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Description
Technical Field

[0001] The present invention relates to an ultrasonic
transducer and an ultrasonic diagnostic equipment using
the ultrasonic transducer. More particularly, the present
invention is concerned with an ultrasonic transducer
manufactured using a micro-electro-mechanical sys-
tems (MEMS) technology.

Background Art

[0002] Ultrasonic transducers that transmit or receive
an ultrasonic wave are employed in diagnosis of a tumor
or the like in a human body, nondestructive testing of a
structure, sensing of the velocity of a fluid, or the like.
[0003] Ultrasonic transducers that utilize vibrations of
a piezoelectric entity have been used in the past. With
recent advancement of the MEMS technology, a capac-
itive micromachined ultrasonic transducer (CMUT) hav-
ing a vibration unit fabricated on a silicon substrate is
being developed in earnest.

[0004] For example, patent literature 1, patent litera-
ture 2, and patent literature 3 have disclosed improve-
ment of reliability in activities of a CMUT. Patent literature
4 has disclosed a method of controlling a center frequen-
cy and a bandwidth offered by the CMUT.

Citation List
Patent Literature
[0005]

Patent Literature 1: U.S. Patent Application Publica-
tion No. 2005/0228285

Patent Literature 2: U.S. Patent Application Publica-
tion No. 2009/0322181

Patent Literature 3: Japanese Patent Application
Laid-Open No. 2007-74263 and family member
US2010148594.

Patent Literature 4: International Publication No.
2007-046180 and family member US2009301200.

Summary of Invention
Technical Problem

[0006] The patentliterature 1 has disclosed a structure
in which: projections of an insulating film jutting out to a
hollow portion of a CMUT are formed; and even when a
direct-current (dc) voltage or alternating-current (ac) volt-
age equal to or higher than a collapse voltage is applied,
although the projection undersurfaces come into contact
with the hollow portion bottom, a membrane undersur-
face does not come into contact with the hollow portion
bottom. However, since the projections are sandwiched
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between upper and lower electrodes, charge injection
into the insulating film of the projections cannot be avoid-
ed.

[0007] In contrast, the patent literature 2 describes a
structure in which portions of an electrode are pierced
for fear fields in which a membrane undersurface comes
into contact with a hollow portion bottom may be sand-
wiched between upper and lower electrodes. In the case
of the structure, since the electric field strength in a mem-
brane insulating film in the contact fields is decreased,
charge injection can be avoided. However, the area of
layered portions of the upper and lower electrodes dimin-
ishes accordingly. This invites a rise in a driving voltage
for a CMUT or degradation in receiving sensitivity.
[0008] Inthe patent literature 3, projections of an insu-
lating film jutting out to a hollow portion are not sand-
wiched between upper and lower electrodes. Even in this
case, by the same reason as the foregoing one, a rise in
a driving voltage for a CMUT or degradation in receiving
sensitivity is invited.

[0009] Inthe patent literature 4, a membrane is provid-
ed with rigid members in order to adjust the rigidness of
the entire membrane. Thus, the center frequency and
bandwidth offered by a CMUT are controlled. However,
introduction of the rigid members brings about a rise in
a driving voltage. How to ensure reliability in device ac-
tivities becomes an object to be accomplished.

[0010] Accordingly, an object of the present invention
is to provide an ultrasonic transducer which is a CMUT
that has projections jutted out to a hollow portion and has
at least one of an upper electrode and lower electrode
located at a position at which the electrode is not layered
over the projections when viewed from the upper surface,
and an ultrasonic diagnostic equipment employing the
CMUT. Herein, a voltage margin between the instant pro-
jection undersurfaces come into contact with a hollow
portion bottom and the instanta membrane undersurface
comes into contact with the hollow portion bottom is pre-
served, charge injection into a membrane insulating film
is suppressed, and a high transmission sound pressure
and a highly reliable structure are realized.

Solution to Problem

[0011] In order to address the foregoing problem, an
ultrasonic transducer of the present invention includes a
lower electrode, a hollow portion formed over the lower
electrode and enclosed with an insulating film, an upper
electrode formed over the hollow portion, and plural pro-
jections of the insulating film formed in the hollow portion,
according to the preamble of independent claim 1. The
ultrasonic transducer has plural rigid members formed
over the hollow portion according to the characterising
portion of claim 1.

[0012] In the ultrasonic transducer of the present in-
vention, the rigid members are beam members. A mem-
brane including the insulating film, upper electrode, and
beam members may have a portion thereof, in which the
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beam members are disposed, made thicker than a por-
tion thereof, in which the beam members are not dis-
posed, by the thickness of the beam members.

[0013] The ultrasonic transducer of the present inven-
tion includes an upper insulating film formed to cover the
upper electrode and hollow portion. The beam members
may be disposed over the upper insulating film.

[0014] The ultrasonic transducer of the present inven-
tion includes an upper insulating film formed to cover the
upper electrode and hollow portion. The beam members
may be embedded in the upper insulating film.

[0015] In the ultrasonic transducer of the present in-
vention, the rigid members may be members exhibiting
a higher Young’s modulus than the membrane, which
includes the insulating film, upper electrode, and beam
members, does.

[0016] The ultrasonic transducer of the present inven-
tion includes an upper insulating film formed to cover the
upper electrode and hollow portion. The members of the
higher Young’s modulus may be embedded in the upper
insulating film.

[0017] In the ultrasonic transducer of the present in-
vention, the members of the higher Young’s modulus
may be formed by embedding a metallic material such
as tungsten or a ceramic material such as alumina.
[0018] In the ultrasonic transducer of the present in-
vention, the members of the higher Young’s modulus
may be formed by reforming the upper insulating film
through ion implantation.

[0019] In the ultrasonic transducer of the present in-
vention, the rigid members may be disposed so that the
centers thereof coincide with the centers of the projec-
tions of the insulating film when viewed from the upper
surface.

[0020] In the ultrasonic transducer of the present in-
vention, the rigid members may be disposed so that one
rigid member is layered over plural projections of the in-
sulating film.

[0021] In the ultrasonic transducer of the present in-
vention, the projections of the insulating film may be dis-
posed over the top of the hollow portion.

[0022] In the ultrasonic transducer of the present in-
vention, the projections of the insulating film may be dis-
posed over the bottom of the hollow portion.

[0023] In the ultrasonic transducer of the present in-
vention, the plural projections of the insulating film and
the plural rigid members may be equidistantly disposed
when viewed from the upper surface.

[0024] In the ultrasonic transducer of the present in-
vention, the hollow portion may be circular or polygonal
when viewed from the upper surface.

[0025] In the ultrasonic transducer of the present in-
vention, the projections of the insulating film may be cir-
cular or polygonal when viewed from the upper surface.
[0026] An ultrasonic diagnostic equipment of the
presentinvention includes any of the foregoing ultrasonic
transducers and a bias unit.
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Advantageous Effects of Invention

[0027] According to the presentinvention, a capacitive
micromachined ultrasonic transducer (CMUT) can real-
ize a high transmission sound pressure and high receiv-
ing sensitivity, and improve reliability in long-term driving.

Brief Description of Drawings
[0028]

Fig. 1 is a cross-sectional diagram of an ultrasonic
transducer in accordance with an embodiment 1 of
the present invention.

Fig. 2 is a top view of the ultrasonic transducer in
accordance with the embodiment 1 of the present
invention;

Fig. 3 is a cross-sectional diagram of a CMUT which
the present inventor et al. have discussed.

Fig. 4 is a cross-sectional diagram showing a state
in which projections of the ultrasonic transducer
which the present inventor et al. have discussed
come into contact with a hollow portion bottom.
Fig. 5 is a cross-sectional diagram showing a mem-
brane of the ultrasonic transducer, which the present
inventor et al. have discussed, that comes into con-
tact with the hollow portion bottom.

Fig. 6 is a cross-sectional diagram showing a state
in which the projections come into contact with the
hollow portion bottom.

Fig. 7 is a graph plotted based on a distance from
the center of a projection in order to express a de-
formation of the membrane occurring when a certain
external force is applied to the membrane with the
projections brought into contact with the hollow por-
tion bottom.

Fig. 8A shows the positional relationship between a
rigid member and a projection.

Fig. 8B is a graph expressing a relationship between
a deviation quantity of a rigid member disposed in
the membrane from the center of a projection and a
deformation near the projection.

Fig. 8C is a graph expressing a relationship between
a deviation quantity of a rigid member disposed in
the membrane from the center of a projection and a
membrane contact voltage.

Fig. 9 is a top view of the ultrasonic transducer in
accordance with the embodiment 1 of the present
invention showing a case where the centers of the
rigid members do not coincide with the centers of
the projections.

Fig. 10 is a top view of the ultrasonic transducer in
accordance with the embodiment 1 of the present
invention showing a case where one of the rigid
members is layered over plural projections.

Fig. 11 is a top view of the ultrasonic transducer in
accordance with the embodiment 1 of the present
invention showing a case where the rigid members
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are cruciform.

Fig. 12 is a cross-sectional diagram of another ultra-
sonictransducer in accordance with the embodiment
1 of the present invention.

Fig. 13 is a cross-sectional diagram of an ultrasonic
transducer in accordance with an embodiment 2 of
the present invention.

Fig. 14 is a cross-sectional diagram of another ultra-
sonictransducer in accordance with the embodiment
2 of the present invention.

Fig. 15 is a cross-sectional diagram of an ultrasonic
transducer in accordance with an embodiment 3 of
the present invention.

Fig. 16 is a top view of the ultrasonic transducer in
accordance with the embodiment 3 of the present
invention.

Fig. 17 is a cross-sectional diagram of an ultrasonic
transducer in accordance with an embodiment 4 of
the present invention.

