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ULTRASONIC PROBE AND PROBE HEAD
FOR ULTRASONIC PROBE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a Continuation Application of
No. PCT/TP2019/005698, filed on Feb. 15, 2019, and the
PCT application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2018-025044,
filed on Feb. 15, 2018, the entire contents of which are
incorporated herein by reference.

FIELD

[0002] An embodiment as an aspect of the present inven-
tion relates to an ultrasonic probe and a probe head for an
ultrasonic probe.

BACKGROUND

[0003] Generally, when an ultrasonic scan is performed
while an ultrasonic probe for transmitting and receiving
ultrasonic waves is in contact with a living body, an acoustic
coupling agent is applied to the contact surface of the
acoustic lens with the living body. This is to ensure that there
is no air layer between the acoustic lens placed at a tip of the
ultrasonic probe and the surface of the living body. The
acoustic coupling agent is also called an echo jelly.

[0004] When the ultrasonic probe is used by an operator
for a long time while being moved on the surface of the
living body, the amount of the echo jelly decreases from the
lens surface of the ultrasonic probe and the surface of the
living body, and consequently, an air layer intervenes
between the acoustic lens and the surface of the living body
in some cases. When an ultrasonic wave is transmitted to the
air portion, the ultrasonic wave is totally reflected at the air
portion without reaching the living body and the reflection
echo from the living body cannot be acquired. In this case,
there occurs a phenomenon in which positional information
corresponding to the air portion in the ultrasonic image
cannot be acquired and this portion is depicted as a decol-
orized black area in the ultrasound image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a longitudinal cross-sectional view illus-
trating a concept of a configuration of an ultrasonic probe
according to a present embodiment.

[0006] FIG. 2 is a longitudinal cross-sectional view illus-
trating a configuration of the ultrasonic probe according to
the present embodiment.

[0007] FIG. 3A is a schematic diagram illustrating a state
in which an echo jelly is applied to a surface of a living body
and the ultrasonic probe according to the present embodi-
ment is placed on the surface of the living body.

[0008] FIG. 3B is a schematic diagram illustrating a state
in which the ultrasonic probe according to the present
embodiment is moved on the surface of the living body.
[0009] FIG. 4 is a longitudinal cross-sectional view illus-
trating another configuration of the ultrasonic probe accord-
ing to the present embodiment.

[0010] FIG. 5A is a perspective view illustrating a com-
parative example of an acoustic lens.

[0011] FIG. 5B is a schematic diagram illustrating one
case of an ultrasonic image acquired as a result of using the
acoustic lens shown in FIG. 5A.
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DETAILED DESCRIPTION

[0012] An ultrasonic probe and a probe head for an
ultrasonic probe according to a present embodiment will be
described with reference to the accompanying drawings.
[0013] The ultrasonic probe according to a present
embodiment includes a piezoelectric vibrator and an acous-
tic lens. The piezoelectric vibrator is configured to transmit
and receive an ultrasonic wave. The acoustic lens is pro-
vided on an ultrasonic-wave transmission/reception side.
The acoustic lens is formed in such a manner that a surface
shape of each of end regions located on both sides of a
central region of a surface of the acoustic lens is formed to
have a curvature different from a curvature of a surface
shape of the central region of the surface of the acoustic lens.
[0014] FIG. 1 is a longitudinal cross-sectional view illus-
trating the concept of the configuration of the ultrasonic
probe according to a present embodiment.

