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A ultrasonic transducer of the invention comprises: a trans-
ducer cell including a first electrode and a second electrode
disposed separated from the first electrode by an air gap
portion; and an electret for applying a potential difference
between the first electrode and the second electrode. The
electret is disposed in a region where at least a part thereof
does not overlap with the transducer cell when viewed from a
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ULTRASONIC TRANSDUCER, METHOD OF
MANUFACTURING ULTRASONIC
TRANSDUCER, ULTRASONIC DIAGNOSTIC
APPARATUS, AND ULTRASONIC
MICROSCOPE

CROSS REFERENCE TO RELATED ART

[0001] This application claims benefit of Japanese Appli-
cations No. 2007-221688 filed on Aug. 28, 2007, No. 2007-
221690 filed on Aug. 28, 2007 and No. 2007-221691 filed on
Aug. 28, 2007, the contents of which are incorporated herein
by their reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a capacitive ultra-
sonic transducer including an electret, a method of manufac-
turing the ultrasonic transducer, an ultrasonic diagnostic
apparatus, and an ultrasonic microscope.

[0004] 2. Description of Related Art

[0005] Ultrasonic diagnostics, which is performed by irra-
diating ultrasonic waves to a subject to make a diagnosis on a
condition of the subject based on an echo signal from the
subject, has been in common use. One of the examples of
ultrasonic diagnostic apparatuses used in this ultrasonic diag-
nostics 1s ultrasonic endoscopes used in medical field.
[0006] Ultrasonic diagnostic apparatuses are used not only
in the medical field but also in industrial fields in order to
make a diagnosis on a presence or absence of defections such
as a flaw, a crack, and a hollow appeared on a subject
(sample). These ultrasonic diagnostic apparatuses are known
as nondestructive inspection apparatuses and nondestructive
flaw detection apparatuses.

[0007] Also known is an analytic method using a so-called
V(z) curve, in which ultrasonic waves are irradiated to an
object (sample) to evaluate an acoustic property of the object,
thereby quantifying an elastic property of the object or evalu-
ating structure of a thin film. Ultrasonic microscopes are
known as such apparatuses for analyzing property of the
object from the V(z) curve.

[0008] These ultrasonic diagnostic apparatuses and ultra-
sonic microscopes are provided with an ultrasonic transducer
for converting electric signals into ultrasonic waves to trans-
mit the ultrasonic waves and for receiving the ultrasonic
waves to convert the ultrasonic waves into electric signals.
[0009] Conventionally, a piezoelectric element such as a
ceramic piezoelectric material PZT (lead zirconate titanate)
has been mainly used as the ultrasonic transducer. However,
in recent years, attention is focused on a capacitive ultrasonic
transducer (Capacitive Micromachined Ultrasonic Trans-
ducer; hereinafter referred to as a ¢-MUT) manufactured
using a micromachining technology as disclosed in Japanese
Unexamined Patent Application Publication No. 2005-
510264.

[0010] The c-MUT is configured by including a pair of
plate electrodes (parallel plate electrodes) facing each other
sandwiching an air gap portion therebetween, and transmits
and receives ultrasonic waves by vibration of a film (mem-
brane) including one of the pair of electrodes. Since the
¢-MUT converts ultrasonic signals into electric signals based
on a change in capacitance between the pair of electrodes at
the time of receiving ultrasonic waves, it is required to con-
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tinuously supply a DC bias voltage, which is a relative high
voltage, between the pair of electrodes during the reception of
ultrasonic waves.

[0011] In order to solve the problem, Japanese Patent
Application Laid-Open Publication No. 2-52599 discloses a
¢-MUT (capacitive ultrasonic transducer) which unnecessi-
tates application of a DC bias voltage by providing an electret
(electret insulating film) between a pair of electrodes. In
addition, in Japanese Unexamined Patent Application Publi-
cation No. 2005-506783 discloses an ultrasonic transducer
including an electreted film provided directly on a pair of
electrodes, in other words, on a transmitting side of ultrasonic
waves.

SUMMARY OF THE INVENTION

[0012] In order to achieve the above object, an ultrasonic
transducer of the present embodiment comprises: a trans-
ducer cell including: a first electrode, a vibration membrane
disposed on the first electrode, separated by an air gap por-
tion; and a second electrode supported by the vibration mem-
brane; a first conductive layer electrically connected to the
first electrode; a second conductive layer disposed facing the
first conductive layer and electrically connected to the second
electrode; an electret for retaining a charge and applying a
predetermined potential difference between the first electrode
and the second electrode, the electret being disposed in a
region between the first conductive layer and the second
conductive layer, where at least a part of the electret do not
overlap with the transducer cell when viewed from a trans-
mitting direction of ultrasonic waves generated by vibration
of the vibration membrane.

[0013] The above and other objects, features and advan-
tages of the invention will become more clearly understood
from the following description referring to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is an illustration diagram showing a sche-
matic configuration of an ultrasonic endoscope

[0015] FIG.2is aperspective view showing a configuration
of a distal end part of the ultrasonic endoscope

[0016] FIG. 3 is a perspective view of a transducer array.
[0017] FIG. 4isatop view of a transducer unit viewed from
a transmitting direction of ultrasonic waves.

[0018] FIG. 5isacross-sectional view along the V-V line in
FIG. 4.

[0019] FIG. 6 is an equivalent circuit diagram of a trans-
ducer element.

[0020] FIG. 7 is a partial cross-sectional view of a region

where an electret of the transducer element is formed.
[0021] FIG. 8 is a partial cross-sectional view of a region
where an electret according to a modified example of a first
embodiment is formed.

[0022] FIG. 9 is a view showing a modified example of the
transducer array according to the first embodiment.

[0023] FIG. 10 is a cross-sectional view of a transducer
element according to a second embodiment.

[0024] FIG. 11 is atop view of a transducer element accord-
ing to a third embodiment.

