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ULTRASOUND PROBE AND THE
ULTRASOUND DIAGNOSTIC DEVICE
USING SAME

TECHNICAL FIELD

[0001] The present invention relates to an ultrasound
probe and an ultrasound diagnostic device including the
same.

BACKGROUND ART

[0002] In the medical field, ultrasound diagnostic devices
are widely used. The ultrasound diagnostic device transmits
an ultrasound wave into the organism and receives the
ultrasound wave reflected in the organism. Then, based on
the received ultrasound wave, image data indicating a tissue
in the organism is generated and displayed on a display.

[0003] Examples of the image display mode of the ultra-
sound diagnostic device include a mode for displaying a
two-dimensional image (tomographic image), and a mode
for displaying a three-dimensional image. The former tomo-
graphic image is formed on the basis of frame data (two-
dimensional ultrasound data) acquired by one-dimensional
scanning of an ultrasound beam, and the latter three-dimen-
sional image is formed based on volume data acquired by
two-dimensional scanning of an ultrasound beam.

[0004] The ultrasound diagnostic device includes an ultra-
sound probe which transmits an ultrasound wave according
to a given electric signal and outputs an electric signal
corresponding to the received ultrasound wave. Examples of
the ultrasound probe include an array type ultrasound probe
allowing electrical scanning of an ultrasound beam. A plu-
rality of vibration elements are arranged on the array type
ultrasound probe. The transmission direction of the ultra-
sound wave is directed in a specific direction by adjusting
the delay times of signals applied to respective vibration
elements. By combining signals output from respective
vibration elements in accordance with the received ultra-
sound wave while adjusting the delay times for respective
signals, a received signal for the ultrasound wave arriving
from the specific direction can be obtained. Accordingly,
scanning of the ultrasound beam can be performed by
changing the signal delay times for respective vibration
elements.

[0005] In the case of a 1D array type ultrasound probe
performing one-dimensional scanning, an ultrasound beam
can be scanned within a scanning plane defined by the
direction of vibration elements arranged in a line . Further,
in the case of a 2D array type ultrasound probe performing
two-dimensional scanning, vibration elements are arranged
in a longitudinal direction and a lateral direction, and an
ultrasound beam can be scanned in an oblique direction in
addition to the longitudinal direction and the lateral direc-
tion.

[0006] Furthermore, in the case of a 1.5D array type
ultrasound probe, vibration elements are arranged in a
vertical direction and a horizontal direction as with the 2D
array type ultrasound probe. Then, for each set of vibration
elements arranged in the vertical direction, predetermined
signal delay times are assigned to respective vibration
elements arranged in the vertical direction, and an ultra-
sound beam can be scanned in the scanning plane defined
thereby.
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[0007] FIG. 1A is a perspective view schematically show-
ing an example of the configuration of a conventional
ultrasound probe, and FIG. 1B is a cross-sectional view
taken along line AB of FIG. 1A. As shown in FIGS. 1A and
1B, an ultrasound probe 100 has a structure in which a
piezoelectric element layer 3, an acoustic matching layer 2,
and an acoustic lens 1 are laminated in that order on a
backing layer 4. In the piezoelectric element layer 3, a
plurality of piezoelectric elements (ultrasound oscillators) 6
are two-dimensionally arranged. The piezoelectric element
layer 3 is divided into individual piezoelectric elements 6 by
separation grooves 7, and the acoustic matching layer 2 is
also divided by the separation grooves 7 so as to correspond
to the individual piezoelectric elements 6. The piezoelectric
element 6 includes a piezoelectric member 9 and electrodes
5 provided on both surfaces of the piezoelectric member 9.
A signal line 8 is connected to the lower (backing layer 4
side) electrode 5 through the backing layer 4 made of an
insulating member 10, and an ultrasound signal is transmit-
ted and received between the piezoelectric element layer 3
and the backing layer 4. By providing the acoustic lens 1 and
the acoustic matching layer 2, an ultrasound wave reflected
on a boundary surface between the ultrasound probe and the
organism is reduced.

[0008] Incidentally, the following PTLs 1 and 2 describe
an ultrasound probe in which a plurality of piezoelectric
elements are arranged. An acoustic matching layer is lami-
nated on a layer in which the piezoelectric elements are
arranged.

CITATION LIST

Patent Literature

[0009] PTL 1: Japanese Patent Application Laid-Open No.
2014-107853

[0010] PTL 2: Japanese Patent Application Laid-Open No.
60-2242

SUMMARY OF INVENTION

Technical Problem

[0011] FIG. 2A is a cross-sectional view schematically
showing an example of the configuration of a conventional
ultrasound probe, and FIG. 2B is a graph showing acoustic
impedance characteristics of respective layers in FIG. 2A
and a matching curve. In FIG. 2A, only one piezoelectric
element and an acoustic matching layer provided thereon are
shown for easy viewing. Further, in the drawings, a piezo-
electric member and an electrode are not distinguished, and
these are combined to form a piezoelectric element. Here-
inafter, the same applies to FIGS. 3A to 7A.

