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ACOUSTIC LENS COMPOSITION,
ULTRASONIC PROBE, AND ULTRASONIC
DIAGNOSTIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of and claims the
benefit of priority under 35 U.S.C. §120 from U.S. applica-
tion Ser. No. 10/902,816, filed on Aug. 2, 2004, and claims the
benefit of priority under 35 U.S.C §119 from Japanese Patent
Applications No. 2003-338564, filed Sep. 29, 2003; and No.
2004-186427, filed Jun. 24, 2004, the entire contents of each
of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an acoustic lens
composition, ultrasonic probe and ultrasonic diagnostic
apparatus.

[0004] 2. Description of the Related Art

[0005] Ultrasonic probes areusedin, e.g., fishdetectors and
ultrasonic diagnostic apparatuses for diagnosing living bod-
ies. These ultrasonic probes use an acoustic lens to increase
the resolution by focusing an ultrasonic beam.

[0006] In particular, an acoustic lens incorporated into an
ultrasonic probe of an ultrasonic diagnostic apparatus for
diagnosing a living body, i.e., a medical diagnostic apparatus,
is desired to have a convex shape in order to improve the
adhesion to a living body. In addition, this acoustic lens is
desired to mainly satisfy the following six characteristics.
[0007] (1) The acousticlens desirably minimizes the reflec-
tion of an ultrasonic wave from a living body. For this pur-
pose, the acoustic lens is preferably made of a material by
which the acoustic impedance (Al=sound velocityxdensity)
of the lens is close to 1.53 MRayls which is the acoustic
impedance of a living body.

[0008] (2) The acoustic lens desirably transmits and
receives an ultrasonic wave at high speed. Therefore, the
acoustic lens is preferably made of amaterial which decreases
the attenuation ratio at the use frequency.

[0009] (3) To obtain a convex shape, the acoustic lens is
desirably made of a material by which the sound velocity in
the lens is lower than that (about 1,500 m/s) in a living body.
In particularly, the radius of curvature of the acoustic lens is
calculated from the relationship between the sound velocity
in the lens and that in a living body. This radius of curvature
of the acoustic lens can be increased by the use of a material
which makes the sound velocity of the lens lower than that in
aliving body. Consequently, the thickness of the acoustic lens
can be decreased.

[0010] (4) The acoustic lens is desirably made of a material
having good molding properties, particularly, high tear
strength. That is, an acoustic lens used in an ultrasonic probe
having a central frequency of about 2 to 13 MHz has a thick-
ness of about 0.5 to 1.5 mm. To mold this acoustic lens into a
highly precise convex shape, a rubber-based material desir-
ably has high flowability. Especially in an ultrasonic probe
whose central frequency exceeds 7 MHz, it is desirable to use
a rubber-based material having good molding properties in
order to decrease the thickness of an acoustic lens to 1.0 mm
or less. Furthermore, acoustic lenses having complicated
shapes such as a cap shape are recently often used, so a
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rubber-based material having not only good molding proper-
ties but also high tear strength is desired.

[0011] (5) The constituent material, containing additives,
of the acoustic lens is desirably harmless to a living body.
Also, the acoustic lens is desirably made of a material which
is chemically and physically stable in an aqueous glycerin
solution, ethyl alcohol, olive oil, or castor oil which is gener-
ally used as an acoustic coupling gel or disinfectant.

[0012] (6) When in use, the acoustic lens is pushed against
a living body with a considerable pressure. If the rubber
hardness of the acoustic lens is insufficient, the acoustic lens
deforms to shift the focal point, and the image quality
degrades. Accordingly, the acoustic lens is desirably made of
a material having a durometer A hardness of 50° or more.
[0013] The attenuation characteristics of the acoustic lens
largely depend not only on the attenuation ratio described in
(2) but also on the product of the attenuation ratio and sound
velocity. Therefore, the acoustic lens is preferably made of a
material which is advantageous in FOM (Figure of Merit).
The value of FOM is favorably as low as possible for the same
acoustic impedance.

[0014] The conventional acoustic lens is made of a rubber-
based material obtained by mixing a silica powder in silicone
rubber.

[0015] Also, Jpn. Pat. Appln. KOKOKU Publication No.
1-34396 discloses an acoustic lens obtained by mixing a
predetermined amount of a titanium oxide powder having a
predetermined particle diameter in natural silicone rubber.
[0016] Jpn. Pat. Appln. KOKOKU Publication No. 5-9039
discloses an acoustic lens composition made up of a silicone
rubber compound, an aluminum powder and titanium oxide
powder having predetermined particle diameters, and a ther-
moplastic resin such as nylon having a melting point of 80° C.
or more.

[0017] Jpn. Pat. Appln. KOKAI Publication No. 8-615 dis-
closes an acoustic lens obtained by adding zinc oxide as a
vulcanization assistant to a mixture of silicone-based rubber
and butadiene rubber.

[0018] 1In an acoustic lens having a composition obtained
by adding a silica powder to silicone rubber, however, the
addition amount of the silica powder must be increased to
make the acoustic impedance approach 1.53 MRayls which is
the acoustic impedance of a living body. The density of a
silica powder is about 2.2 g/cm®. To set the density of the
whole acoustic lens at about 1.4 to 1.6 g/em?, therefore, a fine
silica powder having an average particle diameter of about 15
to 30 nm, i.e., having a large specific area must be so mixed as
to have a weight of about 40 to 50 wt % and a volume of about
24 to 32 vol %. This not only makes incorporation of this
amount of the silica powder into silicone rubber difficult, but
also makes deaeration after the incorporation difficult. In
addition, since the flowability of silicone rubber lowers dut-
ing molding of'the acoustic lens, cracks and pores easily form.
The tear strength of the acoustic lens also lowers. On the other
hand, although the ratio of attenuation to silicone rubber
caused by the addition of this silica powder is relatively low,
the sound velocity described in (3) is about 1,000 m/s or more.
Consequently, even if the attenuation ratio of the acoustic lens
is low, the thickness cannot be decreased. This lowers the
value of FOM (attenuation ratioxsound velocity) described
above, and increases attenuation.

[0019] In the acoustic lenses described in Jpn. Pat. Appln.
KOKOKU Publication Nos. 1-34396 and 5-9039, the added
titanium oxide powder and alumina powder have the effect of
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decreasing the sound velocity, when compared to the silica
powder. However, to make the acoustic impedances of these
acoustic lenses approach 1.53 MRayls as the acoustic imped-
ance of a living body, the addition amounts of titanium oxide
and alumina with respect to silicone rubber must be increased
as in the case of the silica powder. As a consequence, these
acoustic lenses not only increase the attenuation ratio
described in (2), but also deteriorate the molding properties
described in (4).

[0020] Furthermore, the acoustic lens described in Jpn. Pat.
Appln. KOKAT Publication No. 8-615 contains a mixture of
silicone-based rubber and butadiene-based rubber. This
causes swell upon use of olive oil or castor oil as an acoustic
coupling material, and lowers the long-term reliability.

BRIEF SUMMARY OF THE INVENTION

[0021] According to a first aspect of the present invention,
there is provided an acoustic lens composition comprising 40
wt % or more of silicone rubber and 15 to 60 wt % of a zinc
oxide powder.

[0022] According to a second aspect of the present inven-
tion, there is provided an acoustic lens composition compris-
ing 40 wt % or more of silicone rubber and 10 to 52 wt % of
at least one platinum-based powder selected from the group
consisting of a platinum powder, a platinum powder having
platinum oxide on at least a surface, and a platinum oxide
powder.

[0023] According to a third aspect of the present invention,
there is provided an acoustic lens composition comprising 40
wt % or more of silicone rubber and 12 to 56 wt % of a
ytterbium oxide powder.

[0024] According to a fourth aspect of the present inven-
tion, there is provided an ultrasonic probe comprising:
[0025] a backing material;

[0026] apiezoelectric element formed on the backing mate-
rial, and having a piezoelectric body and a pair of electrodes
formed on a first surface of the piezoelectric body, which
faces the backing material, and on a second surface of the
piezoelectric body, which is opposite to the first surface;
[0027] an acoustic matching layer formed on the electrode
surface of the piezoelectric element; and

[0028] an acoustic lens formed on the acoustic matching
layer, and containing 40 wt % or more of silicone rubber and
15 to 60 wt % of a zinc oxide powder.

[0029] According to a fifth aspect of the present invention,
there is provided an ultrasonic probe comprising:

[0030] a backing material;

[0031] apiezoelectric element formed on the backing mate-
rial, and having a piezoelectric body and a pair of electrodes
formed on a first surface of the piezoelectric body, which
faces the backing material, and on a second surface of the
piezoelectric body, which is opposite to the first surface;
[0032] an acoustic matching layer formed on the electrode
surface of the piezoelectric element; and

[0033] an acoustic lens formed on the acoustic matching
layer, and containing 40 wt % or more of silicone rubber and
10 to 52 wt % of at least one platinum-based powder selected
from the group consisting of a platinum powder, a platinum
powder having platinum oxide on at least a surface, and a
platinum oxide powder.

