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7) ABSTRACT

An ultrasonic probe according to an embodiment includes a
tip part, an operation part, a bending part, and a heat
conducting part. The tip part includes transducer elements
configured to transmit and receive ultrasound waves, elec-
tronic circuitry electrically connected to the transducer ele-
ments, and a frame having the electronic circuitry provided
thereon. The operation part receives operations from an
operator. The bending part includes a cable electrically
connected to the electronic circuitry, and changes the ori-
entation of the tip part by bending in accordance with
operations performed on the operation part. The heat con-
ducting part includes a unitary component extending from
the tip part at least to the bending part, and is in contact with
the frame in the tip part and in the close vicinity of the cable
in the bending part.
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ULTRASONIC PROBE AND ULTRASONIC
DIAGNOSIS APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2015-202387, filed on Oct. 13, 2015; and Japanese Patent
Application No. 2016-201257, filed on Oct. 12, 2016; the
entire contents of which are incorporated herein by refer-
ence.

FIELD

[0002] An embodiment described herein relates generally
to an ultrasonic probe and an ultrasonic diagnosis apparatus.

BACKGROUND

[0003] In present-day ultrasonic image diagnosis, an ultra-
sonic probe is used which enables observation of an organ
surrounding a body cavity of a subject by being inserted into
the body cavity. Such an ultrasonic probe is called an
intracavitary probe. One type of intracavitary probe is a
transesophageal echocardiography (TEE) probe. A transe-
sophageal echocardiography probe is used, for example, in
ultrasonic examination of the heart. One type of transe-
sophageal echocardiography probe is a probe including
two-dimensionally arranged transducer elements. Such an
intracavitary probe is called a two-dimensional transesopha-
geal echocardiography (2D-TEE) probe.

[0004] In a two-dimensional intracavitary probe, a group
of transducer elements that transmit and receive ultrasound
waves is arranged on electronic circuitry such as an appli-
cation specific integrated circuit (ASIC) in some cases. This
arrangement enables size reduction of a tip part in which the
group of transducer elements and the electronic circuitry are
housed. In addition, high-performance two-dimensional
intracavitary probes have become available with the use of
the electronic circuitry.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a diagram for explaining an example of
the configuration of an ultrasonic diagnosis apparatus
according to an embodiment;

[0006] FIG. 2 is a view illustrating an example of the outer
appearance of an ultrasonic probe according to the embodi-
ment;

[0007] FIG. 3 is a view illustrating an example of the
configuration of an ultrasonic probe according to the
embodiment;

[0008] FIG. 4 is a view for explaining an example of a
highly thermally conductive member according to the
embodiment;

[0009] FIG. 5is a view for explaining an example of how
to attach the highly thermally conductive member;

[0010] FIG. 6 is a sectional view taken along line A-A in
FIG. 5;
[0011]
FIG. 5;
[0012]
FIG. §;
[0013]
FIG. 5;

FIG. 7 is a sectional view taken along line B-B in
FIG. 8 is a sectional view taken along line C-C in

FIG. 9 is a sectional view taken along line D-D in
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[0014] FIG. 10 is a sectional view of a cable having the
highly thermally conductive member wrapped around the
cable at Step 6;

[0015] FIG. 11 is a sectional view of a cable having a
highly thermally conductive member according to a first
modification wrapped around the cable;

[0016] FIG. 12 is a view for explaining an example of a
highly thermally conductive member according to a second
modification;

[0017] FIG. 13 is a view for explaining an example of a
highly thermally conductive member according to a third
modification;

[0018] FIG. 14 is a view for explaining an example of a
highly thermally conductive member according to a fourth
modification;

[0019] FIG. 15 is a view for explaining an example of how
to attach the highly thermally conductive member according
to the fourth modification;

[0020] FIG. 16 is a view for explaining an example of a
highly thermally conductive member according to a fifth
modification; and

[0021] FIG. 17 is a view for explaining an example of how
to attach the highly thermally conductive member according
to the fifth modification.

DETAILED DESCRIPTION

[0022] An ultrasonic probe according to an embodiment
includes a tip part, an operation part, a bending part, and a
heat conducting part. The tip part includes transducer ele-
ments configured to transmit and receive ultrasound waves,
electronic circuitry electrically connected to the transducer
elements, and a frame having the electronic circuitry pro-
vided thereon. The operation part receives operations from
an operator. The bending part includes a cable electrically
connected to the electronic circuitry, and changes the ori-
entation of the tip part by bending in accordance with
operations performed on the operation part. The heat con-
ducting part includes a unitary component extending from
the tip part at least to the bending part, and is in contact with
the frame in the tip part and in the close vicinity of the cable
in the bending part.

[0023] The following describes the ultrasonic probe and
an ultrasonic diagnosis apparatus according to the embodi-
ment with reference to the drawings. Embodiments are not
limited to the embodiment described below.

Embodiment

[0024] First, the following describes an example of the
configuration of an ultrasonic diagnosis apparatus including
the ultrasonic probe according to the embodiment. FIG. 1 is
a diagram for explaining an example of the configuration of
an ultrasonic diagnosis apparatus 100 according to an
embodiment. As illustrated in FIG. 1, the ultrasonic diag-
nosis apparatus 100 according to the embodiment includes
an ultrasonic probe 1, a display 91, an input device 92, and
an apparatus main body 10.

[0025] The ultrasonic probe 1 includes an ultrasonic trans-
ducer. The ultrasonic transducer includes a plurality of
transducer elements that transmit ultrasonic waves and
receive echoes (reflected waves). The transducer elements
are two-dimensionally arranged. Each of the transducer
elements generates an ultrasonic wave based on a drive
signal supplied from electronic circuitry 22 described later.
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Fach of the transducer elements receives an echo from a
subject P, and converts the received echo into an echo signal,
which is an electric signal. The ultrasonic transducer also
includes components such as an acoustic matching layer
provided to the transducer elements and a backside load
member (backing material) that suppresses backward propa-
gation of ultrasonic waves from the transducer elements.
The ultrasonic probe 1 is detachably connected to the
apparatus main body 10 via a connector 7 described later.
[0026] For example, when the ultrasonic waves are trans-
mitted from the ultrasonic probe 1 to the subject P, the
transmitted ultrasonic waves are successively reflected by a
surface where acoustic impedance is discontinuous in body
tissues of the subject P and turn into echoes, which are
received by the transducer elements included in the ultra-
sonic probe 1. Each echo is converted into an echo signal by
the transducer element that has received the echo. The
amplitude of the echo signal depends on a difference in
acoustic impedance across the discontinuous surface by
which the corresponding ultrasonic wave is reflected. An
echo signal generated when a transmitted ultrasonic pulse is
reflected by a surface of a moving blood flow, a cardiac wall,
or the like is subjected to a frequency shift due to the
Doppler effect depending on a velocity component of a
moving object with respect to an ultrasonic wave transmit-
ting direction.