[0012] An acoustic matching layer 2 usually includes two
layers or three or more layers. FIGS. 2A and 2B show an
example in which the acoustic matching layer 2 includes
three layers (2A, 2B, 2C). As shown in FIG. 2B, in general,
the acoustic impedances of respective layers configuring the
acoustic matching layer 2 are adjusted so as to follow a
matching curve 13 decreasing exponentially from the organ-
ism 12 toward a piezoelectric element 6F in order to reduce
the reflection of an ultrasound wave. However, the adjacent
two layers of the acoustic matching layers 2A to 2C, the
acoustic matching layer 2A and the piezoelectric element
6F, and the acoustic lens 1 and the acoustic matching layer
2C are bonded by adhesion layers (11A, 11B, 11C, 11D).
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Since an adhesive such as epoxy based adhesive is used for
the adhesion layer, the acoustic impedances of respective
adhesion layers depart from the matching curve 13 as shown
in FIG. 2B, and the reflection of an ultrasound signal therein
increases, which may cause signal attenuation. In the future,
in order to improve diagnostic performance (resolution
performance, depiction performance of a deep part) by an
ultrasound probe, it is necessary to reduce the signal attenu-
ation in the adhesion layer.

[0013] The bonding of respective layers requires strength
for withstanding impact during separation processing. Weak
bonding strength causes a decrease in the manufacturing
yield of the ultrasound probe.

[0014] In the above-mentioned PTLs 1 and 2, sufficient
consideration has not been made in order to achieve both
acoustic impedance matching between the organism and the
piezoelectric element layer and bonding strength between
the layers configuring the ultrasound probe.

[0015] In light of the above-mentioned circumstances, an
object of the present invention is to provide an ultrasound
probe which maintains sufficient adhesion strength of layers
configuring the ultrasound probe and matches the acoustic
impedance of the organism to that of a piezoelectric element,
and an ultrasound diagnostic device including the same.

Solution to Problem

[0016] In order to achieve the above object, the present
invention provides an ultrasound probe including: a backing
layer; a piezoelectric element layer; an acoustic matching
layer; and an acoustic lens, the backing layer, the piezoelec-
tric element layer, the acoustic matching layer, and the
acoustic lens laminated in that order, wherein an adhesion
layer containing vanadium glass is provided between the
piezoelectric element layer and the acoustic matching layer.
[0017] In order to achieve the above object, the present
invention provides an ultrasound diagnostic device includ-
ing: a transmission beamformer for causing an ultrasound
probe to generate a transmission signal at a timing required
for forming a focus; a receiving beamformer for converting
an ultrasound wave received by the ultrasound probe into an
electric signal and subjecting the electric signal to temporal
delay to obtain an ultrasound beam signal; a signal process-
ing circuit for extracting a frequency component required for
imaging from the ultrasound beam signal and subjecting the
frequency component to detection-logarithmic compression
in order to convert the frequency component into image
luminance information, thereby obtaining an image signal
on a scan line; a scan converter for converting the obtained
image signal into a digital signal and subjecting all scan lines
to work for storing the digital signal at a place corresponding
to a position of a scan line in a frame memory to configure
an image; and a monitor for displaying the image, wherein
the ultrasound probe is the above-mentioned ultrasound
probe according to the present invention.

Advantageous Effects of Invention

[0018] The present invention can provide an ultrasound
probe which maintains sufficient adhesion strength of layers
configuring the ultrasound probe and matches the acoustic
impedance of the organism to that of a piezoelectric element,
and an ultrasound diagnostic device including the same. By
matching the acoustic impedance of the organism to that of
the piezoelectric element, it is possible to improve diagnos-
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tic performance (resolution performance, observation per-
formance of a deep part) and shorten a diagnosis time.
Further, by maintaining the sufficient adhesion strength of
the layers, the manufacturing yield of the ultrasound probe
can be improved.

BRIEF DESCRIPTION OF DRAWINGS

[0019] FIG. 1A is a perspective view schematically show-
ing an example of the configuration of a conventional
ultrasound probe.

[0020] FIG. 1B is a cross-sectional view taken along line
AB of FIG. 1A.

[0021] FIG. 2A is a cross-sectional view schematically
showing an example of the configuration of a conventional
ultrasound probe.

