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ULTRASONIC PROBE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority under 35
U.S.C. § 119 to Japanese patent Application No. 2017-
077231, filed on Apr. 10, 2017, the entire content of which
is incorporated herein by reference.

BACKGROUND

Technological Field

[0002] The present invention relates to an ultrasonic
probe.

Description of the Related Art
[0003] Ultrasonic diagnosis obtains heart beat and fetal

movement as an ultrasonic image by a simple operation of
applying an ultrasonic probe to a body surface, is very safe,
and therefore makes it possible to perform a test repeatedly.
An ultrasonic diagnostic apparatus used for performing
ultrasonic diagnosis and generating and displaying an ultra-
sonic image is known.

[0004] The ultrasonic diagnostic apparatus includes an
ultrasonic probe that transmits an ultrasonic wave to a
subject and receives the reflected ultrasonic wave.

[0005] A conventional ultrasonic probe includes a case, a
piezoelectric element, a back load material that is bonded to
a back side of the piezoelectric element (side opposite to a
living body as a subject) and attenuates an ultrasonic wave,
and a heat transfer member that is bonded to a back side of
the back load material and transmits heat generated by the
ultrasonic wave to the case (for example, refer to JP 5828703
B2).

[0006] During ultrasonic diagnosis, heat generated by the
ultrasonic wave is transmitted from the back load material to
the case via the heat transfer member, and heat is dissipated.

[0007] In addition, another ultrasonic probe includes a
piezoelectric element, a back load material that is disposed
on a back side of the piezoelectric element (side opposite to
a living body) and attenuates an ultrasonic wave, first and
second heat dissipation members that are disposed on a back
side of the back load material and dissipate heat generated
by the ultrasonic wave, a sound absorbing member inter-
posed between the first and second heat dissipation mem-
bers, and a support member that avoids the sound absorbing
member and transfers heat between the first and second heat
dissipation members (for example, refer to JP 4408899 B2).

[0008] During ultrasonic diagnosis, heat generated by an
ultrasonic wave is transmitted from the back load material to
the first heat dissipation member, and is further transmitted
to the second heat dissipation member via the support
member for heat dissipation.

[0009] In addition, the sound absorbing member absorbs
an ultrasonic wave reflected by the first heat dissipation
member to reduce noise.

[0010] An ultrasonic probe that performs diagnosis while
being in contact with a living body generate heat due to
ultrasonic wave propagation loss around a piezoelectric
element at the time of generation of the ultrasonic wave.
Therefore, a living body contact portion at the time of
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diagnosis has restriction in a heat generation temperature,
and it is effective to suppress a driving voltage in order to
satisfy the restriction.

[0011] In an ultrasonic probe disclosed in JP 5828703 B2,
when a drive voltage is suppressed, sensitivity of the ultra-
sonic probe is lowered. Therefore, an ultrasonic wave emit-
ted to a side opposite to a living body is attenuated by a back
load material, and heat is dissipated by a heat transfer
member disposed on a back side of the back load material to
lower a heat generation temperature of a living body contact
portion.

[0012] However, in the ultrasonic probe disclosed in JP
5828703 B2, an ultrasonic wave which cannot be com-
pletely attenuated by the back load material is transmitted to
the heat transfer member, a natural vibration frequency of
the heat transfer member and a higher harmonic component
thereof are amplified and input to a piezoelectric element as
an unnecessary signal, and noise is generated in an ultra-
sonic diagnostic image disadvantageously.

[0013] In addition, an ultrasonic probe disclosed in JP
4408899 B2 reduces noise by disposing a sound absorbing
member between the first and second heat dissipation mem-
bers on a back side of the back load material. However, the
sound absorbing member suppresses heat transfer, and a
sufficient heat dissipation effect cannot be obtained disad-
vantageously.

SUMMARY

[0014] An object of the present invention is to provide an
ultrasonic probe capable of reducing noise generated by a
natural vibration frequency of a member that dissipates heat
and a higher harmonic wave thereof without suppressing a
heat dissipation effect.

