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An array of a plurality of ultrasonic transducers having a
piezoelectric layer 2 and a couple of electrodes 7-1 and 7-2
sandwiching the piezoelectric layer therebetween is pro-
vided. The piezoelectric layer 2 has a first piezoelectric layer
2-1 provided on the ultrasonic-wave emission side, a second
piezoelectric layer 2-2 provided on the other side of the first
piezoelectric layer 2-1, and a common electrode 8 provided
therebetween. FHach of the ultrasonic transducers has a
low-frequency response distribution that is uniform in the
minor-axis direction perpendicular to a direction in which
the ultrasonic transducers are arranged and a high high-
frequency response distribution at a center part in the
minor-axis direction. The characteristics of the minor-axis-
direction frequency and sound pressure of the first piezo-
electric layer are complemented by those of the second
piezoelectric layer, whereby a uniform frequency character-
istic for a minor-axis-direction low frequency is obtained.
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ULTRASONIC PROBE AND ULTRASONIC
DIAGNOSING DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic probe
for transmitting and receiving an ultrasonic wave between
itself and a patient, and an ultrasonic diagnosing apparatus
including the probe. More specifically, the present invention
relates to an ultrasonic probe that can change an aperture in
the minor-axis direction.

BACKGROUND ART

[0002] In general, an ultrasonic transducer includes a pair
of electrodes sandwiching a layer including a piezoelectric
material (hereinafter referred to as a piezoelectric layer), and
an ultrasonic probe includes a plurality of the ultrasonic
transducers, where the ultrasonic transducers are one-dimen-
sionally arrayed, for example. Further, a predetermined
number of transducers of the transducers arrayed in the
major-axis direction are determined to be an aperture, the
plurality of transducers belonging to the aperture is driven,
and an ultrasonic beam converges to a part to be measured
in a patient so that the part is irradiated with the ultrasonic
beam. Further, the plurality of transducers belonging to the
aperture receives an ultrasonic reflective echo or the like
emitted from the patient and the ultrasonic reflective echo is
converted to an electrical signal.

[0003] On the other hand, as for the minor-axis direction
perpendicular to the above-described major-axis direction,
an aperture-width is modified by changing the frequency of
an ultrasonic wave so that the beam-width of the ultrasonic
beam decreases and the resolution increases (Patent Docu-
ment 1: JP7-107595A). In an ultrasonic probe according to
Patent Document 1, the thickness of a piezoelectric layer at
the center in the minor-axis direction is small and gradually
increases toward the end thereof. Therefore, the response to
a high frequency at the center is high and the response to a
low frequency at the end in the minor-axis direction is high,
so that a wide-band frequency characteristic is obtained. As
a result, the aperture-width in the minor-axis direction of the
ultrasonic probe varies inversely with a frequency, whereby
a fine beam-width is achieved over an area ranging from a
shallow depth to a deep depth.

[0004] However, according to the ultrasonic probe dis-
closed in Patent Document 1, the low-frequency responses
at both ends in the minor-axis direction become higher than
that at the center part and the sound pressure at each of the
ends is higher than that at the center part, whereby a
nonuniform sound-pressure distribution is obtained. Subse-
quently, the resolution of the ultrasonic probe decreases.

DISCLOSURE OF INVENTION

[0005] The present invention has been achieved for mak-
ing the frequency response of an ultrasonic probe to a
minor-axis-direction frequency uniform.

[0006] The present invention solves the above-described
problems through the following means.

[0007] According to the present invention, in an ultrasonic
probe including an array of a plurality of ultrasonic trans-
ducers, where each of the ultrasonic transducers has a
piezoelectric layer and a couple of electrodes sandwiching
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the piezoelectric layer therebetween, the piezoelectric layer
has a first piezoelectric layer provided on the ultrasonic-
wave emission side, a second piezoelectric layer provided
on the other side of the first piezoelectric layer, and a
common electrode provided therebetween. The ultrasonic
probe has a low-frequency-response distribution that is
uniform for an entire aperture in the minor-axis direction
perpendicular to a direction in which the ultrasonic trans-
ducers are arrayed and a high-frequency-response distribu-
tion that is high at the center part in the minor-axis direction.

[0008] The above-described frequency-response distribu-
tions can be achieved by the following means shown in (1)
to (9).

[0009] (1) The thickness of the end in the minor-axis
direction of the first piezoelectric layer is smaller than the
thickness of the center part of the first piezoelectric layer and
the thickness of the end of the second piezoelectric layer is
larger than the thickness of the center part of the second
piezoelectric layer,

[0010] (2) each of faces of the first and second piezoelec-
tric layers, the faces being in contact with the couple of
electrodes, is plane and a boundary surface between the first
piezoelectric layer and the second piezoelectric layer is
formed, as a curved face depressed to the second-piezoelec-
tric-layer side,

[0011] (3) each of the faces of the first and second piezo-
electric layers, the faces being in contact with the couple of
electrodes, is plane and the boundary surface between the
first piezoelectric layer and the second piezoelectric layer is
formed, as a crest whose ridge line corresponds to the center
part in the minor-axis direction,

[0012] (4) each of the faces of the first and second piezo-
electric layers, the faces being in contact with the couple of
electrodes, is plane and the boundary surface between the
first piezoelectric layer and the second piezoelectric layer
has a plane part that is provided at the center part in the
minor-axis direction and that is projected to the second-
piezoelectric-layer side, and a plane part that is provided at
each of both the ends, where the plane parts are projected to
the first-piezoelectric-layer side,

