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(7) ABSTRACT

A technique that can make a heat radiation effect higher and
makes even a transmission voltage of an ultrasonic diag-
nostic apparatus higher and then makes a diagnostic depth
deeper is disclosed. According to this technique, an ultra-
sonic probe has: a plurality of piezoelectric elements 1
which are long in an X-direction, are arrayed in a y-direction
and transmit and receive ultrasonic waves in a z-direction
(diagnostic depth direction); a plurality of ground electrodes
2 and signal electrodes 3 which are placed on the front
surfaces and the rear surfaces of the individual piezoelectric
elements, respectively; a plurality of signal electrodes 4 for
extracting respective signals from the individual signal
electrodes; a backing load member 5 which has a function
for mechanically holding the piezoelectric elements through
the signal electrodes and attenuating the unnecessary ultra-
sonic signal as necessary; a plurality of sheet-shaped heat
conduction members 6 which are embedded inside the
backing load member and positively transmit the heat gen-
erated from the piezoelectric elements; and a heat radiating
block 7 which is linked to the heat conduction members on
the rear side of the backing load member and radiates the
heat transmitted through the heat conduction members.

ARSI S S SASSSASSSEEN

5 BACKING LOAD

NHMAAAALATITLLTTLL A RS DA

:
/ MEMBER
/
/] :
B 4 SIGNAL
ELECTRODE



Patent Application Publication Nov. 29,2007 Sheet 1 of 4 US 2007/0276248 Al

FIG. 1

GROUND & x
ELECTRODE 2

4
g
3
= <
g1 ity
1 pE
n wrrear

1 LT
PIEZOELECTRIC PRk
ELEMENT dRE RN
3 ‘NN
SIGNAL | 1A 0P
* ELECTRODE AHAN
' A 40 UL
6% ; g .-:55 i
A bhEg *~ |
HEAT CONDUCTION ; / 5 5 BACKING LOAD
Vi34 ; / >,
MEMBER A / / ’ MEMBER
7 ‘ : HEY ._ 4 :
'HEATRADIATING | [ 4 SIGNAL

FIG. 2

HEAT CONDUCTION MEMBER

2 GROUND ELECTRODE . 6

i

BACKING LOAD MEMBER 5



Patent Application Publication Nov. 29,2007 Sheet 2 of 4 US 2007/0276248 Al
R rsrrrreaaens
B e 1 PIEZOELECTRIC
: "ELEMENT
T A |
Z : — |
6 HEAT CONDUCTION
— X MEMBER
Y : V\\~
i___| .75 BACKING LOAD MEMBER

7
HEAT RADIATING BLOCK

%5 ——1 PIEZOELECTRIC
| - ELEMENT
3 SIGNAL.
ELECTRODE
NORMAL LINE 6 HEAT
6 CONDUCTION
- ULTRASONIC “MEMBER
. WAVES
| 5
BACKING LOAD MEMBER

FIG. 5.

nnnnnnn

s 11 PIEZOELECTRIC ELEMENT

L33
(T,
3.
it

13 SIGNAL ELECTRODE

———16 HEAT CONDUCTION
MEMBER

| 15 BACKINGILOAD MEMBER

17 HEAT RADIATING BLOCK



Patent Application Publication Nov. 29,2007 Sheet 3 of 4 US 2007/0276248 Al

FIG. 6

DIVISION GROOVE

1 PIEZOELECTRIC
ELEMENT

r————‘ 5 BACKING LOAD
MEMBER

HEAT CONDUCTION
MEMBER

FIG. 7
DIVISION GROOVE -
g .
PIEZOELECTRIC
 ELEMENT

5 BACKING LOAD
MEMBER

HEAT CONDUCTION
MEMBER




Patent Application Publication Nov. 29,2007 Sheet 4 of 4 US 2007/0276248 Al

FIG. 8 PRIORART

ACOUSTIC
MATCHING LAYER

/[

—21 PIEZOELECTRIC
ELEMENT

. 22
SIGNAL ELECTRODE

GROUNDED ELECTRIC S
TERMINAL 23 f

HEAT CONDUCTION

. -MEMBER 26‘\

25 BACKING LOAD
MEMBER

_ . 27
HEAT CONDUCTION
LINE




US 2007/0276248 Al

ULTRASONIC PROBE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic probe
used in an ultrasonic diagnostic apparatus and the like.

BACKGROUND ART

[0002] As a conventional ultrasonic probe, as shown in
FIG. 8, a plurality of piezoelectric elements 21 for trans-
mitting and receiving ultrasonic waves are arrayed in a
direction orthogonal to the drawing, and a ground electrode
2 and a signal electrode 22 are placed on the front surface
and the rear surface of each of the piezoelectric elements 21,
respectively (for example, refer to the following patent
document 1). An acoustic matching layer 24 for efficiently
transmitting and receiving the ultrasonic waves to and from
a subject (living body) is formed on the front surface of the
ground electrode 2. A backing load member 25, which has
a function for attenuating the unnecessary ultrasonic waves
transmitted from the piezoelectric element 21 and mechani-
cally holding the piezoelectric element 21 through the signal
electrode 22 is placed on the rear surface of the piezoelectric
element 21 on the side opposite to the acoustic matching
layer 24. The ground electrode 2 is linked to a grounded
electric terminal 23, and the grounded electric terminal 23 is
configured to be connected through a heat conduction mem-
ber 26 to a heat conduction line 27.