[0015] To achieve the abovementioned object, according
to an aspect of the present invention, an ultrasonic probe
reflecting one aspect of the present invention comprises:
[0016] an acoustic element that generates an ultrasonic
wave and detects the ultrasonic wave;

[0017] a support that supports the acoustic element on a
side opposite to a test object side; and

[0018] aheat dissipation material disposed on a side of the
support opposite to the acoustic element, wherein

[0019] an attenuation/thermal conduction material made
of an attenuating material containing a thermally conductive
material is disposed in contact with the heat dissipation
material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The advantages and features provided by one or
more embodiments of the invention will become more fully
understood from the detailed description given hereinbelow
and the appended drawings which are given by way of
illustration only, and thus are not intended as a definition of
the limits of the present invention:

[0021] FIG. 1 is an external view of an ultrasonic diag-
nostic apparatus according to a first embodiment of the
present invention;

[0022] FIG. 2 is a block diagram illustrating a functional
configuration of the ultrasonic diagnostic apparatus;

[0023] FIG. 3 is a cross-sectional view illustrating an
internal configuration of an ultrasonic probe;
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[0024] FIG. 4 is a cross-sectional view illustrating an
internal configuration of an ultrasonic probe according to a
second embodiment of the present invention; and

[0025] FIG. 5 is a cross-sectional view illustrating an
internal configuration of an ultrasonic probe according to a
third embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0026] Hereinafter, one or more embodiments of the pres-
ent invention will be described with reference to the draw-
ings. However, the scope of the invention is not limited to
the disclosed embodiments.

First Embodiment

[0027] Hereinafter, a first embodiment of the present
invention will be described with reference to the drawings.
However, various technically preferable limitations for
implementing the present invention are given to embodi-
ment described below, but the scope of the invention is not
limited to the following embodiment and illustrated
examples.

[0028] [Ultrasonic Image Diagnostic Apparatus]

[0029] As illustrated in FIG. 1 and FIG. 2, an ultrasonic
image diagnostic apparatus S including an ultrasonic probe
2 according to the present embodiment includes an ultra-
sonic image diagnostic apparatus main body 1 and the
ultrasonic probe 2. The ultrasonic probe 2 transmits an
ultrasonic wave (transmission ultrasonic wave) to a subject
such as a living body (not illustrated) as a test object for the
ultrasonic image diagnostic apparatus S, and receives a
reflected wave (reflected ultrasonic wave: echo) of the
ultrasonic wave reflected by the subject. The ultrasonic
image diagnostic apparatus main body 1 is connected to the
ultrasonic probe 2 via a cable 3, and transmits a driving
signal of an electric signal to the ultrasonic probe 2 to cause
the ultrasonic probe 2 to transmit a transmission ultrasonic
wave to a subject. In addition, the ultrasonic image diag-
nostic apparatus main body 1 images an internal state of the
subject as an ultrasonic image based on a reception signal as
an electric signal generated by the ultrasonic probe 2 in
accordance with a reflected ultrasonic wave from an inside
of the subject received by the ultrasonic probe 2.

[0030] The ultrasonic probe 2 includes, for example, a
plurality of transducers 2a arranged in a one-dimensional
array in an azimuth direction. In the present embodiment, for
example, the ultrasonic probe 2 including 192 transducers
2a is used. Note that the transducers 2a may be arranged in
a two-dimensional array. In addition, the number of the
transducers 2a can be arbitrarily set. In addition, in the
present embodiment, a linear scanning system electronic
scanning probe is adopted for the ultrasonic probe 2. How-
ever, either the electronic scanning system or a mechanical
scanning system may be adopted, and any one of the linear
scanning system, a sector scanning system, and a convex
scanning system can be adopted.

[0031] For example, as illustrated in FIG. 2, the ultrasonic
image diagnostic apparatus main body 1 includes an opera-
tion inputter 11, a transmitter 12, a receiver 13, an image
generator 14, a memory 15, a digital scan converter (DSC)
16, a display 17, and a controller 18.

[0032] The operation inputter 11 includes, for example,
various switches, a button, a trackball, a mouse, and a
keyboard for inputting a command for giving instruction to
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start diagnosis and data such as personal information on a
subject, and outputs an operation signal to the controller 18.
[0033] The transmitter 12 is a circuit that supplies a
driving signal as an electric signal to the ultrasonic probe 2
via the cable 3 under control of the controller 18 to generate
a transmission ultrasonic wave in the ultrasonic probe 2.
[0034] The transmitter 12 sequentially switches the plu-
rality of transducers 2a to which driving signals are supplied
while shifting the transducers 2a by a predetermined number
for each transmission and reception of an ultrasonic wave
under control of the controller 18, supplies driving signals to
the plurality of transducers 2a which have been selected for
output, and thereby performs scanning.