[0015] FIG. 1 shows an ultrasonic probe P according to the
present embodiment. The ultrasonic probe P includes a
probe head P1 (a hatched region of FIG. 1) for the ultrasonic
probe P including a unit such as an acoustic lens L, and a
probe body P2 (the remaining region of the ultrasonic probe
P excluding the hatched region). The probe head P1 is not
limited to the hatched region. The probe head P1 may be
provided with other members such as a piezoelectric vibra-
tor 11, an acoustic matching layer 13 and a backing material
14 which will be described later in addition to the acoustic
lens L, but the illustration thereof is omitted for convenience
of explanation. FIG. 1 shows a longitudinal cross-section
formed by a lens direction of the ultrasonic probe P and a
transmitting and receiving (T/R) direction of ultrasonic
waves. The lens direction is also called an elevation direc-
tion, and the T/R direction is also called a depth direction.
[0016] The acoustic lens L of the probe head P1 is
provided on the transmission/reception side of the ultrasonic
wave. In the surface of the acoustic lens L (i.e., the surface
to be brought into contact with the surface of the living
body), each of the two end regions positioned on both sides
of the central region is formed into a surface shape that has
a curvature different from the curvature of the surface shape
of the central region. For instance, when the acoustic lens L
is divided into the central region and the end regions in the
lens direction, the portion located as a surface portion of the
end region between the changing points Q1 and Q3 has a
shape with a certain curvature. The surface shape between
the changing points Q1 and Q3 of one end region is formed
into a shape with a curvature that is different from the
curvature of the surface shape of the central region between
the changing points Q1 and Q2. The surface shape between
the changing points Q2 and Q4 in the opposite end region is
similar to the surface shape between the changing points Q1
and Q3 in the one end region.

[0017] Inthe present specification, the surface shape of the
central region is not limited to the case of a circular arc. The
surface shape of the central region includes the case where
the surface shape is flat, that is, the case where the curvature
is infinite.

[0018] Inview of providing a stepped portion for retaining
the echo jelly, it is preferable that a part of the surface of
each end region is formed into a shape having a curvature
smaller than the curvature of the surface shape of the central
region. However, this is not an indispensable condition. In
other words, the portion between the changing points Q3 and
Q1 (the same applies between the changing points Q4 and
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Q2) of the surface of the end region preferably has a
curvature smaller than the curvature between the changing
points Q1 and Q2. In this case, the portion of the end region
is formed to be continuous to the surface of the central
region (between the end regions) via the changing points Q1
and Q2.

[0019] Inview of providing the stepped portion for retain-
ing the echo jelly, this portion of each end region preferably
has an inflection point on the other side with respect to the
side that is continuous to the surface of the central region, in
the longitudinal cross-section. However, this is not an indis-
pensable condition. That is, it is preferable that the changing
points Q3 and Q4 are inflection points. The inflection point
means a point where the bending direction changes.

[0020] Since the acoustic lens L has the above-described
configuration, the echo jelly can be stably supplied between
the surface of the living body and the probe surface for
transmitting/receiving ultrasonic waves when an operator
moves the ultrasonic probe P in the lens direction. According
to the above-described configuration, it is possible to reduce
generation of a decolorized black area due to the interven-
tion of air, in an ultrasonic image as described below.

[0021] Although a description has been given of the case
where the ultrasonic probe P is divided into the central
region and the end regions in the lens direction in FIG. 1, it
is not limited to such a case. For instance, the ultrasonic
probe P may be divided into the central region and the end
regions in the array direction. In this case, when an operator
moves the ultrasonic probe P in the array direction, the echo
jelly can be stably supplied between the surface of the living
body and the probe surface for transmitting/receiving ultra-
sonic waves. The array direction is also called an azimuth
direction.

[0022] For instance, the ultrasonic probe P may be divided
into the central region and the end regions in the lens
direction and in the array direction. In this case, when an
operator moves the ultrasonic probe P in the lens direction
or in the array direction, echo jelly can be stably supplied
between the surface of the living body and the probe surface
for transmitting/receiving ultrasonic waves. Unless other-
wise specifically noted, hereinafter, a description will be
given of the case where the ultrasonic probe P is divided into
the central region and the end regions in the lens direction.

[0023] Hereinafter, as one aspect of the ultrasonic probe P,
a description will be given of an ultrasonic probe 10 in
which only the central region serves as an acoustically
effective portion. However, the ultrasonic probe P is not
limited to the case of such an ultrasonic probe 10. For
instance, the entirety of the acoustically effective portion and
a part inside each acoustically ineffective portion may be
configured as the central region while only a part of the
outside of each acoustically ineffective portion is being
configured as each end region. Additionally or alternatively,
only a part of the center of the acoustically effective portion
may be configured as the central region. It should be noted
that the acoustically effective portion means a portion that is
a part of the center in the acoustic lens L region and that
corresponds to the path of the ultrasonic wave transmitted
and received by the piezoelectric vibrator. The acoustically
ineffective portion means a region that includes a part of the
outside of the acoustic lens L region and does not collide
with the path of the ultrasonic wave transmitted and received
by the piezoelectric vibrator.
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[0024] Next, a description will be given of the case where
the ultrasonic probe P is the ultrasonic probe 10 by referring
to FIGS. 2 to 5B.

