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(57) ABSTRACT

An ultrasonic probe includes a housing shaped like a thin
plate and having a sensor surface as a transmitting/receiving
surface for an ultrasonic wave, and a hand part having an
axial direction, and connected to a side surface of the
housing at one end in the axial direction, the side surface
crossing the sensor surface of the housing. Thus, it is
possible to pick up the hand part to dispose the ultrasonic
probe to a desired position, and it becomes possible to check
an internal tomographic image of the object viewed from an
arbitrary direction without suspending the operation.
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FIG. 7A
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ULTRASONIC PROBE AND ULTRASONIC

APPARATUS
BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to an ultrasonic

probe, and an ultrasonic apparatus.

[0003] 2. Related Art

[0004] In the past, there has been known an ultrasonic
apparatus for imaging an internal cross-sectional structure of
an object using an ultrasonic wave (see, e.g., JP-A-2005-
28050 (Document 1)).

[0005] The ultrasonic probe described in Document 1 is an
ultrasonic probe used when checking an internal tomo-
graphic image of, for example, an organ in a living body
during an operation in the medical field. The ultrasonic
probe has a probe main body having a vibrator part disposed
in the tip part, the vibrator part being provided with an
ultrasonic vibrator, and a cable for performing signal input/
output is connected to an end of the probe main body, the
end being located on the opposite side to the vibrator part.
The cable extends toward the opposite side to the output
direction of the ultrasonic wave from the vibrator part. In the
ultrasonic probe having such a configuration, in the case in
which a practitioner obtains an internal tomographic image
of an operation object using the ultrasonic probe during, for
example, the operation, it is possible to release the cable in
a direction of getting away from the operation object when
pressing the ultrasonic probe against the surface of the
operation object.

[0006] Incidentally, in such an ultrasonic probe as
described above, the ultrasonic probe is pressed against the
operation object from above to check the internal tomo-
graphic image of the operation object. Therefore, in the case
in which the practitioner checks the internal tomographic
image of the operation object during the operation, it is
necessary to suspend the operation to perform measurement
by the ultrasonic probe and the check of the internal tomo-
graphic image, and then separate the ultrasonic probe from
the operation object to a position where the ultrasonic probe
does not interfere with the operation. Further, since the cable
extends toward the opposite side to the output direction of
the ultrasonic wave, it is unachievable 1o check the internal
tomographic image from the side or the reverse of the organ
to be the operation object.

SUMMARY

[0007] An advantage of some aspects of the invention is to
provide an ultrasonic probe and an ultrasonic apparatus each
capable of checking the internal tomographic image of an
object viewed from an arbitrary direction without suspend-
ing the operation to the object.

[0008] An ultrasonic probe according to an application
example of the invention includes a housing shaped like a
thin plate and having a transmitting/receiving surface for an
ultrasonic wave, and a hand part having an axial direction,
and connected to a side surface of the housing at one end in
the axial direction, the side surface crossing the transmitting/
receiving surface of the housing.

[0009] In this application example, the ultrasonic probe is
provided with the hand part disposed on the side surface
crossing the transmitting/receiving surface for the ultrasonic
wave of the housing shaped like a thin plate.
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[0010] 1Insuch a configuration, since the housing is shaped
like a thin plate, and the hand part is disposed on the side
surface of the housing, by holding the hand part to insert the
housing to the side or the reverse of the object, the ultrasonic
probe can be disposed at a desired position.

[0011] Thus, when performing the operation to, for
example, an organ in the living body, in the case in which the
practitioner checks the internal tomographic image of the
measurement object such as the operation object during the
operation, it becomes unnecessary to perform such a cum-
bersome operation that the operation is suspended to press
the ultrasonic probe against the surface of the measurement
object to check the internal tomographic image, and then
move the ultrasonic probe away to a position where the
ultrasonic probe does not hinder the operation to continue
the operation. In other words, in the present application
example, since the ultrasonic probe is disposed in the side or
the reverse of the measurement object while holding the
hand part, it is unnecessary to press the ultrasonic probe
against the measurement object or to remove the ultrasonic
probe from the measurement object during the operation, the
operation process can be shortened, and a prompt operation
becomes possible. Further, on this occasion, since the hand
part is connected to the side surface of the housing having
a thin plate shape, even if the housing is inserted to the side
or the reverse of the measurement object, there is no chance
for the hand part to injure the measurement object and other
organs in the living body, and to hinder the operation.
Moreover, since it is possible to press the transmitting/
receiving surface of the ultrasonic probe against the mea-
surement object at an arbitrary position using the hand part,
it is possible to check the internal tomographic image of the
measurement object from an arbitrary direction, and the
operation high in efficiency becomes possible.

[0012] In the ultrasonic probe according to the application
example, it is preferable that the hand part extends in a
direction parallel to a surface direction of the transmitting/
receiving surface.

[0013] In the application example with this configuration,
the hand part extends in a direction parallel to the surface
direction of the transmitting/receiving surface. In such a
configuration, due to the hand part, the ultrasonic probe can
easily be inserted in the desired position without the intet-
ference of the hand part with the operation object and so on.
Further, in the case of disposing the ultrasonic probe to the
reverse of the organ, and so on, if the hand part extends in
a direction crossing the transmitting/receiving surface, there
is a possibility that the hand part injures other parts and so
on. However, in the present application example, the intet-
ference of the hand part with other parts can also be
suppressed, and the ultrasonic probe can safely be disposed
at the desired position.

[0014] In the ultrasonic probe according to the application
example, it is preferable that the hand part is disposed so as
to detachably be attached to the housing.

[0015] In the application example with this configuration,
since the hand part is detachably attached to the housing, the
hand part can be detached after disposing the ultrasonic
probe at the desired position, and thus the operation is not
hindered. Thus, the more eflicient operation can be per-
formed.

[0016] In the ultrasonic probe according to the application
example, it is preferable that the hand part is provided with
a first hand part connected to the housing, and a second hand
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part connected to the first hand part so that an angle with the
first hand part can be changed.

[0017] In the application example with this configuration,
the hand part is formed of the first hand part and the second
hand part, and the second hand part is disposed so that the
angle with the first hand part can be changed. Thus, it is
possible to change the angle of the second hand part with the
first hand part to move the second hand part to a position
where the second hand part does not hinder the operation
after holding the hand part to install the ultrasonic probe in
the side or the reverse of the measurement object, and thus,
there is no chance for the hand part to hinder the operation,
and the efficient operation can be performed.

[0018] Inthe ultrasonic probe according to the application
example, it is preferable that the hand part is provided with
a cylindrical inner peripheral surface along the axial direc-
tion, and a cable to be connected to an ultrasonic sensor
disposed inside the housing is disposed in a hollow part
formed of the cylindrical inner peripheral surface.

[0019] In the application example with this configuration,
the hand part has the cylindrical inner peripheral surface,
and the cable to be connected to the ultrasonic sensor for
performing the transmission/reception of the ultrasonic
wave is disposed on the cylindrical inner peripheral surface.
In such a configuration, it is not necessary to separately
dispose the connection section of the cable to the housing,
and the simplification of the configuration can be achieved.
[0020] In the ultrasonic probe according to the application
example, it is preferable that the side surface of the housing
is a convexly curved surface.

[0021] In the application example with this configuration,
since the side surface of the housing is disposed to have the
convexly curved surface, in the case of, for example, dis-
posing the ultrasonic probe inside the living body, and so on,
the problem that the organ in the living body is injured by
a sharp angle part of the housing does not occur, and the
ultrasonic probe can safely be disposed in the living body.
[0022] Inthe ultrasonic probe according to the application
example, it is preferable that a thickness dimension along a
normal line of the transmitting/receiving surface of the
housing is no larger than 1 cm.

[0023] In the application example with this configuration,
since the thickness dimension of the housing is no larger
than 1 cm, when inserting the ultrasonic probe in the living
body, there is no chance of exerting pressure on the inside
of the living body, and the ultrasonic probe can safely be
disposed.

[0024] In the ultrasonic probe according to the application
example, it is preferable that the ultrasonic probe further
includes a plurality of ultrasonic transducers each including
a support film and a vibrator shaped like a film and adapted
to vibrate the support film, and the ultrasonic transducers are
arranged in an array along a surface direction of the trans-
mitting/receiving surface.