[0013] (5) the face of the first piezoelectric layer on the
ultrasonic-wave emission side is concave, the face of the
second piezoelectric layer on the ultrasonic-wave non-emis-
sion side is convex, and the boundary surface between the
first piezoelectric layer and the second piezoelectric layer is
depressed to the second-piezoelectric-layer side with a cur-
vature larger than the curvature of the face of the first
piezoelectric layer on the ultrasonic-wave emission side,

[0014] (6) the face of the first piezoelectric layer on the
ultrasonic-wave emission side is concave, the face of the
second piezoelectric layer on the ultrasonic-wave non-emis-
sion side is convex, and the boundary surface between the
first piezoelectric layer and the second piezoelectric layer is
formed, as the crest whose ridge line corresponds to the
center part in the minor-axis direction,

[0015] (7) each of the first and second piezoelectric layers
has a predetermined thickness, where the density of a
piezoelectric material used for the first piezoelectric layer
decreases from the center part in the minor-axis direction
toward the end, and where the density of a piezoelectric
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material used for the second piezoelectric layer increases
from the center part in the minor-axis direction toward the
end, and

[0016] (8) in addition to the configuration shown in (1) to
(7), an adjustment layer including a material whose acoustic
impedance is nearly equivalent to the acoustic impedance of
the piezoelectric material used for the piezoelectric layer is
provided on the ultrasonic-wave non-emission side of the
second piezoelectric layer, where the thickness in the minor-
axis direction of the adjustment layer gradually increases
from the center part to the end.

[0017] According to the above-descried (1) to (7), the
piezoelectric layer includes two layers and the minor-axis-
direction frequency characteristic and sound-pressure char-
acteristic of the first piezoelectric layer and those of the
second piezoelectric layer complement one another. Subse-
quently, responses to low frequencies in the minor-axis
direction are made uniform. That is to say, the thickness of
the second piezoelectric layer gradually increases from the
center part thereof in a direction perpendicular to a direction
in which the ultrasonic transducers are arrayed (hereinafter
referred to as a minor-axis direction) toward the ends.
Therefore, the high-frequency response at the center part
becomes high. On the other hand, the thickness of the first
piezoelectric layer decreases from the center part in the
minor-axis direction toward the ends, so that the low-
frequency response at the center part becomes high. Since
the frequency-response characteristic of the first piezoelec-
tric layer is added to that of the second piezoelectric layer,
the minor-axis-direction response characteristic for a low
frequency becomes uniform. Subsequently, according to the
ultrasonic probe of the present invention, it becomes pos-
sible to obtain a high response to a high frequency at the
center part in the minor-axis direction of the transducers and
a uniform low-frequency response for each of the entire
aperture, whereby it becomes possible to obtain a small
ultrasonic beam-width over an area ranging from a small
depth to a large depth, so that a high resolution is achieved.

[0018] Further, since the acoustic impedance of the adjust-
ment layer according to configuration (8) is nearly equiva-
lent to that of the piezoelectric material, there is a large
difference between the acoustic impedance of the adjustment
layer and that of the backing layer provided on the anti-
piezoelectric-layer side of the adjustment layer. Subse-
quently, an ultrasonic wave is effectively reflected by the
adjustment layer and the frequency characteristic of the
reflective ultrasonic wave depends on the thickness. As a
result, the response characteristic in the minor-axis direction
of the transducer for a low frequency becomes more uniform
than in the past. Further, a high-frequency component of an
ultrasonic wave emitted from the transducer to the back-face
side is reflected by the adjustment layer that is thin at the
center of the transducer and transmitted back to the ultra-
sonic-wave emission side. Subsequently, the sound pressure
of ahigh frequency emitted from the center of the ultrasonic
probe in the minor-axis direction to the patient increases,
whereby a high-frequency response is obtained at the center
of the transducer in the minor-axis direction.

[0019] Here, the backing layer includes a material whose
acoustic impedance is significantly smaller than that of the
piezoelectric layer. Further, the attenuation rate of the mate-
rial is higher than that of the piezoelectric layer. Subse-
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quently, it becomes possible to change the frequency char-
acteristic in the minor-axis direction and achieve the
function for changing an aperture according to a frequency.
Further, the distribution of the thickness of the adjustment
layer in the minor-axis direction is determined to be a
frequency characteristic for achieving a predetermined high-
frequency response distribution.

[0020] In place of the above-described configurations (1)
to (8), there is provided configuration (9), wherein each of
the first and second piezoelectric layers has a predetermined
thickness, the adjustment layer including the material whose
acoustic impedance is nearly equivalent to the acoustic
impedance of the piezoelectric material used for the piezo-
electric layer is provided on a back face of the electrode in
contact with the second piezoelectric layer, and the thickness
of the adjustment layer gradually increases from the center
part of the ultrasonic transducer in the minor-axis direction
toward the end.

[0021] Since the above-described adjustment layer is pro-
vided, the response characteristic for a low frequency in the
minor-axis direction of the transducer becomes uniform and
a high high-frequency response can be obtained at the center
of the transducer in the minor-axis direction, as described
above.

[0022] Further, the ultrasonic diagnosing apparatus of the
present invention uses the ultrasonic probe of the present
invention. Transmission means for transmitting an ultrasonic
signal for driving the transducers of the ultrasonic probe has
the function of transmitting an ultrasonic signal with a
frequency according to a control instruction to the ultrasonic
probe. A reception-processing means for performing recep-
tion processing for a reflective-echo signal received by the
ultrasonic probe has the function of selecting a reflective-
echo signal with the frequency according to the control
instruction and performing the reception processing. Subse-
quently, a high-frequency response can be obtained at the
center of the transducer in the minor-axis direction. Further,
since the response characteristic for a low frequency in the
minor-axis direction becomes uniform, it becomes possible
to obtain the small ultrasonic beam-width over the area
ranging from a small depth to a large depth and achieve the
high resolution.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a perspective view of main part of an
ultrasonic probe according to an embodiment of the present
invention.

