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Object: To provide a multilayer structure of an ultrasonic
probe, the multilayer structure being capable of achieving
more appropriate acoustic characteristics in accordance with
a site from which an ultrasonic image is acquired, a target
whose ultrasonic image is to be observed, an object of
observing the ultrasonic image, and the like.

Solution: A multilayer structure 2 of an ultrasonic probe
includes: a piezoelectric layer 4 from which an ultrasonic
wave is emitted to a subject; and a back layer 5 disposed on
the piezoelectric layer 4 and opposite the subject across the
piezoelectric layer 4, the back layer 5 having an acoustic
impedance that is different from an acoustic impedance of
the piezoelectric layer 4 within a range from —20% to +20%.
The back layer 5 is made of a material including a piezo-
electric material or brass. A backing layer 6 is disposed on
the back layer 5 and opposite the piezoelectric layer 4 across
the back layer 5.
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MULTILAYER STRUCTURE OF
ULTRASONIC PROBE, ULTRASONIC
PROBE, AND ULTRASONIC APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a multilayer struc-
ture of an ultrasonic probe, the ultrasonic probe, and an
ultrasonic apparatus including the ultrasonic probe.

BACKGROUND ART

[0002] A known ultrasonic probe includes a piezoelectric
layer, an acoustic matching layer, and a backing layer. The
acoustic matching layer is disposed on a side, from which an
ultrasonic wave is emitted to a subject, of the piezoelectric
layer. The acoustic matching layer achieves a match of an
acoustic impedance with the subject. The backing layer is
disposed on a back side of an ultrasonic transducer and
opposite the subject across the ultrasonic transducer. The
backing layer absorbs an unnecessary back echo to effi-
ciently transmit an ultrasonic wave toward the subject.
According to this structure, the piezoelectric layer made of
a piezoelectric material such as piezoelectric ceramic is
sandwiched between the materials lower in acoustic imped-
ance than the piezoelectric material, so that both surfaces of
the piezoelectric layer serve as open ends to excite half-
wavelength resonance.

[0003] Meanwhile, another ultrasonic probe has a
dematching structure in which a dematching layer higher in
acoustic impedance than the piezoelectric layer is disposed
on the back side in place of the backing layer, thereby
eliminating an ultrasonic wave thermally consumed at the
back side to enhance ultrasonic wave transmission efficiency
(refer to, for example, Patent Document 1). According to this
structure, the dematching layer with a higher acoustic
impedance causes the back side of the piezoelectric layer to
serve as a fixed end, so that the fixed end excites quarter-
wavelength resonance.

CITATION LIST

[0004] [Patent Document]
[0005] [Patent Document 1] U.S. Pat. No. 6,685,647
SUMMARY OF INVENTION
Technical Problem
[0006] The dematching structure has no heat absorption

mechanism by the backing layer, so that an ultrasonic wave
is emitted toward only the subject subjected to acoustic
matching. Thus, as compared with the half-wavelength
resonance backing structure including no dematching layer,
the transmission efficiency is improved, and the sensitivity
and fractional band in ultrasonic pulse transmission are
considerably improved. However, in the dematching struc-
ture, although the fractional band is improved, a loop gain of
a pulse echo exhibits a flat frequency response. Therefore, as
compared with the backing structure, convergence of a
real-time waveform is degraded. As described above, since
there is a tradeoff relationship between the improvement in
the fractional band and the convergence of the real-time
waveform, appropriate selection of frequency bandwidth
and pulse convergence is required in order to enhance
distance resolution particularly in a B-mode image or the
like.
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[0007] In the backing structure, since the half-wavelength
resonance is excited, the piezoelectric layer has a thickness
that is equal to approximately one-half of a wavelength of an
ultrasonic wave to be transmitted. On the other hand, in the
dematching structure, since the quarter-wavelength reso-
nance is excited, the piezoelectric layer has a thickness that
is equal to approximately one-quarter of a wavelength of an
ultrasonic wave to be transmitted. Accordingly, on the
assumption that ultrasonic waves of the same frequency are
transmitted, the thickness of the piezoelectric layer in the
dematching structure is thinner than the thickness of the
piezoelectric layer in the backing structure. In a case where
the piezoelectric layer is made of a piezoelectric monocrys-
talline material, the maximum voltage (limit voltage) that
does not cause depolarization even when being applied to
the piezoelectric layer becomes lower as the piezoelectric
layer becomes thinner. Therefore, in the case where the
piezoelectric layer is made of a piezoelectric monocrystal-
line material with limited voltage reliability, the limit volt-
age in the dematching structure becomes equal to one-half of
the limit voltage of the piezoelectric layer in the backing
structure including no dematching layer. For this reason, a
sound pressure of an ultrasonic pulse transmitted from the
ultrasonic probe having the dematching structure is lower
than a sound pressure of an ultrasonic pulse transmitted from
the ultrasonic probe having the structure including no
dematching layer.

