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ACOUSTIC LENS, ACOUSTIC WAVE PROBE,
ACOUSTIC WAVE MEASUREMENT
APPARATUS, ULTRASOUND DIAGNOSTIC
APPARATUS, PHOTOACOUSTIC WAVE
MEASUREMENT APPARATUS, AND
ULTRASOUND ENDOSCOPE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/JP2018/007869 filed on Mar. 1,
2018, which claims priority under 35 U.S.C. § 119 (a) to
Japanese Patent Application No. 2017-044807 filed in Japan
on Mar. 9, 2017. Each of the above applications is hereby
expressly incorporated by reference, in its entirety, into the
present application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a resin material for
an acoustic lens, an acoustic lens, an acoustic wave probe,
an acoustic wave measurement apparatus, an ultrasound
diagnostic apparatus, a photoacoustic wave measurement
apparatus, and an ultrasound endoscope.

2. Description of the Related Art

[0003] In the acoustic wave measurement apparatus, an
acoustic wave probe is used which irradiates a test object or
a site (hereinafter, also simply referred to as an object) with
an acoustic wave, receives a reflected wave (echo) thereof,
and outputs a signal. An electrical signal converted from the
reflected wave which has been received by this acoustic
wave probe is displayed as an image. Accordingly, the
interior of the test object is visualized and observed.
[0004] Acoustic waves, such as ultrasonic waves and
photoacoustic waves, which have an appropriate frequency
in accordance with a test object and/or measurement con-
ditions, are selected as the acoustic waves.

[0005] For example, the ultrasound diagnostic apparatus
transmits an ultrasonic wave to the interior of a test object,
receives the ultrasonic wave reflected by the tissues inside
the test object, and displays the received ultrasonic wave as
an image. The photoacoustic wave measurement apparatus
receives an acoustic wave radiated from the interior of a test
object due to a photoacoustic effect, and displays the
received acoustic wave as an image. The photoacoustic
effect is a phenomenon in which an acoustic wave (typically
an ultrasonic wave) is generated through thermal expansion
after a test object absorbs an electromagnetic wave and
generates heat in a case where the test object is irradiated
with an electromagnetic wave pulse of visible light, near
infrared light, microwave, or the like.

[0006] The acoustic wave measurement apparatus per-
forms transmission and reception of an acoustic wave on a
living body (typically, the human body) which is a test
object. Therefore, it is necessary to fulfill requirements such
as consistency in the acoustic impedance within the living
body and decrease in acoustic attenuation.

[0007] A probe for an ultrasound diagnostic apparatus
(also referred to as an ultrasound probe) which is a kind of
acoustic wave probe includes an acoustic lens which is a
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portion coming into contact with a living body, an acoustic
matching layer, a piezoelectric element (transducer) which
transmits and receives an ultrasonic wave, and a backing
material. For example, JP2015-202212A discloses a resin
composition which is used as a backing material for an
ultrasonic transducer, containing an epoxy resin, a vulca-
nizing agent, and an ion exchanger, and capable of providing
a backing material for an ultrasonic transducer having
excellent sterilization resistance and high acoustic charac-
teristics.

SUMMARY OF THE INVENTION

[0008] An ultrasonic wave generated from the piezoelec-
tric element in the above-described ultrasound probe is
incident on the living body after being transmitted through
the acoustic lens. In a case where the difference between
acoustic impedance (density x acoustic velocity) of the
acoustic lens and acoustic impedance of the living body is
large, the ultrasonic wave is reflected by the surface of the
living body. Therefore, the ultrasonic wave is not efficiently
incident on the living body. In addition, it is desirable that
ultrasonic attenuation of the acoustic lens is low in order to
transmit and receive the ultrasonic wave with high sensitiv-
ity. Furthermore, since the acoustic lens is required to have
durability in use during diagnosis using an ultrasonic probe,
it is desirable that the acoustic lens has an excellent tear
strength.

[0009] In view of the above-described circumstances, an
object of the present invention is to provide a resin material
for an acoustic lens with which it is possible to obtain an
acoustic lens, of which the acoustic impedance is close to an
acoustic impedance value of a living body (in the case of a
living body, 1.4 to 1.7x10° kg/m*/sec) and the acoustic
attenuation decreases even at a high frequency (for example,
10 MHz) and which has an excellent tear strength.

[0010] In addition, another object of the present invention
is to provide an acoustic lens using the above-described
resin material for an acoustic lens as a constituent material,
an acoustic wave probe, an acoustic wave measurement
apparatus, an ultrasound diagnostic apparatus, a photoacous-
tic wave measurement apparatus, and an ultrasound endo-
scope.

[0011] The above-described objects are solved by the
following means.

[0012] <I> A resin material for an acoustic lens compris-
ing: a resin (a) containing at least one of an epoxy group, a
carbon-carbon double bond group, a methylol group, or a
phenolic hydroxyl group; and a resin (b) containing a
structural unit having a polysiloxane bond.

[0013] <2> The resin material for an acoustic lens accord-
ing to <1>, in which the resin (a) is at least one of an epoxy
resin, a phenolic resin, a urea resin, a melamine resin, or an
unsaturated polyester.

[0014] <3> The resin material for an acoustic lens accord-
ing to <1> or <2>, in which at least a part of the resin (a) is
bonded to at least a part of the resin (b).

[0015] <4>The resin material for an acoustic lens accord-
ing to <3>, in which a bonding portion between the resin (a)
and the resin (b) has an epoxy ring-opened structure formed
by a reaction between an epoxy group contained in the resin
(a) and an amino group and/or a carboxy group contained in
the resin (b).

[0016] <5> The resin material for an acoustic lens accord-
ing to <3>, in which the bonding portion between the resin
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(a) and the resin (b) has a carbon-carbon bond formed by
polymerization between the carbon-carbon double bond
group contained in the resin (a) and a carbon-carbon double
bond group contained in the resin (b).

[0017] <6> The resin material for an acoustic lens accord-
ing to <3>, in which the bonding portion between the resin
(a) and the resin (b) has an ether bond and/or an imino bond
formed by a reaction between the methylol group contained
in the resin (a) and a hydroxy group and/or the amino group
contained in the resin (b).

[0018] <7> The resin material for an acoustic lens accord-
ing to <3>, in which the bonding portion between the resin
(a) and the resin (b) has an epoxy ring-opened structure
formed by a reaction between a phenolic hydroxyl group
contained in the resin (a) and an epoxy group contained in
the resin (b).

[0019] <8> The resin material for an acoustic lens accord-
ing to <1>or <2>, further comprising: a blended resin of the
resin (a) and the resin (b).

[0020] <9> The resin material for an acoustic lens accord-
ing to any one of <I> to <8>, in which a ratio of a content
mass mb of the resin (b) to a ratio of a content mass ma of
the resin (a) is ma:mb=30:70 to 70:30.

[0021] <10> The resin material for an acoustic lens
according to any one of <I> to <9>, which is used for an
acoustic wave probe lens of which an acoustic impedance is
less than or equal to 1.7x10° kg/m?/sec.

[0022] 11> An acoustic lens comprising: the resin material
for an acoustic lens according to any one of <1> to <10>.
[0023] <12> The acoustic lens according to <11>, in
which a density is greater than or equal to 1.05 g/em’.
[0024] <I13> A acoustic wave probe comprising: the
acoustic lens according to <II I> or <12>.

[0025] <14> An acoustic wave measurement apparatus
comprising: the acoustic wave probe according to <13>.
[0026] <15> An ultrasound diagnostic apparatus compris-
ing: the acoustic wave probe according to <13>.

[0027] <16> A photoacoustic wave measurement appara-
tus comprising: the acoustic lens according to <11>or <12>,
[0028] <17> An ultrasound endoscope comprising: the
acoustic lens according to <11> or <12>.

[0029] In the present specification, when there are plural-
ity of substituents, linking groups, repeating structures, and
the like (hereinafter, referred to as substituents) represented
by specific reference numerals, or when a plurality of
substituents and the like are simultaneously defined, unless
otherwise specified, the substituents may be the same as or
different from each other. The same applies to definition of
the number of substituents and the like. In addition, when a
plurality of substituents and the like are near (particularly,
adjacent to) each other, unless otherwise specified, they may
be linked to each other to form a ring. In addition, the ring,
for example, an aliphatic ring, an aromatic ring, or a hetero
ring may be further condensed to form a condensed ring.
[0030] Inthe present specification, in a case of defining the
number of carbons of a certain group, the number of carbon
atoms means a number of carbons of whole groups. That is,
in a case where this group is in a form further having a
substituent, it means a total number of carbon atoms includ-
ing this substituent.

[0031] In addition, a group (for example, an alkyl group)
specified by each group may further have a substituent. In
addition, an “Si—H group” means a group having three
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bonds on a silicon atom in addition to —H, but the descrip-
tion of the bonds is not repeated and the notation is simpli-
fied.

[0032] In addition, in the present specification, “to” means
a range including numerical values denoted before and after
“to” as a lower limit value and an upper limit value.
[0033] Unless otherwise specified, the mass average
molecular weight in the present specification refers to a
value (in terms of polystyrene) measured through gel per-
meation chromatography (GPC).

[0034] The mass average molecular weight can be mea-
sured specifically using TETRAHYDROFURAN (manufac-
tured by Wako Pure Chemical Industries, Ltd.) as an eluent,
TSKgel (registered trademark), G3000HXL+TSKgel (reg-
istered trademark), and G2000HXL as columns, and a RI
detector under the conditions of a temperature of 23° C. and
a flow rate of 1 ml/min after preparing a GPC apparatus
HLC-8220 (which is a trade name manufactured by TOSOH
CORPORATION).

[0035] The acoustic lens produced using the resin material
for an acoustic lens of the embodiment of the present
invention has an acoustic impedance close to an acoustic
impedance value of a living body, has a decreasing acoustic
attenuation even at a high frequency, and has an excellent
tear strength. The acoustic lens, the acoustic wave probe, the
acoustic wave measurement apparatus, the ultrasound diag-
nostic apparatus, the photoacoustic wave measurement
apparatus, and the ultrasound endoscope of the embodiment
of the present invention contains a resin material for an
acoustic lens which has the above-described excellent per-
formances.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1 is a perspective transparent view of an
example of a convex ultrasound probe which is an aspect of
an acoustic wave probe.

DESCRIPTION OF THE PREFERRED

EMBODIMENTS
[0037] <<Resin Material for Acoustic Lens>>
[0038] The resin material for an acoustic lens of the

embodiment of the present invention contains a resin (a)
containing at least one of an epoxy group, a carbon-carbon
double bond group, a methylol group, or a phenolic
hydroxyl group and a resin (b) containing a structural unit
having a polysiloxane bond. Hereinafter, the “resin material
for an acoustic lens of the embodiment of the present
invention” is also simply referred to as a “resin material”. In
addition, the “resin (a) containing at least one of an epoxy
group, a carbon-carbon double bond group, a methylol
group, or a phenolic hydroxyl group” is also simply referred
to as a “resin (a)”. In addition, the “resin (b) containing a
structural unit having a polysiloxane bond” is also simply
referred to as a “resin (b)”.

[0039] The resin material for an acoustic lens of the
embodiment of the present invention may be consisting of
the resins or may contain commonly used components or
any components, such as filler, a catalyst, a solvent, a
dispersant, a pigment, a dye, an antistatic agent, a flame
retardant, and a thermal conductivity enhancer, which
express an additional action in addition to the resins. In a
case where the resin material for an acoustic lens of the
embodiment of the present invention is formed of two or
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more components, in general, it is preferable that the resin
composition for an acoustic wave probe is in a form of a
composition in which the components are homogeneously
mixed with each other.

