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Description

Background of the Invention

1. Field of the Invention

[0001] The present invention relates to an ultrasonic
endoscope whose insertion portion includes a distal hard
portion which has an endoscopic observation unit having
an observation field of view forwardly of the endoscopic
observation unit, and an electronic scanning type of ul-
trasonic observation unit having a circular or arcuate ul-
trasonic scanning plane perpendicular to the axis of the
distal hard portion.

2. Description of the Related Art

[0002] A so-called electronic scanning type of ultra-
sonic endoscope has heretofore been widely used in
which endoscopic observation means for observing a
body cavity, an endoscopic mechanism including other
means such as a treatment equipment insertion path
through which to insert forceps or other treatment equip-
ments, and ultrasonic observation means are fitted in a
distal hard portion of an insertion portion and the ultra-
sonic observation means performs scanning by sequen-
tially driving a multiplicity of ultrasonic transducers ar-
ranged in a predetermined direction in the ultrasonic ob-
servation means. For example, JP-A-2001-319403 de-
scribes a direct-view endoscope which has a field of view
forwardly of a distal hard portion of its insertion portion
as an observation field of view in the endoscopic obser-
vation means and in which the ultrasonic observation
means has an ultrasonic scanning plane in its radial di-
rection, i.e., a circular ultrasonic scanning plane or an
ultrasonic scanning plane which is arcuate in a predeter-
mined angular range.
[0003] The ultrasonic endoscope described in JP-A-
2001-314403 is inserted into a body cavity tube, for ex-
ample, an upper gastrointestinal tract such as the es-
ophagus or the small intestine, or a lower gastrointestinal
tract such as the large intestine, and an area which ap-
pears forward in the insertion direction is observed by
the endoscopic observation means. If an area of interest
such as a lesion is detected, the ultrasonic observation
means is positioned to face the area of interest so that
information about body tissues in the area can be ac-
quired.
[0004] Document US-A-5 368 037 discloses an ultra-
sound catheter for providing substantially real-time im-
ages of small cavities.
[0005] In the above-described type of ultrasonic endo-
scope, the number of ultrasonic transducers constituting
an ultrasonic transducer array is made several tens or
more in terms of resolution. Cables are respectively con-
nected to electrodes of the ultrasonic transducers, and
the connection of the cables to the electrodes is generally
provided via a flexible circuit board made of a resin film.

In the JP-A-2001-314403, the flexible circuit board is di-
vided into a plurality of flexible circuit boards, and each
of these flexible circuit boars is extended to an interme-
diate position in the insertion portion and is connected to
a respective one of the cables. The insertion portion has
a structure in which an angle portion and a flexible portion
are sequentially joined to the distal hard portion fitted with
the endoscopic observation means and the ultrasonic
observation means, and the connection between the flex-
ible circuit boards and the cables is provided at a position
inside the flexible portion extended from the angle por-
tion. Proximal ends of the flexible circuit board to which
the respective cables are connected are placed in a free
state.
[0006] In this construction, when the ultrasonic obser-
vation means is to be incorporated into the insertion por-
tion, the ultrasonic observation means is inserted into the
insertion portion with the cable connected to the flexible
circuit board in advance, and the proximal ends of the
cables are inserted by being drawn from the proximal
side of the insertion portion, until the ultrasonic transduc-
er array is arranged at the distal end of the insertion por-
tion. The flexible circuit board needs to have a certain
degree of rigidity in order to ensure the stability of con-
nection of the cables to the flexible circuit board, so that
during insertion into the insertion portion, the flexible cir-
cuit board is inserted while its side edges are being
caught on other members, and insertion operationality is
degraded. In addition, if the cables are operated while
being extremely strongly pulled, there is a risk that the
cables are broken.
[0007] In addition, since the ultrasonic observation
means and the endoscopic observation means are in-
corporated in the insertion portion, the inside of the in-
sertion portion has a high filling factor. Since the angle
portion is sharply bent by a bending operation, the end
of the angle portion is brought to a free state, and the
flexible circuit having a certain extent of rigidity is forcedly
folded during the bending of the angle portion, and the
end is forced against another member, for example, a
light guide constituting the endoscopic observation
means, and an edge of the end may break the light guide
made of a very thin optical fiber or a cable connected to
a solid-state image pickup device. Furthermore, a treat-
ment equipment insertion tube or an air/water feed tube
is buckled or damaged, and other problems occur.
[0008] In other words, in the case where the flexible
circuit board is used when the cables are respectively
connected to a multiplicity of ultrasonic transducers, if
part of the flexible circuit board is placed into a free state,
an edge or corner section of the flexible circuit board
which is placed in a free state interferes with other mem-
bers and compresses or damages these members not
only during the incorporation of the insertion portion but
also during the operation of the ultrasonic endoscope.
[0009] The invention has been made in view of the
above-described problems, and an object of the invention
is to ensure the fixability and stability of cables connected
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to an ultrasonic transducer array and makes it possible
to facilitate incorporation of endoscopic observation
means into an insertion portion.
[0010] An ultrasonic transducer array is generally
made of an approximately cylindrical unit, and a backing
layer is arranged in the inside of ultrasonic transducers,
while an acoustic lens is fitted on the outside of the ul-
trasonic transducers. The acoustic lens serves to focus
ultrasonic beams transmitted from the ultrasonic trans-
ducers, and beams in directions perpendicular to an ul-
trasonic-wave transmission plane are improved by the
acoustic lens. The ultrasonic transducer array is integrat-
ed with the above-mentioned members and the like and
is incorporated in the distal hard portion of the insertion
portion, and each member constituting the endoscopic
observation means and the like is inserted through the
inside of the ultrasonic transducer array formed in a cy-
lindrical shape in this manner, specifically, a tunnel-
shaped path formed in the inside of the backing layer.
[0011] The insertion portion of the ultrasonic endo-
scope is inserted into the body of a subject for the pur-
poses of various examinations and treatments, so that
the diameter of the insertion portion need be made as
thin as possible. If the accuracy of examination by the
ultrasonic observation means is to be increased, it is nec-
essary to increase the size of each of the ultrasonic trans-
ducers so as to increase the output power thereof. Ac-
cordingly, not only the thickness of each of the ultrasonic
transducers increases, but also the thickness of the back-
ing layer must be increased. The endoscopic mechanism
is inserted in the tunnel-shaped path formed in the inside
of the backing layer.
[0012] The endoscopic mechanism needs at least an
illumination section and an observation section because
the endoscopic mechanism is used to optically observe
body cavities. There is also a case where other members
such as a treatment equipment insertion channel and a
cleaning-fluid supply tube for an observation window are
provided in the endoscopic mechanism. In the observa-
tion section in particular, there is a case where an objec-
tive lens and a solid-state image pickup device as well
as, if necessary, various filters and a prism for bending
an optical path are provided. The treatment equipment
insertion channel is constructed to allow forceps and oth-
er treatment equipments to be inserted through, and is
desirably made of a thick tube in order to allow insertion
of large-sized treatment equipments.
[0013] As described above, the ultrasonic endoscope
has the problem that if any of the functions of the ultra-
sonic observation means or the endoscopic mechanism
is to be improved, the insertion portion must be made
thick as needed. The inside diameter of the backing layer
in particular has an extremely large influence on the fitting
of the endoscopic mechanism. An object of the invention
is to make it possible to ensure a wide fitting space for
the endoscopic mechanism by making as wide as pos-
sible the cross section of the tunnel-shaped path formed
by the backing layer.