[0027] The display 91 displays a graphical user interface
(GUI) through which an operator of the ultrasonic diagnosis
apparatus 100 inputs various setting requests using the input
device 92, and displays an ultrasonic image and other data
generated in the apparatus main body 10. For example, the
display 91 is implemented as a liquid crystal monitor, a
cathode ray tube (CRT) monitor, a touch panel, or the like.
The display 91 is connected to control circuitry 17 described
later, and displays various pieces of information and data for
various images, which are transmitted from the control
circuitry 17, by converting those pieces of information and
data into electric signals for display.

[0028] The input device 92 receives, from the operator,
operations for inputting various instructions and various
pieces of information. For example, the input device 92 is
implemented as a component such as a trackball, a switch,
a dial, a touch command screen, a foot switch, or a joystick.
The input device 92 receives various setting requests from
the operator of the ultrasonic diagnosis apparatus 100, and
transfers the received various setting requests to the appa-
ratus main body 10. For example, the input device 92
receives various setting requests for controlling the ultra-
sonic probe 1, and transfers the received various setting
requests to the control circuitry 17.

[0029] The apparatus main body 10 is an apparatus that
controls transmission and reception of ultrasonic waves by
the ultrasonic probe 1, and generates an ultrasonic image
based on echo signals corresponding to echoes received by
the ultrasonic probe 1. The apparatus main body 10 includes,
as illustrated in FIG. 1, transmitter/receiver circuitry 11,
B-mode processing circuitry 12, Doppler processing cit-
cuitry 13, image generating circuitry 14, image storage
circuitry 15, internal storage circuitry 16, and the control
circuitry 17.

[0030] The transmitter/receiver circuitry 11 transmits, to
the ultrasonic probe 1, a control signal for causing the
electronic circuitry 22 described later to vibrate the trans-
ducer elements, in accordance with control from the control
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circuitry 17. Upon receiving echo data from the ultrasonic
probe 1, the transmitter/receiver circuitry 11 transmits the
received echo data to the B-mode processing circuitry 12
and the Doppler processing circuitry 13.

[0031] The B-mode processing circuitry 12 receives the
echo data output from the transmitter/receiver circuitry 11,
and performs, for example, logarithmic amplification and
envelope detection processing on the received echo data to
generate data (B-mode data) in which signal intensities are
represented by brightness of luminance. The B-mode pro-
cessing circuitry 12 is, for example, implemented as a
processor.

[0032] The Doppler processing circuitry 13 receives the
echo data output from the transmitter/receiver circuitry 11,
performs frequency analysis on the from the received echo
data to obtain velocity information therefrom, extracts echo
components of a blood flow, tissue, and a contrast medium
that are based on the Doppler effect, and generates data
(Doppler data) obtained by extracting moving object infor-
mation such as average velocities, dispersions, and power
for multiple points. The Doppler processing circuitry 13 is,
for example, implemented as a processor.

[0033] The image generating circuitry 14 generates an
ultrasonic image from the data generated by the B-mode
processing circuitry 12 and the Doppler processing circuitry
13. That is, the image generating circuitry 14 generates a
[0034] B-mode image in which the intensities of echoes
are represented by luminance from the B-mode data gener-
ated by the B-mode processing circuitry 12. The image
generating circuitry 14 also generates, from the Doppler data
generated by the Doppler processing circuitry 13, an average
velocity image, a dispersion image, and a power image that
represent the moving object information, or a color Doppler
image as a combination thereof. That is, the image gener-
ating circuitry 14 generates the ultrasonic image based on
the output from the ultrasonic probe 1.

[0035] The image storage circuitry 15 stores therein ultra-
sonic images generated by the image generating circuitry 14.
The image storage circuitry 15 is capable of also storing
therein the data generated by the B-mode processing cir-
cuitry 12 or the Doppler processing circuitry 13. For
example, the image storage circuitry 15 is implemented as a
semiconductor memory device such as a random access
memory (RAM) or a flash memory, a hard disk, an optical
disc, or the like.

[0036] The internal storage circuitry 16 stores therein:
control programs for performing transmission and reception
of ultrasonic waves, image processing, and display process-
ing; and various kinds of data such as diagnostic information
(such as, for example, patient identification data (ID) and
findings of a doctor), diagnostic protocols, and various body
marks. The internal storage circuitry 16 is used also, for
example, for archiving data stored in the image storage
circuitry 15 as needed. For example, the internal storage
circuitry 16 is implemented as a semiconductor memory
device such as a RAM or a flash memory, a hard disk, an
optical disc, or the like.

[0037] The control circuitry 17 implements a function as
an information processing apparatus (computer). The con-
trol circuitry 17 controls the entire processing in the ultra-
sonic diagnosis apparatus 100. For example, based on vari-
ous setting requests input by the operator through the input
device 92 and various control programs and various kinds of
data read from the internal storage circuitry 16, the control
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circuitry 17 controls processing that the transmitter/receiver
circuitry 11, the B-mode processing circuitry 12, the Dop-
pler processing circuitry 13, and the image generating cir-
cuitry 14 perform. For example, the control circuitry 17
generates a control signal and controls the transmitter/
receiver circuitry 11 so as to transmit the generated control
signal to the ultrasonic probe 1. The control circuitry 17 also
performs control to cause the display 91 to display thereon,
for example, an ultrasonic image stored in the image storage
circuitry 15, various images stored in the internal storage
circuitry 16, a graphical user interface (GUI) for causing the
image generating circuitry 14 to perform processing, and a
processing result obtained by the image generating circuitry
14. The control circuitry 17 is, for example, implemented as
a processor.

[0038] The term “processor” means, for example, circuitry
such as a central processing unit (CPU), a graphics process-
ing unit (GPU), an application specific integrated circuit
(ASIC), or a programmable logic device (examples of which
include a simple programmable logic device (SPLD), a
complex programmable logic device (CPLD), and a field
programmable gate array (FPGA)). Storing a computer
program in the internal storage circuitry 16 may be replaced
by a configuration in which the computer program is embed-
ded directly in the circuitry of a processor. In this case, the
processor implements a function by reading out and execut-
ing the computer program embedded in the circuitry.

[0039] The entire configuration of the ultrasonic diagnosis
apparatus 100 according to the embodiment is described
above.

[0040] Next, the ultrasonic probe 1 according to the
embodiment is described. FIG. 2 is a view illustrating an
example of the outer appearance of the ultrasonic probe 1
according to the embodiment. Although the following
describes a case where the ultrasonic probe 1 is a two-
dimensional transesophageal echocardiography probe, the
ultrasonic probe 1 is not limited to this case.

[0041] As illustrated in the example in FIG. 2, the ultra-
sonic probe 1 includes a tip part 2, a bending part 3, a
guiding intermediate part 4, an operation part 5, a cable 6,
and the connector 7.

[0042] The tip part 2 includes a tip armoring member 2a.
The tip armoring member 2q is formed of, for example,
biocompatible resin. The tip armoring member 2«¢ houses
components such as a frame 21 described later, the elec-
tronic circuitry 22 described later, and an ultrasonic trans-
ducer 24.