[0040] The shape of the resin material for an acoustic lens
itself of the embodiment of the present invention is not
particularly limited. The resin material for an acoustic lens
may be mixed with a solvent or the like to have fluidity, or
may have a pellet shape.

[0041] By molding the resin material for an acoustic lens
of the embodiment of the present invention, it is possible to
obtain an acoustic lens having all excellent characteristics of
an acoustic impedance close to an acoustic impedance value
of a living body, decrease in acoustic attenuation (particu-
larly acoustic attenuation at a high frequency), and an
excellent tear strength. Although the reason is unclear, it is
considered that resins (a) and (b) form a bond through heat
or the like in a case of molding to form a cross-linked
structure and the resin (a) and the resin (b) are more
uniformly mixed with each other, thereby suppressing phase
separation between the resin (a) and the resin (b) and
improving acoustic sensitivity of an acoustic lens. In addi-
tion, the resin (a) has a relatively high density in many cases,
and therefore, it is considered that the resin (a) is advanta-
geous to make acoustic impedance of the acoustic lens close
an acoustic impedance value of a living body. In addition,
the formation of the above-described cross-linked structure
also contributes to improvement of the tear strength of the
acoustic lens.

[0042] (1) Resin (a) Containing at Least One of Epoxy
Group, Carbon-Carbon Double Bond Group, Methylol
Group, or Phenolic Hydroxyl Group

[0043] The resin (a) used in the resin material of the
embodiment of the present invention is not particularly
limited as long as it is a silicone resin containing at least one
of an epoxy group, a carbon-carbon double bond group, a
methylol group, or a phenolic hydroxyl group.

[0044] The mass average molecular weight of the resin (a)
is not particularly limited, but is preferably 100 to 1,000,
000, more preferably 500 to 100.000, and particularly pref-
erably 1,000 to 10.000.

[0045] The functional group equivalent (that is, the mass
average molecular weight of the resin (a) per functional
group) of the resin (a) is not particularly limited, but is
preferably 10 to 100,000 g/eq, more preferably 50 to 10,000
g/eq, and particularly preferably 100 to 1,000 g/eq.

[0046] Itis possible to improve the mechanical strength of
the acoustic lens by making the resin (a) used in the resin
material of the embodiment of the present invention have a
high strength. Therefore, the resin (a) is preferably a ther-
mosetting resin and more preferably at least one of an epoxy
resin, a phenolic resin, a urea resin, a melamine resin, or
unsaturated polyester. Hereinafter, each resin will be
described.

[0047] (Epoxy Resin)

[0048] Specific examples of epoxy resins include a bis-
phenol A-type epoxy resin, a bisphenol F-type epoxy resin,
a phenol novolac-type epoxy resin, a cresol novolac-type
epoxy resin, an alicyclic epoxy resin, a glycidyl ester-type
epoxy resin, and a glycidyl amine-type epoxy resin.
[0049] Specific examples of bisphenol A-type epoxy res-
ins include EPICLON HM-101 (trade name manufactured
by DIC CORPORATION), EPICLON 840 (trade name
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manufactured by DIC CORPORATION), and JER 828
(trade name manufactured by Mitsubishi Chemical Corpo-
ration).

[0050] Specific examples of bisphenol F-type epoxy resins
include EPICLON 830 (trade name manufactured by DIC
CORPORATION), 4004P (trade name manufactured by
Mitsubishi Chemical Corporation), and JER807 (trade name
manufactured by Mitsubishi Chemical Corporation).
[0051] Specific examples of phenol novolac-type epoxy
resins include YDPN-638 (trade name manufactured by
NIPPON STEEL & SUMIKIN CHEMICAL CO.,LTD.) and
N-770 (trade name manufactured by DIC CORPORA-
TION).

[0052] Specific examples of cresol novolac-type epoxy
resins include EPICLON N-660 (trade name manufactured
by DIC CORPORATION) and YDCN-700-3 (trade name
manufactured by NIPPON STEEL & SUMIKIN CHEMI-
CAL CO,, LTD.).

[0053] Specific examples of alicyclic epoxy resins include
CELLOXIDE 2012P (trade name manufactured by Daicel
Corporation) and Syna-Epoxy28 (trade name manufactured
by Synasia).

[0054] Specific examples of glycidyl ester-type epoxy
resins include EPOX-AH R508 (trade name manufactured
by Printec Co.) and EPOX-AH R540 (trade name manufac-
tured by Printec Co.).

[0055] Specific examples of glycidyl amine-type epoxy
resins include EP-3950S (trade name manufactured by
ADEKA) and SKE-3 (trade name manufactured by TECH-
NOSET).

[0056] (Phenolic Resin)

[0057] Specific examples of phenolic resins include PHE-
NOLITE TD-2131 (trade name manufactured by DIC COR-
PORATION) and CP3506F (trade name manufactured by
ASAHI YUKIZAI CORPORATION).

[0058] (Urea Resin)

[0059] Specific examples of urea resins include FLEA-
MIN M (trade name manufactured by Daiwa) and CU (trade
name manufactured by Panasonic Corporation).

[0060] (Melamine Resin)

[0061] Specific examples of melamine resins include
FLEAMIN 7 (trade name manufactured by Daiwa) and
ME-] (trade name manufactured by Panasonic Corporation).
[0062] (Unsaturated Polyester)

[0063] Examples of unsaturated polyester include a diallyl
phthalate resin and a vinyl ester resin (epoxy acrylate resin).
Specific examples of diallyl phthalate resins include CD-I-
710 (trade name manufactured by Hitachi Chemical Co.,
Ltd.) and DP-1300 (trade name manufactured by ASAHI
YUKIZAI CORPORATION). Specific examples of vinyl
ester resins include UE-8410 (trade name manufactured by
DIC CORPORATION) and 8026 (trade name manufactured
by U-PICA Company, Ltd.). Another example thereof
includes U-PICA 4015 (trade name manufactured by
U-PICA Company, Ltd.).

[0064] Unsaturated polyester contains a monomer which
has an ester bond and two or more carbon-carbon double
bond groups in a molecule and in which a polymerization
reaction using the carbon-carbon double bond groups pro-
ceeds in a case of preparing a resin material for an acoustic
lens through a kneading step to be described below so as to
become unsaturated polyester. Examples of this monomer
include a polyfunctional (meth)acrylate monomer having an
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ester bond in a molecule (for example, ARONIX M-400
(trade name manufactured by TOAGOSEI CO., LTD.).
[0065] (2) Resin (b) Containing Structural Unit Having
Polysiloxane Bond

[0066] A resin (b) is not particularly limited as long as it
has a structural unit having a polysiloxane bond as a
structural unit constituting a resin. In addition, the polysi-
loxane bond may be introduced into either a main chain
and/or a side chain in a structural unit, but is preferably
introduced into a main chain.

[0067] Silicone having a polysiloxane bond can result
from a reaction between first silane (for example, a first
silicon-containing group such as a first alkoxysilyl group or
a first hydroxysilyl group) and second silane (for example,
a second silicon-containing group such as a second alkox-
ysilyl group or a second hydroxysilyl group).

[0068] The resin (b) used for the resin material of the
embodiment of the present invention is not particularly
limited as long as it has a structural unit having a polysi-
loxane bond.

[0069] The mass average molecular weight of the resin (b)
is not particularly limited, but is preferably 100 to 1,000,
000, more preferably 500 to 100,000, and particularly pref-
erably 1,000 to 50,000.

[0070] Inaddition, the resin (b) preferably has a functional
group reacting with an epoxy group, a carbon-carbon double
bond group, and/or a methylol group which are contained in
the resin (a). Examples of such functional groups include an
amino group, a carboxy group, a carbon-carbon double bond
group, a hydroxy group, a Si—H group, and an epoxy group.
[0071] The functional group equivalent (that is, the mass
average molecular weight of the resin (b) per functional
group) of the resin (b) is not particularly limited, but is
preferably 100 to 100,000 g/eq, more preferably 5,000 to
10,000 g/eq, and particularly preferably 1,000 to 5,000 g/eq.
[0072] Polysiloxane (hereinafter, also referred to as poly-
siloxane (A)) represented by General Formula (A) is pref-
erable as the resin (b).

A
1|{a2 I|{a3 I|{u2 I|{Lz2 ( )
R‘”—Si—O—éSi—O)—éSi—O%Si—R‘”
1|{a2 I|{a3 x1 Il{a2 %2 Il{az

[0073] R*' to R*® in General Formula (A) represents an
alkyl group, a cycloalkyl group, an alkenyl group, a phenyl
group, an amino group, a hydroxy group, a (meth)acryloy-
loxy group, a carboxy group, or an epoxy group, x1 and x2
each independently represent an integer of 1 or more.
[0074] The number of carbon atoms in an alkyl group in
R* to R* is preferably 1 to 10, more preferably 1 to 4, still
more preferably 1 or 2, and particularly preferably 1.
Examples of the alkyl group include a methyl group, an
ethyl group, a propyl group, an isopropyl group, a butyl
group, an isobutyl group, a hexyl group, an octyl group, a
2-ethylhexyl group, and a decyl group.

[0075] The number of carbon atoms in a cycloalkyl group
in R* and R*? is preferably 3 to 10, more preferably 5 to 10,
and still more preferably 5 or 6. In addition, the cycloalkyl
group is preferably a 3-membered ring, a 5-membered ring,
or a 6-membered ring, and more preferably a S-membered
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ring or a 6-membered ring. Examples of the cycloalkyl
group include a cyclopropyl group, a cyclopentyl group, and
a cyclohexyl group.

[0076] The number of carbon atoms in an alkenyl group in
R* to R? is preferably 2 to 10, more preferably 2 to 4, and
still more preferably 2. Examples of the alkenyl group
include a vinyl group, an allyl group, and a butenyl group.
[0077] An amino group, a hydroxy group, a (meth)acry-
loyloxy group, or a carboxy group may be bonded to a
silicon atom through a linking group or a bond. Examples of
linking groups or bonds include an alkylene group (prefer-
ably having 1 to 5 carbon atoms), an arylene group (pref-
erably having 5 to 12 carbon atoms), a heteroarylene group
(preferably having 3 to 12 carbon atoms), an ether bond, an
ester bond, or an amide bond.

[0078] The alkyl group, the cycloalkyl group, the alkenyl
group, and the phenyl group may have a substituent.
Examples of such a substituent include a halogen atom, an
alkyl group, a cycloalkyl group, an alkenyl group. an aryl
group, an alkoxy group, an aryloxy group, an alkylthio
group, an arylthio group, a silyl group, and a cyano group.
[0079] Examples of the group having a substituent include
a halogenated alkyl group.

[0080] R*is preferably an alkyl group, an alkenyl group,
an amino group, a hydroxy group, a (meth)acryloyloxy
group, or a carboxy group is preferable and an alkenyl
group, an amino group, a hydroxy group, a (meth)acryloy-
loxy group, or a carboxy group is more preferable. The alkyl
group is preferably an alkyl group having 1 to 4 carbon
atoms and more preferably methyl. The alkenyl group is
preferably an alkenyl group having 2 to 4 carbon atoms and
more preferably vinyl.

[0081] R** and R* are preferably an alkyl group, an
alkenyl group, or an phenyl group, more preferably an alkyl
group having 1 to 4 carbon atoms, a vinyl group, or a phenyl
group, and still more preferably a methyl group.

[0082] x1 is preferably an integer of 1 to 3,000 and more
preferably an integer of 5 to 1,000.

[0083] x2 is preferably an integer of 1 to 3,000, and more
preferably an integer of 40 to 1,000.