[0008] As described above, both the ultrasonic probe
having the dematching structure and the ultrasonic probe
having the structure including no dematching layer have
merits and demerits as to acoustic characteristics. It is hence
desired to achieve more appropriate acoustic characteristics
in accordance with a site from which an ultrasonic image is
acquired, a target whose ultrasonic image is to be observed,
an object of observing the ultrasonic image, and the like.

Solution to Problem

[0009] In order to solve the problem described above,
according to an aspect of the invention, a multilayer struc-
ture of an ultrasonic probe includes: a piezoelectric layer
from which an ultrasonic wave is emitted to a subject; and
a back layer disposed on the piezoelectric layer and opposite
the subject across the piezoelectric layer, the back layer
having an acoustic impedance that is different from an
acoustic impedance of the piezoelectric layer within a range
from -20% to +20%.

[0010] The acoustic impedance different from the acoustic
impedance of the piezoelectric layer within the range from
-20% to +20% is an acoustic impedance that lies between an
acoustic impedance of a material for a known backing layer
and an acoustic impedance of a material for a dematching
layer in a known dematching structure, and is also an
acoustic impedance that is relatively closer to the acoustic
impedance of the piezoelectric layer 4. The term “relatively
closer” means that the acoustic impedance is closer to an
acoustic impedance of a material for a piezoelectric layer
than an acoustic impedance of a material for a backing layer
and an acoustic impedance of a material for a dematching
layer are.

Advantageous Effect of Invention

[0011] According to the aspect of the invention, the back
layer has the acoustic impedance different from the acoustic
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impedance of the piezoelectric layer within the range from
-20% to +20%. It is therefore possible to achieve more
appropriate acoustic characteristics as to particularly frac-
tional band, pulse convergence, and sound pressure, in
accordance with a site from which an ultrasonic image is
acquired, a target whose ultrasonic image is to be observed,
an object of observing the ultrasonic image, and the like. In
addition, a backing layer is disposed on the back layer and
opposite the piezoelectric layer across the back layer, and a
known dematching layer is not provided. According to this
structure, the piezoelectric layer does not excite quarter-
wavelength resonance. Accordingly, a thickness of the
piezoelectric layer can be made thicker than an approxi-
mately quarter wavelength. It is therefore possible to reduce
a possibility of depolarization in a case where the piezo-
electric layer is made of a piezoelectric monocrystalline
material.

BRIEF DESCRIPTION OF DRAWINGS

[0012] FIG. 11isablock diagram illustrating an example of
an ultrasonic diagnosis apparatus according to an embodi-
ment.

[0013] FIG. 2 is a diagram illustrating an example of a
multilayer structure in an ultrasonic probe according to the
embodiment.

[0014] FIG. 3 is a diagram illustrating an example of the
multilayer structure in the ultrasonic probe according to the
embodiment.

[0015] FIG. 4 is a diagram illustrating a thickness of a
piezoelectric layer and a thickness of a back layer.

[0016] FIG. 5 is a diagram illustrating frequency charac-
teristics of a loop gain of an ultrasonic pulse echo.

[0017] FIG. 6 is a diagram illustrating convergence of a
real-time waveform of an ultrasonic pulse echo.

[0018] FIG. 7 is a diagram illustrating frequency charac-
teristics of a sound pressure of an ultrasonic pulse transmit-
ted in a maximum electric field that causes no depolarization
of a piezoelectric layer made of a piezoelectric monocrys-
talline material.

