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ULTRASOUND TRANSDUCER, ELECTRONIC
DEVICE AND ULTRASOUND ENDOSCOPE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
PCT/IP2009/070020 filed on Nov. 27, 2009 and claims ben-
efit of Japanese Application No. 2008-304744 filed in Japan
on Nov. 28, 2008, the entire contents of which are incorpo-
rated herein by this reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasound trans-
ducer made up of elements arranged in a matrix form, each
provided with an electromechanical conversion element, an
electronic device and an ultrasound endoscope.

[0004] 2. Description of the Related Art

[0005] Ultrasound transducers are known which form a
two-dimensional array by arranging electromechanical con-
version elements such as a plurality of piezoelectric transduc-
ers capable of transmitting/receiving ultrasound in a matrix
form, change a direction in which individual electromechani-
cal conversion elements are driven, and can thereby switch
the electronic scanning direction of ultrasound between two
directions. Such an electronic scanning ultrasound transducer
provided with a two-dimensional array is disclosed, for
example, in Japanese Patent Application Laid-Open Publica-
tion No. 2005-277864.

SUMMARY OF THE INVENTION

[0006] An ultrasound transducer according to the present
invention includes elements each provided with an electro-
mechanical conversion element provided with a first elec-
trode and a second electrode arranged facing each other,
which converts an electric signal inputted between the first
electrode and the second electrode into vibration, first elec-
trode terminals electrically connected to the first electrode
and second electrode terminals electrically connected to the
second electrode; an array section made up of nelements ina
row direction and m (m is equal to or bigger than n) elements
in a column direction arranged in a matrix form; an array
forming section that forms a one-dimensional array state
column-wise made up of m element groups formed by elec-
trically connecting the first electrode terminals neighboring
in the column direction out of the first electrode terminals in
the element groups arranged on the same column and a one-
dimensional array state row-wise made up of n element
groups formed by electrically connecting the first electrode
terminals neighboring in the row direction out of the first
electrode terminals in the element groups arranged on the
same row in the array section; signal wiring arranged so as to
be electrically connected to at least one of the first electrodes
in each element group of the m element groups in the one-
dimensional array state column-wise and electrically con-
nected to at least one of the first electrodes in each element
group of the n element groups in the one-dimensional array
state row-wise; and ground wiring arranged so as to be elec-
trically connected to all the second electrodes in both the
one-dimensional array state column-wise and the one-dimen-
sional array state row-wise, wherein the elements are flexibly
connected to each other, the array forming section includes a
member expandable/contractable in the row direction and the
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column direction, and the expandable/contractable member
contracts in the row direction or the column direction, clusters
the elements in the row direction or the column direction and
thereby forms an electric connection state, which makes the
one-dimensional array state column-wise or the one-dimen-
sional array state row-wise.

[0007] An electronic device according to the present inven-
tion is provided with the above described ultrasound trans-
ducer. Furthermore, the ultrasound endoscope according to
the present invention includes the above described electronic
device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 11is a perspective view of an ultrasound trans-
ducer according to a first embodiment;

[0009] FIG. 2 is a perspective view of the ultrasound trans-
ducer when a ¢-MUT is used for the electromechanical con-
version element in the first embodiment;

[0010] FIG. 3 is a top view of the ultrasound transducer of
the first embodiment;

[0011] FIG. 4 is an IV-IV cross-sectional view of FIG. 3;
[0012] FIG. 5 is a diagram illustrating a one-dimensional
array state column-wise;

[0013] FIG. 6 is a VI-VI cross-sectional view of FIG. 5;
[0014] FIG. 7 is a diagram illustrating a one-dimensional
array state row-wise;

[0015] FIG. 8 illustrates a mode of connection between an
array section and ground wiring according to a second
embodiment;

[0016] FIG. 9 illustrates a mode of connection between an
array section and signal wiring according to a third embodi-
ment;

[0017] FIG. 10 illustrates a mode of connection between an
array section and signal wiring according to a fourth embodi-
ment;

[0018] FIG. 11 illustrates modes of elements and electrode
terminals according to a fifth embodiment;

[0019] FIG. 12 illustrates a mode of an array section
according to a sixth embodiment;

[0020] FIG. 13 is a top view illustrating a mode of an array
forming section according to a seventh embodiment;

[0021] FIG. 14 is a XIV-XIV cross-sectional view of FIG.
13;
[0022] FIG. 15 is a diagram illustrating a modification

example of the seventh embodiment;

[0023] FIG. 16 is a cross-sectional view illustrating a mode
of an array forming section according to an eighth embodi-
ment;

[0024] FIG. 17 is a top view illustrating operation of the
array forming section according to the eighth embodiment;
[0025] FIG. 18 is a top view illustrating operation of the
array forming section of the eighth embodiment;

[0026] FIG. 19 is a diagram illustrating a modification
example of the eighth embodiment;

[0027] FIG. 20 is a cross-sectional view illustrating a con-
figuration of an ultrasound transducer according to a ninth
embodiment;

[0028] FIG. 21 illustrates a configuration of an ultrasound
endoscope to which the ultrasound transducer of the present
invention is applied; and

[0029] FIG. 22 illustrates a configuration of an ultrasound
flaw detecting apparatus to which the ultrasound transducer
of the present invention is applied.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0030] Preferred embodiments of an ultrasound transducer,
an electronic device and an ultrasound endoscope according
to the present invention will be described with reference to the
accompanying drawings. In some of the drawings used in the
following descriptions, scaling is made to differ from one
component to another to illustrate the respective components
on the order of size recognizable on the drawings, and the
present invention is not limited only to the quantity of the
components, shapes of the components, ratio in size of the
components and relative positional relationship between the
components described in the drawings.

First Embodiment

[0031] Hereinafter, afirst embodiment of the present inven-
tion will be described. As shown in FIG. 1, an ultrasound
transducer 1 of the present embodiment is configured by
including an array section 3 made up of aplurality of elements
2 arranged in a matrix form, each having an electromechani-
cal conversion element 10 and an array forming section 6 for
switching between states of the array section 3.