[0034] According to a sixth aspect of the present invention,
there is provided an ultrasonic probe comprising:

[0035] a backing material;

[0036] apiezoelectric element formed on the backing mate-
rial, and having a piezoelectric body and a pair of electrodes
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formed on a first surface of the piezoelectric body, which
faces the backing material, and on a second surface of the
piezoelectric body, which is opposite to the first surface;
[0037] an acoustic matching layer formed on the electrode
surface of the piezoelectric element; and

[0038] an acoustic lens formed on the acoustic matching
layer, and containing 40 wt % or more of silicone rubber and
12 to 56 wt % of a ytterbium oxide powder.

[0039] According to a seventh aspect of the present inven-
tion, there is provided an ultrasonic diagnostic apparatus
comprising:

[0040] an ultrasonic probe having an acoustic lens formed
ona piezoelectric element via an acoustic matching layer, and
containing 40 wt % or more of silicone rubber and 15 to 60 wt
% of a zinc oxide powder;

[0041] an ultrasonic diagnostic apparatus main body hav-
ing a screen; and

[0042] acable which connects the ultrasonic probe and the
ultrasonic diagnostic apparatus main body.

[0043] According to an eighth aspect of the present inven-
tion, there is provided an ultrasonic diagnostic apparatus
comprising:

[0044] an ultrasonic probe having an acoustic lens formed
on a piezoelectric element via an acoustic matching layer, and
containing 40 wt % or more of silicone rubber and 10to 52 wt
% of at least one platinum-based powder selected from the
group consisting of a platinum powder, a platinum powder
having platinum oxide on at least a surface, and a platinum
oxide powder;

[0045] an ultrasonic diagnostic apparatus main body hav-
ing a screen; and

[0046] a cable which connects the ultrasonic probe and the
ultrasonic diagnostic apparatus main body.

[0047] According to a ninth aspect of the present invention,
there is provided an ultrasonic diagnostic apparatus compris-
ing:

[0048] an vltrasonic probe having an acoustic lens formed
ona piezoelectric element via an acoustic matching layer, and
containing 40 wt % or more of silicone rubber and 12 to 56 wt
% of a ytterbium oxide powder;

[0049] an vltrasonic diagnostic apparatus main body hav-
ing a screen; and

[0050] a cable which connects the ultrasonic probe and the
ultrasonic diagnostic apparatus main body.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0051] FIG. 1 is a perspective view of an ultrasonic probe
according to an embodiment of the present invention;
[0052] FIG. 2 is a perspective view of a cap acoustic lens
according to the embodiment of the present invention;
[0053] FIG. 3 is a graph showing the relationship between
the acoustic impedance and FOM of each of acoustic lenses
according to Examples 1 to 23 of the present invention; and
[0054] FIG. 4is a schematic view of an ultrasonic diagnos-
tic apparatus according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION
[0055] Embodiments of the present invention will be
described in detail below.

First Embodiment

[0056] An acoustic lens composition according to the first
embodiment comprises 40 wt % or more of silicone rubber
and 15 to 60 wt % of zinc oxide (ZnO).
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[0057] The silicone rubber is a material having a siloxane
bond, which is an Si—O bond, as a molecular skeleton. For
example, as the silicone rubber, a material containing dim-
ethylpolysiloxane as a main component, or the like can be
used. The silicone rubber is roughly classified into liquid
silicone rubber having a polymerization degree of 100 to
2,000, and millable silicone rubber having a polymerization
degree of 3,000 to 10,000.

[0058] The content of the silicone rubber in the acoustic
lens composition is 40 wt % or more. If the silicone rubber
content is less than 40 wt %, not only the molding properties
may deteriorate, but also the attenuation ratio of an ultrasonic
wave may increase. In an acoustic lens having the composi-
tion, it may also become impossible to obtain a necessary
sound velocity or acoustic impedance. The content of the
silicone rubber in the acoustic lens composition is more pref-
erably 50 wt % or more.

[0059] Thecontent of the zinc oxide powder in the acoustic
lens composition is 15 to 60 wt %. If the content of the zinc
oxide powder is less than 15 wt %, it may become difficult to
well achieve the effect of lowering the sound velocity of an
acoustic lens having the composition, and no appropriate
FOM may be obtained. Also, since the density cannot be well
increased, it is difficult to set the acoustic lens at a necessary
acoustic impedance of about 1.3 to 1.7 MRayls. If the content
of the zinc oxide powder exceeds 60 wt %, not only the
acoustic impedance of the acoustic lens may increase too
much, but also the attenuation ratio of an ultrasonic wave may
increase. Furthermore, if the content of the zinc oxide powder
falls outside the above range, an acoustic lens having an
appropriate rubber hardness is difficult to obtain. The content
of the zinc oxide powder in the acoustic lens composition is
more preferably 20 to 55 wt %, and most preferably, 30 to 55
wt %.

[0060] The zinc oxide powder preferably has an average
particle diameter of 200 nm or less. Since a fine zinc oxide
powder like this can be evenly dispersed in silicone rubber, it
is possible to further suppress attenuation of an ultrasonic
wave, and further improve the molding properties. The aver-
age particle size of the zinc oxide powder is more preferably
1 to 100 nm, and most preferably, 10 to 50 nm. Note that the
average particle size can be calculated by using the value of
the specific surface area (m*/g) of a powder to be measured by
assuming that each particle is spherical.

[0061] The surface of the zinc oxide powder permits to be
coated with a silicone resin. As this silicone resin, methicone,
dimethicone, or the like can be used. The silicone-resin-
coated zinc oxide powder can be obtained by, e.g., dipping a
zinc oxide powder in a solution of the silicone resin, extract-
ing the zinc oxide powder from the solution, and drying the
extracted powder. The thus obtained silicone-resin-coated
zine oxide powder can be easily incorporated into silicone
rubbers and has uniform dispersibility. Therefore, it is pos-
sible to further suppress attenuation of an ultrasonic wave and
further improve the molding properties. The coating amount
of the silicone resin is preferably 1 to 10 wt % with respect to
the zinc oxide powder.

[0062] The acoustic lens composition according to the first
embodiment of the present invention contains a vulcanizing
agent. For example, a peroxide-based vulcanizing agent, such
as 2,5-dimethyl-2,5-ditertiarybutylperoxyhexane, p-methyl-
benzoylperoxide, or ditertiarybutylperoxide is used. The
amount of the peroxide-based vulcanizing agent is preferably
about 0.3 to 2 wt % with respect to the silicone rubber in the
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acoustic lens composition. It is also possible to use a vulca-
nizing agent other than the peroxide-based vulcanizing agent.
[0063] The acoustic lens composition according to the first
embodiment of the present invention permits to contain 30 wt
% or less of a silica (SiO,) powder. This silica powder has a
function of increasing the strength of an acoustic lens having
the composition. If the content of the silicon powder in the
acoustic lens composition exceeds 30 wt %, attenuation of an
ultrasonic wave appears, while the molding properties dete-
riorate. This makes molding of a precise acoustic lens diffi-
cult. The content of the silica powder in the acoustic lens
composition is more preferably 20 wt % or less.

[0064] Theaverage particle diameter of the silica powder is
preferably 50 nm or less, and more preferably, 20 nm or less.
A preferred example of the silica powder is aerosil silica.
[0065] The acoustic lens composition according to the first
embodiment of the present invention permits to contain a
small amount of additives as long as the characteristics of an
acoustic lens having the composition do not deteriorate.
Examples of the additives are titanium oxide, alumina,
cerium oxide, iron oxide, barium oxide, an organic filler, and
acoloring pigment. These additives do not largely deteriorate
the effects of the embodiment of the present invention, pro-
vided that the amount of the additives in the acoustic lens
composition is about 5 wt % or less.

[0066] A method of manufacturing an acoustic lens by
using the acoustic lens composition according to the first
embodiment will be explained below.

[0067] First, a zinc oxide powder is dried to evaporate
adhered water and the like. This zinc oxide powder and, if
necessary, a silica powder are added to silicone rubber, and
these materials are kneaded such that the density is about 1.4
to 2.0 g/em®. A vulcanizing agent such as a peroxide-based
vulcanizing agent described above are added to the kneaded
product, and vulcanization molding is performed at about 100
to 180° C., thereby forming a molded product having the
shape of an acoustic lens. Subsequently, this molded product
undergoes secondary vulcanization at a temperature of about
180 to 240° C., thereby manufacturing an acoustic lens.
[0068] The vulcanization method using a peroxide under
the above conditions makes it possible to obtain an acoustic
lens having sufficient strength and low attenuation. By appro-
priately selecting the silicone rubber and vulcanizing agent,
the temperature or time of secondary vulcanization can be
lowered or reduced, or secondary vulcanization can be omit-
ted.

[0069] An ultrasonic probe using the acoustic lens having
the above composition will be described below with reference
to the accompanying drawing.

