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Description

Technical Field

[0001] The present invention relates to an ultrasound
unit having an ultrasound element and an ultrasound en-
doscope including the ultrasound unit.

Background Art

[0002] An ultrasound endoscope can clearly visualize
a wall of a digestive tract, a deep organ, or the like with
good image quality free of influence of gas or a bone in
a body. In an electron scanning type ultrasound endo-
scope, an ultrasound unit having an ultrasound array is
disposed at a distal end portion. The ultrasound array is
constructed by coupling longer sides of a plurality of ul-
trasound elements, each of which has a first principal
surface that is elongated and rectangular. In each ultra-
sound element, a transmitting and receiving portion, a
signal electrode terminal for transmitting and receiving a
signal, and a ground electrode terminal at a ground po-
tential are arranged in a longer side direction.
[0003] One signal line (coaxial cable core wire) is con-
nected to the signal electrode terminal of each ultrasound
element by, e.g., soldering, and one ground line (coaxial
cable shielding wire) is connected to the ground electrode
terminal.
[0004] In an ultrasound array in which a disposition
pitch for electrode terminals is narrow, i.e., a shorter side
of an ultrasound element rectangular in a plan view is
short, work of connecting a wire to an electrode terminal
is not easy.
[0005] A specification of Japanese Patent No.
4377787 discloses a transducer which connects an ul-
trasound array and coaxial cables by using a hollow cy-
lindrical member having a relay electrode. In the trans-
ducer, electrode terminals of ultrasound elements and
relay electrode terminals are connected with wires, and
the coaxial cables are connected to the relay electrode
terminals.
[0006] EP 0 019 267 A1 discloses a piezoelectric vi-
bration transducer for scanning and/or focusing ultrason-
ic waves. It comprises a series of piezoelectric vibration
elements fabricated with a polymer piezoelectric film
sandwiched by electrode plates and lead wires connect-
ed to the electrode plates.
[0007] EP 1 897 498 A1 discloses a capacitive mi-
cromachined ultrasonic transducer that is constituted by
a plurality of transducer elements comprising plural trans-
ducer cells that are mutually connected in parallel. It com-
prises a silicon substrate; a bottom electrode placed on
the top surface of the silicon substrate; an upper elec-
trode placed opposite to the bottom electrode and apart
therefrom by a prescribed air or vacuum; a membrane
for supporting the bottom electrode; and a membrane
supporting part for supporting the membrane. The trans-
ducer comprises a third electrode which has an electrical

continuity to the bottom electrode and which corresponds
to either one of the transducer cells of a prescribed
number of the transducer subelement or of the transduc-
er elements. It further comprises a fourth electrode which
is a ground electrode electrically connected to the bottom
electrode.
[0008] According to its English abstract, JP 2009
055475 A discloses an ultrasonic transducer. It compris-
es a vibrator cell including a first electrode, a vibrating
membrane disposed over the first electrode across an
air gap portion, and a second electrode supported by the
vibrating membrane as well as an electret for applying a
potential difference between the electrodes. In a region
apart from the vibrator cell when viewed from a transmit-
ting direction of ultrasonic waves, the electret is inter-
posed between a first conductive layer electrically con-
nected to the first electrode and a second conductor layer
electrically connected to the second electrode disposed
opposite on the first conductive layer.
[0009] In an ultrasound unit with a narrow electrode
pitch, it may not be easy to connect electrode terminals
of ultrasound elements and a relay electrode with wires
even by using a hollow cylindrical member having relay
electrode terminals.
[0010] That is, an ultrasound unit in which a plurality
of ultrasound elements, electrode terminals of which
need to be connected to wiring for external connection,
are laid out with a narrow pitch may not be easy to man-
ufacture. An ultrasound endoscope including the ultra-
sound unit may not be easy to manufacture.
[0011] Embodiments of the present invention have as
an object to provide an ultrasound unit easy to manufac-
ture and an ultrasound endoscope easy to manufacture.

Disclosure of Invention

Means for Solving the Problem

[0012] An ultrasound unit according to claim 1 and ul-
trasound endoscope according to claim 5 comprising
such an ultrasound unit are presented.

Brief Description of the Drawings

[0013]

Fig. 1 is an external view for explaining an endoscope
system including an ultrasound endoscope accord-
ing to a first implementation;
Fig. 2 is a perspective view for explaining a distal
end portion of the ultrasound endoscope according
to the first implementation;
Fig. 3 is a perspective view for explaining a config-
uration of an ultrasound unit according to the first
implementation;
Fig. 4 is a top view of an ultrasound element of the
ultrasound unit according to the first implementation;
Fig. 5 is a cross-sectional view of the ultrasound el-
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ement of the ultrasound unit according to the first
implementation, taken along line V-V in Fig. 4;
Fig. 6 is a top view of a transmitting and receiving
portion of the ultrasound unit according to the first
implementation;
Fig. 7 is a cross-sectional view of the transmitting
and receiving portion of the ultrasound unit according
to the first implementation, taken along line VII-VII
in Fig. 6;
Fig. 8 is a plan developed view of an ultrasound array
of the ultrasound unit according to the first imple-
mentation;
Fig. 9 is a cross-sectional view of the ultrasound ar-
ray of the ultrasound unit according to the first im-
plementation, taken along line IX-IX in Fig. 8;
Fig. 10 is a plan developed view of an ultrasound
array of an ultrasound unit according to a second
implementation;
Fig. 11 is a plan developed view of an ultrasound
array of an ultrasound unit according to a third im-
plementation;
Fig. 12 is a plan developed view of an ultrasound
array of an ultrasound unit according to a fourth im-
plementation;
Fig. 13 is a cross-sectional view of an ultrasound
element of an ultrasound unit according to a fifth im-
plementation;
Fig. 14 is a cross-sectional view of an ultrasound
element of an ultrasound unit according to a sixth
implementation;
Fig. 15 is a top view of an ultrasound array of the
ultrasound unit according to the sixth implementa-
tion;
Fig. 16 is a bottom view of the ultrasound array of
the ultrasound unit according to the sixth implemen-
tation;
Fig. 17 is a cross-sectional view of an ultrasound
element of an ultrasound unit according to a modifi-
cation 1 of the sixth implementation; and
Fig. 18 is a cross-sectional view of an ultrasound
element of an ultrasound unit according to a modifi-
cation 2 of the sixth implementation.