[0032] The electromechanical conversion element 10 is an
element provided with a first electrode 20 and a second elec-
trode 30 arranged facing each other that performs mutual
conversion between a variation of an electric signal inputted
between the first electrode 20 and the second electrode 30 and
mechanical vibration, and can thereby transmit/receive ultra-
sound.

[0033] In the present embodiment, when an ultrasound
emission direction of the ultrasound transducer 1 is assumed
to be upward, the first electrode 20 is disposed in a lower part
of the electromechanical conversion element 10 and the sec-
ond electrode 30 is disposed in an upper part of the electro-
mechanical conversion element 10.

[0034] Though the configuration of the electromechanical
conversionelement 10 is not particularly limited, itis possible
to use, for example, a configuration in which the electrome-
chanical conversion element 10 is made up of a piezoelectric
element such as piezoelectric ceramics or electrostrictive ele-
ment or a capacitative ultrasound transducer (Capacitive
Micromachined Ultrasound Transducer, hereinafter referred
to as “c-MUT”) that performs conversion between a variation
of capacitance produced by a variation in the electrode dis-
tance between the first electrode 20 and the second electrode
30, and vibration (variation) of a vibration membrane includ-
ing the second electrode 30 or the like.

[0035] When, for example, the electromechanical conver-
sion element 10 is made of a piezoelectric element such as
piezoelectric ceramics, the electromechanical conversion ele-
ment 10 includes the piezoelectric element interposed
between the first electrode 20 and the second electrode 30 as
shown in FIG. 1.

[0036] When the electromechanical conversion element 10
is made of a piezoelectric element, the element 2 may be
provided with a backing member in a lower part of the elec-
tromechanical conversion element 10 according to acoustic
characteristics of the electromechanical conversion element
10 and may further be provided with an acoustic matching
layer and an acoustic lens in an upper part of the electrome-
chanical conversion element 10.

[0037] Furthermore, when, for example, the electrome-
chanical conversion element 10 is made up of a ¢-MUT as
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shown in FIG. 2, the electromechanical conversion element
10 includes a cavity 105 interposed between the first electrode
20 and the second electrode 30. In this case, a membrane-
shaped region located in the upper part of the cavity 105
including the second electrode 30 functions as a vibration
membrane.

[0038] When the electromechanical conversion element 10
is made up of a ¢-MUT, a substrate, which is a member of
higher rigidity than the vibration membrane may be disposed
in the lower part of the electromechanical conversion element
10 to prevent vibration of the first electrode 10. The electro-
mechanical conversion element 10 making up one element 2
may also have a configuration including a plurality of vibra-
tion membranes, that is, a configuration in which a plurality of
cavities 105 are provided between the first electrode 20 and
the second electrode 30.

[0039] Hereinafter, the embodiment will be described by
taking a case where the electromechanical conversion ele-
ment 10 shown in FIG. 1 is made up ofa piezoelectric element
as an example.

[0040] The plurality of elements 2 that make up the array
section 3 are arrayed in a matrix form with n elements in the
row direction and m elements in the column direction. Here,
suppose n and m are natural numbers of 2 or above and satisfy
arelationship of nm. As an example, suppose the array section
3 of the present embodiment is made up of, for example, five
elements 2 in the row direction and fives elements 2 in the
column direction as shown in FIG. 1 and FIG. 3. The number
of elements 2 making up the array section 3 is not particularly
limited as long as it satisfies the above described condition.

[0041] Furthermore, although the row direction and the
column direction of the array section 3 of the present embodi-
ment are illustrated as having a relationship that the two
directions are orthogonal to each other, the mode in which the
elements 2 are arrayed in the array section 3 is not limited
thereto. For example, the row direction and the column direc-
tion of the array section 3 may also have a relationship that the
two directions diagonally cross each other.

[0042] As shown in FIG. 1 and FIG. 4, first electrode ter-
minals 21 electrically connected to the first electrode 20 and
second electrode terminals 31 electrically connected to the
second electrode 30 are disposed around the perimeter of the
element 2. The first electrode terminals 21 and the second
electrode terminals 31 of the element 2 are disposed at least
on surfaces facing other elements 2 neighboring in the row
direction and the column direction.

[0043] Furthermore, the ultrasound transducer 1 is pro-
vided with signal wiring for transmitting an electric signal
from a drive circuit 9 to the first electrode 20 of the electro-
mechanical conversion element 10 and ground wiring for
electrically connecting the second electrode 30 to a GND.

[0044] To be more specific, signal wiring is disposed so as
to be electrically connected to one of the first electrodes 20 of
the elements 2 arranged on each column and electrically
connected to at least one of the first electrodes 20 of the
elements 2 arranged on each row of the array section 3 made
up of the elements 2 arrayed on n rows and m columns. That
is, a minimum of m signal wires are disposed in the ultra-
sound transducer 1.

[0045] In the ultrasound transducer 1 of the present
embodiment, as shown in FIG. 3 and FIG. 4, five signal wires
22a,22b,22¢,22dand 22¢ are disposed so as to be electrically
connected to one first electrode 20 of the elements 2 disposed
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on each column and electrically connected to at least one first
electrode 20 of the elements 2 disposed on each row.

[0046] In the present embodiment, the signal wires 22a,
225, 22¢, 22d and 22e are electrically connected to the first
electrodes 20 of five elements 2 arranged on a diagonal from
the top left to the bottom right when viewed from the front of
the surface of the sheet in FIG. 3 respectively, but the mode of
arrangement of the elements 2 that connect the signal wires is
not limited thereto, as will be described later.

[0047] On the other hand, ground wiring 32 is disposed so
as to be electrically connected to at least one second electrode
30 ofthe elements 2 arranged on each column and electrically
connected to at least one second electrode 30 of the elements
2 arranged on each row in the array section 3 made up of the
elements 2 arrayed on n rows and m columuns.

[0048] The array forming section 6 is disposed below the
array section 3. The array forming section 6 has an actuator
(not shown) and is configured to be able to change array
intervals of the elements 2 in the array section 3 in the row
direction or the column direction.

