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An ultrasonic probe is disclosed which includes a cMUT chip
having a plurality of vibration elements whose electrome-
chanical coupling coefficient or sensitivity is changed accord-
ing to a bias voltage and transmitting and receiving ultrasonic
waves, an acoustic lens arranged above the cMUT chip, and a
backing layer arranged below the cMUT chip. An electric
leakage preventing unit is provided at the ultrasonic wave
transmission/reception surface side of the acoustic lens or
between the acoustic lens and the cMUT chip. The electric
leakage preventing unit can be, for example, an insulating
layer such as a ground layer. Such a structure makes it is
possible to provide an ultrasonic probe capable of preventing
electric leakage from the ultrasonic probe to an object to be
examined so as to improve the electric safety and an ultra-
sonic diagnostic apparatus using the probe.
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MAJOR-AXIS DIRECTION X
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1
ULTRASONIC PROBE AND ULTRASONIC
DIAGNOSTIC APPARATUS USING THE
SAME

TECHNICAL FIELD

The present invention relates to an ultrasonic probe and
ultrasonic diagnostic apparatus using the same, and more
particularly to an ultrasonic probe and ultrasonic diagnostic
apparatus using the same wherein the electric safety for an
object to be examined is improved.

BACKGROUND ART

Anultrasonic diagnostic apparatus is for imaging diagnos-
tic images based on the echo signals and the reflected signals
thereof outputted from an ultrasonic probe. In an ultrasonic
probe, a plurality of ultrasonic transducers is disposed. The
ultrasonic transducers convert driving signals into ultrasonic
waves and transmit them to the object, as well as receive the
reflected echo signals produced from the object and convert
them into electric signals.

In recent years, ultrasonic probes using a cMUT (Capaci-
tive Micromachined Ultrasonic Transducer) have been devel-
oped. The cMUT is an ultrafine capacitance ultrasonic trans-
ducer manufactured by semiconductor microfabrication
process as disclosed, for example, in Patent document 1. In
the cMUT, bias voltage is applied on two electrodes (the
object side and the backing layer side) disposed in a plurality
of pairs opposite each other in a direction parallel to the
ultrasonic wave transmitting/receiving surface, driving sig-
nals are superimposed and applied, and ultrasonic waves are
sent out.

Patent Document 1: U.S. Pat. No. 5,894,452
Patent Document 2: JP-A-2007-235795

DISCLOSURE OF THE INVENTION
Problems to be Solved

However, the present inventors found out the problem
described below as aresult of reviewing the above-mentioned
conventional technique.

That is, in the conventional ultrasonic probe using the
conventional PZT, only one kind of driving signal is to be
applied as voltage between the electrodes disposed opposite
each other on the ultrasonic wave transmitting/receiving sut-
face, whereby capable of reducing the current passing from
the electrode toward the object by contacting the ground
electrode to the electrode disposed on the object side as dis-
closed in, for example, Patent Document 2. However, in the
ultrasonic probe using a ¢cMUT, since the bias voltage is
mainly applied to the electrode on the backing layer side at the
same time as the driving signal formed by a high-frequency
wave (drive voltage) is applied to the electrode on the object
side, the ground layer cannot be contacted to the electrode on
the object side directly, thus the insulation becomes insuffi-
cient unless a ground layer is provided.

Also, while there are cases in the ultrasonic probe using a
c¢MUT that an acoustic matching layer is not provided, which
causes the problem of deterioration in insulation construc-
tion.

The objective of the present invention is to provide an
ultrasonic probe using a cMUT and an ultrasonic diagnostic
apparatus using the same capable of preventing electrical
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leakage on the object by providing adequate insulation con-
figuration in an ultrasonic probe using a cMU'T, improved in
electrical safety.

Means to Solve the Problem

In accordance with the present invention, the ultrasonic
probe comprises:

a ¢MUT chip having a plurality of vibration elements
wherein electromechanical coupling coefficient or sensitivity
varies in accordance with bias voltage, for transmitting/re-
ceiving ultrasonic waves;

an acoustic lens provided on the upper part of the cMUT
chip; and

a backing layer provided on the lower part of the cMUT
chip,

characterized in further comprising electric leakage pre-
venting means on the side of ultrasonic wave transmitting/
receiving surface of the acoustic lens or between the acoustic
lens and the cMUT chip.