[0024] FIG. 2 shows the entire configuration of an ultra-
sonic diagnosing apparatus according to the embodiment of
the present invention.

[0025] FIG. 3 is a sectional view of part relating to a
piezoelectric layer according to the embodiment shown in
FIG. 1.

[0026] FIG. 4 shows a graph illustrating a frequency
characteristic of the embodiment shown in FIG. 1.

[0027] FIG. 5 is a chart showing the relationship between
a frequency and a focus depth of the embodiment shown in
FIG. 1.

[0028] FIG. 6 is a chart illustrating the relationship
between a frequency and a relative sound pressure of the
embodiment shown in FIG. 1.
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[0029] FIG. 7 is a sectional view of part relating to a
piezoelectric layer according to a second embodiment of the
present invention.

[0030] FIG. 8 is a sectional view of part relating to a
piezoelectric layer according to a third embodiment of the
present invention.

[0031] FIG. 9 is a sectional view of part relating to a
piezoelectric layer according to a fourth embodiment of the
present invention.

[0032] FIG. 10 is a sectional view of part relating to a
piezoelectric layer according to a fifth embodiment of the
present invention.

[0033] FIG. 11 is a sectional view of part relating to a
piezoelectric layer according to a sixth embodiment of the
present invention.

[0034] FIG. 12 is a sectional view of part relating to a
piezoelectric layer according to a seventh embodiment of the
present invention.

[0035] FIG. 13 is a sectional view of part relating to a
piezoelectric layer according to an eighth embodiment of the
present invention.

[0036] FIG. 14 is a sectional view of part relating to a
piezoelectric layer according to a ninth embodiment of the
present invention.

[0037] FIG. 15 is a sectional view of part relating to a
piezoelectric layer according to a tenth embodiment of the
present invention.

[0038] FIG. 16 is a sectional view of part relating to a
piezoelectric layer according to an eleventh embodiment of
the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0039] Embodiments of the present invention will be
described with reference to the attached drawings, as below.

First Embodiment

[0040] An embodiment of the present invention will be
described with reference to FIGS. 1 to 3. FIG. 1 is a
perspective view of the main part of an ultrasonic probe
according to the embodiment of the present invention. FIG.
2 shows the entire configuration of an ultrasonic diagnosing
apparatus according to the embodiment of the present inven-
tion. FIG. 3 is a sectional view of part relating to a
piezoelectric layer according to the embodiment.

[0041] In FIG. 2, an ultrasonic pulse transmitted from an
ultrasonic-pulse generation circuit 31 is transmitted to a
transmission unit 32 and subjected to transmission process-
ing including transmission-focus processing, amplifying
processing, and so forth therein. Then, the ultrasonic pulse
is transmitted to an ultrasonic probe 1 via a transmission/
reception separation unit 33. A reflective-echo signal
received by the ultrasonic probe 1 is transmitted to a
reception-processing unit 35 via the transmission/reception
separation unit 33 and subjected to reception processing
including amplifying, reception-and-phasing processing,
and so forth therein. The reflective-echo signal transmitted
from the reception-processing unit 35 is transmitted to an
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image-processing unit 36 and subjected to predetermined
image-reconstruction processing therein. An ultrasonic
image reconstructed by the image-processing unit 36 is
displayed on a monitor 37. The above-described ultrasonic-
pulse generation circuit 31, the transmission unit 32, the
reception-processing unit 35, and the image-processing unit
36 are controlled based on a control instruction transmitted
from a control unit 38 including a computer or the like.
Further, the control unit 38 makes various settings and/or
exerts control based on an instruction transmitted from an
input unit 39. Further, the control unit 38 selects a configu-
ration for scanning an ultrasonic beam by controlling an
aperture-selection switch that is not shown. Further, part of
the reception-processing unit 35 and the image-processing
unit 36 can be formed, as a computer.

[0042] The ultrasonic probe 1 of the embodiment includes
a piezoelectric layer 2, an acoustic-matching layer 3 pro-
vided on the ultrasonic-wave-emission-face side of the
piezoelectric layer 2, a backing layer 4 provided on the
back-face side of the piezoelectric layer 2, and an acoustic
lens 5 provided on the ultrasonic-wave-emission-face side of
the acoustic-matching layer 3, as shown in FIG. 1. The
piezoelectric layer 2 and the acoustic-matching layer 3 are
divided into a plurality of parts by a plurality of separation
layers 6 arranged in the major-axis direction of the ultrasonic
probe 1 so that each of the parts functions, as a transducer.
Further, part of one side of the backing layer 4, the side
being in contact with the piezoelectric layer 2, is divided into
a plurality of parts by the plurality of separation layers 6.

[0043] Here, the acoustic lens 5 is used for performing
focusing in the minor-axis direction and includes a material
such as silicon rubber whose acoustic impedance is nearly
equivalent to that of a body and whose sonic speed is slower
than that of the body. The acoustic-matching layer 3 includes
two layers. Each of the two layers functions, as a Y4-wave-
length plate for a center frequency. Further, the lower layer
of the acoustic-matching layer 3 includes a material such as
ceramic whose acoustic impedance is lower than that of the
piezoelectric layer 2. Further, the upper layer of the acoustic-
matching layer 3 includes a material such as resin whose
acoustic impedance is nearer to that of the body than in the
case of the lower layer. The piezoelectric layer 2 includes
piezoelectric-ceramic PZT, PZLT, a piezoelectric single
crystal PZN-PT, PMN-PT, an organic piezoelectric material
PVDE, and/or a complex piezoelectric layer including the
above-described materials and a resin. The backing layer 4
includes a material that has a large ultrasonic attenuation rate
and that attenuates an ultrasonic wave emitted toward the
back of the piezoelectric layer 2. The separation layers 6
include a material that can significantly attenuate an ultra-
sonic wave (e.g., a material equivalent to a vacuum).

