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(54) ULTRASOUND OSCILLATOR UNIT

(57) A ultrasonic-oscillator unit including an ultrason-
ic-oscillator array in which a plurality of ultrasonic-oscil-
lators are arranged in a semicylindrical shape; an elec-
trode part of the ultrasonic-oscillator array provided on
an end surface of the ultrasonic-oscillator array perpen-
dicular to an arrangement surface of the plurality of ul-
trasonic-oscillators; and a backing material layer that is
disposed on an inner back surface of the ultrasonic-os-
cillator array; and a cable wiring part in which a plurality
of cables are respectively disposed on a plurality of wiring
lines electrically connected to the plurality of electrodes
of the electrode part. The width of the backing material
layer perpendicular to the arrangement surface of the
plurality of ultrasonic-oscillators becomes smaller toward
a side opposite to the arrangement surface of the plurality
of ultrasonic-oscillators. A cable wiring part electrically
connected to the electrode part is provided along the
width of the backing material layer.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an ultrasonic
oscillator unit having an ultrasonic oscillator wiring struc-
ture for realizing a small-sized ultrasonic device.

2. Description of the Related Art

[0002] Ultrasonic endoscopes are ones in which an ul-
trasonic observation part is provided at a distal end part
of an endoscope with observation of the gallbladder or
the pancreas by an alimentary canal as a main purpose.
In order to safely insert the ultrasonic endoscope into the
alimentary canal, an optical sensor, illumination means,
an air supply port, a water supply port, and a suction port
in addition to the ultrasonic observation part are provided
at the distal end part of the ultrasonic endoscope, simi-
larly to ordinary endoscopes that are not provided with
the ultrasonic observation part. For that reason, the ex-
ternal diameter of the distal end part of the ultrasonic
endoscope increases, and causes a decrease in the op-
erability of the ultrasonic endoscope and an increase in
the burden on a patient into which the distal end part of
the ultrasonic endoscope is to be inserted.
[0003] Thus, in order to improve the operability of the
ultrasonic endoscope and mitigate the burden on the pa-
tient, the ultrasonic observation part is required to be
small-sized. Thus, in recent years, attempts have been
made to improve the workability in wiring work and make
the ultrasonic observation part of the ultrasonic endo-
scope small-sized are made (refer to JP4445764B,
JP5399594B, JP1996-004359B (JP-H08-004359B),
JP4980653B, and JP3802756B).
[0004] JP4445764B discloses an ultrasonic oscillator
unit having an ultrasonic oscillator array that has an
acoustic matching layer, piezoelectric elements, and a
back surface damping layer; a rigid board electrically con-
nected to the respective piezoelectric elements in the
vicinity of a central part of the ultrasonic oscillator array
in a width direction thereof; a signal cable bundle includ-
ing a plurality of signal core wires; and a flexible printed
wiring board that is interposed between the rigid board
and the signal cable bundle to electrically connect both.
Moreover, the ultrasonic oscillator array, and the cable
bundle and the flexible printed wiring board are separate
structures, both are connected to each other using ther-
mocompression bonding as a means, and thereafter, the
flexible printed wiring board is configured in a multiple-
folded form.
[0005] JP5399594B discloses an ultrasonic endo-
scope having an ultrasonic transmission/reception unit
that transmits and receives ultrasonic waves; a wiring
board electrically connected to a back side of the ultra-
sonic transmission/reception unit; a plurality of driver

wires electrically connected to the wiring board; and a
housing that houses the wiring board to hold the ultra-
sonic transmission/reception unit. The wiring board has
a rigid circuit board electrically connected to a plurality
of ultrasonic oscillators in the vicinity of central parts
thereof in a width direction; and an enveloping part that
wraps and bundles the driver wires, and is inserted into
a housing in a state where the driver wires are wrapped
and bundled by the enveloping part.
[0006] JP1996-004359B (JP-H08-004359B) disclos-
es an ultrasound probe in which signal lines are alter-
nately connected from both sides of an ultrasonic oscil-
lator array disposed on a convex surface and electrodes
are led out from one side surface side by a single flexible
printed wiring board having conductive paths formed on
both surfaces thereof.
[0007] JP4980653B discloses an electronic scanning
type ultrasonic probe having respective pad electrodes
of a pad electrode group that are arranged on an oscillator
board of an ultrasonic oscillator unit so as to extend from
the vicinity of a central part of the ultrasonic oscillator
array in a width direction thereof and that are electrically
connected to ultrasonic oscillators; and a coaxial cable
assembly having a comb-like lead electrode group. Upon
connection between the pad electrodes of the ultrasonic
oscillator unit and leads of the coaxial cable assembly,
alignment between the respective pad electrodes and
the comb-like lead electrode group is performed.
[0008] JP3802756B discloses an ultrasonic probe in-
cluding a printed board having first and second signal
pattern groups electrically connected to electrodes of an
ultrasonic oscillator array in the vicinity of a central part
of the ultrasonic oscillator array in a width direction there-
of and electrically connected to halves of the electrodes
of the ultrasonic oscillator array, respectively. The first
and second signal pattern groups are wired with the co-
axial cable in different directions, respectively.

SUMMARY OF THE INVENTION

[0009] Meanwhile, normally, in the ultrasonic observa-
tion part provided at the distal end part of the ultrasonic
endoscope, the ultrasonic oscillators are disposed in an
array, and the cables are wired to the ultrasonic oscilla-
tors, respectively. However, since the external diameter
of the ultrasonic observation part is small and the wiring
within the ultrasonic observation part is a complicated
task, the wiring is manually performed in many cases.
Hence, since it is necessary to wire the cables in high
density within the ultrasonic observation part in addition
to the handling of the cables within the ultrasonic obser-
vation part with a small external diameter being compli-
cated, this becomes a cause that the workability is poor
and the manufacturing costs of the ultrasonic endoscope
become high. In this way, there is a problem that size
reduction of the ultrasonic observation part is very diffi-
cult, from viewpoints of the manufacture stability of the
ultrasonic observation part and the manufacturing costs.
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[0010] Additionally, in the techniques disclosed in
JP4445764B and JP1996-004359B (JP-H08-004359B),
a structure in which the flexible printed wiring board of
the ultrasonic oscillator unit is folded up is provided.
Therefore, there is a problem that the wiring structure of
the cable bundle and the flexible printed wiring board is
complicated. Even though the ultrasonic oscillator array,
the cable bundle, and the flexible printed wiring board
are connected to each other by thermocompression
bonding, there is still a problem in the workability of wiring.
Particularly, in JP4445764B, there are problems that,
during the manufacture of the ultrasonic oscillator unit, a
burden is applied on a cable in a case where the flexible
printed wiring board is folded up multiple times, and the
cable wiring line to which the burden is applied is discon-
nected.
[0011] Additionally, in JP4445764B, JP5399594B,
JP4980653B, and JP3802756B the electrodes of the ul-
trasonic oscillator array and the wiring board are electri-
cally connected to each other in the vicinity of the central
part of the ultrasonic oscillator array in the width direction
thereof. In this structure, there are problems that the man-
ufacture is significantly difficult and the success rate of
the manufacture is not high.
[0012] The invention has been made in order to solve
such related-art problems, and an object thereof is to
provide an ultrasonic oscillator unit that can be small-
sized and has a wiring structure with excellent workability
in a case where wiring is performed.
[0013] In order to achieve the above object, the inven-
tion provides an ultrasonic oscillator unit comprising an
ultrasonic oscillator array in which a plurality of ultrasonic
oscillators are arranged outward in a semicylindrical
shape; an electrode part having a plurality of electrodes
provided on an end surface side of the ultrasonic oscil-
lator array perpendicular to an arrangement surface of
the plurality of ultrasonic oscillators and electrically con-
nected to the plurality of ultrasonic oscillators, respec-
tively; a backing material layer that is disposed on a back
surface of the ultrasonic oscillator array serving as an
inside with respect to the arrangement surface of the plu-
rality of ultrasonic oscillators; and a cable wiring part in
which a plurality of cables are respectively disposed on
a plurality of wiring lines electrically connected to the plu-
rality of electrodes of the electrode part. A width of the
backing material layer perpendicular to the arrangement
surface of the plurality of ultrasonic oscillators becomes
smaller toward a side opposite to the arrangement sur-
face of the plurality of ultrasonic oscillators. The cable
wiring part is provided along the width of the backing
material layer.
[0014] Additionally, it is preferable that the backing ma-
terial layer becomes thinner toward the side opposite to
the arrangement surface of the plurality of oscillators in
a region outside a side surface, in a width direction, of
an acoustic matching layer installed on an upper surface
of the ultrasonic oscillator array.
[0015] It is preferable that the ultrasonic oscillator unit