[0049] To be more specific, in the array section 3, the array
forming section 6 can selectively switch between a state as
shown in FIG. 5 in which the elements 2 are clustered so that
only array intervals between the elements 2 in the row direc-
tion are shortened and a state as shown in FIG. 7 in which the
elements 2 are clustered so that only array intervals between
the elements 2 in the column direction are shortened.

[0050] When the array forming section 6 clusters the ele-
ments 2 of the array section 3 only in the row direction, as
shown in the cross-sectional view of FIG. 6, the first electrode
terminals 21 and the second electrode terminals 31 of the
elements 2 neighboring each other in the row direction come
into contact with each other. That is, in this state, as shown in
FIG. 5, the first electrode terminals 21 and the second elec-
trode terminals 31 are electrically connected in a plurality of
groups of elements 2 arranged on the same column (herein-
after referred to as “element groups 4a, 45, 4c, 4d and 4¢”).
[0051] Here, as described above, since the signal wires 22a,
225, 22¢, 22d and 22¢ are electrically connected to one of the
elements 2 arranged on each column of the array section 3, it
is possible to input an electric signal to the element groups 4a,
db, 4c, 4d and 4e via the signal wires 22a, 22b, 22¢, 22d and
22e respectively.

[0052] Furthermore, since the ground wiring 32 is likewise
electrically connected to at least one of the elements 2
arranged on each column of the array section 3, the element
groups 4a, 4b, 4c, 4d and 4e are electrically connected to the
GND via the ground wiring 32.

[0053] For example, when attention is focused on the ele-
ment group 4a for explanation, as shown in F1G. 6, all the first
electrodes 20 of the electromechanical conversion elements
10 in the element group 4a are electrically connected to the
drive circuit 9 via the signal wiring 22a. Furthermore, all the
second electrodes 30 of the electromechanical conversion
elements 10 in the element group 4a are electrically con-
nected to the GND via the ground wiring 32. That is, in this
state, the element group 4a becomes a single drive unit.
[0054] Therefore, when the array forming section 6 clusters
the elements 2 of the array section 3 only in the row direction,
a one-dimensional array is formed in which the element
groups 4a, 4b, 4c, 4d and 4e, which are m (five in the present
embodiment) drive units are arrayed in the column direction.
Hereinafter, this state will be referred to as a “one-dimen-
sional array state column-wise.”
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[0055] On the other hand, when the array forming section 6
clusters the elements 2 of the array section 3 only in the
column direction, as shown in FIG. 7, the first electrode
terminals 21 and the second electrode terminals 31 of the
elements 2 neighboring each other in the column direction
come into contact with each other. In this state, the first
electrode terminals 21 and the second electrode terminals 31
within a plurality of groups of elements 2 (hereinafter
referred to as “element groups 5a, 55, 5¢, 5d and 5e”)
arranged on the same row are electrically connected.

[0056] Here, since the signal wires 22a, 22b, 22¢, 22d and
22¢ are electrically connected to at least one of the elements
2 arranged on each row of the array section 3, it is possible to
input electric signals to the element groups 5a, 5b, 5¢, 5d and
Se via the signal wires 22a, 22b, 22¢, 224 and 22e respec-
tively.

[0057] Furthermore, since the ground wiring 32 is likewise
electrically connected to at least one of the elements 2
arranged on each row of the array section 3, the element
groups 5a, 5b, 5¢, 5d and 5e are electrically connected to the
GND via the ground wiring 32.

[0058] Therefore, as in the case of the one-dimensional
array state column-wise, when the array forming section 6
clusters the elements 2 of the array section 3 only in the
column direction, a one-dimensional array is formed in which
the element groups 5a, 54, 5¢, 5d and 5¢ which are n (five in
the present embodiment) drive units are arrayed in the row
direction. Hereinafter, this state will be referred to as a “one-
dimensional array state row-wise.”

[0059] According to the ultrasound transducer 1 of the
present embodiment configured as shown above, the array
forming section 6 changes the state of the array section 3 to a
one-dimensional array state column-wise, electric signals are
sequentially inputted to the signal wires 22a, 225, 22¢, 22d
and 22e to drive the element groups 4a, 4b, 4¢, 4d and 4e, and
it is thereby possible to perform scanning of ultrasound in the
column direction.

[0060] Furthermore, the array forming section 6 changes
the state of the array section 3 to a one-dimensional array state
row-wise, electric signals are sequentially inputted to the
signal wires 22a, 22b, 22¢, 224 and 22e to drive the element
groups 5a, 5b, 5¢, 5d and Se, and it is thereby possible to
perform scanning of ultrasound in the row direction.

[0061] That is, according to the present embodiment, it is
possible to drive the ultrasound transducer 1 having the array
section 3 of n rows and m columns (n=m) capable of chang-
ing the scanning direction of ultrasound in two directions
using m signal wires.

[0062] Thus, according to the present embodiment, it is
possible to realize the ultrasound transducer 1 capable of
changing the scanning direction in two directions using a
drastically small number of signal wires compared to the
related art, reduce the diameter of cables and reduce the size
of the apparatus. Therefore, when the present ultrasound
transducer is mounted at a distal end of an endoscope, it is
possible to reduce the diameter and provide an ultrasound
endoscope that contributes to alleviation of pain of patients.
[0063] Furthermore, the present embodiment allows the
number of signal wires of the ultrasound transducer 1 to be
reduced compared to the conventional art and thereby
improves working performance during assembly.

[0064] Although the present embodiment illustrates the
mode in which the element 2 has a rectangular shape when
viewed from the ultrasound emission direction, the shape of
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the element 2 is not limited thereto. For example, the element
2 may also have a circular shape viewed from the ultrasound
emission direction. In this case, since the distance of space
between the neighboring elements 2 becomes nonuniform,
acoustic influences (crosstalk) produced between the neigh-
boring elements 2 can be reduced.