Effect of the Invention

In accordance with the present invention, it is possible to
provide an ultrasonic probe using a cMUT and an ultrasonic
diagnostic apparatus using the same improved in electrical
safety capable of preventing electric leakage to an object by
providing adequate insulation configuration.

BRIEF DESCRIPTION OF THE DIAGRAMS

FIG. 1 is a configuration diagram showing an ultrasonic
diagnostic apparatus related to the present invention.

FIG. 2 is a configuration diagram showing an ultrasonic
probe related to the present invention.

FIG. 3 is a configuration diagram showing a transducer
related to the present invention.

FIG. 4 is a configuration diagram of one vibration element
in FIG. 3 viewed from the side.

FIG. 5 shows an ultrasonic probe related to embodiment 1.

FIG. 6 shows the wiring of the ultrasonic probe.

FIG. 7 shows an ultrasonic probe related to embodiment 2.

FIG. 8 shows an ultrasonic probe related to embodiment 3.

FIG. 9 shows an ultrasonic probe related to embodiment 4.

FIG. 10 is a pattern diagram showing conductor configu-
ration and insulation configuration.

FIG. 11 shows an ultrasonic probe related to embodiment
5.

FIG. 12 shows an ultrasonic probe related to embodiment
6.

FIG. 13 shows an ultrasonic probe related to embodiment
7.

FIG. 14 shows an ultrasonic probe related to embodiment
8.

FIG. 15 shows an ultrasonic probe related to embodiment
9.

DESCRIPTION OF THE SYMBOLS

2¢ .. . ultrasonic probe, 20 . .. ¢cMUT chip, 22 .. . backing
layer, 23 . .. region from which ultrasonic waves are emitted,

25 . . . ultrasonic probe cover, 26 . . . acoustic lens, 70 &
71 . . . adhesion layer, 72 . . . flexible substrate, 76 . . .
conductive film, 78 . . . insulating film, 80 . . . conductive

material, 82 . . . connecting unit, 84 . . . ground wire, 86 . ..
wire, 88 . . . wire sealing resin, 90 . . . adhesion layer,
108 . . . ground



US 8,758,253 B2

3

BEST MODE FOR CARRYING OUT THE
INVENTION

The preferable embodiments of the ultrasonic probe and
ultrasonic diagnostic apparatus using the same related to the
present invention will be described below in detail referring to
the attached diagrams. In the attached diagrams, the compo-
nents having the same function are denoted by the same
symbols, and the repeated explanation thereof will be omit-
ted.

First, the configuration ofultrasonic diagnostic apparatus 1
will be described referring to FIG. 1.

FIG. 1 is a configuration diagram of the ultrasonic diag-
nostic apparatus 1.

The ultrasonic diagnostic apparatus 1 related to the present
invention is configured by ultrasonic probe 2, transmitting
means 3, bias means 4, receiving means 5, phasing and adding
means 6, image processing means 7, display means 8, control
means 9 and operation means 10.

The ultrasonic probe 2 is for transmitting/receiving ultra-
sonic waves to/from an object while being applied on the
object. Ultrasonic waves are emitted from the ultrasonic
probe 2 to the object, and the reflected echo signals produced
from the object are received by the ultrasonic probe 2.

The transmitting means 3 and the bias means 4 are for
applying bias voltage to the electrodes disposed in the ultra-
sonic probe 2 opposite each other, superimposing a drive
signal and applying, and transmitting ultrasonic waves.

The receiving means 5 is for receiving the reflected echo
signals to be transmitted to the ultrasonic probe 2. The receiv-
ing means 5 further performs the process such as analog/
digital conversion on the received reflected echo signals.

The phasing and adding means 6 performs phasing and
adding of the received reflected echo signals. The image
processing means 7 constructs a diagnostic image (for
example, a tomographic image or a blood flow image) based
on the phased and added reflected echo signals.

The display means 8 displays the diagnostic image con-
structed in the image processing means 7.

The control means 9 controls the above-described respec-
tive components.

The operation means 10 gives commands such as to start
diagnosis, to the control means 9. The operation means 10 is
an input device such as a trackball, keyboard or mouse.

Next, the ultrasonic probe 2 will be described referring to
FIG. 2~FIG. 4.

FIG. 2 is a block diagram of the ultrasonic probe 2. FIG. 2
is a partly cutaway perspective view of the ultrasonic probe 2.
The upper side of the diagram is the direction to be applied on
the object and that ultrasonic waves are transmitted.

