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(54) ULTRASONIC PROBE AND ULTRASONIC DIAGNOSIS DEVICE

(57) An ultrasonic probe and an ultrasonic diagnosis
device which can improve electrical safety for an operator
are provided. The ultrasonic probe 2 has an insulating
portion 62 between a mounting board 43 and a case 25.
Since electrical leakage from the internal device of the
ultrasonic probe 2 can be prevented, electrical safety of
the ultrasonic probe 2 for the operator can be improved.
A conductive film 61 is provided on the ultrasonic wave
radiation side of a cMUT chip 20, and a conductive mem-
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ber 63 is provided along the insulating member 62. A
conductive film 61 and a conductive member 63 are con-
nected by a conductive member 64. A closed space hav-
ing a ground potential is formed by the conductive film
61, the conductive member 63 and a coaxial cable 55
connected to ground. Main components or the body cir-
cuits of the ultrasonic probe 2 are contained in the closed
space having the ground potential and shielded electri-
cally from the outside.
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Description
Technical Field

[0001] The present invention relates to an ultrasonic
probe and an ultrasonic diagnosis device for photograph-
ing a diagnosis image.

Background Art

[0002] An ultrasonic diagnosis device is a device for
photographing a diagnosis image based on a reflection
echo signal output from an ultrasonic probe. In the ultra-
sonic probe, a plurality of ultrasonic vibrators is arranged.
The ultrasonic vibrator converts a driving signal into an
ultrasonic wave, transmits the ultrasonic wave to a sub-
ject, and receives and converts a reflection echo signal
generated from the subject into an electrical signal.
[0003] Recently, an ultrasonic probe using a Capaci-
tive Micromachined Ultrasonic Transducer (¢cMUT) has
been developed. The cMUT is a superfine capacitive ul-
trasonic vibrator manufactured by a semiconductor mi-
cromachining process. In addition, an ultrasonic probe
which is capable of reducing manufacturing cost and im-
proving image quality by manufacturing a vibrator cell by
a semiconductor manufacturing process using a board
of an inorganic material, forming a base plate of a resin
material in the vibrator cell, and removing the board of
the inorganic material is suggested (see Patent Docu-
ment 1).

[0004]

Patent Document 1: Japanese Unexamined Patent
Application Publication No. 2006-157320

Disclosure of the Invention
Problem that the Invention is to solve

[0005] However, in the conventional ultrasonic probe,
an insulating structure is insufficient and safety is hard
to secure with respect to an operator and a subject.
[0006] In the cMUT probe, a DC voltage is applied to
a lower electrode as a bias voltage with respect to a sil-
icon board of the cMUT and an AC high-frequency volt-
age is applied to an upper electrode as a driving signal
with respect to the lower electrode. As a result, the upper
electrode is not a ground layer having a ground potential.
In the conventional cMUT probe, electrical leakage from
the cMUT chip may be generated and the electrical safety
for an operator who operates the cMUT probe while
grasping a casing portion (case) is insufficient.

[0007] The present invention is contrived to solve the
above-mentioned problems. An object of the present in-
ventionis to provide an ultrasonic probe and an ultrasonic
diagnosis device capable of improving electrical safety
for an operator.
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Means for Solving the Problem

[0008] Inordertoachieve the above-mentioned object,
according to a first invention, there is provided an ultra-
sonic probe including: a Capacitive Micromachined Ul-
trasonic Transducer (cMUT) chip having a plurality of vi-
bration elements to transmit or receive an ultrasonic
wave; a mounting board on which electrical parts for con-
trolling the vibration elements are mounted; an electrical
wiring portion to connect the mounting board and the
cMUT chip; and a casing portion for storing the cMUT
chip, the mounting board and the electrical wiring portion,
wherein an insulating portion is provided between the
mounting board and the casing portion.

[0009] In the ultrasonic probe of the first invention, the
insulating layer is provided between the mounting board
and the casing portion such as a case. The insulating
layer is provided on the surface of the electrical wiring
portion or the inner surface of the casing portion. The
electrical wiring portion is a flexible printed circuit con-
nected to the cMUT chip. The electrical parts such as an
electronic circuit, a resistor or a capacitor are mounted
on the mounting board.

[0010] By providing the insulating layer between the
mounting board and the casing portion, since electrical
leakage from an internal device of the ultrasonic probe
is prevented, it is possible to improve electrical safety of
the ultrasonic probe for an operator.

[0011] Itis preferable that the cMUT chip, the electrical
wiring portion and the mounting board are stored in a
closed space formed by a ground layer having a ground
potential. The ground layer is a conductive film formed
on an ultrasonic wave radiation side of the cMUT chip, a
conductive member provided along a surface of the elec-
trical wiring portion or a conductive film formed along an
inner surface of the casing portion. The conductive mem-
bers or the conductive films are electrically connected so
as to be connected to ground on the body side of the
ultrasonic diagnosis device.