[0025] In the application example with this configuration,
there are provided the ultrasonic transducers each formed of
the support film and the vibrator having a thin film shape,
and the ultrasonic sensor is constituted by the ultrasonic
transducers arranged in an array along the surface direction
of the transmitting/receiving surface. In such a configura-
tion, the height reduction becomes possible compared to the
ultrasonic probe using, for example, a bulk-type piezoelec-
tric member. Therefore, it is possible to mount the ultrasonic
probe on the low-profile housing as described above, and it
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becomes possible to dispose the ultrasonic probe in the
living body without damaging the living body.

[0026] An ultrasonic apparatus according to an application
example of the invention includes the ultrasonic probe
described above, and an image forming section adapted to
form an image based on a signal output from the ultrasonic
probe.

[0027] In this application example, the image is formed by
the image forming section based on the signal from the
ultrasonic probe obtained by the transmission process of the
ultrasonic wave by the ultrasonic probe and the reception
process of the reflected ultrasonic wave. Thus, it is possible
for the practitioner to perform the operation to the object
while checking the image formed by the image forming
section.

[0028] In the ultrasonic apparatus according to the appli-
cation example, it is preferable that the ultrasonic apparatus
further includes an attitude detection section adapted to
detect an attitude of the ultrasonic probe, and the image
forming section one of rotates and flips the image in accor-
dance with the attitude of the ultrasonic probe.

[0029] In the application example with this configuration,
there is provided the attitude detection section adapted to
detect the attitude of the ultrasonic probe, and the image is
rotated or flipped in accordance with the attitude detected by
the attitude detection section.

[0030] Thus, it is possible to correct the image formed by
the image forming section to the orientation easy for the
practitioner to check irrespective of the orientation at the
time of arrangement of the ultrasonic probe, and it is
possible to assist the efficient operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The invention will be described with reference to
the accompanying drawings, wherein like numbers refer-
ence like elements.

[0032] FIG. 1 is a block diagram showing a schematic
configuration of an ultrasonic apparatus according to an
embodiment of the invention.

[0033] FIG. 2 is a perspective view showing a schematic
configuration of an ultrasonic probe in the ultrasonic appa-
ratus according to the embodiment.

[0034] FIG. 3Ais a side view of the ultrasonic probe, and
FIG. 3B is a cross-sectional view of a vicinity of a connec-
tion part of a hand part.

[0035] FIG. 4 is a plan view of an ultrasonic sensor
according to the embodiment.

[0036] FIG. 5 is a cross-sectional view in a part of the
ultrasonic sensor according to the embodiment.

[0037] FIG. 6 is a diagram showing a schematic configu-
ration of a second hand part according to the present
embodiment.

[0038] FIG. 7A is a diagram showing an ultrasonic scan
plane when disposing the ultrasonic probe on an upper
surface side with respect to a measurement object with the
hand part located on a front side, and FIG. 7B is a diagram
showing an image obtained with respect to the ultrasonic
scan plane.

[0039] FIG. 8A is a diagram showing the ultrasonic scan
plane when disposing the ultrasonic probe on a reverse
surface side with respect to the measurement object with the
hand part located on the front side, FIG. 8B is a diagram
showing an image obtained with respect to the ultrasonic
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scan plane, and FIG. 8C is a diagram showing an internal
tomographic image processed by an image forming section.

[0040] FIG. 9A is a diagram showing the ultrasonic scan
plane when disposing the ultrasonic probe on a right side
surface with respect to the measurement object with the
hand part located on the front side, FIG. 9B is a diagram
showing an image obtained with respect to the ultrasonic
scan plane, and FIG. 9C is a diagram showing an internal
tomographic image processed by the image forming section.

[0041] FIG. 10A is a diagram showing the ultrasonic scan
plane when disposing the ultrasonic probe on a left side
surface with respect to the measurement object with the
hand part located on the front side, FIG. 10B is a diagram
showing an image obtained with respect to the ultrasonic
scan plane, and FIG. 10C is a diagram showing an internal
tomographic image processed by the image forming section.

[0042] FIG. 11A is a diagram showing the ultrasonic scan
plane when disposing the ultrasonic probe on the upper
surface side with respect to the measurement object with the
hand part located on a back side, FIG. 11B is a diagram
showing an image obtained with respect to the ultrasonic
scan plane, and FIG. 11C is a diagram showing an internal
tomographic image processed by the image forming section.

[0043] FIG. 12A is a diagram showing the ultrasonic scan
plane when disposing the ultrasonic probe on the reverse
surface side with respect to the measurement object with the
hand part located on the back side, FIG. 12B is a diagram
showing an image obtained with respect to the ultrasonic
scan plane, and FIG. 12C is a diagram showing an internal
tomographic image processed by the image forming section.

[0044] FIG. 13A is a diagram showing the ultrasonic scan
plane when disposing the ultrasonic probe on the right side
surface with respect to the measurement object with the
hand part located on the back side, FIG. 13B is a diagram
showing an image obtained with respect to the ultrasonic
scan plane, and FIG. 13C is a diagram showing an internal
tomographic image processed by the image forming section.

[0045] FIG. 14A is a diagram showing the ultrasonic scan
plane when disposing the ultrasonic probe on the left side
surface with respect to the measurement object with the
hand part located on the back side, FIG. 14B is a diagram
showing an image obtained with respect to the ultrasonic
scan plane, and FIG. 14C is a diagram showing an internal
tomographic image processed by the image forming section.

[0046] FIG. 15A is a diagram showing the ultrasonic scan
plane when disposing the ultrasonic probe on the back side
with respect to the measurement object with the hand part
located on the vertically upper side, and FIG. 15B is a
diagram showing an image obtained with respect to the
ultrasonic scan plane.

[0047] FIG. 16A is a diagram showing the ultrasonic scan
plane when disposing the ultrasonic probe on the front side
with respect to the measurement object with the hand part
located on the vertically upper side, FIG. 16B is a diagram
showing an image obtained with respect to the ultrasonic
scan plane, and FIG. 16C is a diagram showing an internal
tomographic image processed by the image forming section.

[0048] FIG. 17A is a diagram showing the ultrasonic scan
plane when disposing the ultrasonic probe on the right side
surface with respect to the measurement object with the
hand part located on the vertically upper side, FIG. 17B is
a diagram showing an image obtained with respect to the
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ultrasonic scan plane, and FIG. 17C is a diagram showing an
internal tomographic image processed by the image forming
section.

[0049] FIG. 18A is a diagram showing the ultrasonic scan
plane when disposing the ultrasonic probe on the left side
surface with respect to the measurement object with the
hand part located on the vertically upper side, FIG. 18B is
a diagram showing an image obtained with respect to the
ultrasonic scan plane, and FIG. 18C is a diagram showing an
internal tomographic image processed by the image forming
section.

DESCRIPTION OF AN EXEMPLARY
EMBODIMENT

[0050] An embodiment of the invention will hereinafter be
described with reference to the accompanying drawings.

Schematic Configuration of Ultrasonic Apparatus 1

[0051] FIG. 1 is a block diagram showing a schematic
configuration of an ultrasonic apparatus 1 according to the
present embodiment.

[0052] As shown in FIG. 1, the ultrasonic apparatus 1
according to the present embodiment is provided with an
ultrasonic probe 2, and a control device 10 electrically
connected to the ultrasonic probe 2 via a cable 3 (see FIGS.
3A and 3B).

[0053] The ultrasonic apparatus 1 transmits an ultrasonic
wave from the ultrasonic probe 2 to the inside of a living
body with the ultrasonic probe 2 having contact with a
surface of a part (e.g., an organ) of a measurement object in
the living body. Further, the ultrasonic apparatus 1 receives
the ultrasonic wave reflected by the part of the living body
using the ultrasonic probe 2, and then obtains, for example,
an internal tomographic image in the living body based on
the received signal. The ultrasonic apparatus 1 is mainly
used by a practitioner for checking the internal tomographic
image of the measurement object (an operation object and a
part in the vicinity of the operation object) when the prac-
titioner performs an operation taking the part in the living
body as the operation object in a medical institution or the
like.

Configuration of Ultrasonic Probe 2

[0054] FIG. 2 is a perspective view showing a schematic
configuration of the ultrasonic probe in the ultrasonic appa-
ratus according to the embodiment. FIG. 3A is a side view
of the ultrasonic probe, and FIG. 3B is a cross-sectional view
of a vicinity of a connection part of a hand part 24.