The ultrasonic probe 2 comprises a cMUT chip 20. The
c¢MUT chip 20 is a one-dimensional array type of transducer
group in which a plurality of transducers 21-1, 21-2, . . . are
disposed in rectangles. Into the transducers 21-1,21-2, ... ,a
plurality of vibration elements 28 are disposed. While the
probe illustrated in FIG. 2 is a linear-type probe, other types
of transducer group such as a 2-dimensional array type or
convex type may be used.

On the back surface of the cMUT chip 20 (lower side in the
diagram), a backing layer 22 is provided. On the ultrasonic
waves emitting side of the cMUT chip 20, an acoustic lens 26
is provided. The cMUT chip 20 and the backing layer 22, etc.
are contained in an ultrasonic probe cover 25.

In the cMUT chip 20, on the basis of the application of bias
voltage by bias means 4, the drive signals from the transmit-
ting means 3 are converted into ultrasonic waves, and the
converted ultrasonic waves are transmitted to the object.
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The receiving means 5 converts the ultrasonic waves pro-
duced from the object into electric signals, and receives them
as the reflected echo signals.

The backing layer 22 is a layer for absorbing the transmis-
sion of the ultrasonic waves emitted from the cMUT chip 20
to the back surface side so as to constrain the extra vibration.

The acoustic lens 26 is a lens for converging the ultrasonic
beams transmitted from the cMUT chip 20. Curvature of the
acoustic lens 26 is defined based on the desired binocular
vision.

A matching layer may be provided between the acoustic 26
and the cMUT chip 20. The matching layer is for matching the
¢MUT chip 20 and the acoustic impedance of the object so as
to improve the transmitting efficiency of ultrasonic waves.

FIG. 3 isa configuration diagram ofa transducer 21 in FIG.
2.

On the object side of the plurality of vibration elements 28
by which the transducers 21-1, 21-2, . . . are formed, upper
electrodes 46-1, 46-2, . . . are disposed, divided to be plural-
ized in the long-axis direction X, and wire-connected for each
transducer 21. In other words, the upper electrodes 46-1,
46-2, . . . are disposed in parallel in the long-axis direction X.

On the opposite side from the object side of the plurality of
vibration elements by which the transducer 21 are formed, the
lower electrodes (48-1~48-4) are disposed. divided to be plu-
ralized (into four rows in FIG. 3) in the minor-axis direction
Y to be wire-connected. In other words, the lower electrodes
48-1,48-2,48-3, .. . are disposed in parallel in the minor-axis
direction Y.

FIG. 4 is a configuration diagram (cross-section view) of
one vibration element 28 shown in FIG. 3, viewed from the
side.

The vibration element 28 is formed by a basal plate 40, film
body 44, film body 45, upper electrode 46, frame body 47 and
lower electrode 48. The vibration element 28 is formed by
semiconductor micro fabrication process. It is equivalent to
one element of the cMUT.

The basal plate 40 is a semiconductor substrate such as
silicon, and is disposed on the lower electrode side.

The film body 44 and the frame body 47 are formed by
semiconducting compound such as silicon compound. The
film body 44 is provided on the object side (ultrasonic waves
emitting side) of the vibration elements 28, and the frame
body 47 is disposed on the back surface of the film body 44
(opposite side from the object side). The upper electrode 46 is
placed between the film body 44 and the frame body 47. The
film body 45 is placed between the frame body 47 and the
basal plate 40, and the lower electrode 48 is placed inside of
the film body 45. An internal space 50 which is comparted by
the frame body 47 and the film body 45 is left as a vacuum or
filled with predetermined gas.

The upper electrode 46 and the lower electrode 48 are
respectively connected to the transmitting means 3 for pro-
viding alternating-current high-frequency voltage as drive
signals and bias means 4 for applying direct-current voltage
as bias voltage.