[0012] Accordingly, since the main components or the
body circuits of the ultrasonic probe are contained in a
closed space having a ground potential so as to be elec-
trically shielded from the outside, it is possible to prevent
influence of an electromagnetic wave from the inside to
the outside or from the outside to the inside. In addition,
it is possible to improve electrical safety of the ultrasonic
probe for the operator.

[0013] In addition, a filler may be filled in a portion or
all of the internal space of the casing portion. By filling
thefillerin the overall internal space of the casing portion,
it is possible to prevent corrosion of the internal constit-
uent member. In addition, itis possible to improve impact
resistance or aninsulating property and toimprove safety
of the ultrasonic probe. In addition, itis possible to prevent
deformation or damage of the ultrasonic probe.

[0014] According to a second invention, there is pro-
vided an ultrasonic diagnosis device including the ultra-
sonic probe according to the first invention.
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Advantage of the Invention

[0015] By providing an insulating portion between a
mounting board and a casing portion, since electrical
leakage from an internal device of an ultrasonic probe is
prevented, it is possible to improve electrical safety of
the ultrasonic probe for an operator.

Brief Description of the Drawings
[0016]

Fig. 1 is a view showing the configuration of an ul-
trasonic diagnosis device 1.

Fig. 2 is a view showing the configuration of an ul-
trasonic probe 2.

Fig. 3 is a view showing a vibrator 21.

Fig. 4 is a view showing the configuration of a vibra-
tion element 22.

Fig. 5 is a view showing the ultrasonic probe 2 ac-
cording to a first embodiment.

Fig. 6 is a view showing electrical connection be-
tween a FPC and a cMUT chip.

Fig. 7 is a view showing a connector 70 used for
connection with a mounting board 43.

Fig. 8 is a schematic view showing electrical con-
nection between the ultrasonic probe 2 and the body
of the ultrasonic diagnosis device 1.

Fig. 9 is a view showing an ultrasonic probe 2a ac-
cording to a second embodiment.

Fig. 10 is a view showing an ultrasonic probe 2b ac-
cording to a third embodiment.

Fig. 11 is a view showing an ultrasonic probe 2c ac-
cording to a fourth embodiment.

Description of Reference Numerals and Signs

[0017] 1: Ultrasonic diagnosis device, 2, 2a, 2b: ultra-
sonic probe, 3: transmission/reception separation
means, 4: transmission means, 6: bias means, 8: recep-
tion means, 10: phasing/adding means, 12: image
processing means, 14: display means, 16: control
means, 18: operation means, 20: cMUT chip, 21-1, 21-2:
vibrator, 22: vibration element, 23: backing layer, 25:
case, 26: acoustic lens, 27: lower electrode, 28: upper
electrode, 41: flexible printed circuit (bias), 42: flexible
printed circuit (signal), 43: mounting board, 44: cable, 45,
46:terminal, 47, 48: wire, 51, 52, 53: connector, 54: elec-
trical part, 55: coaxial cable (shield line), 57: coaxial cable
(bias), 58: coaxial cable (signal), 60, 65, 69: sealant, 61:
conductive film, 62: insulating member, 62a: insulating
film, 63: conductive member, 63a: conductive film, 64,
64a: conductive member, 66, 66b: filler, 70: connector,
102, 107: ground

Best Mode for Carrying Out the Invention

[0018] Hereinafter, an ultrasonic probe and an ultra-

10

15

20

25

30

35

40

45

50

55

sonic diagnosis device according to an embodiment of
the present invention will be described in detail with ref-
erence to the accompanying drawings. In addition, in the
following description and the accompanying drawings,
components having substantially the same function are
denoted by the same reference numerals and repetition
of the description will be omitted.

(1. Configuration of Ultrasonic Diagnosis Device)

[0019] First, the configuration of the ultrasonic diagno-
sis device 1 will be described with reference to Fig. 1.
Fig. 1is a view showing the configuration of the ultrasonic
diagnosis device 1.

[0020] The ultrasonic diagnosis device 1 includes an
ultrasonic probe 2, transmission/reception separation
means 3, transmission means 4, bias means 6, reception
means 8, phasing/adding means 10, image processing
means 12, display means 14, control means 16, and op-
eration means 18.

[0021] The ultrasonic probe 2 is a device which is
brought into contact with a subject so as to transmit or
receive an ultrasonic wave to or from the subject. The
ultrasonic wave is emitted from the ultrasonic probe 2 to
the subject, and a reflection echo signal generated from
the subject is received by the ultrasonic probe 2.
[0022] The transmission means 4 is a device for sup-
plying an AC high-frequency voltage as a driving signal.
The bias means 6 is a device for applying a DC voltage
as a bias voltage.

The reception means 8 is a device for receiving the re-
flection echo signal output from the ultrasonic probe 2.
The reception means 8 also performs an analog-to-digital
converting process with respect to the received reflection
echo signal.

