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(57) ABSTRACT

An ultrasonic apparatus includes an ultrasonic element sub-
strate that includes an ultrasonic element array transmitting
an ultrasonic wave in a first direction, and a first conductive
film provided on the first direction side of the ultrasonic
element array, a casing portion that has a conductive mem-
ber provided to surround the ultrasonic element substrate on
a side intersecting the first direction of the ultrasonic ele-
ment substrate, and a support substrate that is provided on an
opposite side to the first direction of the ultrasonic element
substrate, supports the ultrasonic element substrate, and has
conductivity.
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ULTRASONIC APPARATUS
BACKGROUND
1. Technical Field

[0001] The present invention relates to an ultrasonic appa-
ratus.

2. Related Art
[0002] An ultrasonic probe is a device which transmits an

ultrasonic wave to a subject, and receives a reflected wave
which is reflected at the inside or a surface of the subject.
The ultrasonic probe is a transducer which converts the
received reflected wave into an electric signal. The ultra-
sonic probe is a part forming an ultrasonic apparatus. The
ultrasonic apparatus includes a calculation circuit, and the
electric signal output from the ultrasonic probe is input to the
calculation circuit. The calculation circuit calculates a cross-
sectional image of the inside of the subject. The cross-
sectional image is referred to as an ultrasonic image.
[0003] The ultrasonic probe includes an ultrasonic ele-
ment array in which a plurality of ultrasonic elements are
arranged. Each ultrasonic element transmits an ultrasonic
wave, and receives a reflected wave. The ultrasonic element
includes a capacitive micromachined ultrasonic transducer
(CMUT) type ultrasonic element in which an electrode is
provided on a vibration film, and a piezoelectric microma-
chined ultrasonic transducer (PMUT) type ultrasonic ele-
ment employing a piezoelectric element. In the ultrasonic
element array, the ultrasonic elements are arranged, and are
connected to each other via wires. The wires connect the
respective ultrasonic elements to each other so as to be long,
and thus easily receive electromagnetic noise.

[0004] International Publication No. 2008/114582 dis-
closes a CMUT type ultrasonic probe. According thereto, an
ultrasonic element array transmits ultrasonic waves in a first
direction. A conductive film is provided on the first direction
side of the ultrasonic element array. A conductive film is also
provided on a side of the ultrasonic element array orthogonal
to the first direction. The conductive films are connected to
a chassis ground of an ultrasonic apparatus. Consequently, it
is possible to prevent noise from being applied to an electric
signal output from the ultrasonic element array due to
electromagnetic noise which advances toward the ultrasonic
element array.

[0005] In the ultrasonic probe disclosed in International
Publication No. 2008/114582, a conductive film is not
provided on the ultrasonic element array on an opposite side
to the first direction. Therefore, the influence of electromag-
netic noise which advances toward the ultrasonic element
array from the opposite side to the first direction cannot be
prevented. Such electromagnetic noise causes the same
problem not only in the ultrasonic probe but also in an
ultrasonic apparatus which detects the presence or absence
of an object to be measured or measures a distance or the like
by using an ultrasonic wave. Therefore, an ultrasonic appa-
ratus which can prevent the influence of electromagnetic
noise advancing toward an ultrasonic element array is desir-
able.

SUMMARY

[0006] An advantage of some aspects of the invention is to
solve at least a part of the problems described above, and the
invention can be implemented as the following forms or
application examples.
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APPLICATION EXAMPLE 1

[0007] An ultrasonic apparatus according to this applica-
tion example includes an ultrasonic element substrate that
includes an ultrasonic element array transmitting an ultra-
sonic wave in a first direction, and a first conductive film
provided on the first direction side of the ultrasonic element
array; a casing portion that has a conductive member pro-
vided to surround the ultrasonic element substrate on a side
intersecting the first direction of the ultrasonic element
substrate; and a support substrate that is provided on an
opposite side to the first direction of the ultrasonic element
substrate, supports the ultrasonic element substrate, and has
conductivity.

[0008] According to this application example, the ultra-
sonic apparatus includes the ultrasonic element substrate,
the casing portion, and the support substrate. The ultrasonic
element substrate includes the ultrasonic element array and
the first conductive film. The ultrasonic element array trans-
mits an ultrasonic wave in the first direction. In the ultra-
sonic element array, ultrasonic elements are arranged and are
connected to each other via wires. The wires connect the
respective ultrasonic elements to each other so as to be long,
and thus easily receive electromagnetic noise.

[0009] The first conductive film is provided on the first
direction side of the ultrasonic element array. Flectromag-
netic noise directed toward the ultrasonic element array from
the first direction side is reflected and blocked or is absorbed
and attenuated by the first conductive film. The casing
portion includes the conductive member, and the conductive
member is provided to surround the ultrasonic element
substrate on the side intersecting the first direction of the
ultrasonic element substrate. Therefore, electromagnetic
noise directed toward the ultrasonic element array from the
direction side intersecting the first direction is reflected and
blocked or is absorbed and attenuated by the conductive
member.

[0010] The support substrate is provided on an opposite
side to the first direction of the ultrasonic element substrate,
and supports the ultrasonic element substrate. The support
substrate is conductive. Therefore, electromagnetic noise
which is directed toward the ultrasonic element array from
the opposite direction side to the first direction is reflected
and blocked or is absorbed and attenuated by the support
substrate. Therefore, electromagnetic noise directed toward
the ultrasonic element array from all directions is reflected
and blocked or is absorbed and attenuated by the first
conductive film, the conductive member, and the support
substrate, and thus it is possible to reduce the electromag-
netic noise directed toward the ultrasonic element array.

APPLICATION EXAMPLE 2

[0011] In the ultrasonic apparatus according to the appli-
cation example, a material of the casing portion is a resin,
the conductive member is a thin film provided on a surface
of the casing portion, a protective member is provided on the
first direction side of the ultrasonic element substrate, a
second conductive film is provided on a side of the protec-
tive member directed toward the ultrasonic element sub-
strate, the first conductive film, the second conductive film,
the conductive member, and the support substrate are elec-
trically connected to each other, and the second conductive
film is adhered to the conductive member via a conductive
adhesive.
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[0012] According to this application example, a material
of the casing portion is a resin, and thus the casing portion
is easily formed even if a shape thereof is complex compared
with a case where a material thereof is metal. The conductive
member is a thin film provided on the surface of the casing
portion, and can thus be easily provided by using a film
forming device such as a deposition device.

[0013] The protective member is provided on the first
direction side of the ultrasonic element substrate. The pro-
tective member protects the ultrasonic element substrate.
The protective member is provided with the second conduc-
tive film on the side directed toward the ultrasonic element
substrate. The first conductive film, the second conductive
film, the conductive member, and the support substrate are
electrically connected to each other. Consequently, it is
possible to reduce electromagnetic noise received by the
ultrasonic element array. The second conductive film and the
conductive member are adhered to each other via the con-
ductive adhesive. Therefore, it is possible to easily perform
fixation between the protective member and the casing
portion and electrical connection between the second con-
ductive film and the conductive member.

APPLICATION EXAMPLE 3

[0014] In the ultrasonic apparatus according to the appli-
cation example, the conductive member and the casing
portion are integrally formed, and the first conductive film,
the conductive member, and the support substrate are elec-
trically connected to each other.

[0015] According to this application example, the conduc-
tive member and the casing portion are integrally formed. In
other words, the casing portion is made of a conductive
material. The first conductive film, the conductive member,
and the support substrate are electrically connected to each
other. In this configuration, the ultrasonic element array is
surrounded by the conductive member, and thus it is possible
to prevent electromagnetic noise from reaching the ultra-
sonic element array. Second processing for providing the
conductive member in the casing portion can be omitted, and
thus it is possible to manufacture the ultrasonic apparatus
with high productivity.

APPLICATION EXAMPLE 4

[0016] In the ultrasonic apparatus according to the appli-
cation example, a material of the first conductive film is
copper.

[0017] According to this application example, a material
of the first conductive film is copper. The copper has low
electrical resistance, and can thus absorb electromagnetic
noise with high efficiency.

APPLICATION EXAMPLE 5

[0018] In the ultrasonic apparatus according to the appli-
cation example, the first conductive film is provided with a
plurality of holes.

[0019] According to this application example, the first
conductive film is provided with a plurality of holes. An
ultrasonic wave transmitted from the ultrasonic element
array passes through the plurality of holes, and thus attenu-
ation thereof can be reduced. Therefore, the ultrasonic
apparatus can transmit an ultrasonic wave with high effi-
ciency.
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APPLICATION EXAMPLE 6

[0020] The ultrasonic apparatus according to the applica-
tion example further includes a flat cable through which an
electric signal is transmitted to the ultrasonic element array;
and a braided shield that surrounds the flat cable, and the
support substrate is connected to the braided shield.