[0025] FIG. 12 is a cross-sectional view along the XII-XII
line in FIG. 11.
[0026] FIG. 13 is atop view of a transducer element accord-

ing to a modified example of the third embodiment.
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[0027] FIG. 14 is a cross-sectional view of a transducer
element according to a fourth embodiment.

[0028] FIG. 15 is a cross-sectional view of a transducer
element according to a fifth embodiment.

[0029] FIG. 16 is a cross-sectional view of a transducer
element according to a modified example of the fifth embodi-
ment.

[0030] FIG. 17 is a cross-sectional view of a transducer
element according to a sixth embodiment.

[0031] FIG.18is atop view of atransducer element accord-
ing to a seventh embodiment.

[0032] FIG. 19 is a cross-sectional view along the XIX-
XIX line in FIG. 18.

[0033] FIG.20is atop view of a transducer element accord-
ing to a modified example of the seventh embodiment.
[0034] FIG. 21 is a top view of a transducer unit according
to an eighth embodiment.

[0035] FIG. 22 is a cross-sectional view along the XXII-
XXI1I line in FIG. 21.

[0036] FIG. 23 is a view describing a manufacturing pro-
cess of the transducer unit.

[0037] FIG. 24 is a view describing the manufacturing pro-
cess of the transducer unit.

[0038] FIG. 25 s a view describing the manufacturing pro-
cess of the transducer unit.

[0039] FIG. 26 is a cross-sectional view of a transducer
element according to a ninth embodiment.

[0040] FIG.27is atop view of a transducer array according
to a tenth embodiment.

[0041] FIG. 28 is an illustration diagram showing a sche-
matic configuration of an ultrasonic microscope.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0042] Below, preferred embodiments of the present inven-
tion will be described with reference to the drawings. Note
that, in each of the drawings referred to in the description
below, scale sizes are differentiated for each component in
order to show each component in a recognizable size on the
drawings. The present invention is not limited only to the
number, the shape and the size ratio of the components, and
the relative positional relationship among the components
illustrated in these drawings.

First Embodiment

[0043] Hereinafter, the first embodiment of the present
invention is described with reference to FIGS. 1 to 8.

[0044] FIG. 1 is an illustration diagram showing a sche-
matic configuration of an ultrasonic endoscope. FIG. 2 is a
perspective view showing a configuration of a distal end part
of the ultrasonic endoscope. F1G. 3 is a perspective view of a
transducer array.

[0045] In the present embodiment, description is made on
an example in which the present invention is applied to an
ultrasonic endoscope as an ultrasonic diagnostic apparatus.
As shown in FIG. 1, an ultrasonic endoscope 1 of the present
embodiment is mainly configured by an elongated insertion
portion 2 to be inserted in a body cavity, an operation portion
3 positioned on a proximal end of the insertion portion 2, and
auniversal cord 4 extending from a side portion of the opera-
tion portion 3.

[0046] The universal cord 4 is provided at a proximal end
thereof with an endoscope connector 4a connected to a light
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source device not shown. From the endoscope connector 4a
are extended an electric cable 5 detachably connected to a
camera control unit not shown through an electric connector
5a and an ultrasonic cable 6 detachably connected to an
ultrasonic observation apparatus not shown through an ultra-
sonic connector 6a.

[0047] Theinsertion portion 2 is configured by including in
the following order from a distal end side, a distal end rigid
portion 20 formed of a rigid resin member; a bendable bend-
ing portion 8 positioned on a rear end of the distal end rigid
portion 20; and a flexible tube portion 9 having a small diam-
eter, along length and flexibility, which is positioned on a rear
end of the bending portion 8 and extended to a distal end
portion of the operation portion 3. In addition, the distal end
rigid portion 20 is provided at the distal end side thereof with
an ultrasonic transmitting/receiving portion 30, to be detailed
later, for transmitting and receiving ultrasonic waves.

[0048] The operation portion 3 is provided with: an angle
knob 11 for bending and controlling the bending portion 8 in
desired directions; an air/water feeding button 12 for per-
forming air-feeding and water-feeding operations; a suction
button 13 for performing a sucking operation; a treatment
instrument insertion port 14 serving as an entrance for a
treatment instrument to be introduced in a body cavity, and
the like.

[0049] Asshown in FIG. 2, the distal end rigid portion 20 is
provided with: an illumination lens (not shown) configuring
an illumination optical portion for irradiating illumination
light to an observation region; an objective lens 21 configur-
ing an observation optical portion for capturing an optical
image of the observation region; a suction/forceps port 22
serving as an opening from which a resected region is sucked
and a treatment instrument is projected; and an air/water
feeding port (not shown) for feeding air and water.

[0050] The ultrasonic transmitting/receiving portion 30
provided at the distal end of the distal end rigid portion 20
includes a transducer array 31, a driving circuit 34, and an
FPC 35, as shown in F1G. 3. The FPC 35 is a wiring substrate
having flexibility (flexible wiring substrate) including mount-
ing surfaces formed on both surfaces thereof. The FPC 35 is
disposed in the ultrasonic transmitting/receiving portion 30 in
such a manner as to be wound in a substantially cylindrical
shape around an axis, as a central axis, substantially parallel
to an insertion axis of the distal end rigid portion 20.

[0051] The transducer array 31 as the ultrasonic transducer
array is provided on an outer circumferential surface of the
cylindrically-shaped FPC 35. The transducer array 31
includes a plurality of transducer units 32 as the ultrasonic
transducers of the present embodiment which are aligned on
the outer circumferential surface of the FPC 35 in a circum-
ferential direction. The transducer units 32 have a substan-
tially rectangular shape when viewed from a normal line
direction of the outer circumferential surface of the FPC 35,
and are aligned at equal intervals on the outer circumferential
surface of the cylindrically-shaped FPC 35, with the lateral
direction being the circumferential direction. The transducer
array 31 is configured of several tens to several hundreds of
transducer units 32, for example, and the transducer array 31
of the present embodiment includes one hundred and twenty-
eight transducer units 32. Each of the transducer units 32
includes forty-eight transducer elements 33.