[0065] Furthermore, the present embodiment illustrates the
first electrode terminal 21 and the second electrode terminal
31 as having shapes protruding sideward from the sides of the
element 2, but the first electrode terminal 21 and the second
electrode terminal 31 may also be configured to be exposed
from the sides of the element 2 so that when the distance
between the neighboring elements 2 is shortened, the termi-
nals facing each other are electrically connected.

Second Embodiment

[0066] Hereinafter, a second embodiment of the present
invention will be described. The second embodiment illus-
trates another example of the mode in which the second
electrodes of the elements are connected to a GND. The
second embodiment is different from the aforementioned first
embodiment only in the mode of connection between the
elements and the ground wiring. Thus, only this difference
will be described below and components similar to those of
the first embodiment will be assigned the same reference
numerals and descriptions thereof will be omitted as appro-
priate. As in the case of the aforementioned first embodiment,
the electromechanical conversion element 10 of the present
embodiment may be made up of a piezoelectric element such
as piezoelectric ceramics, electrostrictive element or the like
or made up of a c-MUT.

[0067] A ground wiring 324 of the present embodiment
covers all elements 2d making up the array section 3 and is
configured as a covering member made of a conductive mem-
ber that contacts all second electrode terminals 31 d exposed
above the elements 2d.

[0068] The shape and material of the ground wiring 324 are
not particularly limited, but when, for example, the ground
wiring 324 is made of a relatively hard material and when the
elements 2d move through operation of the array forming
section 6, such a configuration may be considered that the
second electrodes terminal 31 d slide with respect to the
ground wiring 32d.

[0069] Furthermore, when the ground wiring 324 is made
of an elastic member, the ground wiring 32d is fixed to each
second electrode terminal 314 and when the elements 24
move through operation of the array forming section 6, such
aconfiguration may be considered that the ground wiring 324
expands or contracts as the elements 2d move.

[0070] Such a configuration allows wiring for electrically
connecting the elements 24 to the GND to be easily disposed.
Furthermore, the ground wiring 324 also functions as an
electromagnetic shield.

[0071] Themode of the covering member may also be such
that only the underside thereof, that is, the surface that con-
tacts the second electrode terminals 31 d is conductive and
functions as the ground wiring 32d. The covering member
may also be configured so as to have a function of at least one
of an acoustic matching layer and an acoustic lens.

[0072] Furthermore, the array section 3 may be disposed in
a closed space including the covering member and the space
may be configured to be filled with an electrically insulating
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fluid. In this case, the electrically insulating fluid functions as
a medium that transmits ultrasound.

Third Embodiment

[0073] Hereinafter, a third embodiment of the present
invention will be described. The third embodiment illustrates
another example of the mode in which signal wiring is con-
nected to the plurality of elements 2 making up the array
section 3. The third embodiment is different from the afore-
mentioned first embodiment only in the mode of connection
between the array section 3 and the signal wiring. Thus,
suppose only this difference will be described hereinafter and
components similar to those of the first embodiment will be
assigned the same reference numerals and descriptions
thereof will be omitted as appropriate. In the present embodi-
ment as in the case of the aforementioned first embodiment,
the electromechanical conversion element 10 may be made
up of a piezoelectric element such as piezoelectric ceramics
or may also be made up of a c-MUT.

[0074] In the present embodiment, signal wires 22a, 225,
22¢, 22d and 22e of the array section 3 are arranged such that
distances between the elements 2 to which the respective
signal wires are connected are greater.

[0075] Increasing the distances between the elements 2 to
which the signal wires 22a, 22b, 22¢, 22d and 22e are con-
nected in this way can reduce influences of crosstalk among
the signal wires 22a, 22b, 22¢, 22d and 22e¢ and improve
image quality of an ultrasound image obtained by the ultra-
sound transducer 1. Furthermore, the work of connecting the
signal wires 224, 225, 22¢, 22d and 22e to the elements 2 also
becomes easier.

Fourth Embodiment

[0076] Hereinafter, a fourth embodiment of the present
invention will be described. The fourth embodiment illus-
trates another example of the mode of an array of a plurality
of elements making up the array section. The fourth embodi-
ment is different from the aforementioned first embodiment
only in the mode of an array of the array section. Thus,
suppose only this difference will be described hereinafter and
components similar to those of the first embodiment will be
assigned the same reference numerals and descriptions
thereof will be omitted as appropriate. In the present embodi-
ment as in the case of the aforementioned first embodiment,
the electromechanical conversion element 10 may be made
up of a piezoelectric element such as piezoelectric ceramics
or may also be made up of a c-MUT.

[0077] In the present embodiment, an array section 3a is
made up of elements 2 arrayed in a matrix form, four in the
row direction and six in the column direction. Thatis, n=4 and
m=56.

[0078] Here, since one signal wire is connected to each
column and at least one signal wire is connected to each row
as described in the first embodiment, two signal wires 225 and
22¢ of the six signal wires 22a, 225, 22¢, 22d, 22¢ and 22fare
connected to one row in the present embodiment as shown in
FIG. 10.

[0079] In such an embodiment as in the case of the first
embodiment, if the elements 2 are clustered in the row direc-
tion by the array forming section 6, the array section 3a is also
set in a one-dimensional array state column-wise made up of
six element groups arrayed in the column direction and if the
elements 2 are clustered in the column direction, the array
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section 3a is set in a one-dimensional array state row-wise
made up of four element groups arrayed in the row direction.
At least one signal wire is connected to every element group
whether in the one-dimensional array state column-wise or
the one-dimensional array state row-wise.

Fifth Embodiment

[0080] Hereinafter, a fifth embodiment of the present
invention will be described. The fifth embodiment illustrates
another example of the mode of electrode terminals electri-
cally connecting neighboring elements. The fifth embodi-
ment is different from the aforementioned first embodiment
only in the mode of the first electrode terminals and second
electrode terminals. Thus, suppose only this difference will
be described hereinafter and components similar to those of
the first embodiment will be assigned the same reference
numerals and descriptions thereof will be omitted as appro-
priate. In the present embodiment as in the case of the afore-
mentioned first embodiment, the electromechanical conver-
sion element 10 may be made up of a piezoelectric element
such as piezoelectric ceramics or may also be made up of a
c-MUT.