[0025] FIG. 2 is a longitudinal cross-sectional view illus-
trating a configuration of the ultrasonic probe according to
the present embodiment.

[0026] FIG. 2 illustrates the ultrasonic probe 10 according
to the present embodiment. The ultrasonic probe 10 includes
at least piezoelectric vibrators 11, an acoustic lens 12
(convex portion) as an example of the acoustic lens L, an
acoustic matching layer 13, and a backing material 14. The
piezoelectric vibrators 11, the acoustic lens 12, the acoustic
matching layer 13 and the backing material 14 may be
included in the probe head P1 shown in FIG. 1 or in the
probe body P2 shown in FIG. 1. The ultrasonic probe 10
may include other components, and illustration of the other
components is omitted for avoiding complication of the
description. FIG. 2 shows a longitudinal cross-section
formed by the T/R direction and the lens direction (i.e.,
elevation direction) of the ultrasonic probe 10.

[0027] The ultrasonic probe 10 can be classified into
various types such as a linear type, a convex type, and a
sector type depending on difference in scanning method. In
addition, the ultrasonic probe 10 includes various probe
classified by difference in array arrangement dimension such
as a one-dimensional (1D) array probe and a two-dimen-
sional (2D) array probe. In the 1D array probe, plural
piezoelectric vibrators are one-dimensionally arranged in
the array direction, i.e., in the azimuth direction that is
orthogonal to the lens direction. In the 2D array probe, plural
piezoelectric vibrators are two-dimensionally arrayed in the
array direction and in the lens direction. Furthermore, as
another configuration example, the ultrasonic probe 10 has
a mechanism for mechanically swinging one element or 1D
array probe in the elevation direction, and configured to
acquire a three-dimensional image (also called as a
“mechanical 4D probe”). The 1D array probe also includes
an ultrasonic probe in which a small number of piezoelectric
vibrators are arrayed in the lens direction. Although the 1D
array probe will be described as one aspect of the ultrasonic
probe 10 in the following description, embodiments of the
present invention are not limited to such an aspect.

[0028] Each piezoelectric vibrator 11 is an ultrasonic
transducer that transmits the generated ultrasonic waves to
the outside and receives the ultrasonic waves from the
outside. Each piezoelectric vibrator 11 includes a piezoelec-
tric body 15, a front-surface electrode 16a, and a back-
surface electrode 16b.

[0029] The front-surface electrode 164 is disposed on the
lens-side surface of the piezoelectric body 15 and the
back-surface electrode 165 is disposed on the opposite
surface such that the piezoelectric body 15 is sandwiched
between the two electrodes 16a and 165.

[0030] Each piezoelectric vibrator 11 transmits and
receives an ultrasonic wave at the portion where the two
electrodes, i.e., the front-surface electrode 16a and the
back-surface electrode 165 face each other. Specifically, out
of the surfaces of the front-surface electrode 164, the surface
facing the back-surface electrode 165 is hereinafter referred
to as a transmission/reception surface. An ultrasonic wave
generated in the piezoelectric body 15 is radiated from the
transmission/reception surface. Upon receiving an ultra-
sonic wave from the outside of the probe, the ultrasonic
wave is received on the transmission/reception surface.
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[0031] The acoustic lens 12 is a lens that converges
ultrasonic waves transmitted and received by each piezo-
electric vibrator 11. The acoustic lens 12 serves as a contact
surface with the living body during ultrasonic scanning.
[0032] The surface of the ultrasonic probe 10 is divided
into an acoustically effective portion and two acoustically
ineffective portions depending on the transmission/reception
region of the ultrasonic wave in each piezoelectric vibrator
11. The acoustically effective portion is a region for trans-
mitting and receiving ultrasonic waves, and the acoustically
ineffective portions are respective regions that are positioned
on both sides of the acoustically effective portion and do not
transmit or receive ultrasonic waves. That is, the acousti-
cally effective portion and the acoustically ineffective por-
tions are determined by the transmission/reception region of
the ultrasonic wave in each piezoelectric vibrator 11.
[0033] As shown in FIG. 2, the width of the acoustically
effective portion of the acoustic lens 12 may be the same as
the width of the transmission/reception surface of the front-
surface electrode 16a. Additionally or alternatively, the
width of the acoustically effective portion of the acoustic
lens 12 may be wider than the width of the transmission/
reception surface of the front-surface electrode 16a. Each
acoustically ineffective portion is a region outside the end of
the acoustic effective portion.

