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ULTRASONIC PROBE AND METHOD FOR
MANUFACTURING THE SAME AND
ULTRASONIC DIAGNOSTIC DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic probe
which takes a diagnostic image and a method for manufac-
turing the same and an ultrasonic diagnostic device.

BACKGROUND ART

[0002] An ultrasonic diagnostic device is a device which
takes a diagnostic image based on a reflection echo signal
output from an ultrasonic probe. A plurality of ultrasonic
transducers are arranged at the ultrasonic probe. The ultra-
sonic transducer converts a driving signal into an ultrasonic
wave, transmits ultrasonic wave to a subject, receives the
reflection echo signal generated from the subject and converts
it to an electric signal.

[0003] Recently, an ultrasonic probe that uses a cMUT
(Capacitive Micromachined Ultrasonic Transducer) has been
developed. The cMUT is a super-minute capacity type ultra-
sonic wave transducer manufactured using a semiconductor
microfabrication process. In the cMUT, an ultrasonic wave
transmitting/receiving sensitivity, in other words, electrome-
chanical coupling coefficient changes depending on the mag-
nitude of a bias voltage. In addition, the bias voltage is super-
imposed on the driving signal provided by an ultrasonic wave
transmitting/receiving part and is applied (For example, refer
to patent document 1).

[0004] Patent Document 1: U.S. Pat. No. 5,894,452
DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0005] However, in the cMUT probe described in the

above-mentioned patent document 1, a DC voltage is applied
to a lower electrode as the bias voltage for the silicon sub-
strate, and an AC high frequency voltage is applied to an
upper electrode as the driving signal against the lower elec-
trode. As a result, the upper electrode is not a ground layer at
ground potential, and there is a problem that an electric safety
for a subject is insufficient.

[0006] The present invention has been accomplished in
view of the above-described problems, and the object of the
present invention is to provide an ultrasonic probe which is
possible to improve the electric safety for the subject, and a
method for manufacturing the same and an ultrasonic diag-
nostic device.

Means for Solving the Problems

[0007] The ultrasonic probe according to the present inven-
tion is an ultrasonic probe comprising a cMUT chip having a
plurality of vibration elements whose electromechanical cou-
pling coefficient or a sensitivity changes depending on a bias
voltage, and transmitting/receiving an ultrasonic wave, an
acoustic lens provided on an ultrasonic wave radiation side of
said cMUT chip, a backing layer provided on a back side of
said cMUT chip and absorbing a propagation of said ultra-
sonic wave, an electric wiring portion provided from a periph-
eral portion of said cMUT chip and on a side surface of said
backing layer and having a signal pattern connected with an
electrode of said cMUT chip arranged thereon and a housing
for containing said cMUT chip, said acoustic lens, said back-
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ing layer and said electric wiring portion, wherein a ground
layer at ground potential is provided on an ultrasonic wave
radiation side of said cMUT chip.

[0008] The method for manufacturing the ultrasonic probe
according to the present invention is A method for manufac-
turing a cMUT chip having a plurality of vibration elements
whose electromechanical coupling coefficient or a sensitivity
changes depending on a bias voltage, and transmitting/receiv-
ing an ultrasonic wave, an acoustic lens provided on an ultra-
sonic wave radiation side of said cMUT chip, a backing layer
provided on a back side of said cMUT chip and absorbing a
propagation of said ultrasonic wave, an electric wiring por-
tion provided from a peripheral portion of said cMUT chip
and on a side surface of said backing layer and having a signal
pattern connected with an electrode of said cMUT chip
arranged thereon, and a housing for containing said cMUT
chip, said acoustic lens, said backing layer and said electric
wiring portion, said method being characterized by compris-
ing a step of bonding said cMUT chip on an upper surface of
said backing layer, a step of bonding said electric wiring
portion on an upper periphery of said backing layer, a step of
connecting said electric wiring portion and said cMUT chip
through a wire, a step of filling around said wire with light
curing resin as a sealant, a step of forming a conductive film
which can connect the ground on an inner surface of said
acoustic lens, and a step of bonding said acoustic lens on an
ultrasonic wave radiation surface of said cMUT chip.

[0009] The ultrasonic diagnostic device according to the
present invention comprises an ultrasonic probe comprising a
c¢MUT chip having a plurality of vibration elements whose
electromechanical coupling coefficient or a sensitivity
changes depending on a bias voltage, and transmitting/receiv-
ing an ultrasonic wave, an acoustic lens provided on an ultra-
sonic wave radiation side of said cMUT chip, a backing layer
provided on a back side of said cMUT chip and absorbing a
propagation of said ultrasonic wave, an electric wiring por-
tion provided from a peripheral portion of said cMUT chip
and on a side surface of said backing layer and having a signal
pattern connected with an electrode of said ¢cMUT chip
arranged thereon and a housing for containing said cMUT
chip, said acoustic lens, said backing layer and said electric
wiring portion, wherein a ground layer at ground potential is
provided on an ultrasonic wave radiation side of said cMUT
chip.

Effects of the Invention

[0010] According to the present invention, it is possible to
provide an ultrasonic probe and a method for manufacturing
the same and an ultrasonic diagnostic device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG.1isablock diagram of an ultrasonic diagnostic
device 1.

[0012] FIG. 2 is a block diagram of an ultrasonic probe 2.
[0013] FIG. 3 is a block diagram of a transducer 21.
[0014] FIG. 4 is a block diagram of a vibration element 28.
[0015] FIG. 5 is a view showing the ultrasonic probe 2

according to the first embodiment.

[0016] FIG. 6 is a schematic view showing the connection
between the ultrasonic diagnostic device 1 and the ultrasonic
probe 2.

[0017] FIG. 7 is a view showing an ultrasonic probe 2a
according to the second embodiment.
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[0018] FIG. 8 is a view showing an ultrasonic probe 24
according to the third embodiment.

[0019] FIG. 9 is a view showing an ultrasonic probe 2¢
according to the fourth embodiment.

[0020] FIG. 10 is a view showing an ultrasonic probe 2d
according to the fifth embodiment.

[0021] FIG. 11 is a view showing an ultrasonic probe 2e
according to the sixth embodiment.

[0022] FIG. 12 is a schematic view showing the wiring of
the ultrasonic probe 2.

[0023] FIG. 13 is a view showing the ground connection of
a substrate 40 of a cMUT chip 20.

[0024] FIG. 14 is a view showing the manufacturing pro-
cess of the ultrasonic probe 2 shown in FIG. 5.