When ultrasonic waves are transmitted, direct-current bias
voltage (Va) is applied to the upper electrode 46 and the lower
electrode 48 of the vibration elements 28, and an electric field
is generated by bias voltage (Va). Tensile force is generated in
the film body 44 by the generated electric field, and reaches a
predetermined electromechanical coupling coefficient (Sa).
When the drive signals are provided from the transmitting
means 3 to the upper electrode 46, the ultrasonic waves hav-
ing high intensity based on the electromechanical coupling
coefficient (Sa) are emitted from the film body 44.
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Also, when another direct-current bias voltage (Vb) is
applied to the upper electrode 46 and the lower electrode 48 of
the vibration elements 28, an electric field is generated by the
bias voltage (Vb). Tensile force is generated in the film body
44 by the generated electric field and reaches a predetermined
electromechanical coupling coefficient (Sb). When the drive
signals are provided from the transmitting means 3 to the
upper electrode 46, the intense ultrasonic waves based on the
electromechanical coupling coefficient (Sb) are emitted from
the film body 44.

Here, in the case that the bias voltage is “Va<Vb”, the
electromechanical coupling coefficient is “Sa<Sbh”.

On the other hand, when ultrasonic waves are received, the
film body 44 is excited by the reflected echo signals produced
from the object, and the capacity of the internal space 50 is
changed. This variation quantity of the internal space 50 is
detected via the upper electrode 46 as electric signals.

The electromechanical coupling coefficient of the vibra-
tion elements 28 is determined by the tension applied on the
film body 44. Therefore, if the level of bias voltage to be
applied to the vibration elements 28 is changed and the ten-
sion of the film body 44 is controlled, even in the case that the
drive signals having the same amplitude are inputted, the
intensity (or acoustic pressure, amplitude) of the ultrasonic
waves to be emitted from the vibration elements 28 can be
changed.

Embodiment 1

Next, embodiment 1 of the present invention will be
described referring to FIG. 5 and FIG. 6.

FIG. 5 shows the ultrasonic probe 2 related to embodiment
1. FIG. 5 is a cross-sectional view of the flat plane “A” of the
ultrasonic probe 2 shown in FIG. 2.

Inaccordance with FIG. 5, an insulating film 78 which is an
insulation layer is formed on the back surface of the acoustic
lens 26. The insulating film 78 is, for example, a silicon oxide
film or a paraxylene film.

The ¢cMUT chip 20 is glued to the upper surface of the
backing layer 22 via the adhesion layer 70. A flexible sub-
strate 72 (Flexible printed circuits: FPC) s provided from the
peripheral border of the upper surface of the backing layer 22
over to the side surfaces in four directions. The flexible sub-
strate 72 is glued onto the peripheral border of the upper
surface of the backing layer 22 via the adhesion layer 71.

The adhesion layer 70 and the adhesion layer 71 are an
adhesive agent formed by, for example, epoxide resin. The
height, direction and position of the cMUT chip 20 and the
flexible substrate 72 can be adjusted by arbitrarily adjusting
the layer thickness of the adhesion layer 70 and the adhesion
layer 71.

The flexible substrate 72 and the cMUT chip 20 are elec-
trically connected via a wire 86. The wire 86 is connected by
the wire bonding method. As for the wire 86, Au wire, etc. can
be used. A wire-sealing resin 88 is filled around the wire 86.

The acoustic lens 26 is glued onto the upper surface of the
¢MUT chip 20 via an adhesion layer 90. As for the material of
the acoustic lens 26, for example, silicon rubber is used. In
regard to the material of the adhesion layer 90, it is desirable
to use a material similar to that used in the acoustic lens 26
(for example, silicon).

The upper surface of the acoustic lens 26 has a convex
shape in the ultrasonic waves emitting direction in the range
of at least region 23 within the region from which the ultra-
sonic waves are emitted. In the cMUT chip 20, the vibration
elements 28 are disposed within the region corresponding at
least to the region 23. Ultrasonic waves are to be irradiated
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from the convex portion which is on the ultrasonic waves
irradiating side (toward the object side) of the acoustic lens
26.

The back surface of the acoustic lens 26 (the opposite side
from the object side, which is the backing layer side) has a
concave portion so that the cMUT chip 20 can be disposed
therein. In this concave portion, the cMUT chip 20 and the
flexible substrate 72 are fitted by the connecting portion (wire
preventing resin 88).

The ultrasonic probe cover 25 is provided on the surface in
four sides of the ultrasonic probe 2, and is fixed on the surface
in four sides of the acoustic lens 26. An examiner is to hold the
ultrasonic probe cover 25 by his/her hand to operate the
ultrasonic probe 2.