[0070] FIG. 1 is a perspective view of an ultrasonic probe
when piezoelectric elements and acoustic matching layers are
arranged into the form of a one-dimensional array. A piezo-
electric element 4 including a piezoelectric body 1 and first
and second electrodes 2 and 3 is adhered to a backing material
5. An acoustic matching layer 6 is formed on an ultrasonic
transmitting/receiving surface of the piezoelectric element 4.
The piezoelectric body 1 is divided into a plurality of portions
together with the first and second electrodes 2 and 3 and
acoustic matching layer 6. Each divided piezoelectric body 1
assumes a strip shape, and has an ultrasonic transmitting/
receiving surface which is a surface having the second largest
area. Bach piezoelectric body 1 vibrates in the direction of an
arrow A in FIG. 1. Each first electrode 2 is formed over the
ultrasonic transmitting/receiving surface, one side surface,
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and a portion of a surface opposite to the ultrasonic transmit-
ting/receiving surface of the piezoelectric body 1. Each sec-
ond electrode 3 is formed on the surface opposite to the
ultrasonic transmitting/receiving surface of the piezoelectric
body 1 with a predetermined distance from the first electrode
2 50 as to be insulated from it.

[0071] An acoustic lens 7 is formed on the acoustic match-
ing layers 6. Each line of a ground electrode plate 8 is con-
nected to each first electrode 2. Each line of a flexible printed
circuit board 9 is connected to each second electrode 3 by,
e.g., soldering.

[0072] The operation of this ultrasonic probe having the
above arrangement will be explained below. An ultrasonic
wave is transmitted from the ultrasonic transmitting receiving
surface by resonating the piezoelectric body 1 by applying a
voltage-between the first and second electrodes 2 and 3. In
reception, the piezoelectric body 1 is vibrated by an ultrasonic
wave received from the ultrasonic transmitting/receiving sur-
face, and this vibration is electrically converted into a signal,
thereby obtaining an image.

[0073] An ultrasonic diagnostic apparatus including the
above ultrasonic probe will be described below with refer-
ence to FIG. 4. A medical ultrasonic diagnostic apparatus (or
an ultrasonic image inspecting apparatus) which forms an
image of an object to be diagnosed by transmitting an ultra-
sonic wave to the object and receiving a reflection signal
(echo signal) from the object has an array type ultrasonic
probe 11 having an ultrasonic signal transmitting/receiving
function. An acoustic lens having the composition described
previously is incorporated into the ultrasonic probe 11. The
ultrasonic probe 11 is connected to an ultrasonic diagnostic
apparatus main body 13 via a cable 12. The ultrasonic diag-
nostic apparatus main body 13 has a screen 14.

[0074] Inthe firstembodiment described above, an acoustic
lens composition comprises 40 wt % or more of silicone
rubber and 15 to 60 wt % of a zinc oxide powder. Accordingly,
when the acoustic lens composition is molded into a compli-
cated cap-like lens shape, good molding properties is not only
represented, but also an acoustic lens having high tear
strength is obtained. At the same time, it is possible to obtain
an acoustic lens having an acoustic impedance close to that of
a living body. a low attenuation ratio, a sound velocity lower
than the sound velocity (about 1,500 m/s) in a living body, and
a small FOM value which is the product of the attenuation
ratio and sound velocity.

[0075] That is, when the acoustic lens composition is
molded, the density of the zinc oxide is as high as about 5.6
g/cm?, so this zinc oxide power can be incorporated into
silicone rubber with a volume ratio lower than a weight ratio.
As a consequence, the zinc oxide powder can be easily incor-
porated into silicone rubber. This makes it possible to
improve the molding properties, and obtain an acoustic lens
having high mechanical strength, such as tear strength, result-
ing from uniform dispersion. Especially when a zinc oxide
powder having an average particle diameter of 200 nm or less
is used, the properties of incorporation into silicone rubber
can be improved. Also, the use of a zinc oxide powder whose
surface is coated with a silicone resin can further improve the
properties of incorporation into silicone rubber. Furthermore,
when 30 wt % or less of a silica powder comprise in the
silicone rubber and zinc oxide powder, the mechanical
strength such as the tear strength of the acoustic lens can be
further increased.
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[0076] Since 15 to 60 wt % of a zinc oxide powder having
ahigh density are contained in silicone rubber, itis possible to
obtain an acoustic lens having an acoustic impedance of, e.g,,
about 1.3 to 1.7 Mrayls which is close to that of a living body,
a low attenuation ratio of an ultrasonic wave (e.g., about 12
dB/mm or less) at a frequency of about 10 MHz, a sound
velocity of, e.g., about 820 to 980 m/s which is lower than the
sound velocity (about 1,500 m/s) in a living body, and a small
FOM value of, e.g., 10,000 or less.

[0077] Especially when added within the above range, a
zinc oxide powder achieves the effect of suppressing attenu-
ation of an ultrasonic wave, e.g., the effect of decreasing the
attenuation ratio to about 12 dB/mm or less at a frequency of
about 10 MHz. The present inventors studied the ultrasonic
attenuating effects of ZrO,, Fe,O;, and BaSO, powders
which can be contained in silicone rubber and have densities
equivalent to that of zinc oxide. Consequently, the present
inventors have found that the powders of these compounds
have a very small effect of suppressing attenuation of an
ultrasonic wave, and zinc oxide uniquely functions to sup-
press attenuation of an ultrasonic wave.

[0078] Itisalso possible to obtain an acoustic lens having a
density ofabout 1.4 to 2.0 g/em® which is suited to setting the
value of the acoustic impedance at about 1.3 to 1.7 Mrayls.
[0079] Furthermore, the base material of the acoustic lens
having the composition according to the first embodiment is
silicone rubber. This imparts the acoustic lens stable chemical
and physical properties with respect to an aqueous glycerin
solution, ethyl alcohol, olive oil, or castor oil which is gener-
ally used as an acoustic coupling gel or disinfectant. Addi-
tionally, the acoustic lens has a durometer A hardness of 50°
or more because the lens contains a predetermined amount of
a zinc oxide powder.

[0080] Also, when 30 wt % or less of a silica powder are
contained in the silicone rubber and zinc oxide powder, the
mechanical strength such as the tear strength of the acoustic
lens can be further increased.

[0081] This decreases the thickness, increases the ultra-
sonic transmitting/receiving sensitivity, and reduces deterio-
ration of the frequency characteristics of the acoustic lens of
the first embodiment.

[0082] It is also possible to increase the resolution and
sensitivity of ultrasonic images of an ultrasonic probe incor-
porating the acoustic lens having the above characteristics.

Second Embodiment

[0083] An acoustic lens composition according to the sec-
ond embodiment comprises 40 wt % or more of silicone
rubber, and 10 to 52 wt % of at least one platinum-based
powder selected from a platinum powder, a platinum powder
having platinum oxide on at least the surface, and a platinum
oxide powder.

[0084] The silicone rubber is the same as that explained in
the first embodiment and also has the same functions as in the
first embodiment.

[0085] The content of the platinum-based powder in the
acoustic lens composition is 10 to 52 wt %. If the content of
the platinum-based powder is less than 10 wt %, it may
become difficult to well achieve the effect of lowering the
sound velocity of an acoustic lens having the composition,
and no appropriate FOM may be obtained. Also, since the
density cannot be well increased, it is difficult to set the
acoustic lens at a necessary acoustic impedance of about 1.3
to 1.7 MRayls. If the content of the platinum-based powder
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exceeds 52 wt %, not only the acoustic impedance of the
acoustic lens may increase too much, but also the attenuation
ratio of an ultrasonic wave may increase. Furthermore, if the
content of the platinum-based powder falls outside the above
range, an acoustic lens having an appropriate rubber hardness
is difficult to obtain. The content of the platinum-based pow-
der in the acoustic lens composition is more preferably 15 to
47 wt %, and most preferably, 25 to 47 wt %.

[0086] The platinum-based powder preferably has an aver-
age particle diameter of 200 nm or less. Since a fine platinum-
based powder like this can be evenly dispersed in silicone
rubber, it is possible to further suppress attenuation of an
ultrasonic wave, and further improve the molding properties.
The average particle size of the platinum-based powder is
more preferably 1 to 100 nm, and most preferably, 10 to 50
nm. Especially when the lower limit of the powder is limited
to 10 nm, it is possible to prevent spontaneous combustion,
and perform safe operations.

[0087] The surface of the platinum-based powder can be
coated with a silicone resin. As this silicone resin, methicone,
dimethicone, or the like can be used. The silicone-resin-
coated powder can be obtained by, e.g., dipping a platinum-
based powder in a solution of the silicone resin, extracting the
powder from the solution, and drying the extracted powder.
The thus obtained silicone-resin-coated powder can be easily
incorporated into silicone rubber, and has uniform dispers-
ibility. Therefore, it is possible to further suppress attenuation
of an ultrasonic wave and further improve the molding prop-
erties. The coating amount of the silicone resin is preferably
1 to 10 wt % with respect to the platinum-based powder.