[0023] The transmission/reception separation means
3 switches and separates transmission and reception
such that the driving signal is sent from the transmission
means 4 to the ultrasonic probe 2 at the time of trans-
mission and the reception signal is sent from the ultra-
sonic probe 2 to the reception means 8 at the time of
reception.

[0024] The phasing/adding means 10 is a device for
phasing and adding the received reflection echo signal.
The image processing means 12 is a device for config-
uring a diagnosis image (for example, a tomographic im-
age orablood streamimage) based on the phased added
reflection echo signal.

[0025] The display means 14 is a display device for
displaying the image-processed diagnosis image.

The control means 16 is a device for controlling the
above-described components.

The operation means 18 is a device for providing an in-
struction to the control means 16. The operation means
18 is, for example, an input device such as a track ball,
a keyboard, a mouse or the like.
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(2. Ultrasonic Probe 2)

[0026] Next, the ultrasonic probe 2 will be described
with reference to Figs. 2 to 4.

(2-1. Configuration of Ultrasonic Probe 2)

[0027] Fig. 2is a view showing the configuration of the
ultrasonic probe 2. Fig. 2 is a partial cutout perspective
view of the ultrasonic probe 2.

[0028] The ultrasonic probe 2 has a cMUT chip 20.
The cMUT chip 20 is a one-dimensional array type vibra-
tor group in which a plurality of vibrators 21-1, vibrators
21-2, Ois arranged in a stripe shape. A plurality of vibra-
tion elements 22 is arranged in the vibrators 21-1, the
vibrators 21-2, [0 In addition, a vibration group having
another shape, such as a two-dimensional array type or
convex type vibration group, may be used.

[0029] A backinglayer 23 is provided on a rear surface
side of the cMUT chip 20. An acoustic lens 26 is provided
on an ultrasonic wave emission side of the cMUT chip
20. The cMUT chip 20 and the backing layer 23 are re-
ceived in a case 25.

[0030] The cMUT chip 20 generates and transmits an
ultrasonic wave to the subject based on the driving signal
from the transmission means 4 and the bias voltage from
the bias means 6. The reception means 8 converts the
ultrasonic wave generated from the subject into an elec-
trical signal and receives the electrical signal as the re-
flection echo signal.

[0031] The backing layer 23 absorbs the propagation
of the ultrasonic wave emitted from the cMUT chip 20 to
the rear surface side so as to suppress excessive vibra-
tion.

[0032] The acoustic lens 26 is a lens for converging
an ultrasonic beam transmitted from the cMUT chip 20.
The curvature of the acousticlens 26 is determined based
on one focal length.

[0033] In addition, a matching layer may be provided
between the acoustic lens 26 and the cMUT chip 20. The
matching layer is a layer for matching acoustic imped-
ance of the cMUT chip 20 and the subjectso as toimprove
transmission efficiency of the ultrasonic wave.

(2-2. Vibrator 21)

[0034] Fig. 3is aview showing the configuration of the
vibrator 21.
[0035] Upper electrodes 28 of the vibration element 22

are connected for each of the vibrators 21 divided in a
long-axis direction X. That is, an upper electrode 28-1,
an upper electrode 28-2, (are arranged in parallel in the
long -axis direction X. Lower electrodes 27 of the vibration
element 22 are connected for each of sections divided
in a short-axis direction Y. That s, a lower electrode 27-1,
a lower electrode 27-2, Clare arranged in parallel in the
short-axis direction Y.
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(2-3. Vibration Element 22)

[0036] Fig. 4 is a view showing the configuration of the
vibration element 22. Fig. 4 is a cross-sectional view of
one vibration element 22. The vibration element 22 in-
cludes a board 30, a film body 31, a frame body 32, a
film body 33, the upper electrode 28 and the lower elec-
trode 27. The vibration element 22 is formed by microma-
chining according to a semiconductor process. In addi-
tion, the vibration element 22 corresponds to one element
of the cMUT.

[0037] The board 30 is a semiconductor board such
as a silicon board.

[0038] The film body 33 and the frame body 32 are
formed of a semiconductor compound such as a silicon
compound. The film body 33 is provided on the ultrasonic
wave emission side of the frame body 32. The upper
electrode 28 is provided between the film body 33 and
the frame body 32. The lower electrode 27 is provided in
the film body 31 formed on the board 30. An internal
space 34 partitioned by the frame body 32 and the film
body 31isinavacuum state oris filled with predetermined
gas.

[0039] The upper electrode 28 and the lower electrode
27 are connected to the transmission means 4 and the
bias means 6, respectively.