Fig. 18 is a top view of an ultrasonic transducer in
accordance with an embodiment 5 of the present
invention;

Fig. 19 is a top view of an ultrasonic transducer in
accordance with an embodiment 6 of the present
invention.

Fig. 20 is a block diagram of the configuration of an
ultrasonic diagnostic equipment in accordance with
an embodiment 7 of the present invention.

Description of Embodiments

[0029] Referring to the diagrams, embodiments of the
present invention will be described below.

[0030] In the embodiments to be described below, for
convenience’ sake, plural sections or embodiments will
be dividedly described when needed. Unless explicitly
mentioned, the sections or embodiments are not unre-
lated to one another, but one of the sections or embod-
iments is part of any other one or a variant of all of the
others, or is cited in order to detail or supplement any
other section or embodiment. In the embodiments to be
described below, when the number of elements (the
number of pieces, a numerical value, a quantity, a range,
or the like) is stated, unless the number of elements is
explicitly specified or is in principle apparently limited to
a specific value, the number of elements is not limited to
the specific value but may be equal to or larger than the
specific value or may be equal to or smaller than the
specific value. Further, in the embodiments to be de-
scribed below, unless components (encompassing ele-
ment steps) are explicitly specified or thought to be in
principle apparently essential, the components are not
always needed. Likewise, in the embodiments to be de-
scribed below, when the shape of a component or the
like or a positional relationship between components is
stated, unless the shape or positional relationship is ex-
plicitly specified or is not in principle apparently thought
to be correct, the shape encompasses a substantially
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approximate or analogous shape. The same applies to
the numerical value or range. Even in plan views, hatch-
ing may be performed for a better understanding.
[0031] In the embodiments to be described below, in
a capacitive micromachined ultrasonic transducer
(CMUT), an object of suppressing charge injection to a
membrane insulating film or a decrease in a dielectric
strength by expanding a voltage margin between a state
in which the undersurfaces of projections jutting out to a
hollow portion come into contact with the hollow portion
bottom and a state in which a membrane undersurface
comes into contact with the hollow portion bottom is ac-
complished with such a disposition that at least parts of
rigid members or high-Young’s modulus members which
are included in the membrane are layered over the pro-
jections jutting out to the hollow portion when the CMUT
is viewed from the upper surface.

Embodiment 1

[0032] Referring to Fig. 3, a fundamental structure of
a CMUT and activities thereof will be described below.
A hollow portion 102 enclosed with an insulating film 103
is formed in an upper layer of a lower electrode 101. An
upper electrode 104 is disposed over the hollow portion
102 with the insulating film 103 between them. When a
dc voltage and ac voltage are convoluted between the
upper electrode 104 and lower electrode 101, electro-
static force works between the upper electrode 104 and
lower electrode 101. A membrane 105 including the in-
sulating film 103 and upper electrode 104 over the hollow
portion 102 is vibrated at the frequency of the applied ac
voltage, whereby an ultrasonic wave is originated.
[0033] For receiving, when the dc voltage alone is ap-
plied between the upper electrode 104 and lower elec-
trode 101, the membrane 105 is vibrated due to the pres-
sure of an ultrasonic wave having reached the surface
of the membrane 105. This causes the distance between
the upper electrode 104 and lower electrode 101 to vary.
Eventually, the ultrasonic wave can be detected as a
change in a capacitance.

[0034] One of the most significant features of an ultra-
sonic transducer is that a signal-to-noise ratio is high.
For example, when it says that an ultrasonic diagnostic
equipment or flaw inspection apparatus offers a high sig-
nal-to-noise ratio, it means that image quality is sharp.
The high signal-to-noise ratio is significantin terms of the
performance of the equipment or apparatus. In order to
raise the signal-to-noise ratio to be offered by a CMUT,
a capacitance change at a receiving time should be in-
creased. The capacitance change may be increased by
increasing the number of CMUTSs or expanding the area
of the CMUT. In this case, the size of the transducer gets
larger. Therefore, it is necessary to increase the capac-
itance change per unit area. In other words, it is neces-
sary to improve receiving sensitivity. Otherwise, by in-
creasing a transmission sound pressure so as to raise a
sound pressure of ultrasonic waves reflected from an ob-
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ject of inspection, the capacitance change at the receiv-
ing time can be increased.

[0035] In order to improve receiving sensitivity, the
spacing between the upper electrode 104 and lower elec-
trode 101 should be narrowed as greatly as possible.
Therefore, it is necessary to apply the highest possible
dcvoltage. However, if an equivalent in vacuum of amag-
nitude of a deformation of the membrane corresponds to
a distance equal to or larger than a one-third of the dis-
tance between the electrodes, an electrostatic force be-
tween the electrodes gets larger than a spring resilience
of the membrane. Eventually, a membrane undersurface
106 comes into contact with a hollow portion bottom 107.
The voltage is called a collapse voltage. For these rea-
sons, a dc voltage that is slightly lower than the collapse
voltage is applied at the receiving time.

[0036] In order to improve a transmission sound pres-
sure, the amplitude of the membrane should preferably
be maximized. However, if the membrane undersurface
106 comes into contact with the hollow portion bottom
107, charge injection occurs in the insulating film. This
causes a transmitting/receiving characteristic to drift.
Therefore, a driving condition for a CMUT has to be des-
ignated to such an extent that the membrane undersur-
face 106 does not come into contact with the hollow por-
tion bottom 107. In reality, since the height of the hollow
portion 102 varies due to a fabrication variance, the driv-
ing condition is that the membrane should not come into
contact with the bottom. In addition, the membrane is
designed with a margin preserved, and the amplitude of
the membrane is much smaller than the height of the
hollow portion 102. Accordingly, the upper limit of the
transmission sound pressure is restricted.

[0037] Projections of the insulating film jutting out to
the hollow portion are formed, and the electrode is pieced
in order to realize a structure in which the projections are
not sandwiched between the upper and lower electrodes.
Thus, the electric field strength at projection contact
points is decreased, and charge injection can therefore
be avoided. However, since the electrode is pierced, the
area of layered portions of the upper and lower electrodes
gets smaller. This invites a rise in a driving voltage for a
CMUT or degradation in receiving sensitivity.

[0038] In order to realize a high transmission sound
pressure without causing a driftin the transmitting/receiv-
ing characteristic or inviting a rise in the driving voltage
for the CMUT or degradation in receiving sensitivity, it is
necessary to minimize the number of projections and an
area by which the electrode is pierced. What should be
noted will be described below in conjunction with Fig. 4
and Fig. 5. Fig. 4 is a cross-sectional diagram showing
a state in which projections 108 formed on the lower side
of amembrane 105 are in contact with the hollow portion
bottom 107. This state shall be called a projections-in-
contact state. In order to obtain the high transmission
sound pressure, the amplitude of the membrane should
preferably be maximized. Therefore, a voltage equal to
or higher than a voltage that brings about the projections-
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in-contact state is applied. When the voltage equal to or
higher than the voltage bringing about the projections-
in-contact state is applied, the membrane 105 between
the projections 108 deforms to approach the hollow por-
tion bottom 107. The membrane 107 comes into contact
with the hollow portion bottom 107 at a voltage equal to
or higher than a certain voltage. This state shall be called
a membrane-in-contact state, and is shown in Fig. 5. In
the membrane-in-contact state, charge injection to the
membrane 105 takes place. Therefore, a key to improve-
ment of activity reliability is to expand a voltage margin
between the membrane-in-contact state and projections-
in-contact state so as to avoid the membrane-in-contact
state. In order to expand the voltage margin, therigidness
of the entire membrane should be upgraded. However,
since a driving voltage is also raised, it is unacceptable.
If the rigidness of the entire membrane observed with the
projection undersurfaces 106 in non-contact with the hol-
low portion bottom 107 is not upgraded but the rigidness
of the membrane in the projections-in-contact state is
upgraded, the margin voltage can be expanded. The
transmission sound pressure can be improved without
the drift in the transmitting/receiving characteristic.

[0039] The cross-sectional structure of a CMUT in ac-
cordance with the present embodiment will be described
below in conjunction with Fig. 1. The CMUT includes a
parallelepiped lower electrode 201 disposed over a sub-
strate 206, a parallelepiped hollow portion 202 disposed
over the lower electrode 201, and a parallelepiped upper
electrode 205 disposed over the hollow portion 202. An
insulating film 209 is formed to cover the lower electrode
201 between the lower electrode 201 and hollow portion
202, and an insulating film 208 is formed to cover the
hollow portion 202 and lower electrode 201 between the
upper electrode 205 and hollow portion 202. In the hollow
portion 202, at least one or more cylindrical projections
204 that jut out from the undersurface of the insulating
film 208 to the hollow portion 202 are disposed. The in-
sulating film 208 is coated with an insulating film 207.
The foregoing projections 204 and the insulating films
207, 208, and 209 are made of a silicon oxide or silicon
nitride. Over the top of the insulating film 207, at least
one or more parallelepiped beam members that are rigid
members 203 are disposed. The beam members that are
the rigid members 203 may be, similarly to the insulating
films 207, 208, and 209, made of the silicon oxide, silicon
nitride, or the like, or may be made of another material.
A membrane 210 including the insulating film 207, upper
electrode 205, and insulating film 208 is vibrated, where-
by an ultrasonic wave is transmitted. For convenience’
sake, the surfaces of the projections 204 opposed to the
insulating film 209 with the hollow portion between them
shall be called projection undersurfaces 211, and the sur-
face of the insulating film 209 exposed to the hollow por-
tion shall be called a hollow portion bottom 213. The sur-
face of the membrane 210 exposed to the hollow portion
shall be called a membrane undersurface 212. Further,
an incident that the projection undersurfaces 211 come
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into contact with the hollow portion bottom 213 shall be
called projection contact, and a voltage at that time shall
be called a projection contact voltage. An incident that
the membrane undersurface 212 comes into contact with
the hollow portion bottom 213 shall be called membrane
contact, and a voltage at that time shall be called a mem-
brane contact voltage. A difference between the mem-
brane contact voltage and projection contact voltage
shall be called a margin voltage.