[0021] According to this application example, the ultra-
sonic apparatus includes the flat cable and the braided shield.
The plurality of ultrasonic elements are provided in the
ultrasonic element array, and thus a plurality of wires for
sending signals to the respective ultrasonic elements are
necessary. The wires have the form of the flat cable, and thus
have a thin structure. Therefore, the ultrasonic apparatus can
be thinned more than in a case of using a cable in which
wires are bundled in a rod shape. The braided shield is
provided to surround the flat cable. The support substrate is
connected to the braided shield. Therefore, the braided
shield is also connected to the support substrate, and thus it
is possible to prevent electromagnetic noise from reaching
the flat cable.

APPLICATION EXAMPLE 7

[0022] An ultrasonic apparatus according to this applica-
tion example includes an ultrasonic element substrate that is
provided with an ultrasonic element array transmitting an
ultrasonic wave in a first direction; and an electric wave
shield portion that is located in the first direction of the
ultrasonic element array, a direction intersecting the first
direction, and a direction opposite to the first direction.
[0023] According to this application example, the ultra-
sonic apparatus includes the ultrasonic element substrate and
the electric wave shield portion. The ultrasonic element
substrate is provided with the ultrasonic element array. The
ultrasonic element array transmits an ultrasonic wave. In the
ultrasonic element array, the ultrasonic elements are
arranged, and are connected to each other via wires. The
wires connect the respective ultrasonic elements to each
other so as to be long, and thus easily receive electromag-
netic noise.

[0024] The electric wave shield portion is located in the
first direction of the ultrasonic element array, the direction
intersecting the first direction, and the direction opposite to
the first direction. As mentioned above, the electric wave
shield portion is provided to surround the ultrasonic element
array. Therefore, electromagnetic noise directed toward the
ultrasonic element array from all directions is reflected and
blocked or is absorbed and attenuated by the electric wave
shield portion. As a result, electromagnetic noise directed
toward the ultrasonic element array can be prevented from
reaching the ultrasonic element array.

APPLICATION EXAMPLE 8

[0025] An ultrasonic apparatus according to this applica-
tion example includes an ultrasonic element substrate that
includes an ultrasonic element array transmitting an ultra-
sonic wave in a first direction, and a first conductive film
provided on the first direction side of the ultrasonic element
array; and a casing portion that has a conductive member
provided to surround the ultrasonic element substrate on a
side intersecting the first direction and an opposite side to the
first direction of the ultrasonic element substrate.

[0026] According to this application example, the ultra-
sonic apparatus includes the ultrasonic element substrate and
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the casing portion. The ultrasonic element array and the first
conductive film are provided on the ultrasonic element
substrate. The ultrasonic element array transmits an ultra-
sonic wave in the first direction. In the ultrasonic element
array, ultrasonic elements are arranged and are connected to
each other via wires. The wires connect the respective
ultrasonic elements to each other so as to be long, and thus
easily receive electromagnetic noise.

[0027] The first conductive film is provided on the first
direction side of the ultrasonic element array. Electromag-
netic noise directed toward the ultrasonic element array from
the first direction side is reflected and blocked or is absorbed
and attenuated by the first conductive film. The casing
portion includes the conductive member, and the conductive
member is provided to on the side intersecting the first
direction and the opposite side to the first direction of the
ultrasonic element substrate. Therefore, electromagnetic
noise directed toward the ultrasonic element array from the
direction side intersecting the first direction and the opposite
side to the first direction is reflected and blocked or is
absorbed and attenuated by the conductive member. There-
fore, electromagnetic noise directed toward the ultrasonic
element array from all directions is reflected and blocked or
is absorbed and attenuated by the first conductive film and
the conductive member, and thus it is possible to prevent the
electromagnetic noise from reaching the ultrasonic element
array.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The invention will be described with reference to
the accompanying drawings, wherein like numbers refer-
ence like elements.

[0029] FIG. 1 is a schematic perspective view illustrating
a configuration of an ultrasonic apparatus according to a first
embodiment.

[0030] FIG. 2 is a schematic perspective view illustrating
a configuration of an ultrasonic probe.

[0031] FIG. 3 is a schematic side sectional view illustrat-
ing a structure of the ultrasonic probe.

[0032] FIG. 4 is a schematic side sectional view illustrat-
ing a structure of the ultrasonic probe.

[0033] FIG. 5 is a schematic side sectional view for
explaining a sectional structure of an ultrasonic element
array.

[0034] FIG. 6 is a schematic plan view illustrating a

structure of an ultrasonic element.

[0035] FIG. 7 is a schematic plan view illustrating a
structure of the ultrasonic element array.

[0036] FIG. 8 is an electrical block diagram of the ultra-
sonic apparatus.

[0037] FIG. 9 is a schematic side sectional view illustrat-
ing a structure of an ultrasonic probe according to a second
embodiment.

[0038] FIG. 10 is a schematic side sectional view illus-
trating a structure of the ultrasonic probe.

[0039] FIG. 11 is a schematic plan view illustrating a
structure of an ultrasonic element array according to a third
embodiment.

[0040] FIG. 12 is a schematic side sectional view for
explaining a sectional structure of an ultrasonic element
array.

[0041] FIG. 13 is a schematic side sectional view illus-

trating a structure of an ultrasonic probe according to a
fourth embodiment.
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[0042] FIG. 14 is a schematic side sectional view illus-
trating a structure of the ultrasonic probe.

[0043] FIG. 15 is an electrical block diagram of an ultra-
sonic apparatus according to a fifth embodiment.

[0044] FIG. 16 is a schematic side sectional view illus-
trating a structure of an ultrasonic probe according to a sixth
embodiment.

[0045] FIG. 17 is a schematic side sectional view illus-
trating a structure of an ultrasonic probe according to a
seventh embodiment.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0046] Hereinafter, embodiments will be described with
reference to the drawings. Fach member in each drawing is
illustrated in a differing scale so as to have a recognizable
size on each drawing.

First Embodiment

[0047] An ultrasonic apparatus according to the present
embodiment will be described with reference to FIGS. 1 to
8. FIG. 1 is a schematic perspective view illustrating a
configuration of an ultrasonic apparatus. As illustrated in
FIG. 1, an ultrasonic apparatus 1 includes an ultrasonic
probe 2 and a main body portion 3. The ultrasonic probe 2
and the main body portion 3 are provided separately from
each other, and are electrically connected to each other via
a flat cable 4.

[0048] The ultrasonic probe 2 transmits an ultrasonic wave
to a subject 5. The ultrasonic probe 2 receives a reflected
wave which is a reflected at the inside or a surface of the
subject 5, and converts the reflected wave into an electric
signal. Next, the ultrasonic probe 2 transmits the electric
signal including information regarding the reflected wave to
the main body portion 3 via the flat cable 4.

[0049] The ultrasonic probe 2 includes an ultrasonic ele-
ment array 6 therein. Ultrasonic elements are arranged and
provided on the ultrasonic element array 6. Each ultrasonic
element transmits an ultrasonic wave to the subject 5. Apart
at which an ultrasonic wave is easily reflected and a part
through which an ultrasonic wave easily passes are present
inside the subject 5. An ultrasonic wave advances through
the subject 5, and is reflected when reaching the part at
which the ultrasonic wave is easily reflected. Some of
ultrasonic waves transmitted toward the subject 5 are
reflected at the inside of the subject 5, change their advanc-
ing directions, and advance toward the ultrasonic element
array 6. The ultrasonic element is a transducer which con-
verts a variation in sound pressure of the ultrasonic wave
into voltage amplitude. The ultrasonic element array 6
receives a reflected wave of the ultrasonic wave, and con-
verts the reflected wave into an electric signal.

[0050] The main body portion 3 has a rectangular tabular
shape. The main body portion 3 has a size sufficient to be
grasped with a single hand. The main body portion 3
includes a display device 7, an input device 8, a calculation
device 9, and the like. The main body portion 3 includes a
tabular main body casing portion 10, and the calculation
device 9 is stored in the main body casing portion 10. Parts
of the display device 7 and the input device 8 are exposed
from the main body casing portion 10. A material of the main
body casing portion 10 is metal, and is conductive. There-
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fore, the main body casing portion 10 functions as a chassis
ground or an electromagnetic shield of the calculation
device 9.

[0051] The input device 8 is formed of a rotation switch or
a push switch. An operator operates the input device 8 so as
to input various instructions to the ultrasonic apparatus 1.
The calculation device 9 receives an electric signal output
from the ultrasonic probe 2 so as to generate an ultrasonic
image. The calculation device 9 outputs data of the ultra-
sonic image to the display device 7.

[0052] The display device 7 displays information such as
an ultrasonic image. As the display device 7, a liquid crystal
display, an organic electroluminescence display, a plasma
display, or a surface electric field display may be used. A
touch panel 7a is provided on a surface of the display device
7. The touch panel 7a is a transparent sheet-like switch
provided on the surface of the display device 7. In a case
where the operator touches the surface of the display device
7 with the finger, the touch panel 7a detects a position
touched with the finger. The operator operates the touch
panel 7a so as to input an instruction to the main body
portion 3.