[0022] FIG. 2B is a graph showing acoustic impedance
characteristics of respective layers in FIG. 2A and a match-
ing curve.

[0023] FIG. 3A is a cross-sectional view schematically
showing a part of the configuration of an ultrasound probe
in first example of the present invention.

[0024] FIG. 3B is a graph showing acoustic impedance
characteristics of respective layers in FIG. 3A and a match-
ing curve.

[0025] FIG. 4A is a cross-sectional view schematically
showing a part of the configuration of an ultrasound probe
in second example of the present invention.

[0026] FIG. 4B is a graph showing acoustic impedance
characteristics of respective layers in FIG. 4A and a match-
ing curve.

[0027] FIG. 5A is a cross-sectional view schematically
showing a part of the configuration of an ultrasound probe
in third example of the present invention.

[0028] FIG. 5B is a graph showing acoustic impedance
characteristics of respective layers in FIG. 5A and a match-
ing curve.

[0029] FIG. 6A is a cross-sectional view schematically
showing a part of the configuration of an ultrasound probe
in fourth example of the present invention.

[0030] FIG. 6B is a graph showing acoustic impedance
characteristics of respective layers in FIG. 6A and a match-
ing curve.

[0031] FIG. TA is a cross-sectional view schematically
showing a part of the configuration of an ultrasound probe
in fifth example of the present invention.

[0032] FIG. 7B is a graph showing acoustic impedance
characteristics of respective layers in FIG. 7A and a match-
ing curve.

[0033] FIG. 8 is a block diagram showing an example of
the configuration of an ultrasound diagnostic device includ-
ing an ultrasound probe according to the present invention.
[0034] FIG. 9is a graph showing the relationship between
the viscosity of glass and temperature.

[0035] FIG. 10 is a differential thermal analysis graph of
glass.

DESCRIPTION OF EMBODIMENTS
[0036] Hereinafter, embodiments of the present invention

will be described in detail with reference to the drawings.
However, the scope of the present invention is not limited to
the following examples. In the following description, com-
ponents having the same functions and configurations are
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given the same reference numerals, and the description once
described will not be repeated after the second time.

EXAMPLE 1

[0037] FIG. 3A is a cross-sectional view schematically
showing a part of the configuration of an ultrasound probe
according to first example of the present invention, and FIG.
3B is a graph showing acoustic impedance characteristics of
respective layers in FIG. 3A and a matching curve. For
convenience of description, an organism 12 is also illus-
trated together with the configuration of the ultrasound
probe besides the structure of the ultrasound probe in FIG.
3A, and the same applies to FIGS. 3A to 7A to be described
later. In addition, in FIG. 3B, “6Ei” shows the acoustic
impedance of a piezoelectric element layer 6F, and the same
applies to the other layers and FIGS. 3A to 7A to be
described later.

[0038] In an ultrasound probe 100a according to the
present example, lead zirconate titanate (hereinafter referred
to as PZT) as a piezoelectric ceramic was used as a piezo-
electric member configuring a piezoelectric element 6E.
Vanadium glass was applied as an adhesive 14A in order that
the acoustic impedance of an adhesion layer 14A adhering
the piezoelectric element 6F to a first acoustic matching
layer 2A which was an acoustic matching layer closest to the
piezoelectric element 6F followed s a matching curve 13.
The acoustic impedance of PZT is about 35 Mrayls, and the
acoustic impedance of the vanadium glass is about 15
Mrayls. By using the above materials as the piezoelectric
element 6F and the adhesion layer 14A, the acoustic imped-
ances of the piezoelectric element 6F and the adhesion layer
14 A can be made to follow the matching curve 13, which can
reduce the attenuation of an ultrasound signal.

[0039] The difference in thermal expansion coefficient
between the piezoelectric element 6F and the adhesion layer
14 A is preferably as small as possible from the viewpoint of
adhesion strength. In this respect, since the thermal expan-
sion coeflicient of PZT is 5 to 10 ppm/K and the thermal
expansion coefficient of the vanadium glass is 7 to 9 ppm/K,
the matching of the thermal expansion coeflicients of both
the materials is good and sufficient adhesion strength is
obtained. The thermal expansion coeflicient of the vanadium
glass can be adjusted by the type and concentration of an
additive component (various oxides or filler materials to be
described later) to be added to the vanadium glass.