[0040] A fabrication method for the CMUT shown in
Fig. 1 will be described below. The fundamental fabrica-
tion method is described in the patent literature 3. Herein,
a formation method for a beam member that is the rigid
member 203 will be described below. The beam member
is formed according to a photography technique and dry
etching technique after a thin film which is a material of
the beam member, for example, a silicon oxide or silicon
nitride is deposited over the insulating film 207 according
to a plasma chemical vapor deposition (CVD) method.
Since the thickness of the membrane 210 largely affects
a device characteristic, dry etching should be carefully
performed for fear the insulating film 207 may get thinner.
For example, the beam member that is the rigid member
203 is formed as alaminated film having the silicon nitride
and silicon oxide layered in that order when viewed from
the upper surface, and the insulating film 207 is made of
the silicon nitride. Thus, a shaved volume of the insulating
film 207, which serves as a bed, to be observed after
etching the beam member that is the rigid member 203
is completed gets diminished, and a change in the thick-
ness of the membrane 210 before and after the etching
is performed can be suppressed.

[0041] The top structure of the CMUT in accordance
with the present embodiment will be described in con-
junction with Fig. 2. Fig. 2 is the top view of the structure
shown in Fig. 1. Fig. 1is a cross-sectional diagram show-
ing a section cut along a line A-A’ in Fig. 2. In Fig. 2, for
convenience’ sake, the projections 204 or the like are
seen through the rigid members 203. Hereinafter, for con-
venience’ sake, as for the hollow portion 202 and upper
electrode 205, they shall have a width in the lengthwise
direction of the sheet of paper and a lengths thereof in
the sideways direction thereof. As for the rigid members
203, they shall have a length in the lengthwise direction
ofthe sheet of paper and a width in the sideways direction
thereof. To begin with, the shape of the upper electrode
205 will be described. For example, the upper electrode
205 has plural circular holes. When viewed from the up-
per surface, the respective projections 204 are disposed
nearly in the center positions of the plural circular holes
214 of the upper electrode 205. When viewed from the
upper surface, since the projections 204 are disposed in
the holes 214 of the upper electrode 205, the projections
are located at positions at which the upper electrode 205
is not layered over the projections. In short, the upper
electrode 205 is absent from the vertical directions of the
projections 204. In Fig. 2, the upper electrode 205 is partly
pierced, and is disposed so that the upper electrode 205
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is not layered over the projections 204 when viewed from
the upper surface. Alternatively, the electrode to be
pierced may be the lower electrode 201. What counts is
that at least one of the upper electrode 205 and lower
electrode 201 should be located at a position at which
the electrode is notlayered over the projections 204 when
viewed from the upper surface. The reason why the dis-
position is adopted is to increase an inter-electrode dis-
tance by piercing the electrode and thus decrease elec-
tric field strength for fear a strong electric field may be
applied to each of the projections 204 and insulating film
209 and charge injection may thus take place in case a
dc voltage or ac voltage is applied across the electrodes
and the projection undersurfaces 211 come into contact
with the hollow portion bottom 213 accordingly.

[0042] The positional relationship between the rigid
members 203 and projections 204 will be described in
conjunction with Fig. 2. At least one or more projections
204 are disposed in the center in the width direction of
the hollow portion 202 when viewed from the upper sur-
face. The rigid members 203 are disposed so that they
are even partly layered over the holes 214 of the upper
electrode 205 and the projections 204 alike when viewed
from the upper surface. In Fig. 1 and Fig. 2, the rigid
members 203 and projections 204 are equidistantly dis-
posed in the length direction of the hollow portion when
viewed from the upper surface. Alternatively, the rigid
members 203 and projections 204 may be disposed non-
equidistantly. However, in this case, plural membrane
contact voltages are present within one CMUT. This is
not preferred in terms of design. Therefore, the rigid
members and projections should be disposed equidis-
tantly. The spacing between the rigid members 203 or
between the projections 204 should be determined based
on the magnitude relationship between the membrane
contact voltage and projection contact voltage. For ex-
ample, if the membrane contact voltage is lower than the
projection contact voltage, the spacing between the rigid
members 203 or projections 204 is narrowed in order to
raise the membrane contact voltage. However, when the
spacing between the projections 204 is narrowed, the
area of the upper electrode 205 decreases. This invites
degradation in sensitivity of the CMUT. Therefore, an in-
ter-projection spacing that meets a margin voltage which
is minimum necessary on a design stage should be
adopted.

[0043] A feature of the embodiment 1 is, as shown in
Fig. 1 and Fig. 2, that the CMUT has at least one of the
upper electrode 205 and lower electrode 201 located at
a position at which the electrode is not layered over the
projections 204, which jut out to the hollow portion 202,
when viewed from the upper surface. In the CMUT, the
rigid members 203 included in the membrane 210 and
the projections 204 are disposed to be even partly layered
when viewed from the upper surface. Owing to the struc-
ture, the membrane immediately above the projections
204 gets thicker, rigidness is upgraded, and a margin
voltage can be raised. In other words, even when the
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membrane 210 is vibrated to the greatest extent for the
purpose of obtaining a high transmission sound pressure
under a driving condition that the projection undersurfac-
es 211 come into contact with the hollow portion bottom
213, membrane contact can be prevented. In an actual
CMUT, the membrane contact voltage may be partly low-
er than a design value because of a fabrication variance.
By adopting the foregoing structure, the membrane con-
tact can be prevented, and charge injection to the insu-
lating film 208 of the membrane 210 can be minimized.
Eventually, the activity reliability of the CMUT can be im-
proved.

[0044] Thereasonwhydisposingthe rigid member203
and projection 204 so that the rigid members 203 and
projections 204 are even partly layered when viewed
from the upper surface is advantageous will be described
in conjunction with Fig. 6. Noted herein is a point that the
membrane 210 in the fields in which the membrane 210
is layered over the projections 204 when viewed from the
upper surface is made thicker in order to locally upgrade
rigidness. In Fig. 6, the insulating film 207, upper elec-
trode 205, and insulating film 208 shown in Fig. 1 are all
shown as a membrane 310. Fig. 7 shows a result of sim-
ulation obtained by uniformly applying an external force
of a certain magnitude to the entire membrane 310 in a
projections-in-contact state shown in Fig. 6, and plotting
the deformation of the membrane 310 in relation to a
distance from the center of the projection 304. The de-
formation takes on a maximum value near the projection
304, and monotonously decreases as the projection gets
farther. The result signifies that when the membrane 310
deforms in the projections-in-contact state, since the pro-
jection 304 serves as a fixed end, the deformation near
the projection 304 is maximized. Therefore, if the defor-
mation near the projection can be minimized, a margin
voltage can be expanded. Fig. 8A to Fig. 8C include
graphs expressing the relationship between the position-
al relationship between a rigid member and a projection
and the magnitude of the deformation near the projection.
As shownin Fig. 8B, when a deviation quantity d between
the rigid member and projection is small, the deformation
near the projection is small. When the center of the rigid
member coincides with the center of the projection, the
deformation is a minimum. In contrast, when the rigid
member and projection are not layered, the deformation
near the projection is large. Fig. 8C shows the relation-
ship between the deviation quantity d between the rigid
member and projection and amembrane contact voltage.
When the deviation quantity d is small, the membrane
contact voltage is high. When the deviation quantity d
gets larger, the membrane contact voltage decreases.
Accordingly, wherever the rigid member is disposed
largely affects the deformation near the projection. When
the rigid member is disposed so that the center of the
rigid member coincides with the center of the projection,
the deformation near the projection is minimized. The
deposition is therefore effective. However, similarly to a
structure shown in Fig. 9 that is a top view, when paral-
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lelepiped rigid members 303 and cylindrical projections
304 are even partly layered when viewed from the upper
surface, an effect of minimizing the deformations near
the respective projections is exerted. The shape and dis-
position of the rigid members 303 viewed from the upper
surface should be appropriately determined depending
on a desired frequency characteristic. As shown in Fig.
10, one parallelepiped rigid member 303 may be layered
over at least parts of plural cylindrical projections 304
when viewed from the upper surface. Even in this struc-
ture, the plural projections 304 are disposed so that the
upper electrode 305 is not layered over the plural projec-
tions 304. The rigid members 303 are disposed to be at
least partly layered over the plural projections 304 when
viewed from the upper surface. The structure would
prove useful as a means for raising the membrane con-
tact voltage in case the width of a hollow portion 302 is
large and the rigidness in the width direction of the hollow
portion is low. However, when the number of projections
304 is increased, the area of the upper electrodes 305
is decreased and the sensitivity ofthe CMUT is degraded.
The number of projections 304 should be a minimum
necessary value. As shown in Fig. 11, the shape of the
rigid members 303 may be cruciform. In this structure,
at a position in a membrane between the projections 304
at which the rigid member 303 is located, the membrane
gets thicker. Thus, the rigidness can be improved, and
the contact voltage of the inter-projection membrane can
be raised. By enlarging the width of the rectangular rigid
members 203 shown in Fig. 2, the rigidness of the inter-
projection membrane can be upgraded. However, the
area of the rigid members 203 gets larger, the rigidness
of the entire membrane gets higher, and a driving voltage
gets higher. This is disadvantageous in terms of reliabil-
ity. Namely, the cruciform rigid members 303 shown in
Fig. 11 make it possible to raise the contact voltage of
the inter-projection membrane without a large change in
the driving voltage. The structures having rigid members
disposed over the surface of the membrane have been
described so far. Alternatively, as shown in Fig. 12, the
rigid members 303 may be embedded in the membrane
310. The shape of the membrane 310 is preferably flat,
but may dilate or dent due to residual stresses of films
included. As shown in Fig. 12, by varying the positions
at which the respective rigid members 303 are embed-
ded, a residual stress distribution in the membrane 310
can be controlled. The dilated or dented shape of the
membrane 310 can be controlled.