[0053] FIG. 2 is a schematic perspective view illustrating
a configuration of the ultrasonic probe. As illustrated in FIG.
2, a shape of the ultrasonic probe 2 is a substantially tabular
shape of a rectangular parallelepiped. A thickness direction
of the ultrasonic probe 2 is set to a 7 direction. A longitu-
dinal direction of the ultrasonic probe 2 is set to an X
direction in a plane direction orthogonal to the Z direction,
and a direction orthogonal to the X direction is set to a Y
direction.

[0054] Inthe Z direction, an upper direction in the drawing
is a first direction 11 in which the ultrasonic probe 2
transmits an ultrasonic wave. The ultrasonic probe 2 is
provided with an acoustic lens 12 as a protective member on
a surface thereof on the first direction 11 side. The acoustic
lens 12 is a columnar lens obtained by cutting a cylinder of
which an axis extends in the X direction, along the axis.
Therefore, the acoustic lens 12 has a convex lens shape
when viewed from the X direction side. The acoustic lens 12
collects ultrasonic waves transmitted from the ultrasonic
element array 6.

[0055] A casing portion 13 is provided on an outer cir-
cumference of the acoustic lens 12 and a side surface of the
acoustic lens 12. The flat cable 4 is connected to the casing
portion 13 on the +Y direction side. A support substrate 14
is provided on a surface of the ultrasonic probe 2 on the -7
direction side. The support substrate 14 supports the ultra-
sonic element array 6. The ultrasonic probe 2 is thin, and
thus has a shape easily fixed to the subject 5 with a tape or
the like.

[0056] FIGS. 3 and 4 are schematic side sectional views
illustrating a structure of the ultrasonic probe. FIG. 3 is a
view in which a section along the line A-A in FIG. 2 is
viewed from the +X direction side. FIG. 4 is a view in which
a section along the line B-B in FIG. 2 is viewed from the -Y
direction side. As illustrated in FIGS. 3 and 4, an ultrasonic
wave absorption plate 15, an ultrasonic element substrate 16,
a first conductive film 17, an acoustic matching portion 18,
and the acoustic lens 12 are provided to overlap each other
in this order on the support substrate 14.

[0057] The support substrate 14 is provided on an opposite
side to the first direction 11 of the ultrasonic element
substrate 16, and supports the ultrasonic element substrate
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16 and the ultrasonic wave absorption plate 15. The support
substrate 14 is conductive. Therefore, electromagnetic noise
which is directed toward the ultrasonic element substrate 16
from the opposite direction side to the first direction 11 is
reflected and blocked or is absorbed and attenuated by the
support substrate 14. A material of the support substrate 14
may have strength and conductivity, and may employ vari-
ous kinds of metals. In the present embodiment, for
example, a copper alloy is used for the support substrate 14.
[0058] The ultrasonic wave absorption plate 15 absorbs an
ultrasonic wave which is transmitted by the ultrasonic
element substrate 16 in the opposite side to the first direction
11. The ultrasonic wave absorption plate 15 suppresses
advancing of an ultrasonic wave which is directed toward
the ultrasonic element substrate 16 from the opposite side to
the first direction 11. A material of the ultrasonic wave
absorption plate 15 is not particularly limited as long as the
material absorbs an ultrasonic wave, and may employ sili-
con or the like. In the present embodiment, for example, a
silicon substrate is used.

[0059] The ultrasonic element substrate 16 is a substrate
on which the ultrasonic element array 6 is provided. Ultra-
sonic elements are arranged in a matrix form in the ultra-
sonic element array 6. The ultrasonic element array 6
receives an electric signal, and converts the electric signal
into an ultrasonic wave. The ultrasonic element array 6
transmits an ultrasonic wave in the first direction 11. The
ultrasonic element array 6 receives a reflected wave of the
ultrasonic wave reflected at the inside of the subject 5, and
converts the reflected wave into an electric signal.

[0060] The ultrasonic element substrate 16 includes the
first conductive film 17, and the first conductive film 17 is
provided on the first direction 11 side of the ultrasonic
element array 6. The first conductive film 17 is a conductor,
and hardly transmits an electric wave therethrough by
absorbing the electric wave. Therefore, electromagnetic
noise directed toward the ultrasonic element array 6 from the
first direction 11 side is reflected and blocked or is absorbed
and attenuated by the first conductive film 17, and thus it is
possible to prevent the ultrasonic element array 6 from being
exposed to the electromagnetic noise.

[0061] The acoustic lens 12 is provided on the first con-
ductive film 17 via the acoustic matching portion 18. The
acoustic matching portion 18 adjusts acoustic impedance
between the ultrasonic element substrate 16 and the acoustic
lens 12. The acoustic lens 12 and the acoustic matching
portion 18 are made of a silicon resin mixed with whisker.
The acoustic matching portion 18 is a layer adjusting
acoustic impedance, and acoustic impedance of the acoustic
matching portion 18 is adjusted between acoustic impedance
of the ultrasonic element substrate 16 and acoustic imped-
ance of the acoustic lens 12.

[0062] The casing portion 13 is provided around the
ultrasonic wave absorption plate 15, the ultrasonic element
substrate 16, the first conductive film 17, the acoustic
matching portion 18, and the acoustic lens 12. The casing
portion 13 includes a conductive member 21 inside thereof.
The conductive member 21 is provided to surround the
ultrasonic element substrate 16 on a side intersecting the first
direction 11 of the ultrasonic element substrate 16. The
conductive member 21 is provided over the whole periphery
of the ultrasonic element substrate 16. Electromagnetic
noise directed toward the ultrasonic element array 6 from the
direction side intersecting the first direction 11 is reflected
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and blocked or is absorbed and attenuated by the conductive
member 21. Therefore, it is possible to prevent electromag-
netic noise from reaching the ultrasonic element array.
[0063] A material of the conductive member 21 is prefer-
ably conductive, and more preferably has low electrical
resistance. A material of the conductive member 21 is not
particularly limited, but may employ metal or the like. In the
present embodiment, for example, copper or a copper alloy
is used as a material of the conductive member 21. The
copper has low electrical resistance, and can thus absorb
electromagnetic noise with high efficiency.

[0064] The first conductive film 17 is provided in the
ultrasonic element array 6 on the first direction 11 side.
Electromagnetic noise directed toward the ultrasonic ele-
ment array 6 from the first direction 11 side is reflected and
blocked or is absorbed and attenuated by the first conductive
film 17. The casing portion 13 includes the conductive
member 21, and the conductive member 21 is provided to
surround the ultrasonic element substrate 16 on the side
intersecting the first direction 11 of the ultrasonic element
substrate 16. Therefore, electromagnetic noise directed
toward the ultrasonic element array 6 from the direction side
intersecting the first direction 11 is reflected and blocked or
is absorbed and attenuated by the conductive member 21.
[0065] The support substrate 14 is provided on an opposite
side to the first direction 11 of the ultrasonic element
substrate 16, and supports the ultrasonic element substrate
16. The support substrate 14 is conductive. Therefore,
electromagnetic noise which is directed toward the ultra-
sonic element array 6 from the opposite direction side to the
first direction 11 is reflected and blocked or is absorbed and
attenuated by the support substrate 14. Therefore, electro-
magnetic noise directed toward the ultrasonic element array
6 from all directions is reflected and blocked or is absorbed
and attenuated by the first conductive film 17, the conductive
member 21, and the support substrate 14, and thus it is
possible to prevent the electromagnetic noise from reaching
the ultrasonic element array 6.

[0066] A material of the casing portion 13 is not particu-
larly limited as long as the material has strength for main-
taining a structure thereof, but, in the present embodiment,
for example, a resin is used. The conductive member 21 is
a thin film, and is provided on the surface of the casing
portion 13. As a method of providing the conductive mem-
ber 21 on the casing portion 13, a deposition method, a
sputtering method, a chemical vapor deposition (CVD)
method, or an electroless plating method may be used. As
mentioned above, a material of the casing portion 13 is a
resin, and thus the casing portion 13 is easily formed even
if a shape thereof is complex compared with a case where a
material thereof is metal. The conductive member 21 is a
thin film provided on the surface of the casing portion 13,
and can thus be easily provided by using a film forming
device such as a deposition device.