[0055] As shown in FIG. 2, and FIGS. 3A and 3B, the
ultrasonic probe 2 is configured including a housing 21, an
ultrasonic sensor 22, an attitude detection sensor 23 (see
FIG. 1), and the hand part 24.

[0056] As shown in FIG. 2, the housing 21 is configured
s0 as to have a thin box-like shape, and is formed to have a
thickness dimension equal to or smaller than 1 cm. A surface
perpendicular to the thickness direction of the housing 21
constitutes a sensor surface 21A (a transmitting/receiving
surface). The sensor surface 21A is provided with a sensor
window 21B, and a part (an acoustic lens 44) of the
ultrasonic sensor 22 is exposed from the sensor window
21B. Further, a side surface 21C adjacent to the sensor
surface 21A of the housing 21 is configured to be a convexly
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curved surface, and suppresses damage to the living body
when touching the living body.

[0057] Further, the hand part 24 is disposed in a part of the
side surface 21C of the housing 21. The detailed explanation
of the hand part 24 will be described later.

Configuration of Ultrasonic Sensor 22

[0058] The ultrasonic sensor 22 is disposed on the sensor
surface 21A side in the inside of the housing 21.

[0059] FIG. 4 is a plan view of the ultrasonic sensor 22,
and FIG. 5 is a cross-sectional view (a cross-sectional view
as a cutting surface along the line B-B shown in FIG. 4) of
a part of the ultrasonic sensor 22.

[0060] As shown in FIG. 5, the ultrasonic sensor 22 is
provided with an element substrate 41, a sealing plate 42, an
acoustic matching layer 43, the acoustic lens 44, and a
wiring board 45.

[0061] The element substrate 41 is provided with a sub-
strate main body part 411, a support film 412 stacked on the
substrate main body part 411, and piezoelectric elements
413 (vibrators) stacked on the support film 412.

[0062] The element substrate 41 is provided with an array
region Arl disposed in a central part of the substrate in a
planar view viewed from the thickness direction. The array
region Arl is provided with a plurality of ultrasonic trans-
ducers 51 arranged in an array to constitute an ultrasonic
transducer array 50. Further, outside the array region Arl of
the element substrate 41, there are disposed terminal regions
Ar2 to which electrode lines connected to the respective
ultrasonic transducers 51 are extracted.

[0063] The substrate main body part 411 is, for example,
a semiconductor substrate made of, for example, Si. Inside
the array region Arl of the substrate main body part 411,
there are disposed opening parts 411A corresponding respec-
tively to the ultrasonic transducers 51. Further, on one
surface of the substrate main body part 411, there is disposed
the support film 412, and each of the opening parts 411A is
blocked by the support films 412.

[0064] The support film 412 is formed of, for example,
SiO2 or a laminated body of SiO2 and ZrO2, and blocks one
ends of the opening parts 411A as described above.

[0065] The piezoelectric elements 413 are disposed on the
support film 412 for blocking each of the opening parts
411A, and are each formed of a laminated body of a lower
part electrode 414, a piezoelectric film 415, and an upper
part electrode 416. Here, the support film 412 and a piezo-
electric element 413 constitute the ultrasonic transducer 51
according to the invention.

[0066] In such an ultrasonic transducer 51, by applying a
rectangular-wave voltage having a predetermined frequency
between the lower part electrode 414 and the upper part
electrode 416, it is possible to vibrate the support film 412
in an opening region of each of the opening parts 411A to
transmit the ultrasonic wave. Further, when the support film
412 is vibrated due to a reflected ultrasonic wave, a potential
difference is generated between an upper part and a lower
part of the piezoelectric film 415, and it becomes possible to
detect the ultrasonic wave thus received by detecting the
potential difference generated between the lower part elec-
trode 414 and the upper part electrode 416.

[0067] Further, in the present embodiment, as shown in
FIG. 4, a plurality of such ultrasonic transducers 51 as
described above is arranged in the array region Arl of the
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element substrate 41 along an X direction (a first direction)
and a Y direction (a second direction) perpendicular to the
X direction.

[0068] Here, the lower part electrodes 414 are each formed
to have a straight-line shape along the X direction, and are
each disposed straddling the plurality of ultrasonic trans-
ducers 51 arranged along the X-direction. Further, an end
part of each of the lower part electrodes 414 extends to the
terminal region Ar2, and is electrically connected to the
wiring substrate 45 in the terminal region Ar2.

[0069] On the other hand, the upper part electrode 416 is
provided with first upper part electrodes 416 A each disposed
straddling the plurality of ultrasonic transducers 51 arranged
side by side along the Y direction, and second upper part
electrodes 416B each connecting end parts of the first upper
part electrodes 416A to each other. An end part of each of the
second upper part electrodes 416B extends to the terminal
region Ar2, and is electrically connected to the wiring
substrate 45 in the terminal region Ar2.

[0070] In such an ultrasonic transducer array 50 as
described above, there is formed a one-dimensional array
structure in which the ultrasonic transducers 51 connected
by the lower part electrode 414 to each other and arranged
in the X direction constitute one ultrasonic transducer group
51A, and the plurality of ultrasonic transducer groups 51A
1s arranged along the Y direction.

[0071] The sealing plate 42 is disposed for reinforcing the
strength of the element substrate 41, and is formed of a metal
plate made of, for example, 42 alloy, a semiconductor
substrate, or the like, and is bonded to the element substrate
41. The material and the thickness of the sealing plate 42
affect the frequency characteristics of the ultrasonic trans-
ducer 51, and are therefore preferably set based on the
central frequency of the ultrasonic wave transmitted/re-
ceived by the ultrasonic transducer 51.

[0072] Further, the sealing plate 42 is provided with
concave grooves 421 disposed at positions overlapping the
opening parts 411A of the element substrate 41 in a planar
view, respectively. The concave grooves 421 are provided
for suppressing the influence of a back wave of the ultra-
sonic wave generated by the vibration of the support film
412. In other words, each of the concave grooves 421
suppresses the problem (cross talk) that the back wave
generated in one ultrasonic transducer 51 is input to another
ultrasonic transducer 51 adjacent to the one ultrasonic
transducer 51. Further, the groove depth of the concave
grooves 421 is set to an odd multiple of a quarter (A/4) of the
wavelength . of the ultrasonic wave. Thus, when the back
wave reflected by the sealing plate 42 is input again to the
ultrasonic transducer 51, the phase shift with the ultrasonic
wave emitted from the ultrasonic transducer 51 toward the
living body side (the opposite side to the sealing plate 42) is
suppressed to suppress the attenuation of the ultrasonic
wave.

[0073] As shown in FIG. 5, the acoustic matching layer 43
is disposed on a surface of the element substrate 41, the
surface being located on the opposite side to the sealing plate
42. Specifically, the acoustic matching layer 43 is formed so
as to fill the opening parts 411A of the element substrate 41,
and to have a predetermined thickness dimension from the
surface of the substrate main body part 411.
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[0074] The acoustic lens 44 is disposed on the acoustic
matching layer 43, and as shown in FIG. 2. and FIGS. 3A
and 3B, exposed to the outside from the sensor window 21B
of the housing 21.

[0075] The acoustic matching layer 43 and the acoustic
lens 44 efliciently propagate the ultrasonic wave emitted
from the ultrasonic transducer 51 to the living body as the
measurement object, and further propagate the ultrasonic
wave, which has been reflected in the living body, to the
ultrasonic transducer 51 with efficiency. Therefore, the
acoustic matching layer 43 and the acoustic lens 44 set to
have an acoustic impedance intermediate between the acous-
tic impedance of the ultrasonic transducer 51 of the element
substrate 41 and the acoustic impedance of the living body.
[0076] The wiring board 45 is a board to which the
element substrate 41 and the sealing plate 42 are fixed, and
has a terminal part (not shown) to be connected to the
electrode lines (the lower part electrodes 414, the upper part
electrode 416) extracted to the terminal region Ar2 of the
element substrate 41. As the connection between the elec-
trode lines and the terminal part, there can be cited connec-
tion using, for example, flexible printed circuits (FPC), or
through electrodes disposed so as to penetrate the sealing
plate 42.