[0081] In the present embodiment, a pair of first electrode
terminals 21a and 215 disposed on sides of the neighboring
elements 2 facing each other have such a shape as to engage
with each other when the neighboring elements 2 come closer
to each other.

[0082] The mode of engagement of the pair of first elec-
trode terminals 21a and 215 is not particularly limited, but,
for example, as shown in FIG. 11, one first electrode terminal
21a may have a convex shape and the other first electrode
terminal 215 may have a concave shape.

[0083] By causing the first electrode terminals 21a and 215
facing each other to have shapes of engaging with each other,
it is possible to assure electric connections of the first elec-
trodes 20 in element groups in the one-dimensional array
state column-wise and the one-dimensional array state row-
wise.

[0084] Furthermore, a pair of second electrode terminals
31a and 315 disposed on opposed sides of the neighboring
elements 2 likewise also preferably have shapes of engaging
with each other when the neighboring elements 2 come closer
to each other.

Sixth Embodiment

[0085] Hereinafter, a sixth embodiment of the present
invention will be described. The sixth embodiment illustrates
another example of the mode of electrical connection
between neighboring elements. The sixth embodiment is dif-
ferent from the aforementioned first embodiment only in the
mode of electrical connection between neighboring elements.
Thus, suppose only this difference will be described herein-
after and components similar to those of the first embodiment
will be assigned the same reference numerals and descrip-
tions thereof will be omitted as appropriate. In the present
embodiment as in the case of the aforementioned first
embodiment, the electromechanical conversion element 10
may be made up of a piezoelectric element such as piezoelec-
tric ceramics or may also be made up of a c-MUT.

[0086] Inthepresentembodiment, a spacer 40 isinterposed
between the neighboring elements 2. The spacer 40 has a first
spacer 41 which is a conductive member sandwiched by a pair
of first electrode terminals 21 disposed on sides of the neigh-
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boring elements 2 when the elements 2 are clustered by opera-
tion of the array forming section 6.

[0087] Furthermore, the spacer 40 has a second spacer 42
which is a conductive member sandwiched by a pair of sec-
ond electrode terminals 31 disposed on sides of the neighbor-
ing elements 2 when the elements 2 are clustered by operation
of the array forming section 6.

[0088] An electric insulating member 43 is interposed
between the first spacer 41 and the second spacer 42 of the
spacer 40.

[0089] Provision of the spacer 40 between the neighboring
elements 2 makes it possible to reduce the amount of move-
ment of the elements when the array forming section 6 forms
a one-dimensional array state column-wise or one-dimen-
sional array state row-wise.

[0090] Furthermore, even in the case where spacing
between a pair of neighboring elements 2 is increased to an
extent not exerting acoustic influences, the moving distance
will not increase when both elements are electrically con-
nected.

[0091] Therefore, it s possible to shorten the time neces-
sary for the array section 3 to shift from the one-dimensional
array state column-wise to the one-dimensional array state
row-wise, that is, to change the scanning direction of the
ultrasound transducer 1 while improving image quality of an
ultrasound image obtained by the ultrasound transducer 1.
Furthermore, the size of the array forming section 6 can be
reduced.

[0092] When all the second electrode terminals 31 are
always electrically connected to the GND via the ground
electrode wiring as shown in the second embodiment, the
spacer 40 is made up of only the first spacer 41.

Seventh Embodiment

[0093] Hereinafter, a seventh embodiment of the present
invention will be described. The seventh embodiment illus-
trates an example of the array forming section. The seventh
embodiment illustrates details of the configuration of the
array forming section with respect to the aforementioned first
embodiment. Thus, suppose only the difference from the first
embodiment will be described hereinafter and components
similar to those of the first embodiment will be assigned the
same reference numerals and descriptions thereof will be
omitted as appropriate. In the present embodiment as in the
case of the aforementioned first embodiment, the electrome-
chanical conversion element 10 may be made up of a piezo-
electric element such as piezoelectric ceramics or may also be
made up of a c-MUT.

[0094] Thearray forming section 6 is configured by includ-
ing an actuator 50, a pair of pressing members 51, a pair of
pressing members 52 and an elastic member 53. In the present
embodiment, the elements 2 making up the array section 3 are
arranged on the elastic member 53, which is an elastic and
expandable/contractable member.

[0095] The pair of pressing members 51 are disposed at
both ends of the array section 3 in the row direction. Further-
more, the pair of pressing members 51 are provided with
ground wiring 32 and also provided with conductive termi-
nals 32a for electrical connection of the ground wiring 32 and
the second electrode terminals 31 of the elements 2.

[0096] Furthermore, the pair of pressing members 52 are
disposed at both ends of the array section 3 in the column
direction. Furthermore, the pair of pressing members 52 are
provided with the ground wiring 32 and also provided with
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conductive terminals 32a for electrical connection of the
ground wiring 32 and the second electrode terminals 31 of the
elements 2.

[0097] The actuator 50 is configured to be able to move the
pair of pressing members 51 in the row direction and move the
pair of pressing members 52 in the column direction.

[0098] In the present embodiment, an acoustic matching
layer 8 is disposed above each element 2 of the array section
3.

[0099] When setting the array section 3 in a one-dimen-
sional array state column-wise, the array forming section 6
configured as shown above causes the actuator 50 to move the
pair of pressing members 51 in the direction of coming closer
to each other, compresses the elastic member 53 and clusters
the elements 2 in the row direction. In this case, the other
pressing members 52 are retracted outward in the column
direction to positions where the pressing members 52 do not
interfere with the pressing members 51.

[0100] On the other hand, when setting the array section 3
in a one-dimensional array state row-wise, the array forming
section 6 causes the actuator 50 to move the pair of pressing
members 52 in the direction of coming closer to each other,
compresses the elastic member 53 and clusters the elements 2
in the column direction. In this case, the other pressing mem-
bers 51 are retracted outward in the row direction to positions
where the pressing members 51 do not interfere with the
pressing members 52.