[0014] It is noted that the various embodiments and/or
implementations do not necessarily show all elements of
the invention.

Best Mode for Carrying Out the Invention

<First Embodiment>

[0015] An ultrasound unit (hereinafter referred to as a
"US unit") 30 according to a first implementation and an
ultrasound endoscope (hereinafter referred to as a "US
endoscope") 2 having the US unit 30 will be described
below with reference to the drawings.

<Configuration of Ultrasound Endoscope>

[0016] As shown in Fig. 1, the US endoscope 2 togeth-
er with an ultrasound survey apparatus 3 and a monitor
4 constitutes an ultrasound endoscope system 1. The
US endoscope 2 includes an elongated insertion portion
21 to be inserted into a body, an operation portion 22
which is placed at a proximal end of the insertion portion
21, and a universal cord 23 which extends from a side
portion of the operation portion 22.
[0017] A connector 24A which is connected to a light
source apparatus (not shown) is disposed at a proximal
end portion of the universal cord 23. A cable 25 which is
detachably connected to a camera control unit (not
shown) via a connector 25A and a cable 26 which is de-
tachably connected to the ultrasound survey apparatus
3 via a connector 26A extend from the connector 24A.
The monitor 4 is connected to the ultrasound survey ap-
paratus 3.
[0018] The insertion portion 21 is composed of a distal
end rigid portion (hereinafter referred to as a "distal end
portion") 37, a bending portion 38 located at a rear end
of the distal end portion 37, and a thin, long, flexible tube
portion 39 with flexibility located at a rear end of the bend-
ing portion 38 and leading to the operation portion 22,
which are provided to be linked in order from a distal end
side. The ultrasound unit 30 serving as an ultrasound
transmitting and receiving portion is disposed on a distal
end side of the distal end portion 37.
[0019] An angle knob 22A which bends and controls
the bending portion 38 in a desired direction, an air/water
feeding button 22B which performs air feeding and water
feeding operation, a suction button 22C which performs
suction operation, a treatment instrument insertion port
22D which serves as an inlet for a treatment instrument
to be introduced into a body, and the like are disposed
at the operation portion 22.
[0020] As shown in Fig. 2, a lens cover 31 for illumina-
tion which constitutes an illumination optical system, a
lens cover 32 for observation of an observation optical
system, a forceps port 33 which doubles as a suction
port, and an air/water feeding nozzle (not shown) are
disposed at the distal end portion 37 where the US unit
30 that transmits and receives ultrasound is provided.
[0021] As shown in Fig. 3, the US unit 30 includes an
ultrasound array (hereinafter referred to as a "US array")
40, short-lines 41A and 41B, ground lines 53A and 53B,
and signal lines 42A and 42B. Note that, to refer to each
of identical components, a reference numeral obtained
by omitting an alphabetic character at an end of any one
of reference characters denoting the identical compo-
nents is used. For example, each of the short-lines 41 A
and 41B is referred to as the short-line 41. For example,
the short-line 41 A is the short-line 41 on a distal end
side, and the short-line 41B is the short-line 41 on a prox-
imal end side.
[0022] The US array 40 is a group of radial type trans-
ducers in which longer sides of a plurality of elongated
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US elements 20 are coupled, and the US elements 20
are arranged to bend in a hollow cylindrical shape. That
is, in the US array 40, for example, 200 US elements 20
with shorter sides of not more than 0.1 mm are disposed
at a side face of a hollow cylinder having a diameter of
2 mm.
[0023] Note that although the US array 40 is a group
of radial type transducers, the US array 40 may be a
group of convex type transducers which bends in a con-
vex shape.
[0024] A plurality of signal lines 42 are each connected
to a signal electrode terminal 52 of one US element 20.
The short-line 41 is a short-line which connects ground
electrode terminals 51 of the plurality of US elements 20
and is connected to the ground line 53.
[0025] The plurality of US elements 20 and a coaxial
cable bundle 35 are connected via the short-lines 41, the
ground lines 53, the signal lines 42, and a cable connec-
tion substrate portion (not shown). That is, the coaxial
cable bundle 35 is made up of coaxial cables with core
wires equal in number to the plurality of signal lines 42.
[0026] The coaxial cable bundle 35 is inserted through
the distal end portion 37, the bending portion 38, the flex-
ible tube portion 39, the operation portion 22, the univer-
sal cord 23, and the ultrasound cable 26 and is connected
to the ultrasound survey apparatus 3 via the ultrasound
connector 26A.