[0003] In this ultrasonic probe, the main body of the
ultrasonic diagnostic apparatus or the like applies an electric
signal through a signal electrode (not shown) and the
grounded electric terminal 23 to the respective signal elec-
trodes 22 and ground electrodes 2. Consequently, the piezo-
electric elements 21 are mechanically vibrated to transmit
the ultrasonic waves, and the ultrasonic waves reflected from
the subject such as the living body are received by the
piezoelectric elements 21. The ultrasonic probe for the
ultrasonic diagnostic apparatus that uses the living body as
the subject is the sensor used for the diagnosis where it
directly contacts with the inside of the living body and
transmits the ultrasonic waves to the living body, and
reflection waves reflected from the inside of the living body
is again received by the ultrasonic probe, and its signal is
processed by the main body, and a diagnostic image is
displayed on a monitot.

[0004] In such a way that the ultrasonic probe for the
ultrasonic diagnostic apparatus as mentioned above has no
bad influence on the living body, the surface temperature of
the ultrasonic probe in contact with the living body must be
kept at the temperature which has no influence on the living
body. As for the surface temperature of the ultrasonic probe,
in situation that it does not contact with the living body,
namely, in unused situation, and in situation that a trans-
mission signal continues to be sent from the main body, heat
is generated to raise the temperature. This main reason is
assumed to result from the dielectric loss of the piezoelectric
element 21 and the multiple reflection between the piezo-
electric element 21, the acoustic matching layer 24 and an
acoustic lens inside the probe. In this way, the surface
temperature of the ultrasonic probe has the relation propor-
tional to the transmission signal of the main body, and the
limitation is actually executed such that the transmission
signal is suppressed to the small value and adjusted so as not
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to raise the temperature. On the other hand, the transmission
signal level and the depth at which the living body is
diagnosed have the proportional relation. The suppression of
the transmission signal to the small value results in the
demerit that the diagnostic depth is also shallow. Thus, it is
very important to make the transmission signal higher (make
the diagnostic depth deeper) and also make the surface
temperature of he ultrasonic probe lower.

[0005] In this way, the ultrasonic probe used in the ultra-
sonic diagnostic apparatus is in direct or indirect contact
with the living body. Thus, in order to insure the safety, the
surface temperature of the probe is regulated and must be
managed. For this reason, by adjusting a voltage transmitted
from the ultrasonic diagnostic apparatus body, it is set low
and managed such that it is below the regulation tempera-
ture. On the other hand, there is the strong request for
desiring to enlarge the diagnostic region of the ultrasonic
diagnostic apparatus, especially, the depth direction. The
foregoing transmission voltage and the enlargement of the
depth direction have the proportional relation, which implies
that as the transmission voltage is made higher, the diag-
nostic depth can be made deeper. Thus, it is desired to make
the transmission voltage as high as possible. In view of those
facts, the many trials of lowering the surface temperature of
the ultrasonic probe have been tried in recent years. The
structure shown in FIG. 8 is one of them and is configured
to dissipate the heat from the grounded electric terminal 23
taken out from the ground electrode 2 of the piezoelectric
element 21.

[0006] Patent Document 1: Japanese Patent Application
publication (JP-A-Heisei, 5-244690) (FIG. 1)

[0007] However, the heat radiation in the configuration of
the conventional ultrasonic probe is the heat radiation from
a part of the grounded electric terminal 23 of the piezoelec-
tric element 21, and there is a problem that it is not always
sufficient.

DISCLOSURE OF THE INVENTION

[0008] In view of the problems in the conventional
examples, the present invention has an object to provide an
ultrasonic diagnostic apparatus that can make a heat radia-
tion effect higher and make even a transmission voltage of
an ultrasonic diagnostic apparatus higher and further make
a diagnostic depth deeper.

[0009] In order to attain the above-mentioned object, the
ultrasonic probe of the present invention is configured to
have:

[0010] a piezoelectric element for transmitting and receiv-
ing ultrasonic waves;

[0011] a backing load member placed on a rear surface of
the piezoelectric element; and

[0012] a heat conduction material which is placed inside
the backing load member or a part thereof and whose
thermal conductivity is greater than a thermal conductivity
of the backing load member.

[0013] With this configuration, the heat generated by the
piezoelectric element can be absorbed and radiated by the
material which is placed inside the backing load member or
a part thereof and whose thermal conductivity is greater than
the backing load member, and the temperature of an ultra-
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sonic probe surface can be lowered. Thus, since even the
transmission voltage of the ultrasonic diagnostic apparatus
can be raised, the ultrasonic probe where a diagnostic depth
can be made deeper can be obtained.

[0014] Also, the ultrasonic probe of the present invention
is configured to have:

[0015] a plurality of piezoelectric elements, which are
arrayed in one direction, for transmitting and receiving
ultrasonic waves;

[0016] a backing load member placed on rear surfaces of
the plurality of piezoelectric elements; and

[0017] one or more sheet-shaped heat conduction materi-
als which are placed in parallel along an array direction of
the piezoelectric elements and a depth direction inside the
backing load member and whose thermal conductivities are
greater than a thermal conductivity of the backing load
member.

[0018] With this configuration, the heat generated by the
piezoelectric element can be absorbed and radiated by the
material which is placed inside the backing load member
and whose thermal conductivity is greater than the backing
load member, and the temperature of the ultrasonic probe
surface can be lowered. Thus, since even the transmission
voltage of the ultrasonic diagnostic apparatus can be raised,
the ultrasonic probe where the diagnostic depth can be made
deeper can be obtained.