[0043] The bending part 3 includes an armoring member
3a. The armoring member 3a is a tubular member that
houses components such as a bending mechanism 31
described later and a cable 8 described later. The armoring
member 3a is bendable. The armoring member 3a is formed
of, for example, rubber or resin that has flexibility. One end
of the armoring member 3a is connected to the tip armoring
member 2a. The other end of the armoring member 3a is
connected to an armoring member 4a described later.

[0044] The guiding intermediate part 4 is inserted together
with the tip part 2 and the bending part 3 into a body cavity
of the subject P when an ultrasonic image of the subject P
is captured. The guiding intermediate part 4 includes the
armoring member 4¢. The armoring member 4a is a tubular
member that houses components such as a flexible tube 41
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described later and the cable 8 described later. The armoring
member 4a is connected to an armoring member 51
described later.

[0045] The operation part 5 receives operations from the
operator. The operation part 5 includes the armoring member
51, a first knob 521, a first knob lock lever 522, a second
knob 531, a second knob lock lever 532, a first rotation
switch 541, a second rotation switch 542, a window 55, and
a suspension ring 56.

[0046] The armoring member 51 is a tubular member to
which components such as the first knob 521, the first knob
lock lever 522, the second knob 531, the second knob lock
lever 532, the first rotation switch 541, the second rotation
switch 542, the window 55, and the suspension ring 56 are
attached.

[0047] The first knob 521, the first knob lock lever 522, the
second knob 531, and the second knob lock lever 532 are
operated by the operator when the operator causes the
bending mechanism 31 to bend. The first knob lock lever
522 is attached to the first knob 521. The second knob lock
lever 532 is attached to the second knob 531. The first knob
521, the first knob lock lever 522, the second knob 531, and
the second knob lock lever 532 are described later.

[0048] The first rotation switch 541 and the second rota-
tion switch 542 are switches for rotating a captured ultra-
sonic image in diagnosis. The operator can observe the
ultrasonic image from an angle appropriate for the diagnosis
by operating the first rotation switch 541 and the second
rotation switch 542.

[0049] The window 55 is a window for checking the
bending state of the bending part 3. The suspension ring 56
is, as illustrated in FIG. 2, an annular member provided on
the armoring member 51. The suspension ring 56 is used for
suspending the ultrasonic probe 1 on a hook or the like
provided on the apparatus main body 10 when ultrasonic
images are not to be captured.

[0050] The cable 6 electrically connects the apparatus
main body 10 to the cable 8 described later in the tip part 2.
One end of the cable 6 is electrically connected to the
connector 7; and the other end thereof is electrically con-
nected to the cable 8 described later.

[0051] The connector 7 electrically connects the ultrasonic
probe 1 to the apparatus main body 10 by being connected
to the apparatus main body 10. To the connector 7, respec-
tive one-side ends of signal lines for transmitting signals
communicated between the apparatus main body 10 and the
tip part 2 are connected. The connector 7 includes terminals
for electrically connecting these signal lines to the apparatus
main body 10.

[0052] An example of the outer appearance of the ultra-
sonic probe 1 according to the embodiment is described
above.

[0053] Here, while the ultrasonic probe 1 is transmitting
and receiving ultrasonic waves, the transducer elements and
the electronic circuitry 22 act as heat sources because of
power consumption due to driving of the transducer ele-
ments i the ultrasonic transducer 24 and power consump-
tion of the electronic circuitry 22. The tip part 2 thus
produces heat. Because the tip part 2 is a part that makes
contact with a patient P, the temperature of the tip part 2
needs to be controlled so as to fall within a safe range. Angle
rings 31a in the bending part 3 described later are formed of
alloy that poorly conducts heat such as stainless steel.
Therefore, heat produced by the heat sources stagnates at the
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bending part 3, and has difficulty being conducted from the
bending part 3 to the guiding intermediate part 4. In view of
this inconvenience, the ultrasonic probe 1 according to this
embodiment is configured to be able to suppress temperature
increase of the tip part 2 during transmission and reception
of ultrasonic waves.

[0054] Next, an example of the configuration of the ultra-
sonic probe 1 according to the embodiment is described.
FIG. 3 is a view illustrating an example of the structure of
the ultrasonic probe 1 according to the embodiment. In the
example in FIG. 3, the tip armoring member 2a, the armor-
ing member 3a, and the armoring member 4a are not
illustrated.

[0055]  As illustrated in the example in FIG. 3, the tip part
2 of the ultrasonic probe 1 includes the frame 21, the
electronic circuitry 22, and the ultrasonic transducer 24.
[0056] On the frame 21, components such as the electronic
circuitry 22 and the ultrasonic transducer 24 are provided.
The frame 21 is a member that holds components such as the
electronic circuitry 22 and the ultrasonic transducer 24. The
frame 21 is formed of a thermally conductive material. For
example, metal is used as the thermally conductive material.
In addition, the frame 21 has the function of serving as a
skeleton for imparting rigidity to the tip part 2.

[0057] The ultrasonic transducer 24 includes a plurality of
transducer elements 24a. The transducer elements 24a trans-
mit and receive ultrasound waves. The transducer elements
24a are two-dimensionally arranged. Each of the transducer
elements 24a generates ultrasonic waves based on a drive
signal supplied from the electronic circuitry 22. Each of the
transducer elements 244 receives an echo from the subject P
and converts the received echo into an echo signal, which is
an electric signal. The transducer element 24a then outputs
the echo signal. Each of the transducer elements 24a thus
produces heat when transmitting and receiving ultrasonic
waves. The ultrasonic transducer 24 further includes com-
ponents such as an acoustic matching layer provided to the
transducer elements 24a and a backside load member that
suppresses backward propagation of ultrasonic waves from
the transducer elements 24a.

[0058] The electronic circuitry 22 is electrically connected
to the transducer elements 24a and performs data processing
on ultrasonic waves transmitted and received by the trans-
ducer elements 24a. The electronic circuitry 22 includes
drive signal generating circuitry, delay circuitry, adder cir-
cuitry, and transmission/reception channel controlling cir-
cuitry.

[0059] The drive signal generating circuitry repeatedly
generates, at a certain rate frequency (pulse repetition fre-
quency (PRF)), a rate pulse for forming ultrasonic waves to
be transmitted, and outputs the generated rate pulse as a
drive signal for driving transducer elements 24a to the delay
circuitry.

[0060] The delay circuitry has the function of executing
certain delay processing on the drive signal output from the
drive signal generating circuitry and supplying the drive
signal subjected to the certain delay processing to each of the
transducer elements 24a. In this embodiment, for example,
one channel is assigned to each one of the transducer
elements 24a, and the delay circuitry is provided with
respect to each of the channels. For example, the delay
circuitry executes delay processing of giving the drive signal
supplied from the the drive signal generating circuitry a
delay amount for a corresponding one of the transducer
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elements 24a needed for converging the ultrasonic waves
generated from the transducer elements 24a into a beam and
determining the transmission directivity thereof.