<Configuration of Ultrasound Array>

[0027] As shown in Figs. 4 and 5, a transmitting and
receiving portion 60, the signal electrode terminal 52, and
the ground electrode terminal 51 are arranged in a longer
side direction at a first principal surface 20SA that is rec-
tangular of each US element 20. Note that the drawings
are all schematic views for explanation and that ratios of
thickness, size, and the like are different from actual ra-
tios.
[0028] In the US element 20, the signal electrode ter-
minal 52 and the ground electrode terminal 51 are ar-
ranged across the transmitting and receiving portion 60
from each other. A space where the ground electrode
terminal 51 can be arranged is present between the trans-
mitting and receiving portion 60 and the signal electrode
terminal 52, and a space where the signal electrode ter-
minal 52 can be arranged is present between the ground
electrode terminal 51 and an end face. In other words,
the transmitting and receiving portion 60, two signal elec-
trode terminals 52, and two ground electrode terminals
51 can be arranged in the longer side direction at the first
principal surface 20SA of the US element 20.
[0029] The signal electrode terminal 52 is connected
to a lower electrode 12 which is a signal electrode of the
transmitting and receiving portion 60. The ground elec-
trode terminal 51 is connected to an upper electrode 16
which is a ground electrode of the transmitting and re-
ceiving portion 60.
[0030] The transmitting and receiving portion 60 gen-

erates ultrasound by a signal for driving applied between
the lower electrode 12 and the upper electrode 16. The
transmitting and receiving portion 60 also generates an
electrical signal between the lower electrode 12 and the
upper electrode 16 upon receipt of ultrasound.

<Configuration of Transmitting and receiving Portion>

[0031] A configuration of the transmitting and receiving
portion 60 will be described with reference to Figs. 6 and
7.
[0032] As shown in Fig. 6, a plurality of capacitance
type ultrasound cells (hereinafter referred to as "US
cells") 10 are arranged in a matrix at the transmitting and
receiving portion 60 of the ultrasound unit 30. The US
cells 10 may be arranged in a regular pattern, such as a
grid pattern, a staggered pattern, or a triangular mesh
pattern, or may be randomly arranged.
[0033] As shown in Fig. 7, the US cell 10 has, on a
silicon substrate 11 as a base, the lower electrode 12
connected to the signal electrode terminal 52, a first in-
sulating layer (lower insulating layer) 13, a second insu-
lating layer (upper insulating layer) 15 in which a cavity
14 in a hollow cylindrical shape is formed, the upper elec-
trode 16 connected to the ground electrode terminal 51,
and a protective layer 17, which are stacked in order.
[0034] That is, each US cell 10 has a lower electrode
portion 12A that is a circular signal electrode portion and
a circular upper electrode portion 16A that is a ground
electrode portion, which are arranged to face each other
via the cavity 14. A plurality of lower electrode portions
12A constitute the lower electrode 12 serving as the sig-
nal electrode, and a plurality of upper electrode portions
16A constitute the upper electrode 16 serving as the
ground electrode. That is, the lower electrode portions
12A of the plurality of US cells 10 arranged at the identical
US element 20 are connected to one another, and the
upper electrode portions 16A are also connected to one
another.
[0035] The silicon substrate 11 is a substrate in which
silicon thermal oxide films 11B and 11C are formed on
surfaces of silicon 11A. The lower electrode 12 formed
on one surface of the silicon substrate 11 is made of a
conductive material, such as metal or silicon. A film of
the conductive material is formed over the whole surface
of the silicon substrate 11 by, e.g., sputtering. The lower
electrode 12 is formed by partially removing the film
through etching after forming a mask pattern through
photolithography.
[0036] For example, the lower electrode 12 is made up
of the circular lower electrode portions 12A and a wiring
portion 12B which is provided to extend from an edge
portion of the lower electrode 12. The lower electrode
portion 12A is connected to the lower electrode portions
of the other US cells of the identical US element 20 by
the wiring portion 12B.
[0037] The first insulating layer 13 that is made of an
insulating material, such as SiN, is formed by, e.g., CVD
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(chemical vapor deposition) so as to cover the lower elec-
trode 12.
[0038] A sacrificial layer in a shape of the cavity 14 (a
solid cylindrical shape) is formed by forming a film of a
sacrificial layer material on the first insulating layer 13
and patterning the film.
[0039] Since a thickness of the sacrificial layer corre-
sponds to a height of the cavity 14, the thickness is, for
example, 0.05 to 0.3 mm, preferably 0.05 to 0.15 mm. For
example, phosphorus glass (PSG: phosphorus-contain-
ing silicon oxide), silicon dioxide, polysilicon, metal, or
the like is used as the sacrificial layer material.
[0040] The second insulating layer 15 is formed on an
upper surface of the first insulating layer 13 where a sac-
rificial layer pattern is formed by, for example, the same
method using the same material as the first insulating
layer 13.
[0041] An opening portion (not shown) for admission
of an etchant is formed at a predetermined position of
the second insulating layer 15 to remove the sacrificial
layer.
[0042] The cavity 14 is formed by etching the sacrificial
layer. For example, if phosphorus glass is used for the
sacrificial layer, and SiN is used for the first insulating
layer 13 and the second insulating layer 15, a hydrofluoric
acid solution (buffered HF solution) is used as the etch-
ant.
[0043] The upper electrode 16 that is made up of the
upper electrode portion 16A and a wiring portion 16B is
formed in the same manner as the lower electrode 12.
For example, the upper electrode portion 16A and the
lower electrode portion 12A have substantially identical
diameters as the cavity 14.
[0044] The cavity 14 is not limited to a solid cylindrical
shape and may have, e.g., a polygonal column shape. If
the cavity 14 has a polygonal column shape, shapes of
the upper electrode portion 16A and the lower electrode
portion 12A are preferably polygonal.
[0045] Finally, the protective layer 17 that covers the
upper electrode 16 is formed. The protective layer 17 is
an insulating layer which is formed by the same method
using the same material as the second insulating layer
15. Note that the protective layer 17 may have a double-
layered structure in which a skin film with biocompatibility
of, e.g., polyparaxylylene is further formed on an insulat-
ing layer made of, e.g., SiN.
[0046] In the US cell 10 with the above-described struc-
ture shown in Fig. 7, the second insulating layer 15, the
upper electrode 16, and the protective layer 17 in a region
immediately above the cavity 14 constitute a membrane
18 serving as a vibration portion.