[0101] Thepressing members 51 and the pressing members
52 may be moved outward not by a force generated by the
actuator 50 but by a restoring force of the elastic member 53.
[0102] Furthermore, as a modification example shown in
FIG. 15, the elastic member 53 may also be interposed
between the neighboring elements 2.

[0103] Furthermore, the present embodiment adopts the
configuration in which the elastic member 53 is deformed by
the actuator 50 in the compression direction so that the ele-
ments 2 are moved in the direction of clustering together, but
the configuration of uniting or separating the elements 2 is not
limited thereto. For example, such a configuration of the
elements 2 may also be adopted that when the force from the
actuator 50 is not applied, the elements 2 remain clustered in
the row direction or in the column direction by a force in the
direction in which the elastic member 53 contracts and the
actuator 50 applies a force of separating the elements 2 from
each other in any one of the row direction and the column
direction and thereby produces a state in which the elements
2 are clustered only in the other direction.

Eighth Embodiment

[0104] Hereinafter, an eighth embodiment of the present
invention will be described. The eighth embodiment illus-
trates another example of the array forming section. The
eighth embodiment is different from the aforementioned sec-
ond embodiment in configurations of the elements and the
array forming section. Thus, suppose only the difference from
the second embodiment will be described hereinafter and
components similar to those of the second embodiment will
be assigned the same reference numerals and descriptions
thereof will be omitted as appropriate. In the present embodi-
ment as in the case of the aforementioned first embodiment,
the electromechanical conversion element 10 may be made
up of a piezoelectric element such as piezoelectric ceramics
or may also be made up of a c-MUT.
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[0105] As shown in FIG. 16, elements 24 of the present
embodiment are disposed with first electrodes 205 exposed in
four surrounding directions and portions of the first elec-
trodes 205 exposed on the sides of the elements 2 function as
first electrode terminals.

[0106] Furthermore, an array forming section 6b is config-
ured by including switch members 60 provided in a region
surrounded by four elements 25 as shown in FIG. 17 and an
actuator 69 that causes the switch members 60 to rotate
around a rotation shaft 64 substantially parallel to an ultra-
sound emission direction.

[0107] The switch member 60 is configured by including a
disk-shaped contact section 61 that contacts the corners ofthe
respective first electrodes 206 of the four surrounding ele-
ments 25. The contact section 61 is pivotably supported by the
rotation shaft 64 while in contact with the corners of the four
surrounding first electrodes 205.

[0108] Thecontact section 61 is configured by including an
insulating section 63 (region shown by a shaded area in the
figure) made of an electrically insulating material that
extends so as to divide the center section of a circle when
viewed from the top along a predetermined straight line and
conductive sections 62 made of a conductive material dis-
posed on both sides of the insulating section 63.

[0109] When the contact section 61 is positioned such that
the extending direction of the insulating section 63 matches
the row direction, the conductive sections 62 electrically con-
nect those neighboring in the row direction of the four sur-
rounding first electrodes 205 (state shown in FIG. 17).

[0110] On the other hand, when the contact section 61 is
positioned such that the extending direction of the insulating
section 63 matches the column direction, the conductive sec-
tions 62 electrically connect those neighboring in the column
direction of the four surrounding first electrodes 205 (state
shown in FIG. 18).

[0111] In the present embodiment having the above
described configuration, by causing the actuator 69 to rotate
the contact sections 61 of the switch members and position
the contact sections 61 such that the extending direction of the
insulating sections 63 match the row direction, the first elec-
trodes 205 in the element groups arranged on the same col-
umn in the array section 3 are electrically connected. That is,
the array section 3 is set in a one-dimensional array state
column-wise.

[0112] On the other hand, by causing the actuator 69 to
rotate the contact sections 61 of the switch members and
position the contact sections 61 such that the extending direc-
tion of the insulating sections 63 match the column direction,
the first electrodes 205 in the element groups arranged on the
same row in the array section 3 are electrically connected.
That is, the array section 3 is set in a one-dimensional array
state row-wise.

[0113] As a modification example shown in FIG. 19, it is
also possible to adopt a configuration in which the disk-
shaped contact sections 61 of a switch member 60a are
arranged so as to overlap each other such that the extending
directions of the insulating sections 63 are substantially
orthogonal to each other to allow the actuator 6 to move the
pair of overlapping contact sections 61 in the axial direction
(ultrasound emission direction). In this case, positioning is
performed such that only one of the pair of overlapping con-
tact sections 61 contacts the corners of the four surrounding
first electrodes 204.
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[0114] In the case of the present embodiment, by moving
the switch members 60a up and down, it is possible to elec-
trically connect the first electrodes in an element group in the
row direction or in the column direction.

Ninth Embodiment

[0115] Hereinafter, a ninth embodiment of the present
invention will be described. The ninth embodiment illustrates
another example of the ultrasound transducer. The ninth
embodiment is different from the aforementioned seventh
embodiment in the configuration surrounding the array sec-
tion and the array forming section. Thus, suppose only the
difference from the seventh embodiment will be described
hereinafter and components similar to those of the seventh
embodiment will be assigned the same reference numerals
and descriptions thereof will be omitted as appropriate. In the
present embodiment as in the case of the aforementioned first
embodiment, the electromechanical conversion element 10
may be made up of a piezoelectric element such as piezoelec-
tric ceramics or may also be made up of a c-MUT.

[0116] Inthe present embodiment, as shown in FIG. 20, the
array section 3 and the array forming section 6 are disposed in
a closed space formed by a covering case 70 made of a
watertight material. Electromagnets 71 are disposed in a
region of the covering case 70 located above the array section
3. The electromagnets 71 are connected to a power supply
apparatus (not shown) and the presence/absence of a power
supply is controlled. A magnetic fluid 72 is sealed in the
closed space formed by the covering case 70. As the magnetic
fluid 72, an electrically insulating fluid is used.

[0117] In the present embodiment configured as shown
above, with a power supply to the electromagnets 71 being
shut off first, the array section 3 is set in a one-dimensional
array state column-wise or one-dimensional array state row-
wise by the array forming section 6. After starting a power
supply to the electromagnets 71, ultrasound scanning is per-
formed by the array section 3.

[0118] In this case, the magnetic fluid 72 is attracted to the
electromagnets 71 in the closed space by a magnetic force
generated by the electromagnets 71, that is, to the ultrasound
emission side of the array section 3. In this way, it is possible
to change intensity of a magnetic field applied to a space
between the array section 3 and the covering case 70 accord-
ing to the position and since the space is filled with the
magnetic fluid 72 having a relatively high acoustic imped-
ance, excellent acoustic matching can be realized. By con-
centrating a magnetic fluid of high or low sound velocity at
the center of an element group, it is also possible to provide a
lens effect.

[0119] Furthermore, the magnetic fluid 72 is attracted to the
ultrasound emission side of the array section 3, bubbles exist-
ing in a region where ultrasound is transmitted/received are
pushed away and an excellent ultrasound image can be
obtained.

Tenth Embodiment

[0120] Next, as a tenth embodiment, an example of an
electronic device to which the ultrasound transducer of the
present invention is applicable will be described. As shown in
FIG. 21, an ultrasound endoscope 100 of the present embodi-
ment is mainly configured by including an elongated inser-
tion portion 102 introduced into the body of a subject, an
operation portion 103 positioned at a proximal end of the
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insertion portion 102 and a universal cord 104 that extends out
from a side of the operation portion 103.

[0121] An endo scope connector 104a connected to a light
source apparatus (not shown) is provided at a proximal end
portion of the universal cord 104. An electric cable 105
detachably connected to a camera control unit (not shown) via
an electric connector 105¢ and an ultrasound cable 106
detachably connected to an ultrasound observation apparatus
(not shown) via an ultrasound connector 106a extend out
from the endoscope connector 104a.

[0122] The insertion portion 102 is provided with a distal
end portion 120 disposed at a distal end, a bending portion
108 disposed at a proximal end of the distal end portion 120,
which is freely bendable and a flexible tube portion 109,
which is flexible, disposed at a proximal end of the bending
portion 108 and connected to a distal end side of the operation
portion 103, the portions coupled in sequence. Furthermore,
an ultrasound transducer 1 is provided at a distal end of the
distal end portion 120.

[0123] Theoperation portion 103 is provided with an angle
knob 111 that controls the bending of the bending portion 108
in a desired direction, an air/water feeding button 112 for
performing air/water feeding operation, a suction button 113
for performing suctioning operation and a treatment instru-
ment insertion opening 114 that serves as an opening for
introducing a treatment instrument into a tube cavity, body
cavity or the like.

[0124] Since the ultrasound transducer 1 provided at the
end of the distal end portion 120 can switch the direction of
electronic scanning of ultrasound between two directions, the
ultrasound endoscope 100 of the present embodiment can
acquire an ultrasound image within a scanning range SA1 and
a scanning range SA2.

[0125] Furthermore, the distal end portion 120 is provided
with an illumination lens making up an illumination optical
section that irradiates an observation region with illumination
light, an observation optical section that captures an optical
image of the observation region, an opening for suction and
forceps, which is an opening for suctioning an excised portion
or an opening from which a treatment instrument juts out and
an air/water feeding opening for feeding air/water or the like.
[0126] Theultrasound transducer 1 ofthe present invention
is not limited to the aforementioned ultrasound endoscope,
butis applicable to an ultrasound diagnostic apparatus, which
is a conventionally well-known electronic apparatus. For
example, the ultrasound transducer 1 of the present invention
may be applied to an external ultrasound diagnostic apparatus
for observing the interior of the body of a subject from outside
the body of the subject.

[0127] FIG. 22 shows the ultrasound transducer of the
present invention applied to an ultrasound flaw detecting
apparatus as an example of non-destructive inspection appa-
ratus. FIG. 22 is a diagram illustrating a schematic configu-
ration of the ultrasound flaw detecting apparatus.

[0128] Theultrasound flaw detecting apparatus 200 is pro-
vided with a probe 202 that transmits/receives ultrasound and
abox-type apparatus body 203 for controlling the probe 202.
[0129] A display apparatus 206 is provided in the center of
the front of the apparatus body 203 for displaying an image
for flaw detection and a switch 207 that plays various roles is
provided in the vicinity of the display apparatus 206.

[0130] Furthermore, the probe 202 is connected to the
apparatus body 203 via a composite coaxial cable 208. One or
a plurality of ultrasound transducers 1 are disposed on a
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contact surface 202a inside the probe 202 to cause the probe
202 to contact an object to be examined.

[0131] The ultrasound flaw detecting apparatus 200 can
emit ultrasound with the contact surface 202a of the probe
202 contacting the object to be examined and detect flaws
inside the object to be examined without destroying the object
to be examined according to a variation in reflection of ultra-
sound.

[0132] Theultrasound transducer 1 of the present invention
is not limited to the aforementioned ultrasound flaw detecting
apparatus, but is also applicable to a non-destructive inspec-
tion apparatus which is a conventionally well-known elec-
tronic device. For example, the ultrasound transducer 1 of the
present invention may be applied to a thickness measuring
apparatus that measures a thickness of an object to be exam-
ined by transmitting/receiving ultrasound.

[0133] Thepresent invention is not limited to the aforemen-
tioned embodiments, but can be modified as appropriate
within the range not departing from the spirit and scope or
thought of the invention that can be read from the claims of
the invention and the entire specification, and such a modified
ultrasound transducer and electric apparatus will also be
included in the technical scope of the present invention.

1. An ultrasound transducer comprising:

elements each comprising an electromechanical conver-
sion element provided with a first electrode and a second
electrode arranged facing each other, which converts an
electric signal inputted between the first electrode and
the second electrode into vibration, first electrode termi-
nals electrically connected to the first electrode and sec-
ond electrode terminals electrically connected to the
second electrode;

an array section made up of n elements in a row direction
and m (m is equal to or bigger than n) elements in a
column direction arranged in a matrix form;

an array forming section that forms a one-dimensional
array state column-wise made up of m element groups
formed by electrically connecting the first electrode ter-
minals neighboring in the row direction out of the first
electrode terminals in the element groups arranged on
the same column and a one-dimensional array state row-
wise made up of n element groups formed by electrically
connecting the first electrode terminals neighboring in
the column direction out of the first electrode terminals
in the element groups arranged on the same row in the
array section,

signal wiring arranged so as to be electrically connected to
at least one of the first electrodes in each element group
of the m element groups in the one-dimensional array
state column-wise and electrically connected to at least
one of the first electrodes in each element group of the n
element groups in the one-dimensional array state row-
wise; and

ground wiring arranged so as to be electrically connected
to all the second electrodes in both the one-dimensional
array state column-wise and the one-dimensional array
state row-wise,

wherein the elements are flexibly connected to each other,

the array forming section includes a member expandable/
contractable in the row direction and the column direc-
tion, and

the expandable/contractable member contracts in the row
direction or the column direction, clusters the elements
in the row direction or the column direction and thereby

Oct. 28, 2010

forms an electric connection state, which makes the
one-dimensional array state column-wise or the one-
dimensional array state row-wise.

2. The ultrasound transducer according to claim 1, wherein
the signal wiring is electrically connected to one of the first
electrodes of the elements arranged on each column in the
array section and electrically connected to at least one of the
first electrodes of the elements arranged on each row, and

the ground wiring is electrically connected to at least one of

the second electrodes of the elements arranged on each
column and electrically connected to at least one of the
second electrodes of the elements arranged on each row
in the array section.

3. The ultrasound transducer according to claim 1, wherein
the signal wiring is electrically connected to one of the first
electrodes of the elements arranged on each column and
electrically connected to at least one of the first electrodes of
the elements arranged on each row in the array section, and

the ground wiring is electrically connected to the second

electrode terminals of all the elements making up the
array section.

4. The ultrasound transducer according to claim 1, wherein
the first electrode terminals are disposed on surfaces facing
each other in the row direction and the column direction of the
elements arrayed in a matrix form,

the first electrode terminals facing each other in the row

direction or the column direction have shapes engaging
with each other in the one-dimensional array state col-
umn-wise or the one-dimensional array state row-wise,
the second electrode terminals are disposed on surfaces
facing each other in the row direction and the column
direction of the elements arrayed in a matrix form, and
the second electrode terminals facing each other in the row
direction or the column direction have shapes engaging
with each other in the one-dimensional array state col-
umn-wise or the one-dimensional array state row-wise.

5. The ultrasound transducer according to claim 1, wherein
the first electrode terminals are disposed on surfaces facing
each other in the row direction and the column direction of the
elements arrayed in a matrix form, and

the first electrode terminals facing each other in the row

direction or the column direction have shapes engaging
with each other in the one-dimensional array state col-
umn-wise or the one-dimensional array state row-wise.

6. The ultrasound transducer according to claim 1, wherein
the first electrode terminals are disposed on surfaces facing
each other in the row direction and the column direction of the
elements arrayed in a matrix form,

the second electrode terminals are disposed on surfaces

facing each other in the row direction and the column
direction of the elements arrayed in a matrix form,

the ultrasound transducer further comprising:

first spacers which have conductive members disposed

between the elements, interposed between the first elec-
trode terminals facing each other in the row direction in
the one-dimensional array state column-wise and inter-
posed between the first electrode terminals facing each
other in the column direction in the one-dimensional
array state row-wise; and

second spacers which have conductive members disposed

between the elements, interposed between the second
electrode terminals facing each other in the row direc-
tion in the one-dimensional array state column-wise and
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interposed between the second electrode terminals fac-
ing each other in the column direction in the one-dimen-
sional array state row-wise.

7. The ultrasound transducer according to claim 1, wherein
the first electrode terminals are disposed on surfaces facing
each other in the row direction and the column direction of the
elements arrayed in a matrix form,

the ultrasound transducer further comprising first spacers

which have conductive members disposed between the
elements, interposed between the first electrode termi-
nals facing each other in the row direction in the one-
dimensional array state column-wise and interposed
between the first electrode terminals facing each other in
column direction in the one-dimensional array state
row-wise.

8. The ultrasound transducer according to claim 1, wherein
an elastic member is disposed between the elements.

9. The ultrasound transducer according to claim 1, wherein
a covering section that covers the array section is disposed on
an ultrasound emission side of the array section.

10. The ultrasound transducer according to claim 9,
wherein the covering section has a function of at least one of
an acoustic matching layer and an acoustic lens.

11. The ultrasound transducer according to claim 10,
wherein the array section is disposed in a closed space includ-
ing the covering section, and

the closed space is filled with an electrically insulating
fluid.
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12. The ultrasound transducer according to claim 11,
wherein the electrically insulating fluid includes a magnetic
fluid, the ultrasound transducer further comprising an elec-
tromagnet for moving the magnetic fluid to the ultrasound
emission side in the closed space.

13. The ultrasound transducer according to claim 3,
wherein a conductive covering section that covers the array
section 1s disposed on the ultrasound emission side of the
array section and at least part of the covering section also
serves as the ground wiring.

14. The ultrasound transducer according to claim 13,
wherein the covering section has a function of at least one of
an acoustic matching layer and an acoustic lens.

15. The ultrasound transducer according to claim 1,
wherein the array section is disposed in a closed space formed
by a covering case, and

the closed space is filled with an electrically insulating

fluid.

16. The ultrasound transducer according to claim 15,
wherein the electrically insulating fluid includes a magnetic
fluid, the ultrasound transducer further comprising an elec-
tromagnet for moving the magnetic fluid to the ultrasound
emission side in the closed space.

17. An electronic device comprising the ultrasound trans-
ducer according to claim 1.

18. An ultrasound endoscope comprising the electronic
device according to claim 17.
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