[0088] The acoustic lens composition according to the sec-
ond embodiment of the present invention contains a vulca-
nizing agent. For example, a peroxide-based vulcanizing
agent, such as 2,5-dimethyl-2,5-ditertiarybutylperoxyhex-
ane, p-methylbenzoylperoxide, or ditertiarybutylperoxide is
used. The amount of the peroxide-based vulcanizing agent is
preferably about 0.3 to 2 wt % with respect to the silicone
rubber in the acoustic lens composition. It is also possible to
use a vulcanizing agent other than the peroxide-based vulca-
nizing agent.

[0089] As explained in the first embodiment, the acoustic
lens composition according to the second embodiment of the
present invention permits to contain 30 wt % or less of asilica
powder. The content of the silica powder in the acoustic lens
composition is more preferably 20 wt % or less.

[0090] Theaverage particle diameter of the silica powder is
preferably 50 nm or less, and more preferably, 20 nm or less.
A preferred example of the silica powder is aerosil silica.

[0091] The acoustic lens composition according to the sec-
ond embodiment of the present invention permits to contain a
small amount of additives as long as the characteristics of the
acoustic lens do not deteriorate. Examples of the additives are
titanium oxide, alumina, cerium oxide, iron oxide, barium
oxide, an organic filler, and a coloring pigment. These addi-
tives do not largely deteriorate the effect of the embodiment
of the present invention, provided that the amount of the
additives in the acoustic lens composition is about 5 wt % or
less.

[0092] An acoustic lens is manufactured from the acoustic
lens coniposition according to the second embodiment by the
same method as in the first embodiment described earlier
except that at least one platinum-based powder selected from
aplatinum powder, a platinum powder having platinum oxide
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on at least the surface, and a platinum oxide powder is used
instead of a zinc oxide powder.

[0093] An ultrasonic probe and ultrasonic diagnostic appa-
ratus using the acoustic lens having the above composition
have the same structures as explained in FIGS. 1 and 4 and the
first embodiment.

[0094] In the second embodiment described above, an
acoustic lens composition comprises 40 wt % or more of
silicone rubber and 10 to 52 wt % of at least one platinum-
based powder selected from a platinum powder, a platinum
powder having platinum oxide on at least the surface, and a
platinum oxide powder. Accordingly, as in the first embodi-
ment, when the acoustic lens composition is molded into a
complicated cap-like lens shape, good molding properties is
not only represented, but also an acoustic lens having high
tear strength is obtained. At the same time, it is possible to
obtain an acoustic lens having superior characteristics, i.e., an
acoustic impedance of; e.g., about 1.3 to 1.7 Mrayls which is
close to that of a living body, a low attenuation ratio (e.g,,
about 12 dB/mm or less) at a frequency of about 10 MHz, a
sound velocity of, e.g., about 820 to 980 m/s which is lower
than the sound velocity (about 1,500 n/s) in a living body, and
a small FOM value, which is the product of the attenuation
ratio and sound velocity, of 10,000 or less, and also having a
density ofabout 1.4 to 2.0 g/em® which is suited to setting the
above-mentioned value of the acoustic impedance.

[0095] Especially when added within the above range, a
platinum-based powder, e.g., a platinum powder having a
high density of about 21 g/ecm> can set the acoustic impedance
at, e.g., about 1.3 to 1.7 Mrayls which is close to that of a
living body, and also achieves the effect of suppressing
attenuation of an ultrasonic wave. The present inventors stud-
ied the ultrasonic attenuating effects of gold and tungsten
powders which can be contained in silicone rubber and have
densities equivalent to that of platinum. Consequently, the
present inventors have found that the powders of these com-
pounds have a very small effect of suppressing attenuation of
an ultrasonic wave, and a platinum powder (including a plati-
num powder having an oxidized surface, or the like) uniquely
fanctions to suppress attenuation of an ultrasonic wave.
[0096] Also, when 30 wt % or less of a silica powder are
contained in the silicone rubber and platinum-based powder,
the mechanical strength such as the tear strength of the acous-
tic lens can be further increased.

[0097] Accordingly, when the acoustic lens composition of
the second embodiment is used, it is possible to obtain an
acoustic lens having a small thickness, increased ultrasonic
transmitting/receiving sensitivity, and reduced deterioration
of the frequency characteristics.

[0098] It is also possible to increase the resolution and
sensitivity of ultrasonic images of an ultrasonic probe incor-
porating the acoustic lens having the above characteristics.

Third Embodiment

[0099] An acoustic lens composition according to the third
embodiment comprises 40 wt % or more of silicone rubber,
and 12 to 56 wt % of a ytterbium oxide (Yb,O,) powder.
[0100] The silicone rubber is the same as that explained in
the first embodiment and also has the same functions as in the
first embodiment.

[0101] The content of the ytterbium oxide powder in the
acoustic lens composition is 12 to 56 wt %. If the content of
the ytterbium oxide powder is less than 12 wt %, it may
become difficult to well achieve the effect of lowering the
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sound velocity of an acoustic lens having the composition,
and no appropriate FOM may be obtained. Also, since the
density cannot be well increased, it is difficult to set the
acoustic lens at a necessary acoustic impedance of about 1.3
to 1.7 MRayls. If the content of the ytterbium oxide powder
exceeds 56 wt %, not only the acoustic impedance of the
acoustic lens may increase too much, but also the attenuation
ratio of an ultrasonic wave may increase. Furthermore, if the
content of the ytterbium oxide powder falls outside the above
range, an acoustic lens having an appropriate rubber hardness
is difficult to obtain. The content of the ytterbium oxide
powder in the acoustic lens composition is more preferably 17
to 51 wt %, and most preferably, 27 to 51 wt %.

[0102] Theytterbium oxide powder preferably has an aver-
age particle diameter of 200 nm or less. Since a fine ytterbium
oxide powder like this can be evenly dispersed in silicone
rubber, it is possible to further suppress attenuation of an
ultrasonic wave, and further improve the molding properties.
The average particle size of the ytterbium oxide powder is
more preferably 1 to 100 nm, and most preferably, 10 to 50
nm.

[0103] The surface of the ytterbium oxide powder can be
coated with a silicone resin. As this silicone resin, methicone,
dimethicone, or the like can be used. The silicone-resin-
coated powder can be obtained by, e.g., dipping a ytterbium
oxide powder in a solution of the silicone resin, extracting the
powder from the solution, and drying the extracted powder.
The thus obtained silicone-resin-coated powder can be easily
incorporated into silicone rubber, and has uniform dispers-
ibility. Therefore, it is possible to further suppress attenuation
of an ultrasonic wave and further improve the molding prop-
erties. The coating amount of the silicone resin is preferably
110 10 wt % with respect to the ytterbium oxide powder.
[0104] Theacoustic lens composition according to the third
embodiment of the present invention contains a vulcanizing
agent. For example, a peroxide-based vulcanizing agent, such
as 2,5-dimethyl-2,5-ditertiarybutylperoxyhexane, p-methyl-
benzoylperoxide, or ditertiarybutylperoxide is used. The
amount of the peroxide-based vulcanizing agent is preferably
about 0.3 to 2 wt % with respect to the silicone rubber in the
acoustic lens composition. It is also possible to use a vulca-
nizing agent other than the peroxide-based vulcanizing agent.
[0105] As explained in the first embodiment, the acoustic
lens composition according to the third embodiment of the
present invention permits to contain 30 wt % or less of a silica
powder. The content of the silica powder is more preferably
20 wt % or less.

[0106] Theaverage particle diameter of the silica powder is
preferably 50 nm or less, and more preferably, 20 nm or less.
A preferred example of the silica powder is aerosil silica.
[0107] Theacoustic lens composition according to the third
embodiment of the present invention permits to contain a
small amount of additives as long as the characteristics of the
acoustic lens do not deteriorate. Examples of the additives are
titanium oxide, alumina, cerium oxide, iron oxide, barium
oxide, an organic filler, and a coloring pigment. These addi-
tives do not largely deteriorate the effect of the embodiment
of the present invention, provided that the amount of the
additives in the acoustic lens composition is about 5 wt % or
less.
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[0108] An acoustic lens is manufactured from the acoustic
lens composition according to the third embodiment by the
same method as in the first embodiment described earlier
except that a ytterbium oxide powder is used instead of a zinc

oxide powder.

[0109] An ultrasonic probe and ultrasonic diagnostic appa-
ratus using the acoustic lens having the above composition
have the same structures as explained in FIGS. 1 and 4 and the
first embodiment.