[0061] In addition to the function described above, the
delay circuitry also has the function of, upon receiving an
echo signal output from the transducer element 24a, execut-
ing delay processing for giving the received echo signal a
delay amount needed for determining the reception direc-
tivity of the transducer elements 24a, and then outputting the
echo signal subjected to the delay processing to the adder
circuitry.

[0062] The adder circuitries are provided in such a manner
that a group of transducer elements 24a that are included in
a sub-array (group) corresponds to one of the adder circuit-
ries. Each of the adder circuitries executes addition process-
ing of adding up echo signals output from the delay circuit-
ries corresponding to the transducer elements 24a included
in the sub-array that corresponds to the adder circuitry. The
adder circuitry then converts a resultant of the addition
processing executed on the echo signals into digital data and
performs phase-regulating addition processing on the digital
data to generate echo data and output the generated echo
data to the apparatus main body 10.

[0063] The transmission/reception channel controlling cir-
cuitry selects channels used for transmission and reception,
and controls the corresponding ones of the above circuitries
so that transmission and reception through the selected
channels can be performed. It is not necessary that the
electronic circuitry 22 include all of the kinds of circuitries
described above, that is, the drive signal generating circuitry,
the delay circuitry, the adder circuitry, and the transmission/
reception channel controlling circuitry. One or some of those
kinds of circuitry may be included in the transmitter/receiver
circuitry 11 described above. For example, the electronic
circuitry 22 needs only to include at least one kind of
circuitry selected from among the drive signal generating
circuitry, the delay circuitry, the adder circuitry, and the
transmission/reception channel controlling circuitry.

[0064] A highly thermally conductive member 9 con-
structed of one highly thermally conductive sheet-like mem-
ber (thermally conductive sheet or thermally conductive
component) is bonded to a surface of the frame 21 on the
opposite side of a surface 215. The highly thermally con-
ductive member 9 may be composed of at least one highly
thermally conductive member (thermally conductive sheet
or thermally conductive member). The highly thermally
conductive member 9 is an example of the heat conducting
part. The following description assumes that the surface 215
of the frame 21, on which the electronic circuitry 22 and the
ultrasonic transducer 24 are provided, is the “front surface”
of the frame 21 and that the surface thereof on the opposite
side of the front surface 215 is the “back surface” of the
frame 21. That is, the electronic circuitry 22 and the trans-
ducer elements 24¢ of the ultrasonic transducer 24 are
located on the front surface 215 side of the frame 21. Here,
the highly thermally conductive member 9 bonded to the
back surface of the frame 21 in the tip part 2 is described
with reference to FIG. 4. FIG. 4 is a view for explaining an
example of the highly thermally conductive member 9
according to the embodiment. The illustration of the
example in FIG. 4 omits components such as members
included in the bending part 3 and the guiding intermediate
part 4.



US 2017/0100095 A1

[0065] As illustrated in FIG. 4, one end of the cable 8 is
electrically connected to the tip part 2. More specifically, the
one end of the cable 8 is electrically connected to flexible
printed circuits (FPC) 30, which are described later, in the tip
part 2. The other end of the cable 8 is electrically connected
to the cable 6 described above.

[0066] The highly thermally conductive member 9 is a
member for dissipating heat produced at the tip part 2.

[0067] The highly thermally conductive member 9 is
overlaid on the cable 8 so as to cover the cable 8 and stuck.
Consequently, the highly thermally conductive member 9 is
brought into contact with the cable 8. However, it is not
necessary that the highly thermally conductive member 9
make contact with the cable 8. For example, the highly
thermally conductive member 9 may be provided around the
cable 8 with another member interposed therebetween. That
is, the highly thermally conductive member 9 needs only to
be in the close vicinity of the cable 8.

[0068] In addition, while one end of the highly thermally
conductive member 9 is bonded to the back surface of the
frame 21 in the tip part 2 as described above, the other end
thereof is stuck on the cable 8 in the guiding intermediate
part 4 as illustrated in FIG. 3 to which reference has been
already made. That is, the highly thermally conductive
member 9 extends from the tip part 2 to the guiding
intermediate part 4 in the example in FIG. 3 and FIG. 4. A
direction in which the highly thermally conductive member
9 extends is the same as a direction in which the center axis
of the cable 8 extends.

[0069] The other end of the highly thermally conductive
member 9 may be stuck on the cable 8 in the bending part
3. That is, the highly thermally conductive member 9 may
extend from the tip part 2 at least to the bending part 3. In
this case also, it is not necessary that the highly thermally
conductive member 9 make contact with the cable 8. For
example, the highly thermally conductive member 9 needs
only to be in the close vicinity of the cable 8.

[0070] The highly thermally conductive member 9 is
constructed of a thermally conductive sheet that is a single
member (a unitary component) obtained by, for example,
laminating a plastic film on carbon graphite. That is, a
thermally conductive sheet included as a unitary component
in the highly thermally conductive member 9 is constructed
of a member that contains carbon graphite. Carbon graphite
is anisotropic in terms of thermal propagation, and has a
difference in thermal propagation manner between the thick-
ness direction and the plane direction thereof. For example,
carbon graphite has thermal conductivity of at least | W/m-k
in the thickness direction thereof and has thermal conduc-
tivity of at least 300 W/m'k in the plane direction thereof.
The plane direction is, for example, a direction along a plane
perpendicular to the thickness direction. As described so far,
the highly thermally conductive member 9 has high thermal
conductivity in the plane direction, and therefore is capable
of efficiently transmitting, even to the guiding intermediate
part 4 or the bending part 3 in the plane direction, heat
produced at the tip part 2 when ultrasonic waves are trans-
mitted and received. That is, the highly thermally conductive
member 9 is capable of efficiently dissipating heat produced
at the tip part 2. The ultrasonic probe 1 according to the
embodiment is thus capable of suppressing temperature
increase of the tip part 2 during transmission and reception
of ultrasonic waves.
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[0071] The highly thermally conductive member 9 may be
constructed of, for example, a member that contains highly
thermally conductive carbon nanotubes.

[0072] Based on the above description, the highly ther-
mally conductive member 9 includes a unitary component
(thermally conductive sheet) extending from the tip part 2 at
least to the bending part 3, and is in contact with the frame
21 in the tip part 2 and in the close vicinity of the cable 8 in
the bending part 3.

[0073] Furthermore, as illustrated in the example in FIG.
4, the highly thermally conductive member 9 has been
machined into a mesh-like shape. By having a mesh-like
shape, the highly thermally conductive member 9 is less
likely to break because, even when the highly thermally
conductive member 9 bends as a result of bending of the
bending part 3, the highly thermally conductive member 9
bends in a manner following the bending part 3. Moreover,
as illustrated in the example in FIG. 3, the highly thermally
conductive member 9 is provided at a position inner than
angle rings 31a described later. Therefore, when the bending
part 3 bends, the curvature of the highly thermally conduc-
tive member 9 changes within a smaller range than in a case
where the highly thermally conductive member 9 is pro-
vided at a position outer than the angle rings 31a described
later. The curvature is the inverse of the radius of curvature
of a member that has bent. When the curvature of the highly
thermally conductive member 9 changes within a smaller
range, the highly thermally conductive member 9 expands or
contracts to a smaller extent. Therefore, accumulation of
mechanical fatigue on the highly thermally conductive
member 9 can be prevented. The ultrasonic probe 1 is thus
capable of keeping the highly thermally conductive member
9 thermally conductive and bendable for long periods.