[0025] FIG. 15 is a view showing the manufacturing pro-
cess of the ultrasonic probe 2d shown in FIG. 10.

[0026] FIG. 16 is a view showing an ultrasonic probe 2f
according to the tenth embodiment.

[0027] FIG. 17 is a detail view of the electrical connection
part 160 shown in FIG. 16.

[0028] FIG. 18 is a view showing the ground connection of
the substrate 40 from the upper side of the cMUT chip 20.
[0029] FIG. 19 is a view showing the ground connection of
the substrate 40 from the lower side of the cMUT chip 20.

DESCRIPTION OF REFERENCE NUMERALS

[0030] 1: ultrasonic diagnostic device
[0031] 2: ultrasonic probe

[0032] 3: transmission-reception separation means
[0033] 4: transmission means

[0034] 6: bias means

[0035] 8: reception means

[0036] 10: phasing addition means
[0037] 12: image processing means
[0038] 14: display means

[0039] 16: control means

[0040] 18: operation means

[0041] 20: cMUT chip

[0042] 21-1,21-2...:transducer

[0043] 22: backing layer

[0044] 25: ultrasonic probe cover

[0045] 26: acoustic lens

[0046] 27: sealant

[0047] 28: vibration element

[0048] 38, 41: signal pattern

[0049] 40: substrate

[0050] 46: upper electrode

[0051] 48: lower electrode

[0052] 72: flexible substrate

[0053] 70,71, 90: bonding layer

[0054] 76: conductive film (ground layer)
[0055] 78: insulator film (insulator layer)
[0056] 84, 94: ground line (cable shielded line)
[0057] 86: wire

[0058] 88: light curing resin

[0059] 108, 120: ground

[0060] 161,171,181, 185, 191, 195: through hole
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[0061] 163,165,173,175,182,184, 192, 194: pad terminal
[0062] 164, 174, 193: conductive adhesive (anisotropic
conductive adhesive sheet)
[0063] 183: wire
BEST MODE FOR CARRYING OUT THE
INVENTION
[0064] Hereinafter, preferred embodiments ofan ultrasonic

probe and an ultrasonic diagnostic device according to the
present invention will be described in detail with reference to
the attached drawings. In the following description and the
attached drawings, structural elements having generally iden-
tical functional configurations are denoted by same reference
numerals, and their repeated descriptions are omitted.

1. Configuration of an Ultrasonic Diagnostic Device
1

[0065] First, the configuration of an ultrasonic diagnostic
device 1 will be described with reference to FIG. 1. FIG. 1 is
a block diagram of the ultrasonic diagnostic device 1. The
ultrasonic diagnostic device 1 is composed of an ultrasonic
prove 2, transmission/reception separation means 3, trans-
mission means 4, bias means 6, reception means 8, phasing
addition means 10, image processing means 12, display
means 14, control means 16, and operation means 18.
[0066] The ultrasonic probe 2 is a device which touches a
subject and transmits/receives an ultrasonic wave with a sub-
ject. An ultrasonic wave is projected to the subject from the
ultrasonic probe 2, and a reflection echo signal generated
from the subject is received by the ultrasonic probe 2. The
transmission means 4 and the bias means 6 are devices that
supply a driving signal to the ultrasonic probe 2. The recep-
tion means 8 is a device that receives the reflection echo signal
output by the ultrasonic probe 2. In addition, the reception
means 8 processes an analog-digital conversion etc. to the
received reflection echo signal. The transmission/reception
separation means 3 switches and separates a transmission and
a reception so as to give a driving signal to the ultrasonic
probe 2 from the transmission means 4 at the time of trans-
mission, and give a reception signal to the reception means 8
from the ultrasonic probe 2 at the time of reception.

[0067] The phasing addition part 10 is a device that phases
and adds the received reflection echo signal. The image pro-
cessing means 12 is a device that produces a diagnosis image
(forinstance, a cross-sectional image and a blood flow image)
on the basis of the reflection echo signal which is phased and
added. The display part 14 is a display device that displays the
diagnosis image which is image-processed. The control
means 16 is a device that controls each structural elements
mentioned above. The operation means 18 is a device that
gives a direction to the control means 16. The operation
means 18 is an input device for instance, a track ball, a
keyboard, or a mouse etc.

2. Ultrasonic Probe 2
[0068] Next, the ultrasonic probe 2 will be described with
reference to FIG. 2 to FIG. 4.
2-1. Configuration of the Ultrasonic Probe 2

[0069] FIG. 2 is a block diagram of the ultrasonic probe 2.
FIG. 2 is a partial cut-away perspective view of the ultrasonic
probe 2. The ultrasonic probe 2 has a cMUT chip 20. The
c¢cMUT chip 20 is one dimensional array type transducer
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group where a plurality of transducers 21-1 and 21-2 etc. are
arranged like a reed shape. A plurality of vibration elements
28 are set in the transducers 21-1 and 21-2 etc. In addition, the
transducer group in other types such as a two dimensional
array type or a convex type etc. may be used. A backing layer
22 is provided on the back side of the cMUT chip 20. An
acoustic lens 26 is provided on the ultrasonic wave radiation
side of the cMUT chip 20. The cMUT chip 20 and the backing
layer 22 etc. are stored in an ultrasonic probe cover 25.
[0070] ThecMUT chip 20 converts the driving signal from
the transmission means 4 and the bias means 6 into an ultra-
sonic wave and transmits the ultrasonic wave to the subject.
The reception means 8 converts the ultrasonic wave generated
from the subject into an electric signal and receives it as the
reflection echo signal. The backing layer 22 is a layer which
absorbs the propagation of the ultrasonic wave projected from
the cMUT chip 20 to the back side so as to control an extra
vibration. The acoustic lens 26 is a lens which converges the
ultrasonic beam transmitted from the cMUT chip 20. As for
the acoustic lens 26, a curvature is provided based on one
focal length.

[0071] In addition, a matching layer may be provided
between the acoustic lens 26 and the cMUT chip 20. The
matching layer is a layer which adjusts the acoustic imped-
ances of the cMUT chip 20 and the subject so as to improve a
transmitting efficiency of the ultrasonic wave.

2-2. Transducer 21

[0072] FIG. 3 is a block diagram of the transducer 21. An
upper electrode 46 of the vibration element 28 is connected
with each transducer 21 divided into with respect to the direc-
tion X of the long axis. That is, the upper electrode 46-1 and
the upper electrode 46-2 etc. are arranged in parallel in direc-
tion X of the long axis. A lower electrode 48 of the vibration
element 28 is connected in each division divided into with
respect to the direction Y of the short axis. That is, the lower
electrode 48-1 and the lower electrode 48-2, etc. are arranged
in parallel in direction Y of the short axis.