[0052] Though details will be described later, the trans-
ducer units 32 of the present embodiment are capacitive ultra-
sonic transducers formed on a silicon substrate composed of
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low-resistance silicon semiconductors by the micromachin-
ing technology and belong to the technical field of so-called
MEMS (Micro Electro Mechanical Systems). Such a capaci-
tive ultrasonic transducer formed using the micromachining
technology is generally referred to as ¢-MUT (Capacitive
Micromachined Ultrasonic Transducer).

[0053] In the transducer array 31 of the present embodi-
ment, the plurality of transducer elements 33 provided in one
piece of transducer unit 32 configure a minimum driving unit
for transmitting and receiving ultrasonic waves. The trans-
ducer elements 33 each transmit ultrasonic waves in the nor-
mal line direction of the mounting surface of the FPC 35, that
is, in an outward radial direction of the cylindrically-shaped
FPC 35.

[0054] On the other hand, a plurality of driving circuits 34
are mounted on an inner circumferential surface of the cylin-
drically-shaped FPC 35, that is, on a mounting surface which
is on the opposite side of the mounting surface on which the
transducer array 31 is mounted. Each of the driving circuits 34
includes electrical circuits such as a pulser, a selection circuit,
and the like for driving the transducer element 33 and is
electrically connected to the each of the transducer elements
33.

[0055] In addition, the driving circuits 34 are electrically
connected to a plurality of signal electrodes 36 and ground
electrodes 37 which are formed on the outer circumferential
surface of the cylindrically-shaped FPC 35. The signal elec-
trodes 36 and the ground electrodes 37 are connected to a
coaxial cable. The coaxial cable is inserted through the ultra-
sonic cable 6 and one end thereof is electrically connected to
the ultrasonic connector 6a and the other end thereof is elec-
trically connected to the signal electrodes 36 and the ground
electrodes 37. Thus, the driving circuits 34 are electrically
connected to the ultrasonic observation apparatus.

[0056] The ultrasonic transmitting/receiving portion 30
having the above-described configuration can perform an
electronic radial scan capable of sector scanning, for radially
transmitting and receiving ultrasonic waves on a plane sub-
stantially perpendicular to the insertion axis of the distal end
rigid portion 20 as a base by the two-dimensional transducer
array 31 disposed on the outer circumferential surface of the
cylindrically-shaped FPC 35.

[0057] Next, description is made below on a detailed con-
figuration of the transducer unit 32 as the capacitive ultra-
sonic transducer of the present embodiment, with reference to
FIGS. 4 to 7. FIG. 4 is a top view of the transducer unit 32
viewed from the transmitting/receiving side of ultrasonic
waves. That is, in FIG. 4, ultrasonic waves are transmitted in
a direction perpendicular to and away from the paper surface.
FIG. § is a cross-sectional view along the V-V line in FIG. 4.
FIG. 6 is an equivalent circuit diagram of a transducer ele-
ment 33. FIG. 7 is a partial cross-sectional view of a region
where an electret of the transducer element is formed.
[0058] As shown in FIG. 4, the transducer unit 32 of the
present embodiment is configured by the plurality of aligned
transducer elements 33. In FIG. 4, an elongated region sur-
rounded by a dashed line represents one piece of transducer
element 33.

[0059] The transducer element 33 includes a plurality of
transducer cells 100. In addition, the transducer element 33
includes an electret 130, a signal electrode pad 38, and a
ground electrode pad 39, which are electrically connected to
each of the plurality of transducer cells 100 configuring the
transducer element 33.
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[0060] 1In the present embodiment, the transducer element
33 includes: eight transducer cells 100 linearly aligned in a
longitudinal direction of the elongated region; and one piece
of the electret 130 disposed at one end of the elongated region
and electrically connected in parallel to all of the eight trans-
ducer cells 100.

[0061] In the same transducer element 33, all of the trans-
ducer cells 100 are electrically connected in parallel to one
another, and inputted with driving signals from the ultrasonic
observation apparatus through the signal electrode pad 38,
thereby simultaneously transmitting ultrasonic waves having
the same phase.

[0062] Asshownin FIG. 5, the transducer element 33 of the
present embodiment is a capacitive ultrasonic transducer hav-
ing, on the silicon substrate 101 composed of the low-resis-
tance silicon semiconductors, a layer structure formed by the
micromachining technology using a semiconductor process
and the like.

[0063] Note that, in the description of the layer structure
below, as for the up-down relationship of the layers, the up
direction is assumed to be a direction away from the surface
of the silicon substrate 101 in the normal line direction. For
example, in the cross-sectional view in FIG. 5, an upper
electrode 120 is assumed to be disposed above a lower elec-
trode 110. In addition, a thickness of each layer indicates a
dimension of each layer in the normal line direction of the
surface of the silicon substrate 101. Furthermore, in the
description below, for descriptive convenience, of the sur-
faces of the silicon substrate 101, the surface on which the
transducer cells 100 are formed is referred to as a cell forming
surface, and the surface opposite to the surface on which the
transducer cells 100 are formed is referred to as a rear surface.
[0064] The silicon substrate 101 is made of conductive
low-resistance silicon. On both surfaces of the silicon sub-
strate 101, a first insulating film 102 and a rear surface insu-
lating film 109, each a silicon oxide film having electrical
insulation, are respectively formed. The first insulating film
102 and the rear surface insulating film 109 are high-tempera-
ture oxide films formed by thermal-oxidizing the silicon sub-
strate 101. Note that, the first insulating film 102 and the rear
surface insulating film 109 may be silicon nitride films.
[0065] First, a structure of the transducer cell 100 is
described in detail below.

