thus be
formed of the second polymer material.
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[0126] Alternatively, the light guide is provided separately
from the window part and/or of the same material as the
exterior housing, i.e. of the said one polymer material, which
may in this case be transparent.

[0127] The light guide(s) may form part of the exterior
housing or may be provided separately from the exterior
housing.

[0128] The exterior housing may have been or may be
manufactured in a two-component molding process,
whereby the window part including the light guide(s) can
potentially be said to be integrally molded in one piece with
the front wall, the circumferential wall, and the nozzle.

[0129] The light window may be a distal end of the light
guide.
[0130] The light guide(s) may extend in a proximal direc-

tion into the interior spacing of the exterior housing.
[0131] The camera window and/or the light window(s)
and/or the light guide(s) may be integrally formed in one
piece with each other, these parts potentially being integrally
molded in one piece. The light guide(s) are transparent.
[0132] In another aspect, the present disclosure involves a
method of manufacture of tip part for forming a tip of a
disposable insertion endoscope, wherein the tip part com-
prises: an exterior housing having an open proximal end for
connection to other parts of the vision device, such as an
insertion tube of an endoscope, the housing further having a
front wall, wherein a circumferential wall of the housing
extends from a distal end of the housing to the proximal end
of the housing, the circumferential wall and the front wall
enclosing an interior spacing accommodating a vision recep-
tor able to provide an image from light received from an
object to be investigated; and a camera window positioned
at least partly in front of the vision sensor, the camera
window being positioned in, positioned in front of, or
forming part of the front wall so that light received from the
object can pass through the window to the vision sensor;
wherein the housing further comprises a nozzle for flushing
an exterior surface of the window with a liquid transferred
to the nozzle through a liquid conduit extending from the
proximal end of the housing, through the interior spacing,
and to the nozzle; said method comprising: integrally mold-
ing the exterior housing in one piece so that the front wall
and the circumferential wall are molded in one piece with
each other and so that the front wall and the nozzle are
integrally molded in one piece with each other.

[0133] The present disclosure also involves a method of
manufacture of tip part for forming the distal tip of a
disposable insertion endoscope, wherein the tip part com-
prises: an exterior housing having an open proximal end for
connection to other parts of the vision device, such as an
insertion tube of an endoscope, the housing further having a
front wall, wherein a circumferential wall of the housing
extends from a distal end of the housing to the proximal end
of the housing, the circumferential wall and the front wall
enclosing an interior spacing accommodating a vision sensor
able to provide an image from light received from an object
to be investigated; and a camera window positioned at least
partly in front of the vision sensor, the camera window being
positioned in, positioned in front of, or forming part of the
front wall so that light received from the object can pass
through the window to the vision sensor; wherein the
housing further comprises a nozzle for flushing an exterior
surface of the window with a liquid transferred to the nozzle
through a liquid conduit extending from the proximal end of
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the housing, through the interior spacing, and to the nozzle;
said method comprising the step of: integrally forming the
exterior housing in one piece so that the front wall and the
circumferential wall are formed in one piece with each other
and so that the front wall and the nozzle are integrally
formed in one piece with each other.

[0134] The methods according to this aspect of the present
disclosure may be methods of manufacture of a tip part
according to any one, or any combination, of any one of the
embodiments of tip parts as disclosed herein. The methods
according to this aspect of the present disclosure may
additionally or alternatively comprise any of the further
method steps as disclosed herein, including those disclosed
in relation to the tip parts of the present disclosure.

[0135] The molding step may involve or consist of injec-
tion molding. Injection molding is typically efficient in terms
of quick reproduction of identical items.

[0136] The first and/or second material may be selected
from thermoplastic materials, thermoset materials, and elas-
tomers. The second material may comprise or consist of a
transparent material. The first material may be opaque at
least in a set condition. The first material and said one
polymer material may also be selected for other properties,
such as good adhesion to sealant materials and adhesives.
Thus, the set first material may have better adhesion prop-
erties to glue than the second material or the second polymer
material.

[0137] The second material may be transparent and/or
may include the camera window and potentially one or more
light windows and/or may be provided as disclosed herein
with respect to the description of the tip parts of this
disclosure.

[0138] The methods according to this disclosure may
comprise introduction or positioning of one or more com-
ponents, such as tubes, the vision sensor, the vision receptor,
light sources etc., into the spacing of the exterior housing,
optionally subsequent to manufacture of the exterior hous-
ing.

[0139] The methods according to this aspect of the present
disclosure may further comprise the steps of, and/or a
method of manufacture of the tip parts according to this
disclosure may comprise: providing a molding tool; intro-
ducing a first melted material into the molding tool, wherein
the first material may be said one polymer material on a
melted form; introducing at least one second melted material
different from the first material into the molding tool,
wherein the second material may be said second polymer
material on a melted form; allowing the second material to
set and form a combined external housing with the first
material; and removing the combined external housing from
the molding tool.

[0140] This may allow the provision of an integrated unit
for the tip external housing having different areas with
different desired properties; specifically, the second material
may form the camera window and potentially one or more
light windows.

[0141] The molding tool may comprise a first cavity, a
second cavity, and one or more cores. If applying injection
molding, this may be advantageous since the molded object
may shrink during cooling and therefore may tend to stick to
the core. The first material may be allowed to set or partly
set before the second material is introduced. This may
provide well-defined boundaries between the two materials
in the final integrated unit. Moreover, it may allow the first
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mold to stick to the core for the introduction into the second
cavity of the molding tool. The volume of the second
material introduced in the mold may be smaller than a
volume of the first material introduced into the mold. This
may be of advantage if the second material is more brittle
than the first material because having a smaller volume
thereof will make it less prone to stick to the mold due to
shrinking, thereby making it easier to extract from the mold.
Accordingly, the second material may also be injected at
higher pressure than the first material because a high pres-
sure used for the first material will make it more prone to
sticking to the mold and/or core(s), in turn making removal
more difficult. Accordingly, the introduction of the first
and/or the second material may form part of an injection
molding process.

[0142] The second material may comprise or consist of a
transparent material. Injecting the transparent material as the
second material may be advantageous because transparent
materials, which are preferred for their optical properties,
may then be introduced under higher pressure than the first
material. This, in turn, may reduce shrinking and may
provide improved control of the optical properties of the
manufactured tip part. The second material, which may be
more brittle, may generally constitute only a minor part of
the total material of the exterior housing. This may make it
is easier to remove the exterior housing from the mold. The
first material may accordingly be opaque at least in its set
form. The first material and said one polymer material may
alternatively or additionally be selected for other properties,
such as good adhesion to sealant materials and adhesives.
Thus, the set first material may have better adhesion prop-
erties to glue than the second material or the second polymer
material. The first cavity and the second cavity may have
generally cylindrical shapes. This may result in a generally
cylindrical exterior housing which, in turn, may be suitable
for endoscopes made with the tip part according to the
present invention.

[0143] In an embodiment, the method further comprises
the step of integrally molding the exterior housing and the
camera window in one piece with each other in a multi-
component molding process, in which molding process the
exterior housing and the camera window are manufactured
from two different materials.

[0144] Alternatively, in such a multi-component molding
process, the window part is formed of the same material as
the exterior housing, i.e. of the said one polymer material,
which may in this case be transparent and/or translucent. In
this case, either the exterior housing or the camera window
may be manufactured with master batch, the other without.
[0145] In another aspect, the present disclosure involves
an endoscope comprising a tip part according to any one of
the embodiments of tip parts disclosed herein and/or com-
prising a tip part manufactured according to any one of the
embodiments of methods of manufacture of a tip part as
disclosed herein.

[0146] The endoscope may be a disposable insertion endo-
scope. The endoscope may include one or more features as
described herein in the above, including the features
described in the above introduction to this description, and
in connection with the description of the methods and tip
parts according to the present disclosure.

[0147] The endoscope may comprise an elongated inser-
tion tube with a handle at the proximal end. The tip part may
be positioned at the distal end of the elongated insertion
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tube. The tip part may further comprise a bending section
positioned between the tip part and the elongated insertion
tube. The bending section may be configured to be articu-
lated to maneuver the endoscope inside a body cavity.
[0148] A person skilled in the art will appreciate that any
one or more of the above aspects of this disclosure and
embodiments thereof may be combined with any one or
more of the other aspects and embodiments thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0149] In the following, non-limiting exemplary embodi-
ments will be described in greater detail with reference to the
drawings, in which:

[0150] FIG. 1 shows an embodiment of a disposable
insertion endoscope according to the present disclosure;
[0151] FIG. 2a shows a front perspective view of a tip part
of the endoscope of FIG. 1 structured with a cutout adapted
to receive a window;

[0152] FIG. 25 shows the front perspective view of the tip
part of FIG. 2a and including the window;

[0153] FIG. 3 shows a rear perspective view of the tip part
of FIG. 2a;

[0154] FIG. 4 shows a side view of the tip part of FIG. 2a;
[0155] FIG. 5a shows cross-sectional side view of the tip

part of FIG. 2a taken along the line V-V in FIG. 6, including
an enlarged portion shown in FIG. 55;

[0156] FIG. 55 shows an enlarged view of a portion of the
cross-sectional side view of FIG. 5a;

[0157] FIG. 6a shows an enlarged portion of a front view
of the tip part of FIG. 2a shown in FIG. 6b; and

[0158] FIG. 65 shows a front view of the tip part of FIG.
24, including the enlarged portion thereof shown in FIG. 6a;
[0159] FIG. 7a shows an enlarged portion of a rear view
of the tip part of FIG. 2 shown in FIG. 75b;

[0160] FIG. 7b shows a rear view of the tip part of FIG. 2,
including the enlarged portion thereof shown in FIG. 7a;

[0161] FIG. 8a is a perspective view of a camera;

[0162] FIG. 854 is a cross-sectional view of the camera of
FIG. 8a;

[0163] FIG. 9a is a perspective view of a bending section

connected to the tip part; and
[0164] FIG. 95 is a exploded perspective view of a portion
of the bending section and the camera.

DETAILED DESCRIPTION

[0165] FIG. 1 shows an endoscope 1 including a distal tip
with a tip part 2, the tip part 2 being an embodiment of the
tip part according to the first aspect of the present disclosure.
The tip part is manufactured according to the method of the
present disclosure. The endoscope 1 may be disposable or
designed for single-use and may be used in a variety of
procedures from which the endoscope 1 takes its procedural
name, such as gastroscope, but the endoscope 1 could also
be used for other medical purposes.

[0166] In many respects, the endoscope 1 is of conven-
tional design. For example, the handle, insertion tube, and
camera (discussed below) may be of conventional design,
except for the addition of the tubes and related components
provided to supply fluids to the nozzle (discussed below).
The tip part 2 is positioned at a distal end 3a of an elongated
insertion tube 4 of the endoscope 1. The insertion tube 4 is
at a proximal end 36 connected to a handle 5, which includes
a control button 6 for controlling bending of a bending
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section 7 positioned near the tip part 2. In the shown
embodiment, the bending section 7 is positioned between
the tip part 2 and the insertion tube 4. The bending section
7 is configured to be articulated to maneuver the endoscope
1 inside a body cavity. An example of the bending section 7
is described with reference to FIGS. 94 and 956. The handle
5 may be connected to fluid hoses (not shown) for supplying
fluids from fluid supply sources, e.g. liquid and gas or air, to
the tip part 2. The fluid supply sources may include one or
more fluid pumps or other fluid drive means. The endoscope
1 or the insertion tube 4 defines a proximal-distal direction
denoted as “PD” in FIG. 1. A cable 8 having a connector 8a
is provided to electrically couple the endoscope 1 to a video
monitor which is configured to display video images
obtained with a vision sensor 36 (shown in FIG. 8b) of the
endoscope 1.

[0167] FIGS. 2a to 7 show different views of the tip part
2. Referring to FIGS. 24, 2b, and 3, the tip part 2 includes
an exterior housing 9 having an open proximal end 9a for
connection to the more proximally positioned parts of the
endoscope 1. The housing 9 further comprises a distal or
front wall 11, wherein a cylindrically shaped circumferential
wall 12 extends from a distal end 95 to the proximal end 9a
of the housing 9. The circumferential wall 12 and the front
wall 11 enclose an interior spacing 24 accommodating a
camera 30 (shown in FIGS. 8a and 85) including the vision
sensor 36 and able to provide an image from light received
from an object to be investigated. The front wall 11 is
positioned oppositely from the proximal end 9a of the
housing 9. The circumferential wall 12 extends from the
front wall 11 to the proximal end 9a of the housing 9.
[0168] The housing 9 further comprises a nozzle 15 pro-
vided at the distal end of the tip part 2 for flushing an exterior
surface 18a of a camera window 18 with a liquid transferred
to the nozzle 15 from the fluid sources. The liquid flows
through fluid tubes 21, 22 extending from the handle 5 to the
nozzle 15. The nozzle 15 is a liquid nozzle for ejection of
liquid and also functions as a gas nozzle for ejection of gas,
as described further below.

[0169] The front wall 11 and the circumferential wall 12
may be integrally molded from one polymer material in one
piece. The front wall 11 and the nozzle 15, similarly, may be
integrally molded from said one polymer material in one
piece. The front wall 11, the circumferential wall 12, and the
nozzle 15 may be integrally molded from one polymer
material in one piece. The front wall and the circumferential
wall can be also be molded separately and then bonded
together to form a one-piece part. Said one polymer material
is opaque and consists of, or comprises or consists essen-
tially of, a thermoplastic polymer. A window component 14
(discussed below) is manufactured of a second polymer
material which is transparent and similarly comprises a
thermoplastic polymer.

[0170] InFIG. 24 the front wall 11 and the circumferential
wall 12 include a cutout 95 for the window component 14,
which is inserted in the cutout, as shown in FIG. 254, and
includes light windows 19 located on either side of the
camera window 18. Cutout 95 comprises a cutout 12¢ on the
circumferential wall 12 and a cutout 115 on the front wall 11.
Therefore the front surface of the tip part comprises a
portion provided by the front wall 11 and a portion provided
by the window component 14. Alternatively stated, the front
wall 11 includes an opaque portion and a transparent portion
comprised by the window component 14. The light source
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windows 19 allow light to be emitted by light sources to
illuminate the object under observation.

[0171] The exterior housing 9 is generally cup-shaped, the
cup being formed by the front wall 11 and the circumfer-
ential wall 12. The circumferential wall 12 is a circumfer-
entially extending cylindrical wall which has a generally
cylindrical outer surface 12a and includes a step 1256 for
positioning of a flexible external sleeve or outer sheath 4a
which extends over the bending section 7 to the step 125,
surrounding part of the tip part 2.

[0172] The front wall 11 of the housing 9 includes a liquid
and gas outlet 16a (shown in FIG. 5b) located distally of the
liquid tube 21 and gas tube 22, which is an opening in the
front wall 11 for introducing liquid and gas into the nozzle
15. The front wall 11 of the housing 9 also includes a
working channel opening 17 and a water jet outlet 10 for
ejecting a water jet for rinsing tissue. The tip part 2 also
comprises a working tube 13a (further described with ref-
erence to FIG. 7b) defining a working channel opening 17
positioned in the distal front surface of the tip part 2.
[0173] The tip part 2 of the endoscope 1 further comprises
the bending section 7, shown in FIGS. 9a and 95, which has
a distal end segment 41, intermediate segments 42, and a
proximal end segment 43 interconnected by articulated
sections 44 therebetween, the distal end segment 41 is
connected to the proximal end 9a of the housing 9. An
internal support 38 may be used to support the camera 30
inside the housing 9. The internal support 38 (shown in FIG.
95) may include a proximal joint portion operable to form a
joint with a complementary portion in the distal end segment
41 of the bending section.

[0174] Referring to FIG. 24, the camera window 18 is
positioned in the front wall 11 in front of the camera 30 so
that light received from the object can pass through the
camera window 18 to reach the vision sensor of the camera
30 as is conventional in endoscopes. The light windows 19
are positioned on the sides of the camera window 18 to
permit light emissions therethrough to illuminate the object.
[0175] The camera window front surface 18a of the cam-
era window 18 extends along the distal end surface of the tip
part 2 in a plane common with a front surface 11a of the
front wall 11. The window component 14 is also positioned
so that its side surface extends into the circumferential wall
12 to have the side surface completing the cylindrical
external surface of the circumferential wall 12. The window
component 14 can potentially be said to form part of the
exterior housing 9, a front surface of the window component
14 forming part of a front surface of the housing 9 or the
front wall 11 thereof, and the side surface of the window
component 14 forming part of the circumferential side
surface of the housing 9 or the circumferential wall 12.
Alternatively, the window component 14 can be said to be
positioned in a cut-out 115 of the distal end wall 11 and
extending into a cut-out 12¢ of the circumferential wall 12.
[0176] The window component 14 and the exterior hous-
ing 9 may be integrally molded in one piece by a multi-
component molding process according to the methods of the
second aspect of this disclosure, whereby the window com-
ponent is integrally molded in one piece with the front wall
11, the circumferential wall 12, and the nozzle 15.

[0177] Alternatively, the window component provides
side windows instead of the front windows discussed pre-
viously, for instance if the endoscope were a duodenum
endoscope. In this variation, the camera is positioned with



US 2023/0414072 Al

its optical axis aligned in a radial direction rather than the
longitudinal direction. The side camera window is posi-
tioned in a cutout on the circumferential wall to allow the
vision receptor to receive light reflected from an object
located on a side of the tip part 2. The window component
may also include light windows on the side and/or front of
the tip part.

[0178] Referring to FIGS. 2a, 25, and 3, fluid tubes 21 and
22 extend through the insertion tube 4 and are connectable
to fluid sources (not shown) as described above. The fluids
include liquid and gas. The liquid may be water and the gas
may be carbon dioxide (002). The fluids are ejected from the
nozzle 15 to flush and clean at least part of the camera
window front surface 18a of the camera window 18.
[0179] The nozzle 15 may be formed integrally with the
front wall 11 as a single piece of the first polymer material.
The first polymer material may be opaque, which limits stray
light and glare from reaching the vision sensor. The first
polymer material may have better adhesion properties to
glue than the second polymer material to allow the circum-
ferential wall 12 to adhere efficiently to a sealing glue
sealing the interior spacing and for the outer sheath 4a to be
securely adhered to the part of exterior surface of the
circumferential wall 12 extending proximally from the step
1254. The first and second polymer materials are thermoplas-
tic polymer materials which allows the exterior housing 9
and the window component 14 to be produced by injection
molding in said two-component molding process with a
liquid-tight seal formed at the juncture of the exterior
housing 9 and the window component 14. Additionally,
assembly of the tip part 2 is made simpler since fewer parts
are required.

[0180] The distal exterior surface of the tip part 2, or front
surface 11q, is substantially planar, the nozzle 15 projecting
in a front or distal direction from a plane of the front surface.
The circumferential wall 12 extends from this front surface
in the proximal-distal direction, PD, shown in FIG. 1. The
front wall 11 extends in a direction transverse to the direc-
tion PD.

[0181] Referring to FIGS. 5a and 55, the exterior housing
9 is formed with tube cavities, or channels 16 and 23, sized
and shaped to receive the distal ends of the fluid tubes 21 and
22. In one example, the distal ends of the fluid tubes 21 and
22 form liquid and gas inlets 15a, 155 for the nozzle 15. In
another example, the liquid and gas inlets 15a, 155 are
molded in one piece with the exterior housing 9 distally of
the tube cavities, and the fluid tubes 20, 21 are inserted into
the tube cavities 16, 23 to be adjacent the liquid and gas
inlets. In either case, the fluid tubes provide fluid commu-
nication between the fluid sources and the liquid and gas
inlets.

[0182] The tubes 21, 22 are positioned in an associated
one of the channels 16, 23. Each tube 21, 22 extends from
the tip part 2 to an associated fluid source as described
above. Positioning of tubes 21, 22 in the channels 16, 23
occurs after molding of the exterior housing 9, the nozzle 15
and the camera window 14. The tubes 21, 22 are after this
molding inserted into the fluid channels 16, 23 in the
direction PD through the proximal opening 9a of the exterior
housing 9. As shown, the gas tube 22 extends further distally
than liquid tube 21.

[0183] The tubes 21, 22 each has a constant diameter, are
flexible, and consist of a plastic polymer material with a
tubular and cylindrical outer shape. An outer diameter of an
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outer surface of each fluid tube 21, 22 may be between about
13 to 1.9 mm, or 1.4 to 1.8 mm, or 1.5 to 1.7 mm, and
preferrably about 1.6 mm. An inner diameter of each fluid
tube 21, 22 may be between about 1.0 to 1.4 mm, or 1.1 to
1.3 mm, and preferrably about 1.2 mm.

[0184] The nozzle 15 includes the two fluid inlets men-
tioned above, in the form of a liquid inlet 154 and a gas inlet
15b. The nozzle 15 also includes a nozzle outlet 15¢ and a
nozzle roof 154 extending across and spaced apart from the
liquid and gas inlets 15a, 155. The nozzle roof 154 has a
nozzle roof edge 15¢ which defines, together with a front
wall edge 11¢ of the front wall 11, the nozzle outlet 15¢. An
interior roof surface 15f extends to the nozzle roof edge 15e.
The fluids discharged through the fluid inlets 15a, 156
impinge on and are redirected by the interior roof surface 15/
toward the nozzle roof edge 15¢. The nozzle roof 154 may
extend toward the camera window 18 sufficiently such that
in overlaps the front wall edge 11¢. The nozzle roof 154 and
the interior roof surface 15f' may be angled toward the front
wall surface 11a. The fluid inlets 154, 155 can be considered
as being at least partly coinciding with the fluid outlet 16a
of the front wall 11 or as formed by outlets of associated
liquid and gas tubes 21, 22.

[0185] The shape of the nozzle roof 154 and the corre-
sponding nozzle outlet 15¢, together with liquid and gas
pressure and flow, can be designed and controlled to effect
different fluid plumes for different effects. Fjection of the
water from the nozzle 15 can be used for flushing and
cleaning at least part of the camera window front surface
18a. FEjected gas can be used for cleaning remaining liquid
on the camera window front surface 18a off after flushing
with water. The ejected gas can also be used for expanding
a fluid volume or for accelerating or otherwise affecting the
liquid flow and/or the liquid flushing process.

[0186] The nozzle outlet 15¢ faces toward the camera
window 18 and has a depth in the PD direction and a width
measured along a plane perpendicular to the PD direction.
The nozzle outlet 15¢ profile may be rectangularly shaped
with rounded corners, see FIG. 4. The nozzle outlet 15¢ has,
when seen towards the distal front surface of the front wall
11, an outwardly rounded shape which forms a circle sec-
tion, which increases an opening area of the outlet opening
compared to if the shape were linear, see FIG. 6.

[0187] The nozzle outlet 15¢ has a small depth, measured
from the bottom edge 11c¢ to the roof edge 15¢, compared to
its width. The depth may be between about 0.15-0.25 mm,
preferrably about 0.20 mm, and the width may be between
about 1.4-1.8 mm, preferrably about 1.6 mm, resulting in a
depth to width ratio of between 1:5.6-1:12 and preferrably
about 1:8. The shape of the nozzle outlet 15¢ provides a flat,
hand fan shaped fluid jet that can be used to flush the entire
camera window front surface 18a and the front surfaces of
the light windows 19. As mentioned, the inner diameter of
one or both tubes 20, 21 may be between about 1.3 to 1.9
mm, or 1.4 to 1.8 mm, or 1.5 to 1.7 mm. Accordingly, the
inner diameters are about the same size as the width of the
nozzle, +/-20%.

[0188] The interior roof surface 15 may also comprise a
fin (not shown) projecting in the proximal direction and
positioned centrally in a flow direction towards the nozzle
outlet 15¢. The fin, or a plurality of them, may be added to
better control fluid distribution and ensure the fluids are
evenly distributed on both sides of the fin(s).
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[0189] The nozzle may, in other embodiments, comprise a
nozzle floor positioned opposed to the interior roof surface
in the distal direction where the nozzle floor may form part
of a distal front surface of the front wall 11. A surface of such
a nozzle floor may face outwardly in the distal direction
and/or in a front direction of the tip part 2.

[0190] In the embodiment shown in the drawings, the
nozzle does not comprise such a nozzle floor. Instead, as
described, the nozzle inlets 15a, 155 are positioned proxi-
mally of the nozzle roof 154. This makes it more convenient
to mold the nozzle 15 in one piece with the front wall 11.
[0191] As seen in FIGS. 56 and 6a, the nozzle 15 has three
lateral side walls 15g, 15/, 15i, extending between and
connecting the nozzle roof 154 with the front wall 11 of the
tip part 2. Side walls 15g, 15i are lateral side walls that
define the width of the nozzle outlet 15¢, and side wall 15/
is a back side wall positioned opposed to the nozzle outlet
15¢ and includes a transitional section providing a bent or
inclined transition from the distal front surface of the tip part
2 to a rear end of the nozzle roof 154, see e.g. FIG. 5. An
interior surface of this back side wall 15/ is rounded and
forms a curvature in a transition of a fluid flow from the fluid
channel(s) to the flow ejected from the nozzle outlet 15¢
towards the camera window 18. Two lateral interior side
surfaces of the associated lateral nozzle side walls 15g, 15/
are provided on each side of said back surface and are, as
mentioned, arranged to form an ejected flow formed as a
hand fan or a Japanese fan, see FIG. 6. A flow path of fluid
flow inside the nozzle 15 towards the nozzle outlet 15¢
expands laterally to these lateral interior side surfaces.
Accordingly, a fluid jet ejected from the nozzle outlet 15¢ is
relatively flat in the depth direction PD and expands towards
the camera window 18, shaped as a hand fan or a Japanese
fan when the fluid is ejected. Hereby, the flow path extends
to cover the camera window 18, preferrably the entire front
surface of the camera window 18, and the light windows 19.
The flow velocity of fluid flow decreases towards the nozzle
outlet 15¢.

[0192] Referring to FIG. 65, axis X and Y are shown. Axis
X and Y are orthogonal and are drawn on a plane passing
through the front surface of the window component 14. Axis
X and Y intersect at the centerline of the distal tip. Axis Y
bisects the camera window 18. A line V-V is shown which
is a projection of a plane traversing and bisecting the nozzle
15. The two light windows 19 are positioned one on each
side of the camera window 18, symmetrically with respect
to and with an equal distance to the Y axis. As shown, the
line V passes approximately through the center of the
camera window 18. The side walls 15g and 15i define the
width of a narrow end of a plume of fluid that is used to clean
the camera window 18. The side walls 15¢ and 15/ can be
angled and separated enough to create a plume that covers
the majority (at least 50%) of the light source windows 19.
[0193] The gas inlet 155 to the nozzle 15 is positioned
closer to the camera window 18 than the liquid inlet 154 to
the nozzle 15. The nozzle 15 inlets are positioned next to
each other along the straight line V-V in a cross-sectional
direction of the tip part 2, and the nozzle outlet 15¢ is also
positioned along this line V-V. The nozzle 15 gas inlet 156
is positioned between the nozzle liquid inlet 154 and the
nozzle outlet 15¢. Hereby, the liquid flow path intersects the
gas flow path within the nozzle 15. The camera window 18
is also positioned along this line V-V, allowing fluid to be
sprayed from the nozzle outlet 15¢ directly towards the
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camera window 18. A fluid jet ejected from the nozzle 15 can
directly reach both the camera window 18 and the light
windows 19.

[0194] The nozzle outlet 15¢ faces and provides a flow
path from the outlet 15¢ along a cross-sectional direction of
the tip part 2. This allows the flow from the nozzle outlet 15¢
to reach the camera window part 18.

[0195] The distal front surface of the tip part 2 includes the
camera window 18, the two fluid inlets from the tubes 21, 22
extending into the nozzle 15, and the working channel
opening 17, wherein the camera window 18, the two fluid
inlets, and the working channel opening 17 are equally
distributed on the distal front surface in a circumferential
direction of the tip part 2.

[0196] Flow simulations based on the design of the tip part
2 as described in connection with the drawings have shown
that the tip part 2 provides an advantageous ejection of a
liquid jet from the nozzle through the nozzle outlet opening.
The liquid jet has at suitable fluid flow speeds a relatively
small depth and a hand fan shape as described above. Only
little turbulence was observed in the results of the simula-
tions both within and outside the nozzle 15.

[0197] Referring to FIGS. 7a and 74, the window com-
ponent 14 includes the camera window 18 positioned in
front of the vision sensor positioned within the tip part 2 and
two light windows 19 extending to be positioned in front of
two light sources 32 (shown in FIGS. 8a and 85), e.g. light
emitting diodes (LEDs), which are positioned within the tip
part 2, see e.g. FIG. 6b. The light windows 19 are for
distribution of light from the LEDs positioned within the
spacing of the exterior housing 9. The camera window 18
and the light windows 19 are integrally molded in one piece
with each other. As shown, the light windows 19 each
includes a light guide 20 (best seen in FIG. 85), which each
extends proximally from the distal font surface of the light
windows 19 towards each of the two LEDs. One LED is
positioned at a proximal end of each light guide 20. The
camera window 18 and the light windows 19, including the
light guides 20, are integrally molded in one piece with each
other from the said second polymer material. The light
guides 20 are transparent and convey and control light from
the LEDs. Examples and additional details pertaining to the
light guides and the window component are disclosed in
commonly-owned U.S. patent application Ser. No. 16/351,
632, titled “A TIP PART FOR A VISION DEVICE”, filed on
Mar. 13, 201, which is incorporated by reference herein in
its entirety.

[0198] The tip part 2 also comprises a working tube 13a
positioned in the working channel 13. The exterior housing
9 accommodates part of the working tube 13a which further
extends distally to the handle 5. The working tube 13a is
sealed in relation to the exterior housing so that fluid in the
working tube 13a will not ingress into the other interior
spacing parts of the exterior housing 9. The working tube
13a includes the working outlet opening 17, which is
positioned in the distal front surface of the tip part 2.

[0199] The nozzle 15 comprises a fluid joint formed by the
side walls 15/, 15g, 15/ and the nozzle roof 154 as well as
outlets from the tubes 21, 22. The fluid joint forms a joint
spacing coinciding with the fluid outlet 16a in which the
flow paths of liquid and gas extending through the tubes 21,
22 are joined. Hereby, the liquid and gas can be mixed in the
fluid joint.
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[0200] The channels 16, 23 are formed by proximally
extending walls 11e, 11¢' and 11f, 11/ and extend side-by-
side. An open slot 25 extends between them from an internal
channel surface 11g to an internal channel surface 11g'. The
distal ends of the tubes 21, 22 are positioned in the channels
16, 23, the tubes abutting each other in the slot 25 along the
direction PD. Accordingly, and as best seen in FIG. 75, the
outlets from the two tubes 21, 22 are shaped like the number
“8”.

[0201] FIGS. 8a and 85 are perspective views of a con-
ventional camera 30 including a lens barrel 31, LEDs 32, a
circuit board 33 connecting the LEDs 32 to a cable 34,
circuit components 35, and a vision sensor 36. The circuit
board 33 may be a flexible or printed circuit board. The cable
may be a flat cable which can also be part of the circuit board
33. The circuit components include passive components
provided to regulate voltages for the LEDs 32 or vision
sensor 36. The camera barrel 31 is opaque to block any light
from reaching the vision sensor 36 except through a distal
end of the camera barrel 31. The camera barrel 31 may have
one or more lenses therein between the distal end and the
vision sensor 36. The lenses are arranged in the lens casing
or lens barrel 31 positioned between the vision sensor and
the camera window 18 so that an optical axis of the lenses
align and coincide with an optical axis of the vision sensor.
The lenses are spaced apart by spacers. The exterior housing
9 accommodates part of the PCB.

[0202] The tip part 2 is manufactured by an embodiment
of the methods according to this disclosure as described in
the following.

[0203] First, the front wall 11, the circumferential wall 12,
the window component 14, and the nozzle 15 are molded in
one piece with each other by means of injection molding in
a two-component molding process. A suitable molding tool
is provided, and the first polymer material in melted or
molten form is introduced into the molding tool. The second
polymer material on a melted form is then introduced into
the molding tool. The first and second materials are then
allowed to set and form an integral component in one unit or
one piece. This one piece is then removed or extracted from
the molding tool. The molding tool comprises a first cavity,
a second cavity, and a core. The first material is allowed to
set or partly set before the second material is introduced. As
mentioned, the second material is transparent, and it is
introduced under higher pressure than the first material. The
second material forms the window component 14, which
constitutes only a minor part of the total material of the
exterior housing 9. The first material is opaque at least in its
set form.

[0204] Hereby, the exterior housing 9 including the nozzle
15 and the window component 14 can be manufactured
automatically in one single working procedure or working
step by means of the two-component injection molding
process as described, which saves time and costs in manu-
facture of the tip part.

[0205] Then, the tubes 21, 22, 13a can easily be positioned
in the channels 16, 23, 13, and the remaining components,
including the camera, are positioned into the interior spacing
24 of the exterior housing 9. The tip part is also attached to
the bending section.

[0206] Additional embodiments and examples include the
following:
[0207] [1] A tip part for forming a tip of a disposable

insertion endoscope, the tip part comprising: an exterior
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housing having an open proximal end for connection to
other parts of the endoscope, the housing further having a
front wall, wherein a circumferential wall of the housing
extends from a front end of the housing to the proximal end
of the housing, the circumferential wall and the front wall
enclosing an interior spacing accommodating a vision sensor
able to provide an image from light received from an object
to be investigated; and a camera window positioned at least
partly in front of the vision sensor, the camera window being
positioned in, positioned in front of, or forming part of the
front wall so that light received from the object can pass
through the window to the vision receptor; wherein the
housing further comprises a nozzle for flushing an exterior
surface of the camera window with a liquid transferred to the
nozzle through a liquid conduit extending from the proximal
end of the housing, through the interior spacing, and to the
nozzle; and wherein the front wall and the circumferential
wall are integrally formed from one polymer material and
are in one piece with each other, and the front wall and the
nozzle are integrally formed from said one polymer material
and are in one piece with each other.