2-3. Vibration Element 28

[0073] FIG. 4 is a block diagram of the vibration element
28. FIG. 4 is a cross sectional view of one vibration element
28. The vibration element 28 is composed of a substrate 40, a
film body 44, a film body 45, the upper electrode 46, a frame
body 47, and the lower electrode 48. The vibration element 28
is formed using a microfabrication by a semiconductor pro-
cess. In addition, the vibration element 28 corresponds to one
elemental device of the cMUT.

[0074] The substrate 40 is a semiconductor substrate such
as silicon. The film body 44 and the frame body 47 are made
of semiconductor compound such as silicon compound. The
film body 44 is provided on the ultrasonic wave radiation side
of the frame body 47. The upper electrode 46 is provided
between the film body 44 and the frame body 47. The lower
electrode 48 is provided in the film body 45 formed on the
substrate 40. An internal space 50 comparted by the flame
body 47 and the film body 45 is vacuum state or is filled with
a predetermined gas. Each of the upper electrode 46 and the
lower electrode 48 is connected with the transmission means
4 which supplies an AC high frequency voltage as a driving
signal and the bias means 6 which applies a DC voltage as a
bias voltage.
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[0075] When an ultrasonic wave is transmitted, a DC bias
voltage (Va) is applied to the vibration element 28 through the
upper electrode 46 and the lower electrode 48, and an electric
field is generated by a bias voltage (Va). The film body 44 is
tensioned by the generated electric field and has predeter-
mined electromechanical coupling coefficient (Sa). When the
driving signal is supplied from the transmission means 4 to
the upper electrode 46, the ultrasonic wave is projected from
the film body 44 based on the electromechanical coupling
coefficient (Sa). Moreover, when the bias voltage (Vb) of DC
is applied to the vibration element 28 through the upper
electrode 46 and the lower electrode 48, the electric field is
generated by the bias voltage (Vb). The film body 44 is
tensioned by the generated electric field and has predeter-
mined electromechanical coupling coefficient (Sb). When the
driving signal is supplied from the transmission means 4 to
the upper electrode 46, the ultrasonic wave is projected from
the film body 44 based on the electromechanical coupling
coefficient (Sb).

[0076] Here, when the bias voltage is “Va<Vb”, the elec-
tromechanical coupling coefficient becomes “Sa<Sb”. Onthe
other hand, when the ultrasonic wave is received, the film
body 44 is excited by the reflection echo signal generated
from the subject and a capacity of the internal space 50
changes An electric signal is detected through the upper elec-
trode 46 based on the amount of the change of this internal
space 50.

[0077] In addition, the electromechanical coupling coeffi-
cient of the vibration element 28 is determined by the tension
degree of the film body 44. Therefore, if the magnitude of the
bias voltage applied to the vibration element 28 is changed
and the tension degree of the film body 44 is controlled, the
sound pressure (for instance, amplitude) of the ultrasonic
wave projected from the vibration element 28 can be changed
even if the driving signals with same amplitude are input.

3. First embodiment

[0078] Next, the first embodiment will be described with
reference to FIG. 5 and FIG. 6.

3-1. Component of the Ultrasonic Probe 2

[0079] Theultrasonic probe 2 according to the first embodi-
ment is shown in FIG. 5. FIG. 5 is the cross sectional view of
plane A of the ultrasonic probe 2 of FIG. 2.

[0080] A conductive film 76 is formed along inner surface
and outer side surface of the acoustic lens 26. The conductive
film 76 is a Cu film formed by a deposition for instance. The
conductive film 76 is connected with a ground 120 of the main
body device side through a conductive member 80 and a
ground line 84.

[0081] The conductive member 80 is a member having
conductivity. The conductive member 80 is a reliable member
which is hard to break compared to the conductive layer 76.
For instance, the conductive member 80 is a Cu tape more
rigid than the conductive film 76. The conductive member 80
is fixed to the conductive film 76 on the outer side surface of
the acoustic lens 26 and the outer side surface of a flexible
substrate 72. The ground line 84 is connected with the con-
ductive member 80 through a connecting portion 82 by such
as soldering and a conductive adhesive.

[0082] ThecMUT chip 20 is bonded on the upper surface of
the backing layer 22 through a bonding layer 70. The flexible
substrate 72(Flexible printed circuits: FPC) is provided along
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an upper periphery and four side surfaces of the backing layer
22. The flexible substrate 72 is bonded on the upper periphery
of the backing layer 22 through a bonding layer 71.

[0083] The bonding layer 70 and the bonding layer 71 are
adhesives made of epoxy resin for instance. The height direc-
tion position of the cMUT chip 20 and the flexible substrate
72 can be adjusted by arbitrarily adjusting the layer thickness
of the bonding layer 70 and the bonding layer 71.

[0084] The flexible substrate 72 and the cMUT chip 20 are
electrically connected through a wire 86. The wire 86 is
connected by a wire bonding method. The Au wire etc. can be
used as wire 86. Light curing resin 88 is filled around the wire
86 as a sealant. In addition, a flip chip bonding method con-
necting each pad may be used as substitute for the wire
bonding method.

[0085] The acoustic lens 26 is bonded on the ultrasonic
wave radiation surface of the cMUT chip 20 through bonding
layer 90. For instance, silicon rubber is used as the material of
the acoustic lens 26. As for the material of the bonding layer
90, it is preferable to be similar to the material of the acoustic
lens 26 (for instance, silicon). The ultrasonic wave radiation
surface of the acoustic lens 26 is convex to the ultrasonic wave
irradiation direction at least within the range of area 23. The
vibration element 28 is arranged in the cMUT chip 20 within
the range at least corresponding to the area 23. An ultrasonic
wave is projected from the convex portion of the acoustic lens
26. The back surface of the acoustic lens 26 has the concave
portion at the position corresponding to the periphery of the
c¢MUT chip 20. A connecting portion (portion of light curing
resin 88) between the cMUT chip 20 and the flexible substrate
72 engages with this concave portion.

[0086] The ultrasonic probe cover 25 is provided on the
four sides of the ultrasonic probe 2. The ultrasonic probe
cover 25 is fixed on the four side surfaces of the acoustic lens
26. An examiner operates the ultrasonic probe 2 gripping the
ultrasonic probe cover 25 by hand. A sealant 27 is filled in the
space between the ultrasonic probe cover 25 and the acoustic
lens 26. In addition, it is preferable to locate the top position
of the ultrasonic probe cover 25 above the cMUT chip 20. As
a result, even if an accident such as a fall of the ultrasonic
probe 2 occurs, the direct impact can be prevented and the
c¢MUT chip 20 can be protected.