[0084] In the present invention, each of the repeating units
“_8i(R"®),—0—"and “—Si(R**),—0O—"in General For-
mula (A) may exist in a block-polymerized form or may be
in a form in which the repeating units exist randomly.
[0085] Examples of polysiloxane represented by General
Formula (A) include KF-96-50cs, KF-8012, KF-6003,
KF-2012, and X-22-163A (all are trade names) manufac-
tured by Shin-Etsu Chemical Co., Ltd. In addition, DMS
series (for example, DMS-V41, DMS-A15, DMS-R18,
DMS-C23, DMS-CA21), ECMS-227, DBL-C31, and EBP-
234 (all are trade names) manufactured by GELEST, INC.
[0086] The polysiloxane (A) represented by General For-
mula (A) may be used singly or in a combination of two or
more thereof.

[0087] Polyorganosiloxane having two or more Si—H
groups in a molecular chain can be used as the resin (b). In
a case where the resin (a) has a carbon-carbon double bond,
it can form a bond with Si—H of the resin (b).

[0088] <Polysiloxane (B) Having Two or More Si—H
Groups in Molecular Chain>

[0089] The polysiloxane (B) having two or more Si—H
groups in a molecular chain that can be used in the present
invention (hereinafter, also simply referred to as polysilox-
ane (B)) has two or more Si—H groups in a molecular chain.
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Here, in a case where the polysiloxane (B) has a “—SiH,—
structure, the number of Si—H groups in the “—SiH,—
structure is counted as two. In addition, in a case where the
polysiloxane (B) has a “—SiH,—” structure, the number of
Si—H groups in the “—SiH,—" structure is counted as
three.

[0090] Inacasewhere there are two or more Si—H groups
in a molecular chain, it is possible to crosslink polysiloxane
having at least two carbon-carbon double bonds.

[0091] There is a linear structure and a branched structure
in the polysiloxane (B), and the linear structure is preferable.
[0092] In addition, the polysiloxane (B) preferably has a
phenyl group, and the content of the phenyl group is not
particularly limited. The content of the phenyl group is, for
example, 20 to 80 mol % and preferably 30 to 70 mol %
from the viewpoint of mechanical strength in a case where
an acoustic lens is made.

[0093] Here, the content of the phenyl group is mol % of
a phenyl group-containing siloxane unit in a case where all
units constituting the polysiloxane (B) are set to 100 mol %.
In a case where all Si atoms of Si in a Si—O unit and at a
terminal which constitute a main chain are substituted with
at least one phenyl group, the content becomes 100 mol %.
[0094] The “unit” of polysiloxane refers to Si atoms in a
Si—O unit and at a terminal which constitute a main chain.
[0095] The Si—H equivalent of the polysiloxane (B) is
preferably less than or equal to 1.300 g/mol and more
preferably less than or equal to 500 g/mol in addition to the
above-described functional group equivalent. In addition,
the Si—H equivalent is preferably greater than or equal to 50
g/mol and more preferably greater than or equal to 100
g/mol.

[0096] In a case where the acoustic lens of the embodi-
ment of the present invention has a bulky phenyl group, it is
possible to increase the acoustic velocity, the hardness, and
the specific gravity. For this reason, it is possible to increase
the acoustic impedance.

[0097] The polysiloxane (B) which has a linear structure
and two or more Si—H groups in a molecular chain is
preferably polysiloxane represented by General Formula

(B).

ﬁ‘“ P

SI_O Sl_Rbl

[

RO!—Si—0 Si—O
3

R22 R® 2 sz

[0098] In General Formula (B), R*' and R? each inde-
pendently represent a hydrogen atom, an alkyl group, a
cycloalkyl group, an aryl group, or —O—Si(R*),(R*%). R®*
and R”® each independently represent a hydrogen atom, an
alkyl group, a cycloalkyl group, or an aryl group. R*® and
R?* each independently represent a hydrogen atoni, an alkyl
group, a cycloalkyl group, an alkenyl group, an aryl group,
or —O—Si(R”®),(R?"). R”” and R”® each independently
represent a hydrogen atom, an alkyl group, a cycloalkyl
group, an alkenyl group, or an aryl group, y1 represents an
integer of 0 or more and y2 represents an integer of 1 or
more. Here, each of the groups of R”* to R?® may further be
substituted with a substituent. However, there are two or
more Si—H groups in a molecular chain.
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[0099] An alkyl group and a cycloalkyl group in R”" and
R?? are synonymous with an alkyl group and a cycloalkyl
group inR** to R%, and preferred ranges thereof are also the
same as each other. An alkyl group, a cycloalkyl group, and
an alkenyl group in R”* and R** are synonymous with an
alkyl group, a cycloalkyl group, and an alkenyl group in R**
to R®, and preferred ranges thereof are also the same as each
other. The number of carbon atoms of an aryl group in R**
to R?#is preferably 6 to 12, more preferably 6 to 10, and still
more preferably 6 to 8. Examples of the aryl group include
a phenyl group, a tolyl group, and a naphthyl group.
[0100] An alkyl group, a cycloalkyl group, and an aryl
group in R*® and R?® of —O—Si(R*),(R%") are synony-
mous with an alkyl group, a cycloalkyl group, and an aryl
group in R?! and R®?, and preferred ranges thereof are also
the same as each other.

[0101] An alkyl group, a cycloalkyl group, an alkenyl
group, and an aryl group in R”” and R?® of —O—Si(R®),
(R*") are synonymous with an alkyl group, a cycloalkyl
group, an alkenyl group, and an aryl group in R** and R,
and preferred ranges thereof are also the same as each other.
[0102] R®' and R* are preferably a hydrogen atom, an
alkyl group, an aryl group, or —O—Si(R*®),(R%®), and
more preferably a hydrogen atom, an alkyl group having 1
to 4 carbon atoms, a phenyl group, or —O—S8i(CH;),H.
[0103] R®* and R®* are preferably a hydrogen atom, an
alkyl group, an alkenyl group, an aryl group. or —O—Si
(R”®),(R??), and more preferably a hydrogen atom, an alkyl
group having 1 to 4 carbon atoms, a vinyl group, a phenyl
group, or —O—Si(CH;),H.

[0104] Among them, R®* and R?? are preferably a hydro-
gen atom, an alkyl group, or an aryl group, more preferably
a hydrogen atom or an alkyl group, and still more preferably
a hydrogen atom or a methyl group. In addition, a combi-
nation of R”' as a hydrogen atom and R”* as a methyl group
is preferable.

[0105] R is preferably a hydrogen atom, an alkyl group,
an alkenyl group, an aryl group, or —O—Si(R”®),(R*"),
more preferably a hydrogen atom or an alkyl group, and
particularly preferably a hydrogen atom.

[0106] R? is preferably a hydrogen atom, an alkyl group,
an alkenyl group, an aryl group, or —O—Si(R**)(R*"),
more preferably a hydrogen atom, an alkyl group, or an aryl
group, still more preferably a hydrogen atom, a methyl
group, or a phenyl group, still more preferably a methyl
group or a phenyl group, and particularly preferably a
phenyl group.

[0107] vyl is preferably an integer of 1 or more.

[0108] y1+y2 is preferably an integer of 5 to 2,000, more
preferably an integer of 7 to 1.000, still more preferably an
integer of 10 to 50, and particularly preferably an integer of
15 to 30.

[0109] Each of “—SiR**)(R*?)—0O—" and “—Si(R*)
(R?*)—0—" in General Formula (B) in the present inven-
tion may exist in a block-polymerized form in polysiloxane
or may be in a form in which they exist randomly in
polysiloxane.

[0110] As a combination of R?! to R??, a combination of
a hydrogen atom or an alkyl group having 1 to 4 carbon
atoms as R?!, an alkyl group having 1 to 4 carbon atoms as
R*, and a hydrogen atom as R*® is preferable and a
combination of an alkyl group having 1 to 4 carbon atoms
as R?', an alkyl group having 1 to 4 carbon atoms as R*%, and
a hydrogen atom as R”® is more preferable.
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[0111] Examples of the polysiloxane (B) with a linear
structure include HMS-151 (Si—H equivalent of 490
g/mol), HMS-301 (Si-HI equivalent of 245 g/mol), HMS-
501 (Si—H equivalent of 135 g/mol), and HMS-064 (Si—H
equivalent of 1,240 g/mol) which are methylhydrosiloxane-
dimethylsiloxane copolymers (trimethylsiloxy terminated),
HMS-991 (Si—H equivalent of 67 g/mol) which is a meth-
ylhydrosiloxane polymer (trimethylsiloxy terminated), and
HPM-502 (Si—H equivalent of 165 g/mol) which is a
methylhydrosiloxane-phenylmethylsiloxane copolymer (hy-
dride terminated) (all are trade names of GELEST, INC.).
[0112] Itis preferable that both the linear structure and the
branched structure have no vinyl group from the viewpoint
of preventing the progress of a cross-linking reaction within
a molecule. Among these, it is preferable that the branched
structure has no vinyl group.

[0113] The polysiloxane (B) which has a branched struc-
ture and two or more Si—H groups in a molecular chain has
a branched structure and two or more hydrosilyl groups
(Si—H groups).

[0114] The specific gravity is preferably 0.9 to 0.95.
[0115] The polysiloxane (B) with a branched structure is
preferably represented by Average Composition Formula
(b).

[0116] Average Composition Formula (b): [H,(R*),.
aSiOl/2]y3[SiO4/2]y4

[0117] “Here, R represents an alkyl group, a cycloalkyl
group, an alkenyl group, or an aryl group, a represents 0.1
to 3, and y3 and y4 each independently represent an integer
of 1 or more.

[0118] An alkyl group, a cycloalkyl group, an alkenyl
group, and an aryl group in R™ are synonymous with an
alkyl group, a cycloalkyl group, an alkenyl group, and an
aryl group in R”® and R, and preferred ranges thereof are
also the same as each other.

[0119] a is preferably 1.

[0120] The content ratio of a hydrosilyl group represented
by a/3 is preferably greater than 0.1 and less than 0.6 and
more preferably greater than 0.1 and less than 0.4.

[0121] In contrast, in a case of representing the polysilox-
ane (B) with a branched structure using a chemical structural
formula, polysiloxane in which —O—S8i(CH;),(H) is
bonded to a Si atom constituting a main chain is preferable
and polysiloxane having a structure represented by General
Formula (Bb) is more preferable.

(Bb)

[0122] In General Formula (Bb), * means a bond with at
least a Si atom of siloxane.

[0123] Examples of the polysiloxane (B) with a branched
structure include HQM-107 (trade name of Hydride Q Resin
manufactured by GELEST, INC.) and HDP-111 (trade name
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of polyphenyl-(dimethylhydroxy)siloxane (hydride termi-
nated), [(HM_,SiO)(C,H;Si)O]: 99 to 100 mol % manufac-
tured by GELEST, INC.).

[0124] Me is CH,.

[0125] The polysiloxane (B) having two or more Si—H
groups in a molecular chain in the present invention may be
used singly, or in combination of two or more thereof. In
addition, the polysiloxane (B) with a linear structure and the
polysiloxane (B) with a branched structure may be used in
combination.