[0019] Moreover, the ultrasonic probe of the present
invention is configured such that an end portion of the
piezoelectric element side of the heat conduction material
has the shape inclined to a surface of the backing load
member side of the piezoelectric element.

[0020] With this configuration, the heat generated by the
piezoelectric element can be absorbed and radiated by the
material which is placed inside the backing load member
and whose thermal conductivity is greater than the backing
load member, and the temperature of the ultrasonic probe
surface can be lowered. Thus, since even the transmission
voltage of the ultrasonic diagnostic apparatus can be raised,
the ultrasonic probe where the diagnostic depth can be made
deeper can be obtained.

[0021] Moreover, the ultrasonic probe of the present
invention is configured such that an angle between an
inclination plane of the end portion on the piezoelectric
element side of the heat conduction material and a direction
vertical to the rear side of the piezoelectric element is 40
degrees or less or an angle where a critical angle of the
ultrasonic waves is subtracted from 90 degrees.

[0022] With this configuration, the heat generated by the
piezoelectric element can be absorbed and radiated by the
material which is placed inside the backing load member
and whose thermal conductivity is greater than the backing
load member, and the temperature of the ultrasonic probe
surface can be lowered. Thus, since even the transmission
voltage of the ultrasonic diagnostic apparatus can be raised,
the ultrasonic probe where the diagnostic depth can be made
deeper can be obtained.

[0023] Moreover, the ultrasonic probe of the present
invention is configured such that a heat radiating block
which is connected to the heat conduction material and
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whose thermal conductivity is greater than the thermal
conductivity of the backing load member.

[0024] With this configuration, the heat generated by the
piezoelectric element can be absorbed by the material whose
thermal conductivity is greater than the backing load mem-
ber and can be radiated through the heat radiating block, and
the temperature of the ultrasonic probe surface can be
lowered. Thus, since even the transmission voltage of the
ultrasonic diagnostic apparatus can be raised, the ultrasonic
probe where the diagnostic depth can be made deeper can be
obtained.

[0025] Moreover, the ultrasonic probe of the present
invention is configured such that the heat radiating block is
placed on the rear surface of the backing load member and
wherein the heat conduction material is further placed
between the heat radiating block and the backing load
member.

[0026] With this configuration, the heat generated by the
piezoelectric element can be absorbed by the material which
is placed inside the backing load member or the part thereof
and whose thermal conductivity is greater than the backing
load member and can be radiated through the heat radiating
block, and the temperature of the ultrasonic probe surface
can be lowered. Thus, since even the transmission voltage of
the ultrasonic diagnostic apparatus can be raised, the ultra-
sonic probe where the diagnostic depth can be made deeper
can be obtained.

[0027] Moreover, the ultrasonic probe of the present
invention is configured to include:

[0028] a plurality of piezoelectric elements which are
divided by division grooves in one direction and transmit
and receive ultrasonic waves;

[0029] a backing load member placed on rear surfaces of
the plurality of piezoelectric elements; and

[0030] block-shaped heat conduction materials which are
placed on a rear surface of the backing load member and are
greater than a thermal conductivity of the backing load
member,

[0031] wherein the division grooves are formed on the
backing load member at depths where they do not reach the
heat conduction materials.

[0032] With this configuration, the heat generated by the
piezoelectric element can be absorbed and radiated by the
material which is placed on the rear surface of the backing
load member and whose thermal conductivity is greater than
the backing load member, and the temperature of the ultra-
sonic probe surface can be lowered. Thus, since even the
transmission voltage of the ultrasonic diagnostic apparatus
can be raised, the ultrasonic probe where the diagnostic
depth can be made deeper can be obtained.

[0033] Moreover, the ultrasonic probe of the present
invention is configured to include:

[0034] a plurality of piezoelectric elements which are
divided by division grooves in one direction and transmit
and receive ultrasonic waves;

[0035] a backing load member placed on rear surfaces of
the plurality of piezoelectric elements; and
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[0036] block-shaped heat conduction materials which are
placed on a rear surface of the backing load member and are
greater than a thermal conductivity of the backing load
membet,

[0037] wherein the division grooves are formed at depths
where they reach the heat conduction materials and wherein
the backing load member is formed on a concave and convex
surface formed on surfaces of the heat conduction materials
through the division grooves.

[0038] With this configuration, the heat generated by the
piezoelectric element can be absorbed and radiated by the
material which is placed on the rear surface of the backing
load member and whose thermal conductivity is greater than
the backing load member, and the temperature of the ultra-
sonic probe surface can be lowered. Thus, since even the
transmission voltage of the ultrasonic diagnostic apparatus
can be raised, the ultrasonic probe where the diagnostic
depth can be made deeper can be obtained.

[0039] Moreover, the ultrasonic probe of the present
invention is configured such that as the heat conduction
material, any material of PGS graphite sheet with high
degree of orientation where polymeric film is graphitized,
graphite, carbon nano-tube, aluminum nitride, boron nitride,
silicon carbide, beryllium oxide, copper and aluminum is
used.

[0040] With this configuration, the heat generated by the
piezoelectric element can be absorbed and radiated by the
material whose thermal conductivity is greater than the
backing load member, and the temperature of the ultrasonic
probe surface can be lowered. Thus, since even the trans-
mission voltage of the ultrasonic diagnostic apparatus can be
raised, the ultrasonic probe where the diagnostic depth can
be made deeper can be obtained.