[0035] Thereceiver 13 is a circuit that receives a reception
signal of an electric signal from the ultrasonic probe 2 via
the cable 3 under control of the controller 18. The receiver
13 adjusts time phases of reception signals from the trans-
ducers 2a and adds the obtained results (phase adjustment
and addition) to generate sound ray data.

[0036] The image generator 14 performs predetermined
processing on the sound ray data from the receiver 13 to
generate B mode image data. That is, the B mode image data
expresses intensity of a reception signal by luminance. The
B mode image data generated by the image generator 14 is
transmitted to the memory 15.

[0037] The memory 15 includes, for example, a semicon-
ductor memory such as a dynamic random access memory
(DRAM) and stores the B mode image data transmitted from
the image generator 14 in frame units. That is, the memory
15 can store the B mode image data as ultrasonic diagnostic
image data constituted in frame units. The ultrasonic diag-
nostic image data stored in the memory 15 is read under
control of the controller 18 and is transmitted to the DSC 16.
[0038] The DSC 16 converts the ultrasonic diagnostic
image data received from the memory 15 into an image
signal according to a television signal scanning system and
outputs the image signal to the display 17.

[0039] A display device such as a liquid crystal display
(LCD), a cathode-ray tube (CRT) display, an organic elec-
tronic luminescence (EL) display, an inorganic EL display,
or a plasma display can be applied to the display 17. The
display 17 displays an ultrasonic diagnostic image on a
display screen according to an image signal output from the
DSC 16. Note that a printing device such as a printer may
be applied instead of the display device.

[0040] The controller 18 includes, for example, a central
processing unit (CPU), a read only memory (ROM), and a
random access memory (RAM), reads various processing
programs such as a system program stored in the ROM,
develops the programs in the RAM, and centrally controls
operation of each part of the ultrasonic image diagnostic
apparatus S according to a developed program.

[0041] Specifically, the controller 18 controls the trans-
mitter 12 to cause the ultrasonic probe 2 to generate a
transmission ultrasonic wave, and controls the receiver 13 to
cause the receiver 13 to receive a reception signal of a
reflected ultrasonic wave from the ultrasonic probe 2 and to
generate sound ray data.

[0042] Furthermore, the controller 18 controls the image
generator 14 to cause the image generator 14 to generate B
mode image data, stores the B mode image data in the
memory 15 as ultrasonic diagnostic image data, and controls
the DSC 16 to cause the display 17 to display the ultrasonic
diagnostic image data.
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[0043] [Ultrasonic Probe]

[0044] Next, the ultrasonic probe 2 according to the pres-
ent embodiment will be described with reference to FIG. 3.
[0045] In FIG. 3, the upper side indicates a subject side as
a test object, and the lower side indicates a side opposite to
the subject (side away from the subject). In the following
description, the subject side is referred to as “front side”, and
a side opposite to the subject (side away from the subject) is
referred to as “rear side”.

[0046] For example, in the ultrasonic probe 2, an acoustic
element 20, a reinforcing material 31 as a support body, an
attenuation/thermal conduction material 32, and a heat dis-
sipation material 33 are arranged toward the rear side in
order from the front side, and a casing (not illustrated)
houses and supports these components (excluding an acous-
tic lens 25 described later).

[0047] [Acoustic Element]

[0048] In the acoustic element 20, the acoustic lens 25, an
acoustic matching layer 23, a piezoelectric element 22, an
FPC 24, and a back load material 21 are arranged toward the
rear side in order from the front side.

[0049] Note that the acoustic lens 25 is brought into
contact with a subject, and therefore is held while at least a
front surface thereof is exposed from the above-described
casing.

[0050] [Acoustic Element: Piezoelectric Element]

[0051] The piezoelectric element 22 is an element (piezo-
electric element) including an electrode and a piezoelectric
material, capable of converting an electric signal into
mechanical vibration and mechanical vibration into an elec-
tric signal, and capable of transmitting and receiving an
ultrasonic wave.