[0126] In order to further improve the acoustic sensitivity
of an acoustic lens by further reducing phase separation
between the resin (a) and the resin (b) of the resin material
of the embodiment of the present invention, it is preferable
that at least a part of the resin (a) is bonded to at least a part
of the resin (b). Hereinafter, a resin in which at least a part
of the resin (a) is bonded to at least a part of the resin (b) may
be referred to as a “composite resin”. Hereinafter, preferred
embodiments of the composite resin will be described.
[0127] Examples of the above-described composite resin
include the following composite resins:

[0128] A composite resin having an epoxy ring-opened
structure formed by a reaction between an epoxy group
contained in the resin (a) and an amino group and/or a
carboxy group contained in the resin (b):

[0129] A composite resin having an epoxy ring-opened
structure formed by a reaction between a phenolic hydroxyl
group contained in the resin (a) and an epoxy group con-
tained in the resin (b);

[0130] A composite resin having a carbon-carbon bond
formed by polymerization between a carbon-carbon double
bond group contained in the resin (a) and a carbon-carbon
double bond group contained in the resin (b): and

[0131] A composite resin having an ether bond and/or an
imino bond [—N(R)—, in which R represents a hydroxy
group or a substituent] formed by a reaction between a
methylol group contained in the resin (a) and a hydroxy
group and/or an amino group contained in the resin (b).
[0132] These composite resins are preferable from the
viewpoint of improving sensitivity of an acoustic lens by
reducing phase separation because the resin (a) react with
the resin (b) with high efficiency. Among these, the com-
posite resin having a carbon-carbon bond formed by a
polymerization reaction between a carbon-carbon double
bond group contained in the resin (a) and a carbon-carbon
double bond group contained in the resin (b) is preferable
from the viewpoint of continuous polymerization and high
cross-linking density.

[0133] The composite resin may have structural units
(hereinafter, referred to as other structural units) other than
the resin (a) and the resin (b).

[0134] Other structural units can be introduced without
particular limitation as long as the effect of the present
invention is exhibited, but examples of thereof include an
amine compound or a thiol compound in a case where it is
possible to add a compound capable of bonding to the resin
(a) which is an epoxy resin. In a case where the resin (a) is
unsaturated polyester, it is possible to add a radical initiator
or the like described below. In a case where the resin (a) is
a phenolic resin, it is possible to add an epoxy compound
and the like.

[0135] The proportion of the other structural units in the
composite resin is preferably 0 to 30 mass % and more
preferably 0 to 20 mass %.
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[0136] Thermal radical initiators such as aromatic ketones,
an onium salt compound, organic peroxide, a thio com-
pound, a hexaarylbiimidazole compound, a ketoxime ester
compound, an acyl phosphine oxide compound, a borate
compound, an azinium compound, a metallocene com-
pound, an active ester compound, a compound having a
carbon halogen bond, an azo compound, and a bibenzyl
compound are preferably used as radical initiators.

[0137] Specific examples of the thermal radical initiators
include IRGACURE 184, IRGACURE 369, IRGACURE
379, IRGACURE 651, IRGACURE 907, and IRGACURE
819 (all are manufactured by BASF SE), DAROCUR 4265
and DAROCUR TPO (all are manufactured by Merck
KGaA), PERHEXA H, PERHEXA HC, PERHEXA C, PER-
HEXA V, PERHEXA 22, PERBUTYL H, PERCUMYL D,
PERBUTYL P, PERBUTYL C, PERBUTYL D, PER-
HEXYL D, PERHEXA 25B, PERHEXINE 25B, PEROYL
L, NYPER BW, NYPER BMT-K40. NYPER BMT-M, PER-
BUTYL PV. PERHEXA 250, PEROKU O, PERHEXYL O,
PERBUTYL O, PERBUTYL L, PERBUTYL 355, PER-
HEXYL 1, PERBUTYL, PERBUTYL E, PERHEXA 257,
PERBUTYL A, PERHEXYL Z, PERBUTYL ZT, and PER-
BUTYL Z (all are trade names and manufactured by NOF
CORPORATION).

[0138] A radical initiator may be used singly or can be
used in combination of two or more thereof.

[0139] A resin material for an acoustic lens of the embodi-
ment of the present invention may contain the resin (a) and
the resin (b) in a form of a blended resin. In a case of
preparing the blended resin, a reaction of bonding the resin
(a) to the resin (b) is not actively caused (for example,
heating), but a part of the resin (a) may be bonded to a part
of the resin (b) in a blending step.

[0140] The ratio of a content mass mb of the resin (b) to
a content mass ma of the resin (a) in the resin material of the
embodiment of the present invention is preferably
ma:mb=30:70 to 70:30, more preferably 35:65 to 65:35, and
still more preferably 40:60 to 60:40. In a case where the
content mass ratio is within the above-described ranges, the
acoustic sensitivity of an acoustic lens is further enhanced.
Therefore, it is possible to make acoustic impedance of the
acoustic lens closer to an acoustic impedance value of a
living body and to further increase the tear strength of the
acoustic lens.

[0141] Here, the content mass ma of the resin (a) and the
content mass mb of the resin (b) in the resin material of the
embodiment of the present invention can be calculated, for
example, from a charged amount (mass ratio) during syn-
thesis.

[0142] The composite resin used in the present invention
may be used singly or in a combination of two or more
thereof. In addition, the above-described resin (a) and resin
(b) in the resin material of the embodiment of the present
invention may be one kind or two or more kinds.

[0143] A gel fraction of the resin material for an acoustic
lens of the embodiment of the present invention is preferably
greater than or equal to 70 mass %, more preferably greater
than or equal to 80 mass %, and still more preferably greater
than or equal to 90 mass %. A substantial upper limit is 100
mass %. As the gel fraction is higher, the bonding between
the resin (a) and the resin (b) progresses and the molecular
weight becomes higher, which shows that solubility in a
solvent deteriorates. In a case where the gel fraction of the
resin material for an acoustic lens of the embodiment of the
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present invention is within the above-described ranges, the
phase separation between the resin (a) and the resin (b) is
suppressed and the acoustic sensitivity of the acoustic lens
can be more enhanced.

[0144] The gel fraction can be measured through the
method described in the section of the examples.

[0145] The acoustic impedance of the acoustic lens
obtained from the resin material of the embodiment of the
present invention is preferably close to an acoustic imped-
ance value of a living body and more preferably 1.3 Mrayls,
that is, greater than or equal to 1.3x10° kg/m?/s. For this
reason, the density of the acoustic lens of the embodiment of
the present invention is preferably 1.05 g/cm® to 2.00 g/cm’,
more preferably 1.07 g/em® to 1.80 g/cm®, and still more
preferably 1.10 g/em® to 1.60 g/cm®. Here, the value of the
density is a value obtained by rounding off the third decimal
point. The density of the acoustic lens of the embodiment of
the present invention can be measured, for example, through
the method described in the examples below, or can be
calculated from the density of each resin. In the acoustic lens
of the embodiment of the present invention, the density of a
mixture or a composite resin of the resin (a) and the resin (b)
is particularly preferably within the above-described ranges.
[0146] (4) Other Additives

[0147] The resin material for an acoustic lens of the
embodiment of the present invention can be obtained by
appropriately formulating filler, a catalyst, a solvent, a
dispersant, a pigment, a dye, an antistatic agent, a flame
retardant, a thermal conductivity enhancer, a vulcanization
retardant, and the like with each other.

[0148] —Filler—

Since the resin material for an acoustic lens of the embodi-
ment of the present invention does not contain inorganic
filler, it is possible to produce a resin sheet having excellent
characteristics. However, the resin material for an acoustic
lens of the embodiment of the present invention may contain
filler.

[0149] Any filler that is used in the resin material for an
acoustic lens can be used as the filler without particular
limitation, and specific examples thereof include inorganic
compound particles.

[0150] Examples of an inorganic compound in the inor-
ganic compound particles include silicon oxide (silica),
silicon carbide, boron nitride, alumina, barium sulfate,
cerium oxide, calcium carbonate, aluminum nitride, calcium
oxide, vanadium oxide, silicon nitride, barium carbonate,
titanium carbide, titanium nitride, copper oxide, zirconium
carbide, tungsten carbide, magnesium oxide, titanium oxide,
iron oxide, zinc oxide, zirconium oxide, barium oxide, tin
oxide, and ytterbium oxide. Any one selected from the group
consisting of silica, silicon carbide, boron nitride, alumina,
barium sulfate, or cerium oxide is preferable, any one
selected from the group consisting of silica, alumina, barium
sulfate, or cerium oxide is more preferable, and silica is still
more preferable.

[0151] In a case where the resin material for an acoustic
lens contains the inorganic compound particles, it is possible
to obtain an effect of improving the acoustic impedance and
the mechanical strength (such as tear strength and hardness)
of the acoustic lens obtained from the resin material.
[0152] The average primary particle diameter of the inor-
ganic compound particles is preferably greater than 16 nm
and less than 100 nm, more preferably 5 nm to 90 nm, still
more preferably 10 nm to 80 nm, and particularly preferably
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15 nm to 70 nm from the viewpoints of suppressing increase
in the acoustic attenuation of the acoustic lens and improv-
ing the tear strength.

[0153] Here, the average primary particle diameter means
a volume average particle diameter. The volume average
particle diameter can be obtained by, for example, measur-
ing the particle diameter distribution using a laser diffraction
scattering type particle diameter distribution measurement
apparatus (for example, trade name “IL.A910” manufactured
by HORIBA, Ltd.). In the present specification, for inor-
ganic compound particles of which the average primary
particle diameter has not been disclosed in the catalog or for
inorganic compound particles newly manufactured, the
average primary particle diameter is obtained through the
above-described measurement method.

[0154] Here, the average primary particle diameter of the
inorganic compound particles means an average primary
particle diameter in a state in which the surface treatment has
been performed.

[0155] The inorganic compound particles may be used
singly or in a combination of two or more thereof.

[0156] The specific surface area of the inorganic com-
pound particles is preferably 1 to 400 m*/g, more preferably
5 to 200 m?/g, and particularly preferably 10 to 100 m¥g
from the viewpoint of improving the hardness and/or the
mechanical strength of the acoustic lens.

[0157] The surfaces of the inorganic compound particles
are preferably subjected to a treatment (modification) and
more preferably subjected to surface treatment with a silane
compound.

[0158] By subjecting the inorganic compound particles to
surface treatment with a silane compound, an interaction
with the polymer used in the present invention which has a
siloxane bond becomes stronger and affinity becomes
higher. Therefore, it is considered that it is possible to finely
disperse inorganic compound particles with a small average
primary particle diameter. For this reason, the inorganic
compound fine particles more favorably exhibit functions as
stoppers in a case where mechanical stress is applied, and
therefore, it is considered that the hardness and the mechani-
cal strength of the resin for an acoustic lens are improved.
[0159] A usual technique may be used as a technique of
the surface treatment. Examples of the technique of the
surface treatment using a silane compound include a tech-
nique of performing surface treatment using a silane cou-
pling agent and a technique of performing coating using a
silicone compound.

[0160] (i) Silane Coupling Agent

[0161] A silane coupling agent having a hydrolyzable
group is preferable as a silane coupling agent from the
viewpoint of improving the hardness and/or the mechanical
strength of an acoustic lens. Surface modification of inor-
ganic compound particles is performed such that a hydro-
lyzable group in a silane coupling agent becomes a hydroxyl
group after being hydrolyzed using water and this hydroxyl
group is subjected to a dehydration and condensation reac-
tion with a hydroxyl group on the surfaces of the inorganic
compound particles, thereby improving the hardness and/or
the mechanical strength of obtained acoustic lens. Examples
of the hydrolyzable group include an alkoxy group, an
acyloxy group, and a halogen atom.

[0162] In a case where the surfaces of inorganic com-
pound particles are hydrophobically modified, affinity
between the inorganic compound particles, and the vinyl
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silicone and the hydrosilicone becomes favorable, and there-
fore, the hardness and the mechanical strength of obtained
acoustic lens are improved, which is preferable.