Summary of the Invention

[0014] To achieve the above-described object, the in-
vention provides an ultrasonic endoscope comprising

an insertion portion comprising a distal hard portion
which has: an endoscopic observation unit having
at least an illumination section and an observation
section at its distal end surface; and an electronic
scanning type of ultrasonic observation unit fitted on
an outer circumferential section of the endoscopic
observation unit,
wherein: the ultrasonic observation unit comprises:

an ultrasonic transducer array having a plurality
of ultrasonic transducers arranged cylindrically
or circularly, and a backing layer cylindrically
formed on an inner circumferential surface of
the ultrasonic transducer array; and
a flexible circuit board arranged between the ul-
trasonic transducer array and the backing layer,
on which formed are a plurality of first terminals
each connected to an electrode of a respective
one of the ultrasonic transducers, a plurality of
second terminals to which cables are respec-
tively connected, and wiring patterns respective-
ly formed between the first terminals and the
second terminals,
wherein the flexible circuit board has a stepped
structure having a large-diameter section on
which the first terminals are formed on an exter-
nal surface side and a small-diameter section
on which the second terminals are formed on an
external surface side, and an annular support
section is formed on an inner circumferential
side of the small-diameter section.

[0015] The multiplicity of ultrasonic transducers which
constitute the ultrasonic transducer array and the respec-
tive cables are electrically connected via the flexible cir-
cuit board, and the flexible circuit board is fitted on a
support member. In this manner, the flexible circuit board
is fitted on the support member so that the entire flexible
circuit board is fixed, but an edge or a corner section
does not project. However, if the connection sections be-
tween the flexible circuit board and the ultrasonic trans-
ducers are straightforward extended and connected to
the cable, the outside diameter of the connection section
of the cable becomes large. For this reason, the flexible
circuit board is formed as a stepped structure, and the
large-diameter section of the stepped structure is con-
nected to the ultrasonic transducers and the small-diam-
eter section of the stepped structure is connected to the
cable, so that the diameter of the connection section be-
tween the flexible circuit board and the cables can be
restrained.
[0016] The backing layer is provided on the inner cir-
cumferential side of the ultrasonic transducer array, and
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the thickness dimension of the backing layer is desirably
as thick as possible. The support member which supports
the small-diameter section of the flexible circuit board
may be made of an independent member, but the backing
layer itself can be made to function as the support mem-
ber. In this case, the backing layer is projected by a pre-
determined length from an end section of the ultrasonic
transducer array toward a proximal side of the distal hard
portion and an outer circumferential surface of a section
projected by the predetermined length is reduced in di-
ameter to form a stepped structure, and the support sec-
tion is formed by a reduced-diameter section of the
stepped structure.
[0017] When the flexible circuit board is constructed
as described above, the flexible circuit board has the
stepped structure, so that folded sections are formed at
two locations, i.e., the transition section from the large-
diameter section to the stepped section and the transition
section from the stepped section to the small-diameter
section. The flexible circuit board may be formed in a
stepped cylindrical shape in advance, but in this case,
terminal sections and wirings are difficult to form on the
flexible circuit board by printing means. For this reason,
in pattern formation by printing, it is advantageous to con-
struct the flexible circuit board from one planar resin film.
[0018] In the case where the flexible circuit board is
formed of a planar resin film, the flexible circuit board
needs to be folded at two locations, and each folding
angle is generally 90°. Since the large-diameter section
of the flexible circuit board is generally cylindrical, the
large-diameter section is made of a continuous section,
but cuts must be formed in the area between the transition
section to the stepped section and an end of the small-
diameter section at at least a predetermined pitch. How-
ever, if the cuts are only formed, the flexible circuit board
will partially overlap in the small-diameter section. For
this reason, the flexible circuit board is divided into a plu-
rality of strips so that the flexible circuit board has the
circumferential length of the small-diameter section. The
strip-shaped discontinuous sections are formed at a pre-
determined pitch, and can be extended from the contin-
uous section to the position of the transition section to
the stepped section. In addition, the width dimension of
each of the discontinuous sections can also be made
uniform, and if necessary, may also be expanded from
the distal side to the position of the transition section to
the small-diameter section.
[0019] In other words, the flexible circuit board may
comprise:

a long section covering approximately the entire cir-
cumferential length of the large-diameter section;
and a plurality of strip-shaped discontinuous sec-
tions having a first length approximately equal to a
circumferential length of the small-diameter section,
and each of the discontinuous sections has a second
length extending from: a transition section from the
long section to the stepped section; to an end section

of the support section.

[0020] Folds are formed at two locations in the discon-
tinuous sections, and each of these folds needs to be
perpendicular and have a sharp folded shape in which
wrinkles or irregularities are not formed as a whole or in
part. If a folded section partially separates from the back-
ing layer, not only the strength of fixation of the flexible
circuit board to the backing layer is decreased, but also
a defective connection to the ultrasonic transducers oc-
curs or excessive external force acts on and causes dam-
age to the ultrasonic transducers. To cope with this prob-
lem, each of the discontinuous sections of the flexible
circuit board is constructed so that, for example, either a
plurality of small holes or a plurality of cuts are formed
along folding lines in the transition section from the large-
diameter section to the stepped section and the transition
section from the stepped section to the small-diameter
section, thereby forming a sharply folded shape.
[0021] According to the above-described construction,
since the cables are fixed to the flexible circuit board fixed
to the support member, cable connection work can be
easily performed, and the cables can be firmly fixed with
stability ensured. Accordingly; it is possible to smoothly
and easily perform the work of incorporating the ultra-
sonic observation means into the insertion portion,
whereby it is possible to achieve the advantage of pre-
venting the flexible circuit board or the like from com-
pressing or damaging other members during operation.
[0022] According to the invention, there may be pro-
vided an ultrasonic endoscope, wherein an endoscopic
mechanism is inserted in an inside of a tunnel-shaped
path which is formed in an inside of the backing layer,
the endoscopic mechanism comprising: the endoscopic
observation unit; and other sections including a treatment
equipment insertion channel, a filler which is the same
as or close to the backing layer in acoustic impedance
is charged in a spatial area which is produced in a section
where the endoscopic mechanism is arranged in the in-
side of the backing layer.
[0023] The filler may comprise the same material as
the backing layer and a solid-state image pickup device
is provided in the observation section, at least part of the
solid-state image pickup device being embedded in an
inside of the filler.
[0024] Accordingly, since the filler can serve a function
similar to the backing layer, it is possible to reduce the
thickness of the backing layer which constitutes the ul-
trasonic observation means, and it is possible to achieve
advantages such as widening the fitting space for the
endoscopic mechanism by the corresponding amount.

Brief Description of the Drawings

[0025]

Fig. 1 is a general construction diagram showing an
ultrasonic endoscope according to one preferred
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embodiment of the invention;
Fig. 2 is a schematic view of an external appearance
of a distal end of an insertion portion of the ultrasonic
endoscope according to the preferred embodiment
of the invention;
Fig. 3 is a schematic view showing a distal end sur-
face of a distal hard portion of the ultrasonic endo-
scope according to the preferred embodiment of the
invention;
Fig. 4 is a vertical cross-sectional view of the distal
hard portion;
Fig. 5 is a cross-sectional view taken along line A-A
of Fig. 4;
Fig. 6 is a cross-sectional view taken along line B-B
of Fig. 4;
Fig. 7 is a cross-sectional view taken along line C-C
of Fig. 4;
Fig. 8 is a cross-sectional view taken along line D-D
of Fig. 4;
Fig. 9 is a perspective view of an external appear-
ance of a bridge member of the ultrasonic endoscope
according to the preferred embodiment of the inven-
tion;
Fig. 10 is a developed view of an essential section
of a flexible circuit board of the ultrasonic endoscope
according to the preferred embodiment of the inven-
tion;
Fig. 11 is an enlarged cross-sectional view showing
joining sections between the flexible circuit board
and an ultrasonic transducer as well as a backing
layer;
Fig. 12 is an explanatory view showing a process for
forming a stepped cylindrical flexible circuit board
from a planar resin film;
Fig. 13 is an enlarged front view showing the folding
structure of a discontinuous section of the resin film;
Fig. 14 is a vertical cross-sectional view of the distal
hard portion;
Fig. 15 is a cross-sectional view taken along line A’
-A’ of Fig. 14; and
Fig. 16 is a cross-sectional view taken along line B’
-B’ of Fig. 14.