[0044] FIG. 3 is the sectional view of part of each of the
piezoelectric layer 2 and the backing layer 4 according to the
embodiment. This drawing is a sectional view of the piezo-
electric layer 2 along the minor-axis direction perpendicular
to the major-axis direction. The piezoelectric layer 2 has two
layers including a first piezoelectric layer 2-1 and a second
piezoelectric layer 2-2 that are laminated on each other. A
couple of electrodes 7-1 and 7-2 are provided on an ultra-
sonic-wave emission face of the first piezoelectric layer 2-1
and a back face of the second piezoelectric layer 2-2.
Further, a common electrode 8 is provided at the boundary
of the first piezoelectric layer 2-1 and the second piezoelec-
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tric layer 2-2. The above-described electrodes 7-1, 7-2, and
8 includes metal such as silver, platinum, gold, copper,
nickel, and so forth, so as to have a thickness of 10 pm or
less.

[0045] Here, the first piezoelectric layer 2-1 is formed, so
as to have a plane-convex shape, that is to say. the ultra-
sonic-wave emission face thereof is plane and the back face
thereof is convex. Further, the center part thereof has the
largest thickness T1max. The thickness of the first piezo-
electric layer 2-1 decreases toward each of the ends. There-
fore, each of the ends of the first piezoelectric layer 2-1 has
the smallest thickness T1min. On the other hand, the second
piezoelectric layer 2-2 is formed, so as to have a concave-
plane shape, that is to say, the ultrasonic-wave emission face
thereof is concave and the back face thereof is plane.
Further, the center part thereof has a smallest thickness
T2min. The thickness of the first piezoelectric layer 2-2
increases toward each of the ends. Therefore, each of the
ends of the second piezoelectric layer 2-2 has the largest
thickness T2max. Subsequently, faces that are in contact
with the electrodes 7-1 and 7-2 of the piezoelectric layer 2
are formed on planes that are in parallel with each other and
a boundary surface between the first piezoelectric layer 2-1
and the second piezoelectric layer 2-2 is depressed to the
second-piezoelectric-layer-2-2 side. Incidentally, the piezo-
electric layer 2 may be formed so that the expression
Tlmax=T2min and the expression T1min/T2max="4 hold,
for example.

[0046] Operations performed for making an ultrasonic
diagnosis by using the above-described ultrasonic probe of
the embodiment will now be described. First, the electrode
7-1 and the electrode 7-2 are grounded, and an ultrasonic
transmission signal transmitted from the transmission unit
32 is applied to the common electrode 8. Here, the frequency
of the transmission signal for driving the ultrasonic probe is
controlled by the ultrasonic-pulse generation circuit 31.
Further, the focus position of the ultrasonic beam is calcu-
lated by the control unit 38 according to the depth of a part
to be measured. The part to be measured can be inputted and
set by an operator through the input unit 39. An instruction
is transmitted from the control means 38 to the ultrasonic-
pulse generation circuit 31 and the transmission unit 32
according to the depth of the part to be measured that is set
in the above-described manner, and the frequency of the
transmission signal and the focus position are set. The
control unit 38 transmits an instruction to the reception-
processing unit 35, so as to set the frequency and focus
position of a reflective-echo signal subjected to reception
processing so that the frequency and focus position agree
with those of the transmission signal.

[0047] Thus, the ultrasonic probe is driven, whereby an
ultrasonic wave is generated in the piezoelectric layer 2 and
emitted from the face thereof on the electrode 7-1 side. Here,
since the piezoelectric layer 2-2 has the concave-plane
shape. the piezoelectric layer 2-2 resonates at its ends at low
frequencies, as is the case with the known art, and the sound
pressure at low frequencies increases. On the other hand,
since the piezoelectric layer 2-1 has the plane-convex shape
and has a small thickness at each of its ends, the low-
frequency sound pressure at each of the ends is low. As a
result, by laminating the piezoelectric layer 2-1 on the
piezoelectric layer 2-2, the low-frequency sound pressure at
the ends can be prevented from being emphasized.
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[0048] Here, an effect relating to the frequency character-
istic of the ultrasonic probe of the embodiment will be
described with reference to FIGS. 4 10 6. FIG. 4 shows the
graph of the frequency characteristic of the embodiment,
FIG. 5 is a chart showing the relationship between the
frequency and focus depth of the embodiment, FIG. 6 is a
chart illustrating the relationship between the frequency and
relative sound pressure of the embodiment. In FIG. 4, the
lateral axis indicates the frequency and the vertical axis
indicates the relative sound pressure, a solid line 11 denotes
a frequency-characteristic curve at the center in the minor-
axis direction, an alternate long and short dash line 12
denotes a frequency-characteristic curve at the midpoint
between the center and the end, and a dotted line 13 denotes
a frequency-characteristic curve at the end. Further, in this
drawing, the sign £, . denotes the center frequency of a
high frequency fi;, and a low frequency f,... As is clear
from this drawing, according to this embodiment, the high
frequency f;,4, resonates at the center and the low frequency
fiow resonates in an area extending from the end to the center.
Subsequently, the aperture decreases at the high frequency
fign> 50 that a narrow beam can be generated in the neigh-
borhood of the probe. On the other hand, the aperture
increases at the low frequency f,_ . that attenuates insignifi-
cantly, so that the narrow beam can be obtained at a deep
part.