[0067] The acoustic lens 12 is provided on the first direc-
tion 11 side of the ultrasonic element substrate 16. The
acoustic lens 12 protects the ultrasonic element substrate 16.
The acoustic lens 12 has a function of collecting ultrasonic
waves. The acoustic lens 12 is provided with a second
conductive film 22 on the ultrasonic element substrate 16
side. The second conductive film 22 is provided around the
acoustic matching portion 18. The first conductive film 17
and the second conductive film 22 are disposed to overlap
each other on the +X direction side and the —-X direction side
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of the acoustic matching portion 18. The first conductive
film 17 and the second conductive film 22 are adhered to
each other via a conductive adhesive 23. The second con-
ductive film 22 and the conductive member 21 are disposed
to overlap each other around the acoustic matching portion
18. The second conductive film 22 and the conductive
member 21 are adhered to each other via the conductive
adhesive 23. Therefore, it is possible to easily perform
fixation between the acoustic lens 12 and the casing portion
13 and electrical connection between the second conductive
film 22 and the conductive member 21.

[0068] The conductive member 21 is also provided on a
surface of the casing portion 13 on the support substrate 14
side. The casing portion 13 is fixed to the support substrate
14 such that the conductive member 21 is in contact with the
support substrate 14. A fixation structure between the casing
portion 13 and the support substrate 14 is not particularly
limited. The fixation may be performed by using screws, and
may be performed by using a clamp mechanism. The casing
portion 13 and the support substrate 14 may be adhered to
each other by using the conductive adhesive 23. With this
configuration, the first conductive film 17, the second con-
ductive film 22, the conductive member 21, and the support
substrate 14 are electrically connected to each other.

[0069] A connector 24 is provided on the support substrate
14 on the +Y direction side. The connector 24 is interposed
between the support substrate 14 and the casing portion 13.
The ultrasonic element array 6 provided on the ultrasonic
element substrate 16 is electrically connected to the con-
nector 24 via a flexible printed wiring board 25. A plurality
of wires are provided side by side on the flexible printed
wiring board 25. Consequently, different electric signals can
be transmitted to a plurality of ultrasonic elements via the
flexible printed wiring board 25.

[0070] One end of the flat cable 4 is provided at the
connector 24. The flat cable 4 includes a plurality of wires,
and each wire is a thin coaxial cable. The connector 24
electrically connects the wires of the flexible printed wiring
board 25 to the wires of the flat cable 4. The other end of the
flat cable 4 is provided at the main body portion 3. The flat
cable 4 transmits an electric signal to the ultrasonic element
array 6 via the flexible printed wiring board 25. The plurality
of ultrasonic elements are provided in the ultrasonic element
array 6, and thus a plurality of wires for sending signals to
the respective ultrasonic elements are necessary. The wires
have the form of the flat cable 4, and thus have a thin
structure. Therefore, the ultrasonic probe 2 can be thinned
more than in a case of using a cable in which wires are
bundled in a rod shape.

[0071] Abraided shield 26 is disposed on an outer periph-
ery of the flat cable 4, and the braided shield 26 surrounds
the flat cable 4. The braided shield 26 is connected to the
metallic main body casing portion 10 of the main body
portion 3. The flat cable 4 surrounded by the braided shield
26 1s fixed to the support substrate 14 via a wiring fixation
portion 27. The braided shield 26 is sandwiched between the
support substrate 14 and the wiring fixation portion 27.
Therefore, the braided shield 26 is electrically connected to
the support substrate 14. Thus, the support substrate 14 is
electrically connected to the braided shield 26. The braided
shield 26 is connected to the support substrate 14, and thus
it is possible to prevent electromagnetic noise from entering
the flat cable 4.
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[0072] The support substrate 14 is electrically connected
to the conductive member 21, the second conductive film 22,
and the first conductive film 17. Therefore, the first conduc-
tive film 17, the second conductive film 22, the conductive
member 21, and the support substrate 14 are electrically
connected to each other. Consequently, electromagnetic
noise received by the ultrasonic element array 6 is absorbed
by the first conductive film 17, the second conductive film
22, the conductive member 21, and the support substrate 14,
and thus it is possible to prevent the electromagnetic noise
from reaching the ultrasonic element array 6.

[0073] FIG. 5 is a schematic side sectional view for
explaining a sectional structure of the ultrasonic element
array. As illustrated in FIG. 5, the ultrasonic element sub-
strate 16 is provided to overlap the ultrasonic wave absorp-
tion plate 15. The ultrasonic element substrate 16 includes a
base substrate 28, and the base substrate 28 is located on the
ultrasonic wave absorption plate 15 side in the ultrasonic
element substrate 16. Openings 28« are provided at the same
interval in the base substrate 28. For example, silicon may
be used as a material of the base substrate 28. The openings
28a are formed by etching a silicon substrate.

[0074] A vibration film 29 is provided on the base sub-
strate 28 on the +7 direction side. The vibration film 29 is
formed of a two-layer structure such as a SiO, layer and a
710, layer. The vibration film 29 is also referred to as a
membrane. First electrodes 30 are provided on the vibration
film 29. The first electrodes 30 are connected to each other
via a first wire 31 extending in the Y direction. Piezoelectric
layers 32 are provided on the first electrodes 30. Second
electrodes 33 are provided on the piezoelectric layers 32.
The second electrodes 33 are connected to each other via a
second wire 34 extending in the X direction.

[0075] An ultrasonic element 35 is formed by the vibration
film 29, the first electrode 30, the piezoelectric layer 32, and
the second electrode 33. Ultrasonic elements 35 are arranged
in a matrix form in the ultrasonic element array 6. The first
electrodes 30, the first wire 31, the second electrodes 33, and
the second wire 34 are metal films, and, in the present
embodiment, for example, aluminum is used.

[0076] For example, lead zirconate titanate (PZT), lead
titanate (PbTiO;), lead zirconate (PbZrO,), and lead lantha-
num titanate ((Pb, La) TiO,) may be used for the piezoelec-
tric layer 32. In the present embodiment, for example, PZT
is used for the piezoelectric layer 32.

[0077] When a voltage is applied between the first elec-
trode 30 and the second electrode 33, the piezoelectric layer
32 expands and contracts in an in-surface direction. There-
fore, if a voltage is applied to the piezoelectric layer 32, the
piezoelectric layer 32 protrudes toward the opening 28a
side, and thus the vibration film 29 is bent. An AC voltage
is applied to the piezoelectric layer 32 such that the vibration
film 29 vibrates in the film thickness direction, and thus an
ultrasonic wave is transmitted in the first direction 11 due to
vibration of the vibration film 29. A drive voltage applied to
the piezoelectric layer 32 is, for example, 10 to 30 V in terms
of peak-to-peak voltage, and a frequency is, for example, 1
to 10 MHz.

[0078] The ultrasonic element 35 also operates as a recep-
tion element receiving a reflected wave of an ultrasonic
wave which is transmitted to and reflected at a target object
and returns. The vibration film 29 vibrates due to the
reflected wave of the ultrasonic wave, stress is applied to the
piezoelectric layer 32 due to the vibration, and thus a voltage
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is generated between the first electrode 30 and the second
electrode 33. The voltage may be extracted as a received
signal.

[0079] An insulating film 36 is provided to cover the first
wire 31, the piezoelectric layers 32, the second electrodes
33, and the second wire 34. The insulating film 36 is made
of a material such as alumina. An internal acoustic matching
portion 37 is provided to cover the insulating film 36. The
internal acoustic matching portion 37 and the acoustic
matching portion 18 have a function of alleviating mis-
matching of acoustic impedance between the ultrasonic
element 35 and the acoustic lens 12. A silicon resin is used
for the internal acoustic matching portion 37 and the acous-
tic matching portion 18.

[0080] Specifically, a silicon-based adhesive is used for
the internal acoustic matching portion 37 and the acoustic
matching portion 18. In the internal acoustic matching
portion 37, the adhesive is cured such that the insulating film
36 is adhered to the first conductive film 17, and the cured
adhesive functions as the internal acoustic matching portion
37. In the acoustic matching portion 18, the adhesive is
cured such that the first conductive film 17 is adhered to the
acoustic lens 12, and the cured adhesive functions as the
acoustic matching portion 18.

[0081] The first conductive film 17 is provided on the
internal acoustic matching portion 37 on the first direction
11 side. A material of the first conductive film 17 is not
particularly limited as long as the material is conductive,
but, in the present embodiment, is copper. The copper has
low electrical resistance, and can thus absorb electromag-
netic noise with high efficiency. The base substrate 28 to the
first conductive film 17 are included in the ultrasonic ele-
ment substrate 16. Therefore, the ultrasonic element sub-
strate 16 includes the ultrasonic element array 6 and the first
conductive film 17.

[0082] The acoustic matching portion 18 is provided on
the first direction 11 side of the first conductive film 17. The
acoustic matching portion 18 has a function of alleviating
mismatching of acoustic impedance between the ultrasonic
element 35 and the acoustic lens 12 along with the internal
acoustic matching portion 37. The acoustic lens 12 is
provided on the first direction 11 side of the acoustic
matching portion 18. The acoustic lens 12 collects ultrasonic
waves transmitted from the ultrasonic element array 6 at a
predetermined location. The acoustic lens 12 protects the
ultrasonic element array 6 so as to prevent the ultrasonic
element array 6 from being dirty.