[0040] Considering the heat resistant temperature (unpo-
larizing temperature) of PZT, the softening point of the
vanadium glass to be applied to the adhesion layer 14A is
preferably 450° C. or less. The softening point of the
vanadium glass can be adjusted by an additive (for example,
P,O;). In the present example, low melting point glass
(containing barium, phosphorus, and antimony as an addi-
tive element) having a softening point of 445° C. was used.
[0041] Here, the definition of the softening point of the
present invention will be described below. FIG. 9 is a graph
showing the relationship between the viscosity of glass and
temperature, and FIG. 10 is a differential thermal analysis
(DTA) graph of glass. DTA measurement was carried out
using o-alumina as a reference sample at a rate of tempera-
ture rise of 5° C./min in the atmosphere. The masses of the
reference sample and measurement sample were 650 mg.
[0042] As shown in FIG. 9, as the temperature of glass
increases, the viscosity thereof decreases. Further, in the
present invention, as shown in FIG. 10, the starting tem-
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perature of a first endothermic peak (temperature at which
glass changes to supercooled liquid) is defined as a glass
transition point T, (corresponding to viscosity=10"3~ poise)
; the peak temperature of the first endothermic peak (tem-
perature at which the expansion of glass stops) is defined as
ayield point M, (corresponding to viscosity=10"! poise); the
peak temperature of a second endothermic peak (tempera-
ture at which glass begins to soften) is defined as a softening
point T, (viscosity=10"-% poise); a temperature at which
glass becomes a sintered body is defined as a sintering point
T, (corresponding to viscosity =10° poise); a temperature
at which glass melts is defined as a flow point T, (corre-
sponding to viscosity=10° poise); and a temperature suitable
for forming glass (temperature at which viscosity is 10
dPas) is defined as a working point T,. Each temperature
shall be a temperature determined by a tangent method. The
softening point T, described herein is based on the above
definition.

[0043] The transition point T, and the softening point T,
are values such as 373° C. and 445° C., and vanadium glass
heated at a temperature in a range of the softening point to
a working point can act as an adhesive.

[0044] The vanadium glass can be prepared by adding
phosphorus (P) or the like as a vitrifying component to
vanadium pentoxide (V,0O;) to obtain a mixture and melting
the mixture. The addition amount of V, O, is preferably 20
to 70 vol %, and more preferably 40 to 60 vol %. The
addition amount of V,0; of less than 20 vol % provides an
insufficient effect of the vanadium glass (matching of acous-
tic impedance and thermal expansion coeflicient with those
of the piezoelectric element 6E). The addition amount of
V,0; exceeding 70 vol % excessively increases the acoustic
impedance. The acoustic impedance deviates from the
matching curve 13. The addition amount of V,0; exceeding
70 vol % causes voids of air generated in a material, which
attenuates an acoustic signal itself, to decrease the resolution
of the ultrasound probe.

[0045] The vanadium glass contains the above vanadium
glass as a main component. The vanadium glass may contain
various elements as additives if necessary. For example, the
vanadium glass may contain phosphorus (P) which is a
vitrifying component, antimony (Sb), barium (Ba), or iron
(Fe) which is a water resistance improving component,
manganese (Mn), tellurium (Te), sodium (Na), potassium
(K), zinc (Zn), or tungsten (W) which is a glass stabilizing
component, or the like.

[0046] The above elements can be added to the vanadium
glass in forms of phosphorus pentoxide (P,O5), antimony
trioxide (Sbh,0;), barium oxide (BaQO), iron (III) oxide
(Fe,0,), manganese (II) oxide (MnO), manganese dioxide
(MnO,) tellurium dioxide (TeQ,), sodium oxide (Na,O),
potassium oxide (K,0), ZnO (zinc oxide) and tungsten
oxide (WO,) or the like.

[0047] In order to apply the vanadium glass on the piezo-
electric element 6E, the vanadium glass is made paste. There
is no particular limitation on a method of preparing the
paste. For example, the paste can be prepared by mixing
ethyl cellulose and diethylene glycol monobutyl ether
acetate with the vanadium glass in a kneader, followed by
performing a vacuum defoaming treatment.

[0048] The piezoelectric element 6FE and the acoustic
matching layer 2A can be bonded to each other by applying
the paste on the piezoelectric element 6F, placing the
acoustic matching layer 2A on the piezoelectric element 6E
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to form a laminate, and heating the laminate at a temperature
of 450 to 500° C. for 15 minutes.

[0049] In the present example, after the piezoelectric
member 6F and the first acoustic matching layer 2A are
bonded with the adhesion layer 14A, a backing layer (not
shown) is bonded to a lower portion of the piezoelectric
element 6F, and the subsequent second acoustic matching
layer 2B was bonded to an upper portion of the acoustic
matching layer 2A to manufacture the ultrasound probe. For
adhesion layers 11B to 11D, a conventional epoxy resin
adhesive was used.