[0049] As a result, the function for varying an aperture
according to a frequency can be obtained, as shown in FIG.
5. In FIG. 5, the lateral axis indicates the direction of the
minor-axis of the piezoelectric layer 2, and the vertical axis
indicates the depth thereof. Therefore, in the case of the low
frequency ., the sound pressure at each of the ends is not
higher than that at the center and the sound-pressure distri-
bution is uniform, as shown in FIG. 6. Subsequently, the
S/N ratio does not decrease and an image with high reso-
lution can be obtained in an area extending from the neigh-
borhood to the deep part. On the other hand, according to the
known art that does not include the piezoelectric layer 2-1,
low-frequency components significantly resonate at both
ends in the minor-axis direction of the ultrasonic probe.
Subsequently, a relative sound-pressure distribution indi-
cated by a broken line shown in the low-frequency-f;
characteristic chart of FIG. 6 is obtained, wherein the sound
pressure at each of the ends in the minor-axis direction
becomes high and the sound pressure at the center becomes
low, so that the S/N ratio decreases.

Second Embodiment

[0050] FIG. 7 shows a sectional view of piezoelectric-
layer part of an ultrasonic probe according to a second
embodiment of the present invention. The difference
between the embodiment and the first embodiment is in the
configuration of the two-layer configuration of the piezo-
electric layer 2 and an adjustment layer 9 provided on the
back face of the piezoelectric layer 2. First, the piezoelectric
layer 2 includes two identically formed plane piezoelectric
layers 2-3 and 2-4 that are laminated on each other. The
adjustment layer 9 formed on the back face of the piezo-
electric layer 2-4 includes a material whose acoustic imped-
ance is nearly equal to that of the piezoelectric layer 2, such
as metal including ceramic, aluminum, copper, and so forth.
Further, the backing layer 4 includes a material whose
acoustic impedance is significantly smaller than that of the
adjustment layer 9 and whose attenuation rate is larger than
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that of the adjustment layer 9. The material includes, for
example, a mixture of rubber, a resin, metal particles (tung-
sten particles, for example), and so forth, or a mixture of
rubber, beads including a resin and gas, a micro balloon, and
so forth.

[0051] According to the adjustment layer 9 of the embodi-
ment, the surface thereof in contact with the piezoelectric
layer 2-4 is plane and the opposite surface is concave. That
is to say, the thickness of the adjustment layer 9 is minimized
at the center thereof in the minor-axis direction and gradu-
ally increases toward each of the ends thereof. Thus, accord-
ing to the embodiment, there is a large difference between
the acoustic impedance of the adjustment layer 9 and that of
the backing layer 4. Therefore, an ultrasonic wave is effec-
tively reflected in the adjustment layer 9 and a frequency
characteristic of the reflection depends upon the thickness.
Subsequently, according to the ultrasonic probe of the
embodiment, a frequency characteristic depending on the
thickness of the adjustment layer 9 in the minor-axis direc-
tion can be obtained, and the effect of the frequency char-
acteristics shown in FIGS. 4 to 6 can be obtained, as is the
case with the first embodiment. That is to say, at the high
frequency fy; .y, the response from the center part is high and
the aperture is decreased so that a narrow beam can be
generated in the neighborhood. Further, according to the
sound pressure at the low frequency f ., beams are uniform
in the minor-axis direction for the entire aperture and
focused on the deep part. As a result, an image with high
resolution can be obtained in an area extending from the
neighborhood to the deep part.

Third Embodiment

[0052] FIG. 8 shows a sectional view of piezoelectric-
layer part of an ultrasonic probe according to a third embodi-
ment of the present invention. The difference between the
embodiment and the first embodiment is that the adjustment
layer 9 is provided on the back face of the piezoelectric layer
2. In other words, the characteristic parts of the first and
second embodiments are combined with each other so that
both the effect of the first embodiment and that of the second
embodiment can be obtained. That is to say, the sound
pressure that is uniform in the minor-axis direction at low
frequencies and an aperture-variable function for obtaining
a beam narrower than in the past at each frequency can be
achieved.

Fourth Embodiment

[0053] FIG. 9 shows a sectional view of piezoelectric-
layer part of an ultrasonic probe according to a fourth
embodiment of the present invention. The difference
between the embodiment and the first embodiment is that the
sectional shape of the piezoelectric layer 2 is concave, as
shown in this drawing and the section of the acoustic-
matching layer 3 is concave so that the section of the
acoustic-matching layer 3 matches with that of the piezo-
electric layer 2. That is to say, the piezoelectric layer 2 is
formed so that the ultrasonic-wave emission face and back
face thereof are concave and in parallel with each other. The
thickness of the piezoelectric layer 2-1 on the emission side
is maximized at the center thereof, gradually decreased
toward each of the ends thereof, and minimized at each of
the ends. On the other hand, the thickness of the piezoelec-
tric layer 2-2 on the back-face side is minimized at the center
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thereof and increases toward both the ends thereof so that the
thickness is maximized at each of the ends. Further, the
backing layer 4 is formed, so as to match with the concave
back face of the piezoelectric layer 2-2. Further, the acoustic
lens is removed and a cover member 10 is formed by using
a material whose acoustic impedance and sonic speed are
nearly equivalent to those of the body of the patient. For
example, the material includes polyurethane, flux, butadiene
rubber, polyether block amide, and so forth. Further, the
cover member 10 has a concave shape, so that the cover
member 10 is in good contact with the body. According to
the configuration, the minor-axis variable focus function is
achieved and a beam can be focused by the concave piezo-
electric layer 2. As a result, since the beam can be focused
without using the acoustic lens, attenuation of an ultrasonic
wave decreases and a highly sensitive image can be
obtained.