[0040] When the ultrasonic wave is transmitted, the
DC bias voltage Va is applied to the vibration element 22
through the upper electrode 28 and the lower electrode
27 and an electrical field is generated by the bias voltage
Va. The film body 33 is tensioned by the generated elec-
trical field to obtain a predetermined electromechanical
coupling coefficient Sa. When the driving signal is sup-
plied from the transmission means 4 to the upper elec-
trode 28, the ultrasonic wave is emitted from the film body
33 based on the electromechanical coupling coefficient
Sa.

[0041] In addition, when the DC bias voltage Vb is
applied to the vibration element 22 through the upper
electrode 28 and the lower electrode 27, an electrical
field is generated by the bias voltage Vb. The film body
33 is tensioned by the generated electrical field to obtain
a predetermined electromechanical coupling coefficient
Sb. When the driving signal is supplied from the trans-
mission means 4 to the upper electrode 28, the ultrasonic
wave is emitted from the film body 33 based on the elec-
tromechanical coupling coefficient Sb.

[0042] Here, if the bias voltage is [(1Va<Vb, Clthe elec-
tromechanical coupling coefficient becomes (0Sa<Sb.[]
[0043] Meanwhile, if the ultrasonic wave is received,
the film body 33 is excited by the reflection echo signal
generated from the subject such that the capacitance of
the internal space 34 is changed. Based on a change in
capacitance of the internal space 34, the electrical signal
is detected through the upper electrode 28.

[0044] The electromechanical coupling coefficient of
the vibration element 22 is determined by a tension de-
gree of the filmbody 33. Accordingly, if the tension degree
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of the film body 33 is controlled by changing the level of
the bias voltage applied to the vibration element 22, it is
possible to change sound pressure (for example, ampli-
tude) of the ultrasonic wave emitted from the vibration
element 22 even when the driving signal having the same
amplitude is input.

(3. First Embodiment)

[0045] Next, a first embodiment will be described with
reference to Figs. 5 to 8.

(3-1. Constituent Member of Ultrasonic Probe 2)

[0046] Fig. 5is a view showing the ultrasonic probe 2
according to a first embodiment. Fig. 5(a) is a cross-sec-
tional view of a long-axis direction X. Fig. 5(b) is a cross-
sectional view of a short-axis direction Y. Fig. 5(a) is a
cross-sectional view of line C-C of Fig. 5(b), and Fig. 5
(b) is a cross-sectional view of line B-B of Fig. 5(a). Fig.
5(b) corresponds to a cross-sectional view of a plane A
of the ultrasonic probe 2 of Fig. 2.

[0047] The ultrasonic probe 2 is connected to the body
of the ultrasonic diagnosis device 1 through a cable 44.
The acoustic lens 26 is provided on the ultrasonic wave
emission side of the cMUT chip 20. As the material of
the acoustic lens 26, for example, silicon rubber is used.
The backing layer 23 is adhered on the rear surface side
of the cMUT chip 20. A Flexible Printed Circuit (FPC) 41
and a FPC 42 are provided along the upper surface pe-
riphery and the four side surfaces of the backing layer
23.The FPC 41 and the FPC 42 are adhered to the upper
surface periphery of the backing layer 23 in the short-
axis direction Y and the long-axis direction X.

[0048] The FPC 41 and the FPC 42 are connected to
the mounting board 43 through a connector 51 and a
connector 52, respectively. A conducting circuit between
each of the terminals of the FPC 41 and the FPC 42 and
the cable 44 is provided on the mounting board 43. An
electrical part 54 for controlling the vibration element 22,
such as a resistor or a capacitor, is mounted on the
mounting board 43.

[0049] The wiring (bias) from the FPC 41 is connected
toacoaxial cable 57 through a connector 53 of the mount-
ing board 43. The wiring (signal) from the FPC 42 is con-
nected to a coaxial cable 58 through the connector 53 of
the mounting board 43.

[0050] A conductive film 61 is formed along an inner
surface and an outer surface of the acoustic lens 26. The
conductive film 61 is, for example, a Cu film formed by
deposition. In addition, an insulating film may be formed
together with the conductive film 61. Two insulating films
may be formed with the conductive film 61 interposed
therebetween.

[0051] An insulating member 62 and a conductive
member 63 are provided along the surface of the FPC
41 and the FPC 42. The insulating member 62 is a mem-
ber having an insulating property. The insulating member
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is, for example, an insulating tape formed of silicon oxide
or paraxylylene. The conductive member 63 is a member
having conductivity. The conductive member 63 is, for
example, a Cu tape.

[0052] The conductive film 61 and the conductive
member 63 are connected through a conductive member
64. The conductive member 64 is a high-reliable high-
rigidity conductive member which is hard to damage com-
pared with the conductive film 61. The conductive mem-
ber64is, forexample, a Cu tape. The conductive member
64 is fixed to the conductive film 61 of the outer side
surface of the acoustic lens 26 and the conductive mem-
ber 63 provided on the surface of the FPC 41 or the FPC
42.