DESCRIPTION OF EMBODIMENTS

[0019] A description will be given of an embodiment of
the present invention. An ultrasonic diagnosis apparatus 100
illustrated in FIG. 1 is an example of an ultrasonic apparatus
according to an embodiment of the present invention, and
displays an ultrasonic image of a subject for the purpose of
diagnosis and the like.

[0020] The ultrasonic diagnosis apparatus 100 includes an
ultrasonic probe 1 and an apparatus main body 101 to which
the ultrasonic probe 1 is connected. The apparatus main
body 101 includes a transmission circuit 102, a reception
circuit 103, a control circuit 104, a display device 105, an
input device 106, and a memory circuit 107. The ultrasonic
diagnosis apparatus 1 has a configuration as a computer.
[0021] The transmission circuit 102 controls transmission
of an ultrasonic wave by the ultrasonic probe 1. Specifically,
the transmission circuit 102 drives the ultrasonic probe 1 to
cause the ultrasonic probe 1 to transmit the various ultra-
sonic pulses having predetermined parameters, on the basis
of control signals from the control circuit 104.

[0022] The reception circuit 103 performs signal process-
ing such as phasing addition processing on an ultrasonic
echo signal that is transmitted from the ultrasonic probe 1 to
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the subject, is reflected inside the subject, and is received by
the ultrasonic probe 1. The reception circuit 103 performs
signal processing on the basis of a control signal from the
control circuit 104.

[0023] The transmission circuit 102 and the reception
circuit 103 may be configured with hardware. However, the
ultrasonic diagnosis apparatus 100 does not necessarily
include the transmission circuit 102 and the reception circuit
103 as hardware as described above, and instead, may
realize the functions of the transmission circuit 102 and
reception circuit 103 by software. That is, the control circuit
104 may read a program stored in the memory circuit 107 to
execute the functions of the transmission circuit 102 and
reception circuit 103,

[0024] The control circuit 104 controls the respective
components of the ultrasonic diagnosis apparatus, and pet-
forms various kinds of signal processing, image processing,
and the like. For example, the control circuit 104 performs
processing for generating an ultrasonic image on echo data
output from the reception circuit 103. The processing for
generating an ultrasonic image is processing of generating
B-mode data by performing, for example, B-mode process-
ing such as logarithmic compression processing or envelope
detection processing. The control circuit 104 scans and
converts raw data such as B-mode data with a scan converter
to generate ultrasonic image data, and causes the display
device 105 to display an ultrasonic image based on the
ultrasonic image data.

[0025] The control circuit 104 may include, for example,
one or more processors. The control circuit 104 may option-
ally include a central processing unit (CPU), one or more
microprocessors, a graphics processing unit (GPU), or any
electronic component capable of processing input data in
accordance with a specific logic instruction. The control
circuit 104 may read a program stored in the memory circuit
107 and execute an instruction. The memory circuit 107 is
a tangible non-transitory computer-readable medium to be
described later.

[0026] The display device 105 is a liquid crystal display
(LCD), an organic electro-luminescence (EL) display, or the
like.

[0027] The input device 106 is a device that accepts
operations such as input of an instruction and input of
information by an operator. The input device 106 includes a
button, a keyboard, and the like that accept input of an
instruction or information from the operator, and also
includes a pointing device such as a trackball, and the like.
The button includes a hard key and a soft key to be displayed
on the display device 105. The input device 106 may also
include a touch panel. In this case, the button includes a soft
key to be displayed on the touch panel.

[0028] The memory circuit 107 may be a tangible non-
transitory or transitory computer-readable medium such as a
flash memory, a hard disk, a RAM, a ROM, and/or an
EEPROM. The memory circuit 107 may be used for storing
acquired B-mode data, B-mode image data, and color image
data that are not scheduled to be displayed immediately, and
characters, graphics, and other kinds of data to be displayed
on the display device 105.

[0029] The memory circuit 107 may also be used for
storing firmware or software corresponding to, for example,
a graphical user interface, one or more default image display
settings, and/or programmed instructions (for, for example,
the control circuit 104).
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[0030] With reference to FIGS. 2 and 3, a description will
be given of the ultrasonic probe 1 according to the present
example and a multilayer structure 2 of the ultrasonic probe
1. The ultrasonic probe 1 emits an ultrasonic wave to the
subject, and receives an ultrasonic echo signal.