[0052] The piezoelectric material contains a piezoelectric
substance capable of converting an electric signal into a
mechanical vibration and a mechanical vibration into an
electric signal. Examples of the piezoelectric substance
include lead zirconate titanate (PZT)-based ceramics, piezo-
electric ceramics such as lead titanate and lead metaniobate,
a piezoelectric single crystal made of lithium niobate or a
solid solution-based single crystal such as lead zinc niobate
and lead titanate or lead magnesium niobate and lead
titanate, quartz crystal, Rochelle salt, and an organic poly-
mer piezoelectric material including a PVDF copolymer
such as polyvinylidene fluoride-triethylene fluoride
(P(VDF-TtFE)) which is a copolymer of polyvinylidene
fluoride (PVDF) or VDF and, for example, triethylene
fluoride (TrFE), polyvinylidene cyanide (PVDCN) which is
a polymer of vinylidene cyanide (VDCN), a vinylidene
cyanide-based copolymer, an odd nylon such as nylon 9 or
nylon 11, an aromatic nylon, an alicyclic nylon, polylactic
acid, a polyhydroxy carboxylic acid such as polyhydroxy
butyrate, a cellulose-based derivative, and polyurea.

[0053] The thickness of the piezoelectric material is, for
example, in a range of 100 to 500 pm. The piezoelectric
material is used as the transducers 2a while electrodes are
attached to both surfaces thereof.

[0054] Examples of a material used for an electrode
attached to the piezoelectric material include gold (Au),
platinum (Pt), silver (Ag), palladium (Pd), copper (Cu),
aluminum (Al), nickel (Ni), and tin (Sn).

[0055] In the piezoelectric element 22, an electrode is in
contact with a flexible printed circuit (FPC) 24, and the FPC
24 is electrically connected to the cable 3. Therefore, a
driving signal output from the ultrasonic image diagnostic
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apparatus main body 1 is input to the piezoelectric element
22 via the FPC 24, and a reception signal generated by the
piezoelectric element 22 is output to the ultrasonic image
diagnostic apparatus main body 1.

[0056] [Acoustic Element: Back Load Material]

[0057] Theback load material 21 is disposed on a rear side
with respect to the piezoelectric element 22 in a lamination
direction of members constituting the ultrasonic probe.
[0058] The back load material 21 is made of a material
having a lower acoustic impedance than the piezoelectric
element 22, and is an ultrasonic wave absorber capable of
absorbing an unnecessary ultrasonic wave. That is, the back
load material 21 absorbs an ultrasonic wave generated from
a rear end of the piezoelectric element 22.

[0059] Examples of a material constituting the back load
material 21 include a natural rubber, a ferrite rubber, an
epoxy resin, a rubber-based composite material or an epoxy
resin composite material obtained by adding a powder such
as tungsten oxide, titanium oxide, or ferrite, or a micro
balloon to these materials and press-molding the resulting
mixture, vinyl chloride, polyvinyl butyral (PVB), an ABS
resin, polyurethane (PUR), polyvinyl alcohol (PVAL), poly-
ethylene (PE), polypropylene (PP), polyacetal (POM), poly-
ethylene terephthalate (PETP), a fluorocarbon resin (PTFE),
and a thermoplastic resin such as polyethylene glycol or a
polyethylene terephthalate-polyethylene glycol copolymer.
[0060] A preferable shape of the back load material 21 can
be appropriately selected according to the shape of the
piezoelectric element 22 or a probe head including the
piezoelectric element 22.

[0061] [Acoustic Element: Acoustic Matching Layer]
[0062] The acoustic matching layer 23 matches an acous-
tic impedance between the piezoelectric element 22 and the
acoustic lens 25 and suppresses reflection at an interface
among the piezoelectric element 22, the acoustic matching
layer 23, and the acoustic lens 25. The acoustic matching
layer 23 is attached to a front end surface of the piezoelectric
element 22.

[0063] The acoustic matching layer 23 may be constituted
by a single layer or a plurality of layers, but is preferably
constituted by two or more layers. The thickness of each
layer of the acoustic matching layer 23 needs to be set to A/4
if A represents a wavelength of an ultrasonic wave. If this
condition is not satisfied, a plurality of unnecessary spuri-
ouses appear at a frequency point different from an original
resonance frequency, and fundamental acoustic characteris-
tics largely fluctuate. As a result, reverberation time
increases, and sensitivity or S/N decreases due to waveform
distortion of a reflected echo. This is not preferable.
[0064] An acoustic impedance of the acoustic matching
layer 23 is set so as to gradually decrease from a rearmost
layer to a foremost layer and such that an acoustic imped-
ance of the rearmost layer is less than an acoustic impedance
of the piezoelectric element 22. In order to match the
acoustic impedance of the acoustic matching layer 23 with
an acoustic impedance of the acoustic lens 25 described
later, a difference between the acoustic impedance of the
foremost layer and the acoustic impedance of the acoustic
lens 25 is preferably made smaller (the acoustic impedance
of the foremost layer and the acoustic impedance of the
acoustic lens 25 may be the same as each other).