3-2. Connection of the Ultrasonic Probe 2

[0087] FIG. 6 is the schematic view showing the connec-
tion between the ultrasonic diagnostic device 1 and the ultra-
sonic probe 2. The ultrasonic diagnostic device 1 and the
ultrasonic probe 2 are connected through a cable 82. The
cable 82 has a plurality of coaxial cables 96.

[0088] The upper electrode 46 of the vibration element 28
is connected with a wiring 85. The wiring 85 is connected
with a wiring 91 in the ultrasonic diagnostic device 1 through
internal conductor of the coaxial cable 96. The wiring 91 is
connected with a reception amplifier 100 in the reception
means 8 and the transmission means 4 through a transmis-
sion/reception separation circuit 98. The lower electrode 48
ofthe vibration element 28 is connected with a wiring 66. The
wiring 66 is connected with a wiring 62 in the ultrasonic
diagnostic device 1 through internal conductor of the coaxial
cable 96. The wiring 62 is connected with the bias means 6.
The number of coaxial cables 96 equals to the total number of
the upper electrodes 46 and the lower electrodes 48 mutually
arranged in a plurality of vibration elements 28. The substrate
40 of the vibration element 28 is connected with a wiring 87.
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The wiring 87 is connected with a wiring 93 in the ultrasonic
diagnostic device 1 through outer conductor of the coaxial
cable 96. The wiring 93 is connected with ground 108 through
the chassis ground of the main body device (not shown here).
[0089] A capacitor 112 is arranged between the wiring 66
and the wiring 87. This capacitor 112 is a capacitative element
for a bypass of a signal current to bypass the current from the
lower electrode 48 when an AC current flowed from the upper
electrode 46 to the lower electrode 48. A resistance 110 is
arranged between the wiring 91 and the wiring 93. This resis-
tance 110 is a resistive element to stabilize the DC potential of
the upper electrode 46 at a ground potential. The bias means
6 is arranged between the wiring 62 and the wiring 93. This
bias means 6 causes the potential difference between the
upper electrode 46 and the lower electrode 48. Furthermore,
the transmission means 4 applies an AC high frequency volt-
age to the upper electrode 46 as a driving signal. Specifically,
in the upper electrode 46, DC=ground (standard potential)
and AC=Vpp, and in the lower electrode 48, DC=Vdc and
AC=0.

[0090] The conductive film 76 of the vibration element 28
is connected with a wiring 84. The wiring 84 is formed so as
to cover the internal circuit (the wiring 85, the wiring 66, the
capacitor 112, etc.) of the ultrasonic probe 2 and is connected
with a wiring 99 in the ultrasonic diagnostic device 1 through
a circumference ofthe cable 82. The wiring 99 is formed so as
to cover the internal circuit (the wiring 91, the wiring 62, and
the resistance 110, etc.) of the ultrasonic diagnostic device 1,
and connected with a ground 120. Therefore, in the conduc-
tive film 76, the wiring 84, the circumference of the cable 82
and the wiring 99, DC=0 and AC=0. The conductive film 76,
the wiring 84, the circumference of the cable 82, the wirings
99 and the ground 120 form a protection circuit and do not
allow an electromagnetic wave from the outside to invade the
internal circuit of the ultrasonic diagnostic device 1 and the
ultrasonic probe 2, and do not allow the electricity generated
in the ultrasonic diagnostic device 1 and the ultrasonic probe
2 to discharge to the outside of them.

3-3. Effects of the First Embodiment

[0091] As described above, in the ultrasonic probe 2 of the
first embodiment, the conductive film 76 is provided on the
ultrasonic wave radiation side of the cMUT chip 20 as a
ground layer. Therefore, even if the acoustic lens 26 is dam-
aged, because the conductive film 76 is at ground potential, an
electric shock is prevented and the electric safety of the ultra-
sonic probe to the subject can improve. Moreover, the close
space of the ground potential is formed with the conductive
film 76, the ground line 84 and the chassis ground of the main
body device. That is, because the major structural elements
and the main body circuit of the ultrasonic probe 2 are
involved in the close space of the ground potential, an unnec-
essary electric wave from the outside can be prevented from
influencing them, and the electromagnetic wave generated by
the ultrasonic probe 2 itself can be prevented from influencing
an external device harmfully.

[0092] Moreover, in the ultrasonic probe 2 of the first
embodiment, the conductive film 76 is formed along the inner
surface and the outer side surface of the acoustic lens 26 and
connected with the ground 120 through the high reliable
conductive member 80 and the ground line 84. As aresult, the
conductive film 76 formed along the inner surface and outer
side surface of the acoustic lens 26, not a sheet type conduc-
tive film drawn by in mold forming, is easily and firmly
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connected with the ground line 84 through the conductive
member 80. The certainty and the working efficiency of
mounting can improve. Moreover, by using the high reliable
conductive member 80, the damage of the conductive mem-
ber 80 when it is firmed on the flexible substrate 72 can be
prevented. Moreover, in FIG. 5, though the conductive mem-
ber 80 and the ground line 84 were shown only on a left side
surface of flexible substrate 72 on paper, they can be provided
at either at least one of the four side surfaces of the flexible
substrate 72

4. Second Embodiment

[0093] Next, the second embodiment will be described with
reference to FIG. 7. FIG. 7 is a view showing the ultrasonic
probe 2a according to the second embodiment. FIG. 7 corre-
sponds to plane A cross section of FIG. 2.

[0094] In the first embodiment, it is described that the con-
ductive film 76 connects with the ground line 84 through the
conductive member 80, however, the conductive film 76 and
the ground line 844 is directly connected in the second
embodiment. The ground line 84a is directly connected with
the conductive film 76 in the outer side surface of the acoustic
lens 26 through a connecting portion 82a by soldering or a
conductive adhesive etc.

[0095] As described above, in the second embodiment as
well as the first embodiment, because the conductive film 76
is provided on the ultrasonic wave radiation side of the cMUT
chip 20 as a ground layer, the electric safety of the ultrasonic
probe 2a to the subject can improve. Moreover, in the second
embodiment, a conductive member to connect the conductive
film 76 and the ground line 84a do not need to be provided.