Detailed Description of the Invention

[0026] A preferred embodiment of the invention will be
described below in detail with reference to the accompa-
nying drawings. As shown in Fig. 1, an ultrasonic endo-
scope is generally made of a main control portion 1, an
insertion portion 2, and a universal cord 3. A light source
device, a video signal processing device and an ultra-
sonic observation device are connected to the ultrasonic
endoscope so as to constitute the entire system. The
universal cord 3 is extended from the main control portion
1 and is divided at a halfway position into branches which
are respectively equipped with a connector 3a removably
connected to the light source device, a connector 3b re-
movably connected to the video signal processing de-

vice, and a connector 3c removably connected to the
ultrasonic observation device.
[0027] The main control portion 1 can be grasped in
one hand by an operator or the like, and is provided with
angle operation means 4 and a treatment equipment
guiding portion 5 and is also equipped with an air/water
feed button 6, an suction button 7 and other switches 8.
[0028] The insertion portion 2 is a cord-like member
joined to the main control portion 1 and having a prede-
termined length, and is inserted into the body of a subject
and the like. In this insertion portion 2, nearly all length
extending from a position where the insertion portion 2
is joined to the main control portion 1 is formed as a flex-
ible portion 2a having a structure arbitrarily bendable
along an insertion path in a body cavity and the like. An
angle portion 2b is joined to the distal end of the flexible
portion 2a, and a distal hard portion 2c is joined to the
angle portion 2b. The angle portion 2b can be bent up-
wardly, downwardly, leftwardly and rightwardly by re-
mote operation in order to direct the distal hard portion
2c in a desired direction. Accordingly, the main control
portion 1 is provided with the angle operation means 4
so that the angle portion 2b can be bent by the operation
of the operator so as to direct the distal hard portion 2c
in a desired direction.
[0029] Fig. 2 shows a distal end of the insertion portion
2, and Fig. 3 shows the construction of a distal end sur-
face of the distal hard portion 2c. As is apparent from
Figs. 2 and 3, the distal hard portion 2c is provided with
an endoscopic observation unit which has a field of view
with a predetermined viewing angle V in the extension
direction of the axis of the distal hard portion 2c, i.e.,
forwardly of the distal hard portion 2c, and an electronic
radial scan type of ultrasonic observation unit having a
circular or arcuate ultrasonic scanning plane W at a po-
sition displaced toward a proximal side from the field of
view of the endoscopic observation unit.
[0030] Fig. 4 shows a cross section of the distal end
of the insertion portion 2. As is apparent from Figs. 3 and
4, the endoscopic observation unit is made of illumination
sections 10 and an observation section 11, and the re-
spective illumination sections 10 are arranged at oppo-
site positions between which the observation section 11
is positioned. Each of the illumination sections 10 is made
of an illumination lens 10a and a light guide 10b (refer to
Figs. 5 to 8) which face the distal end surface of the distal
hard portion 2c. The light guide 10b is made of a bundle
of a number of extrafine optical fibers, and is extended
from the connector 3a of the universal cord 3 to the distal
hard portion 2c of the insertion portion 2 so that its illu-
mination light emission end faces a position which op-
poses the illumination lens 10a. On the other hand, the
observation section 11 is made of an objective lens 11a
and a prism 11b which bends an optical path entering
from the objective lens 11a at 90°, and the objective lens
11a is provided in a lens barrel 12 and the prism 11b is
provided in the state of being fixed to the lens barrel 12.
A solid-state image pickup device 13 is joined to the prism
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11b, and a predetermined number of signal lines are con-
nected to a circuit board 13a of the solid-state image
pickup device 13. These signal lines are bundled and
extended to the connector 3b of the universal cord 3.
[0031] The distal end surface of the distal hard portion
2c of the insertion portion 2 is provided with a treatment
equipment lead-out opening 15 through which to pass
forceps and other treatment equipments, and the treat-
ment equipment lead-out opening 15 is fitted with a con-
nection pipe 16 to which a treatment equipment insertion
tube extending from a treatment equipment guiding por-
tion 5 provided in the main control portion 1 is connected.
The treatment equipment insertion tube is constructed
to meet a suction path in the inside of the main control
portion 1. Furthermore, the distal hard portion 2c is fitted
with a nozzle 17 for cleaning the distal end surface of the
objective lens 11a in the observation section 11 when it
is contaminated by a body fluid. A cleaning-fluid supply
tube 9 (see Figs. 5 to 8) to be operated through the air/
water feed button 6 is connected to the nozzle 17. Ac-
cordingly, these members also function as an endoscopic
mechanism constituting an endoscope together with the
endoscopic observation unit.
[0032] The endoscopic observation unit is constructed
in the above-described manner, and the distal ends of
the respective members constituting the endoscopic ob-
servation unit are fixedly held by an endoscope fitting
member 18. The endoscope fitting member 18 is made
of a metallic material, such as stainless steel, in which
are formed a plurality of through-holes through which to
insert the respective members constituting the above-
mentioned endoscopic observation unit. A distal cap 19
is fitted on the endoscope fitting member 18 so as to
prevent the endoscope fitting member 18 made of the
metallic material from being exposed to the outside. The
endoscope fitting member 18 and the distal cap 19 con-
stitute a distal end block. As shown in Fig. 5, two screw
holes 19a are formed to extend through the distal cap 19
in the thickness direction thereof, and set screws 20 are
respectively screwed into the screw holes 19a so that
the distal ends of the set screws 20 are pressed against
the endoscope fitting member 18 and the abutment sur-
faces between the endoscope fitting member 18 and the
distal cap 19 are joined together. In this manner, the distal
end block made of the endoscope fitting member 18 and
the distal cap 19 is integrated.
[0033] The ultrasonic observation unit having a radial
scanning plane is provided in the distal hard portion 2c
at a proximal position of the distal cap 19. As is apparent
from Fig. 6, the ultrasonic observation unit is made of a
ultrasonic transducer array in which a multiplicity of ul-
trasonic transducers 21 are arranged in the circumferen-
tial direction, and the ultrasonic transducers 21 are ar-
ranged in a circumferential or arcuate form (for example,
approximately 270°) so as to perform electronic scan-
ning.. A backing layer 22 is fitted on the inner circumfer-
ential side of the ultrasonic transducers 21 arranged in
this manner. The multiplicity of ultrasonic transducers 21