[0074] Here, an experiment was conducted in which, after
the highly thermally conductive member 9 machined into a
mesh-like shape was repeatedly bent several tens of thou-
sands of times (for example, roughly ninety thousand times),
the thermal conductivity thereof was measured. The result
was that the thermal conductivity of the highly thermally
conductive member 9 remained largely unchanged even
after the highly thermally conductive member 9 were repeat-
edly bent several tens of thousands of times. This experi-
ment result indicates that the ultrasonic probe 1 is capable of
keeping the highly thermally conductive member 9 ther-
mally conductive and bendable for long periods.

[0075] With reference back to FIG. 3, the bending part 3
includes the bending mechanism 31. The bending mecha-
nism 31 changes the orientation of the tip part 2 by bending
in accordance with operations performed on the operation
part 5 illustrated in FIG. 2. The bending mechanism 31
includes a plurality of angle rings 31a. The angle rings 31a
deform in accordance with operations performed on the
operation part 5 illustrated in FIG. 2. Consequently, the
bending mechanism 31 bends. Bending of the bending
mechanism 31 causes a change in orientation of the tip part
2. That is, the bending part 3 changes the orientation of the
tip part 2 by bending in accordance with operations per-
formed on the operation part 5.

[0076] For example, the bending mechanism 31 includes
a plurality of wires. One end of one of the wires is connected
to the angle rings 31a, and the other end thereof is connected
to a member interlocked with the first knob 521 illustrated
in FIG. 2. In addition, one end of the other wire is connected
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to the angle rings 31a, and the other end thereof is connected
to a member interlocked with the second knob 531 illus-
trated in FIG. 2.

[0077] The first knob 521 is operated by the operator when
the operator causes the bending part 3 to bend within a
certain plane. When the operator operates the first knob 521,
the angle ring 31a connected to one of the wires that is
connected to the member interlocked with the first knob 521
is pulled, so that this angle ring 31a deforms. The deforma-
tion of the angle ring 31a causes the bending mechanism 31
to bend within a certain plane, so that the orientation of the
tip part 2 is changed within the certain plane.

[0078] The first knob lock lever 522 is operated by the
operator when the operator fixes the orientation of the tip
part 2 within the certain plane.

[0079] The second knob 531 is operated by the operator
when the operator causes the bending part 3 to bend within
a plane perpendicular to the certain plane. When the operator
operates the second knob 531, the angle ring 31a connected
to one of the wires that is connected to the member inter-
locked with the second knob 531 is pulled, so that this angle
ring 31a deforms. The deformation of the angle ring 31a
causes the bending mechanism 31 to bend within the place
perpendicular to the certain plane, so that the orientation of
the tip part 2 is changed within the plane perpendicular to the
certain plane.

[0080] The second knob lock lever 532 is operated by the
operator when the operator fixes the orientation of the tip
part 2 within the plane perpendicular to the certain plane.
[0081] The ultrasonic probe 1 is thus capable of orienting,
in accordance with operations performed on the first knob
521 and the second knob 531, the transducer elements 24a
in a direction suitable for capturing ultrasonic images.
[0082] With reference back to FIG. 3, the guiding inter-
mediate part 4 includes the flexible tube 41. The flexible tube
41 is overlaid on the highly thermally conductive member 9
and the cable 8 for protecting the highly thermally conduc-
tive member 9 and the cable 8.

[0083] Next, an example of how to attach the highly
thermally conductive member 9 according to this embodi-
ment is described. FIG. 5 is a view for explaining the
example of how to attach the highly thermally conductive
member 9. As illustrated in the example in FIG. 5, in the first
place, the highly thermally conductive member 9 is joined to
a back surface 21a of the frame 21 at Step 1. That is, the
highly thermally conductive member 9 makes contact with
the back surface 21a of the frame 21 in the tip part 2.
[0084] FIG. 6 is a sectional view taken along line A-A in
FIG. 5. As illustrated in FIG. 6, the highly thermally
conductive member 9 is joined to the back surface 21a of the
frame 21. To the front surface 215 of the frame 21, the
electronic circuitry 22 is bonded with resin that has thermal
conductivity. A rewiring layer 23 is provided on a surface on
one side of the electronic circuitry 22 opposite to the side
thereof on which the frame 21 is located. The electronic
circuitry 22 is electrically connected to the FPC 30 through
the rewiring layer 23.

[0085] The FPC 30 are an intermediary that electrically
connects the electronic circuitry 22 and the cable 8 to each
other. The FPC 30 are electrically connected to the cable 8.
This cable 8 is electrically connected to the cable 6, so that
the electronic circuitry 22 can receive control signals from
the apparatus main body 10. The electronic circuitry 22 can
also transmit the echo data to the apparatus main body 10.
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As illustrated in FIG. 6, the electronic circuitry 22 receives
echo signals from the transducer elements 24a through the
rewiring layer 23.

[0086] As illustrated in the example in FIG. 5, at Step 2,
the left one of the FPC 30 illustrated in FIG. 6 is folded so
as to pass along the back surface 21qa side of the frame 21.
FIG. 7 is a sectional view taken along line B-B in FIG. 5. As
illustrated in FIG. 7, the FPC 30 is folded so as to follow the
shape of the frame 21 and pass along the back surface 21a
side thereof.

[0087] As illustrated in the example in FIG. 5, at Step 3,
the highly thermally conductive member 9 is folded inward
along folding lines 71 and 72. FIG. 8 is a sectional view
taken along line C-C in FIG. 5. As illustrated in FIG. 8, with
the highly thermally conductive member 9 thus folded, the
FPC 30 that passes along the back surface 21a side is
interposed between the folded parts of the highly thermally
conductive member 9. That is, the highly thermally conduc-
tive member 9 includes a folded sheet-like member (ther-
mally conductive sheet).

[0088] As illustrated in the example in FIG. 5, at Step 4,
a highly thermally conductive member 61 having a matching
shape with the highly thermally conductive member 9 that
have been folded at Step 3 is bonded to the highly thermally
conductive member 9. FIG. 9 is a sectional view taken along
line D-D in FIG. 5. As illustrated in FIG. 9, the transducer
elements 24a and the electronic circuitry 22, which are
members that produce heat, are provided on the front surface
214 of the frame 21, and the highly thermally conductive
member 9 covering the perimeter of the FPC 30 is provided
on the back surface 21a of the frame 21. In addition, the
highly thermally conductive member 61 is bonded to the
highly thermally conductive member 9.