<Configurations of Ultrasound Array and Ultrasound 
Unit>

[0047] Fig. 8 is a plan developed view of the US unit
30, i.e., an explanatory view showing the plurality of US
elements 20 laid out on a radial surface (a side face of a

hollow cylinder) in a planar state. Fig. 9 is a cross-sec-
tional view taken along line IX-IX in Fig. 8.
[0048] As has already been described, the longer sides
of the plurality of US elements 20 of the US array 40 are
coupled. As shown in Fig. 8, the plurality of US elements
20 with an identical configuration are coupled in a state
where the US elements 20 are alternately rotated by 180°
along the longer side direction such that the signal elec-
trode terminal 52 of each US element 20 and the ground
electrode terminal 51 of the adjoining US element 20 ad-
join.
[0049] That is, the US array 40 is fabricated by linking
the plurality of US elements 20 with an identical structure
while changing disposition directions. Thus, the US array
40 is easy to fabricate.
[0050] The signal electrode terminals 52 are laid out
in a straight line shape at every other US element on both
end face sides of the US array 40. Therefore, a disposi-
tion spacing (pitch) P1 for the signal electrode terminals
52 on each end face side is twice a disposition pitch in a
conventional US array in which the signal electrode ter-
minals 52 are continuously laid out. The ground electrode
terminals 51 are laid out in a straight line shape at every
other US element on the left and on the right of the trans-
mitting and receiving portions 60.
[0051] Note that the US array 40 is arranged in a three-
dimensional curved surface shape. Strictly, the term
"straight line shape" means "an arc shape" or that "ar-
rangement at the time of projection onto a two-dimen-
sional plane has a straight line shape."
[0052] Since the US unit 30 has the wider disposition
pitch P1 for the signal electrode terminals 52, connection
of the signal line 42 and the signal electrode terminal 52
is easy. Thus, the ultrasound unit 30 is easy to manufac-
ture, and the ultrasound endoscope 2 having the US unit
30 is easy to manufacture.
[0053] Note that the plurality of signal lines 42 may be
each one cable (wire) or the plurality of signal lines 42
may be disposed at a flexible wiring board. A connection
method is, for example, solder joining. Since it is easy to
enhance connection strength of a connection portion, the
ultrasound unit 30 and the ultrasound endoscope 2 are
high in reliability.
[0054] Since the plurality of ground electrode terminals
51 are laid out in a straight line shape, all the ground
electrode terminals 51 can be connected by the two short-
lines 41A and 41B. Each short-line 41 is only connected
to the ground line 53 at at least one site.
[0055] The short-line 41 is made of a conductor in a
line shape or a ribbon shape, such as aluminum or cop-
per, and is connected to the ground electrode terminal
51 by a known method, such as ultrasound or heat. Al-
ternatively, the short-line 41 may be formed by forming
a conductive film made of a conductor, such as aluminum
or copper, via, for example, a metal mask. The conductive
film can be formed by sputtering, an evaporation method,
or an electroplating method.
[0056] Since the plurality of ground electrode terminals
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51 need not be connected to respective ground lines 53,
the ultrasound unit 30 is easy to manufacture, and the
ultrasound endoscope 2 having the ultrasound unit 30 is
easy to manufacture.
[0057] Note that it is apparent that even if each ultra-
sound element has a transmitting and receiving portion
in which piezoelectric layers of, e.g., PZT are stacked,
instead of the transmitting and receiving portion 60, in
which the plurality of capacitance type US cells 10 are
laid out, the ultrasound element has same effects.

<Second Implementation>

[0058] A US unit 30A according to a second implemen-
tation and a US endoscope 2A having the US unit 30A
will be described below. Since the US unit 30A and the
US endoscope 2A are similar to the US unit 30 and the
US endoscope 2, respectively, identical components are
denoted by identical reference numerals, and a descrip-
tion of the components will be omitted.
[0059] As shown in Fig. 10, in a US array 40A of the
US unit 30A, a plurality of ultrasound elements 20A are
coupled such that shorter sides of the ultrasound ele-
ments 20A are positioned in a zigzag manner at both end
faces of the ultrasound array 40A. Therefore, notch por-
tions 45A and 45B are formed at the both end faces of
the ultrasound array 40A. A signal line 42 is provided to
extend to a second principal surface 20SB side, i.e., an
inner portion side of the ultrasound array 40A in a hollow
cylinder shape via the notch portion 45.
[0060] The US unit 30A has the same effects as the
US unit 30. Additionally, the signal lines 42 do not pro-
trude from the both end faces of the ultrasound array
40A. Thus, a dimension of a longer side of the US element
20A is shorter in the US unit 30A. The US endoscope 2A
including the US unit 30A has a shorter distal end portion
37.
[0061] In addition, the US unit 30A can reduce inter-
ference between the adjacent signal lines 42. That is, in
the US unit 30 shown in Fig. 8, the signal lines 42A and
42B are led out in parallel with a longitudinal direction of
the US element 20. Therefore, the signal lines 42A and
42B become arched, and deflection or the like occurs. If
the amount of deflection of the adjoining signal lines 42A
and 42B is large, the signal lines 42A and 42B may in-
terfere with one another.
[0062] In contrast, in the US unit 30A shown in Fig. 10,
the signal lines 42A and 42B are each passed through
the notch 45A or 45B that is an empty space at a prede-
termined site, and thus the signal lines 42A and 42B are
in no danger of interfering with one another.