[0041] According to the present invention, the heat gen-
erated by the piezoelectric element can be absorbed and
radiated by the material whose thermal conductivity is
greater than the backing load member, and the temperature
of the ultrasonic probe surface can be lowered. Thus, since
even the transmission voltage of the ultrasonic diagnostic
apparatus can be raised, the diagnostic depth can be made
deeper.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] FIG. 1 is a schematic perspective view of an
ultrasonic probe in a first embodiment of the present inven-
tion,

[0043] FIG. 2 is a schematic plan view of the ultrasonic
probe in the first embodiment of the present invention,

[0044] FIG. 3 is a schematic sectional view of an ultra-
sonic probe in a second embodiment of the present inven-
tion,

[0045] FIG. 4 is an enlarged view of an A-portion in FIG.
3,
[0046] FIG. 5 is a schematic sectional view of an ultra-

sonic probe in a third embodiment of the present invention,

[0047] FIG. 6 is a schematic sectional view of an ultra-
sonic probe in a fourth embodiment of the present invention,
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[0048] FIG. 7 is a schematic sectional view of an ultra-
sonic probe in a fifth embodiment of the present invention,
and

[0049] FIG. 8 is a schematic sectional view of a conven-
tional ultrasonic probe.

BEST MODE FOR CARRYING OUT THE
INVENTION

First Embodiment

[0050] An ultrasonic probe of an embodiment of the
present invention will be described below with reference to
the drawings. The ultrasonic probe in the first embodiment
of the present invention is shown in FIG. 1 and FIG. 2. FIG.
1 shows the perspective view, and FIG. 2 shows the plan
view when FIG. 1 is viewed from above.

[0051] In FIG. 1 and FIG. 2, the ultrasonic probe in the
first embodiment is provided with: a plurality of piezoelec-
tric elements 1 which are long in an X-direction, and arrayed
in a y-direction and transmit and receive ultrasonic waves in
a z-direction (diagnostic depth direction); a plurality of
ground electrodes 2 and signal electrodes 3 which are placed
on the front surfaces and the rear surfaces of the individual
piezoelectric elements 1, respectively; a plurality of signal
electrodes 4 for extracting respective signals of the indi-
vidual signal electrodes 3; a backing load member 5 which
has a function for mechanically holding the piezoelectric
elements 1 through the signal electrodes 3 and attenuating
the unnecessary ultrasonic signal as necessary; a plurality of
(3 sheets in FIG. 1 and FIG. 2) of sheet-shaped heat
conduction members 6 which are embedded inside the
backing load member 5 and positively transmit the heat
generated from the piezoelectric elements 1; and a heat
radiating block 7 which is linked to the heat conduction
members 6 on the rear side of the backing load member 5
and radiates the heat transmitted through the heat conduction
members 6. The heat radiating block 7 is in contact with or
adhered to the heat conduction members 6 so as to be able
to attain the thermal conduction. A PZT-based piezoelectric
ceramic or single crystal and the like are used for the
piezoelectric element 1. The ground electrode 2 and the
signal electrode 3 are formed on the front surface and the
rear surface of the piezoelectric element 1, respectively, by
evaporating or sputtering gold and silver or baking silver.

[0052] Also, although not shown, it may be configured to
form one or more acoustic matching layers for efficiently
transmitting and receiving the ultrasonic waves through the
ground electrodes 2 on the front surface side of the piezo-
electric elements 1, as necessary, and further place an
acoustic lens for converging ultrasonic beams on the front
surface of this acoustic matching layer.

[0053] Also, the ultrasonic waves transmitted from the
piezoelectric element 1 are transmitted to the backing load
member 5 and the heat conduction member 6. However, the
ultrasonic waves transmitted to the backing load member 5
and the heat conduction member 6 is unnecessary. Thus, the
present invention is designed such that it is attenuated by the
absorption or dispersion inside the backing load member 5
and it is not again returned to the piezoelectric element 1.
Also, so as to be extended in the depth direction inside the
backing load member 5, and with the plurality of sheet-
shaped heat conduction members 6 placed in parallel along
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the array direction of the piezoelectric elements 1, it is
structured such that the ultrasonic waves are dispersed in the
backing load member 5 so as not to be returned to the
piezoelectric elements 1.

[0054] FIG. 1 and FIG. 2 are designed such that the 3 heat
conduction members 6 are placed inside the backing load
member 5. The number of the heat conduction members 6
placed inside the backing load member 5 or a part thereof
may be one or more. However, when the ultrasonic waves
from the piezoelectric element 1 are reflected by the heat
conduction member 6, the number which has no bad influ-
ence is required.

[0055] Also, in FIG. 1 and FIG. 2, the heat conduction
members 6 are configured to be continuously linked in the
same direction as the array direction Y of the piezoelectric
elements 1 and separated in a direction X orthogonal thereto.
This is intended to attain the structure where the heats
generated from the individual piezoelectric elements 1 are
easily uniformly absorbed. In addition, the heat conduction
members 6 may be placed even in the direction X orthogonal
to the array direction Y of the piezoelectric elements 1.
However, in that case, the heat conduction members 6 are
required to be placed such that their number is equal to the
array number of the piezoelectric elements 1, or placed at the
intervals of one or several piezoelectric elements 1. More-
over, as another method, a large number of needle heat
conduction members 6 may be two-dimensionally arrayed
inside the backing load member 5.