[0050] In the present example, the materials of respective
acoustic matching layers were selected so that the acoustic
impedance characteristics of respective layers were the
acoustic impedance characteristics shown in FIG. 3B. A
material having a thermal expansion coefficient of 9.3
ppm/K was used as the first acoustic matching layer 2A. The
thermal expansion coefficient a of the vanadium glass paste
is 7.8 ppn/K, which is about the same as the thermal
expansion coefficient of PZT (a: 5 to 10 ppn/K) and the
thermal expansion coefficient of the first acoustic matching
layer 2A. Therefore, for bonding between the piezoelectric
element 6F and the first acoustic matching layer 2A, bond-
ing strength with a shear stress of 10 kgf/mm?® or more was
obtained, and a processing yield during element cutting was
also good.

[0051] Examples of glasses having an acoustic impedance
of about 15 Mrayls include Pb (lead)-based glass and Bi
(bismuth)-based glass in addition to vanadium glass, but the
use of the Pb-based glass is inappropriate as it is environ-
mentally harmful. Since the Bi (bismuth)-based glass has a
softening point of higher than 600° C. and a thermal
expansion coefficient of 10 to 12 ppm, and the difference
between the Bi (bismuth)-based glass and PZT is larger than
the difference between the vanadium glass and PZT, the Bi
(bismuth)-based glass is not preferable considering the heat
resistance temperature of PZT and the bonding strength of
the ultrasound probe.

[0052] The piezoelectric member 9 configuring the piezo-
electric element 6F is not limited to the above-described
PZT, and various piezoelectric materials can be used. For
example, as an inorganic piezoelectric material, thin films
made of quartz, piezoelectric ceramics such as PZT, (Pb, La)
(Zr, TH)O_ perovskite compound (PZLT), and piezoelectric
single crystals such as lead niobate zirconate-lead titanate
solid solution (PZN-PT), lead magnesium niobate-lead titan-
ate solid solution (PMN-PT), lithium niobate (LiNbO;),
lithium tantalate (LiTaQ,), potassium niobate (KNbO,),
zine oxide (ZnO) and aluminum nitride (AIN) can be used.
Examples of an organic piezoelectric material include poly-
vinylidene fluoride, polyvinylidene fluoride copolymers,
polyvinylidene polyanide, vinylidene cyanide copolymers,
odd nylons such as nylon 9 and nylon 11, aromatic nylons,
alicyclic nylons, polylactic acid, polyhydroxycarboxylic
acid such as polyhydroxybutyrate, cellulose derivatives, and
polyurea. Further, a composite material including the inor-
ganic piezoelectric material and the organic piezoelectric
material in combination, or including the inorganic piezo-
electric material and an organic polymer material in com-
bination can also be used. The acoustic impedance of the
piezoelectric material is about 20 to 40 Mrayls, and the
thermal expansion coeflicient is about 5 to 10 ppm/K which
is the same as that of PZT. With respect to the heat resistance
of the piezoelectric body, the adhesion treatment tempera-
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ture (450 to 500° C.) of vanadium glass having a softening
point of 450° C. or lower has no problem.

[0053] As the constituent materials of the acoustic match-
ing layers 2A to 2C, aluminum (Al), aluminum alloys such
as aluminum-magnesium (Al—Mg) alloys, magnesium
alloys, glass, fused quartz, polyethylene (PE), polypropyl-
ene (PP), polycarbonate (PC), acrylonitrile-butadiene-sty-
rene resins (ABC resins), acrylonitrile-butadiene-styrene
copolymerization synthetic resins (ABS resins), acryloni-
trile-acrylic ester-styrene copolymerization synthetic resins
(AAS resins), acrylonitrile-ethylene-propylene-diene-sty-
rene copolymerization synthetic resins (AES resins), nylon
(PA6, PA 6-6), polyphenylene oxide (PPO), polyphenylene
sulfide (PPS, may contain a glass fiber), polyphenylene ether
(PPE), polyetheretherketone (PEEK), polyamide imide
(PAD), polyethylene terephthalate (PETP), epoxy resins, and
urethane resins or the like can be used. Preferably, a molded
product obtained by adding zinc oxide (ZnO), titanium
oxide (Ti0,). silica (Si0,), alumina (Al,0;), red iron oxide,
ferrite, tungsten oxide (WO,), yttrium oxide (Y,0,), barium
sulfate (BaSO,), tungsten (W), and molybdenum (Mo) or
the like as a filler to a thermosetting resin such as an epoxy
resin, and followed by molding can be applied.

[0054] An acoustic lens 1, a backing layer 4 and an
electrode 5 are not particularly limited, and conventional
materials can be used therefor. For the acoustic lens 1,
silicone rubber or the like is mainly used. As the backing
layer 4, an epoxy resin filled with metal powder, and rubber
filled with filament powder, or the like are used. As the
electrode 5, a gold electrode or the like is mainly used.