Fifth Embodiment

[0054] FIG. 10 shows a sectional view of piezoelectric-
layer part of an ultrasonic probe according to a fifth embodi-
ment of the present invention. The difference between the
embodiment and the second embodiment is that the sectional
shape of the piezoelectric layer 2 is concave, as shown in this
drawing and the section of the acoustic-matching layer 3 is
concave so that section of the acoustic-matching layer 3
matches with that of the piezoelectric layer 2. That is to say,
the piezoelectric layer 2 is formed, as a concave, where the
ultrasonic-wave emission face and back face thereof are in
parallel with each other. Further, the adjustment layer 9 is
provided on the back face of the piezoelectric layer 2, where
the thickness of the adjustment layer 9 is minimized at the
center thereof, increased toward both the ends thereof, and
maximized at the ends. Subsequently, a frequency charac-
teristic depending upon the thickness can be obtained.
Further, the cover member 10 is provided in place of the
acoustic lens. The materials of the adjustment layer 9 and the
cover member 10 are the same as those in the fourth
embodiment. According to the fifth embodiment, the minor-
axis variable focus function is obtained and a beam can be
focused by the concave piezoelectric layer 2. As a result, the
beam can be focused without using the acoustic lens, attenu-
ation of an ultrasonic wave decreases, and a highly sensitive
image can be obtained.

Sixth Embodiment

[0055] FIG. 11 shows a sectional view of piezoelectric-
layer part of an ultrasonic probe according to a sixth
embodiment of the present invention. The embodiment is a
combination of the fourth and fifth embodiments and an
effect including the effects of the above-described two
embodiments can be obtained. That is to say, the sound
pressure that is uniform in the minor-axis direction at low
frequencies and an aperture-variable function for obtaining
a beam narrower than in the past at each frequency can be
achieved. Further, since the lens is not used, the attenuation
decreases and a highly sensitive image can be obtained.

Seventh Embodiment

[0056] FIG. 12 shows a sectional view of piezoelectric-
layer part of an ultrasonic probe according to a seventh
embodiment of the present invention. According to the
embodiment, the first piezoelectric layer 2-1 has a plane-
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convex shape, where the ultrasonic-wave emission face
thereof is plane and the back face thereof is convex, as is the
case with the embodiment shown in FIG. 3. Further, the
second piezoelectric layer 2-2 has a concave-plane shape,
where the ultrasonic-wave emission face thereof is concave
and the back face thereof is plane. The boundary surface
between the first piezoelectric layer 2-1 and the second
piezoelectric layer 2-2 is formed, as a crest whose ridge line
corresponds to the center part in the minor-axis direction.
Further, the common electrode 8 is formed on the boundary
surface.

[0057] According to the embodiment, the sound pressure
at low frequencies of each of the ends is lower than that of
the center part and the sound-pressure distribution is uni-
form, as is the case with the embodiment shown in FIG. 3.
Therefore, the S/N ratio does not decrease and a high-
resolution image can be obtained in an area extending from
the neighborhood to the deep part.

[0058] Further, in this embodiment, the adjustment layer 9
shown in FIG. 7 can also be provided on the back-face side
of the second piezoelectric layer 2-2.

Eighth Embodiment

[0059] FIG. 13 shows a sectional view of piezoelectric-
layer part of an ultrasonic probe according to an eighth
embodiment of the present invention. This embodiment is
achieved by modifying the configuration of the first and
second piezoelectric layers 2-1 and 2-2 of the embodiment
shown in FIG. 11 so that the boundary surface therebetween
is formed, as a crest whose ridge line corresponds to the
center part in the minor-axis direction, as is the case with
FIG. 12. Accordingly, the sound pressure that is uniform in
the minor-axis direction at low frequencies and the aperture-
variable function for generating a beam narrower than in the
past at each frequency can also be achieved, as is the case
with the embodiment shown in FIG. 11. Further, since the
lens is not used, the attenuation is decreased and a high-
resolution image can be obtained.

[0060] Further, according to the embodiment, the adjust-
ment layer 9 shown in FIG. 7 can be provided on the
back-face side of the second piezoelectric layer 2-2.

Ninth Embodiment

[0061] FIG. 14 shows a sectional view of piezoelectric-
layer part of an ultrasonic probe according to a ninth
embodiment of the present invention. In this embodiment,
the acoustic-matching layer 3 is provided on the ultrasonic-
wave emission side of the piezoelectric layer 2 according to
the embodiment shown in FIG. 12 and an acoustic lens 11
achieved by modifying the shape of the acoustic lens 5 into
a concave is provided. According to the concave acoustic
lens 11, there is a difference between the sound pressure of
thin part thereof and that of thick part thereof, so that an
ultrasonic beam becomes narrower in the minor-axis direc-
tion and an ultrasonic beam at a low frequency becomes
narrow due to the configuration of the piezoelectric layer 2
added thereto. Subsequently, it becomes possible to achieve
an aperture-variable function for a beam narrower than in
the past at each frequency.

[0062] The concave acoustic lens 11 can be used for other
embodiments. Further, in this embodiment, the adjustment
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layer 9 shown in FIG. 7 can be provided on the back-face
side of the second piezoelectric layer 2-2.

Tenth Embodiment

[0063] FIG. 15 shows a sectional view of piezoelectric-
layer part of an ultrasonic probe according to a tenth
embodiment of the present invention. According to the
embodiment, a first piezoelectric layer 12-1 has a plane-
convex shape, where the ultrasonic-wave emission face
thereof is plane and the back face thereof is convex, as is the
case with the embodiment shown in FIG. 3. Further, a
second piezoelectric layer 12-2 has a concave-plane shape,
where the ultrasonic-wave emission face thereof is concave
and the back face thereof is plane. The boundary surface
between the first piezoelectric layer 12-1 and the second
piezoelectric layer 12-2 includes a plane part that is provided
at the center part in the minor-axis direction and projected to
the second-piezoelectric-layer side, and a plane part on each
of both the sides thereof, where the plane parts are projected
to the first-piezoelectric-layer side. The common electrode 8
is provided on the boundary surface.