[0065] The thickness of each of a plurality of layers
constituting the acoustic matching layer 23 may be less than
Va4 in units of wavelength (for example, A) corresponding to
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an acoustic velocity determined by the composition of each
layer and a center frequency of an ultrasonic wave trans-
mitted from the piezoelectric element 22. This makes it
possible to reduce attenuation by the acoustic matching layer
23 on a low frequency side with respect to the center
frequency of an ultrasonic wave.

[0066] Specific examples of a material used for the acous-
tic matching layer 23 include aluminum, an aluminum alloy
(for example, an Al—Mg alloy), a magnesium alloy, a
Macor glass, glass, a fused quartz, copper graphite, poly-
ethylene (PE), polypropylene (PP), polycarbonate (PC), an
ABC resin, an ABS resin, an AAS resin, an AES resin, a
nylon (PA6 or PA6-6), polyphenylene oxide (PPO), poly-
phenylene sulfide (PPS) (may include glass fiber), polyphe-
nylene ether (PPE), polyether ether ketone (PEEK), poly-
amide imide (PAI), polyethylene terephthalate (PETP), an
epoxy resin, and a urethane resin. Preferably, it is possible
to apply a material obtained by adding tungsten, zinc white,
titanium oxide, silica, alumina, red iron oxide, ferrite, tung-
sten oxide, yttrium oxide, barium sulfate, molybdenum, or
the like as a filler to a thermosetting resin such as an epoxy
resin and molding the resulting mixture. Here, by changing
the type, amount, distribution, and the like of a filler among
layers, even in the same type of resin, the acoustic imped-
ance can be different among layers.

[0067] [Acoustic Element: Acoustic Lens]

[0068] The acoustic lens 25 is disposed in order to con-
verge an ultrasonic beam by utilizing refraction and to
improve resolution. That is, the acoustic lens 25 is disposed
on a side of the ultrasonic probe 2 in contact with a subject,
and makes an ultrasonic wave generated by the piezoelectric
element 22 efficiently enter the subject. The acoustic lens 25
is a portion in contact with a subject, has a convex or
concave lens shape according to an internal sound speed,
and converges an ultrasonic wave that enters the subject in
a thickness direction perpendicular to an imaging cross
section (elevation direction).

[0069] An acoustic impedance of the acoustic lens 25 is
appropriately set such that attenuation and reflection of an
ultrasonic wave between the acoustic lens 25 and a subject
are smaller than those in an acoustic impedance of the
subject. Here, the subject is a human body or the like.
Therefore, in general, the acoustic impedance of the acoustic
lens 25 is set so as to be extremely lower than that of a hard
substance such as the piezoelectric element 22. Therefore,
the acoustic lens 25 is made of a material (for example, a soft
polymer material or the like) corresponding to a set acoustic
impedance.

[0070] Examples of a material constituting the acoustic
lens 25 include a conventionally known homopolymer such
as a silicone-based rubber, a butadiene-based rubber, a
polyurethane rubber, or an epichlorohydrin rubber, and a
copolymer rubber such as an ethylene-propylene copolymer
rubber obtained by copolymerizing ethylene and propylene.
Among these materials, a silicone-based rubber and a buta-
diene-based rubber are preferably used.

[0071] [Reinforcing Material]

[0072] The reinforcing material 31 is fixed to a casing,
supports the acoustic element 20 and the heat dissipation
material 33, and transfers heat generated by the acoustic
element 20 to the heat dissipation material 33.

[0073] Therefore, the acoustic element 20 is disposed
behind the back load material 21. A front end surface of the
reinforcing material 31 is in close contact with a rear end
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surface of the back load material 21 by screwing or bonding.
In a case where these surfaces are bonded to each other, an
adhesive having a high thermal conductivity may be used. In
addition, a resin-based adhesive such as an epoxy adhesive
may be used so as to form an extremely thin adhesive layer.
[0074] Specifically, as a material used for the reinforcing
material 31, it is desirable to use a metal such as copper or
aluminum, a resin having a high thermal conductivity, or the
like.