<Third Implementation>

[0063] A US unit 30B according to a third implementa-
tion and a US endoscope 2B having the US unit 30B will
be described below. Since the US unit 30B and the US
endoscope 2B are similar to the US unit 30 and the US

endoscope 2, respectively, identical components are de-
noted by identical reference numerals, and a description
of the components will be omitted.
[0064] As shown in Fig. 11, there are two types of ul-
trasound elements 20B constituting a US array 40B of
the US unit 30B. That is, the ultrasound element 20B is
either a first ultrasound element 20B1 or a second ultra-
sound element 20B2. In the first ultrasound element
20B1, a ground electrode terminal 51 is arranged be-
tween a signal electrode terminal 52 and a transmitting
and receiving portion 60 at a first principal surface 20SA.
In the second ultrasound element 20B2, the transmitting
and receiving portion 60 is arranged between the ground
electrode terminal 51 and the signal electrode terminal
52 at the first principal surface 20SA. The first ultrasound
element 20B1 and the second ultrasound element 20B2
are coupled such that the ground electrode terminals 51
adjoin each other.
[0065] Additionally, since the two different ultrasound
elements 20B1 and 20B2 are coupled such that shorter
sides are positioned in a zigzag manner, a plurality of
notch portions 45A and 45B are formed at both end faces
of the US array 40B. A signal line 42 is provided to extend
to a second principal surface 20SB side via the notch
portion 45.
[0066] As shown in Fig. 11, one short-line 41 is enough
in the US unit 30B. Thus, a dimension in a longer side
direction of the US element 20B is shorter than the US
element 20.
[0067] The US unit 30B has effects which the US unit
30 and the like have and is even shorter. The US endo-
scope 2B has effects which the US endoscope 2 has and
has an even shorter distal end portion 37.
[0068] As has been described above, an ultrasound
unit according to the implementation may have the con-
figuration below.
[0069] An ultrasound unit wherein the plurality of ultra-
sound elements are made up of a plurality of first ultra-
sound elements, in each of which the ground electrode
terminal is arranged between the signal electrode termi-
nal and the transmitting and receiving portion, and a plu-
rality of second ultrasound elements, in each of which
the transmitting and receiving portion is arranged be-
tween the ground electrode terminal and the signal elec-
trode terminal, and the first ultrasound elements and the
second ultrasound elements are coupled such that the
ground electrode terminals adjoin one another.

<Fourth Implementation>

[0070] A US unit 30C according to a fourth implemen-
tation and a US endoscope 2C having the US unit 30C
will be described below. Since the US unit 30C and the
US endoscope 2C are similar to the US unit 30 and the
US endoscope 2, respectively, identical components are
denoted by identical reference numerals, and a descrip-
tion of the components will be omitted.
[0071] As shown in Fig. 12, in a US element 20C of
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the US unit 30C, a signal electrode terminal 52 is ar-
ranged at one end portion, and a ground electrode ter-
minal 51 is arranged at a center of a transmitting and
receiving portion 60C which is divided into two, a first
transmitting and receiving portion 60A and a second
transmitting and receiving portion 60B.
[0072] A signal line (a piece of signal wiring) 42 is pro-
vided to extend to a second principal surface 20SB side
via a notch portion 45 at an end portion. A plurality of
ground electrode terminals 51 are connected by one
short-line 41. Note that a ground line (not shown) con-
nected to the short-line 41 is led out via a coupling portion
(between the adjoining transmitting and receiving por-
tions 60C) of the adjoining US elements 20C or is led out
via a piece of through-wiring.
[0073] The US unit 30C and the US endoscope 2C
have effects which the US unit 30B and the like have.

<Fifth Implementation>

[0074] A US unit 30D according to a fifth implementa-
tion and a US endoscope 2D having the US unit 30D will
be described below. Since the US unit 30D and the US
endoscope 2D are similar to the US unit 30 and the US
endoscope 2, respectively, identical components are de-
noted by identical reference numerals, and a description
of the components will be omitted.
[0075] As shown in Fig. 13, in a US element 20D of
the US unit 30D, a surface where a signal electrode ter-
minal 52 is disposed and a surface where a ground elec-
trode terminal 51 is disposed are lower than a surface of
a transmitting and receiving portion 60. A height of the
surface of the transmitting and receiving portion 60 is
higher than a maximum height of a signal line 42 and a
maximum height of a ground line 53 (not shown). That
is, a silicon substrate 11D as a base is stepped at end
portions such that, even if the signal line 42 is connected
to the signal electrode terminal 52, a short-line 41 and
the ground line 53 are connected to the ground electrode
terminal 51, the height of each of the components does
not exceed the height of the transmitting and receiving
portion 60.
[0076] The US unit 30D and the US endoscope 2D
have effects which the US unit 30 and the like have. Ad-
ditionally, in the US unit 30D with a plurality of US ele-
ments 20D disposed in a hollow cylindrical shape, a piece
of wiring (wire) and the like do not protrude beyond the
surface of the transmitting and receiving portion 60. Thus,
the US unit 30D and a distal end portion 37 of the US
endoscope 2D have smaller outer diameters.