further comprises a flexible printed wiring board pasted
to a side surface side of the ultrasonic oscillator array
and electrically connected to the plurality of electrodes
of the electrode part, and the cable wiring part has a
plurality of cables respectively disposed on a plurality of
wiring lines electrically connected to the plurality of elec-
trodes of the electrode part and via the flexible printed
wiring board.
[0016] Additionally, it is preferable that the backing ma-
terial layer becomes thinner toward the side opposite to
the arrangement surface of the plurality of ultrasonic os-
cillators in a region where a thickness from a surface
abutting against the ultrasonic oscillator array is equal to
or less than 3 mm and in a region outside the side surface
of the acoustic matching layer in the width direction there-
of.
[0017] Additionally, it is preferable that the backing ma-
terial layer becomes thinner toward the side opposite to
the arrangement surface of the plurality of ultrasonic os-
cillators in a region where a thickness from a surface
abutting against the ultrasonic oscillator array exceeds
than 3 mm and in a region inside the side surface of the
acoustic matching layer in the width direction thereof.
[0018] Additionally, it is preferable that the width of the
backing material layer becomes thinner in a stepwise
fashion toward the side opposite to the arrangement sur-
face of the plurality of ultrasonic oscillators.
[0019] Alternatively, it is preferable that the width of
the backing material layer becomes thinner in an inclined
fashion toward the side opposite to the arrangement sur-
face of the plurality of ultrasonic oscillators.
[0020] Additionally, it is preferable that the ultrasonic
oscillator unit further comprises a housing that surrounds
a portion from the side surface of the backing material
layer in the width direction thereof to the cable wiring part
and a lower side of the backing material layer; and a filler
layer that fills a gap between the backing material layer
and the housing.
[0021] It is preferable that, in a case where an acoustic
impedance of the filler layer is defined as Zp and an
acoustic impedance of the backing material layer is de-
fined as Zb, an acoustic impedance reflectivity Q of the
filler layer and the backing material layer, which is ex-
pressed using the following Equation (1) is 50% or less. 

[0022] Here, the unit of the acoustic impedance Zp and
Zb is kg/m2s.
[0023] Additionally, it is preferable that the thermal con-
ductivity of the filler layer is equal to or more than 1.0
W/(m·K).
[0024] In the invention, the cable wiring part is provided
along the backing material layer that becomes thinner
toward the side opposite to the arrangement surface of
the ultrasonic oscillator.
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[0025] Accordingly, according to the invention, since
the space for wiring the cables in the ultrasonic oscillator
array can be secured, the workability during wiring can
be enhanced, and the ultrasonic oscillator unit can be
small-sized using a simple structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Fig. 1 is a schematic configuration view illustrating
an example of the configuration of an ultrasonic in-
spection system using an ultrasonic endoscope to
which an ultrasonic oscillator unit of the invention is
applied.
Fig. 2 is a partially enlarged plan view illustrating an
endoscope distal end part of the ultrasonic endo-
scope illustrated in Fig. 1.
Fig. 3 is a view of the endoscope distal end part taken
along line I-I illustrated in Fig. 2 and seen from an
arrow direction and is a partially cross-sectional view
of the endoscope distal end part of the ultrasonic
endoscope illustrated in Fig. 2.
Fig. 4 is a view of the endoscope distal end part taken
along line II-II illustrated in Fig. 3 and seen from an
arrow direction and is a cross-sectional view of an
example of an ultrasonic observation part of the en-
doscope distal end part of the ultrasonic endoscope
illustrated in Fig. 3.
Fig. 5 is a longitudinal cross-sectional view of the
endoscope distal end part of the ultrasonic endo-
scope of Embodiment 2 cut in a longitudinal direction
thereof so as to pass through the center of the en-
doscope distal end part in a width direction thereof.
Fig. 6 is a view of the endoscope distal end part taken
along line III-III illustrated in Fig. 5 and seen from an
arrow direction and is a cross-sectional view of an
example of the ultrasonic observation part of the en-
doscope distal end part of the ultrasonic endoscope
illustrated in Fig. 5.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0027] Hereinafter, ultrasonic oscillator units of the in-
vention will be described in detail on the basis of preferred
embodiments illustrated in the attached drawings.
[0028] A schematic configuration view illustrating an
example of the configuration of an ultrasonic inspection
system using an ultrasonic endoscope to which an ultra-
sonic oscillator unit of the invention is applied is illustrated
in Fig. 1.
[0029] An ultrasonic inspection system 10 has an ul-
trasonic endoscope 12 that is disposed at the distal end
of the ultrasonic inspection system 10 and images the
inside of a body cavity of a subject, an ultrasonic wave
processor device 14 that creates an ultrasound image,
an endoscope processor device 16 that creates an en-