[0077] Further, the wiring board 45 is provided with a
driver circuit for driving each of the ultrasonic transducers
of the ultrasonic transducer array 50, and so on. Specifically,
as shown in FIG. 1, the wiring board 45 is provided with a
selection circuit 451, a transmission circuit 452, a reception
circuit 453, an attitude detection circuit 454, and so on.
[0078] It should be noted that in the present embodiment,
the upper part electrode 416 is common to the ultrasonic
transducers 51. Therefore, in the present embodiment, in the
wiring board 45, the terminal part connected to the upper
part electrode 416 is connected to, for example, a ground
circuit, and is set to a predetermined common potential (e.g.,
Zero potential).

[0079] The selection circuit 451 switches between trans-
mission connection of connecting the ultrasonic sensor 22
and the transmission circuit 452 to each other, and reception
connection of connecting the ultrasonic sensor 22 and the
reception circuit 453 to each other based on the control of
the control device 10.

[0080] The transmission circuit 452 outputs a transmission
signal, which represents that the ultrasonic sensor 22 is made
to transmit the ultrasonic wave, via the selection circuit 451
when switching to the transmission connection is performed
due to the control of the control device 10.

[0081] The reception circuit 453 outputs a reception sig-
nal, which is input from the ultrasonic sensor 22, to the
control device 10 via the selection circuit 451 when switch-
ing to the reception connection is performed due to the
control of the control device 10. The reception circuit 453 is
configured including, for example, a low-noise amplifier
circuit, a voltage-controlled attenuator, a programmable-
gain amplifier, a low-pass filter, and an A/D converter, and
performs a variety of signal processing such as conversion
of the reception signal to a digital signal, elimination of a
noise component, and amplification to a desired signal level,
and then outputs the reception signal thus processed to the
control device 10.

[0082] The attitude detection circuit 454 is connected to
the attitude detection sensor 23, and performs drive control
of the attitude detection sensor 23 and attitude detection of
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the ultrasonic probe 2 (detection of the position and the
orientation of the sensor surface 21A). In other words, the
attitude detection circuit 454 constitutes an attitude detection
section according to the invention together with the attitude
detection sensor 23. Further, the attitude detection circuit
454 outputs the attitude (an attitude detection signal) of the
ultrasonic probe 2 thus detected to the control device 10.

Configuration of Attitude Detection Sensor 23

[0083] The attitude detection sensor 23 is disposed inside
the housing 21, and constitutes an attitude detection section
according to the invention together with the attitude detec-
tion circuit 454. The attitude detection sensor 23 is formed
of, for example, a gyro sensor or an acceleration sensor, and
detects the attitude (the direction to which the sensor surface
21A faces) of the ultrasonic probe 2.

[0084] Further, the attitude detection sensor 23 is con-
nected to the attitude detection circuit 454 of the wiring
board 45, and the attitude (the attitude detection signal) of
the ultrasonic probe 2 thus detected is transmitted from the
attitude detection circuit 454 to the control device 10.

Configuration of Hand Part 24

[0085] As shown in FIG. 2, and FIGS. 3A and 3B, the
hand part 24 is connected to the side surface 21C of the
housing 21.

[0086] The hand part 24 is provided with a first hand part
241 connected to the side surface 21C of the housing 21, and
a second hand part 242 connected to the first hand part 241
via a connection part 243.

[0087] The first hand part 241 is a shaft member having an
axial direction parallel to the sensor surface 21A as the
transmitting/receiving surface for the ultrasonic wave of the
housing 21. The first hand part 241 is formed to have a
cylindrical shape, and a hollow shape is formed inside due
to the cylindrical inner peripheral surface. The cable 3 is
inserted into the hollow shaft core part formed by the
cylindrical inner peripheral surface.

[0088] More specifically, the side surface 21C of the
housing 21 is provided with a through hole 21D (see FIG.
3B) for the cable 3, and the cable 3 for connecting the wiring
board 45 of the ultrasonic sensor 22 and the control device
10 to each other is drawn through the through hole 21D. It
should be noted that a gap between the through hole 21D and
the cable 3 is provided with a waterproof member 21E such
as a packing member or resin. Further, the first hand part 241
is connected to the side surface 21C of the housing 21 so as
to be coaxial with the through hole 21D.

[0089] The first hand part 241 is detachably attached to the
side surface 21C so that the hollow part having a cylindrical
inner periphery becomes coaxial with the through hole 21D.
The method of fixing the first hand part 241 to the side
surface 21C is not particularly limited, as shown in, for
example, FIG. 3B, there can be cited a configuration in
which an engaging claw 241A disposed at one end of the
first hand part 241 is made to engage a locking part 21F
provided to the side surface 21C, and so on.

[0090] Further, by disposing the engaging claw 241A and
the locking part 21F so as to have a ring-like shape coaxial
with the first hand part 241 (the through hole 21D), it is also
possible to obtain a configuration in which the first hand part
241 can rotate around the shaft core.
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[0091] A second hand part 242 is formed to have a hollow
shape inside (cylindrical inner periphery) similarly to the
first hand part 241, and is connected to the first hand part 241
via the connection part 243. Further, the second hand part
242 can also be disposed so as to detachably be attached to
the connection part 243.

[0092] As a configuration of attaching and detaching the
second hand part 242, the configuration shown in FIG. 6, for
example, can be cited. FIG. 6 is a diagram showing a
schematic configuration of the second hand part 242.
[0093] Specifically, the second hand part 242 is provided
with a plurality of (e.g., two) partial hand parts 242A each
elongated along the axial direction and having a U cross-
sectional shape. These partial hand parts 242A are each
provided with an engaging part 242B and an engaging
groove 242C disposed on the outer peripheral surface, and
are coupled to each other by engaging these engaging parts
242B and the engaging grooves 242C with each other, and
can be decoupled by releasing the engagement. It should be
noted that it is also possible to dispose a plurality of
engaging parts 242B and engaging grooves 242C.

[0094] Further, the configuration of attaching and detach-
ing the second hand part 242 is not limited to the above. In
the case in which there is adopted a configuration in which
the second hand part 242 is detachably attached to the
connection part 243 it is also possible to adopt a configu-
ration of, for example, sliding the second hand part 242
along the cable 3 inserted on the shaft core in a direction of
getting away from the connection part 243 to detach the
second hand part 242.

[0095] The connection part 243 is formed of, for example,
flexible resin, and as shown in FIG. 2, connects the first hand
part 241 and the second hand part 242 to each other so that
the angle between the first hand part 241 and the second
hand part 242 can be changed. The connection part 243 has
a hollow shape through which the cable 3 is inserted
similarly to the first hand part 241 and the second hand part
242.

[0096] It should be noted that in FIG. 2, although the
example in which the connection part 243 is formed of the
flexible tube is illustrated as the connection part 243, the
connection part 243 is not limited to this configuration. For
example, it is also possible to adopt a configuration in which
by further providing a ratchet mechanism and so on, the
angle of the second hand part 242 to the first hand part 241
can be kept at a predetermined angle. On this occasion, in
the case in which there is adopted a configuration in which
the first hand part 241 can rotate around the shaft core as
described above, the axial direction of the second hand part
242 can arbitrarily be changed to an arbitrary direction.
[0097] Further, the connection part 243 can be provided
with a configuration in which the connection part 243 is
detachably attached to the first hand part 241 and the second
hand part 242. On this occasion, it becomes possible to
replace the connection part 243 with one different in elastic
coeflicient in accordance with, for example, the measure-
ment object, and it becomes possible to more efliciently
install the ultrasonic probe 2.

Configuration of Control Device 10

[0098] As shown in FIG. 1, the control device 10 is
configured including, for example, an operation section 11,
a display section 12, a storage section 13, and an arithmetic
section 14. As the control device 10, there can be used a
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terminal device such as a tablet terminal, a smartphone, or
a personal computer, and the control device 10 can also be
a dedicated terminal device for operating the ultrasonic
probe 2.

[0099] The operation section 11 is a user interface (UT) for
the user to operate the ultrasonic apparatus 1, and can be
formed of, for example, a touch panel or operation buttons
disposed on the display section 12, a keyboard, or a mouse.
[0100] The display device 12 is formed of, for example, a
liquid crystal display, and displays an image.

[0101] The storage section 13 stores a variety of programs
and a variety of data for controlling the ultrasonic apparatus
1.