[0034] The acoustically effective portion of the acoustic
lens 12 includes a convex surface having a curvature. The
acoustically ineffective portions are formed so as to be lower
than the lens front-end surface of the acoustic lens 12, i.e.,
the extended line of the convex surface, so that a stepped
portion is formed between the acoustically effective portion
and each acoustically ineffective portion. In FIG. 2, the
maximum height difference between the extended line of the
lens front-end surface and the surface of the shoulder portion
19 in each acoustically ineffective portion is defined as a
level difference “dmax”.

[0035] Each acoustically ineffective portion includes a
concave portion 18 having an arbitrary curvature at the
portion that is formed to be lower than the extended line of
the lens front-end surface (i.e., convex surface). That is, the
curvature of the surface of the ultrasonic probe 10 changes
from convex to concave in each acoustically ineffective
portion. In each acoustically ineffective portion, the flat
shoulder portion 19 is formed from the concave portion 18
to the lens end.

[0036] Since the stepped portion is provided between the
surface of each acoustically ineffective portion and the
surface of the acoustically effective portion, a certain space
is generated between the extended line of the lens front-end
surface and the lens surface in the surface of each acousti-
cally ineffective portion. This space serves as the region for
retaining echo jelly when the echo jelly is applied to the
surface of the living body and then ultrasonic scanning is
performed while moving the ultrasonic probe 10 on the
surface of the living body. Fach region for retaining the echo
jelly can be made larger by forming the concave portion 18
in each acoustically ineffective portion.

[0037] Ineach acoustically ineffective portion, the stepped
portion formed to be lower than the extended line of the lens
front-end surface may be formed in the lens direction as in
the embodiment shown in FIG. 2 or may be formed in the
array direction. In each acoustically ineffective portion, the
stepped portion may be formed in both of the array direction
and the lens direction.
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[0038] For instance, silicone rubber, polymethylpentene,
or butadiene rubber may be used for the material of the
acoustically effective portion and the acoustically ineffective
portions.

[0039] The acoustic matching layer 13 is provided
between each piezoelectric vibrator 11 and the acoustic lens
12 and is made of a substance having an intermediate
acoustic impedance between each piezoelectric vibrator 11
and the living body. Since the difference in acoustic imped-
ance between each piezoelectric vibrator 11 and the living
body becomes smaller by providing the acoustic matching
layer 13, ultrasonic waves can be efficiently transmitted to
the living body.

[0040] The backing material 14 is a member provided on
the back surface of each piezoelectric vibrator 11 for sup-
pressing vibration. Since the sound in the direction opposite
to the radiation direction of the ultrasonic wave is absorbed
by providing the backing material 14 and thereby extra
vibration is suppressed, the pulse width of the ultrasonic
wave can be reduced.

[0041] Next, a description will be given of the decolorized
black area in an ultrasonic image by referring to FIGS. 5A
and 5B.

[0042] FIG. 5A is a perspective view illustrating a com-
parative example of an acoustic lens. In FIG. 5A, the
structure of the other probe components such as piezoelec-
tric vibrators is omitted.

[0043] FIG. 5A shows an acoustic lens 50 according to the
comparative example. In the acoustic lens 50, a convex
portion having a curvature is formed in the lens direction.
Both sides of the acoustic lens 50 are flatly formed from
each end of the convex surface to the lens end. The respec-
tive positions A and B on the convex surface of the lens
indicate the transmission positions of the ultrasonic wave.