are fixed to the backing layer 22 by means of adhesion
or the like. An acoustic lens 23 is fitted on the outer cir-
cumferential face of the ultrasonic transducers 21, there-
by constituting an ultrasonic wave transmission/recep-
tion unit 24 having a generally cylindrical shape.
[0034] Each of the ultrasonic transducers 21 has two
electrode 25 and 26, and the electrode 25 is a common
electrode common to all (or each predetermined number
of) the ultrasonic transducers 21. The electrodes 26 are
individually provided for the respective ultrasonic trans-
ducers 21. The individual electrodes 26 of the ultrasonic
transducers 21 are electrically connected to wiring pat-
terns formed on a flexible circuit board 28 as will be de-
scribed later. As shown in Fig. 7, a predetermined number
of cables 27 are respectively connected to the individual
electrodes 26 via the flexible circuit board 28. In principle,
the flexible circuit board 28 may be connected to the ca-
bles 25 by one cable, and although not shown, the one
cable is connected on the distal side of the ultrasonic
transducers 21.
[0035] As described above, the ultrasonic wave trans-
mission/reception unit 24 has an approximately cylindri-
cal shape, and its inner circumferential surface forms a
tunnel-shaped path. The members constituting the en-
doscopic observation unit are inserted through the tun-
nel-shaped path formed by the ultrasonic wave transmis-
sion/reception unit 24 and are positioned on the distal
side from the ultrasonic wave transmission/reception unit
24, and are fixed to the endoscope fitting member 18
covered with the distal cap 19. A distal end of the ultra-
sonic wave transmission/reception unit 24 abuts on an
end surface of the distal cap 19, while a proximal side of
the ultrasonic wave transmission/reception unit 24 abuts
on an end surface of a joining member 30. The joining
member 30 constitutes a joining section between the an-
gle portion 2b and the distal hard portion 2c.
[0036] Furthermore, a bridge member 31 is provided
in the inside of the joining member 30, so that a distal
ring 32a of angle rings which constitute the structure of
the angle portion 2b is joined to the connection member
30 and the bridge member 31. Namely, as is apparent
from Fig. 8, the joining member 30 and the bridge mem-
ber 31 are joined together by a plurality of screws 33,
and the distal ring 32a is joined to the joining member 30
and the bridge member 31 by a plurality of screws 34.
[0037] The bridge member 31 serves the function of
joining the joining member 30 arranged on the most prox-
imal side of the distal hard portion 2c to the distal ring
32a arranged at the distal position of the angle portion
2b, the function of restricting the position of the ultrasonic
wave transmission/reception unit 24 comprising the ul-
trasonic transducer array in directions perpendicular to
the axis of the distal hard portion 2c, and a joining function
for a joining structure between the endoscope fitting
member 18 and the distal cap 19. Accordingly, the bridge
member 31 is formed of a metal such as stainless steel
because the bridge member 31 is a member which needs
to have a high strength and is not exposed to the outside.
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As shown in Fig. 9, the bridge member 31 has a tubular
section 31a joined to the joining member 30 and the distal
ring 32a of the angle portion 2b by the screws 33 and 34,
and a plurality of (in the present embodiment, three) join-
ing arms 31b are extended from the tubular section 31a
toward the distal end.
[0038] The ultrasonic wave transmission/reception
unit 24 is positioned in directions perpendicular to the
axis of the joining arms 31b by being fitted into the joining
arms 31b, and the entire distal hard portion 2c is fixed in
an assembled state by the distal ends of the respective
arms 31b and the endoscope fitting member 18 being
joined by screws 35. A step 31c is formed around the
outer circumferential surface of the tubular section 31a
of the bridge member 31, and the tubular section 31a
extending from the step 31c toward the proximal side is
larger in diameter than the step 31c. A step 30a is formed
around the inner circumferential surface of the joining
member 30, and the inner circumferential surface extend-
ing from the step 30a is larger in diameter than the step
30a. The ultrasonic wave transmission/reception unit 24
is clamped between the distal cap 19 and the joining
member 30 by the steps 30a and 31c being joined to-
gether. When the opposite end surfaces of the ultrasonic
wave transmission/reception unit 24 are respectively
bonded to the proximal surface of the distal cap 19 and
the distal surface of the joining member 30, the ultrasonic
wave transmission/reception unit 24 is positioned in the
direction of the axis thereof and is rotationally stopped,
whereby the ultrasonic wave transmission/reception unit
24 is fixedly held at a predetermined position. A sheath
layer 36 of the angle portion 2b is extended to a proximal
outer circumferential section of the joining member 30,
and the distal end of the sheath layer 36 is fixed to the
joining member 30 of the distal hard portion 2c by a fix-
ation mechanism 37 made of a bobbin and an adhesive.
[0039] As described above, the multiplicity of ultrason-
ic transducers 21 and the cables 27 are respectively elec-
trically connected to each other via the flexible circuit
board 28. Accordingly, the flexible circuit board 28 is in-
serted between the ultrasonic transducers 21 and the
cables 27 in a clamped manner. As shown in Fig. 10 in
a developed form, the flexible circuit board 28 has re-
quired wiring patterns formed as by printing. Each of the
wiring patterns is made of a first terminal section 29a
electrically connected to the corresponding one of the
individual electrodes of the ultrasonic transducers 21, a
second terminal section 29b electrically connected to the
corresponding one of the cables 27 as by soldering, and
a wiring 29c interconnecting the first and second terminal
sections 29a and 29b. The flexible circuit board 28 is
incorporated in the distal hard portion 2c in a generally
cylindrical shape, and as shown in Fig. 11 as well, a large-
diameter section 28a is provided on a side where the
ultrasonic transducers 21 which constitute an ultrasonic
transducer array arranged in an annular shape are joined
to the backing layer 22 (i.e., on a side where the first
terminal sections 29a are formed), and a small-diameter