[0056] The heat conduction member 6 is desired to have
the thermal conductivity that is at least greater than the value
of the backing load member 5. Usually, as the backing load
member 5, the element where tungsten, alumina or glass or
polymer hollow body to increase attenuation is filled in the
polymeric material such as synthetic rubber in which ferrite
powder is filled, or epoxy resin or urethane rubber is used.
They are produced for the sake of obtaining the material
having the large attenuation, and the thermal conductivity is
not considered at all. Thus, the thermal conductivity is the
very small value of about 1 W/mK. Because of the material
unsuitable for the conduction of the heat, the effect of the
heat radiation is small. The heat conduction member 6, if
using the material having the thermal conductivity that is at
least greater than the backing load member 5, has the effect.
Moreover, in order to further improve the effect of the heat
radiation, the material whose thermal conductivity is more
than 10 times that of the backing load member 5 may be
used. As the material of the heat conduction member 6, the
material whose thermal conductivity is high (60 to 600
W/mK), such as PGS graphite sheet with high degree of
orientation where polymeric film is graphitized, graphite,
carbon nano-tube, aluminum nitride, boron nitride, silicon
carbide, beryllium oxide, copper, aluminum and the like, is
desired to be used.

[0057] Moreover, for the heat conduction member 6, in the
case of the configuration in direct contact with the signal
electrode 3 of the piezoelectric element 1, the material that
can be electrically insulated is used. However, the heat
conduction member 6 can be attained by using the electri-
cally conductive or insulating material by installing the
configuration that can electrically insulate the signal elec-
trode 3 and the heat conduction member 6, for example, the
configuration where the insulating adhesive such as epoxy
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resin is thinly coated between the signal electrode 3 and the
heat conduction member 6, or the insulating layer such as
polyimide film.

[0058] Also, the heat absorbed by the heat conduction
member 6 is transmitted to the heat radiating block 7 and
radiated. However, as this heat radiating block 7, the same
material as the heat conduction member 6 may be used.
Also, the heat conduction member 6 and the heat radiating
block 7 may be integrally configured, and may be adhesively
configured.

[0059] Also, the heat conduction member 6 is configured
such that the heat can be transmitted from the rear surface of
the backing load member 5 to the heat radiating block 7.
However, the heat conduction member 6 may be extended to
the side of the backing load member 5 so that this extended
heat conduction member 6 is connected to the heat radiating
block 7. The heat radiating block 7 in this case is not
required to be located on the rear surface of the backing load
member 5. Even the configuration where it is placed on the
side of the backing load member 5 or on the separated
position can obtain the similar effect.

[0060] With the above-mentioned configuration, the heat
generated in the piezoelectric element 1 and the heat gen-
erated by the multiple reflection of the ultrasonic waves can
be absorbed and radiated by the heat radiating block 7 that
is connected so as to enable the heat to be transmitted
through the heat conduction member 6 placed inside the
backing load member 5 or the part thereof. Thus, this has the
effect that the surface temperature of the ultrasonic probe
can be decreased. Hence, the transmission voltage of the
ultrasonic diagnostic apparatus can be made higher, thereby
making the diagnostic depth deeper.

[0061] By the way, in the first embodiment, the case of the
configuration where the 3 heat conduction menibers 6 are
placed inside the backing load member 5 in the same
direction as the array direction Y of the piezoelectric ele-
ments 1. However, in addition, even in the configuration
where the heat conduction members 6 are placed in the
direction X orthogonal to the array direction Y of the
piezoelectric elements 1, or in the configuration where one
or more needle heat conduction members 6 are placed, the
similar effect is obtained. Also, in the first embodiment, the
case of the so-called array type where the plurality of
piezoelectric elements 1 are arrayed is explained. However,
in addition, even in the case of the array type where the
piezoelectric element 1 is arrayed singly or two-dimension-
ally, the similar effect is obtained.

Second Embodiment

[0062] Next, an ultrasonic probe in the second embodi-
ment of the present invention is shown in FIG. 3 and FIG.
4. By the way, FIG. 4 shows the view where the A-portion
of FIG. 3 is enlarged. The configurations of FIG. 3 and FIG.
4 are omitted here because they are equal to the configura-
tion and operation explained in the first embodiment, and the
feature of the second embodiment is explained. The second
embodiment is characterized in that the end portion (tip
portion) on the piezoelectric element 1 side of the heat
conduction member 6 has the shape inclined to the surface
of a backing load member 5 side of the piezoelectric element
1.
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[0063] 1Insuch configuration, the piezoelectric element 1 is
mechanically vibrated by the voltage applied to the signal
electrode 3 and the ground electrode 2 (refer to FIG. 1)
which are placed on the front surface and the rear surface of
the piezoelectric element 1, respectively, and the ultrasonic
waves is generated on both sides of the ground electrode 2
side and the signal electrode 3 side. Thus, the generated
ultrasonic waves is also transmitted to the backing load
member 5 and further transmitted to the portion of the heat
conduction member 6 and reflected from the inclination
plane of the tip of the heat conduction member 6 such as
ultrasonic waves 8 shown in FIG. 4. Moreover, the ultra-
sonic waves 8 reflected from the inclination plane of the tip
of the heat conduction member 6 are again transmitted
inside the backing load member 5.