[0075] [Heat Dissipation Material]

[0076] The heat dissipation material 33 is connected to a
rear end of the reinforcing material 31 via the attenuation/
thermal conduction material 32, and is supported by the
reinforcing material 31.

[0077] The heat dissipation material 33 is elongated in a
front-rear direction and has a plate-shaped rear end side. The
heat dissipation material 33 is supported only at a front end,
and a rear end and a surrounding surface thereof are not
supported by a casing. Therefore, the rear end side of the
heat dissipation material 33 extends rearward in a state of a
free end.

[0078] As a material constituting the heat dissipation
material 33, a material having a high thermal conductivity,
for example, a metal such as copper or aluminum, or carbon
graphite is preferable.

[0079] [Attenuation/Thermal Conduction Material]

[0080] The attenuation/thermal conduction material 32 is
disposed between the reinforcing material 31 and the heat
dissipation material 33, satisfactorily transfers heat from the
reinforcing material 31 to the heat dissipation material 33,
and attenuates ultrasonic vibration from the acoustic element
20 side to suppress transfer of an ultrasonic wave to the heat
dissipation material.

[0081] A rear end surface of the reinforcing material 31, a
front end surface of the attenuation/thermal conduction
material 32, a rear end surface of the attenuation/thermal
conduction material 32, and a front end surface of the heat
dissipation material 33 are all smooth. The rear end surface
of the reinforcing material 31 and the front end surface of the
attenuation/thermal conduction material 32 are connected to
each other while being in close contact with each other. The
rear end surface of the attenuation/thermal conduction mate-
rial 32 and the front end surface of the heat dissipation
material 33 are connected to each other while being in close
contact with each other. As a result, the reinforcing material
31 and the heat dissipation material 33 do not come into
direct contact with each other. The reinforcing material 31,
the attenuation/thermal conduction material 32, and the heat
dissipation material 33 are connected to one another by
screwing, bonding, or the like, and an adhesive having a
high thermal conductivity is used in a case of bonding.
[0082] As a material constituting the attenuation/thermal
conduction material 32, an attenuating material containing a
thermally conductive material, for example, a resin such as
silicone or epoxy having a higher thermal conductivity by
containing a metal filler as a thermally conductive material
is preferable.

[0083] The thermal conductivity of the attenuation/ther-
mal conduction material 32 is 0.5 W/(m K) or more. An
upper limit thereof is desirably about the same as that of the
heat dissipation material 33, and may be higher if possible.
[0084] An ultrasonic wave attenuation ratio of the attenu-
ation/thermal conduction material 32 is 3 dB/mm at S MHz
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or more. An upper limit thereof is desirably about the same
as that of the back load material 21, and may be higher if
possible.

[0085] The thermal conductivity and the ultrasonic wave
attenuation ratio of the attenuation/thermal conduction
material 32 can be adjusted by the content of a metal filler
with respect to a main material such as silicone or epoxy.
[0086] [Operation of Ultrasonic Probe]

[0087] In the ultrasonic probe 2 having the above con-
figuration, when a driving signal as an electric signal is
supplied from the transmitter 12 of the ultrasonic image
diagnostic apparatus S via the cable 3, a voltage is applied
to the piezoelectric element 22 of the acoustic element 20,
and is converted into an ultrasonic wave. The ultrasonic
wave is transmitted to a subject via the acoustic matching
layer 23 and the acoustic lens 25. Then, a reflected ultrasonic
wave generated by the subject is received by the piezoelec-
tric element 22, and is converted into a reception signal. The
reception signal is transmitted to the receiver 13 of the
ultrasonic image diagnostic apparatus S via the cable 3.
[0088] Meanwhile, in the ultrasonic probe 2, when an
ultrasonic wave is transmitted from the piezoelectric ele-
ment 22 toward a subject, the ultrasonic wave is also emitted
to a back side of the piezoelectric element 22. Many of the
emitted ultrasonic waves are attenuated by the back load
material 21, but a part thereof is transmitted to the reinforc-
ing material 31.

[0089] Then, the ultrasonic wave transmitted to the rein-
forcing material 31 is directed to the heat dissipation mate-
rial 33. However, the attenuation/thermal conduction mate-
rial 32 is interposed between the reinforcing material 31 and
the heat dissipation material 33. Therefore, many of the
ultrasonic waves are attenuated, and the amount of transfer
thereof to the heat dissipation material 33 is effectively
reduced.