[0083] FIG. 6 is a schematic plan view illustrating a
structure of the ultrasonic element. As illustrated in FIG. 6,
the second wire 34 is provided on the +Z direction side of
the square piezoelectric layer 32. The second wire 34
extends in the X direction. The first wire 31 is provided on
the =7 direction side of the piezoelectric layer 32. The first
wire 31 extends in the Y direction. The first wire 31 in a
region in which the first wire 31 intersects the second wire
34 when viewed from the first direction 11 is the first
electrode 30. The second wire 34 in a region in which the
first wire 31 intersects the second wire 34 when viewed from
the first direction 11 is the second electrode 33.

[0084] Therefore, the first electrode 30 and the first wire
31 are an integrally formed conductive film. The second
electrode 33 and the second wire 34 are an integrally formed
conductive film. The first electrode 30 and the second
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electrode 33 are disposed to oppose each other with the
piezoelectric layer 32 interposed therebetween.

[0085] FIG. 7 is a schematic plan view illustrating a
structure of the ultrasonic element array, and is a view in
which the ultrasonic element substrate 16 is viewed from the
first direction 11. As illustrated in FIG. 7, the ultrasonic
elements 35 are arranged in a matrix form in the ultrasonic
element array 6.

[0086] The first wire 31 connects the eight first electrodes
30 arranged in the Y direction to each other, and extends in
the Y direction. First terminals 38 are provided at both ends
of the first wire 31. Eight first wires 31 are provided, and
thus eight first terminals 38 are also provided on one side.
The second wire 34 connects the eight second electrodes 33
arranged in the X direction to each other, and extends in the
X direction. Both ends of the second wire 34 are connected
to second sub-wires 41 extending in the Y direction. Fight
second wires 34 are provided, and the second wires 34 are
all connected to the second sub-wires 41. Second terminals
42 are provided at both ends of each of the second sub-wires
41. Two second sub-wires 41 are provided, and thus two
second terminals 42 are also provided on one side.

[0087] The first terminals 38 and the second terminals 42
are not covered with the insulating film 36, the internal
acoustic matching portion 37, and the first conductive film
17, and are exposed. The first terminals 38 and the second
terminals 42 are connected to the flexible printed wiring
board 25. All of the second electrodes 33 are connected to
the second terminals 42, and thus all of the second electrodes
33 have the same potential. The first electrodes 30 are
connected to the first terminals 38 which are different from
each other for the respective rows and are arranged in the Y
direction. The first electrodes 30 of a column, arranged in the
Y direction have the same potential.

[0088] In the ultrasonic element array 6. the ultrasonic
elements 35 are arranged, and are connected to each other
via the first wire 31 and the second wire 34. The first wire
31 and the second wire 34 connect the respective ultrasonic
elements 35 to each other so as to be long, and thus easily
receive electromagnetic noise.

[0089] The first conductive film 17 is provided on the first
direction 11 side of the ultrasonic element array 6. The first
conductive film 17 covers all of the ultrasonic elements 35.
The first conductive film 17 substantially covers all of the
first wires 31, the second wires 34, and the second sub-wires
41. Therefore, electromagnetic noise directed toward the
ultrasonic element array 6 from the first direction 11 side is
reflected and blocked or is absorbed and attenuated by the
first conductive film 17. The first conductive film 17 can
prevent electromagnetic noise from reaching the ultrasonic
element array 6, the first wires 31, and the second wires 34.
[0090] First conductive film terminals 17a are formed at
both ends of the first conductive film 17 on the X direction
side. The first conductive film terminals 174 are adhered to
the second conductive film 22 via the conductive adhesive
23. The conductive adhesive 23 is an adhesive having
conductivity. Therefore, it is possible to easily perform
fixation between the first conductive film 17 and the acoustic
lens 12 and electrical connection between the first conduc-
tive film 17 and the second conductive film 22.

[0091] FIG. 8 is an electrical block diagram of the ultra-
sonic apparatus. A plurality of ultrasonic elements 35 are
provided in the ultrasonic probe 2, but only a single ultra-
sonic element 35 is illustrated for better understanding of the
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drawing. As illustrated in FIG. 8, the ultrasonic probe 2
includes the ultrasonic element array 6 provided with the
ultrasonic element 35.

[0092] The ultrasonic element array 6 is surrounded by the
first conductive film 17, the second conductive film 22, the
conductive member 21, and the support substrate 14. An
electric wave shield portion 43 is formed by the first
conductive film 17, the second conductive film 22, the
conductive member 21, and the support substrate 14. There-
fore, the electric wave shield portion 43 is located in the first
direction 11 of the ultrasonic element array 6, the direction
intersecting the first direction 11, and the direction opposite
to the first direction 11. In the ultrasonic element array 6, the
arranged ultrasonic elements 35 are arranged, and are con-
nected to each other via the first wire 31 and the second wire
34. The first wire 31 and the second wire 34 connect the
respective ultrasonic elements 35 to each other so as to be
long, and thus easily receive electromagnetic noise.

[0093] The electric wave shield portion 43 is located in the
first direction 11 of the ultrasonic element array 6, the
direction intersecting the first direction 11, and the direction
opposite to the first direction 11. As mentioned above, the
electric wave shield portion 43 is provided to surround the
ultrasonic element array 6. Therefore, electromagnetic noise
directed toward the ultrasonic element array 6 from all
directions is reflected and blocked or is absorbed and
attenuated by the electric wave shield portion 43. As a result,
the electric wave shield portion 43 can prevent the electro-
magnetic noise from reaching the ultrasonic element array 6.

[0094] The flat cable 4 has a structure in which a plurality
of coaxial cables are arranged to be parallel to each other,
and has a flat stripe shape. In the coaxial cable, an inner
conductor 44 is located on an axis thereof, and an insulator,
an outer conductor 45, and a protective coat are disposed in
a concentric manner. The braided shield 26 covers the
periphery of the flat cable 4.

[0095] In the ultrasonic probe 2, the inner conductor 44 is
electrically connected to the first electrode 30 of the ultra-
sonic element 35. The outer conductor 45 is electrically
connected to the second electrode 33 of the ultrasonic
element 35. The support substrate 14 is electrically con-
nected to the braided shield 26.

[0096] The main body portion 3 includes the calculation
device 9 therein, and the calculation device 9 is provided
with a transmission/reception circuit 46 and a drive circuit
47. The transmission/reception circuit 46 is electrically
connected to the inner conductor 44 of the flat cable 4 and
the drive circuit 47. The drive circuit 47 is electrically
connected to the transmission/reception circuit 46 and the
display device 7.

[0097] The transmission/reception circuit 46 transmits an
electric signal to the ultrasonic element array 6, and receives
an electric signal output from the ultrasonic element array 6.
Specifically, the transmission/reception circuit 46 is electri-
cally connected to the first electrode 30 of the ultrasonic
element 35 via the inner conductor 44. The transmission/
reception circuit 46 transmits an electric signal to the first
electrode 30, and receives an electric signal output from the
first electrode 30. The drive circuit 47 generates a drive
signal for driving the ultrasonic element array 6. An ultra-
sonic image is generated by using an electric signal output
from the ultrasonic element array 6, and is output to the
display device 7.
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[0098] The calculation device 9 includes a DC power
source circuit 48, and a positive terminal of the DC power
source circuit 48 is connected to a circuit ground 49 so as to
be grounded. The circuit ground 49 is also electrically
connected to the transmission/reception circuit 46 and the
drive circuit 47. A negative terminal of the DC power source
circuit 48 is connected to the outer conductor 45 of the flat
cable 4 via an electrical resistor 50. The outer conductor 45
of the flat cable 4 is electrically connected to the second
electrode 33. Therefore, a negative bias voltage is applied to
the second electrode 33. A voltage changes centering on 0 V
in the first electrode 30, and thus a voltage waveform
centering on the bias voltage is applied to the piezoelectric
layer 32.

[0099] In the main body portion 3, the main body casing
portion 10 functions as a chassis ground 51. The braided
shield 26 is electrically connected to the chassis ground 51.
Since the braided shield 26 is electrically connected to the
support substrate 14, the first conductive film 17, the second
conductive film 22, the conductive member 21, and the
support substrate 14 forming the electric wave shield portion
43 are electrically connected to the chassis ground 51 so as
to be grounded to the main body casing portion 10.

[0100] As described above, according to the present
embodiment, the following effects are achieved.

[0101] (1) According to the present embodiment, the ultra-
sonic probe 2 includes the ultrasonic element substrate 16,
the casing portion 13, and the support substrate 14. The
ultrasonic element substrate 16 is provided with the ultra-
sonic element array 6 and the first conductive film 17. The
ultrasonic element array 6 transmits an ultrasonic wave in
the first direction 11. In the ultrasonic element array 6, the
ultrasonic elements 35 are arranged, and are connected to
each other via wires. The wires connect the respective
ultrasonic elements 35 to each other so as to be long, and
thus easily receive electromagnetic noise.