5. Third Embodiment

[0096] Next, the third embodiment will be described with
reference to FIG. 8. FIG. 8 is a view showing the ultrasonic
probe 26 according to the third embodiment. FIG. 8 corre-
sponds to plane A cross section of FIG. 2.

[0097] Inthe first embodiment, it is described that the light
curing resin 88 is filled around the wire 86 as a sealant,
however, the sealant is not filled around the wire 86 in the
third embodiment. A bonding layer 90 is filled in not only
between the acoustic lens 26 and the cMUT chip 20 but also
around the wire 86. The bonding layer 90 not only bonds the
acoustic lens 26 and the cMUT chip 20 but also functions as
a sealant around the wire 86.

[0098] As described above, in the third embodiment as well
as the first embodiment, because the conductive film 76 is
provided on the ultrasonic wave radiation side of the cMUT
chip 20 as a ground layer, the electric safety of the ultrasonic
probe 24 to the subject can improve. Moreover, in the third
embodiment, a sealant need not be separately formed around
the wire 86.

6. Fourth Embodiment

[0099] Next, the fourth embodiment will be described with
reference to FIG. 9. FIG. 9 is a view showing the ultrasonic
probe 2¢ according to the fourth embodiment. FIG. 9 corre-
sponds to plane A cross section of FIG. 2.

[0100] In the first embodiment, it was described that the
conductive film 76 is formed on the inner surface and the
outer side surface of the acoustic lens 26, however, an insu-
lator film 78 as an insulator layer is additionally formed in the
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fourth embodiment. The insulator film 78 is a silicon oxide
film or a pala-xylylene film, for instance.

[0101] As described above, in the fourth embodiment as
well as the first embodiment, because the conductive film 76
is provided on the ultrasonic wave radiation side of the cMUT
chip 20 as a ground layer, the electric safety of the ultrasonic
probe 2¢ to the subject can improve. Moreover, in the fourth
embodiment, the insulator film 78 is formed between the
acoustic lens 26 and the cMUT chip 20 as an insulator layer.
It is doubly insulated with the acoustic lens 26 and the insu-
lator layer 78 between the subject and the cMUT chip 20.
Therefore, the safety of the ultrasonic probe 2¢ improves. In
addition, two or more insulator layers may be provided. For
instance, two insulator layers may be provided across the
conductive film 76.

7. Fifth Embodiment

[0102] Next, the fifth embodiment will be described with
reference to FIG. 10. FIG. 10 is a view showing the ultrasonic
probe 2d according to the fifth embodiment. FIG. 10 corre-
sponds to plane A cross section of FIG. 2.

[0103] In the first embodiment, it was described that the
conductive film 76 is formed on the inner surface and the
outer side surface of the acoustic lens 26, however the con-
ductive film 764 is formed along the ultrasonic wave radiation
surface of the cMUT chip 20 and the side surfaces of the
flexible substrate 72 and the backing layer 22 in the fifth
embodiment.

[0104] As described above, in the fifth embodiment as well
as the first embodiment, because the conductive film 764 is
provided on the ultrasonic wave radiation side of the cMUT
chip 20 as a ground layer, the electric safety of the ultrasonic
probe 2d to the subject can improve. Moreover, in the fifth
embodiment, because the conductive film 764 is formed on
the ultrasonic wave radiation surface of the cMUT chip 20, a
conductive film does not need to be formed on the inner
surface and the outer side surface of the acoustic lens 26.
Moreover, because the conductive film 764 is formed along
the side surfaces of the flexible substrate 72 and the backing
layer 22, the conductive film 764 and the ground line 84 can
be directly connected through the connecting portion 82
based on the backing layer 22.

8. Sixth Embodiment

[0105] Next, the sixth embodiment will be described with
reference to FIG. 11. FIG. 11 is a view showing the ultrasonic
probe 2e according to the sixth embodiment. FIG. 11 corre-
sponds to plane A cross section of FIG. 2.

[0106] In the fifth embodiment, it was described that the
conductive film 764 is formed on the ultrasonic wave radia-
tion surface of the cMUT chip 20, however, an insulator film
78e is additionally formed as an insulator layer in the sixth
embodiment. That is, the conductive film 76e and the insula-
tor film 78e are formed on the ultrasonic wave radiation
surface of the cMUT chip 20.

[0107] Asdescribed above, in the sixth embodiment as well
as the fifth embodiment, the insulator film 78e is formed
between the acoustic lens 26 and the cMUT chip 20 as an
insulator layer. It is doubly insulated with the acoustic lens 26
and the insulator layer 78¢ between the subject and the cMUT
chip 20. Therefore, the safety of the ultrasonic probe 2e
improves. In addition, two or more insulator layers may be
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provided. For instance, two insulator layers may be provided
across the conductive film 76e.

9. Seventh Embodiment

[0108] Next, the seventh embodiment will be described
with reference to FIG. 12 and FIG. 13. FIG. 12 is a schematic
view showing the wiring of the ultrasonic probe 2. FIG. 13 is
a view showing the ground connection of the substrate 40 of
the cMUT chip 20. FIG. 13 is cross section of FIG. 12 along
the B-B' line.

[0109] In an upper periphery of the cMUT chip 20, the
upper electrode 46 of the cMUT chip 20 and a signal pattern
38 of the flexible substrate 72 is connected through a wire
86-1, and the lower electrode 48 of the cMUT chip 20 and a
signal pattern 41 of the flexible substrate 72 are connected
through a wire 86-2. Light curing resin 88 is filled around the
wire 86 and a connecting portion is sealed.

[0110] In the corner portion (angle portion) of the cMUT
chip 20, conductive resin 89 is filled between the cMUT chip
20 and the flexible substrate 72. The conductive resin 89
corresponds to a connecting portion of the substrate 40 of
c¢MUT chip 20 and a ground line 94. The ground line 94 is set
between the flexible substrate 72 and the backing layer 22 at
the corner portion of the cMUT chip 20.

[0111] The substrate 40 is provided on the bottom of the
c¢cMUT chip 20. The substrate 40 is electrically connected
with the conductive resin 89. The substrate 40 is connected
with the ground 108 through the conductive resin 89 and the
ground line 94. In addition, the ground line 94 in FIG. 13
corresponds to the wiring 87 of FIG. 6. The conductive resin
89 is provided at the connecting portion of the substrate 40
and the wiring 87.

[0112] As described above, in the seventh embodiment, the
substrate 40 of the cMUT chip 20 is connected with ground
108 through the conductive resin 89 and the grand line 94 at
the corner portion. As a result, the ultrasonic wave character-
istics can be stabilized by stabilizing the potential of the
c¢MUT chip 20 without being the upper electrode 46 at ground
potential.