[0066] The transducer cell 100 is configured by including
the lower electrode 110 (a first electrode) and the upper elec-
trode 120 (a second electrode) which are a pair of parallel
plate electrodes facing each other through a cavity 107 as a
substantially columnar air gap portion. The transducer ele-
ment 33 configured by including the transducer cells 100
transmits and receives ultrasonic waves by vibration of a
membrane 100a (vibration membrane) which is a film-
shaped structure with elasticity and includes the upper elec-
trode 120 of the transducer cell 100.

[0067] On the first insulating film 102 is formed the lower
electrode 110 which is a conductive layer substantially circu-
lar-shaped when viewed from above. The lower electrode 110
is formed by sputtering Mo (molybdenum) into a film, and
patterning the film. The lower electrodes 110 of the trans-
ducer cells 100 adjacent to each other when viewed from
above are electrically connected to each other by a lower
electrode wiring 111.

[0068] Note that, it is preferable that the material configur-
ing the lower electrode 110 which is a lower layer part of the
layer structure and formed on the silicon oxide film is, aside
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from the Mo, for example, high melting point metals such as
W (tungsten), Ti (titanium), and Ta (tantalum), or an alloy of
such metals. However, the material is not limited to these, as
long as the high-temperature thermal processing can be
avoided in subsequent processes, and may be Al (aluminum),
Cu (copper), or the like. In addition, the lower electrode 110
may have a multi-layer structure in which two or more kinds
of conductive materials are layered.

[0069] A wafer-through electrode 112 formed by penetrat-
ing the silicon substrate 101 is provided, for each transducer
element 33, on an end portion of the transducer element 33
having the elongated shape when viewed from above, which
is on the opposite side of the end portion on which the electret
130 is disposed. The wafer-through electrode 112 is electri-
cally insulated from the silicon substrate 101, and electrically
connected to the lower electrodes 110 and to the signal elec-
trode pad 38 formed on the rear surface insulating film 109.

[0070] That is, all the lower electrodes 110 in the same
transducer element 33 are electrically connected to the signal
electrode pad 38 formed on the rear surface of the silicon
substrate 101 through the lower electrode wiring 111 and the
wafer through electrode 112.

[0071] A second insulating film 103 having electrical insu-
lation is formed on the lower electrode 110 so as to cover the
lower electrode 110. The second insulating film 103 is a
silicon oxide film in the present embodiment and is formed by
the plasma CVD method. Note that the second insulating film
103 may be a silicon nitride film, a hafnium nitride (HfN), a
hafnium oxynitride (HfON), or the like.

[0072] A third insulating film 104 having electrical insula-
tion is formed on the second insulating film 103 over the
cavity 107. The third insulating film 104 is a silicon oxide film
in the present embodiment and is formed by the plasma CVD
method. Note that the third insulating film 104 may be a
silicon nitride film.

[0073] Thecavity 107 as a hermetically-sealed air gap layer
in an atmospheric pressure, a pressurized, or a depressurized
state is formed between the second insulating film 103 and the
third insulating film 104. Here, the depressurized state indi-
cates a state where the pressure is lower than the atmospheric
pressure, and also includes a so-called vacuum state. The
cavity 107 has a substantially columnar shape and is provided
substantially concentrically with the lower electrode 110
when viewed from above.

[0074] Inthe present embodiment, the cavity 107 is formed
by the sacrificial layer etching as a known technology, and a
sacrificial layer removal hole for communicating inside of the
cavity 107 with the upper layer of the third insulating film 104
which are used at the time of sacrificial layer etching is sealed
by a plug not shown. Note that the cavity 107 may be formed
by a method of joining together wafers subjected to mechani-
cal or chemical microfabrication.

[0075] On the third insulating film 104 is formed the upper
electrode 120 which is a substantially circular-shaped con-
ductive layer when viewed from above. The upper electrode
120 is provided substantially concentrically with the lower
electrode 110 when viewed from above, that is, on a position
facing the lower electrode 110. In the present embodiment,
the upper electrode 120 is formed by sputtering Al (alumi-
num) into a film, and patterning the film.

[0076] Theupper electrodes 120 of the transducer cells 100
adjacent to each other when viewed from above are electri-
cally connected to each other by an upper electrode wiring
121. Note that the material configuring the upper electrode
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120 may be, for example, Cu, W, Ti, Ta, and the like, aside
from Al, as long as the material has a conductive property. In
addition, the upper electrode 120 may have a multi-layer
structure in which two or more kinds of conductive materials
are layered.

[0077] The upper electrode wiring 121 is electrically con-
nected to a through electrode 122 on the end portion of the
transducer element 33 having the elongated shape when
viewed from above, which is on the opposite side of the end
portion on which the electret 130 is disposed. The through
electrode 122 penetrates the first insulating film 102, the
second insulating film 103, and the third insulating film 104,
and is formed in the same process as the forming process of
the upper electrode 120 and the upper electrode wiring 121.
The through electrode 122 is electrically connected to the
silicon substrate 101 through an ohmic contact region 122a.
[0078] In addition, the ground electrode pad 39 is formed
on the rear surface insulating film 109. The ground electrode
pad 39 is electrically connected to the silicon substrate 101
through an ohmic contact region 123a.

[0079] That is, all the upper electrodes 120 in the same
transducer element 33 are electrically connected to the
ground electrode pad 39 formed on the rear surface of the
silicon substrate 101, through the upper electrode wiring 121,
the through electrode 122, and the silicon substrate 101.
[0080] A protective film 105 having electrical insulation is
formed on the upper electrode 120. The protective film 105 is
asilicon nitride film in the present embodiment and 1s formed
by the plasma CVD method. Note that, the protective film 105
may be configured of a silicon oxide film, hafnium nitride
(HIN), hafhium oxynitride (HfON), and the like, aside from
the silicon nitride. HfN and HfON are particularly preferable
for the protective film, since a high-density film can be
obtained.

[0081] Furthermore, a paraxylylene resin film 106 having
water-resistance, chemical-resistance, or the like, and is
excellent in biocompatibility and electrical insulation is
formed on the protective film 105.