doscopic image, a light source device 18 that supplies
the illumination light for illuminating the inside of the body
cavity of the subject to the ultrasonic endoscope 12 via
a light guide (not illustrated), and a monitor 20 that dis-
plays the ultrasound image and the endoscopic image
that are acquired from the ultrasonic wave processor de-
vice 14 and the endoscope processor device 16.
[0030] The ultrasonic inspection system 10 further has
a water supply pump with that is stored in the light source
device 18 and that supplies water to the ultrasonic en-
doscope 12 (not illustrated), a water supply tank 22 that
stores the water to be supplied to the ultrasonic endo-
scope 12 using the water supply pump, an air supply
pump (not illustrated) that is stored in the light source
device 18 for supplying air to the ultrasonic endoscope
12, and a suction pump 24 for suctioning an observation
target from the endoscope distal end part 40 of the ultra-
sonic endoscope 12 to be described below.
[0031] The ultrasonic wave processor device 14, the
endoscope processor device 16, the light source device
18, the water supply tank 22, the suction pump 24, the
water supply pump, and the air supply pump are con-
nected to the ultrasonic endoscope 12, using a universal
cord 30 (to be described below) of the ultrasonic endo-
scope 12.
[0032] The ultrasonic endoscope 12 of the ultrasonic
inspection system 10 includes an insertion part 26 that
has a distal end side inserted into the body cavity of the
subject in order to observe targets, such as the gallblad-
der and the pancreas, and is inserted into the body cavity
of the subject, which is disposed on a distal end side of
the ultrasonic endoscope 12, an operating part 28 that
is provided continuously with a proximal end part of the
insertion part 26 for allowing operators, such as a doctor
and an engineer, to perform an operation, and the uni-
versal cord 30 that has one end connected to the oper-
ating part 28 and the other end connected to a plurality
of devices for controlling the ultrasonic endoscope 12.
[0033] The ultrasonic wave processor device 14 of the
ultrasonic inspection system 10 is a device for creating
and supplying ultrasonic signals (data) for creating the
ultrasonic waves in an ultrasonic oscillator array 100 of
an ultrasonic oscillator unit 68 of an ultrasonic observa-
tion part 58 of an endoscope distal end part 40 of the
insertion part 26 of the ultrasonic endoscope 12 to be
described below. Additionally, the ultrasonic wave proc-
essor device 14 is a device for receiving and acquiring
the echo signals (data), which is reflected from the region
to be observed to which the ultrasonic waves are radiat-
ed, with the ultrasonic oscillator array 100, and for cre-
ating the ultrasound image that is obtained by performing
various kinds of signal (data) processing on the acquired
echo signals and is displayed on the monitor 20.
[0034] The endoscope processor device 16 of the of
the ultrasonic inspection system 10 is a device for receiv-
ing and acquiring captured image signals (data) acquired
from the region to be observed illuminated with the illu-
mination light from the light source device 18 in the en-
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doscope observation part 56 of the endoscope distal end
part 40 of the insertion part 26 of the ultrasonic endo-
scope 12 to be described below and for creating the en-
doscopic image that is obtained by performing various
kinds of signal (data) processing and image processing
on the acquired image signals and is displayed on the
monitor 20.
[0035] In addition, the processor devices 14 and 16
may be constituted of processors, such as a personal
computer (PC).
[0036] In order to image the region to be observed with-
in the body cavity to acquire the image signals with the
endoscope observation part 56 of the ultrasonic endo-
scope 12 to be described below, the light source device
18 is a device for generating Illumination light, such as
white light consisting of three primary color lights, such
as red light (R), green light (G), and blue light (B), or
specific wavelength light to supply the Illumination light
to the ultrasonic endoscope 12 to propagate the illumi-
nation light with a light guide or the like within the ultra-
sonic endoscope 12 (not illustrated), and emitting the il-
lumination light from the endoscope observation part 56
of the distal end part 40 of the insertion part 26 of the
ultrasonic endoscope 12 for illuminating the region to be
observed within the body cavity with the illumination light.
[0037] The monitor 20 of the ultrasonic inspection sys-
tem 10 receives respective video signals created by the
ultrasonic wave processor device 14 and the endoscope
processor device 16 to display the ultrasound image and
the endoscopic image. The monitor 20 is capable of ap-
propriately displaying only any one image of the ultra-
sound image and the endoscopic image through switch-
ing and simultaneously displaying both the images. In
addition, a monitor for displaying the ultrasound image
and a monitor for displaying the endoscopic image may
be separately provided, or the ultrasound image and the
endoscopic image may be displayed using other arbitrary
forms.
[0038] The operating part 28 of the ultrasonic endo-
scope 12 has an air/water supply button 32 that is a switch
for supplying air or supplying water to the endoscope
distal end part 40 of the insertion part 26 to be described
below, and a suction button 34 that is a switch that is
disposed side by side with the air/water supply button 32
on the endoscope distal end part 40 side in a longitudinal
direction of the ultrasonic endoscope 12 for suctioning
the observation target while puncturing the observation
target at a distal end of a puncturing needle of a treatment
tool (not illustrated) delivered from the endoscope distal
end part 40.
[0039] Moreover, the operating part 28 of the ultrasonic
endoscope 12 has angle knobs 36 that are a pair of knobs
each disposed on each side surface of the operating part
28 so as to sandwich the air/water supply button 32 and
the suction button 34 and freely bend a bending part 42
(to be described below) vertically and horizontally by ro-
tationally moving the respective knobs, and a treatment
tool insertion port (forceps port) 38 that is disposed be-

tween the air/water supply button 32 and the insertion
part 26 and allows treatment tools, such as forceps, a
puncturing needle, and a high-frequency knife, which are
delivered from the endoscope distal end part 40, to be
inserted therethrough.
[0040] The insertion part 26 of the ultrasonic endo-
scope 12 has the endoscope distal end part (distal end
rigid part) 40 that has ultrasonic oscillators 98 of the ul-
trasonic oscillator unit 68, an observation window 76 of
an imaging unit 64, and the like (to be described below)
and is formed of a rigid member, the bending part 42 that
is provided continuously with a proximal end side of the
endoscope distal end part 40 and is freely bendable, and
a flexible part 44 that couples a proximal end sides of the
bending part 42 and a distal end side of the operating
part 28 to each other, and is thin, elongated, and flexible,
sequentially from the distal end side.
[0041] The universal cord 30 of the ultrasonic endo-
scope 12 is a cord for connecting a plurality of devices
for controlling the ultrasonic endoscope 12 and the ultra-
sonic endoscope 12 to each other, and is provided at a
rear end of the ultrasonic endoscope 12. An ultrasonic
wave connector 46 connected to the ultrasonic wave
processor device 14, an endoscope connector 48 con-
nected to the endoscope processor device 16, and a light
source connector 50 connected to the light source device
18, the water supply tank 22, the suction pump 24, the
water supply pump (not illustrated), and the air supply
pump (not illustrated) are attachably and detachably con-
nected to the other end part of the universal cord 30 with
respect to a distal end part of the ultrasonic endoscope
12. Additionally, an air/water supply tube 52a having the
other end connected to the water supply tank 22, and a
suctioning tube 52b having the other end connected to
the suction pump 24 are connected to the light source
connector 50.
[0042] The air/water supply button 32 of the operating
part 28 is a switch that controls the supply of air or water
to the endoscope distal end part 40 of the insertion part
26, is connected the other end of a pipe line (not illus-
trated), which passes through the inside of the ultrasonic
endoscope 12 and has one end leading to an air/water
supply nozzle 62 of the endoscope observation part 56
of the endoscope distal end part 40 to be described
above, and is connected to the other end of a pipe line
(not illustrated) that has one end leading to the water
supply tank 22 and the water supply pump (not illustrated)
or the air supply pump (not illustrated). By pushing the
air/water supply button 32, the water supply pump or the
air supply pump, and the pipe lines communicating with
the air/water supply nozzle 62 and the water supply tank
22 are connected to each other, and the water or air
stored in the water supply tank 22 is supplied to the
air/water supply nozzle 62. In addition, well-known meth-
ods, such as configuring the air/water supply button 32
with a two-step switching type, can be appropriately used
as methods for switching connections of pipe lines of the
water supply pump and the air supply pump.
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[0043] The suction button 34 of the operating part 28
is a switch that controls the suction operation in the en-
doscope distal end part 40 of the insertion part 26, is
connected the other end of a treatment tool insertion
channel 61 that passes through the inside of the ultra-
sonic endoscope 12 and has one end leading to the treat-
ment tool delivery port 60 of the endoscope distal end
part 40, and is connected to the other end of a pipe line
(not illustrated) that has one end leading to the suction
pump 24. As for the suction button 34, by pushing the
suction button 34 similarly to the above-described air/wa-
ter supply button 32, the pipe lines leading to the treat-
ment tool insertion channel 61 and the suction pump 24
are connected to each other, and suction is performed
from the treatment tool delivery port 60. Additionally, in
a case where a treatment tool (not illustrated) having a
puncturing needle is inserted through the treatment tool
insertion channel 61, suction of tissue of the observation
target is performed from the distal end of the puncturing
needle by pushing the suction button 34.
[0044] A partially enlarged plan view illustrating the en-
doscope distal end part of the ultrasonic endoscope il-
lustrated in Fig. 1 is illustrated in Fig. 2. Additionally, a
view of the endoscope distal end part taken along line I-
I illustrated in Fig. 2 and seen from an arrow direction
and a partially cross-sectional view of the endoscope dis-
tal end part of the ultrasonic endoscope illustrated in Fig.
2 are illustrated in Fig. 3. As illustrated in Figs. 2 and 3,
the endoscope distal end part 40 of the insertion part 26
has an inclined surface part 54 formed on a proximal end
side thereof, the inclined surface part 54 being an inclined
surface having a large angle of elevation in a direction
of a proximal end of the endoscope distal end part 40
with respect to a bottom surface of the endoscope distal
end part 40, and has the endoscope observation part 56
that is provided on the inclined surface part 54 for acquir-
ing the endoscopic image, the ultrasonic observation part
58 that is provided on the distal end side of the endoscope
distal end part 40 for acquiring the ultrasound image, the
treatment tool delivery port 60 that is provided between
the endoscope observation part 56 and the ultrasonic
observation part 58 and that delivers a treatment tool (not
illustrated) within the body cavity of the subject, the treat-
ment tool insertion channel 61 that allows the treatment
tool insertion port 38 and the treatment tool delivery port
60 of the operating part 28 to communicate with each
other for allowing the treatment tool to be inserted there-
through, and the air/water supply nozzle 62 that is pro-
vided between the endoscope observation part 56 and
the treatment tool delivery port 60 for washing foreign
matter or the like adhering to the endoscope observation
part 56.
[0045] The bending part 42 of the insertion part 26 is
formed by coupling a plurality of bendable pieces to each
other and is provided continuously with the proximal end
side of the endoscope distal end part 40. Additionally,
the bending part 42 is freely bendable vertically and hor-
izontally by the rotational movement of the pair of angle