FIG. 6 shows the wiring of the ultrasonic probe 2. The basal
plate 40 of the cMUT chip 20 is fixed on the upper surface of
the backing layer 22. The flexible substrate 72 is fixed on the
peripheral border of the upper surface of the backing layer 22.

On the flexible substrate 72, signal pattern 38-1~signal
pattern 38-x are disposed in pairs vertically on the diagram,
and signal pattern 41-1~signal pattern 41-4 are disposed in
pairs horizontally on the diagram.

The upper electrode 46-1~upper electrode 46-n are con-
nected to the signal pattern 38-1~signal pattern 38-». The
lower electrode 48-1~lower electrode 48-4 are connected to
the signal pattern 41-1~signal pattern 41-4. The spacings
between the adjacent lower electrode 48-1~lower electrode
48-4 are mutually insulated.

The upper electrode 46 and the lower electrode 48 are
connected to the flexible substrate 72 via the wire 86 respec-
tively by the wire bonding method.

As for the shape of the lower electrode 48-1~lower elec-
trode 48-4, it is desirable that it corresponds to the shape of the
vibration elements 28 (for example, a hexagon) such as a
waveform. In this manner, the respective vibration elements
28 can be disposed corresponding to only one of the lower
common electrode 48-1~lower common electrode 48-4.

While four electrodes are disposed in the lower electrode
48-1~lower electrode 48-4, the number does not have to be
limited to four.

Also, while the signal pattern 38-1~signal pattern 38-» are
disposed in pairs vertically on the diagram and the signal
pattern 48-1~signal pattern 48-4 are disposed in pairs hori-
zontally on the diagram, the pattern does not have to be
limited in pairs and they may be disposed only on one side.

Also, while it is described above that the wire bonding
method is used to connect the signal pattern and the upper
electrode or the lower electrode, the method does not have to
be limited thereto and the flip chip bonding method which
connects pads to pads may be used.

As described above in detail, in the ultrasonic probe 2 of
embodiment 1, the insulation layer as the electric leakage
preventing means for preventing the leakage of electricity
from the electrode in the cMUT chip to the object is formed as
the insulating film 78 between the acoustic lens 26 and the
c¢MUT chip. The spacing between the ultrasonic wave trans-
mitting/receiving surface and the cMUT chip is performed
with double insulation by the acoustic lens and the insulation
layer. In this manner, even when friction or damage is caused
in the ultrasonic wave transmitting/receiving surface, electric
leakage from the ultrasonic wave transmitting/receiving sur-
face to the object or electric shock due to the leakage can be
prevented whereby improving the safety of the ultrasonic
probe.
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Embodiment 2

Next, embodiment 2 will be described referring to FIG. 7.

FIG. 7 shows an ultrasonic probe 2a related to embodiment
2. FIG. 7 is equivalent to the cross-sectional view of the flat
plane “A” shown in FIG. 2.

While the insulation film 78 is illustrated as being disposed
in the lower surface of the acoustic lens in embodiment 1, the
insulation layer which is electric leakage preventing means
for preventing the leakage of electricity from the electrode in
the cMUT chip to the object is disposed in the upper surface
(object side) of the acoustic lens 26 as an insulation film 78a
in embodiment 2.

In this manner, in the ultrasonic probe 2a of embodiment 2,
the insulation layer is formed in the upper surface of the
acoustic lens. The spacing between the ultrasonic wave trans-
mitting/receiving surface and the cMUT chip is performed
with double insulation by the insulation layer (insulation
film) and the acoustic lens. Therefore, even when friction or
damage is caused in the ultrasonic wave transmitting/receiv-
ing surface, electric leakage from the ultrasonic wave trans-
mitting/receiving surface to the object orelectric shock due to
the leakage can be prevented whereby improving the safety of
the ultrasonic probe, which provides the same effect as
embodiment 1.

Inaddition, in embodiment 2, the manufacturing process of
the probe is easier compared to embodiment 1 since the
insulation layer is provided on the upper surface of the acous-
tic lens, not on the lower surface.

Embodiment 3

Next, embodiment 3 will be described referring to FIG. 8.

FIG. 8 shows an ultrasonic probe 25 related to embodiment
3. FIG. 8 is equivalent to the cross-sectional view of the flat
plane “A” shown in FIG. 2.