[0082] Thetransducer unit 32 is mounted on the FPC 35, by
a known method such as a solder joining, an anisotropic
conductive film joining, or an ultrasonic joining. Thus, the
above-described transducer cells 100 of the transducer ele-
ment 33 are electrically connected to the driving circuit 34
mounted on the opposite side of the FPC 35 through the signal
electrode pad 38 and the ground electrode pad 39.

[0083] By providing the signal electrode pad 38 and the
ground electrode pad 39 on the rear surface side of the trans-
ducer cells 100, mounting area can be reduced, which can
reduce the length of the distal end rigid portion 20 and
improve the operability of the ultrasonic endoscope 1.
[0084] Note that, in the above-described configuration, the
lower electrode 110, the upper electrode 120, and the cavity
107 have substantially circular shapes when viewed from
above. However, the shapes are not limited to those in the
present embodiment, and, for example, may be polygonal
shapes such as hexagonal shape, rectangular shape, or other
shapes. The dimensions of the membrane 100a and the cavity
107 are determined depending on the wavelength and output
of the ultrasonic waves used at the time of observation.
[0085] Next, detailed description is made on the configu-
ration of the region where the electret 130 of the ultrasonic
transducer of the present embodiment is disposed.

[0086] In the present embodiment, the electret 130 as the
charge retention means is disposed, as described above, at the
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end portion of the transducer element 33 having the elongated
shape when viewed from above. The electret 130 has a func-
tion of permanently retaining positive or negative polarity
charge.

[0087] Theelectret 130 in the present embodiment is made
of an inorganic film. To be more precise, the electret 130 is
formed by charging the silicon oxide film formed by the
plasma CVD method and the like, by a corona discharge.
Note that the electret 130 may be made of other inorganic
films such as a silicon nitride film or Hf (hafnium) oxide like
HfO2 film or HfAI 205 film. In addition, the electret 130 may
be formed by layering a plurality of kinds of the above-
described inorganic films.

[0088] As shown in the equivalent circuit diagram in FIG.
6, in one transducer element 33, the negative charge retaining
side of the electret 130 is electrically connected to each of the
lower electrodes 110 of the plurality of transducer cells 100.
Since the upper electrode 120 of the transducer cell is
grounded, the electret 130 applies a potential difference
between the lower electrode 110 and the upper electrode 120
as a pair of electrodes of the transducer cell 100.

[0089] Thatis, the transducer cell 100 is electrically equiva-
lent to the state where the DC bias voltage is applied between
the lower electrode 110 and the upper electrode 120. As a
result, the transducer element 33 as the ultrasonic transducer
of the present embodiment is capable of transmitting and
receiving ultrasonic waves without a need of application of
DC bias voltage from outside.

[0090] Therefore, the ultrasonic diagnostic apparatus pro-
vided with the transducer elements 33 as the ultrasonic trans-
ducers of the present embodiment does not need a circuit or a
wiring for applying the DC bias voltage as required in the
conventional ¢-MUT, which can reduce the size of the appa-
ratus. In addition, the values of the currents flowing through
the DC bias voltage source and the wiring are reduced, which
decreases the power consumption. With this configuration,
the size of the driving circuit can be further reduced, thereby
preventing property fluctuation of the transducer cells due to
heat generated by the driving circuit.

[0091] As specifically shown in the cross-sectional view in
FIG. 7, the electret 130 of the present embodiment is inter-
posed between a lower conductive layer 114 (a first conduc-
tive layer) electrically connected to the lower electrodes 110
of the transducer cells 100 and an upper conductive layer 124
(a second conductive layer) electrically connected to the
upper electrodes 120. Note that, in the present embodiment,
the lower conductive layer 114 is a conductive layer made of
Mo formed by the same semiconductor process as that of
forming the lower electrodes 110. The upper conductive layer
124 is a conductive layer made of Al formed by the same
semiconductor process as that of forming the upper elec-
trodes 120.

[0092] In addition, an air gap portion 131 as an insulating
layer is interposed between the electret 130 and the upper
conductive layer 124. In the present embodiment, the air gap
portion 131 is formed by the sacrificial layer etching as a
known technology. Note that the air gap portion 131 may be
other insulating film, for example, a silicon oxide film or
silicon nitride film as long as the material can electrically
insulate the electret 130 from the upper conductive layer 124.

[0093] On the upper conductive layer 124, the protective
film 105 having electrical insulation is formed similarly as in
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the transducer cells 100 part. The protective film 105 is a
silicon nitride film in the present embodiment as described
above.

[0094] Furthermore, in the upper conductive layer 124 and
the protective film 105 that are disposed above the electret
130 are drilled a myriad of microscopic through holes 132
penetrating the upper conductive layer 124 and the protective
film 105 in a thickness direction. The through holes 132 are
formed on the upper conductive layer 124 and the protective
film 105 only in a region overlapping with the electret 130
when viewed from above. In the present embodiment, the
through holes 132 have a diameter of micrometer order (sev-
eral micrometers of diameter) and are scattered in a random
manner at a predetermined distribution density.

[0095] Note that the through holes 132 drilled in the upper
conductive layer 124 and the protective film 105 are not
limited to the configuration in the present embodiment, and
may be formed by being aligned regularly, for example, in
rows and columns.

[0096] The paraxylylene resin film 106 is formed on the
protective film 105 in the similar manner as in the transducer
cells 100 part.

[0097] In addition, as shown in FIG. 7, in the transducer
element 33, the region where the electret 130 is disposed is
formed to be projected upward (in the transmitting direction
of ultrasonic waves) more than the region where the trans-
ducer cells 100 are formed. To be more precise, the thickness
We of the region of the transducer element 33 where the
electret 130 is disposed becomes larger than the thickness We
of the region of the transducer element 33 where the trans-
ducer cells 100 are formed.