knobs 36 provided at the operating part 28. In this way,
since the bending part 42 is remotely and freely bending-
operated by using the angle knobs 36 as operating
means, the endoscope distal end part 40 can be directed
to a direction desired to an operator.
[0046] Since the flexible part 44 of the insertion part
26 couples a proximal end side of the bending part 42
and the distal end side of the operating part 28 to each
other, and is thin, elongated, and flexible, even in a case
where the flexible part 44 is within the body cavity of the
subject having a complicated structure, the flexible part
44 can be inserted so as to follow the bending-operated
bending part 42.
[0047] The endoscope observation part 56 of the en-
doscope distal end part 40 has the imaging unit 64 that
is provided so as to pass through the inside of the ultra-
sonic endoscope 12 from the center of the inclined sur-
face part 54 and captures the endoscopic image, and an
illumination unit 66 that is disposed side by side with the
imaging unit 64 for illuminating a region to be observed
using the illumination light from the light source device 18.
[0048] Fig. 4 is a view of the endoscope distal end part
taken along line II-II illustrated in Fig. 3 and seen from
an arrow direction and is a cross-sectional view of an
example of the ultrasonic observation part of the distal
end part of the ultrasonic endoscope illustrated in Fig. 3.
The ultrasonic observation part 58 of the endoscope dis-
tal end part 40 to be inserted into the inside of the body
of the subject in order to observe targets, such as the
gallbladder and the pancreas has a cable dispersion part
72 including a plurality of cables 70 electrically connect-
ing the ultrasonic oscillator unit 68, which transmits and
receives the ultrasonic signals with respect to the obser-
vation target, to the universal cord 30 that transmit driving
signals of the ultrasonic waves to the ultrasonic oscillator
unit 68, the universal cord 30 being connected to the
ultrasonic wave processor device 14 that analyzes sig-
nals of the reflected waves from the observation target
that are received from the ultrasonic oscillator unit 68,
and creates the ultrasound image, and a cable covering
part 74 that binds the cable dispersion part 72.
[0049] In addition, since Fig. 4 is a schematic view il-
lustrated for description of the invention and does not
illustrate the details, it is needless to say that the arrange-
ment locations, sizes, and shapes of the respective mem-
bers illustrated in Fig. 4 may be appropriately changed
without departing from the scope of the invention.
[0050] The treatment tool delivery port 60 of the endo-
scope distal end part 40 is provided on a distal end side
of the imaging unit 64, and a treatment tool (not illustrat-
ed), which is inserted from the treatment tool insertion
port 38 of the operating part 28 and passes through the
treatment tool insertion channel 61, is delivered from the
treatment tool delivery port 60.
[0051] Additionally, the air/water supply nozzle 62 of
the endoscope distal end part 40 is a nozzle that is pro-
vided between the imaging unit 64 and the treatment tool
delivery port 60 for washing the observation window 76
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of the imaging unit 64 to be described below. By pushing
the air/water supply button 32 of the operating part 28,
air or water is supplied from the air supply pump (not
illustrated) or the water supply pump (not illustrated)
through a flow channel (not illustrated) for air supply or
water supply provided within the ultrasonic endoscope
12 to the air/water supply nozzle 62.
[0052] Additionally, the cable dispersion part 72 of the
endoscope distal end part 40 includes the plurality of ca-
bles 70 electrically connected to the ultrasonic oscillator
unit 68, and is a portion in which the plurality of cables
70 are not bound in the cable covering part 74. Since the
cable dispersion part 72 I fixed using electrical connec-
tion means, such as soldering or conductive paste in a
wiring portion between the ultrasonic oscillator unit 68
and the cables 70, the cable dispersion part 72 is weak
to a mechanical external force and disconnection thereof
is likely to occur. For that reason, the cable dispersion
part 72 is fixed with a filler layer 92 of the ultrasonic os-
cillator unit 68 (to be described below) in order to prevent
the disconnection.
[0053] The imaging unit 64 of the endoscope observa-
tion part 56 has a transparent observation window 76
disposed at the inclined surface part 54 for protecting an
imaging optical system disposed at the rear thereof, an
objective lens 78 of an observation optical system that
is disposed behind the observation window 76 and inside
the endoscope distal end part 40, an imaging element
80, such as a charge coupled device (CCD) or a com-
plementary metal-oxide semiconductor (CMOS) that is
disposed at a focusing position of the objective lens 78
inside the endoscope distal end part 40, and a signal
cable 82 electrically connected to the imaging element
80, and the universal cord 30 connected to the light
source device 18 through a pipe line (not illustrated) in-
side the ultrasonic endoscope 12.
[0054] The illumination unit 66 of the endoscope ob-
servation part 56 has a pair of transparent illumination
windows 84 that are provided side by side at the imaging
unit 64, are provided side by side on both sides of the
observation window 76 in the inclined surface part 54
and protect an illumination optical system disposed at
rear thereof, and the light guide (not illustrated) that is
disposed behind the illumination windows 84 and inside
the endoscope distal end part 40 for transmitting the il-
lumination light from the light source device 18 to the
illumination windows 84.
[0055] The observation window 76 of the imaging unit
64 is disposed at the inclined surface part 54, and the
image light of the observation target incident from the
observation window 76 is focused on an imaging surface
of the imaging element 80 by the objective lens 78. The
imaging element 80 photoelectrically converts the image
light of the observation target transmitted through the ob-
servation window 76 and the objective lens 78 and fo-
cused on the imaging surface of the imaging element 80
and outputs imaging signals to the endoscope processor
device 16. The imaging signals output from the imaging