EXAMPLE 2

[0055] Inexample 1, the vanadium glass was applied only
to the adhesion layer 14A between the piezoelectric member
6F and the first acoustic matching layer 2A. However, in the
present example, an example in which vanadium glass is
applied also to an adhesion layer 14B between a first
acoustic matching layer 2A and a second acoustic matching
layer 2B will be described with reference to FIGS. 4A and
4B.

[0056] FIG. 4A is a cross-sectional view schematically
showing a part of the configuration of an ultrasound probe
according to second example of the present invention, and
FIG. 4B is a graph showing acoustic impedance character-
istics of respective layers in FIG. 4A and a matching curve.
Since the acoustic impedance of the first acoustic matching
layer 2A used in the present example is about 15 Mrayls,
from the viewpoint of acoustic impedance matching, it is
appropriate that the adhesion layer 14B has an acoustic
impedance of about 12 to 13 Mrayls. Therefore, the acoustic
impedance was lowered from about 15 Mrayls to about 12
Mrayls by adding 20 vol % of silica (510,) powder (average
particle diameter: 10 um) as a filler material to the vanadium
glass used for the adhesion layer 14A in Example 1, to allow
acoustic impedance characteristics following the matching
curve to be obtained, as shown in FIG. 4B.

[0057] As described above, the acoustic impedance of the
adhesion layer 14B can be adjusted not only by adjusting the
additive of the vanadium glass but also by adding the filler
material to the vanadium glass. The acoustic impedance can
be adjusted by adjusting the addition amount of the filler
material. As the filler material, alumina (Al,O;) and silica
(810,) can be preferably used. Since alumina is heavier (has
a larger mass number) than vanadium glass, the alumina 1is
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preferably added when the acoustic impedance is set to be
larger than that of the vanadium glass . Since silica is lighter
(has a smaller mass number) than the vanadium glass, the
silica is preferably added when the acoustic impedance is set
to be larger than that of the vanadium glass . Material cost
can be reduced by adding the relatively inexpensive filler
material in place of the vanadium glass.

[0058] A method of preparing the adhesion layer 14B to
which the filler material is added is not particularly limited,
but the adhesion layer 14B can be produced by, for example,
adding a finely powdered filler material to finely powdered
vanadium glass, followed by powder compacting.

EXAMPLE 3

[0059] FIG. 5A is a cross-sectional view schematically
showing a part of the configuration of an ultrasound probe
in third example of the present invention, and FIG. 5B is a
graph showing acoustic impedance characteristics of respec-
tive layers in FIG. 5A and a matching curve. In the present
example, an example in which vanadium glass is applied to
three layers (the first acoustic matching layer 2A, the adhe-
sion layer 14A and the adhesion layer 11B) in example 1 will
be described with reference to FIGS. 5A and 5B.

[0060] A glass sheet (plate thickness: 100 pm) made of
vanadium glass as a first acoustic matching layer 15A is
inserted between a piezoelectric member 6E (PZT) and a
second acoustic matching layer 2B, followed by bonding.
The bonding was carried out by thinly applying a vanadium
glass paste having the same composition as that of the glass
sheet on the upper and lower surfaces of the acoustic
matching layer 15A, and laminating the piezoelectric ele-
ment 6E and the acoustic matching layer 2B, followed by
firing.

[0061] Since the three layers can realized with one mate-
rial (vanadium glass) in the present example, process cost
can be reduced. In terms of the characteristics of the acoustic
matching layer, the attenuation of the ultrasound signal in
these layers was small, and the bonding strength could also
be increased.

EXAMPLE 4

[0062] FIG. 6A is a cross-sectional view schematically
showing a part of the configuration of an ultrasound probe
in fourth example of the present invention, and FIG. 6B is
a graph showing acoustic impedance characteristics of
respective layers in FIG. 6A and a matching curve. In the
present, an example in which vanadium glass is applied to
the acoustic matching layer 2B in example 3 will be
described with reference to FIGS. 6A and 6B.

[0063] In order to apply vanadium glass to the acoustic
matching layer 2B, it is necessary to lower the acoustic
impedance to about 10 Mrayls. Therefore, by adding 40 vol
% silica (S10,) powder (average particle diameter: 10 um)
as a filler material to the vanadium glass, the acoustic
impedance was reduced to about 10 Mrayls, to form an
acoustic matching layer 15B. Since an acoustic matching
layer 15A and the acoustic matching layer 15B which
included the vanadium glass were bonded to each other, the
acoustic matching layer 15A and the acoustic matching layer
15B could be bonded by firing at 450° C. or more in a state
where flat surfaces of both the layers were exposed.
[0064] Since the four layers can be realized with the
vanadium glass according to the present example, process
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cost can be reduced. In terms of the characteristics of the
acoustic matching layer, the attenuation of the ultrasound
signal in these layers was small, and the bonding strength
could also be improved.