[0102] The arithmetic section 14 is formed of an arithme-
tic circuit such as a central processing unit (CPU), and a
storage circuit such as a memory. Further, the arithmetic
section 14 reads and executes the variety of programs stored
in the storage section 13 to thereby function as an ultrasonic
controller 141 and an image forming unit 142.

[0103] The ultrasonic controller 141 controls the ultra-
sonic sensor 22 to perform control of transmission/reception
of the ultrasonic wave by the ultrasonic sensor 22. Specifi-
cally, the ultrasonic controller 141 outputs a drive signal to
the lower part electrode 414 of each of the ultrasonic
transducer groups 51A to drive the ultrasonic transducer
groups 51A. On this occasion, by delaying the drive signal
input to each of the ultrasonic transducer groups 51A, it
becomes possible to control the transmission direction of the
ultrasonic wave. Thus, as shown in FIG. 2, it becomes
possible to transmit the ultrasonic wave to the inside of the
ultrasonic scan plane A, which has a fan-like shape, includes
a direction (the Y direction) in which the ultrasonic trans-
ducer groups 51A arranged in the ultrasonic sensor 22, and
is perpendicular to the sensor surface 21A. Further, by
receiving the ultrasonic wave, which has been reflected by
the measurement object located on the ultrasonic scan plane
A, in the ultrasonic sensor 22, it is possible to detect the
position (a boundary part where a difference occurs in the
acoustic impedance) where the ultrasonic wave has been
reflected in the ultrasonic scan plane A.

[0104] The image forming unit 142 is an image formation
section according to the invention, and forms an image
(internal tomographic image in the living body) based on the
reception signal of the ultrasonic wave having been pro-
cessed by the reception circuit 453, and then makes the
display section 12 display the image.

[0105] On this occasion, the image forming unit 142
reverses or rotates the image thus generated based on the
attitude (the attitude detection signal based on the orienta-
tion of the sensor surface 21A and so on) of the ultrasonic
probe 2 detected by the attitude detection sensor 23 and the
attitude detection circuit 454.

Ultrasonic  Measurement Method Using Ultrasonic
Apparatus 1
[0106] The measurement method of the measurement

object using the ultrasonic apparatus 1 described above will
hereinafter be described.

[0107] As described above, the ultrasonic apparatus 1
according to the embodiment is used for observing the
internal tomographic image of the measurement object (an
operation object and a part in the periphery of the operation
object) when, for example, performing the operation to the
operation object inside the living body.
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[0108] Specifically, in the case in which the practitioner
observes the internal tomographic image with respect to the
measurement object inside the living body, the practitioner
(or an operator of the ultrasonic apparatus 1) picks up the
hand part 24 and then inserts the ultrasonic probe 2 to the
side or the reverse of the measurement object. Then, the
practitioner or the operator drives the ultrasonic apparatus 1.
Thus, the ultrasonic controller 141 performs the transmis-
sion/reception process of the ultrasonic wave using the
ultrasonic sensor 22. Further, the image forming unit 142
forms the internal tomographic image based on the ultra-
sonic wave thus received, and then makes the display section
12 display the internal tomographic image.

[0109] On this occasion, the image forming unit 142
processes the image thus formed based on the attitude of the
ultrasonic probe 2 detected by the attitude detection sensor
23.

[0110] FIG. 7A is a diagram showing the ultrasonic scan
plane A when pressing the ultrasonic probe 2 against the
measurement object from the upper surface side, and FIG.
7B is a diagram showing an image obtained from the
ultrasonic probe 2.

[0111] In the present embodiment, the image forming unit
142 determines the attitude, which is detected by the attitude
detection sensor 23 when pressing the ultrasonic probe 2
against the upper surface of the measurement object with the
hand part 24 located on the practitioner side (front side) as
shown in FIG. 7A, as an attitude in a positive direction. In
this case, the image forming unit 142 makes the display
section 12 display the image (the internal tomographic
image) of the ultrasonic scan plane A based on the received
ultrasonic wave obtained by the ultrasonic probe 2 without
reversing or rotating the image.

[0112] FIGS. 8A through 8C, FIGS. 9A through 9C, and
FIGS. 10A through 10C are diagrams showing the attitude
of the ultrasonic probe, the image obtained, and the image
processed by the image forming unit 142, respectively, when
observing the image of the tomographic plane (the ultrasonic
scan plane A) the same as in FIG. 7A with the ultrasonic
probe 2 disposed on the side and the reverse with the hand
part 24 located on the practitioner side (the front side).
[0113] As shown in FIG. 8A, if the ultrasonic probe 2 is
disposed on the reverse of the measurement object with the
hand part 24 located on the front side, the attitude detection
sensor 23 and the attitude detection circuit 454 detect the
attitude of the ultrasonic probe 2, and then output the result
to the control device 10. On the other hand, from the
ultrasonic probe 2, there is input the ultrasonic received
signal corresponding to the image shown in FIG. 8B. In this
case, the image forming unit 142 performs a 180-degree
rotation process (or a vertically/horizontally flipping pro-
cess) on the image (FIG. 8B) generated based on the
ultrasonic received signal. Thus, as shown in FIG. 8C, it
becomes possible to display the same internal tomographic
image as in the case of pressing the ultrasonic probe 2
against the measurement object from the upper surface as
shown in FIGS. 7A and 7B.

[0114] Roughly the same is also applies to such a case as
shown in FIG. 9A through 9C and FIGS. 10A through 10C,
in the case of, for example, FIGS. 9A through 9C, if the
ultrasonic probe 2 is disposed on the right side of the
measurement object with the hand part 24 located on the
front side, the attitude detection sensor 23 and the attitude
detection circuit 454 detect the attitude of the ultrasonic
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probe 2, and then output the result to the control device 10.
In this case, the image forming unit 142 performs a rotation
process clockwise as much as 90 degrees on the image (FIG.
9B) generated based on the ultrasonic received signal.
[0115] Further, in the case of FIGS. 10A through 10C, the
attitude detection sensor 23 and the attitude detection circuit
454 detect the fact that the ultrasonic probe 2 is disposed on
the left side of the measurement object with the hand part 24
located on the front side, and then output the result to the
control device 10. In this case, the image forming unit 142
performs a rotation process counterclockwise as much as 90
degrees on the image (FIG. 10B) generated based on the
ultrasonic received signal.

[0116] Thus, as shown in FIG. 9C and FIG. 10C, it
becomes possible to display the same internal tomographic
image (FIG. 7B) as in the case of pressing the ultrasonic
probe 2 against the measurement object from the upper
surface.

[0117] Further, although the above is the example in which
the hand part 24 is disposed on the practitioner side (the
front side), if the hand part 24 is disposed on the front side,
the operation of the practitioner is hindered in some cases.
[0118] In such a case, it is sufficient to dispose the hand
part 24 on the back side opposite to the practitioner side as
shown in FIGS. 11A through 11C, FIGS. 12A through 12C,
FIGS. 13A through 13C, and FIGS. 14A through 14C.
[0119] Here, in the example shown in FIGS. 11A through
11C, the attitude detection sensor 23 and the attitude detec-
tion circuit 454 detect the fact that the ultrasonic probe 2 is
disposed on the upper surface of the measurement object
with the hand part 24 located on the back side, and then
output the result to the control device 10. In this case, the
image forming unit 142 performs a horizontally flipping
process on the image (FIG. 11B) generated based on the
ultrasonic received signal.

[0120] In the example shown in FIGS. 12A through 12C,
the attitude detection sensor 23 and the attitude detection
circuit 454 detect the fact that the ultrasonic probe 2 is
disposed on the reverse surface of the measurement object
with the hand part 24 located on the back side, and then
output the result to the control device 10. In this case, the
image forming unit 142 performs a 180-degree rotation
process and the horizontally flipping process (or a vertically
flipping process) on the image (FIG. 12B) generated based
on the ultrasonic received signal.

[0121] In the example shown in FIGS. 13A through 13C,
the attitude detection sensor 23 and the attitude detection
circuit 454 detect the fact that the ultrasonic probe 2 is
disposed on the right side of the measurement object with
the hand part 24 located on the back side, and then output the
result to the control device 10. In this case, the image
forming unit 142 performs a 90-degree counterclockwise
rotation process and the horizontally flipping process (or a
90-degree clockwise rotation process and the vertically
flipping process) on the image (FIG. 13B) generated based
on the ultrasonic received signal.