<Sixth Implementation>

[0077] A US unit 30E according to a sixth implemen-
tation and a US endoscope 2E having the US unit 30E
will be described below. Since the US unit 30E and the
US endoscope 2E are similar to the US unit 30 and the
US endoscope 2, respectively, identical components are

denoted by identical reference numerals, and a descrip-
tion of the components will be omitted.
[0078] As shown in Fig. 14, in a US element 20E of the
US unit 30E, a transmitting and receiving portion 60 is
disposed at a first principal surface 20SA, and a ground
electrode terminal 51 and a signal electrode terminal 52
are disposed at a second principal surface 20SB. The
ground electrode terminal 51 and an upper electrode 16
are connected via a piece 47 of through-wiring which
pierces through a silicon substrate 11 as a base, and the
signal electrode terminal 52 and a lower electrode 12 are
connected via a piece 48 of through-wiring.
[0079] That is, in the US element 20E, the transmitting
and receiving portion 60 is formed at the first principal
surface 20SA of the base having the first principal surface
20SA and the second principal surface 20SB, and the
signal electrode terminal 52 and the ground electrode
terminal 51 are formed at the second principal surface
20SB. Note that a piece of wiring may be provided to
extend to the second principal surface 20SB of the silicon
substrate 11 by using a different wiring method, such as
pieces of side face wiring, instead of the pieces 47 and
48 of through-wiring.
[0080] As shown in Figs. 15 and 16, in a US array 40E,
the transmitting and receiving portion 60 is arranged sub-
stantially at a center of the first principal surface 20SA.
The signal electrode terminals 52 disposed at the second
principal surfaces 20SB are laid out alternately at end
portions on opposite sides of the transmitting and receiv-
ing portions 60 disposed at the first principal surfaces
20SA to have a straight line shape. A plurality of ground
electrode terminals 51 are laid out in a straight line shape
in two rows closer to a center than the signal electrode
terminals 52.
[0081] As in the US array 40 shown in Fig. 8, a plurality
of signal lines 42 are each connected to the signal elec-
trode terminal 52 of one US element 20E. Two short-lines
41 each connect the ground electrode terminals 51 of a
plurality of US elements 20E and are each connected to
a corresponding ground line 53 at one site.
[0082] Note that the signal lines 42 and the ground
lines 53 are provided to extend to an inner side of the US
array 40E so as not to protrude from end faces of the US
array 40E.
[0083] The US unit 30E and the US endoscope 2E
have effects which the US unit 30 and the like have and
have even smaller outer diameters.

<Modifications of Sixth Implementation>

[0084] US units 30F and 30G according to a modifica-
tion 1 and a modification 2 of the sixth implementation
and US endoscopes 2F and 2G having the US units 30F
and 30G will be described below. Since the US units 30F
and 30G and the US endoscopes 2F and 2G are similar
to the US unit 30E and the US endoscope 2E, respec-
tively, identical components are denoted by identical ref-
erence numerals, and a description of the components
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will be omitted.
[0085] As shown in Fig. 17, in a US element 20F of the
US unit 30F, a transmitting and receiving portion 60 and
a signal electrode terminal 52 are disposed at a first prin-
cipal surface 20SA, and a ground electrode terminal 51
is disposed at a second principal surface 20SB.
[0086] A plurality of US elements 20F are coupled in
a state where the US elements 20F are alternately rotated
by 180° along a longer side direction. Therefore, the sig-
nal electrode terminals 52 connected to signal lines 42
are arranged alternately at end portions on the first prin-
cipal surface 20SA side. The ground electrode terminals
51 connected to short-lines 41 are arranged alternately
at both end portions on the second principal surface 20SB
side to have a straight line shape.
[0087] The US unit 30F and the US endoscope 2F have
effects which the US unit 30E and the like have and are
even shorter.
[0088] As shown in Fig. 18, in a US element 20G of
the US unit 30G, a transmitting and receiving portion 60
is disposed substantially at a center portion of a first prin-
cipal surface 20SA, and a ground electrode terminal 51
and a signal electrode terminal 52 are disposed at a sec-
ond principal surface 20SB. The signal electrode terminal
52 here is disposed substantially at a center portion of
the second principal surface 20SB.
[0089] A plurality of US elements 20G are coupled in
a state where the US elements 20G are alternately ro-
tated by 180° along a longer side direction. Therefore,
the ground electrode terminals 51 connected to a short-
line 41 are arranged alternately at end portions on the
second principal surface 20SB side. The signal electrode
terminals 52 connected to signal lines 42 are arranged
in a straight line shape at a center portion on the second
principal surface 20SB side. Thus, all the ground elec-
trode terminals 51 can be connected by the one short-
line 41.
[0090] The US unit 30G and the US endoscope 2G
have effects which the US unit 30E and the like have and
are even shorter.
[0091] As has been described above, at least one of a
signal electrode terminal and a ground electrode terminal
and a transmitting and receiving portion may be disposed
at a first principal surface of an ultrasound element.