EXAMPLE 5

[0065] FIG. 7TA is a cross-sectional view schematically
showing a part of the configuration of an ultrasound probe
according to fifth example of the present invention, and FIG.
7B is a graph showing acoustic impedance characteristics of
respective layers in FIG. 7A and a matching curve. In
Examples 1 to 4, the acoustic matching layers 2 including
three layers were used (three-layer model). In the present
example, an aspect in which vanadium glass is applied to a
two-layer model will be described with reference to FIGS.
7A and 7B.

[0066] In the present example, the acoustic impedance
was reduced to about 10 Mrayls by the addition of a filler
material in the same manner as the method of the acoustic
matching layer 15B of example 4, and a first acoustic
matching layer 15C shown in FIG. 7 was applied. A second
acoustic matching layer 2C was bonded to the upper part of
the acoustic matching layer 15C, thereby manufacturing an
ultrasound probe. The number of components of the present
example was less than that of the three-layer model, which
could achieve a reduction in cost and an improvement in
bonding strength.

EXAMPLE 6

[0067] FIG. 8 is a block diagram showing an example of
the configuration of an ultrasound diagnostic device includ-
ing an ultrasound probe according to the present invention.
In the present, examples in which ultrasound diagnostic
devices (an ultrasound pulse reflection method is applied)
are configured using the respective ultrasound probes of
examples 1 to 5 will be described with reference to FIG. 8.
[0068] As shown in FIG. 8, an ultrasound diagnostic
device 300 includes: an ultrasound probe 16 for generating
and detecting an ultrasound wave; a transmission beam-
former 17 for causing the ultrasound probe 16 to generate a
transmission signal 22 at a timing required for forming a
focus; a receiving beamformer 18 for converting an ultra-
sound wave received by the ultrasound probe 16 into an
electric signal 23 and subjecting the electric signal to
temporal delay to obtain an ultrasound beam signal; a signal
processing circuit 19 for extracting a frequency component
required for imaging from the obtained beam signal and
subjecting the frequency component to detection-logarith-
mic compression in order to convert the frequency compo-
nent into image luminance information, thereby obtaining an
image signal on a scan line; a scan converter 20 for con-
verting the obtained image signal into a digital signal and
subjecting all scan lines to work for storing the digital signal
at a place corresponding to a position of a scan line in a
frame memory to configure an image; and a monitor 21 for
displaying the image.

[0069] In the present example, by using the ultrasound
probes of examples 1 to 5 as the ultrasound probe 16, the
acoustic impedance matching properties of respective layers
configuring the ultrasound probe are improved, which can
provide an ultrasound diagnostic device making it possible
to improve diagnostic performance (resolution performance,
deep part) and shorten a diagnosis time.
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[0070] As described above, it was proved that the present
invention can provide an ultrasound probe which maintains
sufficient adhesion strength of respective layers configuring
an ultrasound probe and matches the acoustic impedance of
the organism to that of a piezoelectric element, and an
ultrasound diagnostic device including the same.

[0071] The present invention is not limited to the above-
described examples, and includes various modifications. For
example, the above-described examples are described in
detail for convenience of description and good understand-
ing of the present invention, and thus the present invention
is not limited to one including all the described configura-
tions. In the present invention, it is possible to delete some
of the configurations of embodiments and examples in the
present specification, replace some of the configurations by
the other configurations, and add the other configurations to
some of the configurations.

REFERENCE SIGNS LIST

[0072] 1 acoustic lens

[0073] 2 acoustic matching layer

[0074] 2A first acoustic matching layer

[0075] 2B second acoustic matching layer

[0076] 2C third acoustic matching layer

[0077] 3 piezoelectric element layer

[0078] 4 backing layer

[0079] 5 electrode

[0080] 6, 6F piezoelectric element

[0081] 9 piezoelectric member

[0082] 7 separation groove

[0083] 8 signal line

[0084] 10 insulating material

[0085] 11A, 11B, 11C, 11D adhesion layer

[0086] 12 organism

[0087] 13 matching curve

[0088] 14A, 14B vanadium glass adhesion layer

[0089] 15A, 15B, 15C vanadium glass acoustic matching
layer

[0090] 17 transmission beamformer

[0091] 18 receiving beamformer

[0092] 19 signal processing circuit

[0093] 20 scan converter

[0094] 21 monitor

[0095] 22 transmission signal

[0096] 23 ultrasound signal

[0097] 16, 100, 1004, 1005, 100c, 100d, 100 ultrasound
probe

[0098] 300 ultrasound diagnostic device

1. An ultrasound probe comprising:

a backing layer;

a piezoelectric element layer;

an acoustic matching layer; and

an acoustic lens,

the backing layer, the piezoelectric element layer, the
acoustic matching layer, and the acoustic lens lami-
nated in that order,

wherein an adhesion layer containing vanadium glass is
provided between the piezoelectric element layer and
the acoustic matching layer.
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2. The ultrasound probe according to claim 1, wherein

the ultrasound probe has a structure in which the plurality
of acoustic matching layers are laminated, and

an adhesion layer containing vanadium glass is provided
between at least any two of the adjacent acoustic
matching layers.