[0122] In the case of FIGS. 14A through 14C, the attitude
detection sensor 23 and the attitude detection circuit 454
detect the fact that the ultrasonic probe 2 is disposed on the
left surface of the measurement object with the hand part 24
located on the back side, and then output the result to the
control device 10. In this case, the image forming unit 142
performs a 90-degree clockwise rotation process and the
horizontally flipping process (or the 90-degree counter-



US 2017/0027543 Al

clockwise rotation process and the vertically flipping pro-
cess) on the image (FIG. 14B) generated based on the
ultrasonic received signal.

[0123] According to the above, as shown in FIG. 11C,
FIG. 12C, FIG. 13C, and FIG. 14C, it becomes possible to
display substantially the same image as the internal tomo-
graphic image shown in FIG. 7B.

[0124] In other words, it becomes possible to dispose the
ultrasonic probe 2 so that the hand part 24 is located at a
position where the hand part 24 does not interfere with the
operation of the practitioner, and at the same time, it
becomes possible to display the internal tomographic image
of the measurement object viewed from the practitioner
wherever the hand part 24 is located.

[0125] Incidentally, in the examples shown in FIGS. 7A,
7B, FIGS. 8 A through 8C, FIGS. 9A through 9C, FIGS. 10A
through 10C, FIGS. 11A through 11C, FIGS. 12A through
12C, FIGS. 13 A through 13C, and FIGS. 14A through 14C,
the ultrasonic probe 2 is disposed so that the hand part 24 is
located on the front side or the back side of the practitioner
to thereby set the ultrasonic scan plane A on the measure-
ment cross section, for example, disposed along a roughly
vertical direction and opposed to the practitioner. However,
by arbitrarily setting the position of the hand part 24, the
internal tomographic image in an arbitrary ultrasonic scan
plane A can be obtained. For example, by locating the hand
part 24 on the left side (or the right side) viewed from the
practitioner, the ultrasonic scan plane A can be set in the
direction of a plane disposed along a roughly vertical
direction and perpendicular to the measurement cross sec-
tion shown in FIG. 7A, FIG. 8A, FIG. 9A, FIG. 10A, FIG.
11A, FIG. 12A, FIG. 13A, and FIG. 14A.

[0126] Further, in the case in which the hand part 24 is
located on the roughly vertically upper side of the housing
21 (in the case of, for example, holding the hand part 24 to
insert the ultrasonic probe 2 to the side of the measurement
object from the vertically upper side), the internal tomo-
graphic image in a roughly horizontal direction of the
measurement object can be obtained.

[0127] FIG. 15A, FIG. 16A, FIG. 17A, and FIG. 18A are
arrangement examples of the ultrasonic probe 2 in the case
of obtaining the internal tomographic image in the horizon-
tal direction.

[0128] FIG. 15A shows the ultrasonic scan plane A when
disposing the ultrasonic probe 2 to the opposite side (the
back side) across the measurement object from the practi-
tioner, and in this case, as shown in FIG. 15B, an image easy
for the practitioner to check can be obtained from the
received signal from the ultrasonic probe 2. Specifically, in
this case, the image forming unit 142 makes the display
section 12 display the image (the internal tomographic
image) of the ultrasonic scan plane A based on the received
ultrasonic wave obtained by the ultrasonic probe 2 without
reversing or rotating the image.

[0129] In contrast, in the example shown in FIGS. 16A
through 16C, the attitude detection sensor 23 and the attitude
detection circuit 454 detect the fact that the ultrasonic probe
2 is disposed on the back side of the measurement object
with the hand part 24 located on the vertically upper side,
and then output the result to the control device 10. In this
case, the image forming unit 142 performs the 180-degree
rotation process (or the vertically/horizontally flipping pro-
cess) on the image (FIG. 16B) generated based on the
ultrasonic received signal.
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[0130] 1In the example shown in FIGS. 17A through 17C,
the attitude detection sensor 23 and the attitude detection
circuit 454 detect the fact that the ultrasonic probe 2 is
disposed on the right side surface of the measurement object
with the hand part 24 located on the vertically upper side,
and then output the result to the control device 10. In this
case, the image forming unit 142 performs the 90-degree
clockwise rotation process on the image (FIG. 17B) genet-
ated based on the ultrasonic received signal.

[0131] In the example shown in FIGS. 18A through 18C,
the attitude detection sensor 23 and the attitude detection
circuit 454 detect the fact that the ultrasonic probe 2 is
disposed on the left side surface of the measurement object
with the hand part 24 located on the vertically upper side,
and then output the result to the control device 10. In this
case, the image forming unit 142 performs the 90-degree
counterclockwise rotation process on the image (FIG. 18B)
generated based on the ultrasonic received signal.

[0132] According to the above, as shown in FIG. 16C,
FIG. 17C, and FIG. 18C, it becomes possible to display
substantially the same image as the internal tomographic
image shown in FIG. 15B.

[0133] In other words, it becomes possible to dispose the
ultrasonic probe 2 so that the hand part 24 is located at a
position where the hand part 24 does not interfere with the
operation of the practitioner, and at the same time, it
becomes possible to display the internal tomographic image
of the measurement object viewed from the practitioner
wherever the hand part 24 is located.

[0134] Further, in the ultrasonic apparatus 1 according to
the present embodiment, the practitioner or the operator is
not required to take off the ultrasonic probe 2 after the
arrangement of the ultrasonic probe 2 described above and
the display of the internal tomographic image of the mea-
surement object. That is, in the present embodiment, since
the housing 21 of the ultrasonic probe 2 is disposed on the
reverse or the side of the measurement object, the housing
21 does not hinder the operation. Further, the hand part 24
can also be moved toward the direction so as not hinder the
operation. Therefore, it is possible to keep disposing the
ultrasonic probe 2 without moving during the period in
which the practitioner is performing the operation on the
operation object, and thus it is possible to check the internal
tomographic image of the measurement object using the
ultrasonic apparatus 1 even during the operation.

[0135] Further, during the operation, it becomes possible
to, for example, operate the hand part 24 to fine tune the
position of the ultrasonic probe 2, and thus, it becomes
possible to perform the operation high in efliciency.

Functions and Advantages of Present Embodiment

[0136] In the ultrasonic apparatus 1 according to the
present embodiment, the ultrasonic probe 2 is provided with
the housing 21 having a thin plate shape incorporating the
ultrasonic sensor 22, and the hand part 24 connected to the
side surface 21C crossing the sensor surface 21A of the
housing 21.

[0137] Therefore, in the state in which the operator picks
up the hand part 24 and then inserts the ultrasonic probe 2
in the side or the reverse of the measurement object, the
ultrasonic measurement (checking of the internal tomo-
graphic image) on the measurement object can be per-
formed. Thus, in the living body operation, when the prac-
titioner checks the internal tomographic image of the
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measurement object during the operation, an operation of
suspending the operation to make the ultrasonic probe have
contact with the measurement object, and so on become
unnecessary, and the internal tomographic image of the
measurement object can easily be checked. In particular in
an operation to excise a liver tumor or the like, it is necessary
to pay the closest attention not to cut an arterial vessel, and
in the past, the check by the ultrasonic probe and the
operation are performed alternately, or the like, which
degrades the efliciency of the operation. In contrast, in the
present embodiment, by disposing the ultrasonic probe 2 in
the reverse or the side of the liver, the internal tomographic
image of the liver can be checked with the ultrasonic wave
anytime during the operation, and therefore, the efficiency of
the operation can dramatically be improved.

[0138] In the ultrasonic probe 2 according to the present
embodiment, the axial direction of the hand part 24 extends
in a direction parallel to the plane direction of the sensor
plane 21A from the side surface 21C of the housing 21.
Therefore, when inserting the ultrasonic probe 2 into the
reverse or the side of the measurement object, the problem
that the hand part 24 exerts pressure on the part such as an
organ as the measurement object and the periphery of the
part, and so on do not arise, and the ultrasonic probe 2 can
safely be disposed at a desired position.

[0139] The hand part 24 of the present embodiment is
provided with the first hand part 241 and the second hand
part 242, and the first hand part 241 is detachably attached
to the housing 21.