[0113] Moreover, there is the wire 86 which connects the
c¢MUT chip 20 and the signal pattern 38 and the signal pattern
41 of the flexible substrate 72 in the periphery except for the
corner portion of the cMUT chip 20, and the substrate 40 of
the cMUT chip 20 and the ground line 94 is connected
through the conductive resin 89 filled in the corner portion of
the cMUT chip 20. As a result, a signal pattern connecting
portion and a substrate ground connecting portion can be
provided independently at different locations, and manufac-
turing is also easy.

[0114] In addition, because the substrate 40 itself is also
semiconductor, there is a possibility that the substrate 40
becomes at a high voltage when some accident occurs. In the
seventh embodiment, because the substrate 40 is connected
with the ground, the substrate 40 can be maintained at the
ground voltage when some accident occurs, and the safety of
the ultrasonic probe 2 can be secured.

10. Eighth Embodiment

[0115] Next, the eighth embodiment will be described with
reference to FIG. 14. The eighth embodiment relates to a
method for manufacturing the ultrasonic probe 2 of FIG. 5,
the ultrasonic probe 26 of FIG. 8 and the ultrasonic probe 2¢
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of FIG.9. FIG. 14 is a view showing the manufacturing pro-
cess of the ultrasonic probe 2 shown in FIG. 5

[0116] ThecMUT chip 20 is bonded on the upper surface of
the backing layer 22 with the bonding layer 70 (step S1). The
flexible substrate 72 is bonded on an upper periphery of the
backing layer 22 with the bonding layer 71 (step S2). The
flexible substrate 72 and the cMUT chip 20 are electrically
connected through the wire 86. The wire 86 is connected by
using a wire bonding method or a flip chip bonding method
(step S3). The light curing resin 88 is filled around the wire 86
as a sealant (step S4).

[0117] The acoustic lens 26 is formed (step S5), and the
conductive film 76 is formed on an inner surface of the acous-
tic lens 26 (step S6). The acoustic lens 26 is bonded on the
ultrasonic wave radiation surface of the cMUT chip 20 with
the bonding layer 90. The conductive film 76 is connected
with the ground line 84. The ultrasonic probe cover 25 is
attached. The sealant 27 is filled in the space between the
acoustic lens 26, the flexible substrate 72, and the ultrasonic
probe cover 25 (step S7).

[0118] The ultrasonic probe 2 shown in FIG. 5 is manufac-
tured through the above-mentioned process. In addition, the
process in step S4 may be omitted and the bonding layer 90
may be filled around the wire 86 and may be concurrently
used as an adhesive and a sealant. In this case, the ultrasonic
probe 256 shown in FIG. 8 is manufactured. Moreover, the
conductive film 76 and the insulator film 78 may be simulta-
neously formed in step S6. In this case, the ultrasonic probe 2¢
shown in FIG. 9 is manufactured.

[0119] As for a method of forming the film, there are a
method for shaping the acoustic lens 26 and in mold shaping
an insulator sheet with a conductive film simultaneously and
amethod for forming an insulator film or a conductive film by
a physical deposition or a chemical deposition. By the in-
mold shaping, though the film can be formed at low cost, film
thickness of about 10 um is a limit. On the other hand, film
thickness of about 1 jum can be obtained in the film formation
by the deposition.

11. Ninth Embodiment

[0120] Next, the ninth embodiment will be described with
reference to FIG. 15. The ninth embodiment relates to the
method for manufacturing the ultrasonic probe 2d of FIG. 10
and the ultrasonic probe 2e of FIG. 11. FIG. 15 is a view
showing the manufacturing process of the ultrasonic probe 2d
shown in FIG. 10.

[0121] Ttis described thata conductive film and an insulator
film are formed on the side of the acoustic lens 26 in the eighth
embodiment, however, a conductive film and an insulator film
is formed on the side of the cMUT chip 20 in the ninth
embodiment.

[0122] Because the process from the step S1 to the step S5
is similar to FIG. 14, the explanation is omitted. The conduc-
tive film 764 is formed along the ultrasonic wave radiation
surface of the cMUT chip 20 and the side surfaces of the
flexible substrate 72 and the backing layer 22 (step S8). The
acoustic lens 26 is bonded on the ultrasonic wave radiation
surface of the cMUT chip 20 with the bonding layer 90. The
conductive film 764 is connected with the ground line 84. The
ultrasonic probe cover 25 is provided. The sealant 27 is filled
in the space between the acoustic lens 26, the flexible sub-
strate 72 and the ultrasonic prove cover 25 (step S9).

[0123] The ultrasonic probe 24 shown in FIG. 10 is manu-
factured through the above-mentioned process. In addition,
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the conductive film 76e and the insulator film 78e¢ may be
simultaneously formed in step S8. In this case, the ultrasonic
probe 2e shown in FIG. 11 is manufactured.

12. Tenth Embodiment

[0124] Next, the tenth embodiment will be described with
reference to FIG. 16 and FIG. 17. The tenth embodiment
relates to an electric connection of the cMUT chip 20 and the
flexible substrate 72. FIG. 16 is a view showing an ultrasonic
probe 2f according to the tenth embodiment. FIG. 16 corre-
sponds to plane A cross section of FIG. 2. FIG. 17 is a detailed
drawing of an electric connecting portion 160 of FIG. 16.
[0125] Inthe first embodiment, it is described that the flex-
ible substrate 72 and the cMUT chip 20 are electrically con-
nected through the wire 86 by a wire bonding method, how-
ever in the tenth embodiment, the flexible substrate 72 and the
c¢MUT chip 20 are electrically connected through a through
hole 161 or a through hole 171.

[0126] A signal pattern of the flexible substrate 72 is elec-
trically connected with an electrode of the cMUT chip 20 on
the back of the peripheral portion of the cMUT chip 20. At the
electric connecting portion 160, a notch portion 168 is pro-
vided on the upper surface of peripheral portion of the back-
ing layer 22 depending on the thickness of the flexible sub-
strate 72, the bonding layer 71, and the bonding layer 70.
[0127] The through hole 161 is a conducting path between
the upper electrode 46 of the cMUT chip 20 and a pad termi-
nal 163 provided on the back surface of the cMUT chip 20.
The through hole 171 is a conducting path between the lower
electrode 48 of the cMUT chip 20 and a pad terminal 173
provided on the back surface of the cMUT chip 20. The
through hole 161 and the through hole 171 are filled with
metal or a metallic layer is formed on its internal wall. An
insulator portion 162 and an insulator portion 172 are pro-
vided around the through hole 161 and the through hole 171
in the part of the substrate 40 of the cMUT chip 20. In
addition, it is also preferable to provide an insulator layer 167
on the back surface of the substrate 40.