[0044] When an operator applies echo jelly to the living
body and then performs ultrasonic scanning while moving
the ultrasonic probe by using this acoustic lens 50 as a
contact surface, the echo jelly on the surface of the living
body is directly supplied to the convex surface of the lens for
transmitting/receiving ultrasonic waves. When the ultra-
sonic scanning is performed by using the acoustic lens 50 of
such a configuration for a long time and the amount of the
echo jelly on the surface of the living body is reduced, there
is a possibility that an air layer intervenes around the convex
surface of the lens. In addition, air bubbles are mixed in the
echo jelly in some cases, and thus the echo jelly containing
air bubbles is supplied around the convex surface of the lens
in some cases.

[0045] When an air layer intervenes between the ultra-
sonic probe and the surface of the living body, an ultrasonic
wave transmitted from the convex surface of the lens is
strongly reflected at the air portion, and consequently, the
ultrasonic wave does not reach the surface of the living body
and a reflected echo cannot be received.

[0046] FIG. 5B is a schematic diagram illustrating one
case of an ultrasonic image acquired as a result of using the
acoustic lens 50 shown in FIG. 5A. The horizontal axis
indicates the transmission position of the ultrasonic wave,
and the vertical axis indicates the depth from the surface of
the living body.

[0047] As shown in FIG. 5B, when the ultrasonic wave
transmitted from the convex surface of the acoustic lens 50
is reflected by the air layer, the reflected echo cannot be
received and the ultrasonic image includes the above-de-
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scribed black area. In the ultrasonic image shown in FIG.
5B, it is shown that the ultrasonic waves transmitted from
the respective transmission positions A and B are reflected
by the air layer and are depicted as the black areas. The
longer the time of performing the ultrasonic scanning
becomes, the higher the probability of the generation of the
black area in the ultrasonic image becomes.

[0048] Next, the operation of the ultrasonic probe 10
according to the embodiment will be described in detail.
[0049] FIG. 3A is a schematic diagram illustrating a state
in which an echo jelly is applied to the surface of the living
body and the ultrasonic probe 10 is placed on the surface of
the living body.

[0050] The stepped portion provided in each acoustically
ineffective portion (i.e., fixed space between the extended
line of the lens front-end surface and the lens surface of each
acoustically ineffective portion) serves as a region for retain-
ing the echo jelly. Further, since the concave portion is
provided in each acoustically ineffective portion, more echo
jelly is retained in each acoustically ineffective portion.
[0051] FIG. 3B is a schematic diagram illustrating a state
in which the ultrasonic probe 10 is moved on the surface of
the living body.

[0052] The echo jelly retained in the stepped portion
provided in each acoustically ineffective portion of the
acoustic lens 12 is supplied to the lens front-end surface of
the acoustically effective portion according to the movement
of the ultrasonic probe 10.

[0053] Since the concave portion is provided in each
acoustically ineffective portion, more echo jelly is retained.
Thus, even when air bubbles are contained in the echo jelly,
the air bubbles in the echo jelly remain in the stepped portion
of each acoustically ineffective portion, and thereby the air
bubbles are suppressed or prevented from moving to the lens
front-end surface of the acoustically effective portion.
[0054] As described above, the stepped portion for retain-
ing the echo jelly is provided in each acoustically ineffective
portion, and thereby the echo jelly is supplied to the lens
front-end surface of the acoustically effective portion
through the stepped portion. Accordingly, even when ultra-
sonic scanning is performed for a long time and the amount
of the echo jelly on the surface of the living body is reduced,
the echo jelly can be stably supplied between the lens
front-end surface of the ultrasonic probe 10 and the surface
of the living body. As a result, intervening of an air layer on
the lens surface is suppressed, so that generation of the black
area in the ultrasonic image can be reduced and diagnostic
accuracy can be improved.

[0055] 1In the case of the ultrasonic probe in which the
acoustic lens 50 of the comparative example shown in FIG.
5A is used, in order to prevent generation of the black area
in the ultrasonic image, the operator is required to add the
echo jelly on the surface of the living body each time the
amount of the echo jelly is reduced. However, according to
the ultrasonic probe 10, the stepped portion for retaining the
echo jelly is provided in each acoustically ineffective por-
tion, and thus it is possible to continue the ultrasonic scan
and to reduce the burden on the operator.