[0053] The conductive member 63 is connected to a
coaxial cable 55 (shield line). The coaxial cable 55, the
coaxial cable 57 and the coaxial cable 58 are bundled
by the cable 44 so as to be connected to the body of the
ultrasonic diagnosis device 1.

[0054] The case 25is provided on the four surface side
of the ultrasonic probe 2. The case 25 is fixed to the four
surface side of the acoustic lens 26. An operator grasps
the case 25 and operates the ultrasonic probe 2. A seal-
ant 65 is filled in a gap between the case 25 and the
acoustic lens 26. A sealant 60 is filled in a gap between
the case 25 and the cable 44. In addition, a filler 66 is
filled between the acoustic lens 26 and the case 25.
[0055] In addition, it is preferable that the upper end
of the case 25 is located above the cMUT chip 20. Ac-
cordingly, even when an unexpected state such as falling
of the ultrasonic probe 2 occurs, it is possible to prevent
direct impact so as to protect the cMUT chip 20.

(3-2. Wiring of Ultrasonic Probe 2)

[0056] Fig. 6 is a view showing electrical connection
between the FPC and the cMUT chip.

[0057] The FPC 41, the FPC 42 and the cMUT chip 20
are electrically connected through a wire 47 and a wire
48, respectively. The wire 47 and the wire 48 are con-
nected by a wire bonding method. An Au wire or the like
may be used as the wire 47 and the wire 48.

[0058] Inthe upper surface periphery of the cMUT chip
20, the lower electrode 27 of the cMUT chip 20 and a
terminal 45 of the FPC 41 are connected by the wire 47,
and the upper electrode 28 of the cMUT chip 20 and a
terminal 46 of the FPC 42 are connected by the wire 48.
A photo-curable resin 49 is filled in the periphery of the
wire 47 and the wire 48 such that a connection portion
is sealed.

(3-3. Connector)

[0059] Fig. 7 is a view showing a connector 70 used
for connection with the mounting board 43.

[0060] A connector 70 includes a pin connector 71 and
a socket 72. The pin connector 71 is provided on an end
ofthe FPC 41. Pins 73 which are protrusion-shaped elec-
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trodes are provided on the pin connector 71. The socket
72 is provided on an end of the mounting board 43. Holes
74 corresponding to the pins 73 are provided in the socket
72. The pin connector 71 is fitted into the socket 72 such
that the pins 73 are inserted into the holes 74, thereby
electrically connecting the FPC 41 and the mounting
board 43.

[0061] In addition, the connector 70 of Fig. 7 may be
used as the connector 51, the connector 52 and the con-
nector 53 of Fig. 5, and another connector may be used
if connection with the mounting board 43 is possible. For
example, a connector in which a terminal exposed from
the end of the FPC 41 or the FPC 42 is directly inserted
into the socket of the mounting board 43 may be used.

(3-4. Connection of Ultrasonic Probe 2 and Body of Ul-
trasonic Diagnosis Device 1)

[0062] Fig. 8 is a schematic view showing electrical
connection between the ultrasonic probe 2 and the body
of the ultrasonic diagnosis device 1. The ultrasonic probe
2 and the body of the ultrasonic diagnosis device 1 are
connected through the cable 44. The cable 44 has the
plurality of coaxial cable 55, coaxial cable 57 and coaxial
cable 58.

[0063] The lower electrode 27 of the cMUT chip 20 is
connected to the coaxial cable 57 through the FPC 41
and the mounting board 43. The coaxial cable 57 is con-
nected to a wiring 103 in the body of the ultrasonic diag-
nosis device 1. The wiring 103 is connected to the bias
means 6. The number of coaxial cables 57 is equal to
the number of lower electrodes 27 which are commonly
placed in the cMUT chip 20.

[0064] The upper electrode 28 of the cMUT chip 20 is
connected to the coaxial cable 58 through the FPC 42
and the mounting board 43. The coaxial cable 58 is con-
nected to a wiring 104 in the body of the ultrasonic diag-
nosis device 1. The wiring 104 is connected to a reception
amplifier 108 and the transmission means 4 in the recep-
tion means 8 through the transmission/reception sepa-
ration means 3. The number of coaxial cables 58 is equal
to the number of upper electrodes 28 which are common-
ly placed in the cMUT chip 20.

[0065] Aresistor 106 is placed between the wiring 104
and the wiring 105. The wiring 105 is connected to ground
107. The resistor 106 is a resistor element for stabilizing
the DC potential of the upper electrode 28 to a ground
potential. Bias means 6 is placed between the wiring 103
and the wiring 105. The bias means 6 generates a po-
tential difference between the upper electrode 28 and
the lower electrode 27. The transmission means 4 ap-
plies an AC high-frequency voltage to the upper electrode
28 as the driving signal. In detail, the upper electrode 28
becomes DC=ground (reference potential (0)) and
AC=Vpp and the lower electrode 27 becomes DC=Vdc
and AC=0.