[0163] Examples of a silane coupling agent having a
hydrophobic group as a functional group include alkoxysi-
lanes such as methyltrimethoxysilane (MTMS), dimethyl-
dimethoxysilane, phenyltrimethoxysilane, methyltriethox-
ysilane, dimethyldiethoxysilane, phenyltriethoxysilane,
n-propyltrimethoxysilane, n-propyltriethoxysilane, hexylt-
rimethoxysilane, hexyltriethoxysilane, and decyltrimethox-
ysilane; chlorosilanes such as methyltrichlorosilane, dim-
ethyldichlorosilane, trimethylchlorosilane, and
phenyltrichlorosilane; and hexamethyldisilazane (HMDS).
[0164] In addition, examples of a silane coupling agent
having a vinyl group as a functional group include alkox-
ysilanes such as methacryloxypropyltriethoxysilane, meth-
acryloxypropyltrimethoxysilane, methacryloxypropylmeth-
yldiethoxysilane,
methacryloxypropylmethyldimethoxysilane, vinyltriethox-
ysilane, vinyltrimethoxysilane, and vinylmethyldimethox-
ysilane; chlorosilanes such as vinyltrichlorosilane and vinyl-
methyldichlorosilane: and divinyltetramethyldisilazane.
[0165] As the silane coupling agent, a trialkylsilylating
agent is preferable and a trimethylsilylating agent is more
preferable.

[0166] Examples of the silane compound include the
above-described silane coupling agents and a silane cou-
pling agent in which a functional group in a silane coupling
agent is substituted with an alkyl group.

[0167] In addition, examples of the trimethylsilylating
agent include trimethylchlorosilane and hexamethyldisila-
zane (HMDS) described in the above-described silane cou-
pling agent, and methyltrimethoxysilane (MTMS) and trim-
ethylmethoxysilane which are silane coupling agents in
which a functional group is substituted with an alkyl group.
[0168] Examples of a commercially available silane cou-
pling agent include hexamethyldisilazane (HMDS) (trade
name: HEXAMETHYLDISILAZANE (S8IH6110.1) manu-
factured by GELEST, INC.).

[0169] A hydroxyl group existing on the surfaces of inor-
ganic compound particles is covered with a trimethylsilyl
group through a reaction with hexamethyldisilazane
(HMDS), methyltrimethoxysilane (MTMS), trimethyl-
methoxysilane, and the like and the surfaces of the inorganic
compound particles are hydrophobically modified.

[0170] In the present invention, the silane coupling agent
may be used singly or in a combination of two or more
thereof.

[0171] (i) Silicone Compound

[0172] A silicone compound with which the inorganic
compound particles are coated may be a polymer formed
through siloxane bonding.

[0173] Examples of the silicone compound include a sili-
cone compound in which all or a part of side chains and/or
terminals of polysiloxane has become a methyl group, a
silicone compound in which a part of a side chain is a
hydrogen atom, a modified silicone compound in which
organic groups such as an amino group and/or an epoxy
group is introduced into all or a part of side chains and/or
terminals, and a silicone resin having a branched structure.
The silicone compound may be either of a linear structure or
a cyclic structure.

[0174] Examples of the silicone compound in which all or
a part of side chains and/or terminals of polysiloxane has
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become a methyl group include monomethylpolysiloxane
such as polymethylhydrosiloxane (hydride terminated),
polymethylhydrosiloxane  (trimethylsiloxy terminated),
polymethylphenylsiloxane (hydride terminated), and polym-
ethylphenylsiloxane (trimethylsiloxy terminated): and dim-
ethylpolysiloxanes such as dimethylpolysiloxane (hydride
terminated), dimethylpolysiloxane (trimethylsiloxy termi-
nated), and cyclic dimethylpolysiloxane.

[0175] Examples of the silicone compound in which a part
of side chains is a hydrogen atom include methylhydrosi-
loxane-dimethylsiloxane copolymer (trimethylsiloxy termi-
nated), methylhydrosiloxane-dimethylsiloxane copolymer
(hydride terminated), polymethylhydrosiloxane (hydride
terminated), polymethylhydrosiloxane (trimethylsiloxy ter-
minated), polyethylhydrosiloxane (triethylsiloxy termi-
nated), polyphenyl-(dimethylhydrosiloxy) siloxane (hydride
terminated),  methylhydrosiloxane-phenylmethylsiloxane
copolymer (hydride terminated), methylhydrosiloxane-oc-
tylmethylsiloxane copolymer, and methylhydrosiloxane-oc-
tylmethylsiloxane-dimethylsiloxane terpolymer.

[0176] In addition, examples of modified silicone into
which an organic group is introduced include reactive sili-
cone into which an amino group, an epoxy group, a methoxy
group, a (meth)acryloyl group, a phenol group, a carboxylic
anhydride group, a hydroxy group, a mercapto group, a
carboxyl group, and/or an organic group of a hydrogen atom
are introduced; and non-reactive silicone modified with
polyether, aralkyl. fluoroalkyl, long chain alkyl, long chain
aralkyl, higher fatty acid ester, higher fatty acid amide,
and/or polyether methoxy. Inorganic compound particles
coated with a silicone compound can be obtained through a
usual method. For example, the inorganic compound par-
ticles can be obtained by being mixed and stirred in dim-
ethylpolysiloxane for a certain period of time and being
filtered.

[0177] In addition, in a case of using reactive modified
silicone as a silicone compound, surface modification of
inorganic compound particles is performed through a reac-
tion of an organic group with a hydroxyl group on the
surfaces of the inorganic compound particles, and therefore,
the hardness and/or the mechanical strength of an obtained
acoustic lens is improved.

[0178] An Example of the commercially available silicone
compound includes methyl hydrogen silicone oil (MHS)
(trade name: KF-99, manufactured by Shin-Etsu Chemical
Co., Ltd.) which is polymethylhydrosiloxane (trimethylsi-
loxy terminated).

[0179] The degree of surface modification of the inorganic
compound particles, that is, the hydrophobicity of the inor-
ganic compound particles can be examined by the following
methanol hydrophobicity.

[0180] The methanol hydrophobicity of the inorganic
compound particles which is calculated through the follow-
ing methanol titration test is preferably 40 to 80 mass %,
more preferably 50 to 80 mass %, and still more preferably
60 to 80 mass %. Here, the larger the methanol hydropho-
bicity, the higher the hydrophobicity, and the smaller the
methanol hydrophobicity, the higher the hydrophilicity.

[0181] 50 ml ofion exchange water and 0.2 g of inorganic
compound particles as samples are placed in a beaker at 25°
C. and stirred with a magnetic stirrer, methanol is added
dropwise thereto from a burette, and the amount (Xg) of
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methanol added dropwise until the whole sample settles is
measured. The methanol hydrophobicity is calculated using
the following equation.

Methano! hydrophobicity (mass %)={X/(50+X)}x100

[0182] In a case where the methanol hydrophobicity is
within the above-described preferred ranges, it is possible to
suppress increase in viscosity of the resin material for an
acoustic lens and decrease in acoustic sensitivity of the
acoustic lens.

[0183] The Wardell’s sphericity of a primary particle of
the inorganic compound particles is preferably 0.7 to 1, more
preferably 0.8 to 1, and still more preferably 0.9 to 1.
[0184] Here, the “Wardell’s sphericity” (refer to Chemical
Engineering Handbook published by Maruzen Inc.) is an
index obtained by measuring the sphericity of a particle as
(diameter of circle equal to projection area of particle)/
(diameter of minimum circle circumscribing projection
image of particle). A particle having the index closer to 1.0
means a particle closer to a true sphere.

[0185] It is possible to use, for example, a scanning
electron microscope (SEM) photograph can be used to
measure the Wardell’s sphericity (hereinafter, also simply
referred to as sphericity). Specifically, for example, about
100 primary particles are observed using the SEM photo-
graph, and each sphericity thereof is calculated. An average
value obtained by dividing the total of the calculated sphe-
ricities by the number of observed primary particles is
regarded as the sphericity.

[0186] In a case where the Wardell’s sphericity is within
the above-described preferred ranges, it is considered that
the acoustic sensitivity is improved because the area of the
acoustic wave hitting the inorganic compound particles
becomes smaller in a case where the acoustic lens is irra-
diated with the acoustic wave. In particular, the shapes of the
inorganic compound particles are preferably spherical and
more preferably truly spherical in that the acoustic sensitiv-
ity is more effectively improved within the ranges of the
specific average primary particle diameter of the inorganic
compound particles.

[0187] In this specification, the “true spherical shape” also
includes a slightly distorted sphere of which the Wardell’s
sphericity is within a range of 0.9 to 1.

[0188] Of the inorganic compound particles, the silica
particles are roughly classified into combustion method
silica (that is, fumed silica) obtained by burning a silane
compound, deflagration method silica obtained by explo-
sively burning metallic silicon powder, wet-type silica
(among which silica synthesized under alkaline conditions is
referred to as precipitation method silica and silica synthe-
sized under acidic conditions is referred to as gel method
silica) obtained through a neutralization reaction with
sodium silicate and mineral acid, and sol-gel method silica
(so-called Stoeber method) obtained through hydrolysis of
hydrocarbyloxysilane depending on its production method.
[0189] Preferred examples of a method for producing truly
spherical silica particles include an explosion method and a
sol-gel method.

[0190] The sol-gel method is a method of obtaining hydro-
philic spherical silica particles essentially consisting of SiO,
units by hydrolyzing and condensing a hydrocarbyloxysi-
lane (preferably tetrahydrocarbyloxysilane) or a partial
hydrolytic condensation product thereof or a combination
thereof.
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[0191] In addition, the hydrophobic treatment of the sur-
faces of the silica particles can also be carried out by
introducing R?,Si0, , units (R*’s are the same as or different
from each other and are substituted or unsubstituted mon-
ovalent hydrocarbon groups having 1 to 20 carbon atoms)
onto the surfaces of hydrophilic spherical silica particles.
[0192] Specifically, the hydrophobic treatment thereof can
be carried out, for example, through methods disclosed in
JP2007-099582A and JP2014-114175A.

[0193] —Catalyst—

[0194] Examples of the catalyst include platinum or a
platinum-containing compound (hereinafter, also simply
referred to as a platinum compound). Any platinum or
platinum compound can be used.

[0195] Specific examples thereof include a catalyst in
which platinum black or platinum is carried on an inorganic
compound, carbon black, or the like; platinum chloride or an
alcohol solution of platinum chloride; a complex salt of
platinum chloride and olefin; and a complex salt of platinum
chloride and vinyl siloxane. The catalyst may be used singly,
or in a combination of two or more thereof.

[0196] The catalyst is necessary in the hydrosilylation
reaction in which the Si—H group of the hydrosilicone is
added to the vinyl group of the vinyl silicone. As the
hydrosilylation reaction (addition vulcanization reaction)
proceeds, vinyl silicone is cross-linked with hydrosilicone to
form silicone resin.

[0197] Here, the catalyst may be contained in the resin
material for an acoustic lens of the embodiment of the
present invention. Alternately, the catalyst may not be con-
tained in the resin material for an acoustic lens, but brought
into contact with the resin material for an acoustic lens in a
case of molding or the like using the resin material for an
acoustic lens.

[0198] The latter case is preferable.