[0031] The ultrasonic probe 1 includes the multilayer
structure 2 including an acoustic matching layer 3, a piezo-
electric layer 4, a back layer 5, and a backing layer 6. The
multilayer structure 2 is accommodated in a housing (not
illustrated) of the ultrasonic probe 1. In the multilayer
structure 2, the acoustic matching layer 3, the piezoelectric
layer 4, the back layer 5, and the backing layer 6 are layered
in a Y-axis direction. The multilayer structure 2 also includes
a plurality of layered bodies 7 each including the acoustic
matching layer 3, the piezoelectric layer 4, and the back
layer 5. The layered bodies 7 are arranged at predetermined
spacings in an X-axis direction perpendicular to the Y-axis
direction which is a layered direction. The layered bodies 7
arranged in the X-axis direction are disposed on the backing
layer 6.

[0032] The acoustic matching layer 3 is disposed on one
side of the piezoelectric layer 4, and the back layer 5 and the
backing layer 6 are disposed on the opposite side of the
piezoelectric layer 4 from the side on which the acoustic
matching layer 3 is disposed. The side, on which the acoustic
matching layer 3 is disposed, of the piezoelectric layer 4
faces toward the subject.

[0033] An acoustic lens (not illustrated) is disposed on the
acoustic matching layer 3 and opposite the piezoelectric
layer 4 across the acoustic matching layer 3. The acoustic
matching layer 3 has an acoustic impedance between an
acoustic impedance of the acoustic lens and an acoustic
impedance of the piezoelectric layer 4. The multilayer
structure 2 may include a plurality of layers as the acoustic
matching layer 3.

[0034] Note that the ultrasonic probe 1 has known con-
figurations (not illustrated) as an ultrasonic probe, in addi-
tion to the acoustic lens and the layered bodies 7.

[0035] The piezoelectric layer 4 is made of a piezoelectric
ceramic material such as lead zirconate titanate (PZT), and
an ultrasonic pulse is emitted from the piezoelectric layer 4.
The piezoelectric layer 4 may also be made of a piezoelectric
monocrystalline material. The piezoelectric layer 4, which is
made of, for example, PZT, has an acoustic impedance of 28
to 33 MRayl.

[0036] In the multilayer structure 2 according to the pres-
ent example, unlike a known dematching structure, a reso-
nance structure including a combination of the piezoelectric
layer 4 and the back layer 5 cooperatively excites half-
wavelength resonance; therefore, adjusting a thickness of
the back layer 5 makes a thickness of the piezoelectric layer
4 larger than an approximately quarter wavelength. Here, the
thickness of the piezoelectric layer 4 is represented by tl,
and the wavelength of the ultrasonic wave to be excited is
represented by A. The following relation is generally estab-
lished.

MA<t1<)2

[0037] In addition, the thickness of the back layer 5 is
represented by 12. A total thickness of the thickness t2 of the
back layer and the thickness t1 of the piezoelectric layer 4
is set to generally satisfy A/2, as illustrated in FIG. 4. That
is,

since an equation of t1+12=A/2 is established,

an equation of 2=(2/2)-t1 is established.

[0038] The back layer 5 is made of a material having an
acoustic impedance different from the acoustic impedance of
the piezoelectric layer 4 within a range from -20% to +20%.
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The acoustic impedance different from the acoustic imped-
ance of the piezoelectric layer 4 within the range from —20%
to +20% is an acoustic impedance that lies between an
acoustic impedance of a material for a known backing layer
and an acoustic impedance of a material for a dematching
layer in a known dematching structure, and is also an
acoustic impedance that is relatively closer to the acoustic
impedance of the piezoelectric layer 4. The term “relatively
closer” means that the acoustic impedance of the back layer
5 is closer to the acoustic impedance of the material for the
piezoelectric layer 4 than the acoustic impedance of the
material for the backing layer and the acoustic impedance of
the material for the dematching layer are.

[0039] Here, the acoustic impedance of the material for the
known backing layer is an acoustic impedance of about 1
MRayl to 10 MRayl, and is an acoustic impedance of about
Y50 to Y4 relative to the acoustic impedance of the piezo-
electric layer 4. Tungsten carbide is also a material for the
known dematching layer. Tungsten carbide has an acoustic
impedance of about 90 MRayl. The acoustic impedance of
tungsten carbide is about three times as large as the acoustic
impedance of the piezoelectric layer 4.