[0066] The conductive film 61 of the ultrasonic probe
2 is connected to the coaxial cable 55 through the con-
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ductive member 63. The conductive member 63 is
formed so as to cover the internal devices (the FPC 41,
the FPC 42 and the mounting board 43) of the ultrasonic
probe 2. The conductive member 63 is connected to the
wiring 101 in the body of the ultrasonic diagnosis device
1 through the coaxial cable 55. The wiring 101 is formed
so as to cover the internal circuit (the wiring 104, the
wiring 103, the resistor 106 or the like) in the body of the
ultrasonic diagnosis device 1. The wiring 101 is connect-
ed to ground 102. In detail, in the conductive film 61, the
conductive member 63, the coaxial cable 55 and the wir-
ing 101, DC=ground (reference potential (0)) and AC=0.
[0067] The conductive film 61, the conductive member
63, the coaxial cable 55, the wiring 101 and ground 102
form a protective circuit. This protective circuit prevents
an external electromagnetic wave from entering the body
ofthe ultrasonic diagnosis device 1 and the internal circuit
of the ultrasonic probe 2 and prevents electricity gener-
ated in the body of the ultrasonic diagnosis device 1 and
the ultrasonic probe 2 from being discharged to the out-
side.

(3-5. Effect of First Embodiment)

[0068] Inthe ultrasonic probe 2 of the firstembodiment,
the insulating member 62 is provided between the case
25 and the ultrasonic probe along the FPC 41 and the
FPC 42. Since electrical leakage from the internal device
of the ultrasonic probe 2 is prevented, it is possible to
improve electrical safety of the ultrasonic probe 2 for the
operator.

[0069] Inaddition, itis preferable that a material having
a high insulating property and excellent heat resistance
is used as the insulating member 62. For example, a tape
material or a sheet material having excellent insulating
property and heat resistance, such as kapton tape, TE-
FLON (registered trademark) material, vinyl chloride res-
in, polyurethane, polyethylene or the like, is used as the
insulating member 62.

[0070] Inthe ultrasonic probe 2, a closed space having
a ground potential is formed by the conductive film 61,
the conductive member 63, the coaxial cable 55, the wir-
ing 101 of the body device and ground 102. That s, since
the main components or the body circuits of the ultrasonic
probe 2 are contained in the closed space having the
ground potential, it is possible to prevent the influence
due to the unnecessary external wave or to prevent an
external device from being adversely affected by the
electromagnetic wave generated by the ultrasonic probe
2. Even when the case 25 is damaged, the ground po-
tential of the conductive member 63 prevents an electric
shock thus improving the electrical safety of the ultrason-
ic probe for the operator.

[0071] In addition, the conductive film 61 is provided
on the ultrasonic wave radiation side of the cMUT chip
20 as a ground layer. Accordingly, even when the acous-
tic lens 26 is damaged, the ground potential of the con-
ductive film 61 prevents an electric shock thus improving
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the electrical safety of the ultrasonic probe for the oper-
ator.

(4. Second Embodiment)

[0072] Next, a second embodiment will be described
with reference to Fig. 9.

[0073] Fig. 9is a view showing an ultrasonic probe 2a
according to the second embodiment. Fig. 9(a) is a cross-
sectional view of a long-axis direction X. Fig. 9(b) is a
cross-sectional view of a short-axis direction Y. Fig. 9(a)
is a cross-sectional view of line E-E of Fig. 9(b), and Fig.
9(b) is a cross-sectional view of line D-D of Fig. 9(a). Fig.
9(b) corresponds to a cross-sectional view of a plane A
of the ultrasonic probe 2 of Fig. 2.

[0074] Althoughthe conductive member 63 is provided
along the surface of the FPC 41 and the FPC 42 in the
first embodiment, a conductive film 63a is formed along
an inner surface of the case 25 in the second embodi-
ment.

[0075] The conductive film 61 and the conductive film
63a are connected through a conductive member 64a.
The conductive member 64a of Fig. 9 is equal to the
conductive member 64 of Fig. 5. The conductive member
64a is fixed to the conductive film 61 of the outer side
surface of the acoustic lens 26 and the conductive film
63a formed on the inner surface of the case 25.

[0076] In the ultrasonic probe 2a of the second em-
bodiment, an insulating member 62a is provided along
the inner surface of the case 25. Similar to the first em-
bodiment, since electrical leakage from the internal de-
vice of the ultrasonic probe 2ais prevented, it is possible
to improve electrical safety of the ultrasonic probe 2a for
the operator.

[0077] Inaddition, in the ultrasonic probe 2a, since the
conductive film 63a is formed along the inner surface of
the case 25, the main components or the body circuits
of the ultrasonic probe 2a are contained in the closed
space having the ground potential similar to the first em-
bodiment. Accordingly, it is possible to prevent influence
due to an unnecessary external wave or prevent an ex-
ternal device from being adversely affected by the elec-
tromagnetic wave generated by the ultrasonic probe 2a.