[0199] Examples of commercially available platinum
catalyst include platinum compounds (trade name of PLATI-
NUM CYCLOVINYLMETHYLSILOXANE COMPLEX
IN CYCLIC METHYLVINYLSILOXANES (SIP6832.2)
with 2 mass % of Pt concentration; and a trade name of
PLATINUM DIVINYLTETRAMETHYLDISILOXANE
COMPLEX IN VINYL-TERMINATED POLYDIMETH-
YLSILOXANE (SIP6830.3) with 3 mass % of Pt concen-
tration, all of which are manufactured by GELEST, INC.).
[0200] In a case where a catalyst is contained in the resin
material for an acoustic lens of the embodiment of the
present invention, the content of the catalyst present with
respect to 100 parts by mass of a polysiloxane mixture is not
particularly limited, but is preferably 0.00001 to 0.05 parts
by mass, more preferably 0.00001 to 0.01 parts by mass, still
more preferably 0.00002 to 0.01 parts by mass, and particu-
larly preferably 0.00005 to 0.005 parts by mass from the
viewpoint of reactivity.

[0201] In addition, it is possible to control the vulcaniza-
tion temperature by selecting an appropriate platinum cata-
lyst. For example, platinum-vinyldisiloxane is used for room
temperature vulcanization (RTV) at lower than or equal to
50° C. and platinum-cyclic vinylsiloxane is used for high
temperature vulcanization (HTV) at higher than or equal to
130° C.

[0202] —Vulcanization Retardant—

[0203] In the present invention, a vulcanization retardant
for vulcanization reaction can be appropriately used. The
vulcanization retardant is used for delaying the above-
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described addition vulcanization reaction and examples
thereof include a low molecular weight vinylmethylsiloxane
homopolymer (trade name: VMS-005 manufactured by
GELEST, INC.).

[0204] The vulcanization rate, that is, the working time
can be adjusted depending on the content of the vulcaniza-
tion retardant.

[0205] <Method for Producing Resin Material for Acous-
tic Lens and Resin Sheet for Acoustic Lens>

[0206] The resin material for an acoustic lens of the
embodiment of the present invention can be prepared
through a usual method.

[0207] Forexample, the resin material for an acoustic lens
can be obtained by kneading resins (a) and (b) and the
above-described other components which may be contained
at 70° C. to 300° C. for 0.5 to 10 hours using a Laboplast
mill, a kneader, a pressure kneader, a Banbury mixer (con-
tinuous kneader), or a kneading device with two rolls. The
order of mixing the components is not particularly limited.
[0208] Tt is possible to obtain a resin sheet for an acoustic
lens, for example, by thermally pressing the resin material
for an acoustic lens of the embodiment of the present
invention which has been obtained in this manner. The
thermal press method is not particularly limited, and can be
performed through a usual method. An example thereof
includes an aspect in which thermal pressing is performed at
70° C. to 300° C. for 1 to 10 minutes at a pressure of 5 to
30 MPa using an apparatus such as MINI TEST PRESS
MP-WNL (trade name manufactured by Toyo Seiki Seisaku-
sho, Ltd.).

[0209] It is possible to obtain a resin material for an
acoustic lens and a resin sheet for an acoustic lens obtained
by bonding resins (a) to each other through a reaction
between functional groups contained in the resins (a)
through heating in the above-described kneading step and/or
a thermal press step. In particular, in a case where the resins
(a) are thermosetting resins, it is possible to obtain a resin
material for an acoustic lens and a resin sheet for an acoustic
lens which contain the resins (a) that have been heated and
vulcanized through the above-described kneading step and/
or a thermal press step.

[0210] In addition, in a case where the resin (b) has
functional groups capable of bonding to each other through
areaction between an epoxy group contained in the resin (a),
a carbon-carbon double bond group, a methylol group,
and/or a phenolic hydroxyl group, it is possible to obtain a
resin material for an acoustic lens and a resin sheet for an
acoustic lens in which a bonding through a reaction between
functional groups is formed in addition to heating and
vulcanizing through the above-described kneading step and/
or a thermal press step and which contains a composite resin
obtained by bonding of at least a part of the resin (a) to a part
of at least the resin (b).

[0211] <Tear Strength and Acoustic Characteristics of
Resin Sheet for Acoustic Lens>

[0212] The resin sheet for an acoustic lens is obtained by
molding the resin material for an acoustic lens of the
embodiment of the present invention through thermal press-
ing or the like.

[0213] Hereinafter, the tear strength and the acoustic char-
acteristics of a resin sheet for an acoustic lens will be
described in detail.

[0214] Here, ultrasonic characteristics among the acoustic
characteristics will be described. However, the acoustic
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characteristics are not limited to the ultrasonic characteris-
tics, and relates to acoustic characteristics at an appropriate
frequency which is selected in accordance with a test object,
measurement conditions, and the like.

[0215]

[0216] The tear strength is preferably greater than or equal
to 1 N/cm, more preferably greater than or equal to 5 N/em,
and still more preferably greater than or equal to 10 N/cm.
The tear strength can be measured through the method
described in the section of the examples.

[0217]

[0218] The acoustic impedance is preferably close to that
of a living body, more preferably 1.10 to 1.75x10° kg/m?/
sec, more preferably 1.20 to 1.70x10° kg/m?*/sec, still more
preferably 125 to 1.65x10° kg/m?*sec, and particularly
preferably 1.30 to 1.60x10° kg/m?/sec.

[0219] The acoustic impedance of a silicone resin can be
obtained through the measurement method described in the
section of examples.

[0220] [Acoustic (Ultrasonic) Attenuation and Sensitivity]

[0221] The acoustic (ultrasonic) attenuation and sensitiv-
ity can be measured through the method described in the
section of the examples.

[0222] In an evaluation system in the present invention,
the acoustic (ultrasonic) sensitivity is preferably greater than
or equal to =70 dB and more preferably greater than or equal
to -68 dB.

[0223] The acoustic lens of the embodiment of the present
invention containing the resin material for an acoustic lens
of the embodiment of the present invention can be used, for
example, in an acoustic wave probe. In addition, the acoustic
wave probe can be preferably used in an acoustic wave
measurement apparatus. The acoustic wave measurement
apparatus of the embodiment of the present invention is not
limited to an ultrasound diagnostic apparatus or a photoa-
coustic wave measurement apparatus, and is referred to as an
apparatus that receives an acoustic wave which has been
reflected or generated from an object and displays the
received acoustic wave as an image or a signal strength.

[0224] Particularly, the resin material for an acoustic lens
of the embodiment of the present invention can suitably be
used in: a material of an acoustic lens of an ultrasound
diagnostic apparatus and an acoustic lens in a photoacoustic
wave measurement apparatus or an ultrasound endoscope;
and a material or the like of an acoustic lens in an ultrasound
probe including capacitive micromachined ultrasonic trans-
ducers (cMUT) as an ultrasonic transducer array.

[0225] Specifically, the resin material for an acoustic lens
of the embodiment of the present invention is preferably
applied to, for example, an acoustic lens of an ultrasound
diagnostic apparatus disclosed in JP2005-253751A and
JP2003-169802A or an acoustic wave measurement appa-
ratus such as a photoacoustic wave measurement apparatus
disclosed in JP2013-202050A, JP2013-188465A, JP2013-
1803304, JP2013-1584354, JP2013-154139A, or the like.

[0226] <<Acoustic Wave Probe>>

[0227] A configuration of an acoustic wave probe of the
embodiment of the present invention will be described
below in more detail based on a configuration of an ultra-
sound probe in an ultrasound diagnostic apparatus which is
described in FIG. 1. The ultrasound probe is a probe which
particularly uses an ultrasonic wave as an acoustic wave in

[Tear Strength]

[Acoustic Impedance]
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an acoustic wave probe. For this reason, a basic configura-
tion of the ultrasound probe can be applied to the acoustic
wave probe as it is.

[0228] —Ultrasound Probe—

[0229] An ultrasound probe 10 is a main component of the
ultrasound diagnostic apparatus and has a function of gen-
erating an ultrasonic wave and transmitting and receiving an
ultrasonic beam. The configuration of the ultrasound probe
10 is provided in the order of an acoustic lens 1, an acoustic
matching layer 2, a piezoelectric element layer 3, and a
backing material 4 from a distal end (the surface coming into
contact with a living body which is a test object) as shown
in FIG. 1. In recent years, an ultrasound probe having a
laminated structure in which an ultrasonic transducer (piezo-
electric element) for transmission and an ultrasonic trans-
ducer (piezoelectric element) for reception are formed of
materials different from each other has been proposed in
order to receive high-order harmonics.

[0230] <Piezoelectric Element Layer>

[0231] The piezoelectric element layer 3 is a portion
which generates an ultrasonic wave and in which an elec-
trode is attached to both sides of a piezoelectric element. In
a case where voltage is applied to the electrode, the piezo-
electric element layer generates an ultrasonic wave through
repeated contraction and expansion of the piezoelectric
element and through vibration.

[0232] Inorganic piezoelectric bodies of so-called ceram-
ics obtained by polarizing crystals, single crystals such as
LiNbOj;, LiTaO,, and KNbO,, thin films of ZnO and AN,
Pb(Zr,T1)O,-based sintered body, and the like are widely
used as the material constituting a piezoelectric element. In
general, piezoelectric ceramics such as lead zirconate titan-
ate (PZT) with good conversion efficiency are used.
[0233] In addition, sensitivity having a wider band width
is required for a piezoelectric element detecting a reception
wave on a high frequency side. For this reason, an organic
piezoelectric body has been used in which an organic
polymer material such as polyvinylidene fluoride (PVDF) is
used as the piezoelectric element being suitable for a high
frequency or a wide band.

[0234] Furthermore, cMUT using micro electro mechani-
cal systems (MEMS) technology in which an array structure,
which shows excellent short pulse characteristics, excellent
broadband characteristics, and excellent mass productivity
and has less characteristic variations, is obtained is disclosed
in JP2011-071842A or the like.

[0235] In the present invention, it is possible to preferably
use any piezoelectric element material.

[0236] <Backing Material>

[0237] The backing material 4 is provided on a rear
surface of the piezoelectric element layer 3 and contributes
to the improvement in distance resolution in an ultrasonic
diagnostic image by shortening the pulse width of an ultra-
sonic wave through the suppression of excess vibration.
[0238] <Acoustic Matching Layer>

[0239] The acoustic matching layer 2 is provided in order
to reduce the difference in acoustic impedance between the
piezoelectric element layer 3 and a test object and to
efficiently transmit and receive an ultrasonic wave.

[0240] <Acoustic Lens>

[0241] The acoustic lens 1 is provided in order to improve
resolution by making an ultrasonic wave converge in a slice
direction using refraction. In addition, it is necessary for the
acoustic lens to achieve matching of an ultrasonic wave with
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acoustic impedance (1.4 to 1.7x10% kg/m*/sec in a case of a
human body) of a living body which is a test object after
being closely attached to the living body and to reduce
ultrasonic attenuation of the acoustic lens 1 itself.

[0242] That is, sensitivity of transmission and reception of
an ultrasonic wave is improved using a material of which the
acoustic velocity is sufficiently lower than that of a human
body, the ultrasound attenuation is low, and the acoustic
impedance is close to a value of the skin of a human body,
as the material of the acoustic lens 1.

[0243] The resin material for an acoustic lens of the
embodiment of the present invention can be preferably used
in an acoustic lens of which the acoustic impedance is
1.7x10° kg/m?/sec. The lower limit is preferably greater than
or equal to 1.2x10° kg/m?/sec.

[0244] The aspect described in the section of the above-
described resin sheet for an acoustic lens can be preferably
applied for the details of the acoustic impedance of the
acoustic lens.