[0110]
tic lens composition comprises 40 wt % or more of silicone
rubber and 12 to 56 wt % of a ytterbium oxide powder.
Accordingly, as in the first embodiment, when the acoustic
lens composition 1s molded into a complicated cap-like lens
shape, good molding properties is not only represented, but
also an acoustic lens having high tear strength is obtained. At
the same time, it is possible to obtain an acoustic lens having
superior characteristics, i.e., an acoustic impedance of, e.g.,
about 1.3 to 1.7 Mrayls which is close to that of a living body,
alow attenuation ratio (e.g., 12 dB/mm or less) at a frequency
of about 10 MHz, a sound velocity of, e.g., about 820 to 980
m/s which is lower than the sound velocity (about 1,500 m/s)
in a living body, and a small FOM value, which is the product
of the attenuation ratio and sound velocity, of 10,000 or less,
and also having a density of about 1.4 to 2.0 g/cm® which is
suited to setting the above-mentioned value of the acoustic
impedance.

[0111] Especially when added within the above range, a
ytterbium oxide powder having a high density of about 9.0
g/cm? can set the acoustic impedance at, e.g., about 1.3 to 1.7
Mrayls which is close to that of a living body, and also
achieves the effect of suppressing attenuation of an ultrasonic
wave. The present inventors studied the ultrasonic attenuating
effects of lutetium oxide and bismuth oxide powders which
canbe contained in silicone rubber and have densities equiva-
lent to that of ytterbium oxide. Consequently, the present
inventors have found that the powders of these compounds
have a very small effect of suppressing attenuation of an
ultrasonic wave, and a ytterbium oxide powder uniquely
functions to suppress attenuation of an ultrasonic wave.
[0112] Also, when 30 wt % or less of a silica powder are
contained in the silicone rubber and ytterbium oxide powder,
the mechanical strength such as the tear strength of the acous-
tic lens can be further increased.

[0113] Accordingly, when the acoustic lens composition of
the third embodiment is used, it is possible to obtain an
acoustic lens having a small thickness, increased ultrasonic
transmitting/receiving sensitivity, and reduced deterioration
of the frequency characteristics.

[0114] Tt is also possible to increase the resolution and
sensitivity of ultrasonic images of an ultrasonic probe incor-
porating the acoustic lens having the above characteristics.
[0115] Note that in another embodiment of the present
invention, an acoustic lens can be manufactured from an
acoustic lens composition comprising silicone rubber and

In the third embodiment described above, an acous-
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two or more types of powders selected from the group con-
sisting of a zinc oxide powder, at least one powder selected
from a platinum powder having platinum oxide on at least the
surface and a platinum oxide powder, and a ytterbium oxide
powder. In this embodiment, each powder is mixed in silicone
rubber within the range described above.

[0116] The present invention will be described in more
detail below by way of its examples.

Example 1

[0117] First, a zinc oxide (ZnQO) powder having an average
particle diameter of 30 nm was placed in a thermostat bath at
200° C. and dried for 2 hrs to evaporate adhered water and the
like.

[0118] A rubber-based composition was prepared by
weighing materials such that the amount of silicone rubber as
base rubber was 0.60 parts by weight and the amount of ZnO
powder was 0.40 parts by weight. This rubber-based compo-
sition was well kneaded by using a two-stage roll. Subse-
quently, 2,5-dimethyl-2,5-ditertiarybutylperoxyhexane as a
vulcanizing agent was added to the rubber-based composition
such that the amount of the vulcanizing agent was 1.0 wt %
with respect to the silicone rubber in the rubber-based com-
position, and the resultant acoustic lens composition was
further kneaded. After that, the kneaded acoustic lens com-
position underwent vulcanization molding at a temperature of
170° C. for 15 min to form a 30x30x1 mm?® square rubber
plate for evaluation. In addition, the same kneaded acoustic
lens composition was used to form a hollow rubber cap 10
shown in FIG. 2 under the same conditions by vulcanization
molding. These vulcanized molded products underwent sec-
ondary vulcanization for 4 hrs in a dryer held at 200° C.

Examples 2-5

[0119] Vulcanized molded products (evaluation rubber
plates and hollow rubber caps) having undergone secondary
vulcanization were manufactured following the same proce-
dures as in Example 1, except that four types of rubber-based
compositions described below were used. A rubber-based
composition used as Example 2 was prepared by silicone
rubber and a ZnO powder having an average particle diameter
of 30 nm which were mixed at weight ratio of 0.5:0.5. A
rubber-based composition used as Example 3 was prepared
by silicone rubber and a ZnO powder having an average
particle diameter of 30 nm which were mixed at weight ratio
0f 0.45:0.55. A rubber-based composition used as Example 4
was prepared by silicone rubber, a ZnO powder having an
average particle diameter of 30 nm, and a silica (SiO,) pow-
der having an average particle diameter of 16 nm which were
mixed at weight ratio of 0.5:0.4:0.1. A rubber-based compo-
sition used as Example 5 was prepared by silicone rubber, a
Zn0 powder having an average particle diameter of 30 nm,
and a silica (S10,) powder having an average particle diam-
eter of 16 nm which were mixed at weight ratio of 0.48:0.42:
0.1.

Comparative Examples 1 & 2

[0120] Vulcanized molded products (evaluation rubber
plates and hollow rubber caps) having undergone secondary
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vulcanization were manufactured following the same proce-
dures as in Example 1, except that two types of rubber-based
compositions described below were used. A rubber-based
composition used as Comparative Example 1 was prepared
by silicone rubber and a ZnO powder having an average
particle diameter of 30 nm which were mixed at a weight ratio
0f0.9:0.1. A rubber-based composition used as Comparative
Example 2 was prepared by silicone rubber and a ZnO pow-
der having an average particle diameter of 30 nm which were
mixed at a weight ratio of 0.38:0.62.

Comparative Examples 3-8
[0121] Vulcanized molded products (evaluation rubber
plates and hollow rubber caps) having undergone secondary
vulcanization were manufactured following the same proce-
dures as in Example 1, except that six types of rubber-based
compositions described below were used. A rubber-based
composition used as Comparative Example 3 was prepared
by silicone rubber and an SiO, powder having an average
particle diameter of 16 nm which were mixed at a weight ratio
0f0.5:0.5. A rubber-based composition used as Comparative
Example 4 was prepared by silicone rubber and a titanium
oxide (TiO,) powder having an average particle diameter of
100 nm which were mixed at a weight ratio of 0.45:0.55. A
rubber-based composition used as Comparative Example 5
was prepared by silicone rubber and an alumina (Al,0;)
powder having an average particle diameter of 500 nm which
were mixed at a weight ratio of 0.45:0.55. A rubber-based
composition used as Comparative Example 6 was prepared
by silicone rubber, butadiene rubber, and a ZnO powder hav-
ing an average particle diameter of 30 nm which were mixed
at a weight ratio of 0.48:0.48:0.04. A rubber-based composi-
tion used as Comparative Example 7 was prepared by silicone
rubber and a zirconia (ZrO,) powder having an average par-
ticle diameter of 200 nm which were mixed at a weight ratio
0f 0.5:0.5. A rubber-based composition used as Comparative
Example 8 was prepared by silicone rubber and a barium
sulfate (BaSO,) powder having an average particle diameter
of 30 nm which were mixed at a weight ratio of 0.5:0.5.
[0122] Theevaluation rubber plates obtained in Examples 1
to 5 and Comparative Examples 1 to 8 were used to obtain the
density, longitudinal wave sound velocity, acoustic imped-
ance, attenuation ratio, and FOM value. In addition, the hol-
low rubber caps of these examples and comparative examples
were used to obtain the molding percent defective. The results
are shown in Table 1 below.
[0123] The density was obtained by measuring the weight
of the evaluation rubber plate and also measuring its volume
with a vernier caliper.
[0124] The attenuation ratio and sound velocity of the
evaluation rubber plate were measured using a 10-MHz mea-
surement ultrasonic probe by an underwater method. These
measurements were done at a water temperature of37° C. The
FOM value (sound velocityxattenuation ratio) was obtained
from the measured sound velocity and attenuation ratio.
[0125] The acoustic impedance was calculated as the prod-
uct of the obtained sound velocity and density.
[0126] The lens molding properties were evaluated as a
molding percent defective (%) by molding 20 hollow rubber
caps and observing cracks and pores.
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TABLE 1
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Acoustic lens composition