[0089] Here, another configuration can be considered in
which, while the FPC 30 is directly provided on the frame
21, the highly thermally conductive member 9 makes con-
tact with the frame 21 with the FPC 30 interposed therebe-
tween. However, this configuration makes it more difficult
for heat to be conducted to the highly thermally conductive
member 9 from the FPC 30 because the FPC 30 is poorly
thermally conductive. Therefore, efficient dissipation of heat
produced at the tip part 2 is impossible.

[0090] In contrast, the FPC 30 is not provided directly on
the frame 21 in this embodiment, as illustrated in FIG. 9. In
this embodiment, as illustrated in FIG. 9, once heat from the
transducer elements 24a and the electronic circuitry 22 is
transmitted through the frame 21 to the highly thermally
conductive member 9, the heat is efficiently propagated in
the plane direction of the highly thermally conductive mem-
ber 9, so that the heat is efficiently transmitted to the highly
thermally conductive member 61. As described so far, the
FPC 30 are provided in such a manner that does not disturb
thermal contact between the frame 21 and the highly ther-
mally conductive member 9.

[0091] Furthermore, in this embodiment, the highly ther-
mally conductive member 61 is bonded to the highly ther-
mally conductive member 9. The sectional area of the
aggregate of the highly thermally conductive members is
therefore large. A highly thermally conductive member
having a larger sectional area propagates a lager total
amount of heat. In this embodiment, efficient heat dissipa-
tion is enabled because the total amount of propagated heat
is thus large. Although the configuration having the two
highly thermally conductive members 9 and 31 bonded to
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each other is described above, three or more highly ther-
mally conductive members may be bonded to one another,
or only one highly thermally conductive member may be
included.

[0092] As illustrated in the example in FIG. 5, at Step 5,
the highly thermally conductive member 9 having the highly
thermally conductive member 61 bonded thereto is folded
back from the tip part 2 side to the cable 8 side along a
folding line 73. Subsequently, at Step 6, the highly thermally
conductive member 9 having the highly thermally conduc-
tive member 61 bonded thereto is wrapped around the cable
8. Consequently, for example, the highly thermally conduc-
tive member 9 is wrapped around the cable 8 in the bending
part 3.

[0093] FIG. 10 is a sectional view of the cable 8 having the
highly thermally conductive member 9 wrapped around the
cable 8 at Step 6. As illustrated in the example in FIG. 10,
in this embodiment, the width of the highly thermally
conductive member 9 is at least the circumferential length of
the cable 8, so that the highly thermally conductive member
9 entirely covers the circumference of the cable 8. That is,
the highly thermally conductive member 9 has a large
heat-dissipating area, thereby being capable of efficiently
diffusing heat from the heat sources.

[0094] The ultrasonic probe 1 and the ultrasonic diagnosis
apparatus 100 according to the embodiment are as described
above. The ultrasonic probe 1 and the ultrasonic diagnosis
apparatus 100 according to the embodiment are capable of
suppressing temperature increase of the tip part 2 during
transmission and reception of ultrasonic waves.

First Modification According to the Embodiment

[0095] Here, the above embodiment describes a case in
which the width of the highly thermally conductive member
9 is at least the circumferential length of the cable 8.
However, the width of the highly thermally conductive
member 9 may be smaller than the circumferential length of
the cable 8. Such an embodiment is described here as a first
modification according to the embodiment.

[0096] FIG. 11 is a sectional view of the cable 8 having the
highly thermally conductive member 9 according to the first
modification wrapped around the cable 8. As illustrated in
the example in FIG. 11, the width of the highly thermally
conductive member 9 is smaller than the circumferential
length of the cable 8. Therefore, the highly thermally con-
ductive member 9 partially covers the circumference of the
cable 8. In the first modification, a highly thermally con-
ductive member of a smaller size is used as the highly
thermally conductive member 9. The use of the highly
thermally conductive member 9 of a smaller size makes it
possible to hold down the costs, such as a price, thereof.
Thus, according to the first modification, the highly thet-
mally conductive member 9 of a smaller size is used, so that
temperature increase of the tip part 2 can be suppressed with
costs held down.

Second Modification According to the Embodiment

[0097] The above embodiment also describes a case in
which the highly thermally conductive member 9 has a
mesh-like shape. However, the shape of the highly thermally
conductive member 9 is not limited to this case. Here, other
shapes of the highly thermally conductive member 9 are
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described as a second modification and a third modification
according to the embodiment.

[0098] First, the second modification is described. FIG. 12
is a view for explaining an example of a highly thermally
conductive member according to the second modification.
As illustrated in the example in FIG. 12, a highly thermally
conductive member 9a according to the second modification
has a narrow ribbon-like shape. The highly thermally con-
ductive member 9a has a heat-dissipating area sufficiently
large for diffusing heat produced at the tip part 2. The highly
thermally conductive member 9a is spirally wrapped around
the cable 8 with a certain pitch between each neighboring
turns, as illustrated in the example in FIG. 12. For example,
the highly thermally conductive member 9a is spirally
wrapped around the cable 8 in the bending part 3. In the
same manner as in the above-described embodiment, one
end of the highly thermally conductive member 9a is
connected to the back surface 21a of the frame 21, and the
other end thereof is connected to the cable 8 in the bending
part 3 or the guiding intermediate part 4. By having the
highly thermally conductive member 9a wrapped around the
cable 8, the highly thermally conductive member 9a is less
likely to break because, even when the highly thermally
conductive member 9a bends as a result of bending of the
bending part 3, the highly thermally conductive member 9a
bends in a manner following the bending part 3. The
ultrasonic probe according to the second modification is thus
capable of keeping the highly thermally conductive member
9a thermal conductive and bendable for long periods.

[0099] In addition, in the same manner as in the above-
described embodiment, temperature increase of the tip part
2 during transmission and reception of ultrasonic waves can
be suppressed also in the second modification.

Third Modification According to the Embodiment

[0100] Next, the third modification is described. FIG. 13 is
a view for explaining an example of a highly thermally
conductive member according to a third modification. As
illustrated in the example in FIG. 13, the highly thermally
conductive member according to the third modification is
divided, along a direction in which it extends, into a plurality
of highly thermally conductive members 95. The highly
thermally conductive members 95 have a heat-dissipating
area sufficiently large for diffusing heat produced at the tip
part 2. In the same manner as in the above-described
embodiment, ends of the highly thermally conductive mem-
bers 95 on one side are connected to the back surface 21a of
the frame 21, and the other ends thereof are connected to the
cable 8 in the bending part 3 or the guiding intermediate part
4. The division into the highly thermally conductive mem-
bers 95 makes the highly thermally conductive members 95
less likely to break because, even when the highly thermally
conductive members 95 bend as a result of bending of the
bending part 3, the highly thermally conductive members 95
bend in a manner following the bending part 3. The ultra-
sonic probe according to the third modification is thus
capable of keeping the highly thermally conductive mem-
bers 956 thermally conductive and bendable for long periods.