[0064] For this reason, if the angle of the inclination plane
of the tip of the heat conduction member 6 (the angle to the
direction where the ultrasonic waves 8 emitted from the
piezoelectric elements 1 are transmitted in the depth direc-
tion of the backing load member 5 (the direction vertical to
the rear surfaces of the piezoelectric elements 1) is set to be
equal to or higher than the angle close to 45 degrees, the
ultrasonic waves 8 are transmitted in the direction of the
adjacent heat conduction member 6 at the angle close to 45
degrees and again reflected, and the ultrasonic waves 8 have
the possibilities of the returns to the piezoelectric elements
1, which leads to the reduction in the resolution of an
ultrasonic image. Also, if it is set at the angle of 45 degrees
or more, this similarly leads to the route where the ultrasonic
waves 8 are returned to the piezoelectric elements 1. The
ultrasonic waves 8 that are again returned to those piezo-
electric elements 1 are the unnecessary ultrasonic waves,
which consequently act as noise for the ultrasonic image and
reduce the resolution. Depending on the case, there is the
possibility of an erroneous diagnosis on diagnosis. Thus,
such necessary ultrasonic waves must be designed so as not
to be returned to the piezoelectric elements 1.

[0065] So, if the angle of the inclination plane of the tip of
the heat conduction member 6 is below 45 degrees, in
principle, the reflected ultrasonic waves 8 is not returned to
the piezoelectric element 1. However, the ultrasonic waves
8 have the property of diffusion. Thus, in this diffusion case,
even in the case below 45 degrees, there is the case where
the ultrasonic waves 8 are returned to the piezoelectric
element 1. So, the angle of the inclination plane of the tip of
the heat conduction member 6 is set below 40 degrees by
considering the diffusion of the ultrasonic waves 8. Setting
this angle attains the configuration where the ultrasonic
waves 8 are not returned to the piezoelectric element 1. FIG.
3 and FIG. 4 show the heat conduction member 6 under the
configuration where the inclination is formed on both sides
(xX direction).

[0066] On the other hand, when the ultrasonic waves 8 are
transmitted to the backing load member 5 and inputted to the
inclination plane of the tip of the heat conduction member 6,
a part of the ultrasonic waves is transmitted through the heat
conduction member 6, and the other ultrasonic waves is
reflected and transmitted to the backing load member 5.
However, although this is already known, when the angle of
the inclination plane of the tip of the heat conduction
member 6 becomes a certain angle or more, the ultrasonic
waves 8 transmitted through the backing load member 5 are
not inputted to the inside of the heat conduction member 6.
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In short, the so-called critical angle where all of them are
reflected from the inclination plane of the heat conduction
member 6 is established. In the heat conduction member 6,
the attenuation coeflicient of the ultrasonic waves is not so
much large, differently from the backing load member 5.
Thus, there remains the possibility that the ultrasonic waves
transmitted through the heat conduction member 6 are again
returned to the piezoelectric elements 1. Hence, if possible,
the configuration where the ultrasonic waves are not trans-
mitted through the heat conduction member 6 is desired.

[0067] For example, the case where the so-called ferrite
rubber of the rubber material in which the typically known
ferrite powder is filled is used as the backing load member
5, and the typical graphite is used as the heat conduction
member 6 is explained. In FIG. 4, when the angle to the
normal line of the inclination plane when the ultrasonic
waves 8 are emitted from the piezoelectric elements 1,
transmitted through the backing load member 5 and inputted
to the inclination plane of the tip of the heat conduction
member 6 is assumed to be 60, the angle 60 when all of the
ultrasonic waves are reflected on the inclination plane is
referred to as a critical angle 6. and the critical angle 6 is
calculated by the following equation (1).

Critical Angle 6=sin'(C1/C2) H

[0068] C1: Sound Speed of Backing L.oad Member 5
(Ferrite Rubber)

[0069] C2: Sound Speed of Heat Conduction Member 6
(Graphite)
[0070] C1<C2 (Case of Heat Conduction Member 6

from Backing Load Member 5)

[0071] Here, the sound speed C1 of the backing load
member 5 (ferrite rubber) is about 1900 m/s, and the sound
speed C2 of the heat conduction member 6 (graphite) is
about 3200 m/s. When the critical angle 6 is calculated from
those sound speeds C1, C2, it is 36.4 degrees. When it
becomes this angle or more, all of the ultrasonic waves 8 are
perfectly reflected from the inclination plane of the heat
conduction member 6, and they are not inputted to the inside
of the heat conduction member 6. Here, as is known from
FIG. 4, the angle between the ultrasonic waves 8 transmitted
substantially vertical to the backing load member 5 from the
piezoelectric elements 1 and the inclination plane of the heat
conduction member 6 is 90 degrees—the critical angle 6.
Thus, the angle of the inclination plane of the tip of the heat
conduction member 6 may be configured to be equal to or
less than (90 degrees—the critical angle 6). Even in the
combination except the materials of the backing load mem-
ber 5 and the heat conduction member 6 which are used as
the example, if the materials explained in the first embodi-
ment are used, the sound speed of the heat conduction
member 6 is faster than the sound speed of the backing load
member 5. Thus, the equation (1) is set.

[0072] With the above-mentioned configuration, the heat
generated in the piezoelectric element 1 and the heat gen-
erated by the multiple reflection can be transmitted through
the heat conduction member 6 placed inside the backing
load member 5 or the part thereof. Moreover, even if the
ultrasonic waves 8 inside the backing load member 5 are
reflected from the heat conduction member 6, they are
designed so as not to be again returned to the piezoelectric
elements 1. Thus, this has the effect that the deterioration in
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the resolution can be protected and the surface temperature
of the ultrasonic probe can be lowered. Hence, since the
transmission voltage of the ultrasonic diagnostic apparatus
can be made higher, the diagnostic depth can be made
deeper.