Embodiment 2

[0045] The structure of a CMUT in accordance with an
embodiment 2 will be described in conjunction with Fig.
13. The CMUT includes a parallelepiped lower electrode
501 disposed over a substrate 506, a hollow portion 502
disposed over the lower electrode 501, and a parallele-
piped upper electrode 505 disposed over the hollow por-
tion 502. An insulating film 509 is formed to cover the
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lower electrode 501 between the lower electrode 501 and
hollow portion 502, and an insulating film 508 is formed
to cover the hollow portion 502 and lower electrode 501
between the upper electrode 505 and hollow portion 502.
At least one or more cylindrical projections 504 jutting
out from the top of the insulating film 509 to the hollow
portion 502 are disposed in the hollow portion 502. The
projections 504 are formed with the insulating film. Over
the top of the insulating film 507, at least one or more
parallelepiped rigid members 503 are disposed. Beam
members that are the rigid members 503 may be, simi-
larly to the insulating films 507, 508, and 509, made of a
material such as a silicon oxide or silicon nitride, or may
be made of another material. A membrane 510 including
the insulating film 507, upper electrode 505, and insulat-
ing film 508 is vibrated in order to transmit an ultrasonic
wave. Hereinafter, for convenience’ sake, the surfaces
of the projections 504 opposed to the insulating film 508
with the hollow portion between them shall be called pro-
jection tops 514, and the surface of the insulating film
509 exposed to the hollow portion shall be called a hollow
portion bottom 513. The surface of the membrane 510
exposed to the hollow portion shall be called amembrane
undersurface 512. An incident that the projection tops
514 come into contact with the membrane undersurface
512 shall be called projection contact, and a voltage at
that time shall be called a projection contact voltage. An
incidentthatthe membrane undersurface 512 comes into
contact with the hollow portion bottom 513 shall be called
membrane contact, and a voltage at that time shall be
called a membrane contact voltage. A difference be-
tween the membrane contact voltage and projection con-
tact voltage shall be called a margin voltage. The spacing
between the rigid members 503 or projections 504 should
be, similarly to the contents described in relation to the
embodiment 1, determined based on the magnitude re-
lationship between the membrane contact voltage and
projection contact voltage. For example, when the mem-
brane contact voltage is lower than the projection contact
voltage, the spacing between the rigid members 503 or
between the projections 504 is narrowed in order to raise
the membrane contact voltage.

[0046] A difference from the aforesaid embodiment 1
lies in a point that the projections 504 jut out from the
hollow portion bottom 513 to the hollow portion 502. In
this structure, if the membrane undersurface 512 comes
into contact with the projection tops 514, the structure
becomes identical to the structure that is shown in Fig.
6 and that has the projections 304 jutted out from the
membrane undersurface 312 to the hollow portion 302.
Even in the structure having the projections 504 jutted
out from the hollow portion bottom 513, if the centers of
the rigid members coincide with the centers of the pro-
jections when viewed from the upper surface, the differ-
ence between a projection contact voltage and mem-
brane contact voltage can be increased. Therefore, the
same advantage as that of the ultrasonic transducer of
the embodiment 1 can be provided.

10

15

20

25

30

35

40

45

50

55

[0047] Similarly to the ultrasonic transducer of the em-
bodiment 1, the disposition in which the centers of the
rigid members 503 coincide with the centers of the pro-
jections 504 when viewed from the upper surface pro-
vides the greatest advantage. If the rigid members are
even partly layered over the projections, an advantage
is provided. When this structure is adopted, since the
projections are absent from the membrane side of a
CMUT vibration unit, the frequency characteristic of the
CMUT can be readily designed. The structure having the
rigid members disposed over the surface of the mem-
brane has been described so far. Alternatively, as shown
in Fig. 14, the rigid members 503 may be embedded in
the membrane 510. This is advantageous as mentioned
in relation to the embodiment 1 in that the shape of the
membrane 510 can be readily controlled.

Embodiment 3

[0048] The structure of a CMUT in accordance with an
embodiment 3 will be described in conjunction with Fig.
15 and Fig. 16. Fig. 15 is a cross-sectional diagram show-
ing one CMUT. A CMUT cell includes a parallelepiped
lower electrode 701, a hollow portion 702 disposed over
the lower electrode 701, a parallelepiped upper electrode
705 disposed over the hollow portion 702, or the like. An
insulating film 709 is formed to cover the lower electrode
701 between the lower electrode 701 and hollow portion
702, and an insulating film 708 is formed to cover the
hollow portion 702 and lower electrode 701 between the
upper electrode 705 and hollow portion 702. At least one
or more cylindrical projections 704 that jut out from the
undersurface of the insulating film 708 to the hollow por-
tion 702 are disposed in the hollow portion 702. The pro-
jections 704 are formed with the insulating film. The pro-
jections 704 and insulating films 707, 708, and 709 are
made of a silicon oxide, silicon nitride, or the like. Paral-
lelepiped high-Young’s modulus members 703 are em-
bedded in a membrane 710. In Fig. 15, the high-Young’s
modulus members 703 are embedded in the insulating
film 707. Alternatively, the high-Young’s modulus mem-
bers 703 may be embedded in the insulating film 708, or
may be embedded in both of the insulating film 707 and
insulating film 708. The high-Young’s modulus members
703 are made of a material whose Young’'s modulus is
higher than that of the surrounding insulating film 707 or
insulating film 708, for example, a metallic material such
as tungsten or a ceramic material such as alumina, or
formed by reforming the insulating film 707 or insulating
film 708 through ion implantation so as to improve the
Young’s modulus. Hereinafter, for convenience’ sake,
the surfaces of the projections 704 opposed to the insu-
lating film 709 with the hollow portion between them shall
be called projection undersurfaces 711, and the surface
of the insulating film 709 exposed to the hollow portion
shall be called a hollow portion bottom 713. The surface
of the membrane 710 exposed to the hollow portion shall
be called a membrane undersurface 712. Anincidentthat
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the projection undersurfaces 711 come into contact with
the hollow portion bottom 713 shall be called projection
contact, and a voltage at that time shall be called a pro-
jection contact voltage. An incident that the membrane
undersurface 712 comes into contact with the hollow por-
tion bottom 713 shall be called membrane contact, and
a voltage at that time shall be called a membrane contact
voltage.

[0049] The positional relationship between the high-
Young’s modulus members 703 and projections 704 will
be described below in conjunction with Fig. 16. Fig. 15
is a cross-sectional diagram showing a section cut along
a line A-A’ in Fig. 16. In Fig. 16, for convenience’ sake,
the projections 704 and others are seen through the high-
Young’s modulus members 703. Hereinafter, for conven-
ience’ sake, as for the hollow portion 702 and upper elec-
trode 705, they shall have a width in the lengthwise di-
rection of a sheet of paper and a length in the sideways
direction thereof. As for the high-Young’s modulus mem-
bers 703, they shall have a length in the lengthwise di-
rection of the sheet of paper and a width in the sideways
direction thereof. At least one or more projections 704
are disposed in the center in the width direction of the
hollow portion 702 when viewed from the upper surface.
The high-Young’s modulus members 703 are disposed
so that the centers thereof coincide with the centers of
the projections 704 when viewed from the upper surface.
At least one of the upper electrode 705 and lower elec-
trode 701 is located at a position at which the electrode
is not layered over the projections 704 when viewed from
the upper surface. In Fig. 16, the upper electrode 705 is
partly pierced and disposed so that the projections 704
and upper electrode 705 are not layered when viewed
from the upper surface. Alternatively, the electrode to be
pierced may be the lower electrode 701. The reason why
the dispositionis adoptedistoincrease aninter-electrode
distance by piercing the electrode and thus decrease
electric field strength for fear a strong electric field may
be applied to each of the projections 704 and insulating
film 709 and charge injection may thus take place in case
adcvoltage or ac voltageis applied across the electrodes
and the projection undersurfaces 711 come into contact
with the hollow portion bottom 713 accordingly. In Fig.
15 and Fig. 16, the high-Young’'s modulus members 703
and projections 704 are equidistantly disposed in the
length direction of the hollow portion. Alternatively, the
high-Young’s modulus members 703 and projections
704 may be non-equidistantly disposed. However, when
the high-Young’s modulus members 703 and projections
704 are non-equidistantly disposed, plural membrane
contact voltages are present in one CMUT. This is not
preferred in terms of design. Therefore, the high-Young's
modulus members 703 and projections 704 should be
equidistantly disposed. The spacing between the high-
Young’s modulus members 703 or between the projec-
tions 704 may be determined based on the magnitude
relationship between the membrane contact voltage and
projection contact voltage. For example, ifthe membrane
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contact voltage is lower than the projection contact volt-
age, the spacing between the high-Young's modulus
members 703 or between the projections 704 is narrowed
in order to improve the membrane contact voltage.
[0050] The feature of the embodiment 3 is, as shown
in Fig. 15 and Fig. 16, that in the CMUT having at least
one of the upper electrode 705 and lower electrode 701
disposed at a position at which the electrode is not lay-
ered over the projections 704, which jut out to the hollow
portion 702, when viewed from the upper surface, the
high-Young’s modulus members 703 included in the
membrane 710 and the projections 704 are disposed to
be even partly layered when viewed from the upper sur-
face. Noted herein is a point that the high-Young’s mod-
ulus members are disposed within the membrane in
fields, in which the membrane is layered over the projec-
tions 704 when viewed from the upper surface, in order
to locally upgrade rigidness. Owing to the structure, the
difference between the projection contact voltage and
membrane contact voltage can be made larger. In other
words, even when the membrane 710 is vibrated to the
greatest extent in order to obtain a high transmission
sound pressure under a driving condition that the projec-
tion undersurfaces 711 come into contact with the hollow
portion bottom 713, membrane contact can be prevent-
ed. In an actual CMUT, the membrane contact voltage
may be partly lower than a design value because of a
variance stemming from fabrication. When the foregoing
structure is adopted, the membrane contact can be pre-
vented, and charge injection into the insulating film 708
of the membrane 710 can be minimized. Therefore, the
activity reliability of the CMUT can be improved. In addi-
tion, the CMUT surface can be evened.