While the insulation film 78 is described as being disposed
on the lower surface ofthe acoustic lens 26 in embodiment 1,
the insulation layer which is electric leakage preventing
means for preventing the leakage of electricity from the elec-
trode in the cMUT chip to the object is disposed on the upper
surface of the cMUT chip 20 as an insulation film 785 in
embodiment 3.

In this manner, in the ultrasonic probe 26 of embodiment 3,
the insulation layer is formed on the upper surface of the
c¢MUT chip. Inthe spacing between the ultrasonic wave trans-
mitting/receiving surface and the cMUT chip, double insula-
tionis performed by the insulation layer and the acoustic lens.
Thus the same effect can be performed as embodiment 1.

Embodiment 4

Next, embodiment 4 will be described referring to FIG. 9
and FIG. 10.

FIG. 9 shows an ultrasonic probe 2¢ related to embodiment
4. FIG. 9 is equivalent to the cross-sectional view of the flat
plane “A” shown in FIG. 2.

While embodiment 1 is described without the provision of
a ground layer, in embodiment 4, a conductive film 76 which
is the ground layer is further provided as electric leakage
preventing means for preventing the leakage of electricity
from the electrode in the cMUT chip to the object is provided
on the back surface (the opposite side from the object side) of
the insulation film 78 as an insulation layer.

The conductive film 76 is connected to a ground 108 which
is the ground potential. The conductive film 76 is, for
example, a Cu film. The insulation film 78 is placed on the
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back surface of the acoustic lens 26, and the Cu film is
deposited on the back surface of the insulating film 78 to form
the conductive film 76.

The conductive film 76 is formed from the internal lower
surface of the acoustic lens 26 over to the external side sur-
faces. The conductive film 76 is connected to a ground 108 on
the main apparatus side via a conductive material 80 and a
ground wire 84.

The conductive material 80 is a material which has electri-
cal conductivity. The conductive material 80 can be manufac-
tured using a highly reliable material which is more heavy-
duty compared to the conductive film 76. The conductive
material 80 is, for example, a Cu tape which has higher
rigidity compared to the conductive film 76. The conductive
material 80 is fixed on the external side surface of the flexible
substrate 72.

The ground wire 84 is connected to the conductive material
80 via the connecting portion 82 using a method such as
soldering.

FIG. 10 is a pattern diagram showing the conducting struc-
ture and insulating structure.

The upper electrode 46 is connected to a reception ampli-
fier 100 and the transmitting means 3 via a cable 96 and a
transmission/reception separating circuit 98. The lower elec-
trode 48 is connected to the bias means 4 via a cable 102.

A resistor 110 is a resistor element for stabilizing the elec-
tric potential of bias means 4 to the ground potential. A
capacitor 112 is a capacitative element for bypassing signal
current.

The conductive film 76 is connected to the ground wire 84,
and further connected to the ground 108 via a chassis ground
of the main apparatus.

In this manner, in the ultrasonic probe 2¢ in embodiment 4,
the conductive film 76 as the ground layer is provided on the
lower part of the insulating film 78 as an insulation layer. By
such configuration, even when the acoustic lens 26 and the
insulating film 78 are damaged, the conductive film 76 can
prevent electric shock because of the ground potential,
whereby improving electrical safety of the ultrasonic probe
with respect to an object.

Also, by the conductive film 76, the ground wire 84 and the
chassis ground of the main apparatus, a closed space of elec-
tric potential is formed. In other words, since the main com-
ponents of the ultrasonic probe 2¢ or the main circuits of the
ultrasonic diagnostic apparatus are contained in the closed
space of the ground potential, it is possible to prevent the
influence of unwanted electric waves from outsideor exerting
abad influence upon external apparatuses due to electromag-
netic waves produced from the ultrasonic probe 2c¢ itself.

Also, in the ultrasonic probe 2¢ of embodiment 4, the
conductive film 76 is formed from the internal lower surface
of the acoustic lens 26 over to its external surfaces, and is
connected to the ground 108 via the conductive material 80
and the ground wire 84 which are highly reliable.

By such configuration, the conductive film 76 can be easily
and securely connected to the ground wire via the conductive
material from the conductive film formed from the internal
lower surface of the acoustic lens overto its external surfaces,
not from the sheet-like conductive film to be pulled out by the
in mold forming, whereby it is possible to improve assured-
ness and workability in the implementation of the apparatus.

Also, by using highly reliable conductive material, damage
of conductive material upon being fixed to the flexible sub-
strate can be prevented.