(5. Third Embodiment)

[0078] Next, a third embodiment will be described with
reference to Fig. 10.

[0079] Fig. 10 is a view showing an ultrasonic probe
2b according to the third embodiment. Fig. 10(a) is a
cross-sectional view of a long-axis direction X. Fig. 10(b)
is a cross-sectional view of a short-axis direction Y. Fig.
10(a) is a cross-sectional view of line G-G of Fig. 10(b),
and Fig. 10(b) is a cross-sectional view of line F-F of Fig.
10(a). Fig. 10(b) corresponds to a cross-sectional view
of a plane A of the ultrasonic probe 2 of Fig. 2.

[0080] Although the charging material 66 is filled be-
tween the acoustic lens 26 and the case 25 in the first
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embodiment, a filler 66b is filled in an overall space of
the case 25 in the third embodiment.

[0081] Aninlet68isprovidedinthe case 25inadvance.
The filler 66b is injected from the inlet 68 into the overall
internal space of the case 25 after assembling the ultra-
sonic probe 2b. After injecting the filler 66b, the inlet 68
is sealed by a sealant 69. In addition, an airtight cover
may be provided on the inlet 68.

[0082] In the ultrasonic probe 2b of the third embodi-
ment, since the filler 66b is filled in the overall internal
space of the case 25, it is possible to prevent corrosion
of the internal constituent member. It is possible to im-
prove impact resistance or insulating property and to im-
prove safety of the ultrasonic probe 2b. In addition, it is
possible to prevent deformation of the case 25 or to re-
duce the weight thereof.

[0083] It is preferable that the material of the filler 66b
has a light weight, an impact resistance or an insulating
property. For example, silicon-based resin may be used
as the filler 66b.

(6. Fourth Embodiment)

[0084] Next, a fourth embodiment will be described
with reference to Fig. 11.

[0085] Fig. 11 is a view showing an ultrasonic probe
2c according to the fourth embodiment. Fig. 11(a) is a
cross-sectional view of a long-axis direction X. Fig. 11(b)
is a cross-sectional view of a short-axis direction Y. Fig.
11(a) is a cross-sectional view of line H-H of Fig. 11(b),
and Fig. 11(b) is a cross-sectional view of line I-I of Fig.
11(a). Fig. 11(b) corresponds to a cross-sectional view
of a plane A of the ultrasonic probe 2 of Fig. 2.

[0086] Although the insulating layer is included be-
tween the electrical wiring portion, the mounting board
and the casing portion in the first embodiment, an insu-
lating layer is provided so as to cover the overall periphery
of the electrical wiring portion and the mounting board in
the fourth embodiment.

[0087] An insulating film 80 and the conductive film 61
are formed on the inner surface (concave portion) of the
acoustic lens 26. In detail, the insulating film 80 is depos-
ited along the inner surface of the acoustic lens 26. In
addition, the conductive film 61 is deposited on the de-
posited insulating film 80. The conductive film 61 is, for
example, a Cu film. In addition, two insulating films 80
may be formed with the conductive film 61 interposed
therebetween.

[0088] Aninsulating film 81 is adhered to the ultrasonic
transmission/reception surface of the cMUT chip 20
through an adhesive. In addition, the insulating film 81
may be deposited on the cMUT chip 20. The insulating
film 81 is formed of a material which scarcely influences
ultrasonic transmission/reception, such as a silicon oxide
or paraxylylene insulating film.

[0089] The insulating film 81 adhered to the ultrasonic
transmission/reception surface of the cMUT chip 20 cov-
ers the wire 47 and the wire 48 for connecting the cMUT
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chip 20 and the FPC 41, and the FPC 41 on the ultrasonic
transmission/reception surface. In addition, the insulat-
ing film 81 covers the FPC 41 bent downward from the
ultrasonic transmission/reception surface. Thatis, the in-
sulating film 81 is formed so as to cover the periphery
such as the cMUT chip 20 and the FPC 41.

[0090] The insulating film 81 is connected to the insu-
lating member 62 on the FPC 41. The insulating member
62 is a member having an insulating property. The insu-
lating member 62 is, for example, an insulating tape
formed of silicon oxide or paraxylylene. The insulating
member 62 covers the FPC 41 bent downward from the
ultrasonic transmission/reception surface of the FPC 41.
In addition, the insulating member 62 covers the mount-
ing board 43, on which the electrical parts 54 such as a
resistor or a capacitor are mounted, from the side to the
bottom thereof.

[0091] The conductive film 61 and the conductive
member 63 are connected through the conductive mem-
ber 64. The conductive member 63 and the conductive
member 64 are high-reliable high-rigidity conductive
members which are hard to damage compared with the
conductive film 61. The conductive member 63 and the
conductive member 64 are, for example, Cu tapes. The
conductive member 64 is fixed to the conductive film 61
of the inner side surface of the acoustic lens 26 and the
conductive member 63 provided on the outer surface of
the insulating member 62.