[0245] The operation of the ultrasound probe 10 having
such a configuration will be described. The piezoelectric
element layer 3 is resonated after applying voltage to the
electrodes provided on both sides of a piezoelectric element,
and an ultrasound signal is transmitted to a test object from
the acoustic lens. During reception of the ultrasonic signal,
the piezoelectric element layer 3 is vibrated using the signal
(echo signal) reflected from the test object and this vibration
is electrically converted into a signal to obtain an image.
[0246] Particularly, a remarkable effect of improving the
sensitivity can be checked from a transmission frequency of
an ultrasonic wave of greater than or equal to about 5 MHz
using the acoustic lens obtained from the resin material for
an acoustic lens of the embodiment of the present invention
as a general medical ultrasonic transducer. Particularly, a
remarkable effect of improving the sensitivity can particu-
larly be expected from a transmission frequency of an
ultrasonic wave of greater than or equal to 10 MHz.
[0247] Hereinafter, an apparatus in which the acoustic lens
obtained from the resin material for an acoustic lens of the
embodiment of the present invention exhibits a function
particularly regarding conventional problems will be
described in detail.

[0248] The resin material for an acoustic lens of the
embodiment of the present invention exhibits an excellent
effect even with respect to other apparatuses disclosed
below.

[0249] —Ultrasound Probe Including Capacitive Micro-
machined Ultrasonic Transducer (cMUT)—

[0250] In a case where ¢MUT devices disclosed in
JP2006-157320A, JP2011-071842A. and the like are used in
an ultrasonic diagnostic transducer array, the sensitivity
thereof generally becomes low compared to a transducer in
which usual piezoelectric ceramics (PZT) is used.

[0251] However, it is possible to make up for deficient
sensitivity of cMUT using the acoustic lens obtained from
the resin material for an acoustic lens of the embodiment of
the present invention. Accordingly, it is possible to approxi-
mate the sensitivity of cMUT to performance of a conven-
tional transducer.

[0252] The cMUT device is manufactured through MEMS
technology. Therefore, it is possible to provide an inexpen-
sive ultrasound probe, of which mass productivity is higher
than that of a piezoelectric ceramics probe, to the market.
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[0253] —Photoacoustic Wave Measurement Apparatus
Using Photo-Ultrasound Imaging—

[0254] Photoacoustic imaging (photo acoustic imaging:
PAI) disclosed in JP2013-158435A or the like displays a
signal strength of an ultrasonic wave or an image obtained
by imaging the ultrasonic wave generated in a case where
human tissue is adiabatically expanded using light (magnetic
wave) with which the interior of a human body is irradiated.
[0255] Here, the amount of an acoustic pressure of an
ultrasonic wave generated through light irradiation is min-
ute, and therefore, there is a problem in that it is difficult to
observe deeper regions of a human body.

[0256] However, it is possible to exhibit an effect effective
for the problem using the acoustic lens obtained from the
resin material for an acoustic lens of the embodiment of the
present invention.

[0257] —Ultrasound Endoscope—

[0258] In an ultrasonic wave in an ultrasound endoscope
disclosed in JP2008-311700A or the like, a signal line cable
is structurally long compared to that of a transducer for a
body surface, and therefore, there is a problem of improving
the sensitivity of the transducer accompanied by loss of the
cable. Regarding this problem, it is said that there are no
effective means for improving the sensitivity due to the
following reasons.

[0259] First, in a case of an ultrasound diagnostic appa-
ratus for a body surface, it is possible to install an amplifier
circuit, an AD conversion IC, or the like at a distal end of the
transducer. In contrast, the ultrasound endoscope is inserted
into a body. Therefore, there is a small installation space
within the transducer, and thus, it is difficult to install the
amplifier circuit, the AD conversion IC, or the like at a distal
end of the transducer.

[0260] Secondly, it is difficult to apply a piezoelectric
single crystal employed in the transducer in the ultrasound
diagnostic apparatus for a body surface onto a transducer
with an vltrasonic transmission frequency of greater than or
equal to 7 to 8 MHz due to physical properties and process-
ing suvitability. However, an ultrasonic wave for an endo-
scope is generally a probe having an ultrasonic transmission
frequency of greater than or equal to 7 to 8 MHz, and
therefore, it is also difficult to improve the sensitivity using
piezoelectric single crystal material.

[0261] However, it is possible to improve the sensitivity of
the endoscope ultrasonic transducer using the acoustic lens
obtained from the resin material for an acoustic lens of the
embodiment of the present invention.

[0262] In addition, even in a case of using the same
ultrasonic transmission frequency (for example, 10 MHz),
the efficacy is particularly exhibited in a case of using the
acoustic lens obtained from the resin material for an acoustic
lens of the embodiment of the present invention in the
ultrasonic transducer for an endoscope.

EXAMPLES

[0263] The present invention will be described in more
detail based on Examples in which an ultrasonic wave is
used as an acoustic wave. The present invention is not
limited to the ultrasonic wave, and any acoustic wave of an
audible frequency may be used as long as an appropriate
frequency is selected in accordance with a test object,
measurement conditions, and the like. Hereinafter, the room
temperature means 25° C.
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EXAMPLES
[0264] <Production of Resin Sheet>
[0265] (1) Production of Resin Sheet Nos. 101 to 112 and
cl3 to cl17
[0266] 80 parts by mass of an epoxy resin 4004P (trade

name manufactured by Mitsubishi Chemical Corporation) as
a resin (a) and 20 parts by mass of KF-96-50cs (trade name
manufactured by Shin-Etsu Chemical Co., [.td.) as a resin
(b) were kneaded for 2 hours at 150° C. with a Laboplast
mill (manufactured by Toyo Seiki Seisaku-sho, Ltd.). There-
after, the kneaded resin material was subjected to thermal
press treatment to produce a resin sheet No. 101 having a
length of 60 mm, a width of 60 mm, and a thickness of 2
mm.

[0267] Here, in the thermal press treatment, the resin
material was filled into a mold and a film is formed by
performing pressing at 10 MPa for 5 minutes while setting
the pressing temperature at 200° C. using “MINI TEST
PRESS MP-WNL” manufactured by Tovo Seiki Seisaku-
sho, Ltd.

[0268] Resin sheets Nos. 102 to 112 and ¢13 to ¢17 were
produced in the same manner as in the production of the
resin sheet No. 101 except that the type and the formulation
ratio of the resin (a) and the resin (b) described in Table 1.
[0269] (2) Production of Resin Sheet No. c11

[0270] 96 parts by mass of vinyl terminated polydimeth-
ylsiloxane DMS-V41 (trade name manufactured by Gelest,
Inc.), 4 parts by mass of a methylhydrosiloxane-dimethyl-
siloxane copolymer HMS-301 (trade name manufactured by
Gelest, Inc.), and 0.03 parts by mass of a platinum catalyst
SIP 6830.3 (trade name manufactured by Gelest, Inc.) were
mixed with each other to obtain a resin material which was
then thermally vulcanized at 150° C. and 10 MPa for 5
minutes using the above-described apparatus for performing
thermal press treatment on the resin material to produce a
resin sheet No. c11 with a length of 60 mm, a width of 60
mm, and a thickness of 2 mm.

[0271] (3) Production of Resin Sheet No. ¢12 77 parts by
mass of vinyl terminated polydimethylsiloxane DMS-V41
(a trade name manufactured by Gelest), 3 parts by mass of
a methylhydrosiloxane-dimethylsiloxane copolymer HMS-
301 (a trade name manufactured by Gelest), 20 parts by
mass of fumed silica AEROSIL R974 (a trade name manu-
factured by NIPPON AEROSIL CO., LTD., an average
primary particle diameter of 12 nm, dimethyldichlorosilane
surface treatment), and 0.05 parts by mass of a platinum
catalyst SIP 6830.3 (manufactured by Gelest) were mixed
with each other to obtain a resin material which was then
thermally vulcanized at 150° C. and 10 MPa for 5 minutes
using the above-described apparatus for performing thermal
press treatment on the resin material to produce a resin sheet
No. ¢12 with a length of 60 mm, a width of 60 mm, and a
thickness of 2 mm.

[0272] <Evaluation of Physical Properties, Ultrasonic
Characteristics, and Mechanical Characteristics>

[0273] The resin sheets No. 101 to 112 and c11 to ¢17
produced above were evaluated as follows.

[0274] 1. Gel Fraction

[0275] 100 mg of a sample obtained by cutting each resin
sheet produced above was immersed in 10 g of tetrahydro-
furan at room temperature for 24 hours, and was then taken
out and dried at 100° C. for 2 hours. A gel fraction was
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measured using the following formula from a sample mass
m,, before the immersion and a sample mass m,, after the
immersion and dry.

Gel fraction (mass %)=(m5,/mg)x100

[0276] 2. Density

[0277] The density of each of the obtained resin sheets
with a thickness of 2 mm at 25° C. was measured using an
electronic gravimeter (a trade name of “SD-200L” manu-
factured by ALFA MIRAGE) in accordance with a density
measurement method of a method A (underwater substitu-
tion method) disclosed in JIS K7112 (1999).

[0278] Here, in a case where components other than the
resin (a) and the resin (b) are not contained in the resin sheet,
the density measured through the above-described method
corresponds to the density of the resin (a) and the resin (b).
[0279] 3. Acoustic (Ultrasonic) Sensitivity

[0280] A sinusoidal signal (a wave) of 10 MHz which had
been output from an ultrasound oscillator (a function gen-
erator with a trade name of “FG-350” manufactured by
IWATSU ELECTRIC CO., LTD.) was input into an ultra-
sound probe (manufactured by JAPAN PROBE), and an
ultrasound pulse wave with a center frequency of 10 MHz
was generated in water from the ultrasound probe. The
magnitude of the amplitude before and after the generated
ultrasonic wave passed through each of the obtained resin
sheet with a thickness of 2 mm was measured in a water
temperature environment of 25° C. using an ultrasound
receiver (an oscilloscope with a trade name of “VP-5204A”
manufactured by Matsushita Electric Industrial Co., Ltd.).
The acoustic (ultrasonic) attenuation of each material was
compared with each other by comparing the acoustic (ultra-
sonic) sensitivities of each material.

[0281] The acoustic (ultrasonic) sensitivity is a numerical
value given by the following calculation equation.

[0282] In the following calculation equation, Vin repre-
sents a voltage peak value of an input wave which is
generated by the ultrasound oscillator and has a half-width
of less than or equal to 50 nsec. Vs represents a voltage value
obtained when the ultrasound oscillator receives an acoustic
wave (ultrasonic wave) that the acoustic wave (ultrasonic
wave) generated passes through a sheet and is reflected from
an opposite side of the sheet. The higher the acoustic
(ultrasonic) sensitivity is, the smaller the acoustic (ultra-
sonic) attenuation is.

Acoustic (Ultrasonic) sensitivity=20xLog(¥s/Vin)

[0283] The acoustic wave (ultrasonic) sensitivity was
evaluated according to the following evaluation criteria. In
this test, the evaluation of higher than or equal to “C” is an
acceptance level.

[0284] (Evaluation Criteria)

[0285] AA: Greater than or equal to -66 dB

[0286] A: Greater than or equal to —68 dB and less than
-66 dB

[0287] B: Greater than or equal to —70 dB and less than
-68 dB

[0288] C: Greater than or equal to —72 dB and less than
-70 dB

[0289] D: Less than -72 dB

[0290] 4. Acoustic Impedance

[0291] The density of each of the obtained resin sheets

with a thickness of 2 mm at 25° C. was measured using an
electronic gravimeter (a trade name of “SD-200L” manu-
factured by ALFA MIRAGE) in accordance with a density
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measurement method of a method A (underwater substitu-
tion method) disclosed in JIS K7112 (1999). The acoustic
velocity of an ultrasonic wave was measured at 25° C. using
a sing-around type acoustic velocity measurement apparatus
(a trade name of “UVM-2 type” manufactured by Ultrasonic
Engineering Co., Ltd.) in compliance with JIS 72353 (2003)
and acoustic impedance was obtained from a sum of the
density and the acoustic velocity which had been measured.
The acoustic impedance was evaluated according to the
following evaluation criteria. In this test, the evaluation of
higher than or equal to “C” is an acceptance level.