[0128] A pad terminal 165 and a pad terminal 175 provided
on the flexible substrate 72 are respectively electrically con-
nected with the pad terminal 163 and the pad terminal 173
provided on the lower surface of the cMUT chip 20 through a
conductive adhesive 164 and a conductive adhesive 174 such
as an anisotropic conductive adhesive sheet.

[0129] The signal pattern 38 of the flexible substrate 72 is
electrically connected with the upper electrode 46 of the
c¢MUT chip 20 through the pad terminal 165, the conductive
adhesive 164, the pad terminal 163, and the through hole 161.
The signal pattern 41 of the flexible substrate 72 is electrically
connected with the lower electrode 48 of the cMUT chip 20
through the pad terminal 175, the conductive adhesive 174,
the pad terminal 173, and the through hole 171.

[0130] Thus, inthe tenth embodiment, the flexible substrate
72 and the cMUT chip 20 are electrically connected through
the through hole 161 and the through hole 171. As a result, the
flexible substrate 72 and the cMUT chip 20 can be electrically
connected by only doing the alignment of pad terminals,
without a wire for an electric connection.

[0131] In addition, in FIG. 17, it is described that the elec-
tric connection is achieved through a through hole on the back
surface of the cMUT chip 20, however the electric connection
may be achieved through a through hole on the radiation
surface of the cMUT chip 20.
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[0132] Moreover, when an electrode of the cMUT chip 20
and a signal line of the flexible substrate 72 are connected by
the wire bonding method shown in FIG. 5 and FIG. 9 etc.,
because the wire 86 at high potential and the conductive film
76 at ground potential are adjacent, it is unable to maintain
ground potential of the conductive film 76 with a short
between the conductive film 76 and the wire 86 due to fault of
a sealant such as the light curing resin 88 or pinhole fault of
the insulator film 78. On the other hand, when an electrode of
the cMUT chip 20 and a signal line of the flexible substrate 72
are connected by the through hole shown in FIG. 16 and FIG.
17, because a connecting line and the conductive film 76 are
not adjacent, there is no fear of short, and because the ground
potential of the conductive film 76 is maintained, the safety is
secured.

[0133] Moreover, because the wire 86 used in the wire
bonding method shown in FIG. 5 and FIG. 9 etc. is easy to be
damaged by the acting force and handling is difficult because
it is a thin metallic wire. On the other hand, in the connection
by the through hole shown in FIG. 16 and FIG. 17, the wire
connection work by the wire bonding method is unnecessary,
and handling is easy.

[0134] Moreover, a sealant such as light curing resin 88 is
required to fill around the wire 86, in the connection by the
wire bonding method shown in FIG. 5 and FIG. 9. A resin
used as a sealant and wire 86 have different coefficient of
linear expansion. In general, the coefficient of linear expan-
sion of the resin used as a sealant is larger than that of the
metal. Therefore, there is fear that the wire 86 is damaged
when the resin used as a sealant expands by a temperature
change. Moreover, when impurities exist in the resin used as
a sealant, there is fear that the spaces between the wire 86 and
the conductive film 76 are short-circuited by an electric
migration. On the other hand, in the connection by the
through hole shown in FIG. 16 and FIG. 17, because a wire
and a sealant are unnecessary, the problem originating from
impurities in the resin does not occur.

[0135] As described above, in the tenth embodiment, the
safety of the ultrasonic probe 2 can improve further by the
connecting by the through hole in place of the connection by
the wire bonding method.

13. Eleventh Embodiment

[0136] Next, the eleventh embodiment will be described
with reference to FIG. 18 and FIG. 19. The eleventh embodi-
ment relates to a ground connection of the substrate 40 of the
c¢MUT chip 20. It is described that the substrate 40 is con-
nected with the ground from the side surface of the cMUT
chip 20 through the conductive resin 89 in the seventh
embodiment, however the substrate 40 is connected with the
ground from the upper side (the ultrasonic radiation side) or
the lower side (the back side) of the cMUT chip 20 in the
eleventh embodiment.

13-1. Ground Connection from the Upper Side of the
c¢cMUT Chip

[0137] FIG. 18 is a view showing the ground connection of
the substrate 40 from the upper side of the cMUT chip 20.

[0138] A through hole 181 is a conducting path between the
substrate 40 of the cMUT chip 20 and a pad terminal 182
provided on the upper surface of the cMUT chip 20. A
through hole 185 is a conducting path between the ground line
94 provided on the inner surface of the flexible substrate 72
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and a pad terminal 184 provided on the upper surface. The
through hole 181 and the through hole 185 are filled with
metal or a metallic layer is formed on its internal wall.
[0139] The pad terminal 182 and the pad terminal 184 are
electrically connected through a wire 183 by a wire bonding
method. The substrate 40 of the cMUT chip 20 is connected
with the ground 108 through the through hole 181, the pad
terminal 182, the wire 183, the pad terminal 184, the through
hole 185 and the ground line 94.

13-2. Ground Connection from the Lower Side of the
cMUT Chip

[0140] FIG.19is a view showing the ground connection of
the substrate 40 from the lower side of the cMUT chip 20.
[0141] A throughhole 191 is a conducting path between the
substrate 40 of the cMUT chip 20 and a pad terminal 192
provided on the lower surface of the cMUT chip 20. A
through hole 195 is a conducting path between the ground line
94 provided on the inner surface of the flexible substrate 72
and a pad terminal 194 provided on the upper surface. The
through hole 191 and the through hole 195 are filled with
metal or a metallic layer is formed on its internal wall.
[0142] A pad terminal 192 and a pad terminal 194 are
electrically connected through a conductive adhesive 193
such as anisotropic conductive adhesive sheet. The substrate
40 of the cMUT chip 20 is connected with the ground through
the through hole 191, the pad terminal 192, the conductive
adhesive 193, the pad terminal 194, the through hole 195 and
the ground line 94.

13-3. Effect of the Eleventh Embodiment

[0143] As described above, in the eleventh embodiment,
the substrate 40 of the cMUT chip 20 can be connected with
the ground from an upper side or a lower side of the cMUT
chip 20 through a through hole. As a result, the substrate 40 of
the cMUT chip 20 can be connected with the ground only by
the connection by the wire bonding method or the alignment
of pad terminals in place of the filling of the conductive resin
for a groundconnection. The ultrasonic wave characteristic
can be stabilized by stabilizing the potential of the cMUT chip
with being the substrate 40 at ground potential.