[0040] Examples of the material for the back layer 5
include a piezoelectric material, brass, and the like.

[0041] Thebacking layer 6 is made of a material having an
acoustic impedance of about 1 MRayl to 10 MRay], as in the
material for the known backing layer.

[0042] With reference to FIGS. 5 to 7, a description will
be given of functions and effects of the multilayer structure
2 according to the present example. FIG. 5 is a diagram
illustrating frequency characteristics of a loop gain of an
ultrasonic pulse echo. With reference to FIG. 5, a description
is given of a fractional band of the multilayer structure 2
according to the present example, the multilayer structure 2
including the back layer 5 disposed on the back side of the
piezoelectric layer 4, in a comparison between an ultrasonic
probe having a structure including a dematching layer
disposed on a back side of a piezoelectric layer (such a
structure is referred to as a “dematching structure”) and an
ultrasonic probe having a structure including a backing layer
disposed on a back side of a piezoelectric layer, but includ-
ing neither a back layer nor a dematching layer (such a
structure is referred to as a “backing structure”).

[0043] The dematching structure is a known structure in
which a piezoelectric layer excites quarter-wavelength reso-
nance. The backing structure is a known structure in which
a piezoelectric layer excites half-wavelength resonance. In
FIG. 5, a solid line A indicates the multilayer structure 2
according to the present example, a broken line B indicates
the dematching structure, and an alternate long and short
dash line C indicates the backing structure.

[0044] As illustrated in FIG. 5, the dematching structure
has the widest bandwidth, and the multilayer structure 2
according to the present example has a bandwidth between
the bandwidth of the dematching structure and the band-
width of the backing structure. However, the dematching
structure is flatter in frequency response characteristic than
the other structures, and is poorer in convergence of a
real-time waveform than the other structures.

[0045] With reference to FIG. 6, a description will be
given of convergence of a real-time waveform. FIG. 6 is a
diagram illustrating convergence of a real-time waveform of
an ultrasonic pulse echo in each of the multilayer structure
2 according to the present example, the dematching struc-



US 2020/0206778 A1l

ture, and the backing structure. The correspondence rela-
tionship between the respective structures and a solid line A,
a broken line B, and an alternate long and short dash line C
is the same as that illustrated in FIG. 5. The quality of
convergence of a real-time waveform is determined on the
basis of an echo intensity I of a second peak of multiple
peaks in each of the waveform indicated by the solid line A,
the waveform indicated by the broken line B, and the
waveform indicated by the alternate long and short dash line
C in FIG. 6. The higher the echo intensity I is, the poorer the
convergence of the real-time waveform is. As illustrated in
the figure, an echo intensity I1 of the multilayer structure 2
according to the present example, an echo intensity [2 of the
dematching structure, and an echo intensity 13 of the backing
structure satisfy a relation of I3<I1<I2. Therefore, as
described above, the dematching structure has the poorest
convergence of the real-time waveform. On the other hand,
the echo intensity 12 of the multilayer structure 2 according
to the present example lies between the echo intensity 12 of
the dematching structure and the echo intensity I3 of the
backing structure.

[0046] FIG. 7 is a diagram illustrating frequency charac-
teristics of a sound pressure of an ultrasonic pulse transmit-
ted in a maximum electric field that causes no depolarization
of a piezoelectric layer made of a piezoelectric monocrys-
talline material. The vertical axis indicates the sound pres-
sure of the ultrasonic pulse transmitted with the maximum
electric field applied to the piezoelectric layer. The corre-
spondence relationship between the multilayer structure 2
according to the present example, the dematching structure,
and the backing structure and a solid line A, a broken line B,
and an alternate long and short dash line C is the same as
those illustrated in FIGS. § and 6. As illustrated in the figure,
the sound pressure of the dematching structure is minimized
as compared with the other structures. On the other hand, the
sound pressure of the multilayer structure 2 according to the
present example lies between the sound pressure of the
dematching structure and the sound pressure of the backing
structure.