[0064] According to the embodiment, at low frequencies,
the sound pressure at each of the ends is not higher than that
at the center part and the sound-pressure distribution is
uniform, as is the case with the embodiment shown in FIG.
3. Subsequently, the S/N ratio does not decrease and an
image with high resolution can be obtained in an area
extending from the neighborhood to the deep part. Further,
in this embodiment, the adjustment layer 9 shown in FIG. 7
can also be provided on the back-face side of the second
piezoelectric layer 12-2.

Eleventh Embodiment

[0065] FIG. 16 shows a sectional view of piezoelectric-
layer part of an ultrasonic probe according to an eleventh
embodiment of the present invention. In this embodiment, a
piezoelectric layer 13 includes a first piezoelectric layer 13-1
and a second piezoelectric layer 13-2, where each of the
piezoelectric layers has a predetermined thickness. The
density of a piezoelectric material used for the first piezo-
electric layer 13-1 gradually decreases from the center part
in the minor-axis direction toward the end. The density of
the piezoelectric material used for the second piezoelectric
layer gradually increases from the center part in the minor-
axis direction toward the end. Subsequently, the frequency
constant of the first piezoelectric layer 13-1 increases from
the center part toward both the ends and the frequency
constant of the second piezoelectric layer 13-2 decreases
from the center part toward both the ends, so that the
frequency-response characteristic in the minor-axis direc-
tion can be adjusted. The density of the piezoelectric mate-
rial can be adjusted by modifying the porosity of itself, such
as the above-described piezoelectric ceramic. Further, the
density can be modified by mixing a resin or the like into the
piezoelectric material.

[0066] According to the embodiment, it becomes possible
to achieve a sound-pressure distribution that is uniform in
the minor-axis direction at low frequencies and an aperture-
variable function for obtaining a narrow beam in a wide
frequency band. Further, in this embodiment, the adjustment
layer 9 shown in FIG. 7 is provided on the back-face side
of the second piezoelectric layer 13-2, the piezoelectric layer
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is formed, as a concave, as shown in FIG. 9, and the concave
acoustic lens 11 shown in FIG. 14 is provided. That is to say,
the characteristic technology of the other embodiments can
be used, as required.

[0067] Further, the same effect can be obtained by adjust-
ing the elastic constant of the piezoelectric material instead
of adjusting the density of the piezoelectric material, as in
the above-described embodiment. In that case, the elastic
constant of the first piezoelectric layer 13-1 is minimized at
the center in the minor-axis direction and gradually
increases toward the end. The elastic constant of the second
piezoelectric layer is maximized at the center in the minor-
axis direction and gradually decreases toward the end.

[0068] As has been described, according to each of the
embodiments of the present invention, the frequency
response characteristic varies from the center part in the
minor-axis direction towards the ends so that a wide band
ranging from a low-frequency band to a high-frequency
band is achieved at the center part and a narrow band
wherein a high-frequency response decreases is achieved at
the end. Further, at low frequencies, the sound pressure at
each of the ends does not increase so that a uniform sound
pressure can be obtained in the area ranging from the center
part to the end. Further, at high frequencies, a response from
the center part increases, so that focus is achieved in the
neighborhood of the probe. At low frequencies, focus is
achieved at the deep part due to responses for the entire
aperture, so that a high-resolution image can be obtained.

1. An ultrasonic-diagnosing apparatus including an ultra-
sonic probe having a plurality of transducers, transmission
means for transmitting an ultrasonic signal for driving the
transducers of the ultrasonic probe, reception-processing
means for performing reception processing for a reflective-
echo signal received by the ultrasonic probe, image-process-
ing means for reconstructing an ultrasonic image based on
the reflective-echo signal processed by the reception-pro-
cessing means, and image-display means for displaying the
ultrasonic image reconstructed by the image-processing
means,

wherein the ultrasonic probe comprises an array of a
plurality of ultrasonic transducers having a piezoelec-
tric layer and a couple of electrodes sandwiching the
piezoelectric layer therebetween,

wherein the piezoelectric layer comprises a first piezo-
electric layer provided on the ultrasonic-wave emission
side, a second piezoelectric layer provided on the other
side of the first piezoelectric layer, and a common
electrode provided therebetween, and wherein the first
and second piezoelectric layers are configured so that a
relative sound pressure at a center part in a minor-axis
direction perpendicular to a direction in which the
ultrasonic transducers are arrayed becomes higher than
a relative sound pressure at each of an end.
2. The ultrasonic-diagnosing apparatus according to claim
1, wherein each of the ultrasonic transducers comprises a
low-frequency response distribution that is uniform in the
minor-axis direction perpendicular to the direction in which
the ultrasonic transducers are arrayed and a high-frequency
response distribution at the center part in the minor-axis
direction.
3. The ultrasonic-diagnosing apparatus according to claim
1, wherein a boundary surface between the first piezoelectric
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layer and the second piezoelectric layer is formed, as a
curved face depressed to the second-piezoelectric-layer side.

4. The ultrasonic-diagnosing apparatus according to claim
1, wherein an adjustment layer including a material whose
acoustic impedance is nearly equivalent to an acoustic
impedance of a piezoelectric material used for the piezo-
electric layer is provided on the ultrasonic-wave non-emis-
sion side of the second piezoelectric layer and wherein the
thickness of the adjustment layer in the minor-axis direction
gradually increases from the center part to the end.