[0056] In the ultrasonic probe 10, the maximum value
dmax (shown in FIG. 2) and/or the level difference “d”
(shown in FIG. 4) of the stepped portion of each acoustically
ineffective portion is desirably 0.2 mm or more. The mag-
nitude of the level difference of each acoustically ineffective
portion shown in FIG. 2 varies according to the lens direc-
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tion. The optimum value of the maximum value dmax of the
stepped portion of each acoustically ineffective portion
varies depending on the design parameters such as the width
of the entire ultrasonic probe 10 in the lens direction.
Although the maximum value dmax of the stepped portion
of each acoustically ineffective portion will be described
below, the same applies to the level difference “d” of the
acoustically ineffective portion.

[0057] In view of enlarging the region for retaining the
echo jelly in each acoustically ineffective portion, the probe
is preferably formed such that the maximum value dmax of
the stepped portion becomes larger. However, when the
maximum value dmax of the stepped portion is made larger,
each acoustically effective portion is required to be formed
more thickly by the increment of the maximum value dmax,
which may affect the characteristics of the ultrasonic wave
to be transmitted.

[0058] Additionally, depending on the frequency of ultra-
sonic waves to be transmitted and received, the optimum
effective thickness of the acoustic effective portion varies.
For instance, in the case of a small frequency such as several
hundred kHz, the influence of the attenuation at the acous-
tically effective portion is small, and thus the maximum
value dmax of each stepped portion can be set to a large
value (e.g.. the maximum value dmax of the stepped portion
can be 0.7 mm or more). Contrastively, in the case of a large
frequency such as several MHz, the maximum value dmax
of each stepped portion is required to be set as a small value
(e.g., dmax is 0.2 to 0.7 mm) in consideration of the
attenuation of the ultrasonic wave in the acoustically effec-
tive portion. Thus, the maximum value dmax of the stepped
portion in each acoustically ineffective portion is set to an
optimum value in consideration of, e.g., characteristics of
the ultrasonic wave.

[0059] As a material of the acoustically effective portion
and the acoustically ineffective portions, it is possible to use
a hydrophobic material, e.g., a material that has a contact
angle with respect to water of 60° or more. When a hydro-
phobic material is used, a phenomenon of repelling the echo
jelly on the surface of the acoustically effective portion and
the acoustically ineffective portions occurs, and there is a
possibility that the time until disappearance of the echo jelly
is shortened. When the maximum value dmax of the stepped
portion in the surface of each acoustically ineffective portion
is set in the same manner as the present embodiment, the
echo jelly can be stably supplied to the lens front-end surface
that is the acoustically effective portion, and thus a hydro-
phobic material can be used as the acoustically effective
portion and the acoustically ineffective portions.

[0060] FIG. 4 is a longitudinal cross-sectional view illus-
trating another configuration of the ultrasonic probe 10
according to the embodiment. In FIG. 4, the same compo-
nents as those shown in FIG. 2 are denoted by the same
reference signs, and duplicate description is omitted.