[0102] The first conductive film 17 is provided on the first
direction 11 side of the ultrasonic element array 6. Electro-
magnetic noise directed toward the ultrasonic element array
6 from the first direction 11 side is reflected and blocked or
is absorbed and attenuated by the first conductive film 17.
The casing portion 13 includes the conductive member 21,
and the conductive member 21 is provided to surround the
ultrasonic element substrate 16 on the side intersecting the
first direction 11 of the ultrasonic element substrate 16.
Therefore, electromagnetic noise directed toward the ultra-
sonic element array 6 from the direction side intersecting the
first direction 11 is reflected and blocked or is absorbed and
attenuated by the conductive member 21.

[0103] The support substrate 14 is provided on the oppo-
site side to the first direction 11 of the ultrasonic element
substrate 16, and supports the ultrasonic element substrate
16. The support substrate 14 is conductive. Therefore,
electromagnetic noise which is directed toward the ultra-
sonic element array 6 from the opposite direction side to the
first direction 11 is reflected and blocked or is absorbed and
attenuated by the support substrate 14. Therefore, electro-
magnetic noise directed toward the ultrasonic element array
6 from all directions is reflected and blocked or is absorbed
and attenuated by the first conductive film 17, the conductive
member 21, and the support substrate 14, and thus it is
possible to prevent the electromagnetic noise from reaching
the ultrasonic element array 6.
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[0104] (2) According to the present embodiment, a mate-
rial of the casing portion 13 is a resin, and thus the casing
portion 13 is easily formed even if a shape thereof is
complex compared with a case where a material thereof is
metal. The conductive member 21 is a thin film provided on
the surface of the casing portion 13, and can thus be easily
provided by using a film forming device such as a deposition
device.

[0105] The acoustic lens 12 is provided on the first direc-
tion 11 side of the ultrasonic element substrate 16. The
acoustic lens 12 protects the ultrasonic element substrate 16.
The acoustic lens 12 is provided with a second conductive
film 22 on the ultrasonic element substrate 16 side. The first
conductive film 17, the second conductive film 22, the
conductive member 21, and the support substrate 14 are
electrically connected to each other. Consequently, it is
possible to reduce electromagnetic noise received by the
ultrasonic element array 6. The second conductive film 22
and the conductive member 21 are adhered to each other via
the conductive adhesive 23. Therefore, it is possible to easily
perform fixation between the acoustic lens 12 and the casing
portion 13 and electrical connection between the second
conductive film 22 and the conductive member 21.

[0106] (3) According to the present embodiment, a mate-
rial of the first conductive film 17 is copper. The copper has
low electrical resistance, and can thus absorb electromag-
netic noise with high efficiency.

[0107] (4) According to the present embodiment, the ultra-
sonic probe 2 is provided with the flat cable 4 and the
braided shield 26. The plurality of ultrasonic elements 35 are
provided in the ultrasonic element array 6, and thus a
plurality of wires for sending signals to the respective
ultrasonic elements 35 are necessary. The wires have the
form of the flat cable 4, and thus have a thin structure.
Therefore, the ultrasonic probe 2 can be thinned more than
in a case of using a cable in which wires are bundled in a rod
shape. The braided shield 26 is provided to surround the flat
cable 4. The support substrate 14 is connected to the braided
shield 26. Therefore, the braided shield 26 is connected to
the support substrate 14, and thus it is possible to prevent
electromagnetic noise from entering the flat cable 4.
[0108] (5) According to the present embodiment, the ultra-
sonic probe 2 is provided with the ultrasonic element
substrate 16 and the electric wave shield portion 43. The
ultrasonic element substrate 16 is provided with the ultra-
sonic element array 6. The ultrasonic element array 6
transmits an ultrasonic wave. In the ultrasonic element array
6, the ultrasonic elements 35 are arranged, and are connected
to each other via the first wire 31 and the second wire 34.
The first wire 31 and the second wire 34 connect the
respective ultrasonic elements 35 to each other so as to be
long, and thus easily receive electromagnetic noise.

[0109] The electric wave shield portion 43 is located in the
first direction 11 of the ultrasonic element array 6, the
direction intersecting the first direction 11, and the direction
opposite to the first direction 11. As mentioned above, the
electric wave shield portion 43 is provided to surround the
ultrasonic element array 6. Therefore, electromagnetic noise
directed toward the ultrasonic element array 6 from all
directions is reflected and blocked or is absorbed and
attenuated by the electric wave shield portion 43. As a result,
electromagnetic noise directed toward the ultrasonic ele-
ment array 6 can be prevented from reaching the ultrasonic
element array.
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[0110] (6) According to the present embodiment, the ultra-
sonic apparatus 1 includes the ultrasonic probe 2. The
ultrasonic probe 2 can prevent electromagnetic noise
directed toward the ultrasonic element array 6 from reaching
the ultrasonic element array. Therefore, the ultrasonic appa-
ratus 1 can be provided as an apparatus including the
ultrasonic probe 2 which can prevent electromagnetic noise
directed toward the ultrasonic element array 6 from reaching
the ultrasonic element array.

[0111] (7) According to the present embodiment, the first
conductive film 17 is provided between the ultrasonic ele-
ment substrate 16 and the acoustic lens 12. A potential of the
first conductive film 17 is 0 V. In the ultrasonic element
substrate 16, for example, a drive voltage of about 30 V is
applied between the first electrode 30 and the second elec-
trode 33. Even if a fracture occurs in the acoustic lens 12, the
first conductive film 17 is set to be 0 V, and thus it is possible
to prevent a drive voltage for driving the ultrasonic element
35 from being applied to the subject 5.

[0112] (8) According to the present embodiment, the ultra-
sonic element array 6 is surrounded by the electric wave
shield portion 43. Therefore, the electric wave shield portion
43 can prevent electromagnetic noise generated by the
ultrasonic element array 6 from being emitted from the
ultrasonic probe 2. The calculation device 9 is also sur-
rounded by the metallic main body casing portion 10.
Therefore, the main body casing portion 10 reduces elec-
tromagnetic noise advancing toward the calculation device
9. The main body casing portion 10 can prevent electro-
magnetic noise generated by the calculation device 9 from
being emitted from the main body portion 3.

Second Embodiment

[0113] Next, an embodiment of an ultrasonic apparatus
will be described with reference to schematic side sectional
views illustrating a structure of an ultrasonic probe in FIGS.
9 and 10. FIG. 9 is a view in which a section is viewed from
the +X direction side. FIG. 10 is a view in which a section
is viewed from the -Y direction side. The present embodi-
ment is different from the first embodiment in that a casing
portion is made of a conductive material. A description of
the same content as in the first embodiment will be omitted.
[0114] In other words, in the present embodiment, as
illustrated in FIGS. 9 and 10, an ultrasonic probe 54 of an
ultrasonic apparatus 53 includes a conductive member 55
provided on the support substrate 14. A method in which the
support substrate 14 and the conductive member 55 are fixed
together is not particularly limited. In the present embodi-
ment, for example, the support substrate 14 is fixed to the
conductive member 55 with screws.

[0115] A material of the conductive member 55 is not
particularly limited as long as the material is conductive,
but, in the present embodiment, copper is used as the
material of the conductive member 55. Nickel is plated on
a surface of the conductive member 55 in order to improve
corrosion resistance and an external appearance thereof. As
mentioned above, a shape is the same as that of the casing
portion 13 in the first embodiment, and a material is the same
as that of the conductive member 21 in the first embodiment.
In other words, the conductive member 55 has a structure in
which the conductive member 21 and the casing portion 13
in the first embodiment are integrally formed.

[0116] The conductive member 55 and the second con-
ductive film 22 are adhered to each other via the conductive
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adhesive 23. Therefore, the conductive member 55 is elec-
trically connected to the second conductive film 22. The
second conductive film 22 and the first conductive film 17
are adhered to each other via the conductive adhesive 23.
Therefore, the second conductive film 22 is electrically
connected to the first conductive film 17. Thus, the first
conductive film 17, the conductive member 55, and the
support substrate 14 are electrically connected to each other.

[0117] As mentioned above, the conductive member 55
has a structure in which the conductive member 21 and the
casing portion 13 in the first embodiment are integrally
formed. In other words, the conductive member 55 corre-
sponding to the casing portion 13 is made of a conductive
material. The first conductive film 17, the conductive mem-
ber 55, and the support substrate 14 are electrically con-
nected to each other. In this configuration, the ultrasonic
element array 6 is surrounded by the conductive member,
and thus it is possible to prevent the ultrasonic element array
6 from receiving electromagnetic noise. Second processing
for providing the conductive member 21 in the casing
portion 13 in the first embodiment can be omitted, and thus
it is possible to manufacture the ultrasonic probe 54 with
high productivity.