[0292]

[0293] AA: Greater than or equal to 1.30x10° kg/m*/s and
less than 1.60x10° kg/m*/s

[0294] A: Greater than or equal to 1.25x10° kg/m*/s and
less than 1.30x10° kg/m?/s or greater than or equal to
1.60x10° kg/m®/s and less than 1.65x10° kg/m is

[0295] B: Greater than or equal to 1.20x10° kg/m*/s and
less than 1.25x10°, m¥s or greater than or equal to 1.65x10°
kg/m?/s and less than 1.70x10° kg/m?/s

(Evaluation Criteria)
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[0296] C: Greater than or equal to 1.10x10° kg/m*/s and
less than 1.20x10° kg/m®/s or greater than or equal to
1.70x10° kg/m*/s and less than 1.75x10° kg/m*/s

[0297] D: Less than 1.10x10° kg/m*s and greater than or
equal to 1.75x10° kg/m?/s

[0298] 5. Tear Strength

[0299] A trouser-type test piece of a resin sheet with a
thickness of 2 mm was manufactured, and the tear strength
was measured in compliance with JIS K6252 (2007) and
evaluated according to the following evaluation criteria. In
this test, the evaluation of higher than or equal to “C” is an
acceptarnce level.

[0300] <Evaluation Criteria>

[0301] AA: Greater than or equal to 15 N/cm

[0302] A: Greater than or equal to 10 N/cm and less than
15 N/em

[0303] B: Greater than or equal to 5 N/cm and less than 10
N/em

[0304] C: Greater than or equal to 1 N/cm and less than 5
N/cm

[0305] D: Less than 1 N/cm

[0306] The structure, physical properties, and evaluation

results of the resin sheet are collectively shown in Table 1.

TABLE 1
Resin (b)
Resin (a) Formulation ~ Gel fraction
No.  Kind Formulation ratio Kind ratio [mass %]
101 4004pP 20 KF-96-50cs 20 80
102 4004p 20 KF-8012 20 96
103 4004P 60 KF-8012 40 94
104 4004P 40 KF-8012 60 92
105  EPICLON HM-101 40 KF-8012 60 93
106 FLEAMIN M 40 KF-6003 60 93
107 FLEAMIN Z 40 KF-6003 60 95
108 U-PICA 4015 40 KF-2012 60 92
109 U-PICA 4015 40 DMS-V41 60 93
110 U-PICA 4015 40 HMS-301 60 93
111 ARONIX M-400 40 DMS-V41 60 93
112 TD-2131 40 X-22-163A 60 92
cll  — 0 DMS-V41/HMS-301 96/4 99
cl2 — 0 (DMS-V41/HMS-301)/silica 77/3/20 99
cl3  4004P 100 — 0 99
cl4  EPICLON HM-101 100 — 0 99
cl5 FLEAMIN M 100 — 0 99
cl6 FLEAMIN Z 100 — 0 99
cl7  U-PICA-4015 100 — 0 99
Evaluation
Density  Acoustic Acoustic

No. [¢/cm?] attenuation impedance Tear strength Remark
101 1.14 B B AA Present invention
102 1.14 A B AA Present invention
103 1.09 A A AA Present invention
104 1.05 A AA AA Present invention
105 1.13 A AA AA Present invention
106 1.15 A AA AA Present invention
107 1.15 A AA AA Present invention
108 1.13 AA AA AA Present invention
109 1.13 AA AA AA Present invention
110 1.13 AA AA AA Present invention
111 1.13 A AA AA Present invention
12 1.13 A AA AA Present invention
cll 0.98 A D D Comparative
Example
cl2 1.08 D C B Comparative
Example
cl3 1.19 C D AA Comparative

Example
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TABLE 1-continued
cl4 1.40 C D AA Comparative
Example
cl3 1.44 C D AA Comparative
Example
clé 1.45 C D AA Comparative
Example
cl? 1.80 B D AA Comparative
Example
[0307] <Notes of Table 1> EXPLANATION OF REFERENCES
[0308] - (Resin (a)) ) [0329] 1: acoustic lens
[0309] . 4.004P: Trade name, €poxy resin, manufactured by [0330] 2: acoustic matching layer
Mitsubishi Chemical Corporation ) [0331] 3. piezoelectric element layer
[0310] EPICLON HM-101: ftrade name, epoxy resin, [0332] 4: backing material
manufactured by DIC CORPORATION [0333] 7: housing
[0311] FLEAMIN M: trade name, urea resin, manufac- [0334] 9: cord
tured by Daiwa [0335] 10: ultrasound probe

[0312] FLEAMIN Z: trade name, melamine resin, manu-
factured by Daiwa

[0313] U-PICA 4015: trade name, unsaturated polyester,
manufactured by U-PICA Company, Ltd.

[0314] ARONIX M-400: trade name, acrylate compound,
manufactured by TOAGOSEI CO., LTD.

[0315] TD-2131: trade name, phenolic resin, manufac-
tured by DIC CORPORATION

[0316] (Resin (b))

[0317] KF-96-50cs: trade name, silicone, manufactured by
Shin-Etsu Chemical Co., Ltd.

[0318] KF-8012: trade name, amino group-containing sili-
cone, manufactured by Shin-Etsu Chemical Co., Ltd.
[0319] KF-6003: trade name, hydroxy group-containing
silicone, manufactured by Shin-Etsu Chemical Co., Ltd.
[0320] KF-2012: trade name, methacrylic group-contain-
ing silicone, manufactured by Shin-Etsu Chemical Co., Ltd.
[0321] DMS-V41: trade name, vinyl terminated polydim-
ethylsiloxane manufactured by GELEST, INC.

[0322] HMS-301: trade name, methylhydrosiloxane-dim-
ethylsiloxane copolymer, manufactured by GELEST, INC.
[0323] X-22-163A: trade name, epoxy group-containing
silicone, manufactured by Shin-Etsu Chemical Co., Ltd.
[0324] (Silica)

[0325] Trade name “AEROSIL R974”, manufactured by
NIPPON AEROSIL CO., LTD., average primary particle
diameter of 12 nm, surface treatment with dimethyldichlo-
rosilane The formulation ratio is represented by a mass ratio.
[0326] indicates that the resin sheet does not contain
the corresponding component.

[0327] It can be seen from Table 1 that the resin sheet in
which a resin material for an acoustic lens of the embodi-
ment of the present invention is used has an acoustic
impedance close to an acoustic impedance value of a living
body, has a decreasing acoustic attenuation even at a high
frequency, and has an excellent tear strength.

[0328] The present invention has been described using an
embodiment thereof. However, it is considered that, unless
otherwise specified, even the detailed description of the
invention is not limited and is necessarily widely interpreted
without departing from the gist and the range of the inven-
tion shown in the attached Claims.

TR

What is claimed is:
1. A resin material for an acoustic lens comprising:
a resin (a) containing at least one of an epoxy group, a
carbon-carbon double bond group, a methylol group, or
a phenolic hydroxyl group; and
a resin (b) containing a structural unit having a polysi-
loxane bond,
wherein the resin (a) is at least one of an epoxy resin, a
phenolic resin, a urea resin, a melamine resin, or an
unsaturated polyester.
2. The resin material for an acoustic lens according to
claim 1,
wherein at least a part of the resin (a) is bonded to at least
a part of the resin (b).
3. The resin material for an acoustic lens according to
claim 2,
wherein a bonding portion between the resin (a) and the
resin (b) has an epoxy ring-opened structure formed by
a reaction between an epoxy group contained in the
resin (a) and at least one of an amino group and a
carboxy group contained in the resin (b).
4. The resin material for an acoustic lens according to
claim 2,
wherein the bonding portion between the tesin (a) and the
resin (b) has a carbon-carbon bond formed by polym-
erization between the carbon-carbon double bond
group contained in the resin (a) and a carbon-carbon
double bond group contained in the resin (b).
5. The resin material for an acoustic lens according to
claim 2,
wherein the bonding portion between the tesin (a) and the
resin (b) has at least one of an ether bond and an imino
bond formed by a reaction between the methylol group
contained in the resin (a) and at least one of a hydroxy
group and the amino group contained in the resin (b).
6. The resin material for an acoustic lens according to
claim 2,
wherein the bonding portion between the resin (a) and the
resin (b) has an epoxy ring-opened structure formed by
a reaction between the phenolic hydroxyl group con-
tained in the resin (a) and an epoxy group contained in
the resin (b).
7. The resin material for an acoustic lens according to
claim 2,
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wherein the bonding portion between the resin (a) and the
resin (b) has a carbon-carbon-Si bond formed by a
reaction between the carbon-carbon double bond group
contained in the resin (a) and a Si—H group contained
in the resin (b).

8. The resin material for an acoustic lens according to
claim 1, further comprising:

a blended resin of the resin (a) and the resin (b).

9. The resin material for an acoustic lens according to
claim 1,

wherein a ratio of a content mass mb of the resin (b) to a

ratio of a content mass ma of the resin (a) is ma:mb=30:
70 to 70:30.

10. The resin material for an acoustic lens according to
claim 1, which is used for an acoustic wave probe lens of
which an acoustic impedance is less than or equal to 1.7x10°
kg/m?/sec.
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11. An acoustic lens comprising:
the resin material for an acoustic lens according to claim
1.

12. The acoustic lens according to claim 11,

wherein a density is greater than or equal to 1.05 g/cm’.

13. A acoustic wave probe comprising:

the acoustic lens according to claim 11.

14. An acoustic wave measurement apparatus comprising:

the acoustic wave probe according to claim 13.

15. An ultrasound diagnostic apparatus comprising:

the acoustic wave probe according to claim 13.

16. A photoacoustic wave measurement apparatus com-
prising:

the acoustic lens according to claim 11.

17. An ultrasound endoscope comprising:

the acoustic lens according to claim 11.

* ok %k



patsnap

TRAFROE) ATEBEENMEEME , FB% , FRIRL , FRNERE , BREZIRR , XEENERZNBEEFAR
&

NI RE)E US20190380680A1 AN 2019-12-19

HiES US16/554019 Bi5 B 2019-08-28

FRIFE(EFRAGE) BXRA#%N44
RE(EFR)AGE) EXRA#A 2
HAHRBHEIROARE) EXRAIBA2H

PRI B A NAGATA YUZO
NAKAI YOSHIHIRO
YOSHITANI TOSHIHIDE
UEHIRA SHIGEKI

REBEA NAGATA, YUZO
NAKAI, YOSHIHIRO
YOSHITANI, TOSHIHIDE
UEHIRA, SHIGEKI

IPCO S A61B8/00 A61B8/12

CPCH S A61B8/445 A61B8/12 A61B8/4272 G10K11/30

LR 2017044807 2017-03-09 JP

ShEBEEEE Espacenet  USPTO

HE(F) |
BT —RETEEBONIEHE  HaERE (a) | FREARIE (a) : 7
SEREE  BBENREH  BTEIBEEGNES—1 R T
(b) | HAGEBARESERNANSET LEEEH FREL # 10 o

FUEEE  BERONEE  KERNEEENRBE RN | 2 S

o ERME. /F_J//



https://share-analytics.zhihuiya.com/view/d22d8658-3aba-4873-a225-182702f0b3eb
https://worldwide.espacenet.com/patent/search/family/063448155/publication/US2019380680A1?q=US2019380680A1
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=%2220190380680%22.PGNR.&OS=DN/20190380680&RS=DN/20190380680