Acoustic lens characteristics

(weight ratio) Longitudinal Attenu- Molding
Zno Si0, wave sound  Acoustic ation Figure  percent
Silicone powder powder Density  velocity impedance  ratio of defective
rubber  {30nm) (16nm) (g/cm?) (m/s) (MRayls) (dB/mm)  merit (%)
Example 1 0.6 0.4 0 1.49 920 1.370 7.9 7268 0
Example 2 0.5 0.5 0 1.70 880 1.439 9.4 8272 0
Example 3 0.45 0.55 0 1.82 860 1.569 10.8 9288 0
Example 4 0.5 0.4 0.1 1.62 880 1.427 9.1 8008 0
Example 5 0.48 0.42 0.1 1.67 888 1.479 9.4 8437 0
Comparative 0.9 0.1 0 1.09 1010 1.100 3.8 3838 0
Example 1
Comparative 0.38 0.62 0 2.04 860 1.753 13.5 11610 10
Example 2
Comparative 0.5 0 0.5 1.38 1030 1416 10.2 10506 30
Example 3
Comparative 0.45 TiO,: 0.55 1.72 890 1.540 11.5 10235 20
Example 4
Comparative 0.45 AL,O5:0.55 1.70 920 1.564 11.6 10672 15
Example 5
Comparative 0.48 Butadiene 1.03 1170 1.210 2.5 2925 60
Example 6 rubber: 0.48
Zn0:0.04
Comparative 0.5 7:0,:0.5 1.70 880 1.496 17 14960 0
Example 7
Comparative 0.5 BaSO,: 0.5 1.64 920 1.509 15 13800 10
Example 8
[0127] As shown in Table 1, each of the vulcanized molded [0130] The vulcanized molded product of Comparative

products of Examples 1 to 5 having acoustic lens composi-
tions containing 40 wt % or more of silicone rubber and 15 to
60 wt % ofa ZnO powder had an acoustic impedance of 1.370
to 1.569 MRayls which was close to the acoustic impedance
(1.53 MRayls) of a living body. When an acoustic lens is
formed, therefore, reverberation in a living body can be
reduced. Also, each of the vulcanized molded products of
Examples 1 to 5 had a longitudinal wave sound velocity of
1,000 m/s or less, an attenuation ratio of 11 dB/mm or less at
a frequency of 10 MHz, and an FOM value of 9,500 or less.
Accordingly, attenuation of an ultrasonic wave can be
reduced when an acoustic lens is formed, so a high-sensitivity
ultrasonic probe can be manufactured. In the vulcanized
molded products of Examples 1 to 5, since no molding defects
occurred at all when cap-like acoustic lenses were molded by
using the acoustic lens compositions, the manufacturing yield
was high.

[0128] By contrast, the vulcanized molded product of
Comparative Example 1 having an acoustic lens composition
in which silicon rubber and a ZnO powder were mixed at
0.9:0.1, i.e., the amount of ZnO powder was smaller than
those of the present invention had an acoustic impedance of
1.100 MRayls which was largely different from the acoustic
impedance (1.53 MRayls) of a living body. When an acoustic
lens is formed, therefore, reverberation occurs in a living
body.

[0129] The vulcanized molded product of Comparative
Example 2 having an acoustic lens composition in which
silicon rubber and a ZnO powder were mixed at 0.38:0.62,
1.e., the amount of ZnO powder was larger than those of the
present invention had a high attenuation ratio of 13.5 dB/mm
and a large FOM value of 10,000 or more. In addition, the
molding percent defective was 10%, indicating a low manu-
facturing yield.

Example 3 having an acoustic lens composition in which
silicon rubber and an Si0, powder were mixed at 0.5:0.5 so
that the acoustic impedance was 1.416 MRayls, i.e., close to
the acoustic impedance (1.53 MRayls) of a living body had a
large FOM value of 10,000 or more. Also, the molding per-
cent defective was 30%, i.e., the manufacturing yield was
very low.

[0131] The vulcanized molded product of Comparative
Example 4 having an acoustic lens composition in which
silicon rubber and a TiO, powder were mixed at 0.45:0.55,
and the vulcanized molded product of Comparative Example
5having a composition in which silicon rubber and an Al,0,
powder were mixed at 0.45:0.55, so that the acoustic imped-
ance was close to the acoustic impedance (1.53 MRayls) ofa
living body, had large FOM values of 10,000 or more. In
addition, the molding percent defectives were 20% and 15%,
indicating very low manufacturing yields.

[0132] The vulcanized molded product of Comparative
Example 6 having an acoustic lens composition in which
silicon rubber, butadiene rubber, and a ZnO powder were
mixed at 0.48:0.48:0.04 had an acoustic impedance of 1.210
MRayls which was largely different from the acoustic imped-
ance (1.53 MRayls) of a living body, and a molding percent
defective of 60%, i.e., a very low manufacturing yield. Also,
this vulcanized molded product was inferior to Examples 1 to
5 in solubility in castor oil or olive oil, and hence was of no
practical use as an acoustic lens.

[0133] The vulcanized molded product of Comparative
Example 7 having an acoustic lens composition in which
silicon rubber and a ZrO, powder equal in density to ZnO
were mixed at 0.5:0.5 so that the acoustic impedance was
close to the acoustic impedance (1.53 MRayls) of a living
body had a high attenuation ratio of 17 dB/mm and a large
FOM value of 10,000 or more.
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[0134] The vulcanized molded product of Comparative
Example 8 having an acoustic lens composition in which
silicon rubber and a BaSO, powder equal in density to ZnO
were mixed at 0.5:0.5 so that the acoustic impedance was
close to the acoustic impedance (1.53 MRayls) of a living
body had a high attenuation ratio of 15 dB/mm and a large
FOM value of 10,000 or more. Also, the molding percent
defective was 10%, indicating a low manufacturing yield.
[0135] Note that when 10-MHz acoustic lenses having a
focus of 15 mm were manufactured using the acoustic lens
composition containing silicone rubber and a ZnO powder in
Example 1 and the acoustic lens composition containing sili-
cone rubber and an SiO, powder in Comparative Example 3,
the thickness of the acoustic lens of Example 1 was made
smaller by about 15% than that of the acoustic lens of Com-
parative Example 3. This makes the final attenvation differ-
ence between the acoustic lenses be 4 dB/mm or more.
Accordingly, a high-sensitivity ultrasonic probe can be real-
ized by using the rubber-based composition of Example 1.
[0136] Note also that when 3-MHz, low-frequency acoustic
lenses having a focus of 80 mm were manufactured, the
thickness of the acoustic lens of Example 1 was made smaller
by about 25% than that of the acoustic lens of Comparative
Example 3. This makes the final attenuation difference
between the acoustic lenses be 3 dB/mm or more. Accord-
ingly, the performance ofa 3 to 12 MHz ultrasonic probe can
be improved by using the acoustic lens composition of
Example 1.

Example 6

[0137] First, a platinum (Pt) powder having an average
particle diameter of 15 nm was placed in a thermostat bath at
200° C. and dried for 2 hrs to evaporate adhered water and the
like.

[0138] A rubber-based composition was prepared by
weighing materials such that the amount of silicone rubber as
base rubber was 0.65 parts by weight and the amount of Pt
powder was 0.35 parts by weight. This rubber-based compo-
sition was well kneaded by using a two-stage roll. Subse-
quently, 2,5-dimethyl-2,5-ditertiarybutylperoxyhexane as a
vulcanizing agent was added to the rubber-based composition
such that the amount of the vulcanizing agent was 1.0 wt %
with respect to the silicone rubber in the rubber-based com-
position, and the resultant acoustic lens composition was
further kneaded. After that, the kneaded acoustic lens com-
position underwent vulcanization molding at a temperature of
170° C. for 15 min to mold a 30x30x1 mm? square rubber
plate for evaluation. In addition, the same kneaded product
was used to form a hollow rubber cap 10 shown in FIG. 2
under the same conditions by vulcanization molding. These
vulcanized molded products underwent secondary vulcani-
zation for 4 hrs in a dryer held at 200° C.

Examples 7-14

[0139] Vulcanized molded products (evaluation rubber
plates and hollow rubber caps) having undergone secondary
vulcanization were manufactured following the same proce-
dures as in Example 6, except that eight types of rubber-based
compositions described below were used. A rubber-based
composition used as Example 7 was prepared by silicone
rubber and a Pt powder having an average particle diameter of
15 nm which were mixed at weight ratio of 0.55:0.45. A
rubber-based composition used as Example 8 was prepared
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by silicone rubber and a Pt powder having an average particle
diameter of 15 nm which were mixed at weight ratio of
0.48:0.52. A rubber-based composition used as Example 9
was prepared by silicone rubber, a Pt powder having an aver-
age particle diameter of 15 nm, and a silica (S10,) powder
having an average particle diameter of 16 nm which were
mixed at weight ratio of 0.5:0.4:0.1. A rubber-based compo-
sition used as Example 10 was prepared by silicone rubber, a
Pt powder having an average particle diameter of 15 nm, and
asilica (510,) powder having an average particle diameter of
16 nm which were mixed at weight ratio of 0.5:0.3:0.2. A
rubber-based composition used as Example 11 was prepared
by silicone rubber, a Pt powder having an average particle
diameter of 15 nm, and a silica (Si0,) powder having an
average particle diameter of 16 nm which were mixed at
weight ratio 0f 0.5:0.2:0.3. A rubber-based composition used
as Example 12 was prepared by silicone rubber, a Pt powder
having an average particle diameter of 15 nm, and a silica
(510,) powder having an average particle diameter of 16 nm
which were mixed at weight ratios 0f0.55:0.15:0.3. A rubber-
based composition used as Example 13 was prepared by
silicone rubber and a Pt powder having an average particle
diameter of 50 nm which were mixed S at a weight ratio of
0.65:0.35. A rubber-based composition used as Example 14
was prepared by silicone rubber and a Pt powder having an
average particle diameter of 200 nm which were mixed at a
weight ratio of 0.65:0.35.