[0098] Thus, with the configuration in which the region
adjacent to the transducer cells 100 projects in the transmit-
ting direction of ultrasonic waves more than the region where
the transducer cells 100 are formed, the transducer element 33
of the present embodiment can prevent destruction of the
membranes 100a of the transducer cells 100 resulting from a
contact with other objects.

[0099] Furthermore, in the present embodiment, a distance
De between the upper conductive layer 124 and the lower
conductive layer 114, which are parallel plate electrodes fac-
ing each other in the region where the electret 130 is formed,
is formed to be larger than a distance DC between the upper
electrode 120 and the lower electrode 110 of the transducer
cell 100. Accordingly, it is possible to restrain generation of
parasitic capacitance in the region not contributing to the
transmitting and receiving of ultrasonic waves, and thereby
increase a driving efficiency of the ultrasonic unit.

[0100] Here, the charging processing by the corona dis-
charge on the electret 130 in the transducer element 33 as the
ultrasonic transducer of the present embodiment, is per-
formed in a state where the air gap portion 131, the upper
conductive layer 124 and the protective film 105 are formed
on the silicon oxide film as the electret 130, and the through
holes 132 are formed to penetrate the upper conductive layer
124 and the protective film 105 in the thickness direction. The
electrode 114 is normally used for inputting ultrasonic trans-
mitting/receiving signals, but used as a counter electrode for
corona discharge in the charging processing by the corona
discharge.

[0101] That is, the charging processing by the corona dis-
charge on the electret 130 is performed after the semiconduc-
tor process of forming the layer structure after forming the
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electret 130 is all finished, in a state where at least a part of the
electret 130 is exposed upward through the through holes
132.

[0102] Then, after the charging processing performed on
the electret 130, by forming the paraxylylene resin film 106
by a spin coat method, the structure on the cell forming
surface side of the transducer element 33 is completed.
[0103] Below, description is made on the effects of the
ultrasonic transducer and the ultrasonic diagnostic apparatus
of the present embodiment that have the above-described
configuration.

[0104] Inthe transducer element 33 of the present embodi-
ment, the electret 130 is disposed in a region not overlapping
with and separated from the transducer cell 100, when viewed
from the transmitting direction of ultrasonic waves, that is,
the layer direction of the lower electrode 110 and the upper
electrode 120 as a pair of electrodes of the transducer cell 100.
Therefore, in the transducer element 33 of the present
embodiment, the thickness of the electret 130 and the distance
between the lower electrode 110 and the upper electrode 120
can be set independently.

[0105] For example, compared with a conventional capaci-
tive ultrasonic transducer including an electret disposed
between a pair of parallel plate electrodes, in the transducer
element 33 of the present embodiment, the distance (gap)
between the pair of parallel plate electrodes (the lower elec-
trode 110 and the upper electrode 120 in the present embodi-
ment) can be made smaller and the electret 130 as the charge
retention means can be made thicker.

[0106] Therefore, according to the present embodiment,
the distance between the lower electrode 110 and the upper
electrode 120 is made smaller than in the conventional trans-
ducer to increase the capacitance between the electrodes,
which can improve the sound pressure of the transmitted
ultrasonic waves and the sensitivity to the received ultrasonic
waves and make the electret 130 to have a thickness to allow
permanent and stable charge retention.

[0107] In addition, in the transducer element 33 of the
present embodiment, the lower electrode 110 and the upper
electrode 120, and the electret 130 are not disposed in a
layered manner in the thickness direction, thereby enabling
the transducer element 33 to be thinner than the conventional
capacitive ultrasonic transducer.

[0108] Similarly, compared with a conventional capacitive
ultrasonic transducer configured by layering a transducer cell
and an electret in the thickness direction, the transducer ele-
ment 33 of the present embodiment can be configured to be
thinner in the ultrasonic wave transmitting direction.

[0109] Therefore, the transducer element 33 as the ultra-
sonic transducer of the presentembodiment is thinner and has
a higher sound pressure of the transmitted ultrasonic waves
and a higher sensitivity to the received ultrasonic waves than
the conventional transducer, and in addition, can permanently
maintain the characteristics.

[0110] In other words, at the time of exerting a predeter-
mined sound pressure of the transmitted ultrasonic waves and
sensitivity to the received ultrasonic waves, the present
embodiment realizes the ultrasonic transducer which main-
tains the initial performance over a long period of time, and is
thinner and can be driven at lower voltage compared with the
conventional one.

[0111] In addition, the present embodiment allows the
ultrasonic diagnostic apparatus including the transducer ele-
ment 33 which is thin and can be drive at low voltage to have
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alonger operation life and smaller size than the conventional
one. For example, with the ultrasonic endoscope 1 shown in
FIG. 1, the outer diameter of the transducer array 31 can be
made smaller than the conventional one, which realizes a
diagnosis at low burden for the patient.

[0112] Furthermore, in the transducer element 33 of the
present embodiment, the upper conductive layer 124 and the
protective film 105 disposed in the upper layer of the electret
130 have the through holes 132 formed so as to penetrate the
upper conductive layer 124 and the protective film 105 in the
thickness direction. At the time that the forming processes of
the upper conductive layer 124 and the protective film 105 are
finished, since the electret 130 is disposed in the region sepa-
rated from the transducer cells 100 when viewed from the
transmitting direction of ultrasonic waves, at least a part of the
electret 130 is exposed upward (the transmitting direction of
ultrasonic waves) through the through holes 132.