Also, while the conductive material 80 and the ground wire
84 are illustrated only on the left side surface of the flexible
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substrate 72 in the diagram of FIG. 9, they may be placed on
any of the four side surfaces of the flexible substrate 72.

The conductive film 76 and the ground wire 84 can be
connected directly. In this case, the mounting operation needs
to be conducted cautiously since the conductive film 76 is thin
in its thickness.

In the present embodiment, while the ground layer is pro-
vided on the back surface of the insulating film 78 (the oppo-
site side from the object side), an intervening layer which
does not conduct electricity is disposed as a film body 44
shown in FIG. 4 in a part of the cMUT chip between the
ground layer and the electrode in the ¢cMUT chip (for
example, the electrode 46 in FIG. 4). Therefore, since the
electrode in the cMUT chip (for example, the electrode 46
shown in FIG. 4) and the ground layer are not in contact as
disclosed in Patent Document 2, there is an advantage also
that the drive voltage for transmitting/receiving ultrasonic
waves can be applied to the electrode on the ultrasonic wave
transmitting/receiving side (object side) in the cMUT chip.

Embodiment 5

Next, embodiment 5 will be described referring to FIG. 11.
FIG. 11 shows an ultrasonic probe 2d related to embodiment
5.FIG. 11 is equivalent to the cross-sectional view of the flat
plane “A” shown in FIG. 2.

While the conductive material 80 is described to be fixed on
the external side surfaces of the flexible substrate 72 in
embodiment 4, it can be fixed on any place formed by a
material capable of fixing the conductive material 80. In
embodiment 5, a conductive material 804 is fixed on the
internal side surfaces of the ultrasonic probe cover 25.

The conductive film 76 is connected to the ground 108 on
the main apparatus side via a conductive material 80d and a
ground wire 844.

The conductive material 804 is fixed on the internal side
surfaces of the ultrasonic probe cover 25. The ground wire
844 is connected to the conductive material 804 via a con-
necting portion 82d by a method such as soldering.

In this manner, in embodiment 5, it is possible to connect
the conductive film and the ground wire easily and unfailingly
as in embodiment 4 while securing high reliability.

While the conductive material 804 and the ground wire 844
are shown only on the left side of the internal side surfaces in
the ultrasonic probe cover 25 of in FIG. 11, they can be placed
on the internal side surface of any four sides in the ultrasonic
probe cover 25.

Embodiment 6

Next, embodiment 6 will be described referring to FIG. 12.

FIG. 12 shows an ultrasonic probe 2e related to embodi-
ment 6. FIG. 12 is equivalent to the cross-sectional view of the
flat plane “A” shown in FIG. 2.

While it is described that one layer of insulation is provided
in embodiment 1~embodiment 5, two layers of insulation is
provided in embodiment 6 having the ground layer therebe-
tween.

Between the acoustic lens 26 and the adhesion layer 90 on
the cMUT chip 20, the insulating film 78 as an upper insula-
tion layer, the conductive film 76 as a ground layer and the
insulating film 74 as a lower insulating layer are formed. The
conductive film 76 is formed between the insulating film 78
and the insulating film 74.

In other words, from the direction that the ultrasonic probe
2 is applied to an object, the acoustic 26, insulating film 78,
conductive film 76 and insulating film 74 are layered in order.
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For details, the insulating film 78 is formed on the lower
surface of the acoustic lens 26, the conductive film 76 is
formed by depositing the Cu film on the lower surface of the
insulating film 78, and the insulating film 74 is formed on the
lower surface of the conductive film 76.

In this manner, in embodiment 6, between the ultrasonic
wave transmitting/receiving surface and the cMUT chip, two
layers of insulation layers are comprised having a conductive
film therebetween as electric leakage preventing means for
preventing the leakage of electricity from the electrode in the
c¢MUT chip to the object. By such configuration, it is possible
to improve safety by increasing insulation of the ultrasonic
probe.

Also, while the ground layer is provided between the two
layers of insulating films 74 and 78 in the present embodi-
ment, the insulating film 74 is further disposed between the
ground layer and the electrode in the cMUT chip as an inter-
vening layer which does not conduct electricity (for example,
the electrode 46 in FIG. 4). Therefore, since the electrode in
the cMUT chip (for example, the electrode 46 in FIG. 4) and
the ground layer are not in contact as disclosed in Patent
Document 2, there is an advantage that the drive voltage for
transmitting/receiving ultrasonic waves can be applied also to
the electrode on the ultrasonic wave transmitting/receiving
surface side (object side) in the cMUT chip.