[0090] When the piezoelectric element 22 transmits an
ultrasonic wave, the acoustic element 20 generates heat.
Heat generated by the acoustic element 20 is directed to the
heat dissipation material 33 via the reinforcing material 31
and the attenuation/thermal conduction material 32, and is
dissipated from a surface of the heat dissipation material 33.
At this time, the attenuation/thermal conduction material 32
is present in a heat transfer path. However, the attenuation/
thermal conduction material 32 contains a thermally con-
ductive material. Therefore, heat is transferred satisfactorily,
and heat is dissipated effectively.

[0091] [Technical Effect in First Embodiment]

[0092] In the ultrasonic probe 2, the attenuation/thermal
conduction material 32 containing a thermally conductive
material is disposed in contact with the heat dissipation
material 33, and therefore the attenuation/thermal conduc-
tion material 32 does not hinder transfer of heat generated by
the acoustic element 20 to the heat dissipation material 33,
and heat can be dissipated effectively.

[0093] In addition, many of ultrasonic waves directed
from the reinforcing material 31 to the heat dissipation
material 33 are attenuated by the attenuation/thermal con-
duction material 32, and transfer of the ultrasonic waves to
the heat dissipation material 33 is suppressed. Therefore, it
is possible to effectively reduce noise generated by a natural
vibration frequency of the heat dissipation material 33 and
a higher harmonic wave thereof.

[0094] Particularly, the attenuation/thermal conduction
material 32 is disposed on the acoustic element 20 side of the
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heat dissipation material 33. Therefore, heat generated by
the acoustic element 20 can be satisfactorily transferred to
the heat dissipation material 33, and heat can be dissipated
effectively.

[0095] Furthermore, an ultrasonic wave directed from the
reinforcing material 31 to the heat dissipation material 33 is
attenuated by the attenuation/thermal conduction material
32. Therefore, it is possible to more effectively reduce noise
generated by a natural vibration frequency of the heat
dissipation material 33 and a higher harmonic wave thereof.

Second Embodiment

[0096] Hereinafter, an ultrasonic probe 2A according to a
second embodiment of the present invention will be
described with reference to the drawings. However. various
technically preferable limitations for implementing the pres-
ent invention are given to embodiment described below, but
the scope of the invention is not limited to the following
embodiment and illustrated examples.

[0097] Incidentally, for the ultrasonic probe 2A, the same
components as those of the above-described ultrasonic probe
2 are denoted by the same reference numerals, and redun-
dant description thereof is omitted.

[0098] In the ultrasonic probe 2A, instead of the attenua-
tion/thermal conduction material 32, an attenuation/thermal
conduction material 32A is disposed not between a reinforc-
ing material 31 and a heat dissipation material 33 but on a
rear end surface of the heat dissipation material 33.

[0099] The attenuation/thermal conduction material 32A
is made of the same material as the above-described attenu-
ation/thermal conduction material 32 of the ultrasonic probe
2 and has the same shape as a rear end surface of the heat
dissipation material 33.

[0100] In the ultrasonic probe 2A, the attenuation/thermal
conduction material 32A is disposed at a rear end of the heat
dissipation material 33. Therefore, reflection of an ultrasonic
wave transmitted from the reinforcing material 31 to the heat
dissipation material 33 on a rear end surface of the heat
dissipation material 33 is suppressed, and it is possible to
effectively reduce noise generated by a natural vibration
frequency of the heat dissipation material 33 and a higher
harmonic wave thereof.

[0101] In addition, by disposition of the attenuation/ther-
mal conduction material 32A made of a material different
from the heat dissipation material 33 at a rear end of the heat
dissipation material 33, a vibration system that determines a
natural vibration frequency is different from the case where
only the heat dissipation material 33 is disposed, and it is
possible to effectively reduce noise generated by a natural
vibration frequency of the heat dissipation material 33 and
a higher harmonic wave thereof.

[0102] Furthermore, no attenuation/thermal conduction
material is interposed between the reinforcing material 31
and the heat dissipation material 33, and the reinforcing
material 31 and the heat dissipation material 33 are directly
connected to each other. Therefore, heat generated by an
acoustic element 20 is satisfactorily transferred to the heat
dissipation material 33, and heat can be dissipated effec-
tively.