Comparative Examples 9 & 10

[0140] Vulcanized molded products (evaluation rubber
plates and hollow rubber caps) having undergone secondary
vulcanization were manufactured following the same proce-
dures as in Example 6, except that two types of rubber-based
compositions described below were used. A rubber-based
composition used as Comparative Examples 9 was prepared
by silicone rubber and a Pt powder having an average particle
diameter of 15 nm which were mixed at a weight ratio of
0.92:0.08. A rubber-based composition used as Comparative
Examples 10 was prepared by silicone rubberand a Pt powder
having an average particle diameter of 15 nm which were
mixed at a weight ratio of 0.4:0.6.

Comparative Example 11

[0141] Vulcanized molded products (evaluation rubber
plates and hollow rubber caps) having undergone secondary
vulcanization were manufactured following the same proce-
dures as in Example 6, except that a rubber-based composi-
tion in which silicone rubber and a gold (Au) powder having
an average particle diameter of 200 nm were mixed at a
weight ratio of 0.5:0.5 was used.

[0142] Theevaluation rubber plates obtained in Examples 6
to 14 and Comparative Examples 9 to 11 were used to obtain
the density, longitudinal wave sound velocity, acoustic
impedance, attenuation ratio, and FOM value following the
same procedures as in Example 1. In addition, the hollow
rubber caps of these examples 6 to 14 and comparative
examples 9 to 11 were used to obtain the molding percent
defective in the same manner as in Example 1. The results are
shown in Table 2 below.
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TABLE 2
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Acoustic lens composition

Acoustic lens characteristics

(weight ratio) Longitudinal Attenu- Molding
ZnO Si0, wave sound  Acoustic ation Figure  percent
Silicone powder powder Density  velocity  impedance  ratio of defective
rubber  (15nm) (16nm) (g/ cm?) (m/s) (MRayls) (dB/mm)  merit (%)
Example 6 0.65 0.35 0 1.50 920 1.381 8.2 7544 0
Example 7 0.55 0.45 0 1.75 860 1.506 10.5 9030 0
Example 8 0.48 0.52 0 1.98 820 1.626 114 9348 0
Example 9 0.5 0.4 0.1 1.77 880 1.560 11.0 9680 0
Example 10 0.5 0.3 0.2 1.65 900 1.488 10.8 9720 0
Example 11 0.5 0.2 0.3 1.55 920 1.425 10.5 9660 5
Example 12 0.55 0.15 0.3 1.44 980 1.413 9.2 9016 5
Example 13 0.65 0.35 0 1.50 910 1.365 8.8 8008 0
(50 nm)
Example 14 0.65 0.35 0 1.50 900 1.350 9.1 8190 0
{200 nm)
Comparative 0.92 0.08 0 1.08 990 1.072 3.6 3564 0
Example 9
Comparative 04 0.6 0 2.34 800 1.869 16.0 12800 5
Example 10
Comparative 0.5 Au: 0.5 1.74 850 1.479 25.0 21250 0
Example 11
[0143] As shown in Table 2, each of the vulcanized molded silicon rubber and a Pt powder were mixed at 0.4:0.6, 1.e., the

products of Examples 6 to 14 having acoustic lens composi-
tions containing 40 wt % or more of silicone rubber and 10 to
52 wt % ofa Pt powder had an acoustic impedance of 1.350 to
1.626 MRayls which was close to the acoustic impedance
(1.53 MRayls) of a living body. When an acoustic lens is
formed, therefore, reverberation in a living body can be
reduced. Also, each of the vulcanized molded products of
Examples 6 to 14 had a longitudinal wave sound velocity of
1,000 m/s or less, an attenuation ratio of 11.4 dB/mm or less
at a frequency of 10 MHz, and a small FOM value 0f 9,700 or
less. Accordingly, attenuation of an ultra sonic can be reduced
when an acoustic lens is formed, so a high-sensitivity ultra-
sonic probe can be manufactured. In the vulcanized molded
products of Examples 6 to 10, 13, and 14, since no molding
defects occurred at all when cap-like acoustic lenses were
molded by using the acoustic lens compositions, the manu-
facturing yield was high. When the vulcanized molded prod-
ucts of examples 11 and 12 in which 30 wt % of an SiO,
powder were mixed were used, the molding percent defective
was 5%, i.e., the manufacturing vield slightly lowered. How-
ever, the total acoustic lens characteristics were excellent.
[0144] In the vulcanized molded products of Examples 6,
13, and 14 having the same composition but using Pt powders
different in average particle diameter, as the average particle
diameter increased, the sound velocity slightly decreased,
and the FOM value increased, although the density remained
unchanged. That is, the FOM value can be decreased by
decreasing the particle diameter of a Pt powder.

[0145] By contrast, the vulcanized molded product of
Comparative Example 9 having an acoustic lens composition
in which silicon rubber and a Pt powder were mixed at 0.92:
0.08, i.e., the amount of Pt powder was smaller than those of
the present invention had an acoustic impedance of 1.072
MRayls which was largely different from the acoustic imped-
ance (1.53 MRayls) of a living body. When an acoustic lens is
formed, therefore, reverberation occurs in a living body.

[0146] The vulcanized molded product of Comparative
Example 10 having an acoustic lens composition in which

amount of Pt powder was larger than those of the present
invention had a large attenuvation ratio of 16.0 dB/mm and a
large FOM value of 10,000 or more. In addition, the molding
percent defective was 5%, i.e., the manufacturing yield also
slightly lowered.

[0147] The vulcanized molded product of Comparative
Example 11 having an acoustic lens composition in which
silicon rubber and an Au powder equal in density to Pt were
mixed at 0.5:0.5 so that the acoustic impedance was close to
the acoustic impedance (1.53 MRayls) of a living body had a
high attenuation ratio of 25 dB/mm and a large FOM value of
10,000 or more.

Example 15

[0148] First, a ytterbium oxide (Yb,0O;) powder having an
average particle diameter of 25 nm was placed in a thermostat
bath at 200° C. and dried for 2 hrs to evaporate adhered water
and the like.

[0149] A rubber-based composition was prepared by
weighing materials such that the amount of silicone rubber as
base rubber was 0.65 parts by weight and the amount of
ytterbium oxide powder was 0.35 parts by weight. This rub-
ber-based composition was well kneaded by using a two-
stage roll. Subsequently, 2,5-dimethyl-2,5-ditertiarybutylp-
eroxyhexane as a vulcanizing agent was added to the rubber-
based composition such that the amount of the vulcanizing
agent was 1.0 wt % with respect to the silicone rubber in the
rubber-based composition, and the resultant acoustic lens
composition was further kneaded. After that, the kneaded
acoustic lens composition underwent vulcanization molding
at a temperature of 170° C. for 15 min to mold a 30x30x1
mm® square rubber plate for evaluation. In addition, the same
kneaded product was used to form a hollow rubber cap 10
shown in FIG. 2 under the same conditions by vulcanization
molding. These vulcanized molded products underwent sec-
ondary vulcanization for 4 hrs in a dryer held at 200° C.

Examples 16-22

[0150] Vulcanized molded products (evaluation rubber
plates and hollow rubber caps) having undergone secondary
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vulcanization were manufactured following the same proce-
dures as in Example 15, except that seven types of rubber-
based compositions described below were used. A rubber-
based composition used as Example 16 was prepared by
silicone rubber and a Yb,O, powder having an average par-
ticle diameter of 25 nm which were mixed at weight ratio of
0.6:0.4. A rubber-based composition used as Example 17 was
prepared by silicone rubber and a Yb,0; powder having an
average particle diameter of 25 nm which were mixed at
weight ratio of 0.45:0.55. A rubber-based composition used
as Example 18 was prepared by silicone rubber, a Yb,0,
powder having an average particle diameter of 25 nm, and a
silica (Si0,) powder having an average particle diameter of
19 nm which were mixed at weight ratio of 0.55:0.4:0.05. A
rubber-based composition used as Example 19 was prepared
by silicone rubber, a Yb,O, powder having an average par-
ticle diameter of 25 nm, and a silica (SiO,) powder having an
average particle diameter of 16 nm which were mixed at
weight ratio 0f 0.5:0.4:0.1. A rubber-based composition used
as Example 20 was prepared by silicone rubber, a Yb,0,
powder having an average particle diameter of 25 nm, and a
silica (S10,) powder having an average particle diameter of
16 nm which were mixed at weight ratio of 0.5:0.3:0.2. A
rubber-based composition used as Example 21 was prepared
by silicone rubber, a Yb,O, powder having an average par-
ticle diameter of 25 nm, and a silica (SiO,) powder having an
average particle diameter of 16 nm which were mixed at
weight ratio 0f 0.5:0.2:0.3. A rubber-based composition used
as Example 22 was prepared by silicone rubber, a silicone-
resin-coated Yb,O, powder having an average particle diam-
eter of 25 nm, and a silica (SiO,) powder having an average
particle size of 16 nm which were mixed at a weight ratio of
0.5:04:0.1.