Embodiment 4

[0051] The structure of a CMUT in accordance with an
embodiment 4 will be described in conjunction with Fig.
17. The CMUT includes a parallelepiped lower electrode
701 disposed over a substrate 706, a hollow portion 702
disposed over the lower electrode 701, and a parallele-
piped upper electrode 705 disposed over the hollow por-
tion 702. An insulating film 709 is formed to cover the
lower electrode 701 between the lower electrode 701 and
hollow portion 702, and an insulating film 708 is formed
to cover the hollow portion 702 and lower electrode 701
between the upper electrode 705 and hollow portion 702.
At least one or more cylindrical projections 704 jutting
out from the top of the insulating film 709 to the hollow
portion 702 are disposed in the hollow portion 702. The
projections 704 are formed with the insulating film. Over
the top of the insulating film 707, at least one or more
parallelepiped high-Young’s modulus members 703 are
embedded. For convenience’ sake, the surfaces of the
projections 704 opposed to the insulating film 708 with
the hollow portion between them shall be called projec-
tion tops 714, and the surface of the insulating film 709
exposed to the hollow portion shall be called a hollow
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portion bottom 713. The surface of a membrane 710 ex-
posed to the hollow portion shall be called a membrane
undersurface 712. An incident that the projection tops
714 come into contact with the membrane undersurface
712 shall be called a projection contact, and a voltage at
that time shall be called a projection contact voltage. An
incidentthatthe membrane undersurface 712 comes into
contact with the hollow portion bottom 713 shall be called
a membrane contact, and a voltage at that time shall be
called a membrane contact voltage. The spacing be-
tween the high-Young’s modulus members 703 or pro-
jections 704 should be determined based on the magni-
tude relationship between the membrane contact voltage
and projection contact voltage. For example, when the
membrane contact voltage is lower than the projection
contact voltage, the spacing between the high-Young'’s
modulus members 703 or between the projections 704
is narrowed in order to raise the membrane contact volt-
age.

[0052] A difference from the aforesaid embodiment 3
lies in a point that the projections 704 jut out from the
hollow portion bottom 713 to the hollow portion 702. In
this structure, if the membrane undersurface 712 comes
into contact with the projection tops 714, the same state
as the projections-in-contact state of the structure shown
in Fig. 15 is attained. Therefore, even in the structure
having the projections 704 jutted out from the hollow por-
tion bottom 713, if the centers of the high-Young’s mod-
ulus members coincide with the centers of the projections
when viewed from the upper surface, the difference be-
tween the projection contact voltage and membrane con-
tact voltage can be made larger, and the activity reliability
of the CMUT can be improved. Therefore, the same ad-
vantage as that of the ultrasonic transducer of the em-
bodiment 3 can be provided. Similarly to the ultrasonic
transducer of the embodiment 3, if the high-Young’s mod-
ulus members and projections are even partly layered
when viewed from the upper surface, an advantage is
provided. When the structure is adopted, since the pro-
jections are absentfrom the membrane side of the CMUT
vibration unit, the frequency characteristic of the CMUT
can be readily designed.

Embodiment 5

[0053] Fig. 18isatop view showing an ultrasonic trans-
ducer of an embodiment 5. The ultrasonic transducer in-
cludes circular projections 804, a circular membrane 810,
and circular rigid members 803 or high-Young’s modulus
members 805 disposed over the top of the membrane
810. The rigid members 803 and projections 804 are dis-
posed in the center of the membrane 801 and at inter-
mediate positions between the center of the membrane
and each of the upper, lower, left, and right membrane
edges. The rigid members 803 and projections 804 are
disposed so that they are partly layered when viewed
from the upper surface. The circular projections 804 are
an example. Atriangular, pentagonal, heptagonal, or any
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other polygonal shape will do. Even for the rigid members
803 or high-Young’s modulus members 805, the circular
shape is an example, but a triangular, pentagonal, hep-
tagonal, or any other polygonal shape will do. The
number of rigid members 803 or projections 804, and the
disposition thereof may be determined based on the
magnitude relationship between a projection contact volt-
age and a membrane contact voltage. For example, if
the membrane contact voltage is lower than the projec-
tion contact voltage in the structure shown in Fig. 18, the
number of rigid members 803 or projections 804 should
be increased. In that case, the dispositional positions
should be points at which the membrane comes into con-
tact with the projections with the membrane contact volt-
age.

Embodiment 6

[0054] Fig. 19is atop view showing an ultrasonictrans-
ducer of an embodiment 6. The ultrasonic transducer in-
cludes circular projections 904, an octagonal membrane
910, and circular rigid members 903 or high-Young’s
modulus members 905 disposed over the top of the mem-
brane 910. The rigid members 903 and projections 904
are disposed in the center of the membrane 910 and
around the center thereof. The rigid members 903 and
projections 904 are disposed so that they are partly lay-
ered when viewed from the upper surface. The octagonal
membrane 901 is an example. A triangular, pentagonal,
heptagonal, or any other polygonal shape will do. The
circular projections 904 are an example. A triangular,
pentagonal, heptagonal, or any other polygonal shape
will do. Even for the rigid members 903 or high-Young’s
modulus members 905, the circular shape is an example,
but a triangular, pentagonal, heptagonal, or any other
polygonal shape will do. The number of rigid members
903 or projections 904 and the disposition thereof may
be determined based on the magnitude relationship be-
tween a projection contact voltage and membrane con-
tact voltage. For example, if the membrane contact volt-
age is lower than the projection contact voltage in the
structure shown in Fig. 19, the number of rigid members
903 or projections 904 should be increased. In that case,
the dispositional positions should be points at which the
membrane comes into contact with the projections with
the membrane contact voltage.

Embodiment 7

[0055] Referring to Fig. 20, the configuration of an ul-
trasonic diagnostic equipment including an ultrasonic
transducer of the present invention, and the activities
thereof will be described below. An ultrasonic diagnostic
equipment 1001 includes an ultrasonic probe 1002, a
transmitting/receiving separation unit 1003, a transmis-
sion unit 1004, a bias unit 1006, a receiving unit 1008, a
phasing and summation unit 1010, an image processing
unit 1012, a display unit 1014, a control unit 1016, and
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an operation unit 1018.

[0056] The ultrasonic probe 1002 is a device that is
brought into contact with a subject and transmits or re-
ceives ultrasonic waves to or from the subject. The ultra-
sonic waves are transmitted from the ultrasonic probe
1002 to the subject, and reflected echo signals sent from
the subject are received by the ultrasonic probe 1002.
The ultrasonic transducer in accordance with any of the
embodiments 1to 6is stored in the ultrasonic probe 1002,
and electrically coupled to the transmitting/receiving sep-
aration unit 1003 to be described later. The transmission
unit 1004 and bias unit 1006 are devices that feed a driv-
ing signal to the ultrasonic probe 1002. The receiving unit
1008 is a device that receives the reflected echo signals
outputted from the ultrasonic probe 1002. The receiving
unit 1008 further performs such processing as analog-
to-digital conversion on the received reflected echo sig-
nals. The transmitting/receiving separation unit 1003
switches or separates transmitting and receiving, so that
the driving signal can be passed from the transmission
unit 1004 to the ultrasonic probe 1002 during transmis-
sion, or a receiving signal can be passed from the ultra-
sonic probe 1002 to the receiving unit 1008 during re-
ceiving. The phasing and summation unit1010is a device
that phases and summates received reflected echo sig-
nals. The image processing unit 1010 is a device that
constructs a diagnostic image (for example, a tomo-
graphic image or bloodstream image) on the basis of the
phased and summated reflected echo signals. The dis-
play unit 1014 is a display device that displays the diag-
nostic image which has undergone image processing.
The control unit 1016 is a device that controls the fore-
going components. The operation unit 1018 is a device
to be used to give instructions to the control unit 1016.
The operation unit 1018 includes pieces of input equip-
ment, for example, a trackball, a keyboard, and a mouse.

Industrial Applicability

[0057] The ultrasonic transducer of the present inven-
tion can be employed in an ultrasonic diagnostic equip-
ment including an ultrasonic probe, a defect inspection
apparatus for the interior of a structure, an object position
sensing apparatus, a flow velocity measurement appa-
ratus, or the like. A high transmission sound pressure
and high receiving sensitivity can be realized. In addition,
reliability in long-term driving can be improved.