[0103] In addition, the attenuation/thermal conduction
material 32A includes a thermally conductive material and is
made of a material having a high thermal conductivity.
Therefore, heat is propagated from the heat dissipation
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material 33, and the attenuation/thermal conduction material
32A itself also dissipates heat. Therefore, heat can be
dissipated more effectively.

Third Embodiment

[0104] Hereinafter, an ultrasonic probe 2B according to a
third embodiment of the present invention will be described
with reference to the drawings. However, various techni-
cally preferable limitations for implementing the present
invention are given to embodiment described below, but the
scope of the invention is not limited to the following
embodiment and illustrated examples.

[0105] Incidentally, for the ultrasonic probe 2B, the same
components as those of the above-described ultrasonic probe
2 are denoted by the same reference numerals, and redun-
dant description thereof is omitted.

[0106] In the ultrasonic probe 2B, instead of the attenua-
tion/thermal conduction material 32, an attenuator 32B
having a multifaceted scattering structure is formed at a rear
end of a heat dissipation material 33.

[0107] The attenuator 32B has a sawtooth shape when
viewed from a direction perpendicular to a front-rear direc-
tion. As a result, a rear end of the heat dissipation material
33 is not a smooth surface perpendicular to the front-rear
direction, but includes many surfaces inclined in the front-
rear direction and each having a small area.

[0108] In the ultrasonic probe 2B, the attenuator 32B
having a multifaceted scattering structure is disposed at a
rear end of the heat dissipation material 33. Therefore, an
ultrasonic wave transmitted from a reinforcing material 31
to the heat dissipation material 33 is scattered by many
inclined surfaces formed at a rear end of the heat dissipation
material 33. It is possible to reduce intensity of an ultrasonic
wave reflected toward an acoustic element 20 side, and to
effectively reduce noise generated by a natural vibration
frequency of the heat dissipation material 33 and a higher
harmonic wave thereof.

[0109] Furthermore, no attenuation/thermal conduction
material is interposed between the reinforcing material 31
and the heat dissipation material 33, and the reinforcing
material 31 and the heat dissipation material 33 are directly
connected to each other. Therefore, heat generated by the
acoustic element 20 is satisfactorily transferred to the heat
dissipation material 33, and heat can be dissipated effec-
tively.

[0110] In addition, the attenuator 32B includes many
inclined surfaces. Therefore, a surface area can be increased,
and heat can be dissipated more effectively.
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[0111] Particularly, because of a sawtooth-shaped struc-
ture of the attenuator 32B, many portions extending in a
sharp shape are generated. Therefore, heat can be dissipated
more effectively also due to this shape.
[0112] Note that the above-described attenuation/thermal
conduction material 32 may be further disposed at an end of
the heat dissipation material 33 on the acoustic element 20
side.
[0113] Although embodiments of the present invention
have been described and illustrated in detail, the disclosed
embodiments are made for purposes of illustration and
example only and not limitation. The scope of the present
invention should be interpreted by terms of the appended
claims.
What is claimed is:
1. An ultrasonic probe comprising:
an acoustic element that generates an ultrasonic wave and
detects the ultrasonic wave;
a support that supports the acoustic element on a side
opposite to a test object side; and
a heat dissipation material disposed on a side of the
support opposite to the acoustic element, wherein
an attenuation/thermal conduction material made of an
attenuating material containing a thermally conductive
material is disposed in contact with the heat dissipation
material.
2. The ultrasonic probe according to claim 1, wherein
the attenuation/thermal conduction material is disposed at
an end of the heat dissipation material on the acoustic
element side.
3. The ultrasonic probe according to claim 1, wherein
the attenuation/thermal conduction material is disposed at
an end of the heat dissipation material on a side
opposite to the acoustic element side.
4. The ultrasonic probe according to claim 3, wherein
the attenuation/thermal conduction material is made of a
material different from the heat dissipation material.
5. An ultrasonic probe comprising:
an acoustic element that generates an ultrasonic wave and
detects the ultrasonic wave;
a support that supports the acoustic element on a side
opposite to a test object side; and
a heat dissipation material disposed on a side of the
support opposite to the acoustic element, wherein
an attenuator having a multifaceted scattering structure is
formed at an end of the heat dissipation material on a
side opposite to the acoustic element side.
6. The ultrasonic probe according to claim 5, wherein the
scattering structure is a sawtooth-shaped structure.
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