[0073] By the way, in the second embodiment, the con-
figuration where the inclination plane of the tip of the heat
conduction member 6 is formed on both sides (+X direction)
is explained. However, in addition to this, even if the
inclination of the heat conduction member 6 is formed only
on one side or even if the configuration of a conic shape is
used, the similar effect is obtained.

Third Embodiment

[0074] Next, the ultrasonic probe in the third embodiment
of the present invention is shown in FIG. 5. The configu-
ration of FIG. 5 is equal to the configuration and operation
explained in the first embodiment. Thus, it is omitted here,
and the feature of the third embodiment is explained. In the
third embodiment, a heat conduction member 16 is further
placed between a heat radiating block 17 and a backing load
member 15.

[0075] As the heat conduction member 16, a material
having thermal conductivity greater than that of the backing
load member 15 is used, and the heat absorbed in the heat
conduction member 16 is radiated in the heat radiating block
17. However, in the case where the heat conduction member
6 and the heat radiating block 17 can be integrally config-
ured, there is no problem. However, depending on the case,
there is the case where they cannot be always integrated. For
example, in the case of using the PGS graphite sheet with the
high degree of orientation where the polymeric film whose
thermal conductivity is very high (600 to 800 W/mk) is
graphitized as the heat conduction member 16, the same
material cannot be used to configure the heat radiating block
17. In the heat conduction member 16, the contact area with
the heat radiating block 17 is small. Thus, in order to make
the heat radiation effect higher by further increasing the
efficiency when the heat is transmitted from the heat con-
duction member 16 to the heat radiating block 17, the heat
conduction member 16 is configured to be placed even on
the rear surface of the backing load member 15.

[0076] Such configuration can be easily configured by
using a sheet-shaped component of PGS graphite with high
degree of orientation where the polymeric film is graphitized
as the material of the heat conduction member 16. Moreover,
the material different from the heat conduction member 16
is used to place the heat radiating block 17. With such
configuration, the contact area between the heat conduction
member 16 and the heat radiating block 17 can be made
larger, thereby carrying out the effective heat radiation.

[0077] Also, a piezoelectric element 11 is mechanically
vibrated by the voltage applied to a signal electrode 13 and
a ground electrode 12 that are placed on both surfaces of the
piezoelectric element 11, and the ultrasonic waves are gen-
erated on both of the sides (the ground electrode 12 side and
the signal electrode 13 side). However, the generated ultra-
sonic waves 8 are configured such that they are attenuated
inside the backing load member 15 and it is not returned to
the piezoelectric element 11. Also, the heat conduction
member 16 is placed inside the backing load member 15 or
a part thereof, and the heated generated from the piezoelec-
tric element 11 is absorbed and radiated.

[0078] By the way, in the third embodiment, the configu-
ration where the sheet-shaped element is placed as the heat
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conduction member 16 is explained. However, in addition to
this, when the heat conduction member 16 is processed from
a block and placed in the shape of the heat conduction
member 16 as shown in FIG. 5, the similar effect is obtained.

Fourth Embodiment

[0079] Next, an ultrasonic probe in the fourth embodiment
of the present invention is shown in FIG. 6. The configu-
ration of FIG. 6 is similar to that shown in the sectional view
when the piezoelectric element 1 shown in FIG. 1 is viewed
from the X-direction. Since it is equal to the configuration
and operation explained in the first embodiment, it is omitted
here, and the feature of the fourth embodiment is explained.

[0080] InFIG. 6, for the piezoelectric element 1 where the
signal electrode 3 and the ground electrode 2 are placed on
both of the surfaces thereof, a backing load member 5 is
placed on the signal electrode 3 side, and the block-shaped
heat conduction member 6 is placed on the rear side of the
backing load member 5. Then, since a plurality of division
grooves 9 is formed by a mechanical process, the piezoelec-
tric element 1 is divided into a plurality of components, and
they are arrayed. This is a so-called array type. When the
piezoelectric element 1 is divided by the mechanical process
and the like, a notch is put up to the depth of a part of the
backing load member 5. This is required in order that when
the divided piezoelectric element 1 is vibrated individually
and singly, the vibration is not transmitted through the
backing load member 5 to the adjacent piezoelectric element
1, namely, acoustic crosstalk is reduced.

[0081] On the other hand, the block-shaped heat conduc-
tion member 6 placed on the rear surface of the backing load
member 5 is configured to be continuously linked in the
array direction of the piezoelectric elements 1. This is
intended to easily absorb and radiate the heat as much as
possible. In this way, when the heat conduction member 6 is
configured as the block, if the heat conduction member 6
exists in the depth portion of the division groove 9 to the
backing load member 5, the vibration is transmitted through
the backing load member 5 and the heat conduction member
6 to the adjacent different piezoelectric element 1 as men-
tioned above, and acoustic crosstalk is increased. In particu-
lar, the material that is easy in acoustic transmission and
small in attenuation is used for the heat conduction member
6. Thus, the configuration, where the heat conduction mem-
ber 6 is placed at the depth that does not reach the division
groove 9 of the piezoelectric element 1, can protect the
acoustic crosstalk. The same materials as the materials
explained in the first embodiment are used in the backing
load member 5 and the heat conduction member 6 which are
explained here.