Claims

1. An ultrasound unit (30) comprising:

an ultrasound array (40) that has a plurality of
ultrasound elements (20), in each of which a
transmitting and receiving portion (60), a signal
electrode terminal (52), and a ground electrode
terminal (51) are disposed, longer sides of the
plurality of ultrasound elements (20) being cou-
pled;
one or more short-lines (41) that are connected

to a plurality of the ground electrode terminals
(51); one or more ground lines (53), each of
which is connected to one of the short-lines (41);
and
a plurality of signal lines (42), each of which is
connected to one of the signal electrode termi-
nals (52),
wherein each of the transmitting and receiving
portions (60) has a signal electrode (12) for
transmitting and receiving ultrasound and a
ground electrode (16), the signal electrode (12)
is connected to the signal electrode terminal
(52), and the ground electrode (16) is connected
to the ground electrode terminal (51),
adjoining ultrasound elements of the ultrasound
elements (20) are coupled such that the signal
electrode terminals (52) are arranged alternate-
ly on opposite sides in a longer side direction of
the transmitting and receiving portions (60) that
are rectangular,
the plurality of ground electrode terminals (51)
connected to one of the short-lines (41) are laid
out in a straight line shape,
the plurality of ultrasound elements (20) bend in
a convex shape or a radial shape in a coupling
direction, in each of the ultrasound elements,
the transmitting and receiving portion (60), the
signal electrode terminal (52), and the ground
electrode terminal (51) are disposed at a first
principal surface (20SA) of the ultrasound ele-
ment (20),
the plurality of ultrasound elements (20) are cou-
pled such that shorter sides are positioned in a
zigzag manner at either end face of the ultra-
sound array (40) to form a plurality of notch por-
tions (45), and each of the signal lines (42) is
provided to extend to a second principal surface
side (20SB) via a notch portion (45).

2. The ultrasound unit (30) according to claim 1, where-
in a plurality of ultrasound elements (20) identical in
a form in which the transmitting and receiving portion
(60), the signal electrode terminal (52), and the
ground electrode terminal (51) are arranged are cou-
pled in a state where the ultrasound elements (20)
are alternately rotated by 180° along the longer side
direction.

3. The ultrasound unit (30) according to claim 2, where-
in, in each of the ultrasound elements, a plurality of
ultrasound cells (10) are disposed at the transmitting
and receiving portion (60), each of the ultrasound
cells (10) has a signal electrode portion (12A) and a
ground electrode portion (16A) that are arranged to
face each other across a cavity (14), a plurality of
the signal electrode portions (12A) constitute the sig-
nal electrode (12), and a plurality of the ground elec-
trode portions (16A) constitute the ground electrode
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(16).

4. The ultrasound unit (30) according to any of claims
1 to 3, wherein, in each of the ultrasound elements,
a height of a surface of the transmitting and receiving
portion (60) is higher than a maximum height of the
signal line (42) and a maximum height of the ground
line (53).

5. An ultrasound endoscope (2) comprising an ultra-
sound unit (30) according to claim any of claims 1 to
4.

Patentansprüche

1. Ultraschalleinheit (30), umfassend:

ein Ultraschall-Array (40), das eine Vielzahl von
Ultraschallelementen (20) aufweist, in denen je-
weils ein Sende- und Empfangsabschnitt (60),
eine Signalelektrodenklemme (52) und eine Er-
dungselektrodenklemme (51) angeordnet sind,
wobei die längeren Seiten der Vielzahl von Ul-
traschallelementen (20) gekoppelt sind;
eine oder mehrere Kurzschlussleitungen (41),
die an eine Vielzahl der Erdungselektroden-
klemmen (51) angeschlossen ist bzw. sind;
eine oder mehrere Erdungsleitungen (53), die
jeweils an eine der Kurzschlussleitungen (41)
angeschlossen ist bzw. sind; und
eine Vielzahl von Signalleitungen (42), die je-
weils an eine der Signalelektrodenklemmen (52)
angeschlossen sind;
wobei jeder der Sende- und Empfangsabschnit-
te (60) eine Signalelektrode (12) zum Senden
und Empfangen von Ultraschall und eine Er-
dungselektrode (16) aufweist, die Signalelekt-
rode (12) an die Signalelektrodenklemme (52)
angeschlossen ist, und die Erdungselektrode
(16) an die Erdungselektrodenklemme (51) an-
geschlossen ist,
wobei nebeneinanderliegende Ultraschallele-
mente der Ultraschallelemente (40) derart ge-
koppelt sind, dass die Signalelektrodenklem-
men (52) abwechselnd auf gegenüberliegenden
Seiten in einer Richtung der längeren Seite der
Sende- und Empfangsabschnitte (60), die recht-
eckig sind, angeordnet sind,
wobei die Vielzahl von Erdungselektrodenklem-
men (51) an eine der Kurzschlussleitungen (41),
die in einer geradlinigen Form ausgelegt sind,
angeschlossen ist,
wobei die Vielzahl von Ultraschallelementen
(20) in einer konvexen Form oder einer radialen
Form in einer Kopplungsrichtung in jedem der
Ultraschallelemente gebogen ist,
wobei der Sende- und Empfangsabschnitt (60),

die Signalelektrodenklemme (52) und die Er-
dungselektrodenklemme (51) auf einer ersten
Hauptfläche (20SA) des Ultraschallelements
(20) angeordnet sind,
wobei die Vielzahl von Ultraschallelementen
(20) derart gekoppelt ist, dass die kürzeren Sei-
ten zickzackartig auf beiden Endseiten des Ul-
traschall-Arrays (40) positioniert sind, um eine
Vielzahl von Kerbabschnitten (45) zu bilden, und
jede der Signalleitungen (42) bereitgestellt wird,
um sich über einen Kerbabschnitt (45) bis zu
einer zweiten Hauptflächenseite (20SB) zu er-
strecken.

2. Ultraschalleinheit (30) nach Anspruch 1, wobei eine
Vielzahl von Ultraschallelementen (20), die in einer
Form identisch sind, in welcher der Sende- und Emp-
fangsabschnitt (60), die Signalelektrodenklemme
(52) und die Erdungselektrodenklemme (51) ange-
ordnet sind, in einem Zustand gekoppelt ist, in dem
die Ultraschallelemente (20) in der Richtung der län-
geren Seite abwechselnd um 180° gedreht sind.