Reference Sings List
[0058]

201, 301, 501, 701, 801, 901: lower electrode

202, 302, 502, 702: hollow portion

207, 208, 209, 307, 308, 309, 507, 508, 509, 707,
708, 709: insulating film

205, 305, 505, 705: upper electrode

210, 310, 510, 710, 810, 910: membrane
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1"

213, 313, 513, 713: hollow portion bottom
203, 303, 503, 803, 903: rigid member

204, 304, 504, 704, 804, 904: projection
206, 306, 506, 706: substrate

211, 311, 711: projection undersurface

212, 312, 512, 712: membrane undersurface
514, 714: projection top

703, 805, 905: high-Young’s modulus member
1001: ultrasonic diagnostic equipment

1002: ultrasonic probe

1003: transmitting/receiving separation unit
1004: transmission unit

1006: bias unit

1008: receiving unit

1010: phasing and summation unit

1012: image processing unit

1014: display unit

1016: control unit

1018: operation unit

Claims

1. Anultrasonic transducer including a lower electrode
(201,301,501,701,801,901), a hollow portion (202,
302 502, 702) formed over the lower electrode (201,
301, 501, 701, 801, 901) and enclosed with an insu-
lating film (207, 208, 209, 307, 308, 309, 507, 508,
509, 707, 708, 709), an upper electrode (205, 305,
505, 705) formed over the hollow portion (202, 302
502, 702), and a plurality of projections (204, 304,
504, 704, 804, 904) of the insulating film (207, 208,
209, 307, 308, 309, 507, 508, 509, 707, 708, 709)
formed in the hollow portion (202, 302 502, 702),
wherein:

at least one of the lower electrode (201, 301,
501, 701, 801, 901) and upper electrode (205,
305, 505, 705) has portions thereof, which are,
when viewed from an upper surface, layered
over an area where the projections of the insu-
lating film (204, 304, 504, 704, 804, 904) are
provided, and which is pierced, so that the elec-
trode (201, 301, 501, 701, 801, 901, 205, 305,
505, 705) is absent in a vertical direction of the
projections (204, 304, 504, 704, 804, 904) of the
insulating film (207, 208, 209, 307, 308, 309,
507, 508, 509, 707, 708, 709); characterised
in that the ultrasonic transducer further com-
prises a plurality of rigid members (203, 303,
503, 803, 903) formed over the hollow portion
(202, 302, 502, 702), wherein

the rigid members (203, 303, 503, 803, 903) are
disposed so that the rigid members (203, 303,
503, 803, 903) have areas which are layered
over the respective projections (204, 304, 504,
704, 804, 904) of the insulating film (207, 208,
209, 307, 308, 309, 507, 508, 509, 707, 708,
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709) when viewed from the upper surface.

2. The ultrasonic transducer according to Claim 1,

wherein:

the rigid members (203, 303, 503, 803, 903) are
beam members; and

a membrane including the insulating film (207,
208, 209, 307, 308, 309, 507, 508, 509, 707,
708, 709), upper electrode (205, 305, 505, 705),
and beam members has a portion thereof, in
which the beam members are disposed, made
thicker than a portion thereof, in which the beam
members are not disposed, by the thickness of
the beam members.

The ultrasonic transducer according to Claim 2, fur-
ther comprising an upper insulating film (207, 307,
507, 707) formed to cover the upper electrode (205,
305, 505, 705) and hollow portion (202, 302 502,
702), wherein:

the beam members are disposed over the upper in-
sulating film (207, 307, 507, 707).

The ultrasonic transducer according to Claim 2, fur-
ther comprising an upper insulating film (207, 307,
507, 707) formed to cover the upper electrode (205,
305, 505, 705) and hollow portion (202, 302 502,
702), wherein:

the beam members are embedded in the upper in-
sulating film (207, 307, 507, 707).

The ultrasonic transducer according to Claim 2,
wherein the rigid members (203, 303, 503, 803, 903)
are members that exhibit a higher Young’s modulus
than the membrane including the insulating film (207,
208, 209, 307, 308, 309, 507, 508, 509, 707, 708,
709), upper electrode (205, 305, 505, 705), and
beam members does.

The ultrasonic transducer according to Claim 5, fur-
ther comprising an upper insulating film (207, 307,
507, 707) formed to cover the upper electrode and
hollow portion, wherein:

the high-Young’s modulus members are embedded
in the upper insulating film(207, 307, 507, 707).

The ultrasonic transducer according to Claim 6,
wherein the high-Young's modulus members are
formed by embedding a metallic material such as
tungsten or a ceramic material such as alumina.

The ultrasonic transducer according to Claim 6,
wherein the high-Young's modulus members are
formed by reforming the upper insulating film (207,
307, 507, 707) through ion implantation.

The ultrasonic transducer according to Claim 1,
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wherein the rigid members (203, 303, 503, 803, 903)
are disposed so that the centers of the rigid members
(203, 303, 503, 803, 903) coincide with the centers
of the projections (204, 304, 504, 704, 804, 904) of
theinsulating film (207,208, 209, 307, 308, 309, 507,
508,509, 707,708, 709) when viewed from the upper
surface.

The ultrasonic transducer according to Claim 1,
wherein the rigid members (203, 303, 503, 803, 903)
are disposed so that one rigid member (203, 303,
503, 803, 903) is layered over a plurality of projec-
tions (204, 304, 504, 704, 804, 904) of the insulating
film.

The ultrasonic transducer according to Claim 1,
wherein the projections (204, 304, 504, 704, 804,
904) of the insulating film (207, 208, 209, 307, 308,
309,507,508, 509, 707,708, 709) are disposed over
the top of the hollow portion (202, 302 502, 702) .

The ultrasonic transducer according to Claim 1,
wherein the projections (204, 304, 504, 704, 804,
904) of the insulating film (207, 208, 209, 307, 308,
309,507,508, 509, 707,708, 709) are disposed over
the bottom of the hollow portion (202, 302 502, 702).

The ultrasonic transducer according to Claim 1,
wherein the plurality of projections of (204, 304, 504,
704, 804, 904) the insulating film (207, 208, 209,
307, 308, 309, 507, 508, 509, 707, 708, 709) and
the plurality of rigid members (203, 303, 503, 803,
903) are equidistantly disposed when viewed from
the upper surface.

The ultrasonic transducer according to Claim 1,
wherein the hollow portion (202, 302 502, 702) is
circular or polygonal when viewed from the upper
surface.

An ultrasonic diagnostic equipment comprising the
ultrasonic transducer according to any of Claims 1
to 14 and a bias unit.

Patentanspriiche

1.

Ultraschallwandler, der eine untere Elektrode (201,
301, 501, 701, 801, 901), einen hohlen Abschnitt
(202, 302, 502, 702), der tiber der unteren Elektrode
(201, 301, 501, 701, 801, 901) gebildet ist und von
einer Isolierschicht (207, 208, 209, 307, 308, 309,
507, 508, 509, 707, 708, 709) umschlossen ist, eine
obere Elektrode (205, 305, 505, 705), die Uiber dem
hohlen Abschnitt (202, 302, 502, 702) gebildet ist,
und mehrere Vorspriinge (204, 304, 504, 704, 804,
904) der Isolierschicht (207, 208, 209, 307, 308, 309,
507, 508, 509, 707, 708, 709), die in dem hohlen
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Abschnitt (202, 302, 502, 702) gebildet sind, um-
fasst, wobei:

die untere Elektrode (201, 301, 501, 701, 801,
901) und/oder die obere Elekirode (205, 305,
505, 705) Abschnitte besitzen, die bei Betrach-
tung von einer oberen Oberflache iber einem
Bereich liegen, in dem die Vorspriinge der Iso-
lierschicht (204, 304, 504, 704, 804, 904) vor-
gesehen sind, und die durchlocht sind, so dass
die Elektrode (201,301,501, 701,801,901, 205,
305, 505, 705) in einer vertikalen Richtung der
Vorspriinge (204, 304, 504, 704, 804, 904) der
Isolierschicht (207, 208, 209, 307, 308, 309,
507, 508, 509, 707, 708, 709) nicht vorhanden
ist;

dadurch gekennzeichnet, dass der Ultra-
schallwandler ferner mehrere starre Elemente
(203, 303, 503, 803, 903) umfasst, die Giber dem
hohlen Abschnitt (202, 302, 502, 702) gebildet
sind, wobei

die starren Elemente (203, 303, 503, 803, 903)
so angeordnet sind, dass die starren Elemente
(203, 303, 503, 803, 903) Bereiche besitzen, die
bei Betrachtung von der oberen Oberflache tiber
den jeweiligen Vorspriingen (204, 304, 504,
704, 804, 904) der Isolierschicht (207, 208, 209,
307, 308, 309, 507, 508, 509, 707, 708, 709)
liegen.

2. Ultraschallwandler nach Anspruch 1, wobei:

die starren Elemente (203, 303, 503, 803, 903)
Tragerelemente sind; und

eine Membran, die die Isolierschicht (207, 208,
209, 307, 308, 309, 507, 508, 509, 707, 708,
709), die obere Elektrode (205, 305, 505, 705)
und die Tragerelemente enthalt, einen Abschnitt
besitzt, in dem die Tragerelemente vorhanden
sind, und um die Dicke der Tragerelemente di-
cker ausgebildet ist als ein Abschnitt, in dem die
Tragerelemente nicht vorhanden sind.

Ultraschallwandler nach Anspruch 2, der ferner eine
obere lIsolierschicht (207, 307, 507, 707) umfasst,
die so gebildet ist, dass sie die obere Elektrode (205,
305, 505, 705) und den hohlen Abschnitt (202, 302,
502, 702) abdeckt, wobei:

die Tragerelemente Uber der oberen Isolierschicht
(207, 307, 507, 707) angeordnet sind.