[0061] In the acoustic lens 12 shown in FIG. 2, the lens
front-end surface of the acoustically effective portion is
formed as a convex surface having a curvature. In the
configuration, the lens front-end surface of the acoustically
effective portion of the acoustic lens 12 is formed to have a
flat portion that is substantially parallel to the ultrasonic-
wave transmission/reception surface of each piezoelectric
vibrator 11.
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[0062] An outer surface of each acoustically ineffective
portion is formed to have the shoulder portion 19 that is
formed to be parallel to the flat portion of the acoustically
effective portion.
[0063] Depending on conditions such as the size of the
ultrasonic probe 10 and the inspection target part, the shape
of the lens is changed. For instance, a lens in which the lens
front-end surface has a curvature and another lens in which
the lens front-end surface is flat may be used. Even when the
lens front-end surface is flat, echo jelly can be stably
supplied to the lens front-end surface of the acoustically
effective portion by providing the step portion for retaining
the echo jelly in each acoustically ineffective portion. Thus,
even in such a case, intervening of an air layer on the lens
surface is suppressed, and consequently, it is possible to
reduce generation of the black area in the ultrasonic image.
[0064] According to at least one of the embodiments
described above, it is possible to stably supply an echo jelly
between an acoustic lens which transmits and receives the
ultrasonic waves and the surface of the living body. As a
result, it is possible to reduce the occurrence of the decol-
orized black area on the ultrasonic image due to the presence
of air. While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel methods and systems described
herein may be embodied in a variety of other forms; fur-
thermore, various omissions, substitutions and changes in
the form of the methods and systems described herein may
be made without departing from the spirit of the inventions.
The accompanying claims and their equivalents are intended
to cover such forms or modifications as would fall within the
scope and spirit of the inventions.
What is claimed is:
1. An ultrasonic probe comprising:
a piezoelectric vibrator configured to transmit and receive
an ultrasonic wave;
an acoustic lens provided on an ultrasonic-wave trans-
mission/reception side, wherein
the acoustic lens is formed in such a manner that a surface
shape of each of end regions located on both sides of a
central region of a surface of the acoustic lens is formed
to have a curvature different from a curvature of a
surface shape of the central region of the surface of the
acoustic lens.
2. The ultrasonic probe according to claim 1, wherein
the each of end regions is provided with a stepped portion
configured to retain an echo jelly.
3. The ultrasonic probe according to claim 1, wherein
apart of a surface of the each of end regions is formed into
a shape that has a curvature smaller than the curvature
of a surface shape of the central region, and
the part of a surface of the each of end regions is
configured to be continuous to a surface of the central
region.
4. The ultrasonic probe according to claim 3, wherein
the part of a surface of the each of end regions has an
inflection point on an opposite side with respect to a
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side, which is continuous to the surface of the central
region, in a longitudinal cross-section of the ultrasonic
probe.

5. The ultrasonic probe according to claim 1, wherein

the central region of the acoustic lens is configured as an
acoustically effective portion determined by a trans-
mission/reception region of the ultrasonic wave, and

the each of end regions of the acoustic lens is configured
as an acoustically ineffective portion determined by the
transmission/reception region.

6. The ultrasonic probe according to claim 5, wherein

the acoustically effective portion provides a convex por-
tion of the acoustic lens, and

each of the acoustically ineffective portions has a portion
that is formed to be lower toward the piezoelectric
vibrator than an extended line of a lens front-end
surface of the acoustic lens.

7. The ultrasonic probe according to claim 6, wherein

each of the acoustically ineffective portions includes a
concave portion that has an arbitrary curvature in a
portion formed to be lower than an extended line of the
lens front-end surface.

8. The ultrasonic probe according to claim 6, wherein

the acoustically effective portion has a flat portion that is
substantially parallel to a transmission/reception sur-
face of the ultrasonic wave, the surface being on the
piezoelectric vibrator, and

each of the acoustically ineffective portions has a portion
formed to be substantially parallel to the flat portion.

9. The ultrasonic probe according to claim 6, wherein

each of the acoustically ineffective portions has a portion
formed to be lower than an extended line of the lens
front-end surface by 0.2 mm or more.

10. The ultrasonic probe according to claim 6, wherein

the portion formed to lower than an extended line of the
lens front-end surface is provided along at least one of
a lens direction and an array direction.

11. The ultrasonic probe according to claim 1, wherein

a material of the central region and the end regions is any
one of polymethylpentene, silicone rubber, and buta-
diene rubber.

12. The ultrasonic probe according to claim 1, wherein

the central region and the end regions are formed of a
material that has a contact angle with respect to water
of 60° or more.

13. A probe head for an ultrasonic probe comprising:

an acoustic lens provided on an ultrasonic-wave trans-
mission/reception side, wherein

the acoustic lens is formed in such a manner that a surface
shape of each of end regions located on both sides of a
central region among surfaces of the acoustic lens is
formed to have a curvature different from a curvature of
a surface shape of the central region.

14. The probe head according to claim 13, further com-

prising:

a piezoelectric vibrator configured to transmit and receive

an ultrasonic wave.
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