[0140] Therefore, in the case in which the ultrasonic probe
2 is inserted to the side or the reverse of the measurement
object, and then the hand part 24 hinders the operation, the
first hand part 241 can be detached from the housing 21, and
thus, an improvement in efficiency of the operation can be
achieved.

[0141] Since the first hand part 241 is detachably attached
to the housing 21, the first hand part 241 can arbitrarily be
replaced with one different in axial length in accordance
with the operation object. Further, cleansing of the gap
between the first hand part 241 and the housing 21 can
appropriately be performed.

[0142] Further, in the present embodiment, since the sec-
ond hand part 242 is arranged to be changed in the angle
with respect to the first hand part 241, in the case of, for
example, disposing the ultrasonic probe 2 in the reverse of
the measurement object, the efficiency of the insertion
operation of the ultrasonic probe 2 is improved. Further,
after grounding the ultrasonic probe 2, by changing the angle
of the second hand part 242 to the first hand part 241, it is
possible to move the second hand part 242 to the position
where the second hand part 242 does not hinder the opera-
tion, and does not exert pressure on the part such as an organ.

[0143] Further, since the second hand part 242 is detach-
ably attached to the connection part 243 for connecting the
first hand part 241 and the second hand part 242 to each
other, in the case in which the second hand part is an
obstacle, the second hand part 242 can be detached.

[0144] Further, since the second hand part 242 is consti-
tuted by engaging the engaging parts 242B and the engaging
grooves 242C of the pair of partial hand parts 242A with
each other, by releasing the engagement state, the second
hand part 242 can easily be detached. Further, when moving
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the ultrasonic probe 2, by engaging the engaging parts 242B
and the engaging grooves 242C with each other, attachment
can easily be achieved.

[0145] Further, the first hand part 241 can also be disposed
so as to be rotatable with respect to the housing 21. In this
case, even in the case in which a ratchet mechanism or the
like is provided to the connection part 243 of the first hand
part 241 and the second hand part 242, and the angle change
is limited to a predetermined plane, by rotating the first hand
part 241, the axial direction of the second hand part 242 can
be moved to a desired direction.

[0146] In the present embodiment, the first hand part 241,
the second hand part 242, and the connection part 243 are
each formed to have the cylindrical internal surface, and are
each provided with a hollow shaft core part, the cable 3 is
inserted along the shaft core. Therefore, it is not necessary
to separately extract the cable 3 from the housing 21. In
other words, in the case of adopting the configuration of
separately extracting the cable 3 from the housing 21, there
is a possibility that the cable 3 hinders the operation.
However, in the present embodiment, since the cable 3
passes through the center axis of the hand part 24 and is then
extracted to the outside, there is no chance for the cable 3 to
hinder the operation.

[0147] In the ultrasonic probe 2 according to the embodi-
ment, the side surface 21C of the housing 21 has the
convexly curved surface. Therefore, when inserting the
ultrasonic probe 2 inside the living body, or after the
insertion, the risk that the part in the living body is injured
by an angular part of the housing 21 can be avoided, and
thus, the ultrasonic probe 2 can safely be installed.

[0148] Further, since the thickness dimension of the hous-
ing 21 is no larger than 1 cm, even if the ultrasonic probe 2
is inserted in the living body, there is no chance for the
ultrasonic probe 2 to exert pressure on the organ in the living
body. Therefore, the ultrasonic probe 2 can safely be inserted
in the living body.

[0149] The ultrasonic probe 2 of the present embodiment
is provided with the ultrasonic transducers 51 each formed
of the support film 412 and the piezoelectric element 413
having a film-like shape stacked on the support film 412 as
the ultrasonic sensor 22 incorporated in the housing 21, and
the plurality of ultrasonic transducers is arranged in an array
to thereby constitute the ultrasonic transducer array 50.
[0150] As described above, the ultrasonic transducers 51
can constitute the ultrasonic sensor 22 having a thin plate-
like shape using the support film 412 having the film-like
shape and the piezoelectric elements 413 each having the
film-like shape. In the ultrasonic probe using the bulk-type
piezoelectric member having been used in the past, a back
plate having a thickness dimension of 10 through 20 cm, for
example, is necessary on the reverse side of the piezoelectric
member, the size is too large to be embedded in the living
body, and there is a risk of exerting pressure on other organs
and so on. Therefore, it has been difficult to insert the
ultrasonic probe to the reverse or the side of the measure-
ment object as in the present embodiment. In contrast, in the
present embodiment, as described above, since the ultra-
sonic sensor 22 having the ultrasonic transducers 51 each
having the film-like shape and arranged in an array is used,
the ultrasonic probe 2 can easily and safely be inserted in an
necessary place in the living body as described above.
[0151] The ultrasonic apparatus 1 according to the present
embodiment is provided with the image forming unit 142,
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and it is possible to form the internal tomographic image of
the measurement object based on the transmission/reception
process of the ultrasonic wave by the ultrasonic probe 2, and
then make the display section 12 display the internal tomo-
graphic image. Therefore, in the operation to the living body
and so on, it is possible for the practitioner to check the
internal tomographic image of the operation object and the
peripheral region anytime during the operation, and the
efficiency of the operation can be improved.

[0152] Further, the ultrasonic probe 2 of the present
embodiment is provided with the attitude detection sensor
23 formed of an acceleration sensor, a gyro sensor, or the
like and the attitude detection circuit 454, and detects the
attitude in the ultrasonic probe 2. In other words, what
direction with respect to the housing 21 the hand part 24
extends, what direction the sensor surface 21A faces to, and
so on are detected. Then, the image forming unit 142
processes the image generated based on the ultrasonic
received signal using the rotation process, the horizontally
flipping process, the vertically flipping process and so on so
that the image becomes eye-friendly for the practitioner
based on the attitude detection signal, and then makes the
display section 12 display the image thus processed.
[0153] Therefore, it is possible to make the display section
12 display the internal tomographic image of the measure-
ment object viewed from the practitioner irrespective of the
position of the hand part 24 and the direction to which the
sensor surface 21A faces. Therefore, it is possible for the
practitioner to easily and appropriately check the internal
structure of the measurement object, and the efficiency of the
operation can further be improved.

MODIFIED EXAMPLES

[0154] It should be noted that the invention is not limited
to each of the embodiments described above, but includes
modifications and improvements within a range where the
advantages of the invention can be achieved, and configu-
rations, which can be obtained by, for example, arbitrarily
combining the embodiments.

[0155] Although in the embodiment described above,
there is adopted the configuration in which the hand part 24
is provided with the first hand part 241 and the second hand
part 242, it is also possible for the hand part 24 to, for
example, be configured only by the first hand part 241
without disposing the second hand part 242.

[0156] Although there is illustrated the configuration in
which the first hand part 241, the second hand part 242, and
the connection part 243 are each detachably attached, this
configuration is not a limitation. For example, the firsthand
part 241, the second hand part 242, and the connection part
243 can integrally be configured with each other. Specifi-
cally, a part of a shaft member having an elongated cylin-
drical shape is formed of a bellows part or the like, and the
housing side of the bellows part is defined as the first hand
part, and the opposite side (the control device side) is
defined as the second hand part across the bellows part. In
this case, it becomes possible to change the angle between
the first hand part and the second hand part to an arbitrary
angle in the bellows part.

[0157] Although in the embodiment described above,
there is illustrated a configuration in which the cable 3 is
inserted in the center axis of the hand part 24, the configu-
ration is not a limitation.
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[0158] For example, it is also possible to adopt a configu-
ration in which an insertion opening for the cable 3 is
disposed in a part of the housing, and the cable 3 is drawn
from the insertion opening, and so on. In this case, the
insertion opening is preferably disposed in the side surface
21C of the housing 21 similarly to the hand part 24.
[0159] Although there is shown the example in which the
hand part 24 (the first hand part 241) has an axial direction
parallel to the sensor surface 21A, this example is not a
limitation.

[0160] For example, it is also possible for the first hand
part 241 to be disposed at an angle with which the first hand
part 241 crosses the sensor surface 21A. Further, it is also
possible to adopt a configuration in which the installation
angle of the first hand part 241 to the side surface 21C can
arbitrarily be changed.