Ultraschallwandler nach Anspruch 2, der ferner eine
obere Isolierschicht (207, 307, 507, 707) umfasst,
die so gebildet ist, dass sie die obere Elektrode (205,
305, 505, 705) und den hohlen Abschnitt (202, 302,
502, 702) abdeckt, wobei:

die Tragerelemente in die obere Isolierschicht (207,
307, 507, 707) eingebettet sind.
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Ultraschallwandler nach Anspruch 2, wobei die star-
ren Elemente (203, 303, 503, 803, 903) Elemente
sind, die einen héheren Young-Modul besitzt als die
Membran, die die Isolierschicht (207, 208, 209, 307,
308, 309, 507, 508, 509, 707, 708, 709), die obere
Elektrode (205, 305, 505, 705) und die Tragerele-
mente enthalt.

Ultraschallwandler nach Anspruch 5, die ferner eine
obere lIsolierschicht (207, 307, 507, 707) umfasst,
die so gebildet ist, dass sie die obere Elektrode und
den hohlen Abschnitt abdeckt, wobei:

die Elemente mit hohem Young-Modul in die obere
Isolierschicht (207, 307, 507, 707) eingebettet sind.

Ultraschallwandler nach Anspruch 6, wobei die Ele-
mente mit hohem Young-Modul durch Einbetten ei-
nes Metallmaterials wie etwa Wolfram oder eines
Keramikmaterials wie etwa Aluminiumoxid gebildet
sind.

Ultraschallwandler nach Anspruch 6, wobei die Ele-
mente mit hohem Young-Modul durch Reformieren
der oberen Isolierschicht (207, 307, 507, 707) durch
lonenimplantation gebildet sind.

Ultraschallwandler nach Anspruch 1, wobei die star-
ren Elemente (203, 303, 503, 803, 903) so angeord-
net sind, dass die Zentren der starren Elemente
(203, 303, 503, 803, 903) bei Betrachtung von der
oberen Oberflache mit den Zentren der Vorspriinge
(204, 304, 504, 704, 804, 904) der Isolierschicht
(207, 208, 209, 307, 308, 309, 507, 508, 509, 707,
708, 709) zusammenfallen.

Ultraschallwandler nach Anspruch 1, wobei die star-
ren Elemente (203, 303, 503, 803, 903) so angeord-
net sind, dass ein starres Element (203, 303, 503,
803, 903) Uber mehreren Vorspriingen (204, 304,
504, 704, 804, 904) der Isolierschicht liegt.

Ultraschallwandler nach Anspruch 1, wobei die Vor-
spriinge (204, 304, 504, 704, 804, 904) der Isolier-
schicht (207, 208, 209, 307, 308, 309, 507, 508, 509,
707, 708, 709) uber der Oberseite des hohlen Ab-
schnitts (202, 302, 502, 702) angeordnet sind.

Ultraschallwandler nach Anspruch 1, wobei die Vor-
spriinge (204, 304, 504, 704, 804, 904) der Isolier-
schicht (207, 208, 209, 307, 308, 309, 507, 508, 509,
707, 708, 709) Uber der Unterseite des hohlen Ab-
schnitts (202, 302, 502, 702) angeordnet sind.

Ultraschallwandler nach Anspruch 1, wobei die meh-
reren Vorspriinge (204, 304, 504, 704, 804, 904) der
Isolierschicht (207, 208, 209, 307, 308, 309, 507,
508, 509, 707, 708, 709) und die mehreren starren
Elemente (203, 303, 503, 803, 903) bei Betrachtung
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von der oberen Oberflache gleichmaRig beabstan-
det angeordnet sind.

Ultraschallwandler nach Anspruch 1, wobei der hoh-
le Abschnitt (202, 302, 502, 702) bei Betrachtung
von der oberen Oberflache kreisférmig oder poly-
gonférmig ist.

Ultraschalldiagnoseanlage, die den Ultraschall-
wandler nach einem der Anspriiche 1 bis 14 und eine
Vorbelastungseinheit umfasst.

Revendications

Transducteur ultrasonore incluant une électrode in-
férieure (201, 301, 501, 701, 801, 901), une portion
creuse (202, 302, 502, 702) formée au-dessus de
I'électrode inférieure (201, 301, 501, 701, 801, 901)
etenfermée avec unfilmisolant (207, 208, 209, 307,
308, 309, 507, 508, 509, 707, 708, 709), une élec-
trode supérieure (205, 305, 505, 705) formée au-
dessus de la portion creuse (202, 302, 502, 702), et
une pluralité de projections (204, 304, 504, 704, 804,
904) du film isolant (207, 208, 209, 307, 308, 309,
507, 508, 509, 707, 708, 709) formées dans la por-
tion creuse (202, 302, 502, 702),

I'une au moins parmi I'électrode inférieure (201, 301,
501, 701, 801, 901) et I'électrode supérieure (205,
305, 505, 705) présente des portions d’elle-méme
qui, lorsqu’on les regarde depuis une surface, sont
disposées en couche sur une zone dans laquelle les
projections du film isolant (207, 208, 209, 307, 308,
309, 507, 508, 509, 707, 708, 709) sont prévues, et
qui est percée, de sorte que I'électrode (201, 301,
500, 700, 801, 901, 205, 305, 505, 705) est absente
dans une direction verticale des projections (204,
304, 504, 704, 804, 904) du film isolant (207, 208,
209, 307, 308, 309, 507, 508, 509, 707, 708, 709) ;
caractérisé en ce que le transducteur ultrasonore
comprend en outre une pluralité d’éléments rigides
(203, 303, 503, 803, 903) formés au-dessus de la
portion creuse (202, 302, 502, 702), dans lequel
les éléments rigides (203, 303, 503, 803, 903) sont
disposés de telle fagon que les éléments rigides
(203, 303, 503, 803, 903) ont des zones qui sont
disposées en couche au-dessus des projections res-
pectives (204, 304,504,704, 804, 904) du filmisolant
(207, 208, 209, 307, 308, 309, 507, 508, 509, 707,
708, 709), lorsqu’on les observe depuis la surface
supérieure.

Transducteur ultrasonore selon la revendication 1,
dans lequel :

les éléments rigides (203, 303, 503, 803, 903)
sont des éléments en forme de barreau ; et
une membrane incluant le filmisolant (207, 208,
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209, 307, 308, 309, 507, 508, 509, 707, 708,
709), I'électrode supérieure (205, 305, 505,
705), et les éléments en forme de barreau est
telle qu’une portion d’elle-méme, dans laquelle
les éléments en forme de barreau sont disposés,
est réalisée plus épaisse qu’une portion dans
laquelle les éléments en forme de barreau ne
sont pas disposés, a raison de 'épaisseur des
éléments en forme de barreau.

Transducteur ultrasonore selon la revendication 2,
comprenant en outre un film isolant supérieur (207,
307, 507, 707) formé pour couvrir I'électrode supé-
rieure (205, 305, 505, 705) et la portion creuse (202,
302, 502, 702), dans lequel :

les éléments en forme de barreau sont disposés au-
dessus dufilmisolant supérieur (207, 307,507, 707).

Transducteur ultrasonore selon la revendication 2,
comprenant en outre un film isolant supérieur (207,
307, 507, 707) formé pour couvrir I'électrode supé-
rieure (205, 305, 505, 705) et la portion creuse (202,
302, 502, 702), dans lequel :

les éléments en forme de barreau sont noyés dans
le film isolant supérieur (207, 307, 507, 707).

Transducteur ultrasonore selon la revendication 2,
dans lequel les éléments rigides (203, 303, 503, 803,
903) sont des éléments qui présentent un module
de Young plus élevé que la membrane incluant le
film isolant (207, 208, 209, 307, 308, 309, 507, 508,
509, 707, 708, 709), I'électrode supérieure (205,
305, 505, 705) et les éléments en forme de barreau.

Transducteur ultrasonore selon la revendication 5,
comprenant en outre un film isolant supérieur (207,
307, 507, 707) formé pour couvrir I'électrode supé-
rieure et la portion creuse, dans lequel :

les éléments a module de Young élevé sont noyés
dans le film isolant supérieur (207, 307, 507, 707).

Transducteur ultrasonore selon la revendication 6
dans lequel les éléments a module de Young élevé
sont formés en noyant un matériau métallique com-
me du tungsténe ou un matériau céramique comme
de I'alumine.

Transducteur ultrasonore selon la revendication 6,
dans lequel les éléments a module de Young élevé
sont formés en reformant le film isolant supérieur
(207, 307, 507, 707) par implantation ionique.

Transducteur ultrasonore selon la revendication 1,
dans lequel les éléments rigides (203, 303, 503, 803,
903) sont disposés de telle fagon que les centres
des éléments rigides (203, 303, 503, 803, 903) coin-
cident avec les centres des projections (204, 304,
504, 704, 804, 904) du film isolant (207, 208, 209,
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307, 308, 309, 507, 508, 509, 707, 708, 709) lors-
qu’on les observe depuis la surface supérieure.

Transducteur ultrasonore selon la revendication 1,
danslequelles élémentsrigides (203, 303, 503, 803,
903) sont disposés de telle fagon qu’un élément ri-
gide (203, 303, 503, 803, 903) estdisposé en couche
par-dessus une pluralité de projections (204, 304,
504, 704, 804, 904) du film isolant.

Transducteur ultrasonore selon la revendication 1,
dans lequel les projections (204, 304, 504, 704, 804,
904) du film isolant (207, 208, 209, 307, 308, 309,
507, 508, 509, 707, 708, 709) sont disposées au-
dessus du sommet de la portion creuse (202, 302,
502, 702).