5. The ultrasonic-diagnosing apparatus according to claim
1, further comprising an acoustic matching layer provided
on the surface of one of the couple of electrodes and a
backing layer provided on the surface of the other electrode.

6. The ultrasonic-diagnosing apparatus according to claim
1, wherein the thickness of the end of the first piezoelectric
layer in the minor-axis direction is smaller than the thickness
of the center part of the first piezoelectric layer and wherein
the thickness of the end of the second piezoelectric layer is
larger than the thickness of the center part of the second
piezoelectric layer.

7. The ultrasonic-diagnosing apparatus according to claim
1, wherein each of faces of the first and second piezoelectric
layers, the faces being in contact with the couple of elec-
trodes, is plane and a boundary surface between the first
piezoelectric layer and the second piezoelectric layer is
formed, as a crest whose ridge line corresponds to the center
part in the minor-axis direction.

8. The ultrasonic-diagnosing apparatus according to claim
1, wherein each of faces of the first and second piezoelectric
layers, the faces being in contact with the couple of elec-
trodes, is plane and a boundary surface between the first
piezoelectric layer and the second piezoelectric layer com-
prises a plane part that is provided at the center part in the
minor-axis direction and that is projected to the second-
piezoelectric-layer side, and a plane part that is provided at
each of both the ends, where the plane parts are projected to
the first-piezoelectric-layer side.

9. The ultrasonic-diagnosing apparatus according to claim
1, wherein a face of the first piezoelectric layer on the
ultrasonic-wave emission side is concave, a face of the
second piezoelectric layer on the ultrasonic-wave non-emis-
sion side is convex, and a boundary surface between the first
piezoelectric layer and the second piezoelectric layer is
depressed to the second-piezoelectric-layer side with a cur-
vature larger than the curvature of the face of the first
piezoelectric layer on the ultrasonic-wave emission side.

10. The ultrasonic-diagnosing apparatus according to
claim 1, wherein a face of the first piezoelectric layer on the
ultrasonic-wave emission side is concave, a face of the
second piezoelectric layer on the ultrasonic-wave non-emis-
sion side is convex, and a boundary surface between the first
piezoelectric layer and the second piezoelectric layer is
formed, as a crest whose ridge line corresponds to the center
part in the minor-axis direction.

11. The ultrasonic-diagnosing apparatus according to
claim 1, wherein each of the first and second piezoelectric
layers comprises a predetermined thickness, an adjustment
layer including a material whose acoustic impedance is
nearly equivalent to the acoustic impedance of a piezoelec-
tric material used for the piezoelectric layer is provided on
a back face of the electrode in contact with the second
piezoelectric layer, and the thickness of the adjustment layer



US 2006/0142659 A1

in a direction perpendicular to a direction in which the
ultrasonic transducers are arrayed gradually increases from
the center part to the end.

12. The ultrasonic-diagnosing apparatus according to
claim 1, wherein each of the first and second piezoelectric
layers comprises a predetermined thickness, wherein the
density of a piezoelectric material used for the first piezo-
electric layer decreases from the center part in the minor-
axis direction toward the end, and wherein the density of a
piezoelectric material used for the second piezoelectric layer
increases from the center part in the minor-axis direction
toward the end.
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13. The ultrasonic-diagnosing apparatus according to
claim 1, wherein each of the first and second piezoelectric
layers comprises a predetermined thickness, wherein an
elastic constant of the center part of the first piezoelectric
layer in the minor-axis direction is small and gradually
increases toward the end, and wherein an elastic constant of
the center part of the second piezoelectric layer in the
minor-axis direction is large and gradually decreases toward
the end.



LT RBFROF) BERLNBE L HER
[ (RE)S US20060142659A1 K (nE)R 2006-06-29
HiEs US10/543322 HiER 2004-01-23
FRIEFB(ERB)AGR) KIFHERH

IZUMITF 1
B (E R AGR) ] 5 55 4

[ZUMIT it
LETRBE(ERNBAGR) BAEFSEMBROERAT
[FR]&Z A A OKAZAKI HIDEKI

IZUMI MIKIO
KA OKAZAKI, HIDEKI

IZUMI, MIKIO
IPCH %5 A61B8/14 A61B8/00 B06B1/06 G10K11/32 HO4R17/00
CPCH%E B06B1/0622 G10K11/32
£ £ 2003014586 2003-01-23 JP
H 2N FF 2k US7678054
SNEBEEE Espacenet USPTO
BE(R)
BETESNEFRESHEY  HEEERER2NREHEANERZHN — 1
FER7-177-2, ERE2EFRBEEBERASFMNE—EBZE2-1,
RBEE-FLRE2-1NE—NNE-_FEBE22 , URRBEECIZH 5
B AHEBENRS, SNEFRESEERMIND T |, ZEMMMN D /HEE
EThERFREEERNARNEMSR LRI  HEEEMA RN S——
RO GEEENEMBEDH. - F—EEENEMS BMENS
ENESEHRE-_FBEENSMEATE , AUREBHNEMS RERNES 4

ULTRASONIC-WAVE
EMISSION DIRECTION
MINOR=-AXIS
DIRECTION
& BACK-FACE DIRECTION

patsnap

53
6

MAJOR-AXIS DIRECTION


https://share-analytics.zhihuiya.com/view/ba8fb7de-01bc-42fa-bfa0-9fc4041b808a
https://worldwide.espacenet.com/patent/search/family/032767408/publication/US2006142659A1?q=US2006142659A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220060142659%22.PGNR.&OS=DN/20060142659&RS=DN/20060142659