[0113] Inthe transducer element 33 of the present embodi-
ment having such a configuration, the process of performing
the charging processing on the electret 130 by the corona
discharge can be easily performed after the upper conductive
layer 124 and the protective film 105 are formed. In this
charging processing, not all of the charges generated by the
corona discharge are retained by the upper conductive layer
124 as the conductive layer covering the electret 130, but a
part of the charges reaches the electret 130 through the
through holes 132. Then, after the charging processing on the
electret 130 is finished, the forming process of the paraxy-
lylene resin film 106 is performed and the structure on the cell
forming surface side of the transducer element 33 is com-
pleted. Note that it is preferable that the paraxylylene resin
includes fluorine (F), since its chemical resistance is high.
[0114] In other words, in the present embodiment, after all
the layer structures formed by the semiconductor process
have been formed, the charging processing on the electret 130
is performed. Therefore, after the charging processing has
been performed on the electret 130, no process of heating the
electret 130 up to a high temperature exists.

[0115] Generally, the electret as the charge retention means
has such a property that the charge is discharged and the
retaining charge amount decreases when the electret tempera-
ture is increased. For example, in the electret 130 of the
present embodiment which is made of the silicon oxide film,
when the electret temperature is increased to about not less
than 400 degrees Celsius, decrease in charging amount
occurs. Since the decrease in the charging amount retained by
the electret 130 leads to a decrease in the direct-current volt-
age components to be applied between the lower electrode
110 and the upper electrode 120, in particular, the sensitivity
to the received ultrasonic waves of the element 33 decreases.
[0116] For example, in a case of forming the conventional
capacitive ultrasonic transducer having electret disposed
between the pair of the parallel plate electrodes by the semi-
conductor process, if the processing performed at not less
than 400 degrees Celsius is performed on the upper layer side
electrodes and film formation of the insulating film after the
charging processing has been performed on the electret, the
charging amount of the electret decreases, thereby decreasing
the sensitivity of the ultrasonic transducer. In order to address
this problem, it may be possible to adopt a method of pre-
venting the decrease in the charging amount of the electret by
performing all the processes of manufacturing the ultrasonic
transducer at a temperature not more than 400 degrees Celsius
after the charging processing has been performed on the
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electret. However, since available film formation methods are
limited, more manufacturing apparatuses are needed and the
processes become complicated, which results in the problem
of cost increase.

[0117] However, the transducer element 33 having the con-
figuration of the present embodiment can be manufactured
without heating the electret 130 subjected to the charging
processing up to a temperature at which the charging amount
retained by the electret 130 decreases.

[0118] Therefore, in the transducer element 33 as the ultra-
sonic transducer of the present embodiment, the retaining
charging amount of the electret 130 can be increased more
than that of the conventional one, so that the transducer ele-
ment 33 has a higher sensitivity to the received ultrasonic
waves when driven at a low voltage. Furthermore, since the
transducer element 33 of the present embodiment does not
require the semiconductor process performed at a relatively
low temperature, for example, at a processing temperature not
more than 400 degrees Celsius in the manufacturing process,
the transducer element 33 can be manufactured at low cost by
a more universal semiconductor manufacturing apparatus.
[0119] Note that in the above-described present embodi-
ment, though it is described that the electret 130 is formed by
performing charging processing on the single-layer or multi-
layer inorganic film such as a silicon oxide film, the configu-
ration of the electret 130 is not limited to this.

[0120] For example, the electret 130 may be made of an
organic film, and particularly, may be formed by charging the
fluorocarbon resin which is generally called as FEP by the
corona discharge, or configured of another organic film such
as fluorocarbon resin other than FEP, polyimide, polypropy-
lene, polymethylpentene, or the like.

[0121] The electrets made of these organic films have been
conventionally used in other fields and known to be able to
stably retain the charge over a long period of time. However,
the electrets made of the organic films have such a property
that the retaining charge amount decreases when heated to a
high temperature, and in particular, the decrease in the retain-
ing charge amount occurs at about 100 to 200 degrees Celsius
which is lower than in the case of the electrets made of the
inorganic films. Therefore, it has been difficult to apply the
electrets made of the organic film to the capacitive ultrasonic
transducer formed by the semiconductor process.

[0122] However, in the transducer element 33 of the present
embodiment, since the charging processing on the electret is
performed after the completion of the semiconductor process,
as described above, even if the electret is configured of the
organic film, the charge amount retained by the electret does
not decrease.

[0123] Therefore, according to the present embodiment,
the electret of the transducer element 33 can be configured of
an organic film capable of stably retaining the charge over a
longer period of time than the conventional one, which can
provide a capacitive ultrasonic transducer having longer
operation life than the conventional one.

[0124] Inaddition, in the above-described present embodi-
ment, the electret 130 retaining negative charge is formed so
as to contact the lower conductive layer 114 electrically con-
nected to the lower electrode 110 of the transducer cell 100.
Then, the air gap portion 131 is interposed between the elec-
tret 130 and the upper conductive layer 124.

[0125] Such a configuration is particularly effective in a
case where the voltage signal outputted from the driving
circuit 34 to be applied to the lower electrode 110 at the time
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of transmission of ultrasonic waves by the transducer element
33 has a negative polarity. This is because such a configura-
tion allows the direct-current voltage components of the
negative polarity to be applied between the lower electrode
110 and the upper electrode 120 by the electret 130, which can
prevent the charge retained by the electret 130 from flowing
out from the upper conductive layer 124 as the ground poten-
tial.

[0126] In addition, in order to more certainly ensure the
charge retention by the electret 130, it is effective to cover the
entire surface of the periphery of the electret 130 with an
insulating film. Note that it is needless to say that the insulat-
ing film covering the entire surface of the periphery of the
electret 130 may be divided into a plurality of insulating films.
[0127] For example, as shown in FIG. 8 as a modified
example of the present embodiment, with the configuration in
which the entire surface of the periphery of the electret 130 is
covered with an insulating film by forming an insulating layer
139 on at least one of the lower layer side and the upper layer
side of the electret 130, the charge retention by the electret
130 can be ensured more certainly.

[0128] Inthe modified example of the present embodiment
shown in FIG. 8, when the electret 130 is configured of a
silicon oxide film, it is preferable that the second insulating
film 104, the protective film 105, and the insulating layer 139
are configured of a silicon nitride film.