[0082] With the above-mentioned configuration, the heat
generated 1n the plurality of arrayed piezoelectric elements
1 and the heat generated by the multiple reflection can be
transmitted through the heat conduction member 6 placed
inside the backing load member 5 or the part thereof.
Moreover, with the configuration for reducing the influence
of the acoustic crosstalk caused by the heat conduction
member 6, this has the effects that the deterioration in the
resolution can be protected and that the surface temperature
of the ultrasonic probe can be lowered. Hence, since the
transmission voltage of the ultrasonic diagnostic apparatus
can be made higher, the diagnostic depth can be made
deeper.

Fifth Embodiment

[0083] Also, as the fifth embodiment, as shown in FIG. 7,
even in the configuration where the division grooves 9 are



US 2007/0276248 Al

formed at the depth where they reach the block-shaped heat
conduction member 6 and where a backing load member 5
is formed on the concave and convex surface formed on the
surface of the heat conduction member 6 through the divi-
sion grooves 9, the above-mentioned effect is obtained.

Sixth Embodiment

[0084] By the way, in the above-mentioned embodiments,
the configuration where the piezoelectric elements 1 are
one-dimensionally arrayed is explained. However, in addi-
tion to this, even in the configuration where the piezoelectric
elements 1 are two-dimensionally arrayed, the similar effect
is obtained.

INDUSTRIAL APPLICABILITY

[0085] The ultrasonic probe of the present invention can
be used in another apparatus for obtaining an ultrasonic
tomography image, in addition to the ultrasonic diagnostic
apparatus.

1. An ultrasonic probe having:
a piezoelectric element for transmitting
and receiving ultrasonic waves;

a backing load member placed on a rear surface of said
piezoelectric element; and

a heat conduction material which is placed inside said
backing load member or a part thereof and whose
thermal conductivity is greater than a thermal con-
ductivity of said backing load member.

2. An ultrasonic probe having:

a plurality of piezoelectric elements,

which are arrayed in one direction, for transmitting and
receiving ultrasonic waves;

a backing load member placed on rear surfaces of said
plurality of piezoelectric elements; and

one or more sheet-shaped heat conduction materials
which are placed in parallel along an array direction
of said piezoelectric elements and a depth direction
inside said backing load member and whose thermal
conductivities are greater than a thermal conductiv-
ity of said backing load member.

3. The ultrasonic probe according to claim 1, character-
ized in that an end portion of said piezoelectric element side
of said heat conduction material has the shape inclined to a
surface of said backing load member side of said piezoelec-
tric element.

4. The ultrasonic probe according to claim 3, wherein an
angle between an inclination plane of the end portion on said
piezoelectric element side of said heat conduction material
and a direction vertical to the rear side of said piezoelectric
element is 40 degrees or less or an angle where a critical
angle of the ultrasonic waves is subtracted from 90 degrees.

5. The ultrasonic probe according to claim 1, wherein a
heat radiating block which is connected to said heat con-
duction material and whose thermal conductivity is greater
than the thermal conductivity of said backing load member.

6. The ultrasonic probe according to claim 5, wherein said
heat radiating block is placed on the rear surface of said
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backing load member and wherein said heat conduction
material is further placed between said heat radiating block
and said backing load member.

7. An ultrasonic probe including:

a plurality of piezoelectric elements which are divided by
division grooves in one direction and transmit and
receive ultrasonic waves;

a backing load member placed on rear surfaces of said
plurality of piezoelectric elements; and

block-shaped heat conduction materials which are placed
on a rear surface of said backing load member and are
greater than a thermal conductivity of said backing load
member,

wherein said division grooves are formed on said backing
load member at depths where they do not reach said
heat conduction materials.

8. An ultrasonic probe including:

a plurality of piezoelectric elements which are divided by
division grooves in one direction and transmit and
receive ultrasonic waves;

a backing load member placed on rear surfaces of said
plurality of piezoelectric elements; and

block-shaped heat conduction materials which are placed
on a rear surface of said backing load member and are
greater than a thermal conductivity of said backing load
member,

wherein said division grooves are formed at depths where
they reach said heat conduction materials and wherein
said backing load member is formed on a concave and
convex surface formed on surfaces of said heat con-
duction materials through said division grooves.

9. The ultrasonic probe according to claim 1, wherein as
said heat conduction material, any material of PGS graphite
sheet with high degree of orientation where polymeric film
is graphitized, graphite, carbon nano-tube, aluminum
nitride, boron nitride, silicon carbide, beryllium oxide, cop-
per and aluminum is used.

10. The ultrasonic probe according to claim 2 character-
ized in that an end portion of said piezoelectric element side
of said heat conduction material has the shape inclined to a
surface of said backing load member side of said piezoelec-
tric element.

11. The ultrasonic probe according to claim 7, wherein as
said heat conduction material, any material of PGS graphite
sheet with high degree of orientation where polymeric film
is graphitized, graphite, carbon nano-tube, aluminum
nitride, boron nitride, silicon carbide, beryllium oxide, cop-
per and aluminum is used.

12. The ultrasonic probe according to claim 8, wherein as
said heat conduction material, any material of PGS graphite
sheet with high degree of orientation where polymeric film
is graphitized, graphite, carbon nano-tube, aluminum
nitride, boron nitride, silicon carbide, beryllium oxide, cop-
per and aluminum is used.
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