section 28b is provided on a side to which the cables 27
are connected (i.e., on a side where the second terminal
sections 29b are formed), and a vertical section 28c is
provided as a step between the large-diameter section
28a and the small-diameter section 28b.
[0040] As described above, the flexible circuit board
28 is formed in a stepped cylindrical shape, and is stuck
to the backing layer 22. The ultrasonic transducers 21
are annularly arranged around the outer circumferential
surface of the backing layer 22, and the first terminal
sections 29a on the flexible circuit board 28 are respec-
tively electrically connected to the individual electrodes
26 formed on the ultrasonic transducers 21. Accordingly,
the large-diameter section 28a of the flexible circuit board
28 has approximately the same cylindrical shape as the
backing layer 22, and is fitted in a clamped manner be-
tween the electrodes 26 of the ultrasonic transducers 21
and the backing layer 22.
[0041] As is apparent from Fig. 4, the inner circumfer-
ential surface of the ultrasonic transducers 21 is posi-
tioned on the outside of the outer circumferential surface,
so that if the flexible circuit board 28 is extended straight-
forward toward the proximal side, the flexible circuit board
28 will interfere with the joining member 30. This is why
the small-diameter section 28b is provided on the prox-
imal side of the flexible circuit board 28 having a cylin-
drical shape. The second terminal sections 29b are
formed on the small-diameter section 28b, and the cables
27 are respectively electrically connected to the second
terminal sections 29b as by soldering. The small-diam-
eter section 28b is placed not in a free state but in abut-
ment with a support member, and is fixed to the outer
surface of the support member as by adhesion. The sup-
port member is formed by a small-diameter section 22a
which is provided integrally with the backing layer 22 and
has a diameter smaller than the diameter of the outer
circumferential surface of the backing layer 22.
[0042] It can be considered that, in this construction,
the support member formed by a member separate from
the backing layer 22 is inserted into the inside of the tun-
nel-shaped path formed by the inside diameter of the
backing layer 22. However, in this case, the thickness of
the backing layer 22 is reduced, and the reflection action
of ultrasonic waves occurs due to the difference in acous-
tic impedance between the backing layer 22 and the sup-
port member. For this reason, in order to increase the
thickness of the backing layer 22, the backing layer 22
is extended toward the proximal side not for the purpose
of a backing function but for the purpose of realizing the
function of the support member which supports the small-
diameter section 28b of the flexible circuit board 28. The
extended section of the backing layer 22 is reduced in
diameter and formed as the small-diameter section 22a,
and the small-diameter section 28b of the flexible circuit
board 28 is fixed to the small-diameter section 22a by
adhesion. In addition, the stepped wall of the backing
layer 22 and the vertical section 28c which is a transition
section from the large-diameter section 28a of the flexible
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circuit board 28 to the flexible circuit board 28 are held
in the state of being fixed to each other by adhesion.
[0043] As described previously, the multiplicity of ca-
bles 27 connected to the flexible circuit board 28 are po-
sitioned on the outer circumferential side of the small-
diameter section 22a of the backing layer 22, and the
cables 27 are connected to the flexible circuit board 28
and are led therefrom on a more outer circumferential
side than the arrangement position of the bridge member
31. At the position shown in Fig. 8, i.e., at the position of
the joining section between the distal hard portion 2c and
the angle portion 2b, the cables 27 are inserted through
the inside of the bridge member 31. Accordingly, the ca-
bles 27 are led so as to extend through the thickness
direction of the bridge member 31. In this construction,
the cables 27 are passed through a space formed by the
divided joining arms 31b of the bridge member 31. The
multiplicity of cables 27 are grouped into a plurality of
bundles, for example, approximately four bundles, and
cable bundles 27B obtained in this manner are deform-
ably inserted from the angle portion 2b into the flexible
portion 2a.
[0044] The members constituting the endoscopic ob-
servation unit are inserted into the inner circumferential
section of the ultrasonic wave transmission/reception
unit 24 which forms the tunnel-shaped path. Among the
members, the two bundled light guides 10b and the video
cable 14 are deformed into arbitrary cross-sectional
shapes. The other inserted members are the connection
pipe 16 which constitutes a treatment equipment inser-
tion path, the cleaning-fluid supply tube 9, and a tube 43
for supplying an ultrasonic-wave transmission medium
into a balloon 41 which will be described later. In addition,
a flexible tube is joined to the connection pipe 16 which
constitutes the treatment equipment insertion path, on
the proximal side from the position shown in Fig. 8 or in
the vicinity of the position shown in Fig. 8. Furthermore,
as described previously, the cables 27 connected to the
respective ultrasonic transducers 21 are grouped into
bundles each having a predetermined number of cables,
and the cables 27B are also passed through the tunnel-
shaped path and extended into the angle portion 2b.
[0045] The ultrasonic transducers 21 which constitute
the ultrasonic wave transmission/reception unit 24 trans-
mit ultrasonic waves into the body, and the ultrasonic
wave transmission/reception unit 24 receives echoes
from cross sections of tissues in the body. In order to
restrain the attenuation of ultrasonic waves transmitted
and received in this manner, annular concave grooves
40 are respectively formed at front and rear positions
between which the ultrasonic wave transmission/recep-
tion unit 24 is provided, i.e., around the respective outer
peripheries of the distal cap 19 and the joining member
30, and as is apparent from Fig. 2, a balloon 41 to be
swollen by injecting the ultrasonic-wave transmission
medium thereinto is fitted between the annular concave
grooves 40. The balloon 41 is made of a tubular flexible
film 41a, and fixation rings 41b to be fixedly fitted on the

respective annular concave grooves 40 are provided on
the opposite ends of the flexible film 41a. The fixation
rings 41b are fixedly fitted so that tightening forces act
on the respective annular concave grooves 40. A charge/
discharge path 42 for charging or discharging the ultra-
sonic-wave transmission medium into or from the joining
member 30 is formed in the joining member 30, and a
tube 43 is connected to the charge/discharge path 42.
[0046] In this construction, an image of a body cavity
of a subject is displayed on a monitor for displaying en-
doscopic images by inserting the insertion portion 2 into
the body cavity, irradiating illumination light onto the body
cavity from the illumination sections 10 which constitute
the endoscopic observation unit, forming an image of the
body cavity onto the solid-state image pickup device 13
by the objective lens 11a provided in the observation sec-
tion 11, acquiring a video signal of the body cavity from
the solid-state image pickup device 13 and transmitting
the video signal to the video signal processing device,
and performing predetermined signal processing in the
video signal processing device. Accordingly, the operator
can perform endoscopy on the state of the body cavity
by watching the monitor.
[0047] If an area of interest such as a lesion is discov-
ered as the result of the endoscopy, the ultrasonic wave
transmission/reception unit 24 which constitutes the ul-
trasonic observation unit is moved to a position facing
the area of interest. Namely, when the insertion portion
2 is advanced by a predetermined distance, the ultrason-
ic wave transmission/reception unit 24 is located at the
position facing the area of interest. Then, the ultrasonic-
wave transmission medium is supplied into the balloon
41 to cause the flexible film 41a to swell into close contact
with an inner wall of the body cavity. In this state, the
ultrasonic transducers 21 arranged in the circumferential
direction to constitute the ultrasonic wave transmission/
reception unit 24 are sequentially actuated to transmit
ultrasonic pulses into the body and receive echoes. The
ultrasonic transducers 21 can also be actuated sequen-
tially one by one, but each plurality of the ultrasonic trans-
ducers 21 is actuated with a predetermined time lag so
as to effect electronic focusing, for example. An electron-
ic scanning method for the ultrasonic transducers 21 ar-
ranged in multiplicity is well known, and the description
of such a method is omitted herein.
[0048] The echo signals acquired by the respective ul-
trasonic transducers 21 which constitute the ultrasonic
wave transmission/reception unit 24 are transmitted to
the ultrasonic observation device, and in the ultrasonic
observation device, the echo signals are subjected to
signal processing, so that tomographic information about
the states of body tissues including the area of interest
is acquired. This ultrasonic tomographic image is dis-
played on the monitor attached to the ultrasonic obser-
vation device. Accordingly, the operator can make a di-
agnosis as to whether a lesion is contained in the tissues,
and the like.
[0049] The members constituting the endoscopic ob-
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servation unit, i.e., the light guides 10b, the video cable
14, the connection pipe 16 constituting the treatment
equipment insertion path, the cleaning-fluid supply tube
9, the cable bundles 27B which are led from the ultrasonic
wave transmission/reception unit 24 constituting the ul-
trasonic observation unit, and the tube 43 for supplying
an ultrasonic-wave transmission medium into the balloon
41, are assembled by being inserted into the main control
portion 1 from at least the insertion portion 2.
[0050] In assembly, the tube 43 connected to the join-
ing member 30 and the cable bundles 27B connected to
the ultrasonic wave transmission/reception unit 24 are
inserted through a distal opening side of the angle portion
2b at the distal end thereof with the insertion portion 2
being separated from the main control portion 1, and the
cable bundles 27B are inserted into the inside of the flex-
ible portion 2a from the angle portion 2b. The tube 43
has flexibility and the cables 27 are grouped into bundles
each having a predetermined number of cables, and the
cable bundles 27B bundled in this manner can be easily
led to the proximal side of the flexible portion 2a of the
insertion portion 2. In addition, since the cable bundles
27B have flexibility in bending directions and are deform-
able in their bundled states, the cable bundles 27B can
be extremely easily inserted into the insertion portion 2,
and can also be smoothly inserted without being caught
on angle rings or other members which constitute the
angle portion 2b.
[0051] Then, the members constituting the endoscopic
observation unit are incorporated into the endoscope fit-
ting member 18, and the endoscope fitting member 18
is joined to the distal cap 19 by the screws 20, thereby
forming an integrated distal block. In this state, the light
guides 10b, the video cable 14, the connection pipe 16
and the cleaning-fluid supply tube 9 are sequentially in-
serted through the angle portion 2b and the flexible por-
tion 2a from the tunnel-shaped path formed by the ultra-
sonic wave transmission/reception unit 24. At this time,
the bridge member 31 is previously fixedly joined to the
endoscope fitting member 18 by the screws 35.
[0052] When the bridge member 31 joined to the distal
block is inserted into the tunnel-shaped path, the oppo-
site ends of the ultrasonic wave transmission/reception
unit 24 are respectively fixed, by adhesion, to the joining
member 30 and the distal cap 19 which constitutes the
distal block, and then, the joining member 30 and the
bridge member 31 are fixedly joined to each other by the
screws 33. In addition, the bridge member 31 to which
the joining member 30 is fixedly joined is fixed to the distal
ring 32 in the angle portion 2b by the screws 34. In this
manner, the members constituting the ultrasonic obser-
vation unit are incorporated into the insertion portion 2.
[0053] The insertion portion 2 is assembled in the
above-described manner. During the operation of the in-
sertion portion 2 of the ultrasonic endoscope, if the angle
portion 2b is bent when the insertion portion 2 is inserted
into a body cavity or the like, the members inserted in
the angle portion 2b tend to move. However, all the mem-

bers inserted in the angle portion 2b have flexibility in the
bending directions, and a bundle of the light guides 10b,
the video cable 14 and the cable bundles 27B into which
the cables 27 are grouped are deformable in their cross-
sectional shapes, so that even if the above-described
members are forced against other members during the
bending operation of the angle portion 2b, there is no risk
that disconnection, buckling, damage or the like occurs.
[0054] In addition, the flexible circuit board 28 may also
be formed into a stepped cylindrical shape in advance.
Patterns such as the terminal sections 29a and 29b and
the’wirings 29c are formed on the surface of the flexible
circuit board 28. These patterns are desirably prepared
by printing means. When the patterns are to be formed
on the flexible circuit board 28 having the stepped cylin-
drical shape by printing means, as shown in Fig. 12A, a
long resin film 50 is prepared, and the patterns made of
the terminal sections 29a and 29b and the wirings 29c
can be printed on the resin film 50 in a planar state.
[0055] When the flexible circuit board 28 is formed into
the stepped cylindrical shape, notches 51 each having a
predetermined width are formed in the resin film 50 to a
predetermined depth from one side thereof so that a con-
tinuous section 50a and discontinuous sections 50b ar-
ranged at a constant pitch are formed. Then, the resin
film 50 is formed into a ring-like shape by bonding the
opposite ends of the continuous section 50a to each other
as shown in Fig. 12B. The obtained ring-shaped section
forms the large-diameter section 28a of the flexible circuit
board 28. Then, as shown by imaginary lines in Fig. 12B,
the transition section from the continuous section 50a to
the discontinuous sections 50b is folded inward at 90°
and the intermediate position of the discontinuous sec-
tions 50b is folded back at 90°, so that the large-diameter
section 28a and the small-diameter section 28b of the
flexible circuit board 28 as well as the vertical section 28c
which is the transition section between the large-diame-
ter section 28a and the small-diameter section 28b are
formed as shown in Fig. 12C. In addition, the small-di-
ameter section 28b can be formed into a substantially
continuous cylindrical shape by appropriately setting the
width of each of the notches 51 and the number thereof.
[0056] In other words, as shown in Fig 12B, the flexible
circuit board 28 comprises: a long section (continuous
section 50a) covering approximately the entire circum-
ferential length of the large-diameter section; and a plu-
rality of strip-shaped discontinuous sections 50b having
a length (L21+L22+L23+ L24+......+L2n) approximately
equal to a circumferential length of the small-diameter
section Here, each of L21, L22, L23, L24, .....and L2n is
a circumferential length of each of the strip-shaped dis-
continuous sections 50b. Each of the discontinuous sec-
tions 50b has a length L1 extending from: a transition
section from the long section to the stepped section; to
an end section of the support section.
[0057] The above-mentioned two folding sections
must be folded not linearly but circularly. Accordingly, if
either of the two folding sections is simply folded, stress
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is applied to a folded section, so that wrinkles or irregu-
larities may be partially formed in the folded section. In
order to prevent such problem and sharply fold both of
the folding sections at 90°, as shown in Fig. 13, a prede-
termined number of small holes 52 may be formed along
each folding line and cuts 53 may be formed in each of
the discontinuous sections 50b at the opposite ends
thereof. The small holes 52 and the cuts 53 serve a stress
release function when the folding sections are circularly
bent, so that the folding lines can be sharply finished.
Accordingly, the strength with which the flexible circuit
board 28 is stuck to the backing layer 22 is improved,
and stress can be prevented from acting on the ultrasonic
transducers 21 to which the flexible circuit board 28 is
connected.
[0058] Another embodiment of the distal end of the in-
sertion portion 2 will be described below with reference
to Figs. 14 to 16.
[0059] As described above, the ultrasonic wave trans-
mission/reception unit 24 has an approximately cylindri-
cal shape, and its inner circumferential surface forms a
tunnel-shaped path 125. Accordingly, each of the mem-
bers constituting the endoscopic mechanism is inserted
into the tunnel-shaped path 125 which is formed by the
inner circumferential surface of the backing layer 22 in
the ultrasonic wave transmission/reception unit 24, and
is extended from the ultrasonic wave transmission/recep-
tion unit 24 toward the distal end and is fixed to the en-
doscope fitting member 118 covered with the distal cap
19. A proximal end section of the endoscope fitting mem-
ber 118 is formed as a large-diameter step 118a. A distal
end section of the acoustic lens 23 which constitutes the
ultrasonic wave transmission/reception unit 24 is extend-
ed to a position forward of the ultrasonic transducers 21
and is fitted on the large-diameter step 118a, and the
ultrasonic wave transmission/reception unit 24 is fixed to
the large-diameter step 118a by adhesion or the like. The
proximal end of the ultrasonic wave transmission/recep-
tion unit 24 abut on a joining member 30 joined by screws
34 to a forward end ring 32a of an angle ring 32 which
constitutes the structure of the angle portion 2b, and the
proximal end and the joining member 30 are adhesively
fixed to each other.
[0060] Accordingly, as is apparent from Fig. 14, the
narrowest section in the inside of the insertion portion 2
of the ultrasonic endoscope is a section in which the ul-
trasonic wave transmission/reception unit 24 is fitted, i.e.,
the section of the tunnel-shaped path 125 that is extend-
ed in the inside of the backing layer 22. As the endoscopic
mechanism, the prism 11b which constitutes the obser-
vation section 11, the solid-state image pickup device 13
and the circuit board 13a thereof, and a distal end of the
video signal cable 14 are positioned in the above-men-
tioned section. In addition, the light guides 10b (refer to
Figs. 15 and 16) which constitutes the illumination sec-
tions 10, the connection pipe 16 which constitutes a path
through which a treatment equipment is to be inserted,
and an air/water feed tube 9 are arranged in the inside

of the backing layer 22. Accordingly, the size of the tun-
nel-shaped path 125 is restricted by the thickness of the
backing layer 22. However, the size of the tunnel-shaped
path 125 is set to a dimension enough to allow the above-
mentioned endoscopic mechanism to be inserted
through the tunnel-shaped path 125. If the outside diam-
eter of the tunnel-shaped path 125 is set to a predeter-
mined value, there is a case where the thickness of the
backing layer 22 hinders the function thereof, i.e., the
backing layer 22 cannot completely absorb echoes of
ultrasonic waves transmitted from surfaces opposite to
ultrasonic-wave transmission/reception surfaces.
[0061] Ultrasonic waves which travel from the ultra-
sonic transducers 21 toward the backing layer 22 are
reflected at the interface between the backing layer 22
and an air layer. In addition, if a member different in
acoustic impedance from the backing layer 22 abuts on
the backing layer 22, echoes are also produced from the
member.
[0062] For this reason, after each member constituting
the endoscopic mechanism has been fitted in the inside
of the tunnel-shaped path 125, a filler 126 made of the
same material as the backing layer 22 is charged into
the tunnel-shaped path 125 in a molten state. The filler
126 enters the space between each member constituting
the endoscopic mechanism, in the inside of the backing
layer 22. In addition, members which abut on or are close
to the backing layer 22, such as the connection pipe 16
constituting a treatment equipment insertion path, can
be displaced toward the center of the tunnel-shaped path
125.
[0063] The filler 126 made of the same material as the
backing layer 22 is charged into the tunnel-shaped path
125 in the above-mentioned manner, so that the tunnel-
shaped path 125 in which the backing layer 22 is formed
is densely charged with the filler 126 so as to prevent
substantial penetration of air.
[0064] According to the above-described construction,
when ultrasonic pulses are transmitted from the ultrason-
ic transducers 21 which constitute the ultrasonic wave
transmission/reception unit 24, ultrasonic waves
traveling toward the backing layer 22 travel toward the
inside of the filler 126 without being reflected at the inner
surfaces of the backing layer 22. Accordingly, even if the
thickness of the backing layer 22 is thin, reflections from
the sides opposite to the transmission/reception surfaces
of the respective ultrasonic transducers 21 do not occur.
[0065] The section in which the tunnel-shaped path
125 is provided is the distal hard portion 2c of the insertion
portion 2. Accordingly, even if the filler 126 is charged
into the section to fix the members inserted therein, spe-
cial problems do not occur, and when impact or the like
is applied to a distal end of the insertion portion 2, it is
possible to protect the solid-state image pickup device
13 and the circuit board 13a thereof which constitute the
observation section 11, as well as the video signal cable
14 extended from the circuit board 13a. Furthermore, it
is possible to maintain the airtightness of the lens barrel
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12.

Claims

1. An ultrasonic endoscope comprising
an insertion portion comprising a distal hard portion
which has: an endoscopic observation unit having
at least an illumination section and an observation
section at its distal end surface; and an electronic
scanning type of ultrasonic observation unit fitted on
an outer circumferential section of the endoscopic
observation unit,
wherein: the ultrasonic observation unit comprises:

an ultrasonic transducer array having a plurality
of ultrasonic transducers arranged cylindrically
or circularly, and a backing layer cylindrically
formed on an inner circumferential surface of
the ultrasonic transducer array; and
a flexible circuit board arranged between the ul-
trasonic transducer array and the backing layer,
on which are formed a plurality of first terminals
each connected to an electrode of a respective
one of the ultrasonic transducers, a plurality of
second terminals to which cables are respec-
tively connected, and wiring patterns respective-
ly formed between the first terminals and the
second terminals,
wherein the flexible circuit board has a stepped
structure having a large-diameter section on
which the first terminals are formed on an exter-
nal surface side and a small-diameter section
on which the second terminals are formed on an
external surface side, and an annular support
section is formed on an inner circumferential
side of the small-diameter section.

2. An ultrasonic endoscope according to claim 1,
wherein the backing layer is projected by a prede-
termined length from an end section of the ultrasonic
transducer array toward a proximal side of the distal
hard portion, and
an outer circumferential surface of a section project-
ed by the predetermined length is reduced in diam-
eter to form the stepped structure, the support sec-
tion being formed by a reduced-diameter section of
the stepped structure.

3. An ultrasonic endoscope according to claim 1,
wherein the flexible circuit board comprises:

a long section covering approximately the entire
circumferential length of the large-diameter sec-
tion; and
a plurality of strip-shaped discontinuous sec-
tions having a first length approximately equal
to a circumferential length of the small-diameter

section, and each of the discontinuous sections
has a second length extending from: a transition
section from the long section to the stepped sec-
tion; to an end section of the support section.

4. An ultrasonic endoscope according to claim 3,
wherein each of the discontinuous sections of the
flexible circuit board is constructed so that at least
either a plurality of small holes or a plurality of cuts
are formed along folding lines in (i) a transition sec-
tion from the large-diameter section to the stepped
section and (ii) a transition section from the stepped
section to the small-diameter section.

5. An ultrasonic endoscope according to claim 1,
wherein an endoscopic mechanism is inserted in an
inside of a tunnel-shaped path which is formed in an
inside of the backing layer, the endoscopic mecha-
nism comprising: the endoscopic observation unit;
and other sections including a treatment equipment
insertion channel,
a filler which is the same as or close to the backing
layer in acoustic impedance is charged in a spatial
area which is produced in a section where the en-
doscopic mechanism is arranged in the inside of the
backing layer.

6. An ultrasonic endoscope according to claim 5,
wherein the filler comprises the same material as the
backing layer and a solid-state image pickup device
is provided in the observation section, at least part
of the solid-state image pickup device being embed-
ded in an inside of the filler.

Patentansprüche

1. Ultraschall-Endoskop umfassend,
einen Einführ-Teil umfassend einen hinteren festen
Teil mit: einer endoskopischen Beobachtungs-Ein-
heit mit zumindest einem Beleuchtungs-Abschnitt
und einem Beobachtungs-Abschnitt an ihrer hinte-
ren End-Oberfläche; und einer Ultraschall-Beobach-
tungs-Einheit vom elektronischen Scanning-Typ,
welche auf einem äußeren Umfangs-Abschnitt der
endoskopischen Beobachtungs-Einheit angeordnet
ist,
wobei: die Ultraschall-Beobachtungs-Einheit um-
fasst:

ein Ultraschall-Transducer-Array mit einer
Mehrzahl von Ultraschall-Transducern, welche
zylindrisch oder kreisförmig angeordnet sind,
und eine Stütz-Schicht, welche zylindrisch auf
einer inneren Umfangs-Oberfläche des Ultra-
schall-Transducer-Arrays ausgebildet ist; und
eine flexible Schaltkreis-Platine, welche zwi-
schen dem Ultraschall-Transducer-Array und
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der Stützschicht angeordnet ist, auf welcher ei-
ne Mehrzahl von ersten Anschlüssen, wobei je-
der mit einer Elektrode eines Jeweiligen der Ul-
traschall-Transducers verbunden ist, eine
Mehrzahl von zweiten Anschlüssen, mit wel-
chen jeweils Kabel verbunden sind, und jeweils
zwischen den ersten Anschlüssen und den
zweiten Anschlüssen ausgebildete Leitungsmu-
ster, ausgebildet sind,
wobei die flexible Schaltkreis-Platine eine ge-
stufte Struktur hat mit einem Abschnitt mit gro-
ßem Durchmesser, auf welchem die ersten An-
schlüsse auf einer externen Oberflächenseite
ausgebildet sind, und einem Abschnitt mit klei-
nem Durchmesser, auf welchem die zweiten An-
schlüsse auf einer externen Oberflächenseite
ausgebildet sind, und ein ringförmiger Unterstüt-
zungs-Abschnitt auf einer inneren Umfangssei-
te des Abschnittes mit kleinem Durchmesser
ausgebildet ist.

2. Ultraschall-Endoskop nach Anspruch 1,
wobei die Stützschicht mit einer vorbestimmten Län-
ge von einem Endabschnitt des Ultraschall-Trans-
ducer-Arrays in Richtung einer vorderen Seite des
hinteren festen Teils hervorsteht und
eine äußere Umfangsoberfläche eines Abschnitts,
welcher mit der vorbestimmten Länge hervorsteht,
einen reduzierten Durchmesser besitzt, um die ge-
stufte Struktur auszubilden, wobei der Unterstüt-
zungs-Abschnitt durch einen Abschnitt der gestuften
Struktur mit reduziertem Durchmesser ausgebildet
wird.

3. Ultraschall-Endoskop nach Anspruch 1,
wobei die flexible Schaltkreis-Platine umfasst:

einen langen Abschnitt, welcher näherungswei-
se die gesamt Umfangslänge des Abschnittes
mit großem Durchmesser überdeckt; und
eine Mehrzahl von Streifen-förmigen diskonti-
nuierlichen Abschnitten mit einer ersten Länge,
welche näherungsweise gleich einer Umfangs-
länge des Abschnittes mit kleinem Durchmesser
ist und wobei jeder der diskontinuierlichen Ab-
schnitte eine zweite Länge besitzt, welche sich
von: einem Übergangs-Abschnitt von dem lan-
gen Abschnitt zu dem gestuften Abschnitt; zu
einem Endabschnitt des Unterstützungs-Ab-
schnittes erstreckt.

4. Ultraschall-Endoskop nach Anspruch 3,
wobei jeder der diskontinuierlichen Abschnitte der
flexiblen Schaltkreis-Platine so konstruiert ist, dass
zumindest entweder eine Mehrzahl von kleinen Lö-
chern oder eine Mehrzahl von Schnitten entlang der
Faltlinien in (i) einem Übergangs-Abschnitt von dem
Abschnitt mit großem Durchmesser zu dem gestuf-

ten Abschnitt und (ii) einem Übergangs-Abschnitt
von dem gestuften Abschnitt zu dem Abschnitt mit
kleinem Durchmesser ausgebildet sind.

5. Ultraschall-Endoskop nach Anspruch 1,
wobei ein endoskopischer Mechanismus in einem
Inneren eines tunnelförmigen Pfades eingesetzt ist,
welcher in einem Inneren der Stützschicht ausgebil-
det ist, wobei der endoskopische Mechanismus um-
fasst: die endoskopische Beobachtungs-Einheit;
und andere Abschnitte umfassend einen Kanal zur
Einführung von Behandlungsgeräten,
ein Füllstoff, welcher bezüglich der akustischen Im-
pedanz gleich oder ähnlich der Stützschicht ist, ist
in einen räumlichen Bereich gefüllt, welcher in einem
Abschnitt erzeugt ist, in welchem der endoskopische
Mechanismus in dem Inneren der Stützschicht an-
geordnet ist.

6. Ultraschall-Endoskop nach Anspruch 5,
wobei der Füllstoff das gleiche Material wie die Stütz-
schicht umfasst und eine Festkörper-Bildaufnahme-
Vorrichtung in dem Beobachtungs-Abschnitt vorge-
sehen ist, wobei zumindest ein Teil der Festkörper-
Bildaufnahme-Vorrichtung in einem Inneren des
Füllstoffs eingebettet ist.

Revendications

1. Endoscope à ultrasons comprenant
une partie d’insertion comprenant une partie dure
distale qui présente : une unité d’observation endos-
copique possédant au moins une section d’illumina-
tion et une section d’observation au niveau de sa
surface d’extrémité distale ; et un type d’unité d’ob-
servation à ultrasons à balayage électronique mon-
tée sur une section circonférentielle externe de l’uni-
té d’observation endoscopique,
dans lequel : l’unité d’observation à ultrasons
comprend :

un réseau de transducteurs à ultrasons présen-
tant une pluralité de transducteurs à ultrasons
agencés de manière cylindrique ou circulaire, et
une couche de support formée de manière cy-
lindrique sur une surface circonférentielle inter-
ne du réseau de transducteurs à ultrasons ; et
une carte de circuit imprimé flexible agencée en-
tre le réseau de transducteurs à ultrasons et la
couche de support, sur laquelle est formée une
pluralité de premières bornes connectées cha-
cune à une électrode d’un respectif parmi les
transducteurs à ultrasons, une pluralité de se-
condes bornes auxquelles les câbles sont res-
pectivement connectés, et des configurations
de fils respectivement formées entre les premiè-
res bornes et les secondes bornes,

21 22 



EP 1 621 135 B1

13

5

10

15

20

25

30

35

40

45

50

55

dans lequel la carte de circuit imprimé flexible
présente une structure étagée possédant une
section de grand diamètre sur laquelle les pre-
mières bornes sont formées sur un côté de sur-
face externe et une section de petit diamètre sur
laquelle les secondes bornes sont formées sur
un côté de surface externe, et une section de
support annulaire est formée sur un côté circon-
férentiel interne de la section de petit diamètre.

2. Endoscope à ultrasons selon la revendication 1,
dans lequel la couche de support est projetée sur
une longueur déterminée d’une section d’extrémité
du réseau de transducteurs à ultrasons à un côté
proximal de la partie dure distale, et
une surface circonférentielle externe d’une section
projetée sur la longueur prédéterminée est réduite
en diamètre pour former la structure étagée, la sec-
tion de support étant formée par une section de dia-
mètre réduit de la structure étagée.

3. Endoscope à ultrasons selon la revendication 1,
dans lequel la carte de circuit imprimé flexible
comprend :

une longue section couvrant approximative-
ment la longueur circonférentielle totale de la
section de grand diamètre ; et
une pluralité de sections discontinues en forme
de bande présentant une première longueur ap-
proximativement égale à une longueur circon-
férentielle de la section de petit diamètre, et cha-
cune des sections discontinues présente une
seconde longueur s’étendant : d’une section de
transition de la section longue à la section
étagée ; à une section d’extrémité de la section
de support.

4. Endoscope à ultrasons selon la revendication 3,
dans lequel chacune des sections discontinues de
la carte de circuit imprimé flexible est construite de
sorte qu’au moins soit une pluralité de petits trous
soit une pluralité de découpes est formée le long de
lignes de pliage dans (i) une section de transition de
la section de grand diamètre à la section étagée et
(ii) une section de transition de la section étagée à
la section de petit diamètre.

5. Endoscope à ultrasons selon la revendication 1,
dans lequel un mécanisme endoscopique est inséré
à l’intérieur d’un trajet en forme de tunnel qui est
formé à l’intérieur de la couche de support, le méca-
nisme endoscopique comprenant : l’unité d’obser-
vation endoscopique ; et d’autres sections compor-
tant un canal d’insertion d’équipement de traitement,
une matière de remplissage qui est la même que la
couche de support en impédance acoustique ou pro-
che de celle-ci est versée dans une zone spatiale

qui est produite dans une section dans laquelle le
mécanisme endoscopique est agencé à l’intérieur
de la couche de support.

6. Endoscope à ultrasons selon la revendication 5,
dans lequel la matière de remplissage comprend le
même matériau que la couche de support et un dis-
positif de prise de vue d’image à l’état solide est pré-
vu dans la section d’observation, au moins une partie
du dispositif de prise de vue à l’état solide étant en-
castrée à l’intérieur de la matière de remplissage.
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