[0129] Note that, depending on the polarity of the signal
outputted from the driving circuit 34 and to which of the lower
electrode 110 and the upper electrode 120 the signal is
applied, the polarity of the charge retained by the electret 130
and the position where the air gap portion 131 is interposed
are appropriately changed, and not limited to the above-de-
scribed embodiment.

[0130] Furthermore, in an ultrasonic diagnostic apparatus
configured by including an ultrasonic transducer, there are
some cases that the ultrasonic transducer is covered with a
shield layer as a conductive layer grounded electrically inde-
pendently of the ultrasonic transducer, in order to shield the
exogenous noise and improve the S/N ratio.

[0131] In a case where the shield layer is applied to the
above-described present embodiment, if for example the pro-
cess of covering the transducer element 33 with the shield
layer is performed at a temperature at which the charge
amount retained by the electret 130 decreases the through
holes are formed on the region on the shield layer which
overlaps with the electret 130, similarly on the upper conduc-
tive layer 124, and charging processing is performed on the
electret 130 through the through holes.

[0132] For example, if the process of covering the trans-
ducer element 33 with the shield layer is performed at a
temperature lower than the temperature at which the charge
amount retained by the electret 130 decreases, it is neither
necessary to form the shield layer after the charging process-
ing has been performed on the electret 130, nor to form the
through holes.

[0133] Note that, though the transducer element of the
present embodiment is configured of the conductive silicon
substrate 101 as the base material, the transducer element
may be formed on a base material configured of an insulation
material such as quartz, sapphire, crystal, alumina, zirconia,
glass, resin, or the like, which has an electrical insulation.
[0134] In addition, though the ultrasonic endoscope of the
present embodiment is described as one performing an elec-
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tronic radial scan, the scanning method is not limited to this,
and may be a linear scan, a convex scan, mechanical scan, and
the like.

[0135] The transducer array may be configured as a two-
dimensional array in which the minimum driving unit for
transmitting and receiving ultrasonic waves is two-dimen-
sionally aligned. An example of such a configuration is shown
in FIG. 9 as one modified example of the present embodi-
ment.

[0136] In the present modified example, a transducer array
41 as the two-dimensional ultrasonic transducer array is pro-
vided on the outer circumferential surface of the cylindri-
cally-shaped FPC 35. The transducer array 41 is configured
by including a plurality of transducer units 42 aligned on the
outer circumferential surface of the FPC 35 in a circumfer-
ential direction. The transducer units 42 have a substantially
rectangular shape when viewed from the normal line direc-
tion of the outer circumferential surface of the FPC 35, and
are aligned at equal intervals on the outer circumferential
surface of the cylindrically-shaped FPC 35, with the lateral
direction as the circumferential direction. The transducer
array 41 is configured of, for example, several tens to several
hundreds of transducer units 42. The transducer array 41 of
the present embodiment has one hundred and twenty-eight
transducer units 42. The transducer units 42 are configured by
the plurality of transducer elements 33 aligned in the longi-
tudinal direction thereof. In the present modified example,
one transducer unit 42 is configured by the sixty-four trans-
ducer elements 33 aligned one-dimensionally.

[0137] In the transducer array 41 of the present modified
example, the transducer element 33 configures the minimum
driving unit for transmitting and receiving ultrasonic waves,
unlike the above-described embodiment. That is, the trans-
ducer unit 42 configured by the one-dimensionally aligned
transducer elements 33 configures a one-dimensional ultra-
sonic transducer array, and by aligning the plurality of trans-
ducer units 42, the transducer array 41 as the two-dimensional
ultrasonic transducer array is configured.

[0138] A plurality of driving circuits 44 which are disposed
on the inner circumferential surface of the FPC 35 are elec-
trically connected to the transducer elements 33, respectively.
Furthermore, the driving circuits 44 are electrically con-
nected to a plurality of signal electrodes 46 and ground elec-
trodes 47 which are formed on the outer circumferential sur-
face of the cylindrically-shaped FPC 35. Note that the signal
electrodes 46 are shown like one electrode in FIG. 10. How-
ever, the signal electrodes 46 are divided corresponding to the
number of transducer elements 33, and one signal electrode is
disposed for one transducer element 33.

[0139] The ultrasonic endoscope including the transducer
array 41 having the above-described configuration can per-
form simultaneously or alternately the so-called electronic
radial scan to radially transmit and receive ultrasonic waves
on the plane substantially perpendicular to the insertion axis
of the distal end rigid portion 20, and the so-called electronic
sector scan to radially transmit and receive ultrasonic waves
on the plane containing the insertion axis of the distal end
rigid portion 20. That is, the ultrasonic endoscope of the
present modified example can acquire three-dimensional
ultrasonic images by performing three-dimensional ultra-
sonic scan in a body cavity. Furthermore, the ultrasonic endo-
scope including the transducer array 41 can acquire the three-
dimensional ultrasonic images also by performing a three-
dimensional ultrasonic scan that carries out in a complex
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manner, the electronic radial scan and the linear scan that
moves the plane on which the radial scan is performed in the
direction of insertion axis of the distal end rigid portion 20.
[0140] Note that it is needless to say that the present inven-
tion includes not only the configuration in which the mini-
mum driving units for transmitting and receiving ultrasonic
waves are arranged in an array shape as in the above-de-
scribed modified example but also a configuration of the
ultrasonic transducer in which only one of the minimum
driving units is used.

[0141] In addition, the ultrasonic diagnostic apparatus of
the present embodiment may be an ultrasonic probe not
including an optical observation window, or may be a capsule
ultrasonic endoscope. The ultrasonic diagnostic apparatus
may be a so-called extracorporeal ultrasonic diagnostic appa-
ratus for performing anultrasonic scan from abody surface of
a subject toward a body cavity. In addition, the ultrasonic
diagnostic apparatus may be a nondestructive inspection
apparatus and a nondestructive flaw detection apparatus used
in industrial fields.

Second Embodