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Description
Technical Field

[0001] The present invention relates to an ultrasonic
transducer, an ultrasonic probe and an ultrasonic diag-
nostic apparatus that are used to obtain diagnostic infor-
mation of a subject by applying ultrasonic waves to the
subject, such as an organism, so as to transmit and re-
ceive ultrasonic waves to and from the subject.

Background Art

[0002] The ultrasonic diagnostic apparatus applies ul-
trasonic waves into a subject, such as an organism of a
human being, an animal, or the like, and by detecting
echo signals reflected by the inside of the organism, a
tomographic image or the like of a tissue inside the or-
ganism is displayed on a monitor so that information re-
quired for diagnosis of the subject is provided. In this
case, the ultrasonic diagnostic apparatus utilizes an ul-
trasonic transducer and an ultrasonic probe so as to
transmit ultrasonic waves into the subject and receive
echo signals from the inside of the subject.

[0003] FIG.1isaschematicviewthatshows astructure
of an ultrasonic transducer.

[0004] As shown in FIG.1, ultrasonic transducer 10
transmits and receives ultrasonic waves to and from a
subject (not shown). Ultrasonic transducer 10 is provided
with ultrasonic resonator 11, one or more acoustic match-
ing layers 12 (one layer in FIG.1) that are formed on the
front face (right direction in FIG.1) on the subject side of
ultrasonic resonator 11, acoustic lens 13 that is attached
to the subject side surface of acoustic matching layer 12,
and backing material 14 that is installed on the back face
corresponding to the side opposite to acoustic matching
layer 12 relative to ultrasonic resonator 11.

[0005] Electrodes (not shown) are respectively dis-
posed on the front face and back face of ultrasonic res-
onator 11, and electrical signals are transmitted and re-
ceived to and from ultrasonic resonator 11.

[0006] Ultrasonic resonator 11 is made of a material
such as a piezoelectric ceramic material of PZT (Lead
Zirconate Titanate) based material, a single crystal, a
composite piezoelectric material that is a composite ma-
terial between the above-mentioned material and a pol-
ymer, a polymer piezoelectric material typically repre-
sented by, for example, PVDF (PolyVinylidine DiFluo-
ride), or the like, and converts a voltage into ultrasonic
waves, and transmits them into a subject, or converts
echoes reflected from the inside of the subject into elec-
trical signals so as to be received.

[0007] Acoustic matching layer 12 is installed so as to
effectively transmit and receive ultrasonic waves to and
from the inside of a subject.

[0008] Backing material 14 is combined with ultrasonic
resonator 11 so as to hold this, and has a function for
attenuating unnecessary ultrasonic waves.
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[0009] Acoustic lens 13 is installed so as to focus an
ultrasonic beam and consequently to improve the reso-
lution of atomographicimage, and the focus for ultrasonic
beam 15 of this acoustic lens 13 is fixed, and the focus
is made at a distance of virtually one point.

[0010] On the other hand, as a focusing method for an
ultrasonic beam, an arrangement in which the focusing
position is variably changed has been known, and such
an arrangement has also been proposed in which voids
are formed on the two ends of an acoustic lens, with a
liquid being allowed to flow through the voids, and by
adjusting the amount of the liquid, the curvature radius
of the acoustic lens is variably changed (for example,
see Patent Literature 1).

[0011] Moreover, another structure has been known
in which a piezoelectric bimorph or a shape-memory alloy
is formed on the backface side of an ultrasonic resonator
sothatthe curvature of the ultrasonic resonator is variably
changed and the focusing beam is consequently variably
changed (for example, see Patent Literatures 2 and 3).
[0012] Furthermore, still another structure has been
knowninwhich a material that allows the acoustic velocity
to be variably changed is installed between the ultrasonic
resonator and a subject so that by variably changing the
acoustic velocity, the focus of an ultrasonic beam is con-
sequently variably changed (for example, see Patent Lit-
erature 4).

[0013] In recent years, an ultrasonic diagnostic appa-
ratus has been proposed inwhich, by carrying outathree-
dimensional scanning process with an ultrasonic beam
direction being variably changed, ultrasonic waves from
the inside of a subject are three-dimensionally received
so that a three-dimensional image is displayed so as to
execute an image diagnosis.

[0014] Asoneexample of such anapparatus, a system
has been proposed in which an ultrasonic transducer in
which a plurality of ultrasonic resonators are one-dimen-
sionally aligned is mechanically moved or rocked recip-
rocally in a direction orthogonal to the aligning direction
by using a driving system such as a motor so as to carry
out a scanning process so that three-dimensional image
data are obtained.

[0015] FIG.2isaschematic viewthatshows a structure
of an ultrasonic transducer of a type referred to as an
electron scanning type.

[0016] As shown in FIG.2, ultrasonic transducer 20 is
provided with ultrasonic resonators 21 that transmit and
receive ultrasonic waves. A plurality of ultrasonic reso-
nators 21 are arranged on holding base 22 such as a
backing material. Ultrasonic transducer 20 is held by and
joined to acoustic window 26, and the inside of acoustic
window 26 is filled with ultrasonic wave propagating me-
dium 27 that is a liquid.

[0017] Ultrasonic resonators 21 thus arranged are
classified into desired groups, and a driving signal is input
to each of ultrasonic resonators 21 individually, with a
fixed delay time, through cable 23. Arranged ultrasonic
resonators 21 carry out transmitting and receiving proc-
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esses of ultrasonic waves to and from the inside of a
subject. By carrying out transmitting and receiving proc-
esses of ultrasonic waves to and from the inside of the
subject with a delay time, a two-dimensional ultrasonic
image can be obtained in real time.

[0018] Moreover, ultrasonic transducer 20 mechani-
cally receives rotation movements of motor 25 through
transmission axis 24. Motor 25 moves ultrasonic trans-
ducer 20 to rotate in a direction orthogonal to the aligning
direction of ultrasonic resonators 21 so that ultrasonic
resonators 21 thus arranged are allowed to carry out a
scanning process. With this arrangement, an ultrasonic
image can be obtained also in a direction orthogonal to
the direction of ultrasonic resonators 21 thus arranged
so that a three-dimensional ultrasonic image can be ob-
tained.

[0019] Patent Literature 1 describes an ultrasonic
transducerinwhich an acousticlens or the like is attached
to each ultrasonic resonator. The acoustic lens allows an
acoustic matching layer and an ultrasonic beam to be
focused so that its resolution can be improved. An ultra-
sonic transducer in which the acoustic lens is attached
to its ultrasonic resonator makes it possible to exert im-
proved sensitivity and frequency characteristic.

[0020] Anelectron scanning-type ultrasonic diagnostic
apparatus has a structure in which a plurality of ultrasonic
resonators that are arranged are classified into desired
groups, and the resonators are driven, with a fixed delay
time being given to each of the ultrasonic resonators, and
transmitting and receiving processes of ultrasonic waves
are carried between the ultrasonic resonators and the
inside of a subject, and by sequentially switching the ul-
trasonic resonators on an electronic basis, an ultrasonic
beam is variably changed so as to carry out a scanning
process so that an ultrasonic image can be obtained. In
Patent Literature 5, by mechanically moving these ultra-
sonic resonators in a direction orthogonal to an aligning
direction of the ultrasonic resonators so as to carry out
ascanning process by an ultrasonic beam so thata three-
dimensional image is obtained. The directions of trans-
mitting and receiving processes of the ultrasonic beam
are variably changed so as to obtain a two-dimensional
or three-dimensional ultrasonic image, and at present,
this system has already been known as a generally-used
system.

[0021] In this manner, the method for variably chang-
ing the directions of transmitting and receiving processes
of an ultrasonic beam has an advantage in that a plurality
of arranged ultrasonic resonators are prepared, and by
switching these on an electronic basis, a high-speed op-
eration is available, and this system is characterized in
that an ultrasonic image can be obtained in real time.
[0022] As another method for obtaining a three-dimen-
sional image by carrying out a scanning process, with
the direction of an ultrasonic beam being variably
changed, a so-called two-dimensional array-type ultra-
sonic transducer in which ultrasonic resonators are two-
dimensionally arranged can be proposed.
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[0023] Patent Literature 6 describes an ultrasonic
transducer in which on ultrasonic resonators two-dimen-
sionally arranged, a two-dimensional scanning process
is carried out by an ultrasonic beam, with a variably
changed electrical signal being individually applied there-
to, so that a three-dimensional ultrasonic image is ob-
tained. By carrying out the scanning process on the ul-
trasonic resonators two-dimensionally arranged by using
an ultrasonic beam, with a variably changed electrical
signal being individually applied thereto, three-dimen-
sional image data can be obtained from the inside of a
subject.
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Summary of Invention
Technical Problem

[0025] In the electron scanning-type ultrasonic diag-
nostic apparatus, a plurality of ultrasonic resonators that
are arranged are classified into desired groups, and the
resonators are driven, with a fixed delay time being given
to each of the piezoelectric elements, so that transmitting
and receiving processes of ultrasonic waves are carried
between the ultrasonic resonators and the inside of a
subject. By giving such a delay time, an ultrasonic beam
is focused or diffused so that an ultrasonic image with a
wider viewing width or high resolution can be obtained.
[0026] In this case, the focus or diffusion of the ultra-
sonic beam in a direction orthogonal to the direction of
the ultrasonic resonators thus arranged is carried out by
allowing an acoustic lens to focus the beam virtually at
one point so as to achieve high resolution; however, it is
not possible to focus the ultrasonic beam in a depth di-
rection of the subject relative to the electron scanning
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direction, with variably changing focal points of the beam.
[0027] This structure has been already known as a
generally-used system. What is important to obtain an
ultrasonic image with high resolution by using an ultra-
sonic probe is to provide a method by which the focus or
diffusion of an ultrasonic beam can be controlled also in
a direction orthogonal to the direction of arranged ultra-
sonic resonators. As one of the methods, a method has
been proposed in which a plurality of ultrasonic resona-
tors are two-dimensionally arranged to form a so-called
two-dimensional array so that the ultrasonic beamis con-
trolled on an electronic basis. However, it is very difficult
to provide the corresponding electronic circuit, controlling
process and ultrasonic transducer, and at present, this
system has not yet been easily achieved.

[0028] Patent Literature 1 has proposed a structure in
which void portions are prepared attwo ends of an acous-
tic lens having a curvature, with a liquid being allowed to
flow through the void portions, so that, by adjusting the
flow rate, the curvature of the acoustic lens is variably
changed to consequently variably change the position of
the focal point of ultrasonic waves. However, this system
requires a device for adjusting the flow rate of the liquid,
and also causes a problem in that the variably changing
process is not carried out at high speeds.

[0029] Moreover, Patent Literature 2 has proposed a
structure in which a piezoelectric bimorph is formed on
the backface of the ultrasonic resonator so that the ultra-
sonic resonator or the like is deformed so as to variably
change the position of the focal point of an ultrasonic
beam. In this structure, however, itis necessary to deform
the entire ultrasonic resonator, with the result that the
ultrasonic resonator is limited to a member with flexibility,
and other important characteristics, such as sensitivity
and frequency characteristics, are also limited.

[0030] Moreover, Patent Literature 3 has proposed a
structure in which a shape memory alloy is formed on
the backface of an ultrasonic resonator so that the shape
memory alloy is deformed by a temperature change, with
the result that the ultrasonic resonator or the like is de-
formed to variably change the position of the focal point
of an ultrasonic beam. However, it is difficult to carry out
the variably changing process of the temperature at high
speeds, and in the same manner as in the above-men-
tioned structure, it is necessary to deform the entire ul-
trasonic resonator, with the result that the ultrasonic res-
onator is limited to a member with flexibility, and other
important characteristics, such as sensitivity and fre-
quency characteristics, are also limited.

[0031] Furthermore, Patent Literature 4 has proposed
a structure in which an acoustic-velocity variably chang-
ing layer is formed on the front face of an ultrasonic res-
onator so that by variably changing the acoustic velocity,
a change in propagating time of ultrasonic waves is pre-
pared so as to variably change the focal position of an
ultrasonic beam. However, although the focusing posi-
tion of an ultrasonic beam can be variably changed, the
acoustic-velocity variably changing layer is formed be-
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tween the ultrasonic resonator and a subject, with the
result that since the acoustic matching is influenced,
problems with other important characteristics, such as
sensitivity and frequency characteristics, are raised.
[0032] There have been strong demands for high res-
olution for ultrasonic images, and so as to meet these
demands, further developments of technique have been
required.

[0033] Moreover, the electron scanning-type ultrason-
ic diagnostic apparatus, as shown in Patent Literature 5,
carries out a scanning process by an ultrasonic beam by
mechanically rotating an ultrasonic transducer, or carry-
ing out parallel or rocking movements thereon, by the
use of a motor and a driving system that transmits the
driving force. Since this structure uses the motor and
driving system, it is impossible to provide a light-weight
system with a small size, and another problem is that it
is difficult to operate the system. Moreover, since there
are changes with age such as wearing of mechanisms
or the like, and since the service life of electric terminal
cables or the like drawn from each ultrasonic resonator
by vibration is not long, problems are raised in reliability.
[0034] Furthermore, in the method for two-dimension-
ally scanning the ultrasonic beam with variably changing
an electrical signal for each of ultrasonic resonators two-
dimensionally arranged, as shown in Patent Literature 6,
the number of ultrasonic resonators becomes very large,
and the number of cables to be connected to electric
terminals drawn from the respective ultrasonic resona-
tors also becomes very large. This structure is too com-
plicated to construct an ultrasonic transducer to cause
difficulty in easily providing the system. Moreover, the
number of control circuits becomes greater in response
to an increase of ultrasonic resonators, resulting in a
problem of a bulky circuit scale.

[0035] Itis therefore an object of the present invention
to provide an ultrasonic transducer, an ultrasonic probe
and an ultrasonic diagnostic apparatus that allow an ul-
trasonic beam in a depth direction for diagnosis to be
linearly focused over a wide range, and provide a diag-
nostic image with high resolution. Another object of the
present invention is to provide an ultrasonic transducer
and an ultrasonic probe that can variably change the di-
rection of an ultrasonic beam by changing the shape of
a shape-changing layer, and can carry out a three-di-
mensional scanning process by an ultrasonic beam, by
using a simple structure having a small size and light
weight.

Solution to Problem

[0036] Anultrasonictransducerin accordance with the
present invention is provided with: an ultrasonic resona-
tor which transmits and receives ultrasonic waves, a
shape-changing layer which is disposed on a subject side
of the ultrasonic resonator and a shape of which changes
upon receipt of an electrical signal, and a control section
which controls the electrical signal to apply to the shape-
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changing layer, and in this structure, the control section
changes the shape of the shape-changing layer by con-
trolling the electrical signal to apply to the shape-chang-
ing layer so that the direction of ultrasonic waves can be
variably changed.

[0037] The ultrasonic transducer of the present inven-
tion is provided with: an ultrasonic resonator array in
which ultrasonic resonators for transmitting and receiving
ultrasonic waves are arranged one-dimensionally, a
shape-changing layer which is disposed on a subject side
of the ultrasonic resonator and a shape of which changes
upon receipt of an electrical signal, and a control section
that controls the electrical signal to apply to the shape-
changing layer, and in this structure, the control section
controls the electrical signal to apply to the shape-chang-
ing layer in cooperation with a focus of ultrasonic waves
in an aligning direction of the ultrasonic resonators, with
the shape of the shape-changing layer being changed in
a direction orthogonal to the ultrasonic resonator array,
sothatthe ultrasonic waves are variably changed in focus
or diffusion.

[0038] The ultrasonic transducer of the present inven-
tion is provided with: an ultrasonic resonator which trans-
mits and receives ultrasonic waves, a shape-changing
layer which is disposed on a side opposite to the subject
side of the ultrasonic resonator and a shape of which
changes upon receipt of an electrical signal, and, in this
structure, by controlling the electrical signal, the shape
of the shape-changing layer is changed so that the di-
rection of an ultrasonic beam is variably changed.
[0039] An ultrasonic probe in accordance with the
present invention is provided with the ultrasonic trans-
ducer, and a shape-changing layer, installed on one por-
tion of the ultrasonic transducer and a shape of which
changes by an electrical signal, and, in this structure, by
controlling the electrical signal, the shape of the shape-
changing layer is changed to consequently variably
change the direction of the ultrasonic transducer so that
the direction of an ultrasonic beam is variably changed.
[0040] An ultrasonic diagnostic apparatus in accord-
ance with the present invention, which is an ultrasonic
diagnostic apparatus in which by applying a pulse voltage
to an ultrasonic resonator, ultrasonic waves are trans-
mitted, and received ultrasonic waves are focused or dif-
fused, and converted to an electrical signal so that an
ultrasonic diagnosis is carried out, is provided with an
ultrasonic probe including: an ultrasonic resonator array
in which ultrasonic resonators which transmit and receive
ultrasonic waves are arranged; a shape-changing layer
a shape of which changes upon receipt of an electrical
signal; and a control section which controls the electrical
signal to apply to the shape-changing layer, and, in this
structure, the control section comprises an ultrasonic
probe which controls the electrical signal to apply to the
shape-changing layer in cooperation with a focus of ul-
trasonic waves in an aligning direction of the ultrasonic
resonators, with the shape of the shape-changing layer
changing in a direction orthogonal to the ultrasonic res-
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onator array, so that the ultrasonic waves are variably
changed in focus or diffusion.

Advantageous Effects of Invention

[0041] In accordance with the present invention, by
changing the shape of the shape-changing layer by ap-
plying an electrical signal thereto, an ultrasonic beam in
a depth direction for diagnosis can be linearly focused
over a wide range so that a diagnostic image with high
resolution can be obtained. Moreover, by variably chang-
ing the shape of the shape-changing layer into a desired
shape, the focus or diffusion of the ultrasonic beam is
freely and variably controlled so that a diagnostic image
with high resolution can be obtained.

[0042] In accordance with the present invention, by
changing the shape of the shape-changing layer by ap-
plying an electrical signal thereto, a three-dimensional
scanning process is carried out by an ultrasonic beam,
by using a simple structure with a small size and light
weight so that an ultrasonic image with high resolution
can be obtained.

Brief Description of Drawings
[0043]

FIG.1is aschematic cross-sectional view that shows
a conventional ultrasonic transducer;

FIG.2 is a schematic view that shows a structure of
the conventional ultrasonic transducer;

FIG.3 is a cross-sectional view that shows a sche-
matic structure of an ultrasonic transducer in accord-
ance with embodiment 1 of the present invention;
FIG.4 is a perspective view that shows a schematic
structure of an ultrasonic transducer in accordance
with embodiment 2 of the present invention;

FIG.5 is a cross-sectional view that shows a sche-
matic structure of an ultrasonic transducer in accord-
ance with embodiment 3 of the present invention;
FIG.6 is a view that shows a schematic structure of
an ultrasonic transducer in accordance with embod-
iment 4 of the present invention;

FIG.7 is a perspective view that shows a schematic
structure of an ultrasonic transducer in accordance
with embodiment 5 of the present invention;

FIG.8 is a cross-sectional view that shows a sche-
matic structure of an ultrasonic probe in accordance
with embodiment 6 of the present invention;

FIG.9 is a cross-sectional view that shows a sche-
matic structure of an ultrasonic transducer in accord-
ance with embodiment 7 of the present invention;
FIG.10 is a perspective view that shows a schematic
structure of an ultrasonic transducer in accordance
with embodiment 8 of the present invention;

FIG.11 is a cross-sectional view that shows a sche-
matic structure of an ultrasonic transducer in accord-
ance with embodiment 9 of the present invention;
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FIG.12 is a view that shows a schematic structure
of an ultrasonic transducer in accordance with em-
bodiment 10 of the present invention;

FIG.13 is a cross-sectional view that shows a sche-
matic structure of an ultrasonic probe in accordance
with embodiment 11 of the present invention;
FIG.14 is a cross-sectional view that shows a sche-
matic structure of an ultrasonic transducer in accord-
ance with embodiment 12 of the present invention;
FIG.15is a perspective view that shows a schematic
structure of the ultrasonic transducer in accordance
with embodiment 12 of the present invention;
FIG.16 is a cross-sectional view that shows a sche-
matic structure of an ultrasonic transducer in accord-
ance with embodiment 13 of the present invention;
and

FIG.17 is a cross-sectional view that shows a sche-
matic structure of an ultrasonic probe in accordance
with embodiment 14 of the present invention.

Description of Embodiments

[0044] Referringtothe drawings, the following descrip-
tion will discuss embodiments of the present invention in
detail.

(Embodiment 1)

[0045] FIG.3 is a cross-sectional view that shows a
schematic structure of an ultrasonic transducer in accord-
ance with an embodiment 1 of the present invention.
[0046] AsshowninFIG.3,an ultrasonictransducer 100
is provided with an ultrasonic resonator 110, a shape-
changing layer 120, a backing material 130, electrodes
(first electrode) 141 and (second electrode) 142 that are
disposed on the two surfaces of shape-changing layer
120, and a variable power supply 140 that applies an
electrical signal between electrodes 141 and 142.
[0047] Moreover, if necessary, one or more acoustic
matching layers (not shown) may be installed between
ultrasonic resonator 110 and shape-changing layer 120.
These components other than shape-changing layer 120
respectively have the same functions as those explained
in the prior art by reference to FIG.1.

[0048] Ultrasonic resonator 110 is made of a material
such as a piezoelectric ceramic material of PZT based
material, a piezoelectric single crystal such as PZN-PT
or PMN-PT-based crystal, or a composite piezoelectric
material that is a composite material between the above-
mentioned material and a polymer. Moreover, in addition
to these, a static capacity-type material, formed by ap-
plying a micromachining technique to a silicon semicon-
ductor, may be used; thus, ultrasonic resonator 110 men-
tioned here is not intended to be limited by these, as long
as it serves as an ultrasonic sensor that can transmit and
receive ultrasonic waves.

[0049] A grounding electrode, not shown, is formed on
the front face of ultrasonic resonator 110 in the thickness
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direction, and a signal electrode is formed on the back-
face thereof respectively. The two electrodes are respec-
tively formed on the front face and backface of ultrasonic
resonator 110, by using vapor deposition of gold or silver,
a sputtering process, or a silver enameling process.
[0050] Shape-changing layer 120, which is placed on
the front face in the thickness direction corresponding to
the subject side (right side in FIG.3) relative to ultrasonic
resonator 110, has functions for focusing or diffusing an
ultrasonic beam.

[0051] Inthe case when an acoustic velocity has a val-
ue that is different from the acoustic velocity (1540 m/s.)
of a subject, for example, an organism, shape-changing
layer 120 allows an ultrasonic beam to be focused, or to
be also diffused, with a focal point at a desired distance.
These functions are derived from the fact that, by making
a difference in velocities between the acoustic velocity
of shape-changing layer 120 and the acoustic velocity of
the subject, ultrasonic waves are refracted on the inter-
face thereof so that a lens function is obtained by utilizing
this refraction. For example, in the case when, with the
acoustic velocity of shape-changing layer 120 being
slower than the acoustic velocity of the organism (1540
m/s.), the ultrasonic beams 151 and 152 are focused with
focal points being set at desired distances, the shape of
the surface on the subject side of shape-changing layer
120 has a convex surface shape; in contrast, with the
acoustic velocity of shape-changing layer 120 being fast-
er, the shape of the surface on the subject side thereof
has a concave surface shape in a reversed manner.
Thus, shape-changing layer 120 exerts functions of an
acoustic lens.

[0052] Although the acoustic impedance (density x
acoustic velocity) of shape-changing layer 120 is desir-
ably set to a value close to the value (about 1.6 MRayls)
of the subject (organism), the acoustic impedance may
be set to a value between that of ultrasonic resonator
110 and that of the subject.

[0053] Conventionally, the acoustic lens generally has
a structure in which a silicone rubber material is used,
and the acoustic velocity of this material is about 1000
m/s., with the result that, in the case when the ultrasonic
beams 151 and 152 are focused, with their focal points
being set to desired distances, the surface shape forms
a convex surface. This shape is allowed to have a fixed
curvature, and because of this shape, a focus is made
by either the ultrasonic beam 151 or 152 fixed with a focal
point being set to a certain distance.

[0054] In the present embodiment, shape-changing
layer 120 is formed by using a material that can be var-
iably changed in its shape on the subject side by applying
an electrical signal. Electrodes 141 and 142 are formed
on the two surfaces of shape-changing layer 120, and
an electrical signal (in this case, voltage) is applied be-
tween electrodes 141 and 142. Variable power supply
140 adjusts the voltage to apply between electrodes 141
and 142. Thus, the shape of shape-changing layer 120
is changed so that the focus or diffusion of the ultrasonic
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beams 151 and 152 is controlled.

[0055] As the material of shape-changing layer 120,
materials, such as an ionic polymer metal composite, a
dielectric polymer, and a conductive polymer, whose pol-
ymer is deformed upon application of an electrical signal
to its polymer are used.

[0056] The ionic polymer metal composite forms a pol-
ymer actuator made of an ion exchange resin with elec-
trodes formed on its two surfaces, and ions inside the ion
exchange resin are moved by an applied voltage so that
the side on which the ions have been moved is swelled
to make the polymer deformed. As the material of this
polymer actuator, those materials, prepared by introduc-
ing a functional group, such as a sulfonic acid group and
a carboxyl group, into a material such as polyethylene,
polystyrene, and a fluorine resin, and polymeric materials
in which, as disclosed by Patent Literature 5, a non-con-
ductive polymer, such as polyvinyl chloride (PVC),
polymethyl methacrylate (PMMA) and polyurethane, and
an ionic material are contained, may be used.

[0057] The dielectric polymer is designed so that by
applying a voltage between electrodes formed on the two
surfaces of a polymer member, the polymer is com-
pressed in its thickness direction by an electrostatic at-
tracting force exerted between the electrodes, with the
result that the polymer is expanded in its plane direction,
and deformed. As this dielectric polymer, materials such
as silicone rubber, polyurethane, and acrylic elastomer,
may be used.

[0058] Moreover, in the case of the conductive poly-
mer, electric terminals are drawn from a conductive pol-
ymer, and upon application of a voltage across the ter-
minals, the conductive polymer between the electric ter-
minals is contracted, while, upon turning the applied volt-
age off, the polymer is returned to its original state. As
the dielectric conductive polymer, a polypyrrole resin or
the like may be used.

[0059] In addition to the above-mentioned materials,
any material may be used as long as its polymer material
is deformed by an electrical signal, and the present in-
vention is not intended to be limited by the above-men-
tioned materials.

[0060] Inthis case, the electricity of the electrical signal
is mainly voltage-adjusted; however, this may be electric-
current-adjusted. Moreover, the signal of the above-men-
tioned electrical signal is expressed as a signal by includ-
ing arrangements in which its voltage is made variable,
or applied timing or the like is made variable.

[0061] Backing material 130, which is designed so as
to mechanically hold ultrasonic resonator 110 from the
backface thereof, is disposed on the backface (left side
in FIG.3) in the thickness direction corresponding to the
opposite side to shape-changing layer 120 relative to ul-
trasonic resonator 110, so as to exert a function for at-
tenuating an unnecessary ultrasonic signal, if necessary.
[0062] Next, in the case of using silicone rubber cor-
responding to the dielectric polymer as shape-changing
layer 120, the focal distance f of an ultrasonic beam and
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the curvature radius R of the silicone rubber are indicated
by the following equation 1:
[0063]

f=R/(C2/C1)~1)) ... (Equation 1)

In this case, C1 represents the acoustic velocity of sili-
cone rubber, and C2 represents the acoustic velocity of
a subject (organism). The acoustic velocity C1 of silicone
rubber is about 1000 m/s., and the acoustic velocity of
the subject is 1540 m/s. Supposing that the width of
shape-changing layer 120 of silicone rubber (in the ver-
tical direction in FIG.3) is 5 mm, and that the largest thick-
ness of shape-changing layer 120 (in the proceeding di-
rection of an ultrasonic beam in FIG.3) is H, in order to
set a focal distance f to which the ultrasonic beam is
focused to 50 mm, the curvature radius R of the change
layeris about 27 mm, and the thickness Hbecomes 0.116
mm, from the above-mentioned formula.

[0064] In this state, variable power supply 140 applies
avoltage across electrodes 141 and 142 of shape-chang-
ing layer 120. In response to the electrical signal of the
applied voltage, shape-changing layer 120 changes its
shape so as to variably change the curvature radius.
[0065] For example, in order to set the focal distance
f for focus of an ultrasonic beam to 20 mm, the curvature
radius R of the shape-changing layer becomes about 11
mm and the thickness H becomes 0.288 mm from the
above-mentioned equation 1. This change in the curva-
ture radius is obtained by adjusting the applied voltage
by variable power supply 140.

[0066] The dielectric polymer is designed such that,
by applying a voltage across electrodes 141 and 142,
the polymer is compressed in the thickness direction by
an electrostatic attracting force, and deformed. For ex-
ample, in a state where, with the curvature radius being
set to about 11 mm and the thickness H being set to
0.288 mm, no voltage is applied across electrodes 141
and 142, and from this state, a voltage is applied across
the electrodes, and the shape is changed by an electro-
static attracting force so that the thickness is made thin-
ner. In this case, the dielectric polymer can be set to
about 27 mm in its curvature radius. In the dielectric pol-
ymer, the applied voltage and the shape change are di-
rectly proportional to each other so that it has a charac-
teristic in which as the applied voltage becomes higher,
the degree of a shape change becomes greater.

[0067] In this manner, by making the voltage to apply
to shape-changing layer 120 variable, the focal distance
for focus of the ultrasonic beam is desirably made vari-
able, and since shape-changing layer 120 itself can be
deformed, the variably changing process can be carried
out at high speeds.

[0068] The above description has been given by ex-
emplifying the structure in which silicone rubber is used
as shape-changing layer 120.
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[0069] Materials other than silicone rubber may be
used. For example, polymeric materials, such as an ionic
polymer metal composite, a dielectric polymer and a con-
ductive polymer, may be used, and in this case, the cur-
vature radius is designed to be changed in association
with the value of the acoustic velocity of the material of
shape-changing layer 120.

[0070] Additionally, in the case when polyethylene,
polystyrene, fluorine resin, or the like is used as the ionic
polymer metal composite for use as a polymer actuator,
since its acoustic velocity becomes about 2000 m/s faster
than the acoustic velocity 1540 m/s of a subject (organ-
ism), the surface is formed into a concave surface shape
so as to allow an ultrasonic beam to be focused.

[0071] As described above in detail, ultrasonic trans-
ducer 100 of the present embodiment is provided with
ultrasonic resonator 110, shape-changing layer 120,
formed on the subject side of the ultrasonic resonator
and a shape of which changes by an electrical signal,
electrodes 141 and 142 that are disposed on the two
surfaces of shape-changing layer 120, and variable pow-
er supply 140 that applies an electrical signal between
electrodes 141 and 142, and variable power supply 140
changes the shape of shape-changing layer 120 by con-
trolling the electrical signal to be applied between elec-
trodes 141 and 142 so that an ultrasonic beam can be
variably focused or diffused. Since the shape of shape-
changing layer 120 is changed, and since the curved
surface of the surface of shape-changing layer on the
subject side is consequently changed, the focal distance
forfocus of the ultrasonic beam that is transferred through
shape-changing layer 120 can be variably changed de-
sirably.

[0072] Moreover, since a diffusing process is also
available, the ultrasonic beam can be focused linearly
over a wide range in the depth direction of an ultrasonic
image so that an ultrasonic image with high resolution
can be obtained.

[0073] Furthermore, by variably changing the voltage
to apply to shape-changing layer 120 at high speeds, the
ultrasonic image is allowed to have high resolution in real
time.

[0074] The deformation is made only in shape-chang-
ing layer 120, with ultrasonic resonator 110, backing ma-
terial 130 or an acoustic matching layer to be installed,
if necessary, being secured without being changed. For
this reason, with respect to ultrasonic resonator 110,
backing material 130 or the acoustic matching layer to
be installed, if necessary, since no limitations are re-
quired for materials for use in deformation, it is possible
to provide a transducer with high performances.

(Embodiment 2)

[0075] FIG.4 is a perspective view that shows a sche-
matic structure of an ultrasonic transducer in accordance
with an embodiment 2 of the present invention. The same
functional portions as those of FIG.3 are indicated by the
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same reference numerals, and overlapping explanations
will not be repeated.

[0076] As shown in FIG.4, ultrasonic transducer 200
is provided with a plurality of ultrasonic resonators 110
that are arranged, acoustic matching layer 170 that is
disposed on the front face in the thickness direction cor-
responding to the subject side (right side in FIG.4) in as-
sociation with ultrasonic resonators 110, and backing
material 130 that is disposed on the backface (left side
in FIG.4) in the thickness direction corresponding to the
opposite side to acoustic matching layer 170 relative to
ultrasonic resonator 110, if necessary. Moreover, ultra-
sonic transducer 200 is also provided with shape-chang-
ing layer 120 disposed on acoustic matching layer 170,
electrodes 141 and 142 that are disposed on the two
surfaces of shape-changing layer 120 and variable power
supply 140 that applies an electrical signal between elec-
trodes 141 and 142. This structure is referred to as a so-
called electronic scanning type ultrasonic transducer.
[0077] Ultrasonic resonators 110 are made of a mate-
rial such as a piezoelectric ceramic material of PZT based
material, a piezoelectric material such as PZN-PT or
PMN-PT-based material, or a composite piezoelectric
material that is a composite material between the above-
mentioned piezoelectric material and a polymer material.
Moreover, in addition to these, a static capacity-type ma-
terial, formed by applying a micromachining technique
to a silicon semiconductor, may be used; thus, ultrasonic
resonators 110 mentioned here are not intended to be
limited by these materials, as long as they serve as ul-
trasonic sensors that can transmit and receive ultrasonic
waves.

[0078] A grounding electrode (not shown in FIGS) is
formed on the front face of each of ultrasonic resonators
110, and a signal electrode (not shown in FIGS) is formed
on the backface of each of ultrasonic resonators 110.
The grounding electrode and signal electrode are respec-
tively formed, by plating gold or silver, vapor deposition,
a sputtering process, or a silver enameling process. Into
the signal electrode, signal electric terminal 160, formed
by depositing a metal film such as copper on an insulating
film made from a polymeric material such as polyimide,
is inserted. The signal electrode is connected from the
grounding electrode formed on each ultrasonic resonator
110 to a grounding electric terminal (not shown), in the
same manner as in signal electric terminal 160.

[0079] The following description will discuss opera-
tions of ultrasonic transducer 200 having the above-men-
tioned structure.

[0080] The signal electrode formed on each ultrasonic
resonator 110 is electrically connected to one end of each
of cables, not shown, through signal electric terminal 160,
or through the grounding electrode of each ultrasonic res-
onator 110, and the other end of each of the cables is
connected to a main unit section of an ultrasonic diag-
nostic apparatus, not shown, through a connector or the
like. With this arrangement, a pulse voltage, prepared in
the main unit section of the ultrasonic diagnostic appa-
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ratus, is applied to each ultrasonic resonator 110 so that
ultrasonic waves are transmitted, and echoes of the re-
ceived ultrasonic waves are converted into electrical sig-
nals and transmitted to the main unit section of the ultra-
sonic diagnostic apparatus. As this system that is mainly
used, systems have been generally adopted in which a
phase-controlling process is carried out by providing a
time delay upon transmitting and receiving signals to
each of arranged ultrasonic resonators 110 so that the
ultrasonic beam is focused to a desired position so as to
provide high resolution, or in which the ultrasonic beam
is deflected so as to carry out a scanning process in a
delta form.

[0081] Shape-changing layer 120 has such a function
as to focus an ultrasonic beam in a direction orthogonal
to plural ultrasonic resonators 110 that are arranged so
that the resolution of an ultrasonic image is improved.
Shape-changing layer 120 is designed such that, when
the acoustic velocity of shape-changing layer 120 is a
value that is different from the acoustic velocity (1540
m/s.) of a subject, for example, an organism, it allows
ultrasonic beam 150 to be focused, or to be also diffused,
with a focal point being set at a desired distance. These
functions are derived from the fact that, by making a dif-
ference in velocities between the acoustic velocity of
shape-changing layer 120 and the acoustic velocity of
the subject, ultrasonic waves are refracted on the inter-
face thereof so that a lens function is obtained by utilizing
this refraction. For example, in the case when, with
acoustic velocity of shape-changing layer 120 being
slower than the acoustic velocity of the organism (1540
m/s.), ultrasonic beams 150 is focused with its focal point
being set at a desired distance, the shape of the surface
on the subject side of shape-changing layer 120 has a
convex surface shape; in contrast, with the acoustic ve-
locity of shape-changing layer 120 being faster, the
shape of the surface on the subject side thereof has a
concave surface shape in a reversed manner.

[0082] Conventionally, the acoustic lens in which a sil-
icone rubber material is used generally exerts this func-
tion. The acoustic velocity of this material is about 1000
m/s.; therefore, in the case when the ultrasonic beam is
focused, with its focal point being set to a desired dis-
tance, its surface shape forms a convex surface. The
shape of the acoustic lens is allowed to have a fixed cur-
vature, and because of this shape, ultrasonic beam 150
that is fixed with a focal point being set to a certain dis-
tance is desirably focused.

[0083] In the present embodiment, shape-changing
layer 120 is formed by using a material that can be var-
iably changed in its shape on the subject side by applying
an electrical signal thereto. Electrodes 141 and 142 are
formed on the two surfaces of shape-changing layer 120,
and an electrical signal (in this case, voltage) is applied
between electrodes 141 and 142. Variable power supply
140 adjusts the voltage to apply between electrodes 141
and 142. In shape-changing layer 120, the degree of its
change and the voltage are virtually directly proportional
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to each other so that shape-changing layer 120 has a
characteristic in which as the voltage becomes higher,
the degree of its change becomes greater. Thus, by
changing the shape of shape-changing layer 120, the
focus of ultrasonic beam 150 can be controlled, or the
diffusion thereof can be controlled.

[0084] As materials for shape-changing layer 120, ma-
terials, such as an ionic polymer metal composite, a di-
electric polymer, and a conductive polymer, whose pol-
ymer is deformed upon application of an electrical signal
to its polymer are used as in embodiment 1.

[0085] As shown in FIG.4, shape-changing layer 120
has its curved surface shape aligned in a direction (ver-
tical direction in the FIG.) orthogonal to the aligning di-
rection (a direction from the lower left side to the upper
right side of the FIG.) of ultrasonic resonators 110 (in
other words, the curved surface is formed in such a man-
ner as to draw a curved line on a plane including the axis
(vertical direction in the FIG.) of a direction orthogonal to
the aligning direction (a direction connecting the lower
left side to the upper right side in the FIG.) of ultrasonic
resonators 110 and the axis of transmitting and receiving
directions of the ultrasonic waves), and the curvature ra-
dius is variably changed in response to a voltage to be
applied between electrodes 141 and 142 of shape-
changing layer 120 so that ultrasonic beam 150, focused
to a desired position relative to the curved surface, can
be adjusted. On the other hand, the aligning direction of
ultrasonic resonators 110 can be adjusted by carrying
outa phase-controlling process, by providing a time delay
upon transmitting and receiving signals to each of ar-
ranged ultrasonic resonators 110, so that the ultrasonic
beam is adjusted to be focused to a desired position. In
the case of transmission, the aligning direction of the ar-
ray of ultrasonic resonators 110 can be switched to a
concerned region as a desired position by the ultrasonic
diagnostic apparatus.

[0086] In this manner, an application method for im-
proving the probability of appropriate diagnosis, with a
diagnosis image of a concerned region being obtained,
is proposed.

[0087] In orderto provide a diagnosis image with high-
er resolution, the present embodiment is designed to
change the shape of shape-changing layer 120 in a di-
rection orthogonal to the aligning direction of the array
of ultrasonic resonators 110. Moreover, the aligning di-
rection of the array of ultrasonic resonators 110 is
changed in association with the switching of the focus
beam of ultrasonic waves upon transmission. With these
arrangements, the ultrasonic beam is focused to the con-
cerned region. Since the ultrasonic beam can be focused
two-dimensionally, it is possible to obtain an ultrasonic
image with higher resolution.

[0088] Moreover, variable power supply 140 to apply
an electrical signal between electrodes 141 and 142 may
be connected in a manner so as to be operated in coop-
eration with the switching process of a position at which
the ultrasonic beam is conversed upon transmission by
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the ultrasonic diagnostic apparatus.

[0089] In other words, the switching process of the po-
sition at which ultrasonic beam 150 is focused upon trans-
mission by the ultrasonic diagnostic apparatus is a nor-
mally executed operation so as to provide high resolution
to the concerned region and consequently to improve the
probability of appropriate diagnosis. The aligning direc-
tion of ultrasonic resonators 110 is phase-controlled by
providing a delay time thereto upon transmitting and re-
ceiving a signal to and from each of ultrasonic resonators
110 so that the ultrasonic beam can be focused at a de-
sired position. In cooperation with this, with respect to
the direction in which ultrasonic beam 150 is focused by
shape-changing layer 120 placed in a direction orthogo-
nal to the aligning direction of ultrasonic resonators 110
as well, focuses are made at one portion or a plurality
portions within the concerned region to be diagnosed.
Thus, it becomes possible to obtain an ultrasonic image
with by far higher resolution.

[0090] Although the explanation has been given of a
structure in which the ultrasonic beam is transmitted in
the aligning direction of the array of ultrasonic resonators
110, the present embodiment is not intended to be limited
by this structure, and the same effects can be obtained
even by using a structure in which, by changing the shape
of shape-changing layer 120, the focus of ultrasonic
beam 150 is variably changed, in cooperation with the
receiving side, or both of the transmitting and receiving
sides.

[0091] The following description will discuss a struc-
ture in which, for example, silicone rubber is used as
shape-changing layer 120.

[0092] The focal distance f of ultrasonic beam 150 and
the curvature radius R of the silicone rubber are indicated
by the aforementioned equation 1.

[0093] In the above-mentioned equation 1, C1 repre-
sents the acoustic velocity of silicone rubber, and C2 rep-
resents the acoustic velocity of a subject (organism). The
acoustic velocity C1 of silicone rubber is about 1000 m/s.,
and the acoustic velocity of the subject is 1540 m/s. Sup-
posing that the width of shape-changing layer 120 of sil-
icone rubber (in a direction orthogonal to the aligning
direction of ultrasonic resonators 110 in FIG.4) is 5 mm,
and that the thickness of shape-changing layer 120 (in
the proceeding direction of an ultrasonic beam in FIG.4)
is H, in order to set a focal distance f to which the ultra-
sonic beam is focused to 50 mm, the curvature radius R
of the change layer is about 27 mm, and the thickness
H becomes 0.116 mm, from the above-mentioned equa-
tion 1.

[0094] In this state, variable power supply 140 applies
avoltage across electrodes 141 and 142 of shape-chang-
ing layer 120. In response to the electrical signal of the
applied voltage, shape-changing layer 120 changes its
shape so as to variably change the curvature radius.
[0095] For example, in order to set the focal distance
f for focus of an ultrasonic beam to 20 mm, the curvature
radius R of the shape-changing layer becomes about 11
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mm and the thickness H becomes 0.288 mm from the
above-mentioned equation 1. This change in the curva-
ture radius is obtained by adjusting the applied voltage
by variable power supply 140.

[0096] The dielectric polymer is designed such that,
by applying a voltage across electrodes 141 and 142,
the polymer is compressed in the thickness direction by
an electrostatic attracting force, and deformed. For ex-
ample, in a state where, with the curvature radius being
set to about 11 mm and the thickness H being set to
0.288 mm, no voltage is applied across electrodes 141
and 142, and from this state, a voltage is applied across
the electrodes, and the shape is changed by an electro-
static attracting force so that the thickness is made thin-
ner. In this case, the dielectric polymer can be set to
about 27 mm in its curvature radius. In the dielectric pol-
ymer, the applied voltage and the shape change are di-
rectly proportional to each other so that it has a charac-
teristic in which as the applied voltage becomes higher,
the degree of a shape change becomes greater.

[0097] In this manner, by making the voltage to apply
to shape-changing layer 120 variable, the focal distance
for focus of the ultrasonic beam is desirably made vari-
able, and since shape-changing layer 120 itself can also
be deformed, the variably changing process can be car-
ried out at high speeds.

[0098] The above description has been given by ex-
emplifying the structure in which silicone rubber is used
as shape-changing layer 120.

[0099] Materials other than silicone rubber may be
used. For example, polymeric materials, such as an ionic
polymer metal composite, a dielectric polymer and a con-
ductive polymer, may be used, and in this case, the cur-
vature radius is designed to be changed in association
with the value of the acoustic velocity of the material of
shape-changing layer 120.

[0100] Additionally, in the case when polyethylene,
polystyrene, fluorine resin, or the like is used as the ionic
polymer metal composite for use as a polymer actuator,
since its acoustic velocity becomes about 2000 m/s faster
than the acoustic velocity 1540 m/s of a subject (organ-
ism), the surface is formed into a concave surface shape
so as to allow ultrasonic beam 150 to be focused.
[0101] In accordance with the present embodiment, in
the same manner as in embodiment 1, by variably chang-
ing the voltage to apply to shape-changing layer 120, the
shape of shape-changing layer 120 is changed, with the
result that the curved surface of the surface on the subject
side of shape-changing layer 120 is consequently
changed. Thus, ultrasonic beam 150 that is transferred
through shape-changing layer 120 can be variably
changed desirably. For this reason, the ultrasonic beam
can be focused linearly over a wide range in the depth
direction of an ultrasonic image so that an ultrasonic im-
age with high resolution can be obtained.

[0102] Furthermore, by variably changing the voltage
to apply to shape-changing layer 120 at high speeds, the
ultrasonic image is allowed to have high resolution in real
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time.

[0103] Moreover, the deformation is made only in
shape-changing layer 120, with ultrasonic resonator 110,
backing material 130 and an acoustic matching layer 170
to be installed, if necessary, being secured without being
changed. For this reason, with respect to resonator 110,
backing material 130 or acoustic matching layer 170 to
be installed, if necessary, since no limitations are re-
quired for materials for use in deformation, it is possible
to provide a transducer with high performances.

[0104] Furthermore, upon obtaining a cross-sectional
image in ultrasonic diagnostic apparatus, by controlling
so as to variably change a plurality of focal points at which
the ultrasonic beam is focused, with the voltage to apply
to shape-changing layer 120 being variably changed a
plurality of times, it becomes possible to obtain an ultra-
sonic image with by far higher resolution.

[0105] In the present embodiment, as one method for
providing a diagnosis image with high resolution, for ex-
ample, at a desired depth to be diagnosed by using the
ultrasonic diagnostic apparatus, a switching process for
switching the depth at which the transmitted ultrasonic
beam is focused, by carrying out an electron-scanning
process in the aligned direction of ultrasonic resonators
110. The depth for focus of the ultrasonic beam by the
acoustic lens that is orthogonal to the aligned direction
of ultrasonic resonators 110 has been fixed in conven-
tional systems, and has not been variably changed. In
contrast, in the present embodiment, since the depth for
focus of the ultrasonic beam can be variably changed
desirably, ultrasonic beam 150 can be focused or dif-
fused also in the direction orthogonal to the aligned di-
rection of ultrasonic resonators 110, in cooperation with
the depth at which the ultrasonic beam 150 transmitted
from the ultrasonic diagnostic apparatus is focused.
[0106] Additionally, inthe presentembodiment, the ex-
planation has been given by exemplifying a structure in
which shape-changing layer 120 is formed in an arrange-
ment in which ultrasonic resonators 110 are one-dimen-
sionally disposed; however, the present embodiment
may be applicable to a structure in which shape-changing
layer 120 is formed in an arrangement in which ultrasonic
resonators 110 are two-dimensionally disposed, in the
same manner. For example, in the case when, as the
arrangement in which ultrasonic resonators 110 are two-
dimensionally disposed, an arrangement in which each
of ultrasonic resonators 110, shown in FIG.4, is divided
into plurality of pieces in the vertical direction in the FIG.
is used, by forming the curved surface in a manner so
as to draw a curved line on a plane including not only the
vertical direction of FIG.4 in the same manner as de-
scribed above, but also a direction that connects the low-
er left side to the upper right side of the FIG. that is or-
thogonal to this direction, and the axis of transmitting and
receiving directions of ultrasonic waves, it becomes pos-
sible to obtain the same effects.
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20
(Embodiment 3)

[0107] FIG.5 is a cross-sectional view that shows a
schematic structure of an ultrasonic transducer in accord-
ance with embodiment 3 of the present invention. The
same functional portions as those of FIG.3 are indicated
by the same reference numerals, and overlapping expla-
nations will not be repeated.

[0108] As shown in FIG.5, ultrasonic transducer 300
is provided with an ultrasonic resonator 110, shape-
changinglayer 120, backing material 130, electrodes 141
and 142 that are formed on the two surfaces of shape-
changing layer 120, variable power supply 140 that ap-
plies an electrical signal between electrodes 141 and
142, and an acoustic lens 180 that is disposed on the
front face of shape-changing layer 120.

[0109] Moreover, one or more acoustic matching lay-
ers (not shown) may be formed between ultrasonic res-
onator 110 and shape-changing layer 120, if necessary.
These components other than shape-changing layer 120
respectively have the same functions as those explained
in the prior art by reference to FIG.1.

[0110] Ultrasonic resonator 110 is made of a material
such as a piezoelectric ceramic material of PZT based
material, a piezoelectric single crystal such as PZN-PT
or PMN-PT-based crystal, or a composite piezoelectric
material that is a composite material between the above-
mentioned material and a polymer. Moreover, in addition
to these, a static capacity-type material, formed by ap-
plying a micromachining technique to a silicon semicon-
ductor, may be used; thus, ultrasonic resonator 110 men-
tioned here is not intended to be limited by these, as long
as it serves as an ultrasonic sensor that can transmit and
receive ultrasonic waves.

[0111] A grounding electrode, not shown, is formed on
the front face of ultrasonic resonator 110 in the thickness
direction, and a signal electrode is formed on the back-
face thereof respectively. The two electrodes are respec-
tively formed on the front face and backface of ultrasonic
resonator 110, by using vapor deposition of gold or silver,
a sputtering process, or a silver enameling process.
[0112] Shape-changing layer 120, which is allowed to
have an assisting function for allowing ultrasonic beams
151 and 152 to be focused with focal points thereof being
set at desired distances, and in this structure, the function
for setting the focal points of ultrasonic beams 151 and
152 to the desired distances to be conversed thereto is
taken by acoustic lens 180.

[0113] Thatis, acoustic lens 180 is made by using, for
example, a material, such as silicone rubber, so as to
have a fixed shape. In this case, in response to the cur-
vature of the shape of acoustic lens 180, ultrasonic beam
151 or 152 is focused at a certain distance.

[0114] In the present embodiment, shape-changing
layer 120 is made by using a material that allows the
shape on the subject side thereof to be variably changed
desirably by applying an electrical signal thereto. Elec-
trodes 141 and 142 are formed on the two surfaces of
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shape-changing layer 120, with an electrical signal (volt-
age in this case) being applied between electrodes 141
and 142. Variable power supply 140 adjusts the voltage
to apply between electrodes 141 and 142. Thus, shape-
changing layer 120 is deformed. By allowing acoustic
lens 180 formed on the front face to be also deformed
following this deformation, the curvature of acoustic lens
180 is also variably changed. In response to the defor-
mation of the curvature of acoustic lens 180, focal dis-
tances for focus of ultrasonic beams 151 and 152 can be
also variably changed.

[0115] As materials for shape-changing layer 120, ma-
terials, such as an ionic polymer metal composite, a di-
electric polymer, and a conductive polymer, whose pol-
ymer is deformed upon application of an electrical signal
to its polymer are used in the same manner as in em-
bodiment 1.

[0116] Additionally, shape-changing layer 120 to be
used here has a function for allowing acoustic lens 180
to be deformed to variably change the curvature. For this
reason, its acoustic velocity is not required to be a value
different from the acoustic velocity of a subject (organ-
ism) as described in embodiment 1, and it may be set to
a value that is virtually the same as the acoustic velocity
of the subject so that no limitation is given to the acoustic
velocity. Moreover, although the acoustic impedance
(density x acoustic velocity) of shape-changing layer 120
is desirably set to a value close to the value (about 1.4
to 1.6 MRayls) of acoustic lens 180, the acoustic imped-
ance may be set to a value between that of ultrasonic
resonator 110 and that of the subject.

[0117] In this manner, ultrasonic transducer 300 of the
present embodiment is provided with acoustic lens 180
for focusing ultrasonic waves placed on the subject side
of shape-changing layer 120. In the same manner as in
embodiment 1, by allowing the voltage to apply to shape-
changing layer 120 to be variably changed, the shape of
shape-changing layer 120 is changed, with the result that
the curved surface of acoustic lens 180 placed on the
front face of shape-changing layer 120 is changed. Since
an ultrasonic beam to be transferred through acoustic
lens 180 can be variably changed desirably, the ultra-
sonic beam can be focused linearly over a wide range in
the depth direction of an ultrasonic image. As a result,
an ultrasonic image with high resolution can be obtained,
and by variably changing the voltage to apply to shape-
changing layer 120 at high speeds, the ultrasonic image
is allowed to have high resolution in real time.

[0118] Furthermore, the physically deformed portions
are limited to only shape-changing layer 120 and acoustic
lens 180, with ultrasonic resonator 110, backing material
130 or an acoustic matching layer to be installed, if nec-
essary, being secured without being changed. For this
reason, with respect to resonator 110, backing material
130 or the acoustic matching layer to be installed, if nec-
essary, since no limitations are required for materials for
use in deformation, it is possible to provide an ultrasonic
transducer 300 with high performances.
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[0119] Additionally, inthe presentembodiment, the ex-
planation has been given by exemplifying a structure in
which shape-changing layer 120 has a convex surface
shape in its surface shape on the subject side; however,
in addition to this structure, a structure may be proposed
in which the surface shape on the subject side of shape-
changing layer 120 is formed into a concave surface
shape based upon relationships among shape-changing
layer 120, acoustic lens 180 and the subject, and the
same effects can be obtained.

[0120] Additionally, inthe presentembodiment, the ex-
planation has been given by exemplifying a structure in
which ultrasonic resonator 110 is a single unit; however,
another structure may be proposed in which ultrasonic
resonators 110 are arranged one-dimensionally or in
which shape-changing layers 120 are arranged two-di-
mensionally, and the same effects can be obtained.
[0121] Moreover, the explanation has been given by
exemplifying a structure in which ultrasonic resonator
110 is formed on the surface of shape-changing layer
120 on the subject side in a flat shape with an even thick-
ness; however, even in the case of ultrasonic resonator
110 with an uneven thickness, or even in the case when
it is formed on shape-changing layer 120 on the subject
side, with a convex surface shape or a concave surface
shape, the same effects can be obtained.

(Embodiment 4)

[0122] FIG.6 is a drawing that shows a schematic
structure of an ultrasonic transducer in accordance with
embodiment 4 of the present invention, and FIG.6A is a
cross-sectional view thereof, and FIG.6B is a front view
thereof.

[0123] As shown in FIG.6A, ultrasonic transducer 400
is provided with ultrasonic resonator 410, shape-chang-
ing layer 420, backing material 430, electrode 441 dis-
posed on ultrasonic resonator 410 side of shape-chang-
ing layer 420, electrode 414 composed of a plurality of
electrodes 411 to 413 that are formed on the convex
shaped surface side of shape-changing layer 420, and
avariable power supply 440 that applies electrical signals
between electrode 441 and plural electrodes 411 to 413.
[0124] Ultrasonictransducer 400 is provided with elec-
trode 414 composed of a plurality of electrodes 411 to
413.

[0125] Asshownin FIG.6B, with respect to plural elec-
trodes 411 to 413 formed on the convex shaped surface
side of shape-changing layer 420, electrode 411 is
placed at aleading position of the convex shaped surface
of shape-changing layer 420, and electrodes 412 and
413 are disposed as concentric circles centered on elec-
trode 411.

[0126] Variable power supply 440 adjusts an electrical
signal (voltage in this case) to be applied between elec-
trode 441 and plural electrodes 411 to413. Variable pow-
er supply 440 can variably change voltages to be respec-
tively applied to electrodes 411, 412 and 413 independ-
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ently as well as desirably.

[0127] In the above-mentioned structure, variable
power supply 440 applies a predetermined voltage be-
tween, for example, electrode 441 of shape-changing
layer 420 and electrode 411 opposed thereto. Shape-
changing layer 420 in the opposed region is changed in
its shape, while shape-changing layer 420 in regions of
the other electrodes 412 and 413 is not subjected to a
force that causes a shape change independently so that
it tries to maintain its shape (of shape-changing layer
420, although only the peripheral portion of the region
opposed to electrode 411 whose shape is changed is
subjected to the influences, the other portions are basi-
cally allowed to maintain their shapes). In this manner,
the curved surface in the region of electrode 411 can be
deformed. In the same manner, voltages to apply to elec-
trodes 412 and 413 are respectively variably changed,
the corresponding regions of shape-changing layer 420
can be changed desirably. Thus, shape-changing layer
420 is allowed to have a function of the acoustic lens so
that, by variably changing its shape, an ultrasonic beam
can be focused with a desired distance.

[0128] In accordance with the structure of FIG.6, not
only a curved surface with a curvature simply having one
center point, but also curved surfaces having various
shapes, such as an aspheric surface, can be formed;
therefore, a desired ultrasonic beam can be variably
changed at high speeds by variably changing a voltage
to be applied to shape-changing layer 420.

[0129] Additionally, in the present embodiment, a plu-
rality of electrodes 411, 412, and 413 are formed on the
convex shaped surface side; however, electrode 441
may be formed by using a conductive material having
elasticity, or by forming cuts within the electrode surface
in a spiral shape or the like, a deformable structure is
provided so that the positional relationship may be re-
placed.

(Embodiment 5)

[0130] FIG.7 is a perspective view that shows a sche-
matic structure of an ultrasonic transducer in accordance
with embodiment 5 of the present invention. Those com-
ponents having the same structures as those shown in
FIG.4 are indicated by the same reference numerals, and
overlapping explanations will not be repeated.

[0131] AsshowninFIG.7,in place of electrode 142 on
the convex shaped surface side of shape-changing layer
120 of ultrasonic transducer 200 of FIG.4, ultrasonic
transducer 500 is provided with electrode 510 composed
of a plurality of electrodes 511 to 513.

[0132] Electronic scanning-type ultrasonic transducer
500 is provided with shape-changing layer 120 placed
on the front face of acoustic matching layer 170 that is
formed on the subject side of each of a plurality of ultra-
sonic resonators 110 that are aligned. Electrode 141 is
formed on one of surfaces of shape-changing layer 120,
and on the other convex shaped surface side, electrode
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510 composed of a plurality of electrodes 511 to 513 are
placed in aband formin the aligning direction of ultrasonic
resonators 110. Shape-changing layer 120 has afunction
of the acoustic lens so that an ultrasonic beam in a di-
rection orthogonal to the aligning direction of ultrasonic
resonators 110 is focused.

[0133] Inthe above-mentioned arrangement, variable
power supply 440 applies a voltage, for example, to a
portion of electrode 511 opposed to electrode 141 of
shape-changing layer 120. Shape-changing layer 120
within the opposed region is deformed so that the shape
of the surface (curved surface individually) of the surface
of the corresponding portion of electrode 511 is changed.
In the same manner, by variably changing voltages to
apply to electrodes 512 and 513 respectively, the corre-
sponding regions of shape-changing layer 120 can be
desirably changed.

[0134] Inthe same manner as in the device having the
structure of FIG.4, the structure of FIG.7 can form not
only a curved surface with a curvature simply having one
center point, but also curved surfaces having various
shapes, such as an aspheric surface. Ultrasonic trans-
ducer 500 desirably adjusts voltages to be applied be-
tween electrode 141 and plural electrodes 511 to 513 so
that upon diagnosing a concerned region, the shape of
shape-changing layer 120 is changed so as to focus an
ultrasonic beam to the corresponding region; thus, it is
possible to variably change a desired ultrasonic beam at
high speeds.

[0135] Inthis manner, operations that variably change
the focusing position of an ultrasonic beam desirably by
deforming the shape of shape-changing layer 120 are in
cooperation with electronic controlling processes in the
direction of aligned ultrasonic resonators 110. By using
this cooperative control, it is possible to obtain an ultra-
sonic image with by far higher resolution.

[0136] In this case, the explanation has been given by
exemplifying a structure in which plural electrodes 511,
attached to shape-changing layer 120, are formed in a
direction orthogonal to the direction of aligned ultrasonic
resonators 110, and in addition to this, another arrange-
ment may be proposed in which a plurality of electrodes
511 are formed in the direction of aligned ultrasonic res-
onators 110, and by deforming shape-changing layer 120
only within a desired position or region of ultrasonic res-
onators 110in the aligning direction, the focusing position
of an ultrasonic beam can be variably changed. Moreo-
ver, still another arrangement in which a plurality of elec-
trodes 511 divided two dimensionally are installed can
also provide the same effects.

(Embodiment 6)

[0137] FIG.8 is a cross-sectional view that shows a
schematic structure of an ultrasonic probe in accordance
with embodiment 6 of the present invention. Those com-
ponents that are the same as those of FIG.3 are indicated
by the same reference numerals, and overlapping expla-
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nations will not be repeated.

[0138] Asshown in FIG.8, ultrasonic probe 600 is pro-
vided with a case 610 having a cylindrical shape, ultra-
sonic transducer 100 enclosed in case 610, and an ul-
trasonic wave propagating medium 620 that is filled be-
tween the inside of case 610 and ultrasonic transducer
100.

[0139] Ultrasonic transducer 100 has the same struc-
ture as that explained in embodiment 1, and its functions
are also the same. In place of ultrasonic transducer 100
of embodiment 1, ultrasonic transducers 200, 300, 400,
and 500 of embodiments 2 to 5 may be applied.

[0140] Case610isdirectly orindirectly made in contact
with a subject. As case 610, amaterial having an acoustic
impedance close to that of the subject (for example, pol-
yethylene, polymethylpentene, or the like) is used.
[0141] As ultrasonic wave propagating medium 620, a
material having an acoustic impedance close to that of
the subject (for example, 1, 3-butanediol or oil-based lig-
uid) is used in the same manner as in case 610.

[0142] Ultrasonic waves, generated by ultrasonic res-
onators 110 of ultrasonic transducer 100, are allowed to
permeate through shape-changing layer 120, ultrasonic
wave propagating medium 620 and case 610, and trans-
mitted to a subject. Ultrasonic waves reflected from the
subject are again transmitted through a passage re-
versed to that of transmission, and received by ultrasonic
resonators 110.

[0143] Ultrasonic probe 600 includes this ultrasonic
transducer 100 in case 610, with ultrasonic wave prop-
agating medium 620 interposed therebetween.

[0144] In accordance with the present embodiment,
upon applying a voltage to shape-changing layer 120 so
as to change the shape of shape-changing layer 120, it
is possible to prevent the deformation of shape-changing
layer 120 from being disturbed, which is different from
an arrangement in which shape-changing layer 120 is
directly made in contact with the subject, and used; thus,
it becomes possible to variably change a desired ultra-
sonic beam at high speeds so as to be desirably formed.
[0145] Moreover, ultrasonic transducer 100 may be
applied to ultrasonic probe 600 in which itis mechanically
rotated, reciprocally moved, or rocked so as to carry out
a scanning process.

[0146] Additionally, inthe presentembodiment, the ex-
planation has been given by exemplifying a structure in
which ultrasonic resonator 110 is a single unit; however,
another structure may be proposed in which shape-
changing layer 120 is formed in a structure in which ul-
trasonic resonators 110 are arranged one-dimensionally,
or two-dimensionally, and the same effects can be ob-
tained.

[0147] Moreover, the explanation has been given by
exemplifying a structure in which ultrasonic resonator
110 is formed on the surface of shape-changing layer
120 on the subject side in a flat shape with an even thick-
ness; however, even in the case of ultrasonic resonator
110 with an uneven thickness, or even in the case when
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it is formed on shape-changing layer 120 on the subject
side, with a convex surface shape or a concave surface
shape, the same effects can be obtained.

[0148] Additionally, in each of the embodiments, the
explanations have been given by exemplifying a structure
in which the surface shape of shape-changing layer 120
is a single curved surface; however, even in the case of
a structure in which the curved surface of the surface
shape of shape-changing layer 120 is an aspheric sur-
face, or a non-curved surface, with its curvature radius
varying depending on portions, or a shape in which only
curvatures are aligned on a plane, such as a Fresnel
lens, the same effects can be obtained.

[0149] Onthe other hand, in each of the embodiments,
upon application of voltages to the respective electrodes,
shape-changing layer 120 (420) has a different amount
of change depending on places based upon its thickness
even when the same voltage is applied thereto.

[0150] For example, in FIG.7 since the thickness is
thinner in the peripheral end portion (region of electrode
513) of shape-changing layer 120 than that in the center
portion (region of electrode 511) of shape-changing layer
120, the amount of change becomes greater, and since
the thickness of electrode 513 in a region closer to elec-
trode 512 side becomes closer to the thickness of the
regions of electrode 512 and electrode 513, the curvature
radius between these regions becomes greater. In con-
trast, in the region of electrode 511, in the case when the
edge portion of the end portion of shape-changing layer
120 is considered, since the portion is greatly curved lo-
cally in comparison with a state where the initial voltage
has not been applied, the curvature radius becomes
smaller.

[0151] Inthis manner, since the curvature radius is dif-
ferent between the center portion and the peripheral por-
tion of shape-changing layer 120, it becomes difficult to
form a focal point at one portion; however, in the case
when the length of each of ultrasonic resonators 110 that
are arranged is shortened by cutting the two ends thereof
so that ultrasonic waves are transmitted centered on the
central portion of shape-changing layer 120, the focal
point can be more easily formed. Moreover, by providing
a structure in which a plurality of ultrasonic resonators
are initially arranged two-dimensionally in a matrix form,
a plurality of focal points are obtained between the center
portion and the peripheral portion upon transmitting ul-
trasonic waves.

[0152] Additionally, by applying a voltage partially in
such a manner as to apply only to the center portion (re-
gion of electrode 511) of shape-changing layer 120 or
only to the peripheral end portion (region of electrode
513) of shape-changing layer 120, or by applying respec-
tively different voltages thereto, the amount of change
can be desirably set for respective portions to conse-
quently provide a plurality of focal points.

[0153] Moreover, it is needless to say that as the area
occupied by each electrode is made smaller by further
increasing the number of divisions of electrodes 142 and
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510 formed on the substrate side of shape-changing lay-
er 120, the shape of the surface on the subject side of
shape-changing layer 120 can be controlled more pre-
cisely.

[0154] In this case, in each of the embodiments, the
explanation has been given by exemplifying a structure
in which electrode 142, 410 or 510 formed on the subject
side of shape-changing layer 120 is directly made in con-
tact with the subject; however, another structure is pro-
posed in which an insulating member, such as a film, that
follows the deformation of shape-changing layer 120 is
placed between electrode 142 or 510 and the subject,
and the same effects can be obtained.

[0155] Moreover, the explanation has been given by
exemplifying a structure in which the shape of the subject
side surface of shape-changing layer 120 is formed into
a convex surface; however, in addition to this, another
structure may be proposed in which the shape of the
subject side surface of shape-changing layer 120 is
formed into a concave surface shape by utilizing the re-
lationship between acoustic velocities of shape-changing
layer 120 and the subject, and the same effects can be
obtained.

[0156] Furthermore, the explanation has been given
by exemplifying a structure in which ultrasonic resonator
110 is formed on the surface of shape-changing layer
120 on the subject side in a flat shape with an even thick-
ness; however, in addition to this, even in the case of
ultrasonic resonator 110 with an uneven thickness, or
even in the case when it is formed on shape-changing
layer 120 on the subject side, with a convex surface
shape or a concave surface shape, the same effects can
be obtained.

(Embodiment 7)

[0157] FIG.9 is a cross-sectional view that shows a
schematic structure of an ultrasonic transducer in accord-
ance with embodiment 7 of the present invention.
[0158] As shown in FIG.9, ultrasonic transducer 700
is provided with ultrasonic resonator 710, shape-chang-
ing layer 720, backing material 730, electrodes 741 and
742 that are disposed on the two surfaces of shape-
changing layer 720, and a variable power supply 740 that
applies an electrical signal between electrodes 741 and
742.

[0159] If necessary, one or more acoustic matching
layers (not shown) may be installed between ultrasonic
resonator 710 and shape-changing layer 720. These
components other than shape-changing layer 720 re-
spectively have the same functions as those explained
in the prior art by reference to FIG.1.

[0160] Ultrasonic resonator 710 is made of a material
such as a piezoelectric ceramic material of PZT (Lead
Zirconate Titanate) based material, a piezoelectric single
crystal such as PZN-PT or PMN-PT-based crystal, or a
composite piezoelectric material that is a composite ma-
terial between the above-mentioned material and a pol-
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ymer. Moreover, in addition to these, a static capacity-
type material, formed by applying a micromachining tech-
nique to a silicon semiconductor, may be used; thus, ul-
trasonic resonator 710 mentioned here is not intended
to be limited by these, aslong as it serves as an ultrasonic
sensor that can transmit and receive ultrasonic waves.
[0161] A grounding electrode, not shown, is formed on
the front face of ultrasonic resonator 710 in the thickness
direction, and a signal electrode is formed on the back-
face thereof respectively. The two electrodes are respec-
tively formed on the front face and backface of ultrasonic
resonator 710, by using vapor deposition of gold or silver,
a sputtering process, or a silver enameling process.
[0162] Shape-changing layer 720, which is placed on
the front face in the thickness direction corresponding to
the subject side (right side in FIG.3) relative to ultrasonic
resonator 710, has functions for changing direction of an
ultrasonic beam.

[0163] Inthe case when an acoustic velocity has a val-
ue that is different from the acoustic velocity (1540 m/s.)
of a subject, for example, an organism, shape-changing
layer 720 allows an ultrasonic beam to be refracted on
the interface between shape-changing layer 720 and the
subject so that each of ultrasonic beams 751, 752 and
753 can be variably changed in a desired direction. These
functions are derived from the fact that, by making a dif-
ference in velocities between the acoustic velocity of
shape-changing layer 720 and the acoustic velocity of
the subject, ultrasonic waves are refracted on the inter-
face thereof. By utilizing this refraction, the shape of
shape-changing layer 720 is changed so that the direc-
tions of ultrasonic beams 751, 752 and 753 can be con-
trolled.

[0164] In the present embodiment, shape-changing
layer 720 is formed by using a material that can be var-
iably changed in its shape on the subject side by applying
an electrical signal. Electrodes 741 and 742 are formed
on the two surfaces of shape-changing layer 720, and
an electrical signal (in this case, voltage) is applied be-
tween electrodes 741 and 742. Variable power supply
740 adjusts the voltage to apply between electrodes 741
and 742. Thus, the shape of shape-changing layer 720
is changed so that the directions of ultrasonic beams 751,
752 and 753 are variably changed.

[0165] As the material of shape-changing layer 720,
materials, such as an ionic polymer metal composite, a
dielectric polymer, and a conductive polymer, whose pol-
ymer is deformed upon application of an electrical signal
to its polymer are used.

[0166] The ionic polymer metal composite forms a pol-
ymer actuator made of an ion exchange resin with elec-
trodes formed on its two surfaces, and ions inside the ion
exchange resin are moved by an applied voltage so that
the side on which the ions have been moved is swelled
to make the polymer deformed. As the material of this
polymer actuator, those materials, prepared by introduc-
ing a functional group, such as a sulfonic acid group and
a carboxyl group, into a material such as polyethylene,
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polystyrene, and a fluorine resin, and polymeric materials
in which, as disclosed by Patent Literature 3, a non-con-
ductive polymer, such as polyvinyl chloride (PVC),
polymethyl methacrylate (PMMA) and polyurethane, and
an ionic material are contained, may be used.

[0167] The dielectric polymer is designed so that by
applying a voltage between electrodes formed on the two
surfaces of a polymer member, the polymer is com-
pressed in its thickness direction by an electrostatic at-
tracting force exerted between the electrodes, with the
result that the polymer is expanded in its plane direction,
and deformed. As this dielectric polymer, materials such
as silicone rubber, polyurethane, and acrylic elastomer,
may be used.

[0168] Moreover, in the case of the conductive poly-
mer, electric terminals are drawn from a conductive pol-
ymer, and upon application of a voltage across the ter-
minals, the conductive polymer between the electric ter-
minals is contracted, while, upon turning the applied volt-
age off, the polymer is returned to its original state. As
the dielectric conductive polymer, a polypyrrole resin or
the like may be used.

[0169] In addition to the above-mentioned materials,
any material may be used as long as its polymer material
is deformed by an electrical signal, and the present in-
vention is not intended to be limited by the above-men-
tioned materials.

[0170] Inthis case, the electricity of the electrical signal
is mainly voltage-adjusted; however, this may be electric-
current-adjusted. Moreover, the signal ofthe above-men-
tioned electrical signalis expressed as a signal by includ-
ing arrangements in which its voltage is made variable,
or applied timing or the like is made variable.

[0171] Backing material 730, which is designed so as
to mechanically hold ultrasonic resonator 710 from the
backface thereof, is disposed on the backface (lower side
in FIG.9) in the thickness direction corresponding to the
opposite side to shape-changing layer 720 relative to ul-
trasonic resonator 710, so as to exert a function for at-
tenuating an unnecessary ultrasonic signal, if necessary.
[0172] The following description will discuss direction-
variable operations of shape-changing layer 720.
[0173] Inthe case when the acoustic velocity of shape-
changing layer 720 has a value that is different from the
acoustic velocity (1540 m/s.) of a subject, for example,
an organism, shape-changing layer 720 allows an ultra-
sonic beam to be refracted on the interface between
shape-changing layer 720 and the subject so that each
of ultrasonic beams 751, 752 and 753 can be variably
changed in a desired direction. As the material for shape-
changing layer 720, for example, polyethylene, polysty-
rene, polyvinyl chloride (PVC), polymethylmethacrylate
(PMMA), or the like has an acoustic velocity faster than
the acoustic velocity of an organism, that is, about 2000
m/s., while, in contrast, silicone rubber has an acoustic
velocity slower than the acoustic velocity of an organism,
that is, about 1000 m/s.

[0174] Ashasbeen conventionally known, the relation-
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ship of refraction among ultrasonic waves can be calcu-
lated based upon Snell’s law. With respect to an ultra-
sonic wave directed on an interface between two media
having acoustic velocities of C 1 and C2, the relationship
of refraction of the ultrasonic wave that is made incident
on the medium having acoustic velocity C2 from the me-
dium having acoustic velocity C1 is represented by the
following equation 2:

[0175]

C1/sinBi = C2/sinbt ... (Equation 2)

Inthis case, 6i represents an angle at which the ultrasonic
wave is made incident from a medium having an acoustic
velocity of C1, and 6t represents an angle at which it is
made incident on a medium having an acoustic velocity
of C2.

[0176] Upon comparison with cases in which acoustic
velocity C1 of shape-changing layer 720 is derived from
silicone rubber having a value of acoustic velocity of
about 1000m/s, used as its dielectric polymer and in
which it is derived from polyethylene vinyl chloride (PVC)
or the like having a value of acoustic velocity of about
2000 m/s. used as its ionic polymer metal composite,
with an organism having acoustic velocity C2 of about
1540 m/s. being used as a subject, the relationship of
these can be calculated from the above-mentioned equa-
tion 2.

[0177] As shown in FIG.9A, in the case when no volt-
ageis applied to shape-changing layer 720, an ultrasonic
beam 751 to be propagated makes virtually right angles
relative to the interface between shape-changing layer
720 and the subject, and is allowed to linearly proceed
without being refracted.

[0178] Incontrast, as shownin FIGS.9B and 9C, inthe
case when an electrical signal voltage is applied to elec-
trodes 741 and 742 of shape-changing layer 720 to be
controlled to allow shape-changing layer 120 to change
so that a tilt is formed on the interface of the subject, the
ultrasonicbeams 752 and 753 are refracted to be variably
changed in its proceeding direction.

[0179] Forexample,inthe case when ultrasonic waves
are transmitted from ultrasonic resonator 710 through
the surface of shape-changing layer 720 on the subject
side, and propagated to linearly proceed into shape-
changing layer 720 so that the surface shape of shape-
changing layer 720 is tilted by 20 degrees relative to the
linearly proceeding direction of an ultrasonic beam 751,
ultrasonic beams that are refracted and allowed to pro-
ceed through shape-changing layer 720, with acoustic
velocity C 1 being set to about 1000 m/s. and about 2000
m/s., make respective angles 6 of about 31.8 degrees
and about 15.3 degrees. Therefore, by allowing shape-
changing layer 720 to have a tilt angle of 20 degrees
relative to the proceeding direction of ultrasonic beam
751 of FIG.9, the proceeding directions of ultrasonic
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beams 752 and 753 can be variably changed. In other
words, the proceeding direction of an ultrasonic wave
can be variably changed based upon the tilt angle of
shape-changing layer 720 and the acoustic velocity of its
material.

[0180] In this manner, by adjusting an electrical signal
to apply to shape-changing layer 720, the tilt angle can
be variably changed. Moreover, by controlling an electri-
cal signal to apply to electrodes 741 and 742 of shape-
changing layer 720 so that the tilt angle of shape-chang-
ing layer 720 is operated to be variably changed, a scan-
ning process can be carried out, with the angles being
variably changed as indicated by ultrasonic beams 751,
752 and 753.

[0181] The angles of ultrasonic beams 751, 752 and
753 to be used for scanning may be made wider than the
above-mentioned angles, thatis, about 31.8 degrees and
about 15.3 degrees, with the applied voltage being var-
iably changed to change the tilt angle of the surface of
shape-changing layer 720.

[0182] Moreover, after transmitting and receiving an
ultrasonic beam to and from a subject in a desired direc-
tion, by variably changing the voltage to apply to elec-
trodes 741 and 742 of shape-changing layer 720 so as
to change the shape, the direction of the ultrasonic beam
is variably changed to be transmitted and received to and
from the subject in a different direction, and by repeatedly
carrying out these processes, a tomographic image of
the subject can be formed. These controlling processes
are carried out in a main unit section of the ultrasonic
diagnostic apparatus, and realized.

[0183] As one of methods for variably changing the
shape of the surface on the subject side of shape-chang-
ing layer 720, an electrode is formed on one of the sur-
faces of shape-changing layer, for example, a plurality
of electrodes 742 are formed in FIG.9, and by variably
changing an electrical signal, for example, a voltage to
be applied to respective electrodes 742, the shape there-
of can be variably changed. For example, in the case
when anionic polymer metal composite is used as shape-
changing layer 720, by the applied voltage to electrodes
741 and 742, ions are transferred and the side having
transferred ions is swelled to change its size of deforma-
tion so that, by variably changing the voltage to apply to
respective electrodes 742, the amount of deformation in
a portion of shape-changing layer 720 corresponding to
the region that is placed on each of electrodes 742 can
be changed. Thus, the surface on the subject side of
shape-changing layer 720 can be variably changed de-
sirably. The same effect can be obtained evenin the case
of using a dielectric polymer or a conductive polymer.
However, it should be taken into consideration that elec-
trodes 741 and 742, formed on shape-changing layer
720, need to have such a thickness (for example, as thin
as possible so as to avoid influences) so as not to be
influenced by propagation of ultrasonic waves.

[0184] As clearly indicated by the structure of FIG.9,
since shape-changing layer 720 is made from a material
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through which ultrasonic waves are propagated, influ-
ences to be caused by the application of this material,
for example, multiple reflections or the like, need to be
kept minimum. For this reason, the acoustic impedance
of shape-changing layer 720 is preferably designed to
have about 1.4 to 1.65 Mrayl that is a value close to the
acoustic impedance of the organism. However, even in
the case when the acoustic impedance is far different
from that of the subject, as long as the acoustic imped-
ance is located between that of ultrasonic resonator 710
and that of the subject, it is possible to reduce multiple
reflections by forming acoustic matching layers before
and after shape-changing layer 720. For this reason, the
acoustic impedance of shape-changing layer 720 may
have avalue located between that of ultrasonic resonator
710 and that of the subj ect.

[0185] In this manner, ultrasonic transducer 700 in ac-
cordance with the present embodiment is provided with
ultrasonic resonator 710, shape-changing layer 720, dis-
posed on the subject side of the ultrasonic resonator and
a shape of which changes by an electrical signal, elec-
trodes 741 and 742 that are disposed on the two surfaces
of shape-changing layer 720, and variable power supply
740 that applies an electrical signal between electrodes
741 and 742, and variable power supply 740 controls the
electrical signal to be applied between electrodes 741
and 742 to allow shape-changing layer 720 to change its
surface shape on the subject side so that the direction
of an ultrasonic beam that propagates through shape-
changing layer 720 is variably changed desirably. The
shape of shape-changing layer 720 is changed, with the
result that the direction of an ultrasonic beam on the sub-
ject side of shape-changing layer 720 is consequently
changed. Since the ultrasonic beam can be scanned at
a desired angle, a two-dimensional ultrasonic image can
be obtained, and since no mechanical scanning process
as in the case of a conventional system is required, and
since no motor is required, it becomes possible to obtain
an ultrasonic image by using a small light-weight appa-
ratus with superior operability.

[0186] Moreover, by changing the structure of elec-
trode 742 or by forming a plurality of electrodes, the volt-
age to apply to each of the electrodes is controlled so
that shape-changing layer 720 can be changed in its
shape not only in one-dimensional directions, but also in
two-dimensional directions. With this arrangement, it be-
comes possible to scan an ultrasonic beam three-dimen-
sionally, and consequently to easily form a three-dimen-
sional ultrasonic image.

[0187] Moreover, shape-changing layer 720 can be
variably changed electrically, and since the variably
changing time can be made faster mechanically, it be-
comes possible to obtain an ultrasonic image in real time.
For this reason, by variably changing a voltage to be ap-
plied to shape-changing layer 720 at higher speeds, the
ultrasonic image in real time is allowed to have higher
resolution.

[0188] Furthermore, the deformation is made only in
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shape-changing layer 720, with ultrasonic resonator 710,
backing material 730 and an acoustic matching layer to
be installed, if necessary, being secured without being
changed. For this reason, with respect to resonator 710,
backing material 730 or the acoustic matching layer to
be installed, if necessary, since no limitations are re-
quired for materials for use in deformation, it is possible
to provide a transducer with high performances.

(Embodiment 8)

[0189] FIG.10is a perspective view that shows a sche-
matic structure of an ultrasonic transducer in accordance
with embodiment 8 of the present invention. Those com-
ponents that are the same as those shown in FIG.9 are
indicated by the same reference numerals, and overlap-
ping explanations will not be repeated. A view obtained
in a direction of A of FIG.10 corresponds to the cross-
sectional view of FIG.9.

[0190] AsshowninFIG.10, ultrasonic transducer 700a
is provided with a plurality of ultrasonic resonators 710
that are arranged, acoustic matching layer 770 that is
disposed on the front face in the thickness direction cor-
responding to the subject side (right side of FIG.10) in
association with respective ultrasonic resonators 710,
backing material 730 that is disposed on ultrasonic res-
onators 710, if necessary, on the back face (left side of
F1G.10) thereof in the thickness direction corresponding
to the side opposite to acoustic matching layer 770,
shape-changing layer 720 disposed on acoustic match-
ing layer 770, electrodes 741 and 742 that are disposed
on the two surfaces of shape-changing layer 720, and a
variable power supply 740 that applies an electrical signal
between electrodes 741 and 742. This structure is re-
ferred to as a so-called electron scanning-type ultrasonic
transducer.

[0191] Each ultrasonic resonator 710 is made of a ma-
terial such as a piezoelectric ceramic material of PZT
based material, a piezoelectric single crystal such as
PZN-PT or PMN-PT-based crystal, or a composite pie-
zoelectric material that is a composite material between
the above-mentioned material and a polymer. Moreover,
in addition to these, a static capacity-type material,
formed by applying a micromachining technique to a sil-
icon semiconductor, may be used; thus, ultrasonic res-
onator 710 mentioned here is not intended to be limited
by these, as long as it serves as an ultrasonic sensor that
can transmit and receive ultrasonic waves.

[0192] A grounding electrode (not shown) is formed on
the front face of ultrasonic resonator 710 in the thickness
direction, and a signal electrode (not shown) is formed
on the backface of ultrasonic resonator 710. The ground-
ing electrode and the signal electrode are formed by plat-
ing gold or silver, vapor deposition, a sputtering process,
or a silver enameling process. The signal electrode is
formed by inserting and bonding signal electric terminal
760 formed by depositing a metal film, such as copper,
onto an insulating film formed by a polymer material such
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as polyimide. The signal electrode is connected from the
grounding electrode formed on ultrasonic resonators 710
to the grounding electric terminal (not shown), in the
same manner as in signal electric terminal 760.

[0193] The following description will discuss opera-
tions of ultrasonic transducer 700a having the above-
mentioned structure.

[0194] The signal electrode formed on each ultrasonic
resonator 710 is electrically connected to one end of each
of cables, not shown, through signal electric terminal 760
as well as through the grounding electrode of each ultra-
sonic resonator 710, and the other end of each of the
cables is connected to a main unit section of an ultrasonic
diagnostic apparatus, not shown, through a connector or
the like. With this arrangement, a pulse voltage, prepared
in the main unit section of the ultrasonic diagnostic ap-
paratus, is applied to each ultrasonic resonator 710 so
that ultrasonic waves are transmitted, and echoes of the
received ultrasonic waves are converted into electrical
signals and transmitted to the main unit section of the
ultrasonic diagnostic apparatus. As this system that is
mainly used, systems have been generally adopted in
which a phase-controlling process is carried out by pro-
viding a time delay upon transmitting and receiving sig-
nals to each of arranged ultrasonic resonators 710 so
that the ultrasonic beam is focused to a desired position
so as to provide high resolution, or in which the ultrasonic
beam is deflected so as to carry out a scanning process
in a delta form.

[0195] The direction in which these ultrasonic beams
are conversed at desired positions or in which the direc-
tions of ultrasonic beams are variably changed is con-
trolled in association with the aligning direction of ultra-
sonic resonators 710.

[0196] Shape-changing layer 720 is designed such
that, when the acoustic velocity of shape-changing layer
720 is a value that is different from the acoustic velocity
(1540 m/s.) of a subject, for example, an organism, it
allows an ultrasonic beam to be refracted on the interface
between shape-changing layer 720 and the subject so
that ultrasonic beam 750 can be variably changed in a
desired direction. As explained in embodiment 17, by
making a difference in velocities between the acoustic
velocity of shape-changing layer 720 and the acoustic
velocity of the subject, ultrasonic waves are refracted on
the interface thereof so that by utilizing this refraction,
the shape of shape-changing layer 720 is changed so
that the direction of ultrasonic beam 750 is controlled.
Shape-changing layer 120 has a function for variably
changing the direction of an ultrasonic beam, and varia-
bly changes the direction of an ultrasonic beam in a di-
rection orthogonal to the aligning direction of ultrasonic
resonators 110.

[0197] In the present embodiment, shape-changing
layer 720 is formed by using a material that can be var-
iably changed in its shape on the subject side by applying
an electrical signal thereto. Electrodes 741 and 742 are
formed on the two surfaces of shape-changing layer 720,



35 EP 2 405 671 A1 36

and an electrical signal (in this case, voltage) is applied
between electrodes 741 and 742. Variable power supply
740 adjusts the voltage to apply between electrodes 741
and 742. Thus, by variably changing the shape of shape-
changing layer 720, the direction of ultrasonic beam 750
can be controlled.

[0198] A plurality of electrodes 742 are placed on the
subject side of shape-changing layer 720. These elec-
trodes 742 are extended in a direction in which ultrasonic
resonators 710 are aligned, and each electrode 742 in a
direction orthogonal to the aligning direction of ultrasonic
resonators 710 is divided into plurality of portions. Volt-
ages of electrical signals to be applied to respective elec-
trodes 742 are variably changed, and by changing the
applied voltages, the surface on the subject side of
shape-changing layer 720 is deformed in a direction or-
thogonal to the aligning direction of ultrasonic resonators
710 so that it can be deformed from a state before de-
formation as shown in FIG.9A to states as shown in FIGS.
9B and 9C so as to be tilted.

[0199] Additionally, the present embodiment has a
structure in which a plurality of electrodes 742 are dis-
posed on the subject side of shape-changing layer 720;
however, another structure in which a plurality of elec-
trodes are disposed on the side opposite to the subject
side may be used.

[0200] Moreover, the presentembodiment has a struc-
ture in which electrodes 742, formed on one of the sur-
faces of shape-changing layer 720, are extended in the
aligning direction of ultrasonic resonators 710; however,
by using a structure in which electrodes 742 are two-
dimensionally arranged, the voltages to apply to these
electrodes are controlled so that the direction of an ultra-
sonic beam can be variably controlled two-dimensionally.
For example, the directions of ultrasonic beams on two
ends of each of arranged ultrasonic resonators 710 may
be made respectively different directions. Moreover, in
an attempt to extract a concerned region of a diagnosis
image, this operation is available by variably changing
the direction of ultrasonic beam 750, without the neces-
sity of moving ultrasonic transducer 700.

[0201] By using a material whose acoustic velocity is
different from the acoustic velocity of a subject for shape-
changing layer 720, the surface of shape-changing layer
720 is tilted so that ultrasonic beam 750 is variably
changed in adirection orthogonal to the aligning direction
of ultrasonic resonators 710 so as to carry out a scanning
process.

[0202] Forexample, inthe case when anionic polymer
metal composite is used for shape-changing layer 720,
ions are transferred by the voltage applied to electrodes
741 and 742 so that the side having transferred ions is
swelled to cause a change in the size of a polymer to be
deformed; therefore, by variably changing the voltage to
apply to respective electrodes 742, the amount of defor-
mation of a portion of shape-changing layer 720 corre-
sponding to a region positioned on each electrode 742
can be changed; thus, it becomes possible to variably
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change the surface on the subject side of shape-chang-
ing layer 720 desirably. This effect can also be obtained
even in the case when a dielectric polymer or a conduc-
tive polymer is used. It should be taken into consideration
that electrodes 741 and 742, formed on shape-changing
layer 720, need to have such a thickness so as not to be
influenced by propagation of ultrasonic waves.

[0203] Moreover, as clearly indicated by the structure
of FIG.10, since shape-changing layer 720 is made from
a material through which ultrasonic waves are propagat-
ed, influences to be caused by the application of this ma-
terial, for example, multiple reflections or the like, need
to be kept minimum. For this reason, the acoustic imped-
ance of shape-changing layer 720 is preferably designed
to have about 1.4 to 1.65 Mrayl that is a value close to
the acoustic impedance of the organism.

[0204] Inthis manner, by allowing shape-changing lay-
er 720 to be deformed in a direction orthogonal to the
aligning direction of ultrasonic resonators 710, the direc-
tion of ultrasonic beam 750 can be variably scanned so
that, even in a direction orthogonal to the aligning direc-
tion of ultrasonic resonators 710, an ultrasonicimage can
also be obtained, and by using this image in combination
with the ultrasonic image acquired by an electron scan-
ning process in the aligning direction of ultrasonic reso-
nators 710, it is possible to obtain a three-dimensional
ultrasonic image.

[0205] The main unit section of the ultrasonic diagnos-
tic apparatus or the like controls a voltage to be applied
to each of electrodes on the two surfaces of shape-
changing layer 720 so as to variably change the direction
of ultrasonic beam 750. The main unit section carries out
a phase-controlling process, with a time delay being pro-
vided upon transmitting and receiving signals to and from
groups of arranged ultrasonic resonators 710, so that the
ultrasonic beam is transmitted and received. The main
unit section carries out the scanning process, with the
phase-controlling process being sequentially switched
on an electronic basis, so that one cross section of a
desired ultrasonic tomographic image can be obtained.
Thereafter, the main unit section applies a controlled volt-
age to each of the electrodes of shape-changing layer
720, and controls so as to variably change the ultrasonic
beam direction in a direction orthogonal to arranged ul-
trasonic resonators 710. By carrying out these scanning
processes repeatedly, it is possible to achieve a three-
dimensional ultrasonic image. These controlling proc-
esses can be easily carried out by the main unit of the
ultrasonic diagnostic apparatus, and the deforming
speed of shape-changing layer 720 can be made faster
so that it is possible to obtain a three-dimensional image
in real time.

[0206] In contrast to a conventional arrangement in
which an ultrasonic transducer, such as an electron scan-
ning-type ultrasonic transducer having a plurality of ul-
trasonic resonators 710 arranged therein, is reciprocally
moved, or moved so as to rock by using a motor or the
like, the present embodiment does not require any driving
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system such as a motor, and any transmitting system
that transmits the driving force, and the ultrasonic trans-
ducer needs not be moved, with only the deformation of
shape-changing layer 720 being required. Since the ap-
paratus has a small size with light weight, and since the
electric terminals and cables to be connected thereto
need not be moved, with no other mechanisms or the
like being required, high advantages for reliability, such
as a long service life, can be achieved.

(Embodiment 9)

[0207] FIG.11 is a cross-sectional view that shows a
schematic structure of an ultrasonic transducerin accord-
ance with embodiment 9 of the present invention. Those
components that are the same as those shown in FIG.9
are indicated by the same reference numerals, and over-
lapping explanations will not be repeated.

[0208] AsshowninFIG.11, ultrasonictransducer 700b
is provided with ultrasonic resonator 710, shape-chang-
ing layers 720A, 720B and 720C, backing material 730,
electrodes 741 and 742 that are disposed on the two
surfaces of each of shape-changing layers 720A, 720B
and 720C, and a variable power supply 740 that applies
an electrical signal between electrodes 741 and 742.
[0209] Moreover, if necessary, one or more acoustic
matching layers (not shown) may be formed between
ultrasonic resonator 710 and shape-changing layers
720A, 720B and 720C. These components other than
shape-changing layers 720A, 720B and 720C have the
same functions as those explained in the prior art of FIG.
1.

[0210] Ultrasonic resonator 710 is made of a material
such as a piezoelectric ceramic material of PZT based
material, a piezoelectric single crystal such as PZN-PT
or PMN-PT-based crystal, or a composite piezoelectric
material that is a composite material between the above-
mentioned material and a polymer.

[0211] A grounding electrode, not shown, is formed on
the front face of ultrasonic resonator 710 in the thickness
direction, and a signal electrode, not shown, is formed
on the backface thereof respectively. The two electrodes
are formed on the front face and back face of ultrasonic
resonator 710 by vapor deposition of gold or silver, sput-
tering, or an enameling process of silver.

[0212] Shape-changing layers 720A, 720B and 720C
are disposed on the front face in the thickness direction
corresponding to the subject side (upper side of FIG.11)
relative to ultrasonic resonator 710, and have a function
for variably changing the direction of an ultrasonic beam.
[0213] Functions of shape-changing layers 720A,
720B and 720C are the same as those of shape-changing
layer 720 of FIG.9, and by utilizing the fact that the acous-
tic velocity of each of shape-changing layers 720A, 720B
and 720C is different from the acoustic velocity of the
subject, the direction of an ultrasonic beam is variably
changed.

[0214] Moreover, to shape-changing layers 720A,
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720B and 720C of the present embodiment, another
function for allowing an ultrasonic beam to be focused to
a desired depth of the subject is added. The explanation
will be given in detail as follows:

[0215] AsshowninFIGS.11Ato 11C, the surface state
on the subject side of each of shape-changing layers
720A, 720B and 720C is set to a curved surface shape.
[0216] As shown in FIG.11A, in the case when ultra-
sonic beam 751 is allowed to linearly proceed to be fo-
cused at a desired depth, the surface on the subject side
of shape-changing layer 720A can be formed into a shape
with a single curvature radius. With respect to the curved
surface shape of the surface of shape-changing layer
720A, by forming it into a concave surface shape or a
convex surface shape by utilizing a difference between
the acoustic velocity of shape-changing layer 720A and
the acoustic velocity of the subject, the ultrasonic beam
can be focused. For example, in the case when the
acoustic velocity of shape-changing layer 720A is a value
slower than the acoustic velocity of the subject, the shape
is formed into a convex surface in an attempt to focus
the ultrasonic beam, and in contrast, in the case when
the acoustic velocity of the shape-changing layer is fast-
er, the shape is formed into a concave surface. These
functions are the same as those contents explained in
detail in embodiment 1.

[0217] As shown in FIGS.11B and 11C, in an attempt
to variably change the directions of ultrasonic beams 752
and 753 and consequently to focus ultrasonic beams 752
and 753 to desired depths, the curved surfaces of the
surfaces on the subject side of shape-changing layers
720B and 720C are formed into shapes whose curvature
radii are gradually changed variably depending on posi-
tions.

[0218] These variable changes in the surface shapes
on the subject side of shape-changing layers 720A, 720B
and 720C can be obtained by dividing one of the elec-
trodes of each shape-changing layer 720, that is, elec-
trode 742 in this case, into a plurality of portions, and by
controlling a voltage that is an electrical signal to apply
to each of the electrodes. In order to variably change the
focus and direction of an ultrasonic beam by deforming
the shape of shape-changing layer 720 in this manner,
it is necessary to carry out the deformation with high pre-
cision. In order to carry out the deformation with high
precision, it needs to be taken into consideration that the
number of plural electrodes 742 thus formed is increased,
that the shape of each electrode is precisely formed and
that a controlling process of a voltage to be applied to
each of the electrodes is carried out with high precision.
[0219] Forexample,inthe case when anionic polymer
metal composite is used as shape-changing layers 720A,
720B and 720C, by the applied voltage to electrodes 741
and 742, ions are transferred and the side having trans-
ferred ions is swelled to change the size of deformation
of the polymer. Therefore, by variably changing the volt-
age to apply to respective electrodes 742, the amount of
deformation in a portion of each of shape-changing layers
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720A, 720B and 720C corresponding to the region that
is placed on each of electrodes 142 can be changed.
[0220] Thus, the surface on the subject side of shape-
changing layers 720A, 720B and 720C can be variably
changed desirably. The same effect can be obtained
even in the case of using a dielectric polymer or a con-
ductive polymer. However, it should be taken into con-
sideration that electrodes 741 and 742, formed on shape-
changing layers 720A, 720B and 720C, need to have
such a thickness so as not to be influenced by propaga-
tion of ultrasonic waves.

[0221] Although various materials are applicable to
shape-changing layer 720, these materials have respec-
tive differences in applied voltage and amount of defor-
mation; therefore, depending on materials to be used, it
is necessary to optimize the voltage to apply.

[0222] Moreover, since shape-changing layers 720A,
720B and 720C are made from a material through which
ultrasonic waves are propagated, influences to be
caused by the application of this material, for example,
multiple reflections or the like, need to be kept minimum.
For this reason, the acoustic impedance of each of
shape-changing layers 720A, 720B and 720C is prefer-
ably designed to have, for example, about 1.4 to 1.65
Mrayl that is a value close to the acoustic impedance of
the organism.

[0223] Additionally, inthe presentembodiment, the ex-
planation has been given by exemplifying a single struc-
ture of ultrasonic resonator; however, even in the case
of an electron scanning-type structure with a plurality of
ultrasonic resonators 710 arranged, or a so-called annu-
lar array-type structure in which ultrasonic resonators are
arranged in a ring shape, the same effects can be ob-
tained.

(Embodiment 10)

[0224] FIG.12 is a cross-sectional view that shows a
schematic structure of an ultrasonic transducerin accord-
ance with embodiment 10 of the presentinvention. Those
components that are the same as those shown in FIG.9
are indicated by the same reference numerals, and over-
lapping explanations will not be repeated here.

[0225] AsshowninFIG.12, ultrasonic transducer 700c
is provided with ultrasonic resonator 710, shape-chang-
ing layer 720, backing material 730, electrodes 741 and
742 that are disposed on the two surfaces of shape-
changing layer 720, a variable power supply 740 that
applies an electrical signal between electrodes 741 and
742, and acoustic lens 780 that is disposed on the front
face of shape-changing layer 720.

[0226] Moreover, if necessary, one or more acoustic
matching layers (not shown) may be formed between
ultrasonic resonator 710 and shape-changing layer 720.
These components other than shape-changing layer 720
have the same functions as those explained in the prior
art by reference to FIG. 1.

[0227] Ultrasonic resonator 710 is made of a material
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such as a piezoelectric ceramic material of PZT based
material, a piezoelectric single crystal such as PZN-PT
or PMN-PT-based crystal, or a composite piezoelectric
material that is a composite material between the above-
mentioned material and a polymer.

[0228] A grounding electrode, not shown, is formed on
the front face of ultrasonic resonator 710 in the thickness
direction, and a signal electrode is formed on the back-
face thereof respectively. The two electrodes are formed
on the front face and backface of ultrasonic resonator
710 by vapor deposition of gold or silver, a sputtering
process, or a silver enameling process.

[0229] Acoustic lens 780 allows an ultrasonic beam to
be focused at a desired depth. Acoustic lens 780 is
formed into a fixed shape by using a material such as,
for example, silicone rubber.

[0230] As shape-changing layer 720, a material by
which a shape on the subject side can be variably
changed by using an electrical signal can be used. Elec-
trodes 741 and 742 are formed on the two surfaces of
shape-changing layer 720, and an electrical signal (in
this case, a voltage) is applied between electrodes 741
and 742. Variable power supply 740 adjusts a voltage to
be applied between electrodes 741 and 742.

[0231] Shape-changing layer 720 is formed by using
a material, such as an ionic polymer metal composite, a
dielectric polymer and a conductive polymer, whose pol-
ymer is deformed upon application of an electrical signal
to the polymer. Shape-changing layer 720 is designed
such that, when the acoustic velocity of shape-changing
layer 720 is a value that is different from the acoustic
velocity (1540 m/s.) of a subject, for example, an organ-
ism, it allows an ultrasonic beam to be refracted on the
interface between shape-changing layer 720 and the
subject so that ultrasonic beams 751, 752 and 753 can
be variably changed in a desired direction. By making a
difference in velocities between the acoustic velocity of
shape-changing layer 720 and the acoustic velocity of
the subject, ultrasonic waves are refracted on the inter-
face thereof, and by utilizing this refraction, the shape of
shape-changing layer 720 is changed so that the direc-
tions of ultrasonic beams 751, 752 and 753 are variably
changed.

[0232] In this case, however, although the proceeding
directions of ultrasonic beams 751, 752 and 753 can be
variably changed, in the case when these are utilized to
form an ultrasonic image, since ultrasonic beams 751,
752 and 753 are not focused, it is difficult to obtain high
resolution. Therefore, acoustic lens 780 having a function
for focusing ultrasonic beams 751, 752 and 752 is in-
stalled on the subject side of shape-changing layer 720.
[0233] With this arrangement, shape-changing layer
720 is allowed to have a function for variably changing
the directions of ultrasonic beams 751, 752 and 753,
while acoustic lens 780 has a function for focusing ultra-
sonic beams 751, 752 and 753. Thus, ultrasonic trans-
ducer 700c can obtain an ultrasonic image with high res-
olution.
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[0234] Moreover, since shape-changing layer 720 is
made from a material through which ultrasonic waves
are propagated, influences to be caused by the applica-
tion of this material, for example, multiple reflections or
the like, need to be kept minimum. For this reason, the
acousticimpedance of shape-changing layer 720 is pref-
erably set to about 1.4 to 1.65 Mrayl that is a value close
to the acoustic impedance of acoustic lens 780 or the
subject (for example, organism).

[0235] As described above, by variably changing a
voltage to be applied to shape-changing layer 720, the
shape of shape-changing layer 720 is changed, with the
result that the surface state on the subject side of shape-
changing layer 720 is changed; therefore, it is possible
to variably change the direction of an ultrasonic beam
that is propagated through shape-changing layer 720 at
a desired angle so as to carry out a scanning process.
Moreover, since acoustic lens 780 for focusing the ultra-
sonic beam is attached to the front face of shape-chang-
ing layer 720, a two-dimensional ultrasonic image with
high resolution can be obtained. Since no mechanical
scanning process as in the case of a conventional system
is required and since no motor is consequently required,
it becomes possible to obtain an ultrasonic image by us-
ing a small light-weight apparatus with superior opera-
bility.

[0236] Moreover, by changing the structure of elec-
trode 742, shape-changing layer 720 can be changed in
its shape not only in one-dimensional directions, but also
in two-dimensional directions. With this arrangement, it
becomes possible to scan an ultrasonic beam three-di-
mensionally, and consequently to easily form a three-
dimensional ultrasonic image.

[0237] Furthermore, shape-changing layer 720 can be
variably changed electrically, and since its variably
changing time can be made shorter in comparison with
that of a mechanical system, it is possible to obtain an
ultrasonic image in real time.

[0238] Inthe presentembodiment, the explanation has
been given by exemplifying a structure in which the
acoustic impedance of shape-changing layer 720 has a
value that is close to the impedance of acoustic lens 780
or that of the subject; however, in the case of using a
material that makes the acoustic impedance value of
shape-changing layer 780 different from that of the sub-
ject, an acoustic matching layer may be formed between
shape-changing layer 720 and acoustic lens 780, and
this structure also provides the same effects.

[0239] Inthe presentembodiment, the explanation has
been given by exemplifying a structure in which shape-
changing layer 720 is directly formed on ultrasonic res-
onator 710; however, even in the case of a structure in
which shape-changing layer 720 is not directly made in
contact with the ultrasonic resonator, that is, is indirectly
made in contact therewith, with an ultrasonic wave prop-
agating medium or the like interposed therebetween, the
same effects can be obtained.

[0240] Additionally, inthe presentembodiment, the ex-
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planation has been given by exemplifying a single struc-
ture of ultrasonic resonator; however, even in the case
of an electron scanning-type structure with a plurality of
ultrasonic resonators 710 arranged, or a so-called annu-
lar array-type structure in which ultrasonic resonators are
arranged in a ring shape, the same effects can be ob-
tained.

(Embodiment 11)

[0241] FIG.13 is a cross-sectional view that shows a
schematic structure of an ultrasonic probe in accordance
with embodiment 11 of the presentinvention. Those com-
ponents that are the same as those shown in FIG.9 are
indicated by the same reference numerals, and overlap-
ping explanations will not be repeated here.

[0242] AsshowninFIG.13, ultrasonicprobe 800 is pro-
vided with a case 610 having a cylindrical shape, ultra-
sonic transducer 700 enclosed in case 610, and an ul-
trasonic wave propagating medium 620 that is filled be-
tween the inside of case 610 and ultrasonic transducer
700.

[0243] Ultrasonic transducer 700 has the same struc-
ture as that explained in embodiment 7, and its functions
are also the same. In place of ultrasonic transducer 700
of embodiment 7, ultrasonic transducers 700a, 700b, and
700c of embodiments 7 to 10 may be applied.

[0244] Case610isdirectly orindirectly made in contact
with a subject. As case 610, amaterial having an acoustic
impedance close to that of the subject (for example, pol-
yethylene, polymethylpentene, or the like) is used.
[0245] As ultrasonic wave propagating medium 620, a
material having an acoustic impedance close to that of
the subject (for example, 1, 3-butanediol or oil-based lig-
uid) is used in the same manner as in case 610.

[0246] Ultrasonic waves, generated by ultrasonic res-
onators 710 of ultrasonic transducer 700, are allowed to
permeate through shape-changing layer 720, ultrasonic
wave propagating medium 620 and case 610, and trans-
mitted to a subject. Ultrasonic waves reflected from the
subject are again transmitted through a passage re-
versed to that of transmission, and received by ultrasonic
resonators 710.

[0247] Ultrasonic probe 800 includes this ultrasonic
transducer 700 in case 610, with ultrasonic wave prop-
agating medium 620 interposed therebetween.

[0248] In accordance with the present embodiment,
upon applying a voltage to shape-changing layer 720 so
as to change the shape of shape-changing layer 720, it
is possible to prevent the deformation of shape-changing
layer 720 from being disturbed, which is different from
an arrangement in which shape-changing layer 720 is
directly made in contact with the subject, and used; thus,
it becomes possible to variably change desired ultrasonic
beams 751, 752 and 753 at high speeds so as to carry
out a scanning process, and also to be desirably formed.
[0249] Moreover, ultrasonic transducer 700 may be
applied to ultrasonic probe 800 in which itis mechanically



43

rotated, reciprocally moved, or rocked so as to carry out
a scanning process.

[0250] Additionally, inthe presentembodiment, the ex-
planation has been given by exemplifying a structure in
which ultrasonic resonator 710 is a single unit; however,
another structure may be proposed in which shape-
changing layer 720 is formed in a structure in which ul-
trasonic resonators 710 are arranged one-dimensionally,
or two-dimensionally, and the same effects can be ob-
tained.

[0251] In the above-mentioned embodiments 1 to 11,
the explanation has been given by exemplifying a struc-
ture in which electrode 742 formed on the subject side
of shape-changing layer 720 is directly made in contact
with a subject; however, even in the case of a structure
in which an insulating member, such as afilm, that follows
the deformation of shape-changing layer 720 is formed
between electrode 742 and the subject for protection, the
same effects can be obtained.

[0252] Moreover, in the above-mentioned embodi-
ments, the explanation has been given by exemplifying
a structure in which ultrasonic resonator 710 is formed
on the surface of shape-changing layer 720 on the sub-
ject side in a flat shape with an even thickness; however,
even in the case of ultrasonic resonator 710 with an un-
even thickness, or even in the case when it is formed on
the surface of shape-changing layer 720 on the subject
side, with a convex surface shape or a concave surface
shape, the same effects can be obtained.

[0253] Additionally, in each of the embodiments, the
explanations have been given by exemplifying a structure
in which the acousticimpedance of shape-changing layer
720 has a value close to the acoustic impedance of the
subject; however, in addition to this, in the case of using
a material that makes the value of the acoustic imped-
ance of shape-changing layer 720 different from that of
the subject, an acoustic matching layer may be formed
between shape-changing layer 720 and the subject, and
this structure also provides the same effects.

[0254] Moreover, in the above-mentioned embodi-
ments, the explanation has been given by exemplifying
a structure in which shape-changing layer 720 is directly
formed on ultrasonic resonator 710; however, even in
the case of a structure in which shape-changing layer
720 is not directly made in contact with the ultrasonic
resonator, that is, is indirectly made in contact therewith,
with an ultrasonic wave propagating medium or the like
interposed therebetween, the same effects can be ob-
tained.

(Embodiment 12)

[0255] FIG.14is a schematic cross-sectional view that
shows a structure of an ultrasonic transducer in accord-
ance with embodiment 12 of the present invention.

[0256] AsshowninFIG.14, ultrasonictransducer 700d
is made of a material such as a piezoelectric ceramic
material of PZT (Lead Zirconate Titanate) based mate-
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rial, a piezoelectric single crystal such as PZN-PT (Lead
Zinc Niobate Titanate) based crystal, or PMN-PT (Lead
Magnesium Niobate Titanate) based crystal, or a com-
posite piezoelectric material that is a composite material
between the above-mentioned material and a polymer.
[0257] In addition to these, a static capacity-type ma-
terial, formed by applying a micromachining technique
to a silicon semiconductor, may be used; thus, ultrasonic
resonator 710 mentioned here is not intended to be lim-
ited by these materials, as long as it serves an ultrasonic
sensor that can transmit and receive ultrasonic waves.
[0258] The present embodiment proposes a structure
which includes ultrasonic resonator 710, made of these
materials, for transmitting and receiving ultrasonic
waves, shape-changing layer 720 that is disposed on
ultrasonic resonator 710 on the side opposite to the sub-
jectside (upper portion in FIG.14), that is on the backface
side (lower portion of FIG.14) relative to transmitting and
receiving directions of ultrasonic waves, and has a func-
tion for variably changing the direction of ultrasonic res-
onator 710, and backing material 730, placed on the
backface of shape-changing layer 720, that holds ultra-
sonic resonator 710 and shape-changing layer 720, and
has a function for, if necessary, attenuating unnecessary
ultrasonic signals. Moreover, if necessary, one or more
acoustic matching layers and an acoustic lens (not
shown) may be formed on the surface on the subject side
of ultrasonic resonator 710. Electrodes 741 and 742 are
provided on the upper and lower surfaces of shape-
changing layer 720. These components other than
shape-changing layer 720 have the same functions as
those explained in the prior art by reference to FIG. 1.
[0259] A grounding electrode, not shown, is formed on
the front face of ultrasonic resonator 710 in the thickness
direction, and a signal electrode is formed on the back-
face thereof respectively. The two electrodes are formed
on the front face and backface of ultrasonic resonator
710 by vapor deposition of gold or silver, sputtering, or
an enameling process of silver.

[0260] Shape-changing layer 720 is formed by using
a material, such as an ionic polymer metal composite, a
dielectric polymer and a conductive polymer, whose pol-
ymer is deformed by an electrical signal applied to the
polymer.

[0261] The ionic polymer metal composite forms a pol-
ymer actuator made of an ion exchange resin with elec-
trodes 741 and 742 formed on its two surfaces, and ions
inside the ion exchange resin are moved by an applied
voltage so that the side on which the ions have been
moved is swelled to make the polymer deformed. The
ionic polymer metal composite includes those materials,
prepared by introducing a functional group, such as a
sulfonic acid group and a carboxyl group, into a material
such as polyethylene, polystyrene and a fluorine resin,
and polymeric materials in which a non-conductive pol-
ymer, such as polyvinyl chloride (PVC), polymethyl meth-
acrylate (PMMA) and polyurethane, and an ionic material
are contained.
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[0262] Electrodes 741 and 742 are formed on the two
surfaces of a dielectric polymer member, and a voltage
is applied between the electrodes. The dielectric polymer
is compressed in its thickness direction by an electrostat-
ic attracting force exerted between the electrodes, with
the result that the polymer is expanded in its plane direc-
tion, and deformed. As this dielectric polymer, materials
such as silicone rubber, polyurethane, and acrylic elas-
tomer, may be used.

[0263] Moreover, in the case of the conductive poly-
mer, electric terminals are drawn from a conductive pol-
ymer, and a voltage is applied between the electric ter-
minals. The conductive polymer between the electric ter-
minals is contracted, while, upon turning the applied volt-
age off, the polymer is returned to its original state. As
the dielectric conductive polymer, a polypyrrole resin or
the like may be used. In addition to the above-mentioned
materials, any material may be used as long as its poly-
mer material is deformed by an electrical signal, and the
present invention is not intended to be limited by the
above-mentioned materials.

[0264] In addition to these, not limited to the above-
mentioned materials, any polymer actuator may be used,
as long as it has a characteristic of being deformed upon
application of an electrical signal to the polymer, and the
same effects can be obtained.

[0265] In a state where a voltage, which serves as an
electrical signal to apply to electrodes 741 and 742 of
shape-changing layer 720, is not applied, the layer has
a shape having no deformation with an even thickness,
as shown in FIG.14A, and upon application of an electri-
cal signal to ultrasonic resonator 710 in this state, ultra-
sonic resonator 710 oscillates to generate ultrasonic
waves, and ultrasonic beam 751vf proceeds linearly, and
is transmitted to the substrate side.

[0266] In a state shown in FIG.14A, a voltage serving
as an electrical signal is applied to electrodes 741 and
742 of shape-changing layer 12. Thus, in the case when,
for example, an ionic polymer metal composite is used,
shape-changing layer 720 allows ion movements to oc-
cur in the polymer so that a polymer portion on the side
on which ions have been transferred is expanded to
cause a deformation in shape-changing layer 720. By
utilizing this function, as shown in FIGS.14B and 14C,
the voltage to apply to electrodes 741 and 742 of shape-
changing layer 720 is variably adjusted. Thus, shape-
changing layer 720 is deformed so that the surface on
ultrasonic resonator 710 side can be tilted.

[0267] The voltage to apply to shape-changing layer
720 and the amount of deformation are virtually directly
proportional to each other so that as the applied voltage
becomes higher, the amount of deformation becomes
greater. Thus, by adjusting the value of the applied volt-
age, the amount of deformation of shape-changing layer
720 can be adjusted. For this reason, ultrasonic resona-
tor 710 formed on the front face of shape-changing layer
720 can be tilted following the deformation of shape-
changing layer 720. As a result, ultrasonic beam 751 has
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its direction variably changed in the same manner as
ultrasonic beams 752 and 753, as shown in FIGS. 14B
and 14C.

[0268] In this manner, it becomes possible to deform
shape-changing layer 720 by using a voltage. Since the
directions of ultrasonic beams 751, 752 and 753 can be
variably changed two-dimensionally or three-dimension-
ally, an ultrasonic image can be displayed two-dimen-
sionally or three-dimensionally. In this case, a variable
power supply used for applying an electrical signal to
electrodes 741 and 742 formed on shape-changing layer
720 is not shown in FIGS.

[0269] More specifically, as one example of a method
for variably changing the direction of the surface of ultra-
sonic resonator 710, the following method is proposed.
With respect to electrodes formed on one of the surfaces
of shape-changing layer 720, a plurality of electrodes 742
are formed as shown in FIG.14, and an electrical signal
toapply to each of electrodes 742, for example, a voltage,
is variably changed. Thus, as shown in FIGS. 14B and
14C, the thickness in the lateral direction of shape-chang-
ing layer 720 can be changed so that the transmitting
and receiving directions of ultrasonic waves can be al-
tered. For example, in the case when an ionic polymer
metal composite is used as shape-changing layer 720,
ions are moved by a voltage applied to electrodes 741
and 742, and the side on which the ions have been trans-
ferred has a change in its degree of deformation of the
polymer. In this manner, by variably controlling the volt-
age to apply to respective electrodes 742, the amount of
deformation of a portion of shape-changing layer 720 at
a region positioned on each of electrodes 742. The di-
rection of the surface of ultrasonic resonator 710 formed
on the front face of shape-changing layer 720 can be
variably changed desirably. This function can be exerted
in the same manner also in the case of using a dielectric
polymer or a conductive polymer.

[0270] Additionally, in orderto deform shape-changing
layer 720 with high precision as shown in FIG.14, a plu-
rality of electrodes on one side of shape-changing layer
720 (electrodes 742 in this case) are formed, and a volt-
age to be applied to each of the electrodes is desirably
adjusted by changing a pattern of electrodes.

[0271] Moreover, since shape-changing layer 720 has
a structure in which it is formed between ultrasonic res-
onator 710 and backing material 730, the following meth-
od can be used. That is, so as to allow shape-changing
layer 720 to have a function of backing material 730 for
supporting ultrasonic resonator 710, an acoustic imped-
ance close to that of backing material 730 is provided to
shape-changing layer 720. Thus, attenuation of unnec-
essary ultrasonic signals is lowered, or problems, such
as multiple reflections, caused by unnecessary ultrasonic
waves inside shape-changing layer 720 can be eliminat-
ed. In the case of this structure, backing material 730 is
set in a fixed state.

[0272] In FIG.14, the explanation has been given by
exemplifying a structure in which backing material 730
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is formed on the backface of shape-changing layer 720;
however, in addition to this, another structure is proposed
in which shape-changing layer 720 itself is formed into a
shape (thickness) that can exert the function of the back-
ing material, with a supporting base having a supporting
function being formed on the backface of shape-chang-
ing layer 720, and this structure also provides the same
effects.

[0273] As described above, by variably changing the
voltage to apply to shape-changing layer 720, the shape
of shape-changing layer 720 is changed so that the di-
rection of ultrasonic resonator 710 formed on the front
face thereof relative to the subject is consequently
change. Thus, since the direction of an ultrasonic beam
can be variably changed to a desired angle so as to carry
out a scanning process, it is possible to obtain a two-
dimensional ultrasonic image. Moreover, different from
a conventional system, no mechanical scanning process
is required and since no motor is consequently required,
it becomes possible to obtain an ultrasonic image by us-
ing a small light-weight apparatus with superior opera-
bility.

[0274] Moreover, the structure of electrodes 742 in
shape-changing layer 720 can be altered not only in one-
dimensional direction, but also in two-dimensional direc-
tions. It is possible to scan the ultrasonic beam three-
dimensionally, and a three-dimensional ultrasonic image
can be easily achieved. Moreover, by variably changing
shape-changing layer 720 electrically, the variably
changing time can be made shorter in comparison with
that of a mechanical system so that an ultrasonic image
can be obtained in real time.

[0275] Although the explanation has been given by ex-
emplifying a structure in which ultrasonic resonator 710
is a single unit, a plurality of ultrasonic resonators 710
may be installed as shown in FIG.15.

[0276] A drawing viewed in an A direction of FIG.15 is
virtually the same as the drawing obtained by rotating
each of FIG.14A to 14F by 90° anticlockwise. Those com-
ponents having the same basic functions as those of FIG.
14 are indicated by the same reference numerals, and
overlapping explanations will not be repeated here.
[0277] This ultrasonictransducer 700e is provided with
a plurality of ultrasonic resonators 710 that are arranged
and used for transmitting and receiving ultrasonic waves,
acoustic matching layer 770 that is disposed on the front
face in the thickness direction corresponding to the sub-
ject side (right side of FIG.15) in association with respec-
tive ultrasonic resonators 710, and used for improving
performances, shape-changing layer 720 that is dis-
posed, if necessary, on the backface in the thickness
direction (left side in FIG.15) corresponding to the side
opposite to acoustic matching layer 770 relative to ultra-
sonic resonator 710, backing material 730 that is further
disposed on the backface thereof, and acoustic lens 780
that is disposed on acoustic matching layer 770, and fo-
cuses an ultrasonic wave so as to improve resolution.
This structure is referred to as a so-called electron scan-
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ning-type ultrasonic transducer. Exceptfor shape-chang-
ing layer 720, the functions of the respective components
are the same as those explained in the prior art by ref-
erence to FIG.1.

[0278] In FIG.15, among components of ultrasonic
transducer 700e, ultrasonic resonators 710 are formed
by using a material such as a piezoelectric ceramic ma-
terial of PZT based material, a piezoelectric member
such as PZN-PT or PMN-PT-based material, or a com-
posite piezoelectric material that is a composite material
between the above-mentioned material and a polymer.

[0279] Moreover, in addition to these, a static capacity-
type material, formed by applying a micromachining tech-
nique to a silicon semiconductor, may be used; thus, ul-
trasonic resonator 710 mentioned here is not intended
to be limited by these, aslong as it serves as an ultrasonic
sensor that can transmit and receive ultrasonic waves.

[0280] A grounding electrode (not shown) is formed on
the front face of ultrasonic resonator 710 serving as the
subject side, and a signal electrode (not shown) is formed
on the backface of ultrasonic resonator 710. The ground-
ing electrode and the signal electrode are formed by plat-
ing gold or silver, vapor deposition, a sputtering process,
or a silver enameling process.

[0281] Moreover, the signal electrode, formed on ul-
trasonic resonator 710, is prepared by inserting and
bonding signal electric terminal 760 formed by depositing
a metal film, such as copper, onto an insulating film
formed by a polymer material such as polyimide. The
signal electrode is connected from the grounding elec-
trode formed on ultrasonic resonators 710 to the ground-
ing electric terminal (not shown), in the same manner as
in signal electric terminal 760.

[0282] The following description will discuss opera-
tions of ultrasonic transducer 700e having the above-
mentioned structure.

[0283] The signal electrode formed on each ultrasonic
resonator 710 is electrically connected to one end of each
of cables, not shown, through signal electric terminal 760
as well as through the grounding electrode of each ultra-
sonic resonator 710, and the other end of each of the
cables is connected to a main unit section of an ultrasonic
diagnostic apparatus, not shown, through a connector or
the like. With this arrangement, a regular pulse voltage,
prepared in the main unit section of the ultrasonic diag-
nostic apparatus, is applied to each ultrasonic resonator
710. Ultrasonic transducer 700e transmits ultrasonic
waves, and ultrasonic transducer 700e also converts
echoes of ultrasonic waves that have been received into
electrical signals, and transmits these to the main unit
section of the ultrasonic diagnostic apparatus.

[0284] As this system, systems have been generally
adopted in which a phase-controlling process is carried
out by providing a time delay upon transmitting and re-
ceiving signals to each of arranged ultrasonic resonators
710 so that the ultrasonic beam is focused to a desired
position relative to the direction of arranged ultrasonic
resonators 710 so as to provide high resolution, or in
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which the ultrasonic beam is deflected so as to carry out
a scanning process in a delta form. Electrodes 741 and
742 are formed on the upper and lower surfaces of shape-
changing layer 720 placed between ultrasonic resonator
710 and backing material 730.

[0285] Shape-changing layer 720 is formed by using
a material, such as an ionic polymer metal composite, a
dielectric polymer and a conductive polymer, whose pol-
ymer is deformed by an electrical signal applied to elec-
trodes 741 and 742 formed on the two surfaces of the
polymer.

[0286] In a state where a voltage, which serves as an
electrical signal to apply to electrodes 741 and 742 of
shape-changing layer 720, is not applied, the layer has
a shape having no deformation with an even thickness,
as shown in FIG.15, and upon application of an electrical
signal to ultrasonic resonator 710 in this state shown in
FIG. 15, ultrasonic resonator 710 oscillates to generate
ultrasonic waves, and ultrasonic beam 751 is linearly
transmitted to the substrate side. In the state as shown
in FIG.15, a voltage serving as an electrical signal is ap-
plied to electrodes 741 and 742 of shape-changing layer
720, and in this case, when an ionic polymer metal com-
posite is used, shape-changing layer 720 allows ion
movements to occur in the polymer so that a polymer
portion on the side on which ions have been transferred
is expanded to cause a deformation in shape-changing
layer 720. By utilizing this function, as shown in FIGS.
14B and 14C serving as drawings viewed in an A direction
of FIG.15, shape-changing layer 720 is deformed so that
the surface can be tilted relative to a direction orthogonal
to arranged ultrasonic resonators 710. By changing a
pattern of electrodes 742, shape-changing layer 720 is
also tilted not only in the direction orthogonal to arranged
ultrasonic resonators 710, but also in the direction of the
arranged ultrasonic resonators.

[0287] The voltage to apply to shape-changing layer
720 and the amount of deformation are virtually propor-
tional to each other so that as the applied voltage be-
comes higher, the amount of deformation becomes
greater. Thus, by adjusting the value of the applied volt-
age, the amount of deformation of shape-changing layer
720 can be adjusted. For this reason, ultrasonic resona-
tor 710 formed on the front face of shape-changing layer
720 can be tilted following the deformation of shape-
changing layer 720. As a result, ultrasonic beam 750 as
shown in FIG.15 has its direction variably changed so as
to carry out a scanning process in the same manner as
ultrasonic beams 752 and 753, as shown in FIGS.14B
and 14C.

[0288] As one method for variably changing the direc-
tion of the surface of ultrasonic resonator 710, a plurality
of electrodes, that is, electrodes 742 in FIG.15, are
formed one of the surfaces of shape-changing layer 720,
and an electrical signal, for example, a voltage, to be
applied to each of plural electrodes 742 is variably con-
trolled. For example, in the case when an ionic polymer
metal composite is used as shape-changing layer 720,
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ions are moved by the voltage applied to electrodes 741
and 742, and the side on which ions have been trans-
ferred is swelled so that the degree of deformation of the
polymer is changed; thus, the voltage to apply to each
of electrodes 742 is variably changed. With this arrange-
ment, the amount of deformation of a portion of shape-
changing layer 720 at a region positioned on each elec-
trode 742 can be changed. Thus, the direction of the sur-
face of ultrasonic resonator 710 formed on the front face
of shape-changing layer 720 can be variably changed
desirably. Even in the case of using a dielectric polymer
or a conductive polymer, this effect can be obtained in
the same manner.

[0289] Additionally, in order to deform shape-changing
layer 720 with high precision as shown in FIG.14, a plu-
rality of electrodes on one side of shape-changing layer
720 (electrodes 742 in this case) are formed, and a volt-
age to be applied to each of the electrodes is desirably
adjusted by changing a pattern of electrodes.

[0290] Moreover, since shape-changing layer 720 has
a structure in which it is formed between ultrasonic res-
onator 710 and backing material 730, the following meth-
od can be used. That is, so as to allow shape-changing
layer 720 to have a function of backing material 730 for
supporting ultrasonic resonator 710, an acoustic imped-
ance close to that of backing material 730 is provided to
shape-changing layer 720. Thus, attenuation of unnec-
essary ultrasonic signals is lowered, or problems, such
as multiple reflections, caused by unnecessary ultrasonic
waves inside shape-changing layer 720 can be eliminat-
ed. In the case of this structure, backing material 730 is
set in a fixed state.

[0291] In FIG.15, the explanation has been given by
exemplifying a structure in which backing material 730
is formed on the backface of shape-changing layer 720;
however, in addition to this, another structure is proposed
in which shape-changing layer 720 itself is formed into a
shape (thickness) that can exert the function of the back-
ing material, with a supporting base having a supporting
function being formed on the backface of shape-chang-
ing layer 720, and this structure also provides the same
effects.

[0292] As described above, by deforming shape-
changing layer 720 in a direction orthogonal to the align-
ing direction of ultrasonic resonators 710, ultrasonic
beam 750 is allowed to carry out a variable scanning
process in a direction orthogonal to the aligning direction
of ultrasonic resonators 710. Thus, since an ultrasonic
image can be obtained also in a direction orthogonal to
the aligning direction of ultrasonic resonators 71, a three-
dimensional ultrasonic image can be obtained by com-
bining this with an ultrasonic image acquired by an elec-
tron scanning process in the aligning direction of ultra-
sonic resonators 710.

[0293] By combinedly using the system for variably
changing the direction of ultrasonic beam 750 by using
shape-changing layer 720 and the system for variably
changing ultrasonic transducer 700 by using a conven-
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tional motor or the like, the degree of freedom of the var-
iably-changing process of the ultrasonic beam is further
expanded.

[0294] Moreover, in a conventional system, ultrasonic
transducer 700 is allowed to carry out reciprocal move-
ments, rocking movements, or the like, by using a motor
orthelike. In contrast, in the present embodiment, neither
a driving system, such as a motor, nor an axis for trans-
mitting the driving force is required. Furthermore, in the
present embodiment, since ultrasonic transducer 700e
needs not be moved, with only shape-changing layer 720
being deformed, a small-size, light-weight system can be
achieved, and electric terminals and cables or the like to
be connected thereto need not be moved. For this rea-
son, since no deformation is caused, and since mechan-
ical structures are not required, the service life becomes
longer with high reliability.

[0295] Inthe presentembodiment, the explanation has
been given by exemplifying a structure in which ultrasonic
resonator 710 has an even thickness; however, in addi-
tion to this, even in the case of ultrasonic resonator 710
with an uneven thickness, or even in the case when it
has a convex surface shape or a concave surface shape,
the same effects can be obtained.

[0296] Moreover, in the present embodiment, the ex-
planation has been given by exemplifying a structure in
which shape-changing layer 720 is formed between ul-
trasonic resonator 710 and backing material 730; how-
ever, in addition to this, the position at which shape-
changing layer 720 is formed is not particularly limited
by this, and even in the case when it compatibly serves
as the backing material, while being formed on the back-
face side of backing material 730, the same effects can
be obtained as long as the corresponding structure can
variably change the direction of ultrasonic resonator 710.

(Embodiment 13)

[0297] FIG.16is a schematic cross-sectional view that
shows an ultrasonic probe in accordance with embodi-
ment 13 of the present invention. Those components that
are the same as those shown in FIG.12 are indicated by
the same reference numerals, and overlapping explana-
tions thereof will not be repeated here.

[0298] As shown in FIG.16, transducer 700 of ultra-
sonic probe 820 is provided with ultrasonic resonator 710
that is made of a material such as a piezoelectric ceramic
material of PZT based material, a piezoelectric single
crystal such as PZN-PT or PMN-PT-based crystal, or a
composite piezoelectric material that is a composite ma-
terial between the above-mentioned material and a pol-
ymer, and backing material 730 that is disposed on the
backface (lower side of FIG.16) on the side opposite to
the subject side (upper side of FIG.16) in association with
ultrasonic resonator 710, holds ultrasonic resonator 710,
and has a function for, if necessary, attenuating unnec-
essary ultrasonic signals.

[0299] Moreover, ultrasonic probe 820 is provided with
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shape-changing layer 720 that forms one portion of back-
ing material 730 of ultrasonic transducer 700, and has a
function for driving ultrasonic resonator 710 and backing
material 730, and fixed base 790 serving as a base to
which one portion of shape-changing layer 720 is con-
nected so as to drive ultrasonic resonator 710 and back-
ing material 730. Electrodes 741 and 742 are formed on
the two surfaces of shape-changing layer 720.

[0300] Moreover, in ultrasonic probe 820, if necessary,
one or more acoustic matching layers and an acoustic
lens (not shown) may be formed on the surface on the
subject side of ultrasonic resonator 710.

[0301] Shape-changing layer 720 is formed by using
a material, such as an ionic polymer metal composite, a
dielectric polymer and a conductive polymer, whose pol-
ymer is deformed by an electrical signal to apply to elec-
trodes 741 and 742 that are formed on the two surfaces
of polymer.

[0302] AsshowninFIG.16,twoshape-changinglayers
720 are installed on right and left sides of backing material
730 and fixed base 790.

[0303] In a state where a voltage, which serves as an
electrical signal to apply to electrodes 741 and 742 of
shape-changing layer 720, is not applied, the layer has
a shape having no deformation with an even thickness,
as shown in FIG.16A (in FIG.314, uniform length relative
to transmitting and receiving directions of ultrasonic
waves), and upon application of an electrical signal to
ultrasonicresonator 710 in this state, ultrasonic resonator
710 oscillates to generate ultrasonic waves, and ultra-
sonic beam 751 is linearly transmitted to the substrate
side. In a state shown in FIG.16A, a voltage serving as
an electrical signal is applied to electrodes 741 and 742
of shape-changing layer 720. Thus, in the case when,
for example, an ionic polymer metal composite is used,
shape-changing layer 720 has such a function for allow-
ing ion movements to occur so that shape-changing layer
720 is deformed. By utilizing this function, as shown in
FIGS.16B and 16C, by applying different voltages to right
and left shape-changing layers 720, deformations are
caused with different thicknesses so that ultrasonic trans-
ducer 700 of ultrasonic resonator 710 and backing ma-
terial 730 can be tilted. Thus, the direction of the surface
of ultrasonic resonator 710 formed on the front face of
backing material 730 can be tilted. In this case, fixed base
790 is secured so as not to be moved.

[0304] More specifically, in FIG.16, two shape-chang-
ing layers 720 are installed on the right and left sides of
backing material 730. By individually adjusting voltages
to apply to these two shape-changing layers 720, the
amount of deformation can be adjusted. Ultrasonic trans-
ducer 700 constituted by ultrasonic resonator 710 and
backing material 730 is driven to be tilted as shown in
FIGS.16A to 16B and 16C. As shown in FIG.16, the di-
rection of each of ultrasonic beams 751, 752 and 753
from ultrasonic resonator 710 can be variably changed
S0 as to carry out a scanning process.

[0305] The voltage to apply to shape-changing layer
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720 and the amount of deformation are virtually directly
proportional to each other so that as the applied voltage
becomes higher, the amount of deformation becomes
greater. Thus, by adjusting the value of the applied volt-
age, the amount of deformation of shape-changing layer
720 can be adjusted.

[0306] As described above, in the present embodi-
ment, by variably changing the voltage to apply to shape-
changing layer 720, the shape of shape-changing layer
can be changed. Since the direction of ultrasonic trans-
ducer 700 relative to the subject is changed, the direction
of the ultrasonic beam can be variably changed with a
desired angle so as to carry out a scanning process so
that a two-dimensional ultrasonic image can be obtained.
[0307] Moreover, since a mechanical scanning proc-
ess as in the case of a conventional system is not re-
quired, no motor is required so that it is possible to obtain
an ultrasonic image by using a system with a small size
and light weight having superior operability.

[0308] Furthermore, in the present embodiment, by
changing a pattern structure of electrodes 742, shape-
changing layer 720 can be changed not only in one-di-
mensional direction, but also in two-dimensional direc-
tions. In the same manner, by providing a structure in
which an ultrasonic beam is used for a three-dimensional
scanning process, it is possible to easily achieve a three-
dimensional ultrasonic image.

[0309] In the present embodiment, since shape-
changing layer 720 is variably changed electrically, a var-
iably-changing time can be made faster in comparison
with that of a mechanical system so that an ultrasonic
image can be obtained in real time.

[0310] Additionally, shape-changing layer 720 of FIG.
16 is designed to have a structure in which the inside and
outside of FIG.16 are provided with electrodes having
the same functions; however, the setting method for elec-
trodes is not limited by this. Moreover, electrodes may
be formed not on the surface in a longitudinal direction
of shape-changing layer 720, but on the surface on the
backing material 730 side and the surface on the fixed
base 790 side.

[0311] Moreover, in the case when electrodes are
formed on the surface in the longitudinal direction of
shape-changing layer 720, a reinforcing member that al-
lows the deformation in the longitudinal direction to be
preferentially carried out, with the deformation in direc-
tions toward the gap between the electrodes being lim-
ited, may be installed.

[0312] Furthermore, it is not necessary to form elec-
trodes on a conductive polymer serving as a material for
shape-changing layer 720, and when a voltage is applied
across electric terminals in a structure in which the elec-
tric terminals are drawn from the conductive polymer, it
is possible to initiate the deformation.

[0313] Inthe presentembodiment, the explanation has
been given by exemplifying a structure in which ultrasonic
resonator 710 is a single unit; however, in addition to this,
even in the case of a so-called one-dimensional, or two-
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dimensional array-type structure with a plurality of ultra-
sonic resonators 710 arranged, or a so-called annular
array-type structure in which ultrasonic resonators are
arranged in a ring shape, the same effects can be ob-
tained.

[0314] Moreover, in the present embodiment, the ex-
planation has been given by exemplifying a structure in
which two shape-changing layers are formed on the fixed
base and one portion of the side face of the backing ma-
terial; however, even in the case of a structure in which
one or three or more shape-changing layers are formed
between the backing material and the fixed base, the
same effects can be obtained.

[0315] Moreover, in the present embodiment, the ex-
planation has been given by exemplifying a structure in
which a plurality of shape-changing layers are formed on
the fixed base and one portion of the side face of the
backing material, with a space being formed between the
fixed base and the backing material; however, in addition
to this, even in the case of a structure in which a shape-
changing layer is directly formed between the fixed base
and the backing material, the same effects can be ob-
tained.

(Embodiment 14)

[0316] FIG.17 is a partial schematic cross-sectional
view showing an ultrasonic probe in accordance with em-
bodiment 14 of the present invention. Those components
that are the same as those of FIG.16 are indicated by
the same reference numerals, and overlapping explana-
tions will not be repeated here.

[0317] As shown in FIG.17, ultrasonic transducer 700
of ultrasonic probe 900 is provided with ultrasonic reso-
nator 710 that is made of a material such as a piezoe-
lectric ceramic material of PZT based material, a piezo-
electric single crystal such as PZN-PT or PMN-PT-based
crystal, or a composite piezoelectric material that is a
composite material between the above-mentioned ma-
terialand a polymer. Moreover, ultrasonic transducer 700
is provided with shape-changing layer 720 that is dis-
posed on the backface (left side of FIG.17) that is the
side opposite to the subject side (right side of FIG.17) in
association with ultrasonic resonator 710, and has a func-
tion for variably changing the direction of ultrasonic res-
onator 710, and backing material 730 that is disposed on
the backface of shape-changing layer 720, holds ultra-
sonic resonator 710 and shape-changing layer 720, and
has a function for, if necessary, attenuating unnecessary
ultrasonic wave signals.

[0318] Moreover, if necessary, one or more acoustic
matching layers and an acoustic lens (not shown) may
be formed on the surface on the subject side of ultrasonic
resonator 710. Electrodes 741 and 742 are provided on
the upper and lower surfaces of shape-changing layer
720. These components other than shape-changing lay-
er 720 have the same functions as those explained in
the prior art.
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[0319] The structure and functions of ultrasonic trans-
ducer 700 are the same as those explained in embodi-
ments 12 and 13.

[0320] As shownin FIG.17, ultrasonic transducer 700
is enclosed in a case 610, and has a structure in which
an ultrasonic wave propagating medium 620 such as a
liquid is filled between case 610 and ultrasonic transduc-
er 700. Case 610 is directly or indirectly made in contact
with a subject. Ultrasonic waves, generated from ultra-
sonic resonator 710, are propagated through shape-
changing layer 720, ultrasonic propagating medium 620
and case 610 to be transmitted to the subject, and ultra-
sonic waves reflected from the subject are again trans-
mitted through a passage reversed to that of transmis-
sion, and received by ultrasonic resonators 710.

[0321] As case 610, a material having an acoustic im-
pedance close to that of the subject, for example, poly-
ethylene, polymethylpentene, or the like, is used. As ul-
trasonic wave propagating medium 620, a material hav-
ing an acoustic impedance close to that of the subject,
for example, 1, 3-butanediol or oil-based liquid, is used
in the same manner as in the case of case 610.

[0322] Ultrasonic transducer 700 is enclosed in case
610; therefore, even upon applying a voltage to shape-
changing layer 720 so as to change the shape of shape-
changing layer 720, it is possible to prevent the deforma-
tion of shape-changing layer 720 from being disturbed,
which is different from an arrangement in which shape-
changing layer 720 is directly made in contact with the
subject, and used. Thus, since the deformation of shape-
changing layer 720 is not disturbed, it becomes possible
to carry out a variable scanning process at high speeds.
FIG.17 shows ultrasonic beams 751, 752 and 753 that
are used for variable scanning processes at high speeds.
[0323] Moreover, ultrasonic transducer 700 may be
applied to ultrasonic probe 900 in which itis mechanically
rotated, reciprocally moved, or rocked so as to carry out
a scanning process. In addition to ultrasonic transducer
700, that having the structure of embodiment 13 may be
used.

[0324] Additionally, inthe presentembodiment, the ex-
planation has been given by exemplifying a structure in
which ultrasonic resonator 710 is a single unit; however,
another structure may be proposed in which shape-
changing layer 720 is formed in a structure in which ul-
trasonic resonators 710 are arranged one-dimensionally,
or two-dimensionally, and the same effects can be ob-
tained.

[0325] Moreover, in the present embodiment, the ex-
planation has been given by exemplifying a structure in
which ultrasonic resonator 710 is formed on the surface
of shape-changing layer 720 on the subject side in a flat
shape with an even thickness; however, in addition to
this, even in the case of ultrasonic resonator 710 with an
uneven thickness, or even in the case when it is formed
on shape-changing layer 720 on the subject side, with a
convex surface shape or a concave surface shape, the
same effects can be obtained.
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[0326] Although the above descriptions illustrate the
present invention, they are exemplary only, and the
scope ofthe presentinventionis notintended to be limited
by these.

[0327] In the respective embodiments, the terms, the
ultrasonic transducer and the ultrasonic probe, have
been used; however, these are used only for conven-
ience of explanation, terms, such as transducer, ultra-
sonic beam device, and the like, may be used.

[0328] Thedisclosures of Japanese Patent Application
No. 2009-051314, filed on March 4, 2009, Japanese Pat-
ent Application No. 2009-051315, filed on March 4, 2009,
and Japanese Patent Application No. 2009-054551, filed
on March 9, 2009, including the specifications, drawings
and abstracts, are incorporated herein by reference in
their entirety.

Industrial Applicability

[0329] The ultrasonic transducer, ultrasonic probe and
ultrasonic diagnostic apparatus in accordance with the
present invention are applicable to various medical fields
that carry out an ultrasonic diagnosis of a subject, such
as a human body and the like, and industrial fields for
the purposes of searching for internal damages or the
like of a material and a structure.

Reference Signs List
[0330]

100, 200, 300, 400, 500, 700, 700a, 700b, 700c,
700d, 700e Ultrasonic transducer

110, 410, 710 Ultrasonic resonator

120, 420, 720 Shape-changing layer

130, 430, 730 Backing material

140, 440, 740 Variable power supply

141,142,411 t0 414,441,510, 511 to 513, 741, 742
Electrode

160, 760 Signal electric terminal

170, 770 Acoustic matching layer

180, 780 Acoustic lens

600, 800, 820, 900 Ultrasonic probe

610 Case

620 Ultrasonic propagating medium

790 Fixed base

Claims
1. An ultrasonic transducer comprising:

an ultrasonic resonator which transmits and re-
ceives ultrasonic waves;

a shape-changing layer, which is disposed on a
subject side of the ultrasonic resonator, and a
shape of which changes upon receipt of an elec-
trical signal;
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a control section which controls the electrical
signal to apply to the shape-changing layer,
wherein the control section changes the shape
of the shape-changing layer by controlling the
electrical signal to apply to the shape-changing
layer so that the direction of ultrasonic waves is
variably changed.

2. The ultrasonic transducer according to claim 1, fur-

ther comprising:

an ultrasonic resonator array in which a plurality
of ultrasonic resonators which transmit and re-
ceive ultrasonic waves are arranged;

a shape-changing layer which is disposed on a
subject side of the ultrasonic resonator and a
shape of which changes upon receipt of an elec-
trical signal; and

a control section which controls the electrical
signal to apply to the shape-changing layer,
wherein the control section changes the shape
of the shape-changing layer in a direction or-
thogonal to the array of the ultrasonic resonators
by controlling the electrical signal to apply to the
shape-changing layer so that the direction of ul-
trasonic waves is variably changed.

The ultrasonic transducer according to claim 1,
wherein the ultrasonic waves are variably changed
by focusing or diffusing ultrasonic waves or an ultra-
sonic beam.

The ultrasonic transducer according to claim 1,
wherein the shape-changing layer has an acoustic
velocity having a value that is different from an
acoustic velocity of the subject.

The ultrasonic transducer according to claim 4, fur-
ther comprising an acoustic lens which is installed
on a subject side of the shape-changing layer and
which focuses ultrasonic waves, wherein a lens
shape of the acoustic lens changes in association
with a change in the shape-changing layer so that
the ultrasonic waves are variably focused or diffused.

The ultrasonic transducer according to claim 4,
wherein the shape-changing layer has a surface on
the subject side that is formed into a curved surface
shape.

The ultrasonic transducer according to claim 1, fur-
ther comprising an acoustic lens which is installed
on the subject side of the shape-changing layer and
which focuses an ultrasonic beam at a desired depth.

The ultrasonic transducer according to claim 1,
wherein the control section comprises:
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12,

13.
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a first electrode disposed on the ultrasonic res-
onator side of the shape-changing layer;

a second electrode disposed on the subject side
of the shape-changing layer; and

avariable power supply that adjusts an electrical
signal to be applied between the first electrode
and the second electrode.

The ultrasonic transducer according to claim 8,
wherein:

the second electrode includes a plurality of elec-
trodes; and

the variable power supply adjusts an electrical
signal to be applied between the first electrode
and the plural electrodes.

The ultrasonic transducer according to claim 1,
wherein the shape-changing layer comprises a ma-
terial, a conductive polymer, an ionic polymer metal
composite and a dielectric elastomer, a shape of
which changes upon application of a voltage.

An ultrasonic transducer comprising:

an ultrasonic resonator array in which ultrasonic
resonators for transmitting and receiving ultra-
sonic waves are arranged one-dimensionally;
a shape-changing layer which is disposed on a
subject side of the ultrasonic resonator and a
shape of which changes upon receipt of an elec-
trical signal; and

a control section which controls the electrical
signal to apply to the shape-changing layer,
wherein the control section controls the electri-
cal signal to apply to the shape-changing layer
in cooperation with a focus of ultrasonic waves
in an aligning direction of the ultrasonic resona-
tors, and also changes the shape of the shape-
changing layer in a direction orthogonal to the
aligning direction of the ultrasonic resonators so
that the ultrasonic waves are variably focused
or diffused.

An ultrasonic transducer comprising:

an ultrasonic resonator which transmits and re-
ceives ultrasonic waves; and

a shape-changing layer which is disposed on a
side opposite to a subject side of the ultrasonic
resonator and a shape of which changes by an
electrical signal, wherein the direction of an ul-
trasonic beam is variably changed by changing
the shape of the shape-changing layer by con-
trolling the electrical signal.

The ultrasonic transducer according to claim 12, fur-
ther comprising:
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an ultrasonic resonator array in which ultrasonic
resonators for transmitting and receiving ultra-
sonic waves are arranged; and

a shape-changing layer which is disposed on a
side opposite to a subject side of the ultrasonic
resonator and a shape of which changes by an
electrical signal, wherein by controlling the elec-
trical signal in a direction orthogonal to an align-
ing direction of the ultrasonic resonator array,
the shape-changing layer is changed so that the
direction of an ultrasonic beam is variably
changed.

The ultrasonic transducer according to claim 11,
wherein a plurality of electrodes are placed one side
of the shape-changing layer a shape of which is
changed by an electrical signal so that, by variably
changing an electrical signal to apply to the plural
electrodes desirably, the shape of the shape-chang-
ing layer is changed desirably.

An ultrasonic probe comprising:

the ultrasonic transducer according to claim 12;
and

a shape-changing layer which is disposed on
one portion of the ultrasonic transducer and a
shape of which changes by an electrical signal,
wherein, by controlling the electrical signal, the
shape of the shape-changing layer is changed
s0 as to variably change the direction of the ul-
trasonic transducer so that the direction of an
ultrasonic beam is variably changed.

An ultrasonic probe comprising:

the ultrasonic transducer according to claim 12;
a case which encloses the transducer; and

an ultrasonic wave propagating medium which
is placed inside the case.

The ultrasonic probe according to claim 15, wherein
the shape-changing layer is made from a material,
selected from the group consisting of a conductive
polymer, an ionic polymer metal composite and a
dielectric elastomer and a shape of which changes
upon application of a voltage.

An ultrasonic diagnostic apparatus, which applies a
pulse voltage to an ultrasonic resonator so as to
transmit ultrasonic waves, and focuses or diffuses
received ultrasonic waves, and then converts the
waves into an electrical signal so that an ultrasonic
diagnostic process is carried out, the ultrasonic di-
agnostic apparatus comprising:

an ultrasonic resonator array in which ultrasonic
resonators which transmit and receive ultrason-
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ic waves are arranged,;

a shape-changing layer a shape of which chang-
es upon receipt of an electrical signal; and

a control section which controls the electrical
signal to apply to the shape-changing layer,
wherein the control section comprises an ultra-
sonic probe which controls the electrical signal
to apply to the shape-changing layer in cooper-
ation with a focus of ultrasonic waves in an align-
ing direction of the ultrasonic resonators, with
the shape of the shape-changing layer changing
in a direction orthogonal to the ultrasonic reso-
nator array, so that the ultrasonic waves are var-
iably changed in focus or diffusion.
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are not considered to be novel over the invention described in document
1, and they have no special technical feature.

As a result of the investigation of special technical features of
claims dependent on claim 1 at the time of issuance of an order for payment
of additional fees, five groups of inventions linked by the following
respective special technical features are considered to be contained.

Note that the inventions in claims 1, 2 which have no special technical
feature are classified as invention 1.

(Invention 1) The inventions in claims 1-3, 18

An ultrasonic transducer having a configuration “being provided with
an ultrasonic vibrator which transmits and receives ultrasonic waves,
a shape change layer which is providedon the subject side of theultrasonic
vibrator and the shape of which is changed upon receiving an electrical
signal, and a control means which controls the electrical signal to be
applied to the shape change layer, wherein the control means varies the
direction of the ultrasonic waves by changing the shape of the shape
change layer by controlling the electrical signal to be applied to the
shape change layer” (hereinafter referred to as feature A), and a
configuration being provided with “an ultrasonic vibrator array in which
a plurality of ultrasonic vibrators for transmitting and receiving
ultrasonic waves are arranged”, “wherein the shape of the shape change
layer is changed in the direction orthogonal to the ultrasonic vibrator
array”.

Note that since the inventions in claims 3, 18 are constituted by
the mere addition of well-known art to the invention in claim 1 and do
not provide a novel effect, they are classified as invention 1.

(Invention 2) The inventions in claims 4-6

An ultrasonic transducer comprising feature A and a configuration
that “the sonic speed of the shape change layer has a value different
from that of the sonic speed of the subject”.

(Invention 3) The invention in claim 7

An ultrasonic transducer comprising feature A and a configuration
“provided with an acoustic lens for converging an ultrasonic beam in
an arbitrary depth on the subject side of the shape change layer”.

(Invention 4) The inventions in claims 8, 9

An ultrasonic transducer comprising feature A and a configuration
that “the controlmeans isprovidedwitha firstelectrodewhichisdisposed
on the ultrasonic vibrator side of the shape change layer, a second
electrode which is disposed on the subject side of the shape change layer,
and a variable power source which adjusts the electrical signal to be
applied between the first electrode and the second electrode”.

(Invention 5) The invention in claim 10

An ultrasonic transducer comprising feature A and a configuration
that “the shape change layer is conductive polymeric, ion conductive
polymeric, and dielectric elastomeric materials, the shapes of which
are changed by applying voltage”.

The invention in claims 11 and the invention in claim 12, which are
independent claims, are not regarded as including all of the matter to
define the invention of the invention in claim 2, and thus each do not
have a technical relationship involving one or more of the same or
corresponding special technical features with the invention in claim
1. Therefore, they are not considered to be so linked as to form a single
general inventive concept.

(Invention 6) The inventions in claims 11, 14

(Invention 7) The inventions in claims 12, 13, 15-17
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