Third Embodiment

[0118] Next, an embodiment of an ultrasonic apparatus
will be described with reference to FIGS. 11 and 12. FIG. 11
is a schematic plan view illustrating a structure of an
ultrasonic element array. FIG. 11 illustrates a state in which
a first conductive film overlaps the ultrasonic element sub-
strate 16 is viewed from the first direction 11. FIG. 12 is a
schematic side sectional view for explaining of a sectional
structure of an ultrasonic element array. The present embodi-
ment is different from the first embodiment in that a plurality
of holes are formed in the first conductive film 17. A
description of the same content as in the first embodiment
will be omitted.

[0119] In other words, in the present embodiment, as
illustrated in FIGS. 11 and 12, a first conductive film 62 is
provided between the internal acoustic matching portion 37
and the acoustic matching portion 18 in an ultrasonic probe
61 of an ultrasonic apparatus 58. A plurality of holes 624 are
provided in the first conductive film 62. The number and
positions of holes 624 are not particularly limited. The hole
62a is preferably provided at a location facing the ultrasonic
element 35. An ultrasonic wave transmitted from the ultra-
sonic element array 6 passes through the plurality of holes
62a, and thus attenuation thereof can be reduced. Therefore,
the ultrasonic probe 61 can transmit an ultrasonic wave with
high efficiency.

Fourth Embodiment

[0120] Next, an embodiment of an ultrasonic apparatus
will be described with reference to schematic side sectional
views illustrating a structure of an ultrasonic probe in FIGS.
13 and 14. FIG. 13 is a view in which a section is viewed
from the +X direction side. FIG. 14 is a view in which a
section 1s viewed from the -Y direction side. The present
embodiment is different from the first embodiment in that
the support substrate 14 is provided inside a casing portion.
A description of the same content as in the first embodiment
will be omitted.
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[0121] As illustrated in FIGS. 13 and 14, an ultrasonic
probe 66 of an ultrasonic apparatus 65 is provided with a
support substrate 67. The ultrasonic wave absorption plate
15, the ultrasonic element substrate 16, the first conductive
film 17, the acoustic matching portion 18, and the acoustic
lens 12 are provided to overlap each other in this order on
the first direction 11 side of the support substrate 67. The
ultrasonic element substrate 16 is provided with the ultra-
sonic element array 6 transmitting ultrasonic waves in the
first direction 11. The first conductive film 17 is provided on
the first direction 11 side of the ultrasonic element array 6.
A material of the support substrate 67 is the copper alloy as
that of the support substrate 14 of the first embodiment.
Therefore, the support substrate 67 is made of a conductive
material.

[0122] A connector substrate 68 is provided on the -Z
direction side of the support substrate 67. The connector
substrate 68 is provided with a connector 69, and a circuit
pattern having wires and terminals (not illustrated) is pro-
vided on the connector substrate 68. The terminals on the
connector substrate 68 are electrically connected to the first
terminals 38 and the second terminals 42 on the ultrasonic
element substrate 16 via a flexible printed wiring board 70.
The support substrate 67 is provided with a through-hole
67a on the +Y direction side. The flexible printed wiring
board 70 is disposed through the through-hole 67a.

[0123] The connector 69 is connected to the flat cable 4.
The braided shield 26 is provided to cover the periphery of
the flat cable 4.

[0124] A rectangular cylindrical casing portion 71 is pro-
vided on the Y direction side and the X direction side of the
connector substrate 68, the support substrate 67, the ultra-
sonic wave absorption plate 15, the ultrasonic element
substrate 16, the first conductive film 17, the acoustic
matching portion 18, and the acoustic lens 12. In this
configuration, the casing portion 71 is provided to surround
the ultrasonic element substrate 16 on aside intersecting the
first direction 11 of the ultrasonic element substrate 16. The
casing portion 71 is also provided to surround the ultrasonic
element substrate 16 on the opposite side to the first direc-
tion 11 with respect to the ultrasonic element substrate 16.
A conductive member 72 is provided inside the casing
portion 71.

[0125] As a material of the conductive member 72, metal
or the like may be used in the same manner as in the first
embodiment. In the present embodiment, for example, cop-
per is used as the material of the conductive member 72.
[0126] The first wire 31 and the second wire 34 are
provided in the ultrasonic element array 6, and thus easily
receive electromagnetic noise. The first conductive film 17
is provided on the first direction 11 side of the ultrasonic
element substrate 16 provided with the ultrasonic element
array 6. Electromagnetic noise directed toward the ultra-
sonic element array 6 from the first direction 11 side is
reflected and blocked or is absorbed and attenuated by the
first conductive film 17. The casing portion 71 includes the
conductive member 72, and the conductive member 72 is
provided to on the side intersecting the first direction 11 and
the opposite side to the first direction 11 of the ultrasonic
element substrate 16. Therefore, electromagnetic noise
directed toward the ultrasonic element array 6 from the
direction side intersecting the first direction 11 and the
opposite side to the first direction 11 is reflected and blocked
or is absorbed and attenuated by the conductive member 72.
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Therefore, electromagnetic noise directed toward the ultra-
sonic element array 6 from all directions is reflected and
blocked or is absorbed and attenuated by the first conductive
film 17 and the conductive member 72, and thus it is possible
to reduce the electromagnetic noise directed toward the
ultrasonic element array 6.

[0127] An electric wave shield portion 73 is formed by the
first conductive film 17 and the conductive member 72. The
electric wave shield portion 73 is made of a conductive
material, and is disposed to surround the ultrasonic element
substrate 16 provided with the ultrasonic element array 6.

[0128] The electric wave shield portion 73 is located in the
first direction 11 of the ultrasonic element array 6, the
direction intersecting the first direction 11, and the direction
opposite to the first direction 11. As mentioned above, the
electric wave shield portion 73 is provided to surround the
ultrasonic element array 6. Therefore, electromagnetic noise
directed toward the ultrasonic element array 6 from all
directions is reflected and blocked or is absorbed and
attenuated by the electric wave shield portion 73. As a result,
it is possible to prevent the electromagnetic noise from
reaching the ultrasonic element array.

Fifth Embodiment

[0129] Next, an embodiment of an ultrasonic apparatus
will be described with reference to an electrical block
diagram of an ultrasonic apparatus in FIG. 15. A plurality of
ultrasonic elements 35 are provided in the ultrasonic probe
2, but only a single ultrasonic element 35 is illustrated for
better understanding of the drawing. The present embodi-
ment is different from the first embodiment in terms of a
method of applying a bias voltage of an electric signal
applied to the ultrasonic element 35. A description of the
same content as in the first embodiment will be omitted.

[0130] FIG. 15 is an electrical block diagram of an ultra-
sonic apparatus. As illustrated in FIG. 15, an ultrasonic
apparatus 76 includes a main body portion 77 and an
ultrasonic probe 2. The ultrasonic probe 2 includes the
ultrasonic element array 6 provided with the ultrasonic
element 35. The main body portion 77 includes a calculation
device 78 therein, and the calculation device 78 is provided
with a transmission/reception circuit 46 and a drive circuit
47. The transmission/reception circuit 46 is electrically
connected to the inner conductor 44 of the flat cable 4 and
the drive circuit 47. The drive circuit 47 is electrically
connected to the transmission/reception circuit 46 and the
display device 7.

[0131] Specifically, the transmission/reception circuit 46
is connected to a capacitor 81, and the capacitor 81 is
connected to the inner conductor 44 of the flat cable 4. The
capacitor 81 is provided to cause only an AC component to
pass therethrough. The inner conductor 44 is electrically
connected to the first electrode 30 of the ultrasonic element
35.

[0132] The calculation device 78 includes a DC power
source circuit 82, and a negative terminal of the DC power
source circuit 82 is connected to a circuit ground 49 so as to
be grounded. The circuit ground 49 is also electrically
connected to the transmission/reception circuit 46 and the
drive circuit 47. A positive terminal of the DC power source
circuit 82 is connected to the inner conductor 44 of the flat
cable 4 via an electrical resistor 83. A positive bias voltage
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is applied to the first electrode 30. A voltage applied to the
first electrode 30 changes centering on the positive bias
voltage.

[0133] The outer conductor 45 of the flat cable 4 is
connected to the circuit ground 49. The outer conductor 45
of the flat cable 4 is electrically connected to the second
electrode 33. Therefore, a voltage of the second electrode 33
is 0 V. A voltage changes centering on the positive bias
voltage in the first electrode 30, and thus a voltage waveform
centering on the positive bias voltage is applied to the
piezoelectric layer 32.

[0134] As mentioned above, a voltage waveform for driv-
ing the ultrasonic element 35 is different from that in the first
embodiment. Also in this case, the electric wave shield
portion 43 can reduce electromagnetic noise directed toward
the ultrasonic element array 6. Since the support substrate 14
is electrically connected to the chassis ground 51, it is
possible to further reduce electromagnetic noise reaching the
ultrasonic element array.