element 80 are transmitted to the endoscope processor
device 16 via the signal cable 82 and the universal cord
30, and the endoscope processor device 16 performs
signal processing and image processing on the transmit-
ted imaging signals and then displays the processed sig-
nals on the monitor 20 as an endoscopic optical image.
[0056] The illumination windows 84 of the illumination
unit 66 are a pair of windows that are provided side by
side on both sides of the observation window 76 of the
imaging unit 64, and an exit end of the light guide (not
illustrated), which guides the illumination light from the
light source device 18, to the observation window 76, is
connected to the illumination windows 84. The light guide
extends from the illumination windows 84 to the light
source device 18 through the inside of the ultrasonic en-
doscope 12, and an incident end of the light guide is
stored within the light source device 18. The Illumination
light emitted by the light source device 18 is transmitted
to the light guide and is radiated from the illumination
windows 84 to the observation target.
[0057] The ultrasonic oscillator unit 68 of the ultrasonic
observation part 58 has a laminated body 86 that is dis-
posed at an upper part of a distal end side of the ultrasonic
observation part 58 and transmits and receives the ultra-
sonic waves, and has a laminated structure, a cable wir-
ing part 88 that are electrically connected to the laminated
body 86 and the cable dispersion part 72 including the
plurality of cables 70, a housing 90 that surrounds the
side surfaces and lower surface of the laminated body
86 and the cable wiring part 88 in order to protect from
the outside of the ultrasonic observation part 58, and the
filler layer 92 that fills a gap between the laminated body
86 and the housing 90 in order to fix the wiring portion of
the cable wiring part 88.
[0058] The laminated body 86 of the ultrasonic oscil-
lator unit 68 has a laminated structure, and has an acous-
tic lens 94 that is located at an uppermost part for con-
verging the ultrasonic waves output from the ultrasonic
oscillator array 100 to be described below and the ultra-
sonic waves reflected from the observation target, an
acoustic matching layer 96 that is located under the
acoustic lens 94 for matching the acoustic impedance of
the ultrasonic oscillators 98 constituting the ultrasonic
oscillator array 100 with the acoustic impedance of the
observation target, the ultrasonic oscillator array 100
which is located under the acoustic matching layer 96
and in which the plurality of elongated ultrasonic oscilla-
tors 98 that transmit and receive the ultrasonic waves
are aligned in an array, and a backing material layer 102
that is located under the ultrasonic oscillator array 100
for mechanically supporting the ultrasonic oscillator array
100 and damping the ultrasonic waves propagated to a
lower side of the ultrasonic oscillator array 100. As illus-
trated in Figs. 3 and 4, the acoustic matching layer 96
and the ultrasonic oscillator array 100 are disposed in a
semicylindrical shape, and the acoustic lens 94 is dis-
posed along the acoustic matching layer 96 disposed in
the semicylindrical shape. Additionally, in the cross-sec-
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tional view illustrated in Fig. 3, the backing material layer
102 has a semicircular columnar shape.
[0059] The cable wiring part 88 of the ultrasonic oscil-
lator unit 68 has wiring pad rows 104 that are electrically
connected to the electrode part 106 of the ultrasonic os-
cillator array 100 to be described below and the plurality
of cables 70 constituting the cable dispersion part 72, are
disposed along a stepwise stepped part 110 formed on
each side surface of the backing material layer 102 (to
be described below) in a width direction thereof, and have
a plurality of electrode pads aligned in a region corre-
sponding to respective steps of the stepped part 110.
That is, the plurality of wiring pad rows 104 of the cable
wiring part 88 are aligned in a stepwise shape from a
lower end along the stepped part 110 of the backing ma-
terial layer 102. Additionally, although the cable wiring
part 88 may be configured using a rigid wiring board, it
is preferable that the cable wiring part 88 is configured
using flexible wiring means, such as a flexible printed
wiring board from a viewpoint of easiness of installation.
[0060] The housing 90 of the ultrasonic oscillator unit
68 is made of rigid members, such as hard resin, and
protects the side surfaces and lower surface of the lam-
inated body 86 and the cable wiring part 88 from the
outside, and is disposed so as to abut against the side
surfaces of the acoustic lens 94 of the laminated body
86 (to be described below) in the width direction of the
laminated body 86 and surround the side surfaces and
a lower part of the laminated body 86 in the width direction
thereof and the cable wiring part 88.
[0061] The filler layer 92 of the ultrasonic oscillator unit
68 is provided so as to fill a gap between the housing 90,
and the laminated body 86, particularly, the backing ma-
terial layer 102 and the cable wiring part 88, and fixes a
wiring portion between the cable wiring part 88 and the
cables 70 to prevent disconnection of the wiring portion.
[0062] Moreover, it is preferable that the acoustic im-
pedances of the filler layer 92 of the ultrasonic oscillator
unit 68 and the backing material layer 102 are matched
with each other such that the ultrasonic waves, which are
oscillated from the ultrasonic oscillator array 100 of the
laminated body 86 and propagated to a lower side there-
of, are not reflected at a boundary between the filler layer
92 and the backing material layer 102 and such that the
ultrasonic waves oscillated from the ultrasonic oscillator
array 100 is reflected in the observation target or its pe-
ripheral part and sufficiently damp the ultrasonic waves
propagated to the lower side of the ultrasonic oscillator
array 100. For that reason, in a case where the acoustic
impedance of the filler layer 92 is defined as Zp and the
acoustic impedance of the backing material layer 102 is
defined as Zb, it is preferable that an acoustic impedance
reflectivity Q of the filler layer 92 and the backing material
layer 102 expressed by the following Equation (1) is 50%
or less. 