[0161] Although there is shown the example in which the
image forming unit 142 processes the image generated based
on the ultrasonic received signal using the rotation process,
the horizontally flipping process, the vertically flipping
process, and so on based on the attitude detection signal, and
then makes the display section 12 display the image thus
processed, it is also possible to adopt a configuration in
which the image to be the reference can be designated when
processing the image. For example, there is performed the
image process so that such an image as shown in FIGS. 7A
and 7B is displayed as the internal tomographic image with
respect to the ultrasonic scan plane A shown in each of FIG.
7A, FIG. 8A, FIG. 9A, FIG. 10A, FIG. 11A, FIG. 12A, FIG.
13A, and FIG. 14A in the embodiment described above
based on the arrangement of the ultrasonic probe 2 shown in
FIG. 7A, even in the case in which the attitude of the
ultrasonic probe 2 is changed. In contrast, it is also possible
to adopt a configuration in which it is possible to set so that
the image, which is generated based on the ultrasonic
received signal when the hand part 24 is disposed on the
back side as shown in FIGS. 11A through 11C, becomes the
reference.

[0162] Further, it is also possible to adopt a configuration
in which, for example, the image processing by the image
forming unit 142 is not performed, and the image corre-
sponding to the installation direction of the ultrasonic probe
2 is displayed on the display section 12.

[0163] Although there is shown the example in which the
ultrasonic transducer array 50 having the one-dimensional
array structure is disposed as the ultrasonic sensor 22, it is
also possible to adopt a configuration in which, for example,
an ultrasonic transducer array having a two-dimensional
array structure is disposed. In this case, it is sufficient to
draw the lower part electrodes 414 in the respective ultra-
sonic transducers 51 to the terminal region Ar2 indepen-
dently of each other to constitute the configuration in which
signals different from each other can be input to the respec-
tive ultrasonic transducers 51. By using such an ultrasonic
transducer having the two-dimensional array structure, a
three-dimensional image in the living body can also be
obtained. Further, even in the case of such a two-dimen-
sional array structure, by disposing the hand part 24 as
shown in the embodiment described above, and changing
the attitude of the ultrasonic probe using substantially the
same operation, the three-dimensional images from a variety
of angles can easily be obtained.

[0164] Although in the embodiment described above,
there is illustrated the configuration in which the acoustic
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matching layer 43 and the acoustic lens 44 are disposed on
the opening part 411A side as shown in FIG. 5, this con-
figuration is not a limitation. Tt is also possible to adopt a
configuration in which, for example, the opening parts 411A
are located on the sealing plate 42 side (the reverse 41 A side)
, and the piezoelectric elements 413 are disposed on an
operation surface 41B side of the element substrate 41. In
this case, the acoustic matching layer 43 is formed on the
operation surface 41B side of the element substrate 41 so as
to cover the piezoelectric elements 413, and the acoustic lens
44 is formed on the surface of the acoustic matching layer
43.

[0165] Further, although there is shown the example in
which the ultrasonic transducers 51 are each formed of the
support film 412 for blocking the opening part 411A and the
piezoelectric element 413 disposed on the support film 412,
the example is not a limitation. It is also possible to adopt a
configuration provided with, for example, a first electrode
disposed on the substrate, a vibrating film disposed viaa gap
with respect to the substrate, and a second electrode dis-
posed on the vibrating film and opposed to the first elec-
trode. In the present configuration, a rectangular pulse wave
is applied between the first electrode and the second elec-
trode to thereby generate electrostatic attractive force
between the electrodes to vibrate the vibrating film.

[0166] Although in the embodiment described above,
there is shown the example in which the thickness dimen-
sion of the housing 21 is equal to or smaller than 1 cm, it is
also possible to, for example, have a thickness dimension
larger than 1 cm. In the case in which no other parts exist in
the periphery, such as the case of performing the operation
of an arm or a leg, the thickness dimension of the housing
21 can be made larger.

[0167] Further, although in the present embodiment, there
is shown the example of using the part in the living body as
the measurement object, this example is not a limitation, but
the invention can also be implemented as an ultrasonic
apparatus when measuring the internal structure in, for
example, a concrete building. Even in such a case, it is
possible to insert the ultrasonic probe 2 in a gap or the like
of the structure, or to make the ultrasonic probe 2 have
contact with a position which the hand of the operator does
not reach in high places or the like using the hand part 24.
In such a case, it is sufficient to set the thickness dimension
of the housing in accordance with the structure size and so
on. Further, in the case of using such a structure as the
object, it is not required to form the side surface 21C of the
housing 21 to have the convexly curved surface, and it is
also possible that, for example, the side surface 21C pet-
pendicular to the sensor surface 21A is disposed.

[0168] Although there is shown the example in which the
second hand part 242 is formed of the plurality of partial
hand parts 242A as shown in FIG. 6 as a configuration
example of the second hand part 242, this configuration is
not a limitation as described above. It is also possible to
adopt a configuration in which, for example, the second
hand part 242 can be attached and detached by moving the
second hand part 242 along the cable 3 in the axial direction.
[0169] Further although in the first hand part 241, it is
assumed that the first hand part 241 can be attached to and
detached from the housing 21 by engaging the engaging
claw 241A with the locking part 21F of the housing 21, this
configuration is not a limitation. It is also possible to adopt
a configuration in which, for example, the first hand part 241
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can be attached to and detached from the housing 21 by
screwing an external screw part disposed on the tip of the
first hand part 241 to an internal screw part provided to the
housing 21.
[0170] Such a variety of configuration examples as
described above can also be used as an attaching/detaching
configuration of the first hand part 241 and the connection
part 243 and an attaching/detaching configuration of the
second hand part 242 and the connection part 243. It is also
possible to adopt a configuration of, for example, screwing
an external screw part disposed at the tip of the first hand
part 241 and the second hand part 242 to an internal screw
part provided to the connection part 243, or it is also possible
to adopt a configuration of engaging an engaging claw
provided to the first hand part 241 and the second hand part
242 with an engaging groove provided to the connection part
243.
[0171] Besides the above, specific structures to be adopted
when implementing the invention can be configured by
arbitrarily combining the embodiments and the modified
examples described above, or can arbitrarily be replaced
with other structures and so on within the range in which the
advantages of the invention can be achieved.
[0172] The entire disclosure of Japanese Patent Applica-
tion No. 2015-149249 filed on Jul. 29, 2015 is expressly
incorporated by reference herein.
What is claimed is:
1. An ultrasonic probe comprising:
a housing shaped like a thin plate and having a transmit-
ting/receiving surface for an ultrasonic wave; and
a hand part having an axial direction, and connected to a
side surface of the housing at one end in the axial
direction, the side surface crossing the transmitting/
receiving surface of the housing.
2. The ultrasonic probe according to claim 1, wherein
the hand part extends in a direction parallel to a surface
direction of the transmitting/receiving surface.
3. The ultrasonic probe according to claim 1, wherein
the hand part is disposed so as to detachably be attached
to the housing.
4. The ultrasonic probe according to claim 1, wherein
the hand part is provided with a first hand part connected
to the housing, and a second hand part connected to the
first hand part so that an angle with the first hand part
can be changed.
5. The ultrasonic probe according to claim 1, wherein
the hand part is provided with a cylindrical inner periph-
eral surface along the axial direction, and
a cable to be connected to an ultrasonic sensor disposed
inside the housing is disposed in a hollow part formed
of the cylindrical inner peripheral surface.
6. The ultrasonic probe according to claim 1, wherein
the side surface of the housing is a convexly curved
surface.
7. The ultrasonic probe according to claim 1, wherein
a thickness dimension along a normal line of the trans-
mitting/receiving surface of the housing is no larger
than 1 cm.
8. The ultrasonic probe according to claim 1, further
comprising:
a plurality of ultrasonic transducers each including a
support film and a vibrator shaped like a film and
adapted to vibrate the support film,
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wherein the ultrasonic transducers are arranged in an
array along a surface direction of the transmitting/
receiving surface.

9. An ultrasonic apparatus comprising:

the ultrasonic probe according to claim 1; and

an image forming section adapted to form an image based
on a signal output from the ultrasonic probe.

10. The ultrasonic apparatus according to claim 9, further

comprising:

an attitude detection section adapted to detect an attitude
of the ultrasonic probe,

wherein the image forming section one of rotates and flips
the image in accordance with the attitude of the ultra-
sonic probe.
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