Comparative Examples 12 & 13

[0151] Vulcanized molded products (evaluation rubber
plates and hollow rubber caps) having undergone secondary
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vulcanization were manufactured following the same proce-
dures as in Example 15, except that two types of rubber-based
compositions described below were used. A rubber-based
composition used as Comparative Example 12 was prepared
by silicone rubber and a Yb,0, powder having an average
particle diameter of 25 nm which were mixed at a weight ratio
01 0.92:0.08. A rubber-based composition used as Compara-
tive Example 13 was prepared by silicone rubber anda Yb, O,
powder having an average particle diameter of 25 nm which
were mixed at a weight ratio 0f 0.35:0.65.

Comparative Examples 14 & 15

[0152] Vulcanized molded products (evaluation rubber
plates and hollow rubber caps) having undergone secondary
vulcanization were manufactured following the same proce-
dures as in Example 15, except that two types of rubber-based
compositions described below were used. A rubber-based
composition used as Comparative Example 14 was prepared
by silicone rubber and a lutetium oxide (Lu,O5) powder
having an average particle diameter of 25 nm which were
mixed at a weight ratio 0f 0.55:0.45. A rubber-based compo-
sition used as Comparative Example 15 was prepared by
silicone rubber and a bismuth oxide (Bi,O,) powder having
an average particle diameter of 300 nm which were mixed at
a weight ratio of 0.55:0.45.

[0153] The evaluation rubber plates obtained in Examples
15 to 22 and Comparative Examples 12 to 15 were used to
obtain the density, longitudinal wave sound velocity, acoustic
impedance, attenuation ratio, and FOM value following the
same procedures as in Example 1. In addition, the hollow
rubber caps of these examples 15 to 22 and comparative
examples 12 to 15 were used to obtain the molding percent
defective in the same manner as in Example 1. The results are
shown in Table 3 below.

TABLE 3

Acoustic lens composition

Acoustic lens characteristics

(weight ratio) Longitudinal Attenu- Molding
Yb,04 Sio, wave sound  Acoustic ation Figure  percent
Silicone  powder powder Density  velocity  impedance  ratio of defective
rubber  (25nm) (16nm) (g/em?) (mv's) (MRayls) (dB/mm)  merit (%)
Example 15 0.65 0.35 0 1.45 943 1.371 7.8 7355 0
Example 16 0.6 04 0 1.55 895 1.391 8.2 7339 0
Example 17 045 0.55 0 1.96 840 1.648 11.4 9576 0
Example 18 0.55 04 0.05 1.62 895 1.452 9.0 8055 0
Example 19 0.5 04 0.1 1.70 880 1.494 10.1 8888 0
Example 20 0.5 0.3 0.2 1.60 900 1.443 9.5 8550 0
Example 21 0.5 0.2 0.3 1.53 940 1.482 10.0 9400 0
Example 22 05 04 0.1 1.70 880 1.494 9.5 8360 0
(Si coat)
Comparative ~ 0.92 0.08 0 1.08 1000 1.077 4.0 4000 0
Example 12
Comparative ~ 0.35 0.65 0 2.38 820 1.949 14.5 11890 10
Example 13
Comparative 055 Luy03: 0.5 1.67 900 1.503 12.0 10800 0
Example 14
Comparative 0.5 Bi,05:0.5 1.80 850 1.530 14.0 11900 0

Example 15
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[0154] As shown in Table 3, each of the vulcanized molded
products of Examples 15 to 22 having acoustic lens compo-
sitions containing 40 wt % or more of silicone rubber and 12
to 56 wt % of a Yb, O, powder had an acoustic impedance of
1371 to 1.648 MRayls which was close to the acoustic
impedance (1.53 MRayls) of a living body. When an acoustic
lens is formed, therefore, reverberation in aliving body can be
reduced. Also, each of the vulcanized molded products of
Examples 15 to 22 had a longitudinal wave sound velocity of
1,000 m/s or less, an attenuation ratio of 11.4 dB/mm or less
at a frequency of 10 MHz, and a small FOM value of 9,600 or
less. Accordingly, attenuation of an ultra sonic can be reduced
when an acoustic lens is formed, so a high-sensitivity ultra-
sonic probe can be manufactured. In particular, the vulca-
nized molded product of Example 22 using the Yb,O, powder
whose surface was coated with a silicone resin had the same
density and sound velocity as those of the vulcanized molded
product of Example 19 having the same composition, but had
a lower attenuation ratio and smaller FOM value. Further-
more, in the vulcanized molded products of Examples 15 to
22, no molding defects occurred at all when cap-like acoustic
lenses were molded by using the acoustic lens compositions,
so the manufacturing yield was also high.

[0155] By contrast, the vulcanized molded product of
Comparative Example 12 having an acoustic lens composi-
tion in which silicon rubber and a Yb,0, powder were mixed
at 0.92:0.08, i.e., the amount of Yb,O; powder was smaller
than those of the present invention had an acoustic impedance
of 1.077 MRayls which was largely different from the acous-
tic impedance (1.53 MRayls) of a living body. When an
acoustic lens is formed, therefore, reverberation occurs in a
living body.

[0156] The vulcanized molded product of Comparative
Example 13 having an acoustic lens composition in which
silicon rubber and a Yh,0, powder were mixed at 0.35:0.65,
i.e., the amount of Yb,O; powder was larger than those of the
present invention had a high attenuation ratio of 14.5 dB/mm
and a large FOM value of 10,000 or more. In addition, the
molding percent defective was 10%, i.e., the manufacturing
vyield also lowered.

[0157] The vulcanized molded products of Comparative
Examples 14 and 15 having acoustic lens compositions in
which silicon rubber and powders of Lu,O, and Bi,0O; equal
in density to Yb,0, were mixed at 0.55:0.45 and 0.5:0.5,
respectively, so that theacoustic impedances were close to the
acoustic impedance (1.53 MRayls) of a living body had high
attenuation ratios of 12 and 14 dB/mm, respectively, and large
FOM values of 10,000 or more.

Example 23

[0158] First, a zinc oxide (ZnO) powder having an average
particle diameter of 30 nm, a platinum (Pt) powder having an
average particle diameter of 15 nm, and a ytterbium oxide
(Yb,0,) powder having an average particle diameter of 25
nm were placed in a high-temperature bath at 200° C. and
dried for 2 hrs to evaporate adhered water and the like.
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[0159] A rubber-based composition was prepared by
weighing materials such that the amount of silicone rubber as
base rubber was 50 wt % and the amounts of ZnO powder, Pt
powder, Yb,O; powder, and SiO, powder were 15, 15, 15, and
5wt %, respectively. This rubber-based composition was well
kneaded by using a two-stage roll. Subsequently, 2,5-dim-
ethyl-2,5-ditertiarybutylperoxyhexane as a vulcanizing agent
was added to the rubber-based composition such that the
amount of the vulcanizing agent was 1.0 wt % with respect to
the silicone rubber in the rubber-based composition, and the
resultant acoustic lens composition was further kneaded.
After that, the kneaded acoustic lens composition underwent
vulcanization molding at a temperature of 170° C. for 15 min
to mold a 30x30x1 mm? square rubber plate for evaluation. In
addition, the same kneaded product was used to form a hollow
rubber cap 10 shown in FIG. 2 under the same conditions by
vulcanization molding. These vulcanized molded products
underwent secondary vulcanization for 4 hrs in a dryer held at
200° C.
[0160] The evaluation rubber plate obtained in Example 23
was used to obtain the density, longitudinal wave sound
velocity, acoustic impedance, attenuation ratio, and FOM
value following the same procedures as in Example 1. In
addition, the hollow rubber cap was used to obtain the mold-
ing percent defective in the same manner as in Example 1.
[0161] Consequently, the density was 1.75 g/em?>, the lon-
gitudinal wave sound velocity was 890 m/s, the acoustic
impedance was 1.554 Mrayls, the attenuvation ratio was 10.2
dB/mm, and the FOM value was 9,078. When an acoustic lens
is formed, therefore, reverberation in a living body can be
reduced, so attenuation can be reduced. Accordingly, a high-
sensitivity ultrasonic probe can be manufactured. Also, the
molding percent defective was 0%, indicating a high manu-
facturing yield.
[0162] FIG. 3 shows the relationship between the acoustic
impedance and the FOM value at 10 MHz of each of the
vulcanized molded products of Examples 1 to 23 described
above. It is clearly understood from FIG. 3 that each of the
vulcanized molded products of Examples 1 to 23 had an
acoustic impedance close to that of a living body and a small
FOM value as the product of the sound velocity and attenu-
ation ratio, 1.e., each vulcanized molded product was superior
in total characteristics required of an acoustic lens.
[0163] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific details
and representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit and scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. An acoustic lens composition comprising not less than
40 wt % of silicone rubber and 15 to 60 wt % of a zinc oxide
powder.
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