Sixth Embodiment

[0135] Next, an embodiment of an ultrasonic apparatus
will be described with reference to a schematic side sec-
tional view illustrating a structure of an ultrasonic probe in
FIG. 16. The present embodiment is different from the first
embodiment in that the acoustic lens 12 having a convex
lens is replaced with a flat protective member. A description
of the same content as in the first embodiment will be
omitted.

[0136] In other words, as illustrated in FIG. 16, in an
ultrasonic probe 86 of an ultrasonic apparatus 85, the first
conductive film 17, the acoustic matching portion 18, and a
protective member 87 are provided to overlap each other in
this order on the first direction 11 side of the ultrasonic
element substrate 16. A surface of the protective member 87
on the first direction 11 side is flat. Ultrasonic waves
transmitted from the ultrasonic element substrate 16 are not
collected at the protective member 87 and advance in the
first direction 11.

[0137] The ultrasonic probe 86 can transmit ultrasonic
waves faraway. The ultrasonic probe 86 can receive a
reflected wave of an ultrasonic wave which is transmitted
therefrom toward the air and is reflected at a remote location.
Also in the ultrasonic probe 86, the first conductive film 17,
the second conductive film 22, the conductive member 21,
and the support substrate 14 surround the ultrasonic element
array 6. Therefore, it is possible to prevent electromagnetic
noise from reaching the ultrasonic element array 6.

Seventh Embodiment

[0138] Next, an embodiment of an ultrasonic apparatus
will be described with reference to a schematic side sec-
tional view illustrating a structure of an ultrasonic probe in
FIG. 17. The present embodiment is different from the first
embodiment in that the acoustic lens 12 is omitted, and the
first conductive film 17 and the casing portion 13 are
integrally formed. A description of the same content as in the
first embodiment will be omitted.

[0139] In other words, as illustrated in FIG. 17, in an
ultrasonic probe 91 of an ultrasonic apparatus 90, the
ultrasonic wave absorption plate 15, the ultrasonic element
substrate 16, and the acoustic matching portion 18 are
provided to overlap each other in this order on the first
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direction 11 side of the support substrate 14. A bottomed
rectangular cylindrical casing portion 92 is provided on the
first direction 11 side of the support substrate 14. A material
of the casing portion 92 is the same conductor as that of the
conductive member 21 in the first embodiment. Specifically,
a material of the casing portion 92 is copper or a copper
alloy, and a nickel film is formed on a surface of the casing
portion 92 through nickel plating.

[0140] The casing portion 92 has a form of a conductive
film 924 corresponding to the first conductive film 17 on the
first direction 11 side. The conductive film 92q is in close
contact with the acoustic matching portion 18. An electric
wave shield portion 93 is formed by the support substrate 14
and the casing portion 92.

[0141] The electric wave shield portion 93 is located in the
first direction 11 of the ultrasonic element array 6, the
direction intersecting the first direction 11, and the direction
opposite to the first direction 11. As mentioned above, the
electric wave shield portion 93 is provided to surround the
ultrasonic element array 6. Therefore, electromagnetic noise
directed toward the ultrasonic element array 6 from all
directions is reflected and blocked or is absorbed and
attenuated by the electric wave shield portion 93. As a result,
it is possible to prevent the electromagnetic noise from
reaching the ultrasonic element array 6.

[0142] According to the present embodiment, the ultra-
sonic probe 91 has a structure in which the first conductive
film 17, the conductive member 21, and the casing portion
13 in the first embodiment are integrally formed. In other
words, the casing portion 92 is made of a conductive
material. The casing portion 92 is electrically connected to
the support substrate 14. In this configuration, the ultrasonic
element array 6 is surrounded by the conductive member,
and thus it is possible to prevent the ultrasonic element array
6 from receiving electromagnetic noise. In the casing por-
tion 92, second processing for providing the conductive
member 21 in the casing portion 13 in the first embodiment
can be omitted, and thus it is possible to manufacture the
ultrasonic probe 91 with high productivity.

[0143] The present embodiment is not limited to the
above-described embodiments, and may be variously modi-
fied or altered by a person skilled in the art within the
technical spirit of the invention. Modification examples will
now be described.

MODIFICATION EXAMPLE 1

[0144] In the first embodiment, the conductive member 21
is provided by using a film forming device such as a
deposition device. Conductive particles such as metal may
be dispersed into an adhesive, and may be applied. A metal
component may be subjected to insert molding. The ultra-
sonic probe 2 can be manufactured with high productivity by
selecting an easy manufacturing method.

MODIFICATION EXAMPLE 2

[0145] In the first embodiment, the ultrasonic element
array 6 is provided on the ultrasonic element substrate 16. A
single ultrasonic element 35 may be provided on the ultra-
sonic element substrate 16. Also in this case, the electric
wave shield portion 43 can prevent electromagnetic noise
from reaching the ultrasonic element 35.
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MODIFICATION EXAMPLE 3

[0146] In the second embodiment, copper is used as a
material of the conductive member 55, and nickel is plated
on the surface of the conductive member 55. Aluminum may
be used as a material of the conductive member 55, and
alumite treatment may be performed on the surface of the
conductive member 55.

[0147] In the seventh embodiment, copper is used as a
material of the casing portion 92, and nickel is plated on the
surface of the casing portion 92. Aluminum may be used as
a material of the casing portion 92, and alumite treatment
may be performed on the surface of the casing portion 92.
The aluminum also has conductivity in the same manner as
the copper, and reflects and blocks or absorbs and attenuates
electromagnetic noise. Since the aluminum is easier to
obtain than the copper, materials can be easily procured.

MODIFICATION EXAMPLE 4

[0148] In the first embodiment, a description has been
made of an example of the ultrasonic probe 2 which trans-
mits an ultrasonic wave to the subject 5. The structure of the
electric wave shield portion may be used for an ultrasonic
apparatus which detects the presence or absence of an object
to be measured by using an ultrasonic wave. The structure of
the electric wave shield portion may be used for an ultra-
sonic apparatus which measures a distance between an
object to be measured and the ultrasonic apparatus by using
an ultrasonic wave. Also in this case, it is possible to prevent
electromagnetic noise from reaching the ultrasonic element
35.

[0149] The entire disclosure of Japanese Patent Applica-
tion No. 2017-150475, filed Aug. 3, 2017 is expressly
incorporated by reference herein.

What is claimed is:

1. An ultrasonic apparatus comprising:

an ultrasonic element substrate that includes an ultrasonic
element array transmitting an ultrasonic wave in a first
direction, and a first conductive film provided on the
first direction side of the ultrasonic element array;

a casing portion that has a conductive member provided
to surround the ultrasonic element substrate on a side
intersecting the first direction of the ultrasonic element
substrate; and

a support substrate that is provided on an opposite side to
the first direction of the ultrasonic element substrate,
supports the ultrasonic element substrate, and has con-
ductivity.
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2. The ultrasonic apparatus according to claim 1,

wherein a material of the casing portion is a resin,

wherein the conductive member is a thin film provided on
a surface of the casing portion,

wherein a protective member is provided on the first
direction side of the ultrasonic element substrate,

wherein a second conductive film is provided on a side of
the protective member directed toward the ultrasonic
element substrate,

wherein the first conductive film, the second conductive
film, the conductive member, and the support substrate
are electrically connected to each other, and

wherein the second conductive film is adhered to the
conductive member via a conductive adhesive.

3. The ultrasonic apparatus according to claim 1,

wherein the conductive member and the casing portion
are integrally formed, and

wherein the first conductive film, the conductive member,
and the support substrate are electrically connected to
each other.

4. The ultrasonic apparatus according to claim 1,

wherein a material of the first conductive film is copper.

5. The ultrasonic apparatus according to claim 1,

wherein the first conductive film is provided with a
plurality of holes.

6. The ultrasonic apparatus according to claim 1, further

comprising:

a flat cable through which an electric signal is transmitted
to the ultrasonic element array; and

a braided shield that surrounds the flat cable,

wherein the support substrate is connected to the braided
shield.

7. An ultrasonic apparatus comprising:

an ultrasonic element substrate that is provided with an
ultrasonic element array transmitting an ultrasonic
wave in a first direction; and

an electric wave shield portion that is located in the first
direction of the ultrasonic element array, a direction
intersecting the first direction, and a direction opposite
to the first direction.

8. An ultrasonic apparatus comprising:

an ultrasonic element substrate that includes an ultrasonic
element array transmitting an ultrasonic wave in a first
direction, and a first conductive film provided on the
first direction side of the ultrasonic element array; and

a casing portion that has a conductive member provided
to surround the ultrasonic element substrate on a side
intersecting the first direction and an opposite side to
the first direction of the ultrasonic element substrate.

I S I
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