[0101] In addition, in the same manner as in the above-
described embodiment, temperature increase of the tip part
2 during transmission and reception of ultrasonic waves can
be suppressed also in the third modification.
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Fourth Modification According to the Embodiment

[0102] Still other shapes of the highly thermally conduc-
tive member 9 are described as a fourth modification and a
fifth modification according to the embodiment.

[0103] FIG. 14 is a view for explaining an example of a
highly thermally conductive member according to the fourth
modification. As illustrated in the example in FIG. 14, a first
highly thermally conductive member 9d of a highly ther-
mally conductive member 9¢ and a third highly thermally
conductive member 9f of a highly thermally conductive
member 9% according to the fourth modification are spirally
wrapped around the cable 8 in the bending part 3 in such a
manner as to cross each other. As illustrated in the example
in FIG. 14, the first highly thermally conductive member 94
and the third highly thermally conductive member 9/spirally
cross each other.

[0104] The first highly thermally conductive member 94
and the third highly thermally conductive member 9f have
heat-dissipating areas sufficiently large for diffusing heat
produced at the tip part 2. In the same manner as in the
above-described embodiment, ends of the first highly ther-
mally conductive member 94 and the third highly thermally
conductive member 9f'on one side are connected to the cable
8 in the bending part 3 or the guiding intermediate part 4. By
being wrapped around the cable 8, the first highly thermally
conductive member 94 and the third highly thermally con-
ductive member 9f are less likely to break because, even
when the first highly thermally conductive member 94 and
the third highly thermally conductive member 9f bend as a
result of bending of the bending part 3, the first highly
thermally conductive member 94 and the third highly ther-
mally conductive member 9/ bend in a manner following the
bending part 3. The ultrasonic probe according to the fourth
modification is thus capable of keeping the first highly
thermally conductive member 94 and the third highly ther-
mally conductive member 9f thermally conductive and
bendable for long periods.

[0105] In addition, in the same manner as in the above
described embodiment, temperature increase of the tip part
2 during transmission and reception of ultrasonic waves can
be suppressed also in the fourth modification.

[0106] Here, with reference to FIG. 15, an example of how
to attach the highly thermally conductive member according
to the fourth modification is described. FIG. 15 is a view for
explaining the example of how to attach the highly thermally
conductive member according to the fourth modification.
[0107] As illustrated in FIG. 15, the highly thermally
conductive member according to the fourth modification is
separated into three highly thermally conductive members
9¢, 94, and 9m.

[0108] The highly thermally conductive member 9c¢
includes the first highly thermally conductive member 94
and a second highly thermally conductive member 9e. The
first highly thermally conductive member 94 and the second
highly thermally conductive member 9e¢ are integrally
molded. The first highly thermally conductive member 94
has a substantially parallelogram-like shape when viewed
from the top. The second highly thermally conductive mem-
ber 9e is rectangular when viewed from the top.

[0109] The highly thermally conductive member 9%
includes the third highly thermally conductive member 9/
and a fourth highly thermally conductive member 9¢g. The
third highly thermally conductive member 9f and the fourth
highly thermally conductive member 9g are integrally
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molded. The third highly thermally conductive member 91
has a substantially parallelogram-like shape when viewed
from the top. The fourth highly thermally conductive mem-
ber 9¢ is rectangular when viewed from the top.

[0110] The highly thermally conductive member 9¢ and
the highly thermally conductive member 9/ are different
when viewed from the top.

[0111] The highly thermally conductive member 9m
includes a fifth highly thermally conductive member 9i, a
sixth highly thermally conductive member 9f, and a seventh
highly thermally conductive member 9% The fifth highly
thermally conductive member 9i, the sixth highly thermally
conductive member 9/, and the seventh highly thermally
conductive member 9% are integrally molded.

[0112] Here, the example of how to attach the highly
thermally conductive member according to the fourth modi-
fication is described. First, as illustrated in FIG. 14, the fifth
highly thermally conductive member 9i of the highly ther-
mally conductive member 9m is joined to a side surface 21¢
of the frame 21, and the sixth highly thermally conductive
member 95 of the highly thermally conductive member 9m
is joined to a side surface 214 of the frame 21. In addition,
the seventh highly thermally conductive member 9% of the
highly thermally conductive member 9m is joined to the
back surface 21a of the frame 21.

[0113] Subsequently, as illustrated in FIG. 14, the fourth
highly thermally conductive member 9g of the highly ther-
mally conductive member 9% is stuck on the fifth highly
thermally conductive member 9i. Subsequently, as illus-
trated in FIG. 14, the third highly thermally conductive
member 9f'of the highly thermally conductive member 9% is
spirally wrapped around the cable 8.

[0114] Subsequently, as illustrated in FIG. 14, the second
highly thermally conductive member 9¢ of the highly ther-
mally conductive member 9c is stuck on the sixth highly
thermally conductive member 9j. Subsequently, as illus-
trated in FIG. 14, the first highly thermally conductive
member 94 of the highly thermally conductive member 9¢ is
spirally wrapped around the cable 8 in such a manner as to
cross the third highly thermally conductive member 9f
[0115] In this manner, the highly thermally conductive
members spirally crossing each other are wrapped around
the cable 8 in the fourth modification.

Fifth Modification According to the Embodiment

[0116] Next, an example of a highly thermally conductive
member according to the fifth modification is described.
FIG. 16 is a view for explaining an example of the highly
thermally conductive member according to the fifth modi-
fication. As illustrated in the example in FIG. 16, the first
highly thermally conductive member 94 of the highly ther-
mally conductive member 9¢ and an eighth highly thermally
conductive member 9o of a highly thermally conductive
member 9z according to the fifth modification are wrapped
around the cable 8 spirally in the same direction in the
bending part 3. As illustrated in the example in FIG. 16, the
first highly thermally conductive member 94 and the eighth
highly thermally conductive member 9o form a double-
stranded spiral. The first highly thermally conductive mem-
ber 94 and the eighth highly thermally conductive member
90 may overlap each other.

[0117] The first highly thermally conductive member 94
and the eighth highly thermally conductive member 90 have
heat-dissipating areas sufficiently large for diffusing heat
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produced at the tip part 2. In the same manner as in the
above-described embodiment, ends of The first highly thet-
mally conductive member 94 and the eighth highly ther-
mally conductive member 9o on one side are connected to
the cable 8 in the bending part 3 or the guiding intermediate
part 4. By being wrapped around the cable 8, the first highly
thermally conductive member 94 and the eighth highly
thermally conductive member 9o are less likely to break
because, even when the first highly thermally conductive
member 94 and the eighth highly thermally conductive
member 90 bend as a result of bending of the bending part
3, the first highly thermally conductive member 94 and the
eighth highly thermally conductive member 90 bend in a
manner following the bending part 3. The ultrasonic probe
according to the fifth modification is thus capable of keeping
the first highly thermally conductive member 94 and the
eighth highly thermally conductive member 9o thermally
conductive and bendable for long periods.