Transducteur ultrasonore selon la revendication 1,
dans lequel les projections (204, 304, 504, 704, 804,
904) du film isolant (207, 208, 209, 307, 308, 309,
507, 508, 509, 707, 708, 709) sont disposées au-
dessus du fond de la portion creuse (202, 302, 502,
702).

Transducteur ultrasonore selon la revendication 1,
danslequella pluralité de projections (204, 304, 504,
704, 804, 904) du film isolant (207, 208, 209, 307,
308, 309, 507, 508, 509, 707, 708, 709) et la pluralité
d’éléments rigides (203, 303, 503, 803, 903) sont
disposés de maniére équidistante lorsqu’on les ob-
serve depuis la surface supérieure.

Transducteur ultrasonore selon la revendication 1,
dans lequel la portion creuse (202, 302, 502, 702)
est circulaire ou polygonale lorsqu’on I'observe de-
puis la surface supérieure.

Equipement de diagnostic & ultrasons comprenant
le transducteur ultrasonore selon 'une quelconque
desrevendications 1a 14 etune unité de sollicitation.

10

15

20

25

30

35

40

45

50

55

15

28



EP 2 629 549 B1

1

FIG.

203

207

—209
—— 201

-1 —208

. e
A JW sl
s v b 0
% Lo S
Lo il R
% biG o
OO
R L
f,. i =
B 5
5 N
S ety
B SN
T S
. e
N s
w ..-wv»n
X v
Y N0 .
= N L
b
N o §
% w»wan
iy e
L IO
£y L.
e[ N 2
L 5
SN A
RS 1K
~p
NS
;u.f hRN,
R0t el
L AN
& Fa Ty
= A St
%, RO
w0
% 5N
R S
w L,
& SR
5 Pl
JII./I EO B0t
R A0
.r/ et
B
I.f “»““.|
% s
N
] L
R RN
LS S .
PO S0
LR R
/f 0
5 =, e
n Y
TS b, % B
oo T S
o Tee, ° AN it
% s . E
RN 2
Wi L%
b R R

1

21

AV

214

16



EP 2 629 549 B1

FIG. 3
104
- 1105

1 103

104 105

102 108 107 106

17



EP 2 629 549 B1

FIG. 5

A~-103

—+4~-103

FIG. 6

(Ll

%

gy = (e
T O o
_/ h
BRSNS M
| AAe ir.“:! SETAEEREURTINE AR
A/r.»z b .u”.* |||||
NERE MR P i e e T
xxxxxx 5 IR M
fffjf RN N rerand
O ™y .N“ 11111
D B - s
h £ e "
T T e e L
i .f.ﬁ . N i%!
s, , e T
5 EEs DAL IRl e gy
s, LY
NI = X G2 RO
e R SO0 IR
% S e
v‘«i. peey g - .
*, g —y s
T N SOOI IRt
-k
B

/
312

313 302

304

18



EP 2 629 549 B1

/

FIG.

NOILYINHO43d

DISTANCE FROM CENTER OF PROJECTION

19



EP 2 629 549 B1

RIGID MEMBER
PROJECTION *
d i
RIGID MEMBER ~ RIGID MEMBER
AND PROJECTION  AND PROJECTION 7.
ARELAYERED  ARENOT LAYERED FIG. 8C
S &
S5 W
=m =5
=0 =
(At B -
O =02
Koz e
o5 S
= ()
DEVIATION QUANTITY BETWEEN DEVIATION QUANTITY BETWEEN
RIGID MEMBER AND CENTER OF RIGID MEMBER AND CENTER OF

PROJECTION, d PROJECTION, d

20



302
302
[

<

301

9
10

EP 2 629 549 B1
FIG.
304
FIG.
301

304
\

303
303

21

N N ] TaTa T
LR e W W

<L



EP 2 629 549 B1

S SO ENNLELED B SN DN,
e e e e e T e e e T e T T T
R SR S R RN OO MG OON NN
B T A e i e B
B S IO R A R IR, DR R IR M R e

e e e e N R R
e T e e e e s e T e T e T T e T T Tt T e R

<L

12

FIG.

_—308
_—309
——301

iy e
%, w,w.» rm‘ Ot
SRR BT B vt
N N e e e
(ﬂf i T S
RO RN AP D) i
i, " N T AT
,; % s
T T T e
i_e.: *. P Iln Ib‘
# T O
/)4. B ﬂ”“” o
11; N e
s
N - LG 0o Sttty
o R e
B bR SO e el
% .r'. T i e b
% wtat
s i.w sl R
N .wa T e
0 LN
N NG e
K w s | L e
LN
S PE" S e ik
LY M w.f s
LS T Dty ]
5 e
5 rmf{” -
. o
...u B S
S By 5O
b ek
e h SRR
.Iu.y W
) N eyt
B st
Il
I!l!rln * Faletn
iR R
o I N 2
: £ &
hd ¥
B £
LY
L if .
. »
N ull.i %
by "
bt £
.rf £
E Lt
PRk o
| 200 ST
Y M F o
N z;ax B
AN N o BN el
EARENE ) f/....# T
PR SR B Sl
R St = R
T e e v e Br et
% it
" Jl wrup‘ e e 0al ol e s 4

22



EP 2 629 549 B1

13

FIG.

503

502 510

5056

_—509

501

£
#
*
#o
& et

e

o

i

T L AT R R T ARrE AN LR
R T AR S R R I S S AR R

s

e R R T L e R R T T

LI

“
L% JRE N
3

"

S
&
x
IS N
W

“ -

’ _Mrw

%

*

o S

W’ :wl
s, m;

% yi
/I. /el
5
N B G
kY

R
=, 1 "
. %
&

- S
& &
R e
%

N _zizz
O 0
&2 %
£
% M
e
L e
4 B3 8
WM ES
& LR Y
Lk N

SRR RRE (Mt
L kY s,

ry;r; RN

W _..w«.»l
5 B

513

512

514

14

FIG.

_—509

2501

T
L e
N D
R W
et
I S
" A
M w
8
PR
%
.,
M.
%
B,
A
%
33
&3
%
LY
Y
)
LY
b,
%
.
%
LS
£ Rx
b, %
£
e
i
B
PR B
% S
N s
X OO
R D
L3y ML
L (e
N e
LR SO
bty SOOL
g B
B R
09 HK
g R
LS L
R S
% Fat
s p
Ao
.
LY
%
£
s
e
A
LY
Y
“
)
LY
%, Lt
N

513

512

514

23



EP 2 629 549 B1

15

FIG.

703

710

I;J/r/liJ

E A R P }?K)E)
A R T T »r’#ﬂﬂ——‘

i

'/

I
AR

;

WA A F
B R P

=

712 713

711

» e
2%
WieTelele

24



EP 2 629 549 B1

17

FIG.

_—709
—— 701

=t ey 5
% NEA w ERE
o ISR RGN REA i
= N s SR 26 o i o
RART R N X0
z o 1%
SR TR N 2t IR B
..f e PRy -
5, kS 7,
T R
N ERE N R -
e b 1
* Y O
R Il 0 P orbie Moy
3 L O
b B
B3 EIE g -
- MR N R T -
% Y s
hf! w LR W0 PR ]
h w«na“ e s e
g
R S -
ﬂ B R e L s
w Bty
fa e e i -
N S - .
v R e
P N T LT T L
w1
i K
Sy IR o i - s
TR e e s
o

& F

ERY

s
o

i

A
£

#
#
#

./x

# A e
&

P T

s
o

ST S S
R

18

FIG.

25



EP 2 629 549 B1

903,

905

904

O O O O O LS
T T N T T N T

FIG. 20

1004

1018

1016

1014

1006

1003

v

)

1012

)
1010

)
1008

1002
)

26



EP 2 629 549 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 20050228285 A [0005] * US 2010148594 A [0005]
* US 20090322181 A [0005] WO 2007046180 A [0005]
 JP 2007074263 A [0005] e US 2009301200 A [0005]

27



TRAFROE) BEREESRNERAZEFRESNER SRS
NIF(2E)E EP2629549B1
RS EP2011832603

RIERB(RFR)AGE) HAKHEBAIEH
RF(EFR)AGE) AN ETSHEBROERAE

LFERF(ERMD)AGE) HITACHI, LTD.

patsnap

2019-01-23

2011-10-13

[#R1 &% BB A TAKEZAKI TAIICHI
MACHIDA SHUNTARO
KA TAKEZAKI TAIICHI
MACHIDA SHUNTARO
IPCH %S B06B1/02 A61B8/00 GO1N29/24 HO4R19/04
CPCoE= HO2N1/08 A61B8/4483 A61B8/4494 BO6B1/0292 GO1N29/2406 H04R19/04
£ 2010232618 2010-10-15 JP
H AN FF 32k EP2629549A4
EP2629549A1
SNEREEIE Espacenet
BEGR)

EEAXNRNBHBEF RS (CMUT ) F , RATeEEFENSE
WRBE , HEEKEREFERS T URME, BFiREE, BFTH8
) (201) , FEARIE T AR L H 448 (209,208 ) BEK A=
(202) , FERIEFZEED LB LB (205) , BURERIEPZEERSD
(202 ) RIS NEEAEZRE (204 ) BRFERIERZEES LS RIE
M4 (203) , T (201) F/H LB (205 ) BIMA B S4LEE
R (204 ) EBNEII MENRIEEH (203) , REENLREME
RARESEERE (204 ) EBNMNEMERFEESUMN LREMEMFE
B EIERE (204 ) EBHNXE,



https://share-analytics.zhihuiya.com/view/c03422fb-139a-4929-8805-a1d46920e609
https://worldwide.espacenet.com/patent/search/family/045938393/publication/EP2629549B1?q=EP2629549B1