[0063] Here, the unit of the acoustic impedance Zp and
Zb is kg/m2s. In addition, kg represents kilogram, m rep-
resents meter and s represents second.
[0064] Additionally, in order for the acoustic imped-
ance reflectivity Q of the filler layer 92 and the backing
material layer 102 to be 50% or less, for example, a filler
of the same material as the backing material layer 102
may be used for the material of the filler layer 92. In a
case where hard rubber or the like to which an ultrasonic
damping material, such as ferrite or ceramics, is added
as the material of the backing material layer 102 is used,
epoxy resin to which a heat conduction member, such
as ceramics, is added may be used as the filler layer 92.
[0065] The above acoustic impedance reflectivity Q is
an index showing the easiness of reflection of the ultra-
sonic waves (sound beams) on a boundary surface be-
tween the filler layer 92 and the backing material layer
102, that is, shows that the acoustic impedance of the
filler layer 92 and the acoustic impedance of the backing
material layer 102 are matched with each other as the
value thereof is closer to 0%. In a case where the above
acoustic impedance reflectivity is about 50% or less, the
noise caused by the ultrasonic waves propagated to the
lower side of the ultrasonic oscillator array 100 can be
processed to such a degree that no hindrance is caused
in the creation of the ultrasound image in the ultrasonic
wave processor device 14 using the ultrasonic signals
received in the ultrasonic oscillator array 100.
[0066] Additionally, in a case where the ultrasonic
waves are oscillated from the ultrasonic oscillator array
100 of laminated body 86 of the ultrasonic oscillator unit
68, the driving signals transmitted from the ultrasonic
wave processor device 14 to the ultrasonic oscillator ar-
ray 100 become thermal energy and the ultrasonic oscil-
lator array 100 generates heat. Therefore, it is preferable
that the filler layer 92 has heat dissipation. For that rea-
son, it is preferable that the thermal conductivity of the
filler layer 92 is more than 1.0 W/(m·K), for example, the
epoxy resin with to which the heat conduction member,
such as ceramics, is added may be used as the filler layer
92. Here, W represents watt, m represents meter and K
represents Kelvin.
[0067] The acoustic lens 94 of the laminated body 86
is a lens for converging the ultrasonic waves, and Is dis-
posed so as to abut against the upper surfaces or side
surfaces of the acoustic matching layer 96, the ultrasonic
oscillator array 100, and the backing material layer 102,
respectively, and cover the middle of each side surface
of the backing material layer 102 in the width direction,
in order to protect the acoustic matching layer 96, the
ultrasonic oscillator array 100, and the backing material
layer 102 that are laminated under the acoustic lens 94.
Additionally, the acoustic lens 94 has a convex shape
such that the acoustic lens 94 covers an upper part of
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the ultrasonic oscillator array 100 in the width direction
of the laminated body 86 in order to converge the ultra-
sonic waves oscillated from the ultrasonic oscillator array
100 toward the observation target or in order to converge
the ultrasonic waves reflected from the observation target
toward the ultrasonic oscillator array 100. In addition, the
acoustic lens 94 is disposed at the above-described po-
sition after the wiring task of the electrode part 106 and
the upper electrode part 108 of the ultrasonic oscillator
array 100 to be described below is completed. Addition-
ally, the acoustic lens 94 is made of, for example, silicon-
based resin, such as millable type silicone rubber or liquid
silicone rubber, butadiene-based resin, polyurethane-
based resin, or the like. Moreover, in order to match the
acoustic impedance of the subject that is the observation
target for ultrasonic observation with the acoustic imped-
ance of the ultrasonic oscillators 98 that constitutes the
ultrasonic oscillator array 100 and increase the transmit-
tance of the ultrasonic waves to the subject, powder, such
as titanium oxide, alumina, or silica, is mixed with the
acoustic lens 94 as needed.
[0068] The acoustic matching layer 96 of the laminated
body 86 is a layer for matching the acoustic impedances
of the ultrasonic oscillator array 100 and the observation
target, which are made of epoxy resin or the like, with
each other. Since the acoustic matching layer 96 is in-
stalled such that a lower surface of the acoustic matching
layer 96 is installed so as to abut against an upper surface
of the ultrasonic oscillator array 100, but has a width
shorter than the ultrasonic oscillator array 100 in the width
direction of the laminated body 86, the acoustic matching
layer 96 partially covers the upper surface of the ultra-
sonic oscillator array 100 such that both end parts or any
one end part of the ultrasonic oscillator array 100 in the
width direction thereof is removed. For that reason, the
ultrasonic waves contributing to the observation of the
target among the ultrasonic waves transmitted from the
ultrasonic oscillator array 100 are only the ultrasonic
waves that have passed through the acoustic matching
layer 96, that is, only the ultrasonic waves transmitted
from the ultrasonic oscillator array 100 in a region inside
the side surfaces of the acoustic matching layer 96 in the
width direction thereof.
[0069] The ultrasonic oscillator array 100 of the lami-
nated body 86 is an array in which the ultrasonic oscilla-
tors 98 are aligned in a semicylindrical shape, transmit
the ultrasonic signals to the observation target, and re-
ceive the ultrasonic waves reflected from the observation
target to convert the received ultrasonic waves into elec-
trical signals, is disposed such that the lower surface of
the ultrasonic oscillator array 100 abuts against an upper
surface of the backing material layer 102. The ultrasonic
oscillator array 100 has the electrode part 106 electrically
connected to the plurality of ultrasonic oscillators 98 and
the cable wiring part 88 on a lower side of each side
surface of the ultrasonic oscillator array 100 that are per-
pendicular to the arrangement surface of the plurality of
ultrasonic oscillators 98 that constitute the ultrasonic os-

cillator array 100, and has the upper electrode part 108
electrically connected to the plurality of ultrasonic oscil-
lators 98 constituting the ultrasonic oscillator array 100,
and a grounding electrode (not illustrated) provided with-
in the ultrasonic endoscope 12, on the upper surface of
the ultrasonic oscillator array 100, and a surface thereof
that is not covered with the acoustic matching layer 96
and is covered only with the acoustic lens 94.
[0070] Here, in a case where a position where the elec-
trode part 106 is disposed is such that the workability in
a case where wiring between the cable wiring part 88
and the electrode part 106 is performed is not impaired,
the position does not need to be the lower side of each
side surface of the ultrasonic oscillator array 100 that is
strictly perpendicular to the arrangement surface of the
plurality of ultrasonic oscillators 98. For that reason, in
the invention, the expression "perpendicular to the ar-
rangement surface of the plurality of ultrasonic oscillators
98 that constitute the ultrasonic oscillator array 100"
means perpendicular or substantially perpendicular with
an accuracy within a range of minus 5 degrees to plus 5
degrees with respect to a normal line of the arrangement
surface of the plurality of ultrasonic oscillators 98.
[0071] In addition, the plurality of ultrasonic oscillators
98 constituting the ultrasonic oscillator array 100 are con-
stituted of piezoelectric elements, and well-known piezo-
electric elements made of, for example, lead zirconium
titanate or polyvinylidene fluoride, can be used. Addition-
ally, as methods of electrical connection between the
electrode part 106 the ultrasonic oscillator array 100 and
the cable wiring part 88 and between the upper electrode
part 108 and wiring lines, well-known methods, such as
methods using wire bonding, soldering, heat welding, a
anisotropic conductive sheet, and anisotropic conductive
paste, can be used as long as the methods are methods
that do not impair the workability of the wiring task.
[0072] The backing material layer 102 of the laminated
body 86, which is a feature of the invention, mechanically
supports the ultrasonic oscillator array 100, suppresses
the oscillation of the ultrasonic oscillator array 100, and
damps the ultrasonic waves propagated to the lower side
of the ultrasonic oscillator array 100, is disposed such
that the upper surface of the backing material layer 102
abuts against the lower surface of the ultrasonic oscillator
array 100, and has a width longer than the ultrasonic
oscillator array 100 in the width direction of the laminated
body 86. Additionally, the backing material layer 102 has
the stepwise stepped part 110 that becomes thinner to-
ward a side opposite to the arrangement surface of the
plurality of ultrasonic oscillators 98 constituting the ultra-
sonic oscillator array 100, on each side surface of the
backing material layer 102 in the width direction thereof,
in order to widely secure a space required for the wiring
between the electrode part 106 of the ultrasonic oscillator
array 100 and the cables 70 of the cable dispersion part
72. In addition, the backing material layer 102 includes
a material having rigidity, such as hard rubber, and an
ultrasonic damping material made of, for example, ferrite
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or ceramics, is added as needed.
[0073] The electrode part 106, which is disposed on
the lower side of each side surface of the ultrasonic os-
cillator array 100 perpendicular to the arrangement sur-
face of the plurality of ultrasonic oscillators 98 that con-
stitute the ultrasonic oscillator array 100, is electrically
connected to an upper end of the cable wiring part 88,
and is used to transmit the driving signals of the ultrasonic
waves from the ultrasonic wave processor device 14 of
the ultrasonic inspection system 10, to the ultrasonic os-
cillator array 100 via the cables 70 of the cable dispersion
part 72, and to transmit the piezoelectric signals output
after the ultrasonic oscillator array 100 receives the re-
flected ultrasonic waves, via the cables 70 to the ultra-
sonic wave processor device 14 that performs the anal-
ysis of the received ultrasonic signals and the creation
of the ultrasound image. In this way, since the electrode
part 106 is a structure disposed on each side surface of
the ultrasonic oscillator array 100, wiring to the electrode
part 106 can be relatively easily performed, and the suc-
cess rate of manufacture of the laminated body 86. In
addition, as methods of electrical connection between
the cable wiring part 88 and the cables 70, well-known
methods, such as methods using wire bonding, solder-
ing, heat welding, a anisotropic conductive sheet, and
anisotropic conductive paste, can be used as long as the
methods are methods that do not impair the workability
of the wiring task. Additionally, the electrode part 106
may be provided such that the cable wiring part 88 is
disposed along each side surface of the backing material
layer 102 in the width direction thereof, that is may be
provided on an end surface side of the ultrasonic oscil-
lator array 100 that becomes perpendicular to the ar-
rangement surface of the plurality of ultrasonic oscillators
98, or may be connected to one end of the cable wiring
part 88 and each side surface of the backing material
layer 102 in the width direction thereof by being provided
to extend to an upper end part of each side surface of
the backing material layer 102 in the width direction there-
of.
[0074] The upper electrode part 108, which is disposed
on the surface that is an upper surface of the ultrasonic
oscillator array 100, is not covered with the acoustic
matching layer 96, and is covered only with the acoustic
lens 94, is electrically connected to the grounding elec-
trode (not illustrated) that includes one electrode pad
connected to the plurality of respective ultrasonic oscil-
lators 98 that constitute the ultrasonic oscillator array 100
and is provided within the ultrasonic endoscope 12, and
is used to ground the driving signals for oscillating the
ultrasonic waves, which are transmitted from the ultra-
sonic wave processor device 14 and transmitted from
the electrode part 106 disposed on the lower side of each
side surface of the ultrasonic oscillator array 100 to the
respective ultrasonic oscillators 98 constituting the ultra-
sonic oscillator array 100, through the grounding elec-
trode provided within the ultrasonic endoscope 12. Ad-
ditionally, the upper electrode part 108 is disposed on

the upper surface of the ultrasonic oscillator array 100.
However, as described above, since the upper electrode
part 108 is disposed in the region outside each side sur-
face of the acoustic matching layer 96 in the width direc-
tion thereof, there is no particular influence on the trans-
mission and reception of ultrasonic waves performed by
the ultrasonic oscillator array 100. In addition, the upper
electrode part 108 only has to be capable of grounding
the plurality of respective ultrasonic oscillators 98 con-
stituting the ultrasonic oscillator array 100, and it is need-
less to say that the upper electrode part 108 is not nec-
essarily constituted of one electrode pad as long as the
working efficiency of the wiring task in the upper electrode
part 108 is not hindered.
[0075] The stepped part 110 formed on each side sur-
face of the backing material layer 102 in the width direc-
tion thereof is provided in order to keep the plurality of
cables 70, which are wired to the electrode part 106 in
order to widely secure the space required for the wiring
between the electrode part 106 and the cables 70, from
overlapping each other. Since the backing material layer
102 has a function of damping the ultrasonic waves from
the ultrasonic oscillator array 100 and the reflected wave
from the observation target, which are propagated to the
lower side of the ultrasonic oscillator array 100, it is pref-
erable that the stepped part 110 is provided so as not to
affect the output of the ultrasonic waves oscillated from
the ultrasonic oscillator array 100. For this reason, it is
preferable that the stepped part 110 is formed only in a
region outside each side surface of the acoustic matching
layer 96 in the width direction thereof on each side sur-
face of the backing material layer 102 in the width direc-
tion thereof, in a region where the thickness from the
surface on which the backing material layer 102 and the
ultrasonic oscillator array 100 abut against each other is
equal to or less than 3 mm. Additionally, the stepped part
110 may be formed in a region inside each side surface
of the acoustic matching layer 96 in the width direction
thereof on each side surface of the backing material layer
102 in the width direction thereof, in a region where the
thickness from the surface on which the backing material
layer 102 and the ultrasonic oscillator array 100 abut
against each other exceeds 3 mm. In addition, the height
of respective steps of the stepped part 110 and the width
of the steps in the width direction of the backing material
layer 102 may be appropriately changed to such a degree
that the height and the width become smaller toward the
side opposite to the arrangement surface of the plurality
of ultrasonic oscillators 98 that constitute the ultrasonic
oscillator array 100 and the workability in a case where
the cables 70 of the cable dispersion part 72 are wired
to the cable wiring part 88 disposed along the stepped
part 110 is not impaired.
[0076] As described above, in the present embodi-
ment, the wiring pad rows 104 of the cable wiring part 88
are aligned in a stepwise fashion along the stepped part
110 of the backing material layer 102 of the laminated
body 86. Thus, the space for wiring the cables 70 of the
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cable dispersion part 72 and the cable wiring part 88 can
sufficiently be secured, the plurality of cables 70 wired
to the cable wiring part 88 do not overlap each other, the
workability in the wiring task is improved. Additionally,
since the wiring portion between the cables 70 and the
cable wiring part 88 is filled with the filler layer 92, the
risk that the cables 70 may be disconnected becomes
low, for example, in a case where the ultrasonic endo-
scope 12 is manufactured and in a case where the ultra-
sonic endoscope 12 is used. Moreover, since the cable
wiring part 88 connects the electrode part 106 of the ul-
trasonic oscillator array 100 and the end surface side of
the ultrasonic oscillator array 100 in the width direction
to each other, the wiring between the cable wiring part
88 and the electrode part 106 is relatively easy, and the
success rate in a case where the ultrasonic oscillator unit
68 is manufactured can be improved.
[0077] In the ultrasonic oscillator unit 68 of the ultra-
sonic observation part 58 of Embodiment 1 illustrated in
Figs. 1 to 4, the backing material layer 102 of the lami-
nated body 86 has the stepped part 110. Thus, the space
required for the wiring between the cable wiring part 88
and the cables 70 can be secured, and the plurality of
cables 70 connected to the cable wiring part 88 can be
kept from overlapping each other. However, the same
effects can be exhibited even in a case where the step-
wise stepped part 110 of the backing material layer 102
is formed in an inclined shape.
[0078] A cross-sectional view of the endoscope distal
end part having the ultrasonic oscillator unit of the present
embodiment (Embodiment 2) cut in the longitudinal di-
rection thereof so as to pass through the center of the
ultrasonic observation part in a width direction thereof is
illustrated in Fig. 5. Additionally, Fig. 6 is a view of the
endoscope distal end part taken along line III-III illustrat-
ed in Fig. 5 and seen from an arrow direction and is a
cross-sectional view of an example of the ultrasonic ob-
servation part of the endoscope distal end part of the
ultrasonic endoscope illustrated in Fig. 5. An ultrasonic
observation part 258 of the endoscope distal end part
240 illustrated in Figs. 5 and 6 has the same structure
as the ultrasonic observation part 58 of the ultrasonic
endoscope 12 illustrated in Figs. 1 to 4 except for a back-
ing material layer 202 of an ultrasonic oscillator unit 268
having no stepwise shape.
[0079] As illustrated in Fig. 6, the backing material layer
202 of a laminated body 286 has an inclined part 112
that becomes thinner in an inclined fashion toward the
side opposite to the arrangement surface of the plurality
of ultrasonic oscillators 98 constituting the ultrasonic os-
cillator array 100, on each side surface of the backing
material layer 202 in the width direction thereof, in order
to widely secure the space required for the wiring be-
tween the electrode part 106 of the ultrasonic oscillator
array 100 and the cables 70 of the cable dispersion part
72.
[0080] Additionally, the cable wiring part 88 electrically
connected to the electrode part 106 of the ultrasonic os-

cillator array 100 and the cables 70 is disposed along the
inclined part 112 formed on each side surface of the back-
ing material layer 202 in the width direction thereof.
[0081] The inclined part 112 formed on each side sur-
face of the backing material layer 202 in the width direc-
tion thereof is provided so as to widely secure the space
required for the wiring between the electrode part 106 of
the ultrasonic oscillator array 100 and the cables 70 of
the cable dispersion part 72 and such that the plurality
of cables 70 electrically connected to the electrode part
106 do not overlap each other. Since the backing material
layer 202 has a function of damping the ultrasonic waves
propagated to the lower side of the ultrasonic oscillator
array 100, it is preferable that the inclined part 112 is
provided so as not to affect the output of the ultrasonic
waves oscillated from the ultrasonic oscillator array 100,
similarly to the stepped part 110 illustrated in Fig. 4. For
this reason, it is preferable that the inclined part 112 is
formed only in a region outside each side surface of the
acoustic matching layer 96 in the width direction thereof
on each side surface of the backing material layer 202
in the width direction thereof, in a region where the thick-
ness from the surface on which the backing material layer
202 and the ultrasonic oscillator array 100 abut against
each other is equal to or less than 3 mm. Additionally,
the inclined part 112 may be formed in a region inside
each side surface of the acoustic matching layer 96 in
the width direction thereof on each side surface of the
backing material layer 202 in the width direction thereof,
in a region where the thickness from the surface on which
the backing material layer 202 and the ultrasonic oscil-
lator array 100 abut against each other exceeds 3 mm.
In addition, the inclination of the inclined part 112 may
be appropriately changed to such a degree that the height
and the width become smaller toward the side opposite
to the arrangement surface of the plurality of ultrasonic
oscillators 98 that constitute the ultrasonic oscillator array
100 and the workability in a case where the cables 70
are wired to the cable wiring part 88 disposed along the
inclined part 112 is not impaired, and the inclination may
vary in the middle of the inclination of the inclined part
112.
[0082] As described above, by disposing the cable wir-
ing part 88 electrically connected to the electrode part
106 of the ultrasonic oscillator array 100 and the cables
70 of the cable dispersion part 72 along the inclined part
112 formed in an inclined fashion toward the side oppo-
site to the arrangement surface of the plurality of ultra-
sonic oscillators 98 that constitute the ultrasonic oscillator
array 100 on each side surface of the backing material
layer 202 of the laminated body 286 in the width direction
thereof, a sufficient space for wiring the electrode part
106 and the cables 70 can be secured, and the plurality
of wired cables 70 can be kept from overlapping each
other.
[0083] Although the invention has been described
above in detail, it is natural that the invention is not limited
to the above embodiment, and various improvements
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and modifications may be made without departing from
the scope of the invention.

Explanation of References

[0084]

10: ultrasonic inspection system
12: ultrasonic endoscope
14: ultrasonic wave processor device
16: endoscope processor device
18: light source device
20: monitor
22: water supply tank
24: suction pump
26: insertion part
28: operating part
30: universal cord
32: air/water supply button
34: suction button
36: angle knob
38: treatment tool insertion port
40, 240: endoscope distal end part
42: bending part
44: flexible part
46: ultrasonic wave connector
48: endoscope connector
50: light source connector
52a, 52b: tube
54: inclined surface part
56: endoscope observation part
58, 258: ultrasonic observation part
60: treatment tool delivery port
61: treatment tool insertion channel
62: air/water supply nozzle
64: imaging unit
66: illumination unit
68, 268: ultrasonic oscillator unit
70: cable
72: cable dispersion part
74: cable covering part
76: observation window
78: objective lens
80: imaging element
82: signal cable
84: illumination window
86, 286: laminated body
88: cable wiring part
90: housing
92: filler layer
94: acoustic lens
96: acoustic matching layer
98: ultrasonic oscillator
100: ultrasonic oscillator array
102, 202: backing material layer
104: wiring pad row
106: electrode part
108: upper electrode part

110: stepped part
112: inclined part

Claims

1. An ultrasonic oscillator unit comprising:

an ultrasonic oscillator array in which a plurality
of ultrasonic oscillators are arranged outward in
a semicylindrical shape;
an electrode part having a plurality of electrodes
provided on an end surface side of the ultrasonic
oscillator array perpendicular to an arrangement
surface of the plurality of ultrasonic oscillators
and electrically connected to the plurality of ul-
trasonic oscillators, respectively;
a backing material layer that is disposed on a
back surface of the ultrasonic oscillator array
serving as an inside with respect to the arrange-
ment surface of the plurality of ultrasonic oscil-
lators; and
a cable wiring part in which a plurality of cables
are respectively disposed on a plurality of wiring
lines electrically connected to the plurality of
electrodes of the electrode part,
wherein a width of the backing material layer
perpendicular to the arrangement surface of the
plurality of ultrasonic oscillators becomes small-
er toward a side opposite to the arrangement
surface of the plurality of ultrasonic oscillators,
and
wherein the cable wiring part is provided along
the width of the backing material layer.

2. The ultrasonic oscillator unit according to claim 1,
wherein the backing material layer becomes thinner
toward the side opposite to the arrangement surface
of the plurality of oscillators in a region outside a side
surface, in a width direction, of an acoustic matching
layer installed on an upper surface of the ultrasonic
oscillator array.

3. The ultrasonic oscillator unit according to claim 1 or
2, further comprising:

a flexible printed wiring board pasted to a side
surface side of the ultrasonic oscillator array and
electrically connected to the plurality of elec-
trodes of the electrode part,
wherein the cable wiring part has a plurality of
cables respectively disposed on a plurality of
wiring lines electrically connected to the plurality
of electrodes of the electrode part via the flexible
printed wiring board.

4. The ultrasonic oscillator unit according to any one of
claims 1 to 3,
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wherein the backing material layer becomes thinner
toward the side opposite to the arrangement surface
of the plurality of ultrasonic oscillators in a region
where a thickness from a surface abutting against
the ultrasonic oscillator array is equal to or less than
3 mm and in a region outside the side surface of the
acoustic matching layer in the width direction thereof

5. The ultrasonic oscillator unit according to any one of
claims 1 to 4,
wherein the backing material layer becomes thinner
toward the side opposite to the arrangement surface
of the plurality of ultrasonic oscillators in a region
where a thickness from a surface abutting against
the ultrasonic oscillator array exceeds than 3 mm
and in a region inside the side surface of the acoustic
matching layer in the width direction thereof.

6. The ultrasonic oscillator unit according to any one of
claims 1 to 5,
wherein the width of the backing material layer be-
comes thinner in a stepwise fashion toward the side
opposite to the arrangement surface of the plurality
of ultrasonic oscillators.

7. The ultrasonic oscillator unit according to any one of
claims 1 to 5,
wherein the width of the backing material layer be-
comes thinner in an inclined fashion toward the side
opposite to the arrangement surface of the plurality
of ultrasonic oscillators.

8. The ultrasonic oscillator unit according to any one of
claims 1 to 7, further comprising:

a housing that surrounds a portion from the side
surface of the backing material layer in the width
direction thereof to the cable wiring part and a
lower side of the backing material layer; and
a filler layer that fills a gap between the backing
material layer and the housing.

9. The ultrasonic oscillator unit according to claim 8,
wherein, in a case where an acoustic impedance of
the filler layer is defined as Zp and an acoustic im-
pedance of the backing material layer is defined as
Zb, an acoustic impedance reflectivity Q of the filler
layer and the backing material layer, which is ex-
pressed using the following Equation (1) is 50% or
less, 

Here, the unit of the acoustic impedance Zp and Zb
is kg/m2s.

10. The ultrasonic oscillator unit according to claim 8 or
9,
wherein the thermal conductivity of the filler layer is
equal to or more than 1.0 W/(m.K).
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摘要(译)

一种超声波振荡器单元，包括超声波振荡器阵列，其中多个超声波振荡
器以半圆柱形状排列;超声振荡器阵列的电极部分设置在超声振荡器阵列
的垂直于多个超声波振荡器的布置表面的端面上;背衬材料层设置在超声
波振荡器阵列的内后表面上;电缆布线部分，其中多个电缆分别设置在电
连接到电极部分的多个电极的多个布线上。垂直于多个超声波振荡器的
布置表面的背衬材料层的宽度朝向与多个超声波振荡器的布置表面相反
的一侧变小。沿着背衬材料层的宽度设置电连接到电极部分的电缆布线
部分。
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