3. The ultrasound probe according to claim 2, wherein

the acoustic matching layer has a structure in which a first
acoustic matching layer, an adhesion layer, and a sec-
ond acoustic matching layer are laminated in that order
on the piezoelectric element layer, and

the adhesion layer provided between the first acoustic
matching layer and the second acoustic matching layer
contains vanadium glass.

4. The ultrasound probe according to claim 3, wherein the

first acoustic matching layer contains vanadium glass.

5. The ultrasound probe according to claim 3, wherein the
first acoustic matching layer and the second acoustic match-
ing layer contain vanadium glass.

6. The ultrasound probe according to claim 2, wherein the
acoustic matching layer comprises two layers.

7. The ultrasound probe according to claim 1, wherein the
vanadium glass has a softening point of 450° C. or less, a
thermal expansion coefficient of 7 to 9 ppn/K, and an
acoustic impedance of 15 Mrayls.

8. The ultrasound probe according to claim 1, wherein the
vanadium glass contains alumina or silica as a filler material.

9. The ultrasound probe according to claim 1, wherein the
vanadium glass contains at least one of phosphorus, anti-
mony, barium, iron, manganese, tellurium, sodium, potas-
sium, zinc, and tungsten.

10.The ultrasound probe according to claim 1, wherein

the piezoelectric element layer is formed by two-dimen-
sionally arranging a plurality of piezoelectric elements,
and

the piezoelectric elements contain lead zirconate titanate.

11. An vultrasound diagnostic device comprising:

a transmission beamformer for causing an ultrasound
probe to generate a transmission signal at a timing
required for forming a focus;

a receiving beamformer for converting an ultrasound
wave received by the ultrasound probe into an electric
signal and subjecting the electric signal to temporal
delay to obtain an ultrasound beam signal;

a signal processing circuit for extracting a frequency
component required for imaging from the ultrasound
beam signal and subjecting the frequency component to
detection-logarithmic compression in order to convert
the frequency component into image luminance infor-
mation, thereby obtaining an image signal on a scan
line;

a scan converter for converting the obtained image signal
into a digital signal and subjecting all scan lines to work
for storing the digital signal at a place corresponding to
a position of a scan line in a frame memory to configure
an image; and

a monitor for displaying the image,

wherein the ultrasound probe is the ultrasound probe
according to claim 1.

* ok %k



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

EHA

IPCH 35

CPCH%E=

L 5ER
S EREEEE

BEX)

RU-—MEFRL  ARBURBFRANENZBHOMNKREE , B
EEETHANFEASEYNFERATE,SRET —HESAMEE
FRANBFSMNRE. ZBEFRX (100 ) WBEETSEENRE
EBHRE (6E) , FEERE ( 2A) MFER (1) , ZINFEE
HbEEBRtHRcBRHESENRENEEE ( 14 ) ( 6E) MBET

BE(2A),

BERANERENEF O IRE

US20180008231A1

US15/552547

R 24 B I HIERT

HITACHI , LTD.

HITACHI , LTD.

MIYAKE TATSUYA
WATANABE TORU
NAITO TAKASHI
AOYAGI TAKUYA
ONODERA TAIGO

MIYAKE, TATSUYA
WATANABE, TORU
NAITO, TAKASHI
AOYAGI, TAKUYA
ONODERA, TAIGO

A61B8/14 A61B8/00 H04R17/00 HO4R3/00

patsnap

2018-01-11

2016-01-27

A61B8/14 A61B8/4444 HO4R17/00 HO4R3/00 A61B8/4281 A61B8/4488 A61B8/4494 B06B1/0622

G10K11/30
2015037602 2015-02-27 JP

Espacenet USPTO

100a

NS



https://share-analytics.zhihuiya.com/view/d1910192-9dea-4448-bf01-970f7dd5e1ed
https://worldwide.espacenet.com/patent/search/family/056788398/publication/US2018008231A1?q=US2018008231A1
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=%2220180008231%22.PGNR.&OS=DN/20180008231&RS=DN/20180008231