[0208] [2] A tip part according to [1], wherein the front
wall and the circumferential wall are integrally molded in
one piece with each other, and the front wall and the nozzle
are integrally molded in one piece with each other.

[0209] [3] A tip part according to [1] or [2], wherein two
fluid channels for providing fluid to the nozzle are formed
integrally in one piece with the exterior housing.

[0210] [4] A tip part according to [3], wherein the nozzle
comprises at least part of a fluid joint, the fluid joint joining
flow paths extending through the fluid channels.

[0211] [5] A tip part according to [3] or [4], wherein at
least part of the two fluid channels extend side-by-side and
include an open slot extending longitudinally between them.

[0212] [6] A tip part according to any one of [3] to [5],
further comprising two fluid tubes provided separately from
the fluid channels, wherein one of the two fluid tubes is
positioned in each of the two fluid channels.

[0213] [7] A tip part according to any one of [3] to [6],
wherein a fluid outlet from each of the fluid tubes terminates
at or in the nozzle so that they form fluid inlets into the
nozzle.

[0214] [8] A tip part according to any one of [1] to [7],
wherein a distal front surface of the tip part includes the
camera window, two fluid inlets extending into the nozzle,
and a working channel opening, wherein the camera win-
dow, the two fluid inlets, and the working channel window
are equally distributed on the front surface in a circumfer-
ential direction of the tip part.

[0215] [9] A tip part according to any one of [1] to [8],
wherein a first nozzle fluid inlet to the nozzle is positioned
closer to the camera window than a second nozzle fluid inlet
to the nozzle.

[0216] [10] A tip part according to any one of [1] to [9],
wherein a ratio of depth:width of a nozzle outlet opening is
between 1:2 and 1:12.

[0217] [11] A tip part according to any one of [1] to [10],
further comprising a window part positioned at or in the
front wall, wherein the window part comprises the camera
window, and the window part is formed of a second polymer
material, the second polymer material being different from
said one polymer material.
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[0218] [12] A tip part according to any one of [1] to [11],
further comprising a light guide positioned in front of a light
source.

[0219] [13] A method of manufacture of tip part for
forming a tip of a disposable insertion endoscope, wherein
the tip part comprises: an exterior housing having an open
proximal end for connection to other parts of the vision
device, the housing further having a front wall, wherein a
circumferential wall of the housing extends from a distal end
of the housing to the proximal end of the housing, the
circumferential wall and the front wall enclosing an interior
spacing accommodating a vision sensor able to provide an
image from light received from an object to be investigated;
and a camera window positioned at least partly in front of
the vision sensor, the camera window being positioned in,
positioned in front of, or forming part of the front wall so
that light received from the object can pass through the
camera window to the vision sensor; wherein the housing
further comprises a nozzle for flushing an exterior surface of
the camera window with a liquid transferred to the nozzle
through a liquid conduit extending from the proximal end of
the housing, through the interior spacing, and to the nozzle;
said method comprising the step of: integrally molding the
exterior housing in one piece so that the front wall and the
circumferential wall are molded in one piece with each other
and so that the front wall and the nozzle are integrally
molded in one piece with each other.

[0220] [14] A method according to [13], further compris-
ing the step of integrally molding the exterior housing and
the camera window in one piece with each other in a
multi-component molding process, in which molding pro-
cess the exterior housing and the camera window are manu-
factured from two different materials.

[0221] [15] An endoscope comprising a tip part according
to any one of [1] to and/or comprising a tip part manufac-
tured according to any one of and [14].

LIST OF REFERENCE NUMERALS

[0222] 1 Endoscope

[0223] 2 Tip part

[0224] 3a Distal end
[0225] 34 Proximal end
[0226] 4 Insertion tube
[0227] 4a Outer Sheath
[0228] 5 Handle

[0229] 6 Control button
[0230] 7 Bending section
[0231] 8 Cable

[0232] 8a Cable connector
[0233] 9 Exterior housing
[0234] 9a Open proximal end
[0235] 10 Water jet outlet
[0236] 11 Distal front wall
[0237] 11a Distal surface
[0238] 12 Circumferential wall
[0239] 125 Step

[0240] 13 Working tube
[0241] 13a Working tube
[0242] 14 Camera window
[0243] 14a Exterior surface
[0244] 15 Nozzle

[0245] 15a Liquid inlet
[0246] 155 Fluid outlet
[0247] 15¢ Nozzle outlet
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[0248] 15d Nozzle roof
[0249] 15¢ Top edge

[0250] 15/ Side wall

[0251] 15¢g Side wall

[0252] 15/ Side wall

[0253] 15i Gas inlet

[0254] 16 Liquid channel
[0255] 17 Working channel opening
[0256] 18 Camera window part
[0257] 19 Light window part
[0258] 20 Light guide