[0047] The acoustic impedance of the back layer 5 lies
between the acoustic impedance of the dematching layer and
the acoustic impedance of the backing layer, and is relatively
closer to the acoustic impedance of the piezoelectric layer 4,
that is, the acoustic impedance of the back layer 5 is different
from the acoustic impedance of the piezoelectric layer 4
within the range from -20% to +20%. Thus, the acoustic
characteristics, that is, the fractional band, pulse conver-
gence, and sound pressure of the multilayer structure 2
according to the present example lie between the character-
istics of the dematching structure and the characteristics of
the backing structure. In other words, as to the multilayer
structure 2 according to the present example, the fractional
band is more favorable than that of the known backing
structure, and the pulse convergence and sound pressure are
more favorable than those of the known dematching struc-
ture. According to the present example, it is possible to
achieve more appropriate acoustic characteristics in accor-
dance with a site from which an ultrasonic image is
acquired, a target whose ultrasonic image is to be observed,
an object of observing the ultrasonic image, and the like.

[0048] For example, it is required that the pulse conver-
gence and sound pressure are more favorable than the
characteristics of the dematching structure depending on a
site from which an ultrasonic image is acquired, a target
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whose ultrasonic image is to be observed, an object of
observing the ultrasonic image, and the like. On the other
hand, the fractional band is not required as much as the
characteristic of the dematching structure in some cases. In
such a case, the use of the multilayer structure 2 according
to the present example is capable of providing an ultrasonic
probe meeting requirements.

[0049] In addition, the thickness of the piezoelectric layer
4 can be made thicker than an approximately quarter wave-
length. It is therefore possible to reduce a possibility of
depolarization in a case where the piezoelectric layer 4 is
made of a piezoelectric monocrystalline material, as com-
pared with the dematching structure.

[0050] Furthermore, the back layer 5 is made of a piezo-
electric material with good processability, which leads to
improvement in productivity.

[0051] The present invention has been described above on
the basis of the foregoing embodiment; however, it goes
without saying that various modifications and variations
may be made without departing from the scope of the
present invention. For example, the layered bodies 7 may be
arranged in the X-axis direction and a Z-axis direction
perpendicular to the Y-axis direction and perpendicular to
each other to constitute a 2D array, a 1.75D array, and a 1.5D
array.

REFERENCE SIGNS LIST

[0052] 1 Ultrasonic probe

[0053] 2 Multilayer structure

[0054] 3 Acoustic matching layer

[0055] 4 Piezoelectric layer

[0056] 5 Back layer

[0057] 6 Backing layer

[0058] 7 Layered body

[0059] 100 Ultrasonic diagnosis apparatus

1. A multilayer structure of an ultrasonic probe,

the multilayer structure comprising:

a piezoelectric layer from which an ultrasonic wave is

emitted to a subject; and
a back layer disposed on the piezoelectric layer and
opposite the subject across the piezoelectric layer,

the back layer having an acoustic impedance different
from an acoustic impedance of the piezoelectric layer
within a range from -20% to +20%.

2. The multilayer structure of an ultrasonic probe accord-
ing to claim 1, wherein the back layer is made of a material
including a piezoelectric material or brass.

3. The multilayer structure of an ultrasonic probe accord-
ing to claim 1, wherein the piezoelectric layer is made of a
piezoelectric material including a piezoelectric monocrys-
talline material.

4. The multilayer structure of an ultrasonic probe accord-
ing to claim 1, further comprising a backing layer disposed
on the back layer and opposite the piezoelectric layer across
the back layer.

5. The multilayer structure of an ultrasonic probe accord-
ing to claim 1, further comprising an acoustic matching layer
disposed on the piezoelectric layer, the acoustic matching
layer facing the subject.

6. The multilayer structure of an ultrasonic probe accord-
ing to claim 5, comprising:

a plurality of layered bodies each including the acoustic

matching layer, the piezoelectric layer, and the back
layer,
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wherein the layered bodies are disposed on the backing
layer to face toward the subject, and are arranged in one
direction perpendicular to a layered direction or in two
directions perpendicular to the layered direction and
perpendicular to each other.
7. An ultrasonic probe comprising the multilayer structure
of an ultrasonic probe described in claim 1.
8. An ultrasonic apparatus comprising the ultrasonic
probe described in claim 7.

® 0% % % %
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