[0144] In addition, the upper electrode 46 and the lower
electrode 48 applied a high voltage over 100 V exist on the
substrate 40 of the cMUT chip 20. Because the substrate 40
itself is also semiconductor, there is a possibility that the
substrate 40 becomes at a high voltage, when some accident
occurs. In the eleventh embodiment, because the substrate 40
is connected with the ground through a through hole, even
when some accident occurs, the substrate 40 can be main-
tained to the ground potential, so as to secure the safety of the
ultrasonic probe 2.

14. Others

[0145] In addition, the ultrasonic probe and the ultrasonic
diagnostic device may be composed by combining the above-
mentioned embodiments properly. Moreover, in the above
described embodiment, it is preferable to adjust the film
thickness of a conductive layer to about 0.1 um, and to adjust
the film thickness of an insulator layer to about 1 pm. By
thinning the film thickness of the insulator layer and the
conductive layer respectively, the influence (influence and

Jul. 15,2010

attenuation to the pulse and the frequency characteristics) on
the ultrasonic wave transmitted/received in the cMUT chip
can be controlled.

[0146] Preferred embodiments of the ultrasonic probe and
the ultrasonic diagnostic device according to the present
invention have been described with reference to the accom-
panying drawings. However, the present invention is not lim-
ited to the above-described embodiments. It is clear that a
person with ordinary skill in the art can easily conceive vari-
ous modifications and changes within the technical idea dis-
closed herein, and it is contemplated that such modifications
and changes naturally fall within the technical scope of the
present invention.

What is claimed is:

1. An ultrasonic probe comprising:

a ¢cMUT chip having a plurality of vibration elements
whose electromechanical coupling coefficient or a sen-
sitivity changes depending on a bias voltage, and trans-
mitting/receiving an ultrasonic wave;

an acoustic lens provided on an ultrasonic wave radiation
side of said cMUT chip;

a backing layer provided on a back side of said cMUT chip
and absorbing a propagation of said ultrasonic wave;
an electric wiring portion provided from a peripheral por-
tion of said cMUT chip and on a side surface of said
backing layer and having a signal pattern connected with
an electrode of said cMUT chip arranged thereon; and

a housing for containing said cMUT chip, said acoustic
lens, said backing layer and said electric wiring portion,

wherein a ground layer at ground potential is provided on
an ultrasonic wave radiation side of said cMUT chip.

2. An ultrasonic probe according to claim 1,

wherein said ground layer is formed along an inner surface
and an outer side surface of said acoustic lens;

said ground layer and a conductive member are connected
and fixed on an outer side surface of said acoustic lens;
and

said conductive member and a ground line are connected
and fixed on an side surface of said backing layer.

3. An ultrasonic probe according to claim 1,

wherein said ground layer is formed along an inner surface
and an outer side surface of said acoustic lens;

said ground layer is fixed and connected with a ground line
on an outer side surface of said acoustic lens.

4. An ultrasonic probe according to claim 1,

wherein said ground layer is formed on an ultrasonic wave
radiation surface of said cMUT chip.

5. An ultrasonic probe according to claim 1,

wherein an insulator layer is formed on at least either an
ultrasonic wave radiation side or a back side of said
ground layer.

6. An ultrasonic probe according to claim 1,

wherein a sealant is filled around a connecting portion
between an electrode of said cMUT chip and a signal
pattern of said electric wiring portion.

7. An ultrasonic probe according to claim 1,

wherein an adhesive used to bond said cMUT chip and said
acoustic lens is filled around a connecting portion
between an electrode of said cMUT chip and a signal
pattern of said electric wiring portion.

8. An ultrasonic probe according to claim 1,

wherein a substrate of said cMUT chip is connected with a
ground line.
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9. An ultrasonic probe according to claim 1,

wherein a substrate of said cMUT chip is connected with a
ground line from a side of said cMUT chip through
conductive resin.

10. An ultrasonic probe according to claim 1,

wherein said cMUT chip has a through hole electrically

connecting an electrode of said cMUT chip to an ultra-
sonic wave radiation surface or a back surface; and

an electrode of said cMUT chip is connected with a signal

pattern of said electric wiring portion through said
through hole.

11. An ultrasonic probe according to claim 10,

wherein said through hole and a signal pattern of said

electric wiring portion are connected by an alignment of
both pad terminals.

12. An ultrasonic probe according to claim 1,

wherein said cMUT chip has a through hole electrically

connecting a substrate of said cMUT chip to an ultra-
sonic wave radiation surface or a back surface; and

a substrate of said cMUT chip is connected with a ground

line through said through hole.

13. A method for manufacturing a cMUT chip having a
plurality of vibration elements whose electromechanical cou-
pling coefficient or a sensitivity changes depending on a bias
voltage, and transmitting/receiving an ultrasonic wave, an
acoustic lens provided on an ultrasonic wave radiation side of
said cMUT chip, a backing layer provided on a back side of
said cMUT chip and absorbing a propagation of said ultra-
sonic wave, an electric wiring portion provided from a periph-
eral portion of said cMUT chip and on a side surface of said
backing layer and having a signal pattern connected with an
electrode of said cMUT chip arranged thereon, and a housing
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for containing said cMUT chip, said acoustic lens, said back-
ing layer and said electric wiring portion, said method being
characterized by comprising:

a step of bonding said cMUT chip on an upper surface of
said backing layer;

a step of bonding said electric wiring portion on an upper
periphery of said backing layer;

a step of connecting said electric wiring portion and said
c¢MUT chip through a wire;

a step of filling around said wire with light curing resin as
a sealant;

a step of forming a conductive film being which can con-
nect the ground on an inner surface of said acoustic lens;
and

a step of bonding said acoustic lens on an ultrasonic wave
radiation surface of said cMUT chip.

14. A method for manufacturing an ultrasonic probe

according to claim 13,

wherein a step of forming said conductive film is a step of
forming a conductive film along an ultrasonic wave
radiation surface of said cMUT chip and a side surfaces
of said electric wiring portion and said backing layer.

15. An ultrasonic diagnostic devices comprising:

an ultrasonic probe transmitting/receiving an ultrasonic
wave to a subject;

an image processing part producing an ultrasonic wave
image based on a received ultrasonic wave signal output
from said ultrasonic probe; and

a display part displaying said ultrasonic wave image,

wherein said ultrasonic probe is a probe according to claim
1.
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