Embodiment 7

Next, embodiment 7 will be described referring to FIG. 13.

FIG. 13 shows an ultrasonic probe 2f related to embodi-
ment 7. F1G. 13 is equivalent to the cross-sectional view of the
flat plane “A” shown in FIG. 2.

While the insulating film 74 is described as being provided
in the region indicated as region 23 in embodiment 6, an
insulating film 74f in embodiment 7 is not provided in the
region 23.

In this manner, in embodiment 7, the insulating film 74f'is
not placed on the cMUT chip 20, thus there is no influence of
the insulating film 74/ on the ultrasonic waves transmitted/
received in the cMUT chip 20, whereby improving the acous-
tic characteristics.

In the above-described embodiment, it is desirable to make
the film thickness of the conductive layer in the range of 0.1
m, and the film thickness of the insulation layer in the range
of 1 um. By making the respective film thickness of the
insulation layer and the conductive layer, the influence to the
ultrasonic waves transmitted/received in the cMUT chip (in-
fluence or attenuation to pulse and frequency characteristic)
can be restrained.

As for the method to form the films, the method to perform
the in mold forming on the insulating sheet attached with the
conductive film at the same time as forming the acoustic lens,
or the method for forming the insulating film and the conduc-
tive film by chemical deposition can be used. While the film
can be formed at low cost in the in-mold forming method, the
limit of the film thickness is in the range of 10 pm. On the
other hand, the film thickness can be in the range of 1 um in
the film forming by deposition method.

While the region where the insulating film is not provided
within the region 23 is “74/” in the present embodiment, it
may be “78” or both.

The ultrasonic probe and ultrasonic diagnostic apparatus
may be configured by properly combining the above-de-
scribed embodiments.
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Embodiment 8

FIG. 14 shows an ultrasonic probe 2g related to embodi-
ment 8.

In the ultrasonic probe 2g, a ground layer 76g is placed on
the lower surface of the acoustic lens 26, an insulation layer
78g is further placed on the upper surface (the object side) of
the acoustic lens 26, and an insulating film 74g is placed on
the back surface of the ground layer 76g.

Embodiment 9

FIG. 15 shows an ultrasonic probe 2% related to embodi-
ment 9.

The ultrasonic probe 2/ is the case that the two layers of
insulation layers having a conductive film therebetween is
comprises as electric leakage preventing means for prevent-
ing the leakage of electricity from the electrode in the cMUT
chip to an object, and an example that the conductive material
80 for connecting a conductive film 76/ and the ground wire
84 is fixed on the flexible substrate 72.

While preferable embodiments of the ultrasonic probe and
ultrasonic diagnostic apparatus related to the present inven-
tion have been described above referring to the attached dia-
grams, the description herein of specific embodiments is not
intended to limit the invention to the particular forms
described. On the contrary, it is apparent to those skilled in the
art that the intension is to cover all modifications, equivalents
and alternations falling within the spirit and scope of inven-
tion as defined by the appended claims.
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The invention claimed is:

1. An ultrasonic probe comprising:

a capacitive micro-machined ultrasonic transducer
(cMUT) chip for transmitting/receiving ultrasonic
waves, and including a plurality of vibration elements
having an electromechanical coupling coefficient or
sensitivity which varies in accordance with bias voltage;

an acoustic lens disposed on the ultrasonic wave emitting
side of the cMUT chip;

an insulating layer disposed between the acoustic lens and
an upper electrode of the cMUT chip to which a drive
signal applied; and

a ground layer disposed between the acoustic lens and the
insulation layer.

2. The ultrasonic probe according to claim 1, wherein the
insulation layer is a part of the cMUT chip, and is disposed on
the bias voltage applied electrode.

3. The ultrasonic probe according to claim 2, wherein the
insulation layer is a film body.

4. The ultrasonic probe according to claim 1, wherein the
insulation layer comprises two layers of insulation material
and a ground layer disposed between the two layers of insu-
lation material.

5. The ultrasonic probe according to claim 1, wherein the
insulation layer is a paraxylene film.

6. The ultrasonic probe according to claim 1, wherein the
ground layer is a Cu film.

* #* * #* #®
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