[0118] In addition, in the same manner as in the above-
described embodiment, temperature increase of the tip part
2 during transmission and reception of ultrasonic waves can
be suppressed also in the second modification.

[0119] Here, with reference to FIG. 17, an example of how
to attach the highly thermally conductive member according
to the fifth modification is described. FIG. 17 is a view for
explaining the example of how to attach the highly thermally
conductive member according to the fifth modification.
[0120] As illustrated in FIG. 17, the highly thermally
conductive member according to the fifth modification is
separated into three highly thermally conductive members
9¢, 9n, and 9m. The highly thermally conductive members
9¢ and 9m according to the fifth modification are configured
in the same manner as the highly thermally conductive
members 9¢ and 9m according to the fourth modification,
and description thereof is therefore omitted.

[0121] The highly thermally conductive member 9r
includes the eighth highly thermally conductive member 90
and a ninth highly thermally conductive member 9p. The
eighth highly thermally conductive member 90 and the ninth
highly thermally conductive member 9p are integrally
molded. The eighth highly thermally conductive member 9o
has a substantially parallelogram-like shape when viewed
from the top. The ninth highly thermally conductive member
9p is rectangular when viewed from the top.

[0122] The shape of the highly thermally conductive
member 9¢ and the shape of the highly thermally conductive
member 97 are substantially the same when viewed from the
top.

[0123] Here, the example of how to attach the highly
thermally conductive member according to the fifth modi-
fication is described. First, as illustrated in FIG. 16, the fifth
highly thermally conductive member 9i of the highly ther-
mally conductive member 9m is joined to the side surface
21c¢ of the frame 21, and the sixth highly thermally conduc-
tive member 9j of the highly thermally conductive member
9m is joined to the side surface 21d of the frame 21, in the
same manner as in the fourth modification. In addition, the
seventh highly thermally conductive member 9% of the
highly thermally conductive member 9m is joined to the
back surface 21a of the frame 21.

[0124] Subsequently, as illustrated in FIG. 16, the ninth
highly thermally conductive member 9p of the highly ther-
mally conductive member 9» is stuck on the fifth highly
thermally conductive member 9i. Subsequently, as illus-
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trated in FIG. 16, the eighth highly thermally conductive
member 9o of the highly thermally conductive member 9r
is spirally wrapped around the cable 8.

[0125] Subsequently. as illustrated in FIG. 16, the second
highly thermally conductive member 9e of the highly ther-
mally conductive member 9c¢ is stuck on the sixth highly
thermally conductive member 9j. Subsequently, as illus-
trated in FIG. 14, the first highly thermally conductive
member 94 of the highly thermally conductive member 9c¢ is
spirally wrapped around the cable 8.

[0126] In this manner, the highly thermally conductive
members that form a double-stranded spiral are wrapped
around the cable 8 in the fifth modification.

[0127] In the fourth modification described above,
although the given example has a highly thermally conduc-
tive member composed separately of three highly thermally
conductive members 9¢, 9k, and 9m, the three highly ther-
mally conductive members 9¢, 9%, and 9m may be integrally
molded. Similarly, in the fifth modification, although the
given example has a highly thermally conductive member
composed separately of three highly thermally conductive
members 9c, 9r, and 9m, the three highly thermally con-
ductive members 9¢, 9., and 9m may be integrally molded.
[0128] The ultrasonic probe and the ultrasonic diagnosis
apparatus according to at least one of the embodiment and
the modifications that are described above are capable of
suppressing temperature increase of the tip part 2 during
transmission and reception of ultrasonic waves.

[0129] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.

What is claimed is:

1. An ultrasonic probe comprising:

a tip part including transducer elements configured to
transmit and receive ultrasound waves, electronic cir-
cuitry electrically connected to the transducer elements,
and a frame having the electronic circuitry provided
thereon;

an operation part configured to receive operations from an
operator;

a bending part including a cable electrically connected to
the electronic circuitry, the bending part being config-
ured to change an orientation of the tip part by bending
in accordance with operations performed on the opera-
tion part; and

a heat conducting part including a unitary component
extending from the tip part at least to the bending part,
the heat conducting part being in contact with the frame
in the tip part and in the close vicinity of the cable in
the bending part.

2. The ultrasonic probe according to claim 1, wherein the
heat conducting part is wrapped around the cable in the
bending part.

3. The ultrasonic probe according to claim 1, wherein the
tip part includes flexible printed circuits (FPC) serving as an
intermediate for electronic connection between the elec-
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tronic circuitry and the cable and provided in such a manner
that the FPC do not impede thermal contact between the
frame and the heat conducting part.

4. The ultrasonic probe according to claim 1, wherein

the transducer elements are located on a front surface side

of the frame, and

the heat conducting part is in contact with a back surface

side of the frame in the tip part.

5. The ultrasonic probe according to claim 4, wherein the
electronic circuitry is located on the front surface side of the
frame, and

the tip part includes a flexible printed circuit (FPC)

serving as an intermediate for electronic connection
between

the electronic circuitry and the cable and passing along

the back surface side of the frame.

6. The ultrasonic probe according to claim 1, wherein the
heat conducting part is constructed of at least one thermally
conductive sheet.

7. The ultrasonic probe according to claim 6, wherein the
thermally conductive sheet has thermal conductivity of at
least 1 W/m'k in a thickness direction thereof and has
thermal conductivity of at least 300 W/m'k in a direction
along a plane perpendicular to the thickness direction.

8. The ultrasonic probe according to claim 1, wherein the
electronic circuitry includes at least one of drive signal
generating circuitry, delay circuitry, adder circuitry, and
transmission/reception channel controlling circuitry.

9. The ultrasonic probe according to claim 1, wherein

the bending part includes angle rings configured to

deform in accordance with operations on the operation
part, and

the heat conducting part is located to the inner side of the

angle rings in the bending part.
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10. The ultrasonic probe according to claim 1, wherein

the unitary component is a sheet-like heat conducting

component, and

the heat conducting part includes the heat conducting

component in a folded state.

11. The ultrasonic probe according to claim 1, wherein the
heat conducting part is spirally wrapped around the cable in
the bending part.

12. The ultrasonic probe according to claim 1, wherein the
unitary component is constructed of a component that con-
tains carbon graphite.

13. An ultrasonic diagnosis apparatus comprising image
generation circuitry configured to generate an ultrasonic
image based on output from an ultrasonic probe comprising:

a tip part including transducer elements configured to
transmit and receive ultrasound waves, electronic cir-
cuitry electrically connected to the transducer elements,
and a frame having the electronic circuitry provided
thereon;

an operation part configured to receive operations from an
operator;

a bending part including a cable electrically connected to
the electronic circuitry, the bending part being config-
ured to change an orientation of the tip part by bending
in accordance with operations performed on the opera-
tion part; and

a heat conducting part including a unitary component
extending from the tip part at least to the bending part,
the heat conducting part being in contact with the frame
in the tip part and in the close vicinity of the cable in
the bending part.
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