3. Ultraschalleinheit (30) nach Anspruch 2, wobei in je-
dem der Ultraschallelemente eine Vielzahl von Ul-
traschallzellen (10) in dem Sende- und Empfangs-
abschnitt (60) angeordnet ist, wobei jede der Ultra-
schallzellen (10) einen Signalelektrodenabschnitt
(12A) und einen Erdungselektrodenabschnitt (16A)
aufweist, die angeordnet sind, um einander über ei-
nen Hohlraum (14) hinweg gegenüberzuliegen, eine
Vielzahl der Signalelektrodenabschnitte (12A) die
Signalelektrode (12) bildet, und eine Vielzahl der Er-
dungselektrodenabschnitte (16A) die Erdungselek-
trode (16) bildet.

4. Ultraschalleinheit (30) nach einem der Ansprüche 1
bis 3, wobei in jedem der Ultraschallelemente eine
Höhe einer Oberfläche des Sende- und Empfangs-
abschnitts (60) höher als eine maximale Höhe der
Signalleitung (42) und eine maximale Höhe der Er-
dungsleitung (53) ist.

5. Ultraschallendoskop (2), umfassend eine Ultra-
schalleinheit (30) nach einem der Ansprüche 1 bis 4.

Revendications

1. Unité à ultrasons (30) comprenant :

un réseau ultrasonore (40) qui a une pluralité
d’éléments ultrasonores (20), dans chacun des-
quels sont disposées une partie d’émission et
de réception (60), une borne d’électrode de si-
gnal (52) et une borne d’électrode de masse
(51), des côtés plus longs de la pluralité d’élé-
ments ultrasonores (20) étant couplés ;

15 16 



EP 2 730 230 B1

10

5

10

15

20

25

30

35

40

45

50

55

une ou plusieurs lignes courtes (41) qui sont
connectées à une pluralité des bornes d’élec-
trode de masse (51) ;
une ou plusieurs lignes de masse (53), chacune
d’elles étant connectée à l’une des lignes cour-
tes (41) ; et
une pluralité de lignes de signal (42), chacune
d’elles étant connectée à l’une des bornes
d’électrodes de signal (52),
dans laquelle chacune des parties d’émission
et de réception (60) possède une électrode de
signal (12) pour émettre et recevoir des ultra-
sons et une électrode de masse (16), l’électrode
de signal (12) étant connectée à la borne d’élec-
trode de signal (52), et l’électrode de masse (16)
étant connectée à la borne d’électrode de masse
(51),
des éléments ultrasonores contigus parmi les
éléments ultrasonores (20) sont couplés de telle
sorte que les bornes d’électrode de signal (52)
sont agencées de manière alternée sur des cô-
tés opposés dans une direction de côté plus long
des parties d’émission et de réception (60) qui
sont rectangulaires,
la pluralité de bornes d’électrode de masse (51)
connectées à l’une des lignes courtes (41) sont
disposées dans une forme de ligne droite,
la pluralité d’éléments ultrasonores (20) se
plient dans une forme convexe ou dans une for-
me radiale dans une direction de couplage,
dans chacun des éléments ultrasonores, la par-
tie d’émission et de réception (60), la borne
d’électrode de signal (52) et la borne d’électrode
de masse (51) sont disposées au niveau d’une
première surface principale (20SA) de l’élément
ultrasonore (20),
la pluralité d’éléments ultrasonores (20) sont
couplés de telle sorte que des côtés plus courts
sont positionnés dans une manière en zigzag
au niveau de l’une ou l’autre des faces d’extré-
mité du réseau ultrasonore (40) pour former une
pluralité de parties à encoche (45), et
chacune des lignes de signal (42) sont dispo-
sées pour s’étendre vers un second côté de sur-
face principale (20SB) par l’intermédiaire d’une
partie à encoche (45).

2. Unité à ultrasons (30) selon la revendication 1, dans
laquelle une pluralité d’éléments ultrasonores (20)
identiques dans une forme dans laquelle la partie
d’émission et de réception (60), la borne d’électrode
de signal (52) et la borne d’électrode de masse (51)
sont agencées sont couplés dans un état dans lequel
les éléments ultrasonores (20) sont tournés de ma-
nière alternée de 180° le long de la direction de côté
plus long.

3. Unité à ultrasons (30) selon la revendication 2, dans

laquelle, dans chacun des éléments ultrasonores,
une pluralité de cellules ultrasonores (10) sont dis-
posées au niveau de la partie d’émission et de ré-
ception (60), chacune des cellules ultrasonores (10)
a une partie d’électrode de signal (12A) et une partie
d’électrode de masse (16A) qui sont agencées pour
être tournées l’une vers l’autre à travers une cavité
(14), une pluralité des parties d’électrode de signal
(12A) constituent l’électrode de signal (12), et une
pluralité des parties d’électrode de masse (16A)
constituent l’électrode de masse (16).

4. Unité à ultrasons (30) selon l’une quelconque des
revendications 1 à 3, dans laquelle, dans chacun
des éléments ultrasonores, une hauteur d’une sur-
face de la partie d’émission et de réception (60) est
supérieure à une hauteur maximale de la ligne de
signal (42) et à une hauteur maximale de la ligne de
masse (53).

5. Endoscope à ultrasons (2) comprenant une unité à
ultrasons (30) selon l’une quelconque des revendi-
cations 1 à 4.
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