[0092] The conductive member 63 is connected to the
coaxial cable 55 (shield line). The coaxial cable 55, the
coaxial cable 57 and the coaxial cable 58 are bundled
through the cable 44 so as to be connected to the body
of the ultrasonic diagnosis device 1.

[0093] The case 25 is provided on the four side sur-
faces of the ultrasonic probe 2. The case 25 is fixed to
the four side surfaces of the acoustic lens 26. The oper-
ator grasps the case 25 and operates the ultrasonic probe
2. A sealant 65 is filled in a gap between the case 25 and
the acoustic lens 26. A sealant 60 is filled in a gap be-
tween the case 25 and the cable 44. In addition, a charg-
ing material 66 is filled between the acoustic lens 26 and
the case 25.

[0094] In addition, it is preferable that the upper end
of the case 25 is located above the cMUT chip 20. Ac-
cordingly, even when an unexpected state such as falling
of the ultrasonic probe 2 occurs, it is possible to prevent
direct impact so as to protect the cMUT chip 20.

(7. Others)

[0095] With respect to a method of forming the con-
ductive film or the insulating film, there is a method of
forming the case 25, the acoustic lens 26 and in-molding
an insulating sheet having a conductive film attached
thereto at the same time or a method of forming the in-
sulating film or the conductive film by physical deposition
or chemical deposition. It is preferable that the film thick-
ness of the conductive layer is about 0.1 wm and the film
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thickness ofthe insulating layeris about 1 um. By thinning
the film thickness of the insulating layer and the conduc-
tive layer, it is possible to suppress influence on the ul-
trasonic wave transmitted/received in the cMUT chip (in-
fluence on pulse/frequency characteristics or attenua-
tion).

[0096] Although the suitable embodiments of the ultra-
sonic probe and the ultrasonic diagnosis device accord-
ing to the present invention are described with reference
to the accompanying drawings, the present invention is
not limited to the examples. It is understood by those
skilled in the art that various modifications or alterations
are made in the technical range disclosed in the present
invention and are included in the technical range of the
present invention.

Claims
1. An ultrasonic probe comprising:

a Capacitive Micromachined Ultrasonic Trans-
ducer (cMUT) chip having a plurality of vibration
elements to transmit or receive an ultrasonic
wave;

a mounting board on which electrical parts for
controlling the vibration elements are mounted;
an electrical wiring portion to connect the mount-
ing board and the cMUT chip; and

a casing portion for storing the cMUT chip, the
mounting board and the electrical wiring portion,
wherein an insulating portion is provided be-
tween the mounting board and the casing por-
tion.

2. The ultrasonic probe according to claim 1, wherein
an acoustic lens is provided on an ultrasonic wave
radiation side of the cMUT chip and a backing layer
is provided on a side of the cMUT chip opposed to
the acoustic lens.

3. The ultrasonic probe according to claim 2, wherein
the electrical wiring portion is placed along the back-
ing layer.

4. The ultrasonic probe according to claim 2, wherein
the insulating portion is provided between the cMUT
chip and the acoustic lens.

5. The ultrasonic probe according to claim 1, wherein
the insulating portion is provided along a surface of
the electrical wiring portion.

6. The ultrasonic probe according to claim 1, wherein
the insulating portion is provided so as to cover the

overall periphery of the mounting board.

7. The ultrasonic probe according to claim 1, wherein



10.

11.

12.

13.

14.
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the insulating portion is provided along an inner sur-
face of the casing portion.

The ultrasonic probe according to claim 1, wherein
the insulating portion includes an insulating member
of silicon oxide or paraxylylene.

The ultrasonic probe according to claim 1, wherein
the cMUT chip, the electrical wiring portion and the
mounting board are stored in a closed space formed
by a ground layer having a ground potential.

The ultrasonic probe according to claim 9, wherein
the ground layer is provided along an ultrasonic wave
radiation side of the cMUT chip and a surface of the
electrical wiring portion or an inner surface of the
casing portion.

The ultrasonic probe according to claim 9, wherein
the ground layer includes a conductive member.

The ultrasonic probe according to claim 9, wherein
the ground layer is provided along the outer surface
of the insulating layer.

The ultrasonic probe according to claim 1, wherein
afillerisfilled in at least a portion of an internal space
of the casing portion.

An ultrasonic diagnosis device comprising:

an ultrasonic probe to transmit or receive an ul-
trasonic wave to a subject;

an image processing unit to configure an ultra-
sonic image based on an ultrasonic reception
signal output from the ultrasonic probe; and

a display unit to display the ultrasonic image,
wherein the ultrasonic probe is the ultrasonic
probe according to one of claims 1 to 12.
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