[0259] 21 Liquid tube

[0260] 22 Gas tube

[0261] 23 Gas channel
[0262] 24 Interior spacing
[0263] 25 Slot

[0264] 30 Camera

[0265] 31 Camera barrel
[0266] 32 LED

[0267] 33 Circuit board
[0268] 34 Cable

[0269] 35 Circuit component
[0270] 36 Vision sensor

1. An endoscope comprising: a tip part, the tip part
including:

a housing having a proximal end, a front end opposite the

proximal end, a circumferential wall extending from
the front end to the proximal end, a front wall, and a
nozzle, the circumferential wall and the front wall
defining an interior spacing of the housing;

a vision sensor positioned in the housing; and

a camera window positioned at the front end of the

housing;

wherein the housing further comprises, extending proxi-

mally from a proximal surface of the front wall, a gas
channel and a liquid channel, the gas channel sized and
shaped to receive a distal end of a gas tube and the
liquid channel sized and shaped to receive a distal end
of a liquid tube,

wherein the nozzle comprises a nozzle roof positioned

distally of the gas channel and the liquid channel, the
nozzle roof defining a nozzle outlet,

wherein the gas channel, the liquid channel, the nozzle

outlet and the camera window are aligned such that a
plane parallel to a longitudinal dimension of the distal
tip traverses the gas channel, the liquid channel, the
nozzle outlet and the camera window, and

wherein the nozzle roof is sized and shaped to cause a gas

and a liquid discharged through the distal ends of the
gas tube and the liquid tube to impinge on, and be
redirected by, the nozzle roof through the nozzle outlet
toward the camera window.

2. The endoscope of claim 1, wherein the front wall, the
circumferential wall, and the nozzle are integrally molded in
one piece with each other.

3. The endoscope of claim 2, wherein the gas channel and
the liquid channel are formed integrally in one piece with the
housing.

4. The endoscope of claim 3, wherein the nozzle com-
prises at least part of a fluid joint, the fluid joint joining
liquid and gas flow paths extending distally from the gas
channel and the liquid channel to the nozzle roof.
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5. The endoscope of claim 3, wherein the gas channel
abuts the liquid channel and an open slot extends longitu-
dinally between the gas channel and the liquid channel.

6. The endoscope of claim 3, wherein the gas channel is
positioned between the camera window and the liquid
channel and extends distally further than the liquid channel.

7. The endoscope of claim 1, further comprising a handle,
an insertion tube, a bending section, the gas tube and the
liquid tube, wherein the gas tube and the liquid tube extend
from the handle to the tip part through the insertion tube and
the bending section.

8. The endoscope of claim 1, further comprising a window
component including the camera window and a light win-
dow, wherein the front wall comprises a cutout and the
window component is sealingly bonded to the front wall at
the cutout.

9. The endoscope of claim 8, wherein the window com-
ponent comprises a light guide extending proximally from
the light window, the light guide including a section with an
increasing cross-sectional area in the distal direction.

10. The endoscope of claim 1, wherein the nozzle roof
comprises a wall positioned opposite the front wall and
having a transitional portion that is generally concave.

11. An endoscope comprising: a tip part including:

a front wall;

a nozzle integrally formed in one piece with the front

wall;

a vision sensor; and

a camera window sealingly bonded to the front wall and
positioned distally of the vision sensor;

a gas channel and a liquid channel, the gas channel and the
liquid channel extending proximally from the front
wall, the gas channel sized and shaped to receive a
distal end of a gas tube and the liquid channel sized and
shaped to receive a distal end of a liquid tube,

wherein the nozzle comprises a nozzle roof positioned
distally of the gas channel and the liquid channel, the
nozzle roof defining a nozzle outlet,

wherein the gas channel, the liquid channel, the nozzle
outlet and the camera window are aligned such that a
plane parallel to a longitudinal dimension of the distal
tip traverses the gas channel, the liquid channel, the
nozzle outlet and the camera window, and

wherein the nozzle roof is sized and shaped to cause a gas
and a liquid discharged through the distal ends of the
gas tube and the liquid tube to impinge on, and be
redirected by, the nozzle roof through the nozzle outlet
toward the camera window.

12. The endoscope of claim 11, wherein the gas channel

and the liquid channel are formed integrally in one piece
with the front wall.
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13. The endoscope of claim 12, wherein the nozzle
comprises at least part of a fluid joint, the fluid joint joining
liquid and gas flow paths extending distally from the gas
channel and the liquid channel to the nozzle roof.

14. The endoscope of claim 11, further comprising a light
guide including a section with an increasing cross-sectional
area in the distal direction.

15. A method to manufacture an endoscope comprising a
tip part, the method comprising:

integrally molding in one piece a front wall, a circumfer-

ential wall, and a nozzle, the front wall and the cir-
cumferential wall forming a housing defining an inter-
nal space;

positioning a vision sensor in the internal space;

positioning a camera window at the front end of the

housing;

wherein the front wall includes, extending proximally

from a proximal surface of the front wall, a gas channel
and a liquid channel, the gas channel sized and shaped
to receive a distal end of a gas tube and the liquid
channel sized and shaped to receive a distal end of a
liquid tube,

wherein the nozzle comprises a nozzle roof positioned

distally of the gas channel and the liquid channel, the
nozzle roof defining a nozzle outlet,

wherein the gas channel, the liquid channel, the nozzle

outlet and the camera window are aligned such that a
plane parallel to a longitudinal dimension of the distal
tip traverses the gas channel, the liquid channel, the
nozzle outlet and the camera window, and

wherein the nozzle roof is sized and shaped to cause a gas

and a liquid discharged through the distal ends of the
gas tube and the liquid tube to impinge on, and be
redirected by, the nozzle roof through the nozzle outlet
toward the camera window.

16. The method of claim 15, further comprising integrally
molding the housing and the camera window in one piece
with each other, wherein the housing and the camera win-
dow comprise different materials.

17. The method of claim 16, further comprising integrally
molding a light guide with the camera window in one piece
with each other.

18. The method of claim 15, wherein the gas channel is
positioned between the camera window and the liquid
channel and extends distally further than the liquid channel.

19. The method of claim 15, further comprising inserting
the distal end of the liquid tube into the liquid channel and
inserting the distal end of the gas tube into the gas channel.
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