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(54) ULTRASONIC TRANSDUCER AND ULTRASONIC PROBE

(57) An ultrasound transducer according to the
present invention includes: a plurality of piezoelectric el-
ements configured to emit ultrasound according to input
of an electric signal and convert ultrasound incident from
an outside into an electric signal; and a mask portion that
is provided between the plurality of piezoelectric ele-
ments and a radiation surface of the ultrasound on the
ultrasound transducer. The mask portion is configured
to: mask any divided region among a plurality of divided
regions obtained by dividing an elevation direction or-
thogonal to a plane parallel to a scanning direction of the
ultrasound; reflect the ultrasound in a direction different
from a propagation direction of the ultrasound on the
masked divided region; and allow the ultrasound to pass
in the propagation direction in the divided regions except
the masked divided region.
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Description

Field

[0001] The present invention relates to an ultrasound
transducer and an ultrasound probe for emitting ultra-
sound to an observation target, receiving an ultrasound
echo reflected from the observation target, converting
the received ultrasound echo into an echo signal, and
outputting the converted signal.

Background

[0002] Ultrasound is applied in order to observe char-
acteristics of living tissues or materials as an observation
target. To be specific, the ultrasound transducer trans-
mits the ultrasound to the observation target and receives
an ultrasound echo reflected from the observation target,
and the ultrasound observation apparatus can acquire
information on the characteristics of the observation tar-
get by performing predetermined signal processing on
the received ultrasound echo.
[0003] The ultrasound transducer includes a plurality
of piezoelectric elements, each of which converts an
electrical pulse signal into an ultrasound pulse (acoustic
pulse) and emits the converted signal to the observation
target, and further, converts the ultrasound echo reflect-
ed from the observation target into an electrical echo sig-
nal expressed by a voltage change and outputs the con-
verted signal. For example, the ultrasound echo is ac-
quired from the observation target by arraying the plural-
ity of piezoelectric elements in a predetermined direction,
electronically switching an element relating to transmis-
sion and reception, or causing a delay for transmission
and reception of a piezoelectric body of each of the ul-
trasound transducers. The ultrasound transducer, which
transmits the ultrasound in the one predetermined direc-
tion and acquires the ultrasound echo reflected from the
observation target in this manner, is called a 1-D array
ultrasound transducer.
[0004] As the ultrasound transducer, 2-D array ultra-
sound transducer in which a plurality of piezoelectric el-
ements is arranged in a matrix and two directions inter-
secting each other are set as scanning directions has
been known in addition to the above-described 1-D array
type (for example, see Patent Literature 1). For example,
the 2-D array ultrasound transducer can acquire an ul-
trasound echo in an elevation direction which is orthog-
onal to the scanning direction of the 1-D array ultrasound
transducer. The 2-D array ultrasound transducer can ac-
quire a plurality of ultrasound images (sectional images)
in the elevation direction. Thus, when the ultrasound
transducer is provided at a distal end portion of an en-
doscope and a position of a puncture needle protruding
from the distal end portion of the endoscope is confirmed
while examining an inside of an observation target, for
example, it is possible to confirm an inclination direction
of the puncture needle from the plurality of ultrasound

images even if a protruding direction of the puncture nee-
dle is inclined with respect to the scanning direction.

Citation List

Patent Literature

[0005] Patent Literature 1: JP 2008-245705 A

Summary

Technical Problem

[0006] However, the 2-D array ultrasound transducer
has a problem that the number of cables increases as
compared to the 1-D array ultrasound transducer, and a
structure of the ultrasound transducer becomes compli-
cated because the plurality of piezoelectric elements is
provided in a matrix and it is necessary to connect cables
to the respective piezoelectric elements although being
capable of obtaining the plurality of sectional images tak-
en along the elevation direction.
[0007] The present invention has been made in view
of the foregoing, and an object of the invention is to pro-
vide an ultrasound transducer and an ultrasound probe
capable of obtaining a plurality of ultrasound images tak-
en along an elevation direction with a simple configura-
tion.

Solution to Problem

[0008] In order to solve the above described problem
and achieve the object, an ultrasound transducer accord-
ing to the invention includes: a plurality of piezoelectric
elements configured to emit ultrasound according to input
of an electric signal and convert ultrasound incident from
outside into an electric signal; and a mask portion pro-
vided between the plurality of piezoelectric elements and
a radiation surface of the ultrasound on the ultrasound
transducer. The mask portion is configured to: mask any
divided region among a plurality of divided regions ob-
tained by dividing an elevation direction orthogonal to a
plane parallel to a scanning direction of the ultrasound;
reflect the ultrasound in a direction different from a prop-
agation direction of the ultrasound on the masked division
region; and allow the ultrasound to pass in the propaga-
tion direction in the plurality of divided regions except the
masked divided region.
[0009] In the ultrasound transducer according to the
above-described invention, the plurality of piezoelectric
elements is one-dimensionally arrayed.
[0010] In the ultrasound transducer according to the
above-described invention, the mask portion includes: a
plurality of electret portions arrayed along the elevation
direction and configured to maintain electric polarization
to generate an electric field; a plurality of hollow portions
each forming a strip-shaped hollow space in accordance
with arrangement of each of the plurality of electret por-
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tions; and a plurality of counter electrodes facing the plu-
rality of electret portions and each having a strip shape.
[0011] In the ultrasound transducer according to the
above-described invention, the mask portion includes a
first sheet which is bendable and has a sheet shape and
a second sheet having a sheet shape, and the first and
second sheets are stacked together. The first sheet in-
cludes a plurality of first electrodes arrayed along the
elevation direction and each having a rectangular shape.
The second sheet includes: a plurality of protruding por-
tions each protruding from a surface of the second sheet
facing the first sheet; and a plurality of second electrodes
facing the plurality of first electrodes and each having a
rectangular shape. A hollow space is formed by the first
sheet and each of the plurality of protruding portions.
[0012] In the ultrasound transducer according to the
above-described invention, the mask portion further in-
cludes: a third sheet having a third electrode and stacked
on a surface of the second sheet on an opposite side to
where the first sheet is provided; and a fourth sheet hav-
ing a second protruding portion at a position deviated
from each of the plurality of protruding portions of the
second sheet, the fourth sheet being stacked on a surface
of the third sheet on an opposite side to where the second
sheet is provided.
[0013] In the ultrasound transducer according to the
above-described invention, the mask portion includes: a
plurality of mixed portions arrayed along the elevation
direction and each containing a mixed material that ex-
pands with heat; and a plurality of electric heating wires
passing through the plurality of mixed portions, respec-
tively, and configured to generate heat by power supply.
[0014] In the ultrasound transducer according to the
above-described invention, the mask portion includes a
plurality of hollow portions arrayed along the elevation
direction, and fluid carrying the ultrasound is configured
to flow through each of the plurality of hollow portions.
[0015] The ultrasound transducer according to the
above-described invention further includes: an acoustic
matching layer configured to perform acoustic imped-
ance matching between the plurality of piezoelectric el-
ements and an observation target; and an acoustic lens
configured to emit the ultrasound passed through the
mask portion to outside. The acoustic lens is stacked on
the mask portion, the mask portion is stacked on the
acoustic matching layer, and the acoustic matching layer
is stacked on the plurality of piezoelectric elements.
[0016] The ultrasound transducer according to the
above-described invention further includes: an acoustic
matching layer configured to perform an acoustic imped-
ance matching between the plurality of piezoelectric el-
ements and an observation target; and an acoustic lens
configured to emit the ultrasound passed through the
mask portion to outside. The acoustic lens is stacked on
the acoustic matching layer, and the acoustic matching
layer is stacked on the plurality of piezoelectric elements.
The mask portion is provided in the acoustic lens.
[0017] An ultrasound probe according to the invention

includes the ultrasound transducer at a distal end of the
ultrasound probe.
[0018] In the ultrasound probe according to the above-
described invention, the ultrasound probe is an ultra-
sound endoscope having an insertion portion, and the
insertion portion has the ultrasound transducer at a distal
end of the insertion portion and is configured to be in-
serted into a subject.

Advantageous Effects of Invention

[0019] According to the present invention, it is possible
to obtain a plurality of ultrasound images taken along an
elevation direction with a simple configuration. Brief De-
scription of Drawings
[0020]

FIG. 1 is a diagram schematically illustrating an en-
doscopic system according to a first embodiment of
the present invention.
FIG. 2 is a perspective view schematically illustrating
a configuration of a distal end of an insertion portion
of an ultrasound endoscope according to the first
embodiment of the present invention.
FIG. 3 is a perspective view schematically illustrating
a configuration of an ultrasound transducer accord-
ing to the first embodiment of the present invention.
FIG. 4 is a plan view schematically illustrating the
configuration of the ultrasound transducer when
seen in an arrow A direction illustrated in FIG. 3.
FIG. 5 is a plan view schematically illustrating the
configuration of the ultrasound transducer when
seen in an arrow B direction illustrated in FIG. 3.
FIG. 6 is an exploded perspective view schematically
illustrating the configuration of the ultrasound trans-
ducer according to the first embodiment of the
present invention.
FIG. 7 is a schematic diagram illustrating a configu-
ration of main parts of the ultrasound transducer ac-
cording to the first embodiment of the present inven-
tion.
FIG. 8 is a diagram for describing propagation of
ultrasound in the ultrasound transducer according to
the first embodiment of the present invention.
FIG. 9 is a diagram for describing propagation of
ultrasound in the ultrasound transducer according to
the first embodiment of the present invention.
FIG. 10 is a perspective view schematically illustrat-
ing a configuration of the distal end of the insertion
portion of the ultrasound endoscope according to the
first embodiment of the present invention.
FIG. 11 is a diagram for describing a position rela-
tionship between a scanning range of the ultrasound
transducer and a puncture needle according to the
first embodiment of the present invention.
FIG. 12 is a diagram schematically illustrating an ul-
trasound image that is obtained by scanning of the
ultrasound transducer illustrated in FIG. 11.
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FIG. 13 is a diagram for describing a position rela-
tionship between the scanning range of the ultra-
sound transducer and the puncture needle accord-
ing to the first embodiment of the present invention.
FIG. 14 is a diagram schematically illustrating an ul-
trasound image that is obtained by scanning of the
ultrasound transducer illustrated in FIG. 13.
FIG. 15 is a diagram for describing a position rela-
tionship between the scanning range of the ultra-
sound transducer and the puncture needle accord-
ing to the first embodiment of the present invention.
FIG. 16 is a diagram schematically illustrating an ul-
trasound image that is obtained by scanning of the
ultrasound transducer illustrated in FIG. 15.
FIG. 17 is a diagram for describing a configuration
of an ultrasound transducer according to a modified
example of the first embodiment of the present in-
vention.
FIG. 18 is a diagram for describing the configuration
of the ultrasound transducer according to the modi-
fied example of the first embodiment of the present
invention.
FIG. 19 is a schematic diagram illustrating a config-
uration of main parts of an ultrasound transducer ac-
cording to a second embodiment of the present in-
vention.
FIG. 20 is a diagram for describing propagation of
ultrasound in the ultrasound transducer according to
the second embodiment of the present invention.
FIG. 21 is a diagram for describing propagation of
ultrasound in the ultrasound transducer according to
the second embodiment of the present invention.
FIG. 22 is a diagram for describing a configuration
of main parts of an ultrasound transducer according
to a modified example of the second embodiment of
the present invention.
FIG. 23 is a schematic diagram illustrating a config-
uration of main parts of an ultrasound transducer ac-
cording to a third embodiment of the present inven-
tion.
FIG. 24 is a diagram for describing propagation of
ultrasound in the ultrasound transducer according to
the third embodiment of the present invention.
FIG. 25 is a diagram for describing propagation of
ultrasound in the ultrasound transducer according to
the third embodiment of the present invention.
FIG. 26 is a schematic diagram illustrating a config-
uration of main parts of an ultrasound transducer ac-
cording to a fourth embodiment of the present inven-
tion.
FIG. 27 is a diagram for describing propagation of
ultrasound in the ultrasound transducer according to
the fourth embodiment of the present invention.

Description of Embodiments

[0021] Hereinafter, modes for carrying out the present
invention (hereinafter, referred to as embodiment(s)) will

be described with reference to the drawings. The present
invention is not limited to the embodiments to be de-
scribed below. The same reference signs are used to
designate the same elements throughout the drawings.

(First Embodiment)

[0022] FIG. 1 is a diagram schematically illustrating an
endoscopic system according to a first embodiment of
the present invention. An endoscopic system 1 is a sys-
tem that performs ultrasound diagnosis inside a subject
such as human using an ultrasound endoscope. As illus-
trated in FIG. 1, the endoscopic system 1 includes an
ultrasound endoscope 2, an ultrasound observation ap-
paratus 3, an endoscopic examination apparatus 4, a
display device 5, and a light source device 6.
[0023] The ultrasound endoscope 2 includes an ultra-
sound transducer, which converts an electrical pulse sig-
nal received from the ultrasound observation apparatus
3 into an ultrasound pulse (acoustic pulse) and emits the
converted signal to the subject, and converts the ultra-
sound echo reflected from the subject into an electrical
echo signal expressed in a voltage change and outputs
the converted signal, at a distal end portion thereof. A
configuration of the ultrasound transducer will be de-
scribed later.
[0024] The ultrasound endoscope 2 generally includes
an imaging optical system and an image sensor so that
it is possible to perform imaging of digestive tracts or
respiratory organs when being inserted into the digestive
tract (an esophagus, a stomach, a duodenum, or a colon)
or the respiratory organ (a trachea or a bronchial tube)
of the subject. In addition, it is possible to perform imaging
of adjacent organs (a pancreas, a gall bladder, a biliary
duct, a biliary tract, a lymph node, a mediastinum, a blood
vessel or the like) using the ultrasound. In addition, the
ultrasound endoscope 2 includes a light guide that guides
illumination light with which the subject is irradiated at
the time of optical imaging. The light guide has a distal
end portion that reaches a distal end of an insertion por-
tion of the ultrasound endoscope 2 inserted into the sub-
ject, and a proximal end portion that is connected to the
light source device 6 which generates the illumination
light.
[0025] As illustrated in FIG. 1, the ultrasound endo-
scope 2 includes an insertion portion 21, an operating
unit 22, a universal cable 23, and a connector 24. The
insertion portion 21 is a portion that is inserted inside the
subject. As illustrated in FIG. 1, the insertion portion 21
includes an ultrasound transducer 7 provided on the dis-
tal end side, a rigid member 211 connected to a proximal
end side of the ultrasound transducer 7, a bent portion
212, which is connected to a proximal end side of the
rigid member 211 to be bendable, and a flexible tube
portion 213 which is connected to a proximal end side of
the bent portion 212 and has flexibility. Here, the light
guide to transmit the illumination light supplied from the
light source device 6 and a plurality of signal cables to
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transmit various signals are wired, although not illustrat-
ed in detail, and a treatment tool passage, which allows
a treatment tool to be inserted therethrough, is formed
inside the insertion portion 21.
[0026] The ultrasound transducer 7 may employ any
one among a convex transducer, a linear transducer, and
a radial transducer. In the first embodiment, the ultra-
sound endoscope 2 in which the plurality of piezoelectric
elements, each serving as the ultrasound transducer 7,
is provided in an array, and scanning is electronically
performed by electronically switching a piezoelectric el-
ement relating to transmission and reception or causing
a delay in each piezoelectric element. However, the ul-
trasound transducer 7 may be configured to mechanically
perform scanning. The configuration of the ultrasound
transducer 7 will be described later.
[0027] FIG. 2 is a perspective view schematically illus-
trating a configuration of the distal end of the insertion
portion of the ultrasound endoscope according to the first
embodiment. As illustrated in FIG. 2, the rigid member
211 includes an illumination lens 211a which condenses
the illumination light and emits the light to the outside, an
objective lens 211b which forms a part of an imaging
optical system and introduces the light from the outside,
and a treatment tool protrusion port 211c which commu-
nicates with the treatment tool passage formed inside
the insertion portion 21 and causes the treatment tool to
protrude from the distal end of the insertion portion 21.
[0028] The operating unit 22 is a portion that is con-
nected to a proximal end side of the insertion portion 21
and receives various operations from a doctor or the like.
As illustrated in FIG. 1, the operating unit 22 includes a
bending knob 221 to perform a bending operation of the
bent portion 212 and a plurality of operating members
222 to perform various operations. In addition, a treat-
ment tool insertion port 223, which communicates with
the treatment tool passage and through which the treat-
ment tool is inserted into the treatment tool passage, is
formed in the operating unit 22.
[0029] The universal cable 23 is a cable that extends
from the operating unit 22 and is formed by arranging a
plurality of signal cables to transmit various signals, an
optical fiber to transmit the illumination light supplied from
the light source device 6, and the like.
[0030] The connector 24 is provided at a distal end of
the universal cable 23. Further, the connector 24 includes
first to third connector portions 241 to 243 which are con-
nected with an ultrasound cable 31, a video cable 41,
and an optical fiber cable 61, respectively.
[0031] The ultrasound observation apparatus 3 is elec-
trically connected to the ultrasound endoscope 2 via the
ultrasound cable 31 (FIG. 1), and outputs a pulse signal
to the ultrasound endoscope 2 via the ultrasound cable
31 and an echo signal from the ultrasound endoscope 2
is input thereto. Further, the ultrasound observation ap-
paratus 3 performs predetermined processing on the
echo signal to generate an ultrasound image.
[0032] The endoscopic examination apparatus 4 is

electrically connected to the ultrasound endoscope 2 via
the video cable 41 (FIG. 1), and an image signal from
the ultrasound endoscope 2 is input thereto via the video
cable 41. Further, the endoscopic examination apparatus
4 performs predetermined processing on the image sig-
nal to generate an endoscopic image.
[0033] The display device 5 is configured using a liquid
crystal or organic electro luminescence (EL), or the like,
and displays the ultrasound image generated by the ul-
trasound observation apparatus 3, the endoscopic image
displayed by the endoscopic examination apparatus 4,
and the like.
[0034] The light source device 6 is connected to the
ultrasound endoscope 2 via the optical fiber cable 61
(FIG. 1) and supplies the illumination light to illuminate
the inside of the subject to the ultrasound endoscope 2
via the optical fiber cable 61.
[0035] Next, the configuration of the ultrasound trans-
ducer 7 provided at the distal end of the insertion portion
21 will be described with reference to FIGS. 2 to 6. FIG.
3 is a perspective view schematically illustrating the con-
figuration of the ultrasound transducer according to the
first embodiment. FIG. 4 is a plan view schematically il-
lustrating the configuration of the ultrasound transducer
when seen in an arrow A direction illustrated in FIG. 3.
FIG. 5 is a plan view schematically illustrating the con-
figuration of the ultrasound transducer when seen in an
arrow B direction illustrated in FIG. 3. FIG. 6 is an ex-
ploded perspective view schematically illustrating the
configuration of the ultrasound transducer according to
the first embodiment. FIGS. 3 and 4 illustrate a case
where six piezoelectric elements 71 are arranged side
by side. However, the configuration of the ultrasound
transducer 7 is simplified in the drawings in order for de-
scription, and the number of piezoelectric elements that
are actually arranged is not limited thereto. In the first
embodiment, the ultrasound transducer 7 is a convex-
type ultrasound transducer illustrated in FIG. 2 with an
one-dimensional array (1-D array) in which the plurality
of piezoelectric elements 71 is arrayed in line. In other
words, the plurality of piezoelectric elements 71 is ar-
ranged in an outer surface that forms a curved surface
of the ultrasound transducer 7 in the ultrasound trans-
ducer 7 according to the first embodiment.
[0036] The ultrasound transducer 7 includes the plu-
rality of piezoelectric elements 71, each of which has a
prismatic shape and is aligned side by side in the longi-
tudinal direction, a plurality of first acoustic matching lay-
ers 72, each of which is provided on the outer surface
side of the ultrasound transducer 7 with respect to the
piezoelectric element 71, a second acoustic matching
layer 73 provided on the opposite side to a side of the
first acoustic matching layer 72, the side in contact with
the piezoelectric element 71, a mask portion 74 provided
on the opposite side to a side of the second acoustic
matching layer 73, the side in contact with the first acous-
tic matching layer 72, an acoustic lens 75 provided on
the opposite side to a side of the mask portion 74, the
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side in contact with the second acoustic matching layer
73, and a backing material 76 provided on the opposite
side to a side of the piezoelectric element 71, the side in
contact with the first acoustic matching layer 72. It is con-
figured in the first embodiment such that the first acoustic
matching layer 72 is provided for each of the piezoelectric
elements 71, the second acoustic matching layer 73, the
mask portion 74, the acoustic lens 75, and the backing
material 76 collectively cover the plurality of piezoelectric
elements 71 and first acoustic matching layers 72. The
ultrasound transducer 7 may be a type of using the single
piezoelectric element 71 as an output unit or a type of
using the plurality of piezoelectric elements 71 as an out-
put unit. As illustrated in FIG. 2, a longitudinal direction
of the piezoelectric element 71 will be referred to as an
elevation direction De, and an array direction of the pie-
zoelectric element 71 will be referred to as a scanning
direction Ds, hereinafter. In addition, a piezoelectric ele-
ment unit 700 is configured using the piezoelectric ele-
ment 71, the first acoustic matching layer 72, and the
second acoustic matching layer 73.
[0037] The piezoelectric element 71 converts an elec-
trical pulse signal into an ultrasound pulse (acoustic
pulse) and emits the converted signal to a subject, and
further, converts an ultrasound echo reflected from the
subject into an electrical echo signal expressed by a volt-
age change and outputs the converted signal. The pie-
zoelectric element 71 is provided with an electrode for
input and output of a signal on a main surface on the
backing material 76 side, and an electrode for grounding
on a main surface of the piezoelectric element 71 on the
first acoustic matching layer 72 side. Each of the elec-
trodes is formed using a metal material having conduc-
tivity or a resin material.
[0038] The piezoelectric element 71 is formed using a
PZT ceramic material, a PMN-PT single crystal, a PMN-
PZT single crystal, a PZN-PT single crystal, a PIN-PZN-
PT single crystal, or a relaxor-based material. The PMN-
PT single crystal is an abbreviation of a solid solution of
lead magnesium niobate and lead titanate. The PMN-
PZT single crystal is an abbreviation of a solid solution
of lead magnesium niobate and lead zirconate titanate.
The PZN-PT single crystal is an abbreviation of a solid
solution of lead zinc niobate and lead titanate. The PIN-
PZN-PT single crystal is an abbreviation of a solid solu-
tion of lead indium niobate, lead zinc niobate, and lead
titanate. The relaxor-based material is a generic term of
a three-component piezoelectric material formed by add-
ing lead complex perovskite, which is a relaxor material,
to lead zirconate titanate (PZT) in order to increase a
piezoelectric constant or a dielectric constant. The lead
complex perovskite is expressed by Pb(B1, B2)O3 in
which B1 is any of magnesium, zinc, indium and scan-
dium and B2 is any of niobium, tantalum and tungsten.
These materials provide an excellent piezoelectric effect.
Thus, a value of electrical impedance can be made low
even though the piezoelectric elements are downsized,
which is favorable from the viewpoint of impedance

matching between the piezoelectric element and a thin-
film electrode provided on the piezoelectric element 71.
[0039] The first acoustic matching layer 72 and the sec-
ond acoustic matching layer 73 perform matching of an
acoustic impedance between the piezoelectric element
71 and the observation target in order to cause a sound
(ultrasound) to be efficiently transmitted between the pi-
ezoelectric element 71 and the observation target. The
first acoustic matching layer 72 and the second acoustic
matching layer 73 are made of materials different from
each other. In the first embodiment, the two acoustic
matching layers (the first acoustic matching layer 72 and
the second acoustic matching layer 73) are provided.
However, one acoustic matching layer or three or more
acoustic matching layers may be provided according to
characteristics of the piezoelectric element 71 and the
observation target. In addition, the acoustic matching lay-
er is not necessarily provided and an ultrasound trans-
ducer having no acoustic matching layer may be config-
ured as long as the matching of the acoustic impedance
with the observation target is obtained.
[0040] The mask portion 74 regulates passage of the
ultrasound in the elevation direction De of the ultrasound
transducer 7 by masking a part of the piezoelectric ele-
ment 71 in the elevation direction De. In other words, the
mask portion 74 is configured to mask any divided region
among a plurality of divided regions, obtained by dividing
the elevation direction De, reflect the ultrasound in a di-
rection different from a propagation direction of the ultra-
sound on the masked divided region, and allow the pas-
sage of the ultrasound in the propagation direction in the
plurality of divided regions except the masked divided
region.
[0041] FIG. 7 is a schematic diagram illustrating a con-
figuration of main parts of the ultrasound transducer ac-
cording to the first embodiment, and is a diagram for de-
scribing a configuration of the mask portion 74. The mask
portion 74 includes a sheet-shaped main body portion
740, formed using a material that can pass ultrasound,
and is provided between the second acoustic matching
layer 73 and the acoustic lens 75. The main body portion
740 includes three electret portions 741, which are pro-
vided on one surface, have a rectangular shape, and
maintain electric polarization to generate an electric field,
three hollow portions 742 forming strip-shaped hollow
spaces in accordance with arrangement of the electret
portion 741, and three counter electrodes 743 which are
provided on the other surface so as to face the electret
portion 741 and have a strip shape. The hollow portion
742 is filled with gas (air).
[0042] The electret portion 741 is implemented using
a rectangular-shaped electret (electric stone) that is
made of fluororesin such as Teflon (registered trade-
mark) or polyethylene terephthalate (PET), and main-
tains the electric polarization to generate the electric field.
In the first embodiment, the hollow portion 742 side (the
counter electrode 743 side) is positively charged.
[0043] Whether to apply a charge to the counter elec-
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trode 743 is switched under control of a control unit (not
illustrated). The counter electrode 743 is negatively
charged when a charge is applied thereto, for example.
The counter electrode 743 is formed using a material that
can pass at least ultrasound.
[0044] When any of the three counter electrodes 743
is electrically charged, the mask portion 74 eliminates
the hollow space present in a traveling direction of ultra-
sound to enable the passage of the ultrasound. To be
specific, when three mask structures of the electret por-
tion 741, the hollow portion 742, and the counter elec-
trode 743 are arrayed in the elevation direction De in the
ultrasound transducer 7, the mask portion 74 divides the
region to be masked into three regions in the elevation
direction De (divided regions E1 to E3). Thus, the ultra-
sound transducer 7 emits ultrasound with a partial region
in the elevation direction De that has been masked. When
the counter electrode 743 is electrically charged in any
divided region among the three divided regions E1 to E3,
the electret portion 741 enters into the hollow portion 742
and is brought into contact with a bottom surface, and
the ultrasound can pass the divided region according to
the corresponding counter electrode 743. For example,
when the counter electrode 743 in the divided region E1
is electrically charged, the ultrasound is emitted only from
the divided region E1.
[0045] Here, the masking processing performed by the
mask portion 74 of the ultrasound transducer 7 will be
described with reference to FIGS. 8 and 9. FIG. 8 is a
diagram for describing propagation of ultrasound in the
ultrasound transducer according to the first embodiment
and illustrating a state in which the counter electrode 743
has no charge. FIG. 9 is a diagram for describing prop-
agation of ultrasound in the ultrasound transducer ac-
cording to the first embodiment and illustrating a state in
which the counter electrode 743 is electrically charged.
[0046] The mask portion 74 blocks the passage of the
ultrasound when the counter electrode 743 has no
charge since the gas is present between the electret por-
tion 741 and the counter electrode 743 due to the hollow
portion 742 as illustrated in FIG. 8 (a dashed arrow in
FIG. 8). At this time, the ultrasound is reflected from the
hollow portion 742 (gas) toward a direction different from
the propagation direction of the ultrasound.
[0047] The mask portion 74 enables the passage of
the ultrasound when the counter electrode 743 is elec-
trically charged since the electret portion 741 is attracted
to the counter electrode 743 which has been negatively
charged, to enter into the hollow portion 742 and be
brought into contact with the bottom of the hollow portion
742 as illustrated in FIG. 9 (a dashed arrow in FIG. 9).
[0048] In this manner, the passage of the ultrasound
using the mask portion 74 is controlled by the application
of the charge to the counter electrode 743. It is possible
to emit the ultrasound from a desired region by controlling
the application of the charge to the divided regions E1 to
E3. In addition, conversely, it is possible to control a re-
ception region of the ultrasound echo by the application

of the charge.
[0049] Returning to FIGS. 3 to 6, the acoustic lens 75
is formed using silicone, polymethylpentene, epoxy res-
in, polyetherimide, or the like, has one surface formed in
a convex shape or a concave shape and serving a func-
tion of narrowing the ultrasound, emits the ultrasound
passed through the mask portion 74 to the outside or
take the ultrasound echo from the outside. The acoustic
lens 75 is also provided in an arbitrary manner, and it
may be configured without the acoustic lens 75.
[0050] The backing material 76 attenuates unneces-
sary ultrasound vibration that is caused by the operation
of the piezoelectric element 71. The backing material 76
is formed using a material with a high attenuation rate,
for example, epoxy resin in which a filler such as alumina
and zirconia is dispersed, and rubber in which the above-
described filler is dispersed.
[0051] The ultrasound transducer 7 having the above-
described configuration irradiates the observation target
with the ultrasound via the first acoustic matching layer
72, the second acoustic matching layer 73, the mask por-
tion 74, and the acoustic lens 75 as the piezoelectric el-
ement 71 vibrates due to the input of the pulse signal. At
this time, the vibration of the piezoelectric element 71 is
attenuated by the backing material 76 and the vibration
of the piezoelectric element 71 is not transmitted on the
opposite side to a side of the piezoelectric element 71,
the side where the first acoustic matching layer 72, the
second acoustic matching layer 73, the mask portion 74,
and the acoustic lens 75 are arranged. In addition, the
ultrasound reflected from the observation target is trans-
mitted to the piezoelectric element 71 via the acoustic
lens 75, the mask portion 74, the second acoustic match-
ing layer 73, and the first acoustic matching layer 72. The
piezoelectric element 71 vibrates due to the transmitted
ultrasound, the piezoelectric element 71 converts the vi-
bration into the electrical echo signal, and outputs the
echo signal to the ultrasound observation apparatus 3
via a wiring (not illustrated).
[0052] Next, reference will be made to a method for
detecting a protruding direction of a puncture needle us-
ing the above-described ultrasound transducer 7. FIG.
10 is a perspective view schematically illustrating a con-
figuration of the distal end of the insertion portion of the
ultrasound endoscope according to the first embodiment.
When a puncture needle 100 is used as the treatment
tool, the puncture needle 100 is inserted into the insertion
portion 21 through the treatment tool insertion port 223
(see FIG. 1), and a distal end of the puncture needle 100
is caused to protrude from the treatment tool protrusion
port 211c. Accordingly, the distal end of the puncture
needle 100 is positioned inside a scanning region of the
ultrasound transducer 7, and a part of interest is punc-
tured by the puncture needle 100 while confirming wheth-
er the puncture needle 100 protrudes through an ultra-
sound image.
[0053] However, the ultrasound image is a sectional
image which is parallel to the scanning direction Ds, and
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it is difficult to grasp a position of the puncture needle
100 in the elevation direction De. Although it is possible
to confirm a protruding position of the puncture needle
100 in the scanning direction Ds through the ultrasound
image, it is difficult to confirm bending of the puncture
needle 100 in the elevation direction De.
[0054] Hereinafter, reference will be made to a method
for detecting the position of the puncture needle 100 in
the elevation direction in the ultrasound transducer 7 ac-
cording to the first embodiment. FIG. 11 is a diagram for
describing a position relationship between a scanning
range of the ultrasound transducer and the puncture nee-
dle according to the first embodiment. In FIG. 11, the
counter electrode 743 in the divided region E1 is electri-
cally charged, and scanning in a scanning region R1 is
performed using ultrasound passed through the divided
region E1. In FIG. 11, the counter electrode 743 in the
divided regions E2 and E3 is not electrically charged, and
thus, the ultrasound is reflected from the respective hol-
low portions 742 and does not reach the acoustic lens
75. In this case, ultrasound scanning is performed in a
central portion in the elevation direction De. Thus, when
a longitudinal direction of the puncture needle 100 is bent
with respect to a plane parallel to the scanning direction
Ds, the distal end of the puncture needle 100 deviates
from the scanning region R1 as illustrated in FIG. 11.
[0055] FIG. 12 is a diagram schematically illustrating
an ultrasound image that is obtained by scanning of the
ultrasound transducer illustrated in FIG. 11. An ultra-
sound image W1 illustrated in FIG. 12 is an image that
is obtained by the ultrasound scanning illustrated in FIG.
11, and is an image showing a case where the distal end
of the puncture needle 100 side deviates from the scan-
ning region R1 as described above. When the distal end
of the puncture needle 100 deviates from the scanning
region R1, an image (needle image 200) of the puncture
needle 100 present inside the scanning region R1 is
present in the ultrasound image W1 as illustrated in FIG.
12.
[0056] FIG. 13 is a diagram for describing a position
relationship between the scanning range of the ultra-
sound transducer and the puncture needle according to
the first embodiment. A bending state of the puncture
needle 100 with respect to the ultrasound transducer 7
is the same as that of FIG. 11. In FIG. 13, the counter
electrode 743 in the divided region E2 is electrically
charged, and scanning in a scanning region R2 is per-
formed using ultrasound passed through the divided re-
gion E2. In FIG. 13, the counter electrode 743 in the di-
vided regions E1 and E3 is not electrically charged, and
thus, the ultrasound is reflected from the respective hol-
low portions 742 and does not reach the acoustic lens
75. In this case, ultrasound scanning is performed in one
end portion in the elevation direction De. Thus, when the
longitudinal direction of the puncture needle 100 is bent
with respect to the plane parallel to the scanning direction
Ds, only the distal end of the puncture needle 100 is po-
sitioned inside the scanning region R2 as illustrated in

FIG. 13.
[0057] FIG. 14 is a diagram schematically illustrating
an ultrasound image that is obtained by scanning of the
ultrasound transducer illustrated in FIG. 13. An ultra-
sound image W2 illustrated in FIG. 14 is an image that
is obtained by the ultrasound scanning illustrated in FIG.
13, and is an image showing a case where only the distal
end of the puncture needle 100 side is positioned inside
the scanning region R2 as described above. When only
the distal end of the puncture needle 100 is positioned
inside the scanning region R2, an image (needle image
201) of the puncture needle 100 present inside the scan-
ning region R2 is present in the ultrasound image W2 as
illustrated in FIG. 14.
[0058] FIG. 15 is a diagram for describing a position
relationship between the scanning range of the ultra-
sound transducer and the puncture needle according to
the first embodiment of the present invention. A bending
state of the puncture needle 100 with respect to the ul-
trasound transducer 7 is the same as that of FIG. 11. In
FIG. 15, the counter electrode 743 in the divided region
E3 is electrically charged, and scanning in a scanning
region R3 is performed using ultrasound passed through
the divided region E3. In FIG. 15, the counter electrode
743 in the divided regions E1 and E2 is not electrically
charged, and thus, the ultrasound is reflected from the
respective hollow portions 742 and does not reach the
acoustic lens 75. In this case, ultrasound scanning is per-
formed in the other end portion in the elevation direction
De. Thus, when the longitudinal direction of the puncture
needle 100 is bent with respect to the plane parallel to
the scanning direction Ds, the puncture needle 100 is
positioned outside the scanning region R3 as illustrated
in FIG. 15.
[0059] FIG. 16 is a diagram schematically illustrating
an ultrasound image that is obtained by scanning of the
ultrasound transducer illustrated in FIG. 15. An ultra-
sound image W3 illustrated in FIG. 16 is an image that
is obtained by the ultrasound scanning illustrated in FIG.
15, and is an image showing a case where the puncture
needle 100 side is positioned outside the scanning region
R3 as described above. When the puncture needle 100
is positioned outside the scanning region R3, an image
of the puncture needle 100 as an image of the scanning
region R3 is not present in the ultrasound image W3 as
illustrated in FIG. 16.
[0060] As described above, it is possible to obtain the
ultrasound images of the scanning regions R1 to R3 cor-
responding to the divided regions E1 to E3 by adjusting
the application of the charge to the counter electrode 743
in the divided regions E1 to E3. Each of the ultrasound
images of the scanning regions R1 to R3 is an image that
corresponds to a region obtained by dividing the eleva-
tion direction De. Thus, it is possible to detect the pro-
truding direction of the puncture needle 100 by confirming
the respective ultrasound images of the scanning regions
R1 to R3 even when the puncture needle 100 is bent with
respect to the plane parallel to the scanning direction Ds
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as described above. It is possible to more reliably punc-
ture the part of interest by accurately detecting the pro-
truding direction of the puncture needle 100. The detec-
tion and the like of the puncture needle may be performed
by arbitrarily selecting two divided regions and acquiring
ultrasound images of two scanning regions divided in the
elevation direction De.
[0061] In contrast, an ultrasound image including all
the scanning regions R1 to R3 is obtained in the conven-
tional 1-D array ultrasound transducer. Thus, when the
protruding direction of the puncture needle 100 is bent
with respect to the plane parallel to the scanning direction
Ds, it is difficult to determine a bending direction of the
puncture needle 100.
[0062] According to the above-described first embod-
iment, the mask portion 74, capable of selectively con-
trolling the passage of the ultrasound in the region ob-
tained by dividing the elevation direction De depending
on the application of the charge, is provided between the
second acoustic matching layer 73 and the acoustic lens
75 in the ultrasound transducer 7. Thus, it is possible to
obtain the plurality of ultrasound images taken along the
elevation direction De with the simple configuration. Ac-
cording to the first embodiment, it is possible to the ul-
trasound image in the elevation direction while suppress-
ing an increase in the number of wirings as compared to
a 2-D array ultrasound transducer. Since the number of
the wirings is suppressed, it is possible to downsize the
ultrasound transducer as compared to the 2-D array ul-
trasound transducer.
[0063] In addition, it is possible to acquire an ultra-
sound image that visualizes even an image at a far point
while improving resolution of a near point if a frequency
(pulse interval of the pulse signal) to be applied to the
ultrasound transducer 7 is set to a high frequency in the
case of scanning only the central portion (scanning re-
gion R1) in the elevation direction De, and the frequency
to be supplied to the ultrasound transducer 7 is set to a
low frequency in the case of scanning the entire region
(scanning regions R1 to R3) of the elevation direction De
in the above-described first embodiment.
[0064] In addition, the electret portion 741 is formed
using fluororesin such as Teflon (registered trademark)
or polyethylene terephthalate according to the above-
described first embodiment, and thus, can be manufac-
tured at relatively low cost. Further, the electret portion
741 is bendable, and thus, it is possible to produce the
mask portion 74 by deforming the mask portion 74 in a
shape taken along a curved surface when it is necessary
to perform the arrangement along the curved surface as
in the convex-type ultrasound transducer, for example.
[0065] The 1-D array has been exemplified in the
above-described first embodiment. However, the inven-
tion can be applied even in a 1.25-D array, a 1.5-D array,
or a 1.75-D array in which a plurality of piezoelectric el-
ements (oscillators) is arrayed in a direction (elevation
direction) that is substantially orthogonal to the scanning
direction of the ultrasound transducer (the array direction

of the piezoelectric element in the 1-D array). The first
embodiment includes the 1.25-D, 1.5-D and 1.75-D ar-
rays in which a single ultrasound image, divided in the
elevation direction De, is acquired in the scanning direc-
tion Ds, as the array obtained by one-dimensionally ar-
raying the plurality of piezoelectric elements.

(Modified Example of First Embodiment)

[0066] FIG. 17 is a diagram for describing a configu-
ration of an ultrasound transducer according to a modi-
fied example of the first embodiment of the present in-
vention and illustrating a state in which the counter elec-
trode 743 has no charge. In the modified example, a plu-
rality of convex portions 742a is provided in the hollow
portion 742 according to the above-described first em-
bodiment. As illustrated in FIG. 17, the convex portion
742a protruding in the substantially orthogonal direction
from a bottom surface opposing the electret portion 741
is provided in the hollow portion 742 of the mask portion
74 according to the modified example. The convex por-
tion 742a can protrude from the bottom surface and also
can be flush with the bottom surface, and abuts on the
surface of the electret portion 741 in the most protruding
state. When the counter electrode 743 has no charge,
the electret portion 741 is supported by the convex por-
tions 742a.
[0067] FIG. 18 is a diagram for describing the config-
uration of the ultrasound transducer according to the
modified example of the first embodiment of the present
invention and illustrating a state in which the counter elec-
trode 743 is electrically charged. The mask portion 74
allows ultrasound to pass when the counter electrode
743 is electrically charged since the electret portion 741
is attracted to the counter electrode 743 which has been
negatively charged, to enter into the hollow portion 742
and be brought into contact with the bottom of the hollow
portion 742 as illustrated in FIG. 18. At this time, the con-
vex portion 742a is flush with the bottom surface, which
does not hinder the contact between the bottom surface
of the hollow portion 742 and the electret portion 741.
[0068] Since the convex portion 742a is provided in
the hollow portion 742 according to the modified exam-
ple, the convex portion 742a supports the electret portion
741 in the state in which the counter electrode 743 has
no charge, and thus, it is possible to more reliably form
the hollow space between the electret portion 741 and
the hollow portion 742. Although the electret portion 741
needs to have a certain degree of bendability, when the
convex portion 742a is provided, it is possible to suppress
the contact between the electret portion 741 and the bot-
tom surface of the hollow portion 742 using the convex
portion 742a even in a case where the electret portion
741 is bent toward the hollow portion 742 side due to its
own weight. Further, it is possible to more reliably perform
the blocking of the ultrasound through the hollow portion
742.
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(Second Embodiment)

[0069] FIG. 19 is a schematic diagram illustrating a
configuration of main parts of an ultrasound transducer
according to a second embodiment of the present inven-
tion. Although, in the above-described first embodiment,
the electret is used as the mask portion 74, a capacitive
micromachined ultrasonic transducer (C-MUT) is used
as a mask portion 77 in the second embodiment.
[0070] The mask portion 77 has a sheet shape that is
formed using a material that can pass ultrasound, and is
provided between the second acoustic matching layer
73 and the acoustic lens 75. The mask portion 77 is
formed by stacking a first sheet 771 having a sheet shape
that is bendable and a second sheet 772 having a sheet
shape. The first sheet 771 and the second sheet 772 are
formed using a silicon film, for example. The first sheet
771 includes three first electrodes 771a each of which
has a rectangular shape. The second sheet 772 includes
a plurality of protruding portions 772b, each of which pro-
trudes from a surface 772a facing the first sheet 771 (see
FIG. 20), and three second electrodes 772c, each of
which faces the first electrode 771a and has a rectangular
shape. In the mask portion 77, the first sheet 771 is sup-
ported by the protruding portions 772b to form a plurality
of hollow portions 773 having strip-shaped hollow spac-
es. The hollow portion 773 is filled with gas (air).
[0071] The mask portion 77 having the above-de-
scribed configuration forms a configuration of the capac-
itive micromachined ultrasonic transducer (C-MUT)
which has a cavity (hollow space) between two electrode
layers. In other words, the mask portion 77 includes one
or more hollow portions 773 between three pairs of the
first electrode 771a and the second electrode 772c. In
the mask portion 77, the first electrode 771a and the sec-
ond electrode 772c are connected to each other via an
electric circuit (not illustrated), and an electrostatic force
acts between the first electrode 771a and the second
electrode 772c when a DC voltage is applied between
the first electrode 771a and the second electrode 772c
so that the first sheet 771 (the first electrode 771a) is
attracted to the second sheet 772 (the second electrode
772c) side.
[0072] The mask portion 77 causes the hollow space
present on a traveling direction of ultrasound to be filled
and turned into a collapse state when the DC voltage is
applied to any of the three pairs of the first electrode 771a
and the second electrode 772c, thereby enabling the pas-
sage of the ultrasound. To be specific, when three mask
structures of the first electrode 771a, the second elec-
trode 772c, and the hollow portion 773 are arrayed in the
elevation direction De in the ultrasound transducer 7, the
mask portion 77 divides the region to be masked into
three regions in the elevation direction De (divided re-
gions E11 to E13). When a DC voltage is applied between
the first electrode 771a and the second electrode 772c
in any divided region among the three divided regions
E11 to E13, the first sheet 711 is brought into contact

with the surface 772a of the second sheet 772 such that
first sheet 771 is buried in the hollow portion 773, thereby
allowing the ultrasound to pass in the divided region. For
example, when a DC voltage is applied between the first
electrode 771a and the second electrode 772c in the di-
vided region E11, the ultrasound is emitted only from the
divided region E11.
[0073] Here, masking processing performed by the
mask portion 77 of the ultrasound transducer 7 will be
described with reference to FIGS. 20 and 21. FIG. 20 is
a diagram for describing propagation of ultrasound in the
ultrasound transducer according to the second embodi-
ment and illustrating a state in which a DC voltage is not
applied between the first electrode 771a and the second
electrode 772c. FIG. 21 is a diagram for describing prop-
agation of ultrasound in the ultrasound transducer ac-
cording to the second embodiment and illustrating a state
in which a DC voltage is applied between the first elec-
trode 771a and the second electrode 772c. FIGS. 20 and
21 are diagrams obtained by enlarging a region Q illus-
trated in FIG. 19.
[0074] The mask portion 77 blocks the passage of the
ultrasound using the hollow portion 773 between the first
sheet 771 and the second sheet 772 when the DC voltage
is not applied between the first electrode 771a and the
second electrode 772c as illustrated in FIG. 20 (a dashed
arrow in FIG. 20).
[0075] When the DC voltage is applied between the
first electrode 771a and the second electrode 772c in the
mask portion 77, the electrostatic force acts between the
first electrode 771a and the second electrode 772c, and
the first sheet 771 enters into the hollow portion 773 and
is brought into contact with the surface 772a of the sec-
ond sheet 772, and thus, the ultrasound passes there-
through as illustrated in FIG. 21 (a dashed arrow in FIG.
21).
[0076] In this manner, the passage of the ultrasound
using the mask portion 77 is controlled by the application
of the DC voltage to the portion between the first elec-
trode 771a and the second electrode 772c. It is possible
to emit the ultrasound from a desired region by controlling
the application of the DC voltage to the divided regions
E11 to E13. In addition, conversely, it is possible to con-
trol a reception region of the ultrasound echo by the ap-
plication of the charge.
[0077] According to the above-described second em-
bodiment, the mask portion 77, capable of selectively
controlling the passage of the ultrasound in the region
obtained by dividing the elevation direction De depending
on the application of the charge, is provided between the
second acoustic matching layer 73 and the acoustic lens
75 in the ultrasound transducer 7. Thus, it is possible to
obtain the plurality of ultrasound images taken along the
elevation direction De with the simple configuration,
which is similar to the above-described first embodiment.
[0078] In addition, the configuration of the capacitive
micromachined ultrasonic transducer (C-MUT) in which
the cavity is provided between the two electrode layers
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in the mask portion 77 is used according to the second
embodiment, and thus, it is possible to control the pas-
sage of the ultrasound or the blocking of the passage at
high speed.

(Modified Example of Second Embodiment)

[0079] FIG. 22 is a diagram for describing a configu-
ration of main parts of an ultrasound transducer accord-
ing to a modified example of the second embodiment of
the present invention and illustrating a state in which a
DC voltage is not applied between electrodes. In the
above-described second embodiment, there is a case
where ultrasound passes through the protruding portion
772b since the first sheet 771 and the protruding portion
772b are in the state of being contact with each other
even in the state where the DC voltage is not applied
between the first electrode 771a and the second elec-
trode 772c. In the modified example, a third sheet 774
and a fourth sheet 775 are stacked onto the first sheet
771 and the second sheet 772 so as to prevent the ul-
trasound from passing through the protruding portion
772b.
[0080] To be specific, the first sheet 771, the second
sheet 772, the third sheet 774, and the fourth sheet 775
are stacked in this order as illustrated in FIG. 22. The
third sheet 774 and the fourth sheet 775 are formed using
a silicon film, for example. The third sheet 774 includes
three third electrodes 774a, each of which has a rectan-
gular shape. The fourth sheet 775 includes a plurality of
protruding portions 775b, each of which protrudes from
a surface 775a facing the third sheet 774, and three fourth
electrodes 775c, each of which faces the third electrode
774a and has a rectangular shape. In the mask portion
according to the modified example, the third sheet 774
is supported by the protruding portions 775b to form a
plurality of hollow portions 776 having strip-shaped hol-
low spaces.
[0081] In the modified example, the protruding portion
775b is provided at a position not to overlap the protruding
portion 772b in the propagation direction of the ultra-
sound when the first sheet 771, the second sheet 772,
the third sheet 774, and the fourth sheet 775 are stacked.
In other words, the protruding portions 772b and 775b
are arranged at positions different from each other when
being viewed from a direction orthogonal to the propa-
gation direction of the ultrasound. Accordingly, when ul-
trasound is incident from the fourth sheet 775, passage
of the ultrasound passing through the protruding portion
775b outside the mask portion 77 is blocked by the hollow
portion 773 as illustrated in FIG. 22, for example. Since
the passage of the ultrasound is blocked by the hollow
portion 776, the ultrasound does not reach the protruding
portion 772b. In addition, it is possible to cause the ultra-
sound to pass outside the mask portion 77 by applying
a DC voltage to each portion between the respective elec-
trodes.

(Third Embodiment)

[0082] FIG. 23 is a schematic diagram illustrating a
configuration of main parts of an ultrasound transducer
according to a third embodiment of the present invention.
FIGS. 24 and 25 are diagrams for describing propagation
of ultrasound in the ultrasound transducer according to
the third embodiment. In the third embodiment, a foam
material is provided on a propagation path of ultrasound
to block passage of the ultrasound. In the third embodi-
ment, a mask portion is provided in an acoustic lens 78.
[0083] The acoustic lens 78 is formed using silicone,
polymethylpentene, epoxy resin, polyetherimide, or the
like, and includes a lens main body 781 whose one sur-
face is formed in a convex shape or a concave shape
and has a function of narrowing the ultrasound. The lens
main body 781 is provided with three mixed portions 782
that are mixed with a material F which expands with heat.
In the lens main body 781, an electric heating wire 783,
which penetrates through the mixed portion 782 and is
connected to an electric circuit (not illustrated), is provid-
ed for each of the mixed portions 782. The material F
reversibly reacts, expands by heating and contracts
when the heating is stopped. In the third embodiment,
the mask portion is configured using the mixed portion
782 including the material F and the electric heating wire
783. The mask portion according to the third embodiment
is provided between the piezoelectric element 71 and a
radiation surface of the ultrasound (a surface of the
acoustic lens 78).
[0084] In the acoustic lens 78 having the above-de-
scribed configuration, ultrasound passes through the ma-
terial F when an AC voltage is not applied to the electric
heating wire 783 as illustrated in FIG. 24. In contrast,
heat is generated when the AC voltage is applied to the
electric heating wire 783 (by power supply), and the gen-
erated heat is transmitted to the material F. When the
heat is transmitted to the material F, the material F ex-
pands as illustrated in FIG. 25, thereby blocking passage
of the ultrasound. To be specific, when a mask structure
corresponding to the mixed portion 782 including the ma-
terial F is arrayed in the elevation direction De in the
ultrasound transducer 7, the acoustic lens 78 (mask por-
tion) divides a region to be masked into three regions in
the elevation direction De (divided regions E21 to E23).
When an AC voltage is applied to the electric heating
wire 783 in any divided region among the three divided
regions E21 to E23, air bubbles are generated inside the
mixed portion 782 in the region, and the passage of the
ultrasound is blocked. For example, when an AC voltage
is applied to the electric heating wire 783 corresponding
to the divided regions E22 and 23, the ultrasound is emit-
ted only from the divided region E21. It is preferable to
prevent the transmission of heat to the adjacent mixed
portion 782 among the respective mixed portions 782.
[0085] According to the above-described third embod-
iment, it is possible to select the ultrasound to be emitted
from the divided regions E21 to E23 by providing the
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three mixed portions 782, which contains the material F
expanding by heat, inside the acoustic lens 78 so as to
control the heating of the material F using the electric
heating wires 783 that pass through the respective mixed
portions 782 in the ultrasound transducer 7. Thus, it is
possible to obtain the plurality of ultrasound images taken
along the elevation direction De with the simple config-
uration, which is similar to the above-described first em-
bodiment.
[0086] In addition, it is configured only by mixing the
material F, which expands by heat, in a predetermined
region of the acoustic lens 78 and providing the electric
heating wire 783 according to the third embodiment, thus,
it is unnecessary to form the hollow portion 742 and the
like described above, and it is possible to easily produce
the ultrasound transducer.

(Fourth Embodiment)

[0087] FIG. 26 is a schematic diagram illustrating a
configuration of main parts of an ultrasound transducer
according to a fourth embodiment of the present inven-
tion. FIG. 27 is a diagram for describing propagation of
ultrasound in the ultrasound transducer according to the
fourth embodiment. In the fourth embodiment, it is con-
figured to have a structure that includes an acoustic lens
79 that reversibly performs passage and blocking of ul-
trasound by providing a space through which a fluid flows
on a propagation path of the ultrasound.
[0088] The acoustic lens 79 is formed using silicone,
polymethylpentene, epoxy resin, polyetherimide, or the
like, and includes a lens main body 791 whose one sur-
face is formed in a convex shape or a concave shape
and has a function of narrowing the ultrasound. The lens
main body 791 is provided with three hollow portions 792
which extend in parallel with each other and form strip-
shaped hollow spaces. The fluid that is capable of prop-
agating ultrasound, for example, water can flow through
the hollow portion 792 via a pump and an electromagnetic
valve 793. In the fourth embodiment, a mask portion is
configured using the hollow portion 792 and the fluid that
is inserted through the hollow portion 792. The mask por-
tion according to the fourth embodiment is provided be-
tween the piezoelectric element 71 and a radiation sur-
face of the ultrasound (a surface of the acoustic lens 79).
[0089] In the acoustic lens 79 having the above-de-
scribed configuration, the passage of the ultrasound is
blocked when the fluid does not flow through the hollow
portion 792 as illustrated in FIG. 27. In contrast, when
the fluid is caused to flow through the hollow portion 792,
the ultrasound passes through the fluid and is emitted
from the acoustic lens 79 to the outside. To be specific,
when a mask structure corresponding to the hollow por-
tion 792 is arrayed in the elevation direction De in the
ultrasound transducer 7, the acoustic lens 79 (mask por-
tion) divides a region to be masked into three regions in
the elevation direction De (divided regions E31 to E33).
When a fluid is caused to flow through the hollow portion

792 in any divided region among the three divided regions
E31 to E33, the fluid flowing through the hollow portion
792 in the region causes the ultrasound to pass there-
through. For example, when a fluid is caused to flow only
through the hollow portion 792 corresponding to the di-
vided region E31, the ultrasound is emitted only from the
divided region E31.
[0090] According to the above-described fourth em-
bodiment, it is possible to select the ultrasound to be
emitted from the divided regions E31 to E33 by providing
the three hollow portions 792, which enables the fluid
capable of propagating the ultrasound such as water to
flow therethrough, inside the acoustic lens 79 so as to
control the fluid caused to flow through the hollow portion
792 in the ultrasound transducer 7. Thus, it is possible
to obtain the plurality of ultrasound images taken along
the elevation direction De with the simple configuration,
which is similar to the above-described first embodiment.
[0091] In addition, the fluid is caused to flow through
the inside of the acoustic lens 79 according to the fourth
embodiment, and thus, an effect of suppressing heat dis-
sipation from the acoustic lens 79 is achieved as the fluid
absorbs the heat generated, for example, in the ultra-
sound transducer 7, and particularly in the acoustic lens
79.
[0092] Although, in the above-described third and
fourth embodiments, the mask portion is provided in the
acoustic lens, the above-described mask portion may be
provided on a different sheet from the acoustic lens to
be arranged, for example, between the second acoustic
matching layer and the acoustic lens as in the first and
second embodiments.
[0093] The modes for carrying out the present inven-
tion have been described hereinbefore. However, the
present invention is not limited only to the embodiments
and the modified examples described above. The
present invention may include various embodiments
within a range that does not depart from the technical
ideas described in the claims without being not limited to
the embodiments and the modified example described
above. In addition, each configuration of the embodi-
ments and the modified examples may be appropriately
combined.
[0094] In the above-described first to fourth embodi-
ments and the modified examples, the three divided re-
gions are obtained in the elevation direction. However,
the respective divided regions may be obtained by per-
forming the division evenly, may be provided such that
the central portion is larger than both end portions, or
may be different from each other. In addition, the number
of the divided regions is not limited to three but may be
two, and four or more divided regions may be provided.
[0095] A slim ultrasound miniature probe without an
optical system may be applied as the ultrasound probe.
The ultrasound miniature probe is generally used to be
inserted into a biliary tract, a biliary duct, a pancreatic
duct, a trachea, a bronchial tube, a urethra, or a ureter
to examine adjacent organs thereof (a pancreas, a lung,
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a prostate, a bladder, a lymph node, or the like).
[0096] An external ultrasound probe for emitting ultra-
sound from a body surface of a subject may be applied
as the ultrasound probe. The external ultrasound probe
is generally used to observe an abdominal organ (a liver,
a gallbladder, or a bladder), a breast (especially, a mam-
mary gland), and a thyroid.

Industrial Applicability

[0097] As described above, an ultrasound transducer
and an ultrasound probe according to the present inven-
tion is useful for obtaining a plurality of ultrasound images
taken along an elevation direction with a simple config-
uration. Reference Signs List
[0098]

1 ENDOSCOPIC SYSTEM
2 ULTRASOUND ENDOSCOPE
3 ULTRASOUND OBSERVATION AP-

PARATUS
4 ENDOSCOPIC EXAMINATION AP-

PARATUS
5 DISPLAY DEVICE
6 LIGHT SOURCE DEVICE
7 ULTRASOUND TRANSDUCER
21 INSERTION PORTION
22 OPERATING UNIT
23 UNIVERSAL CABLE
24 CONNECTOR
31 ULTRASOUND CABLE
41 VIDEO CABLE
61 OPTICAL FIBER CABLE
71 PIEZOELECTRIC ELEMENT
72 FIRST ACOUSTIC MATCHING LAY-

ER
73 SECOND ACOUSTIC MATCHING

LAYER
74, 77 MASK PORTION
75, 78, 79 ACOUSTIC LENS
76 BACKING MATERIAL
100 PUNCTURE NEEDLE
211 RIGID MEMBER
212 BENT PORTION
213 FLEXIBLE TUBE PORTION
221 BENDING KNOB
222 OPERATING MEMBER
223 TREATMENT TOOL INSERTION

PORT
241 FIRST CONNECTOR PORTION
242 SECOND CONNECTOR PORTION
243 THIRD CONNECTOR PORTION
740 MAIN BODY PORTION
741 ELECTRET PORTION
742 HOLLOW PORTION
742a CONVEX PORTION
743 COUNTER ELECTRODE
771 FIRST SHEET

771a FIRST ELECTRODE
772 SECOND SHEET
772b, 775b PROTRUDING PORTION
772c SECOND ELECTRODE
773, 776, 792 HOLLOW PORTION
774 THIRD SHEET
774a THIRD ELECTRODE
775 FOURTH SHEET
775c FOURTH ELECTRODE
781, 791 LENS MAIN BODY
782 MIXED PORTION
783 ELECTRIC HEATING WIRE

Claims

1. An ultrasound transducer comprising:

a plurality of piezoelectric elements configured
to emit ultrasound according to input of an elec-
tric signal and convert ultrasound incident from
outside into an electric signal; and
a mask portion provided between the plurality
of piezoelectric elements and a radiation surface
of the ultrasound on the ultrasound transducer,
the mask portion being configured to:

mask any divided region among a plurality
of divided regions obtained by dividing an
elevation direction orthogonal to a plane
parallel to a scanning direction of the ultra-
sound;
reflect the ultrasound in a direction different
from a propagation direction of the ultra-
sound on the masked division region; and
allow the ultrasound to pass in the propa-
gation direction in the plurality of divided re-
gions except the masked divided region.

2. The ultrasound transducer according to claim 1,
wherein the plurality of piezoelectric elements is one-
dimensionally arrayed.

3. The ultrasound transducer according to claim 1,
wherein
the mask portion comprises:

a plurality of electret portions arrayed along the
elevation direction and configured to maintain
electric polarization to generate an electric field;
a plurality of hollow portions each forming a strip-
shaped hollow space in accordance with ar-
rangement of each of the plurality of electret por-
tions; and
a plurality of counter electrodes facing the plu-
rality of electret portions and each having a strip
shape.
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4. The ultrasound transducer according to claim 1,
wherein
the mask portion comprises a first sheet which is
bendable and has a sheet shape and a second sheet
having a sheet shape, and the first and second
sheets are stacked together,
the first sheet comprises a plurality of first electrodes
arrayed along the elevation direction and each hav-
ing a rectangular shape,
the second sheet comprises:

a plurality of protruding portions each protruding
from a surface of the second sheet facing the
first sheet; and
a plurality of second electrodes facing the plu-
rality of first electrodes and each having a rec-
tangular shape, and

a hollow space is formed by the first sheet and each
of the plurality of protruding portions.

5. The ultrasound transducer according to claim 4,
wherein
the mask portion further comprises:

a third sheet having a third electrode and
stacked on a surface of the second sheet on an
opposite side to where the first sheet is provided;
and
a fourth sheet having a second protruding por-
tion at a position deviated from each of the plu-
rality of protruding portions of the second sheet,
the fourth sheet being stacked on a surface of
the third sheet on an opposite side to where the
second sheet is provided.

6. The ultrasound transducer according to claim 1,
wherein
the mask portion comprises:

a plurality of mixed portions arrayed along the
elevation direction and each containing a mixed
material that expands with heat; and
a plurality of electric heating wires passing
through the plurality of mixed portions, respec-
tively, and configured to generate heat by power
supply.

7. The ultrasound transducer according to claim 1,
wherein
the mask portion comprises a plurality of hollow por-
tions arrayed along the elevation direction, and
fluid carrying the ultrasound is configured to flow
through each of the plurality of hollow portions.

8. The ultrasound transducer according to claim 3, fur-
ther comprising:

an acoustic matching layer configured to per-
form acoustic impedance matching between the
plurality of piezoelectric elements and an obser-
vation target; and
an acoustic lens configured to emit the ultra-
sound passed through the mask portion to out-
side,
wherein the acoustic lens is stacked on the mask
portion, the mask portion is stacked on the
acoustic matching layer, and the acoustic
matching layer is stacked on the plurality of pi-
ezoelectric elements.

9. The ultrasound transducer according to claim 4, fur-
ther comprising:

an acoustic matching layer configured to per-
form an acoustic impedance matching between
the plurality of piezoelectric elements and an ob-
servation target; and
an acoustic lens configured to emit the ultra-
sound passed through the mask portion to out-
side,
wherein the acoustic lens is stacked on the mask
portion, the mask portion is stacked on the
acoustic matching layer, and the acoustic
matching layer is stacked on the plurality of pi-
ezoelectric elements.

10. The ultrasound transducer according to claim 6, fur-
ther comprising:

an acoustic matching layer configured to per-
form an acoustic impedance matching between
the plurality of piezoelectric elements and an ob-
servation target; and
an acoustic lens configured to emit the ultra-
sound passed through the mask portion to out-
side,
wherein the acoustic lens is stacked on the
acoustic matching layer, and the acoustic
matching layer is stacked on the plurality of pi-
ezoelectric elements, and
the mask portion is provided in the acoustic lens.

11. The ultrasound transducer according to claim 7, fur-
ther comprising:

an acoustic matching layer configured to per-
form an acoustic impedance matching between
the plurality of piezoelectric elements and an ob-
servation target; and
an acoustic lens configured to emit the ultra-
sound passed through the mask portion to out-
side,
wherein the acoustic lens is stacked on the
acoustic matching layer, and the acoustic
matching layer is stacked on the plurality of pi-
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ezoelectric elements, and
the mask portion is provided in the acoustic lens.

12. An ultrasound probe comprising the ultrasound
transducer according to claim 1 at a distal end of the
ultrasound probe.

13. The ultrasound probe according to claim 12, wherein
the ultrasound probe is an ultrasound endoscope
comprising an insertion portion, and
the insertion portion has the ultrasound transducer
at a distal end of the insertion portion and is config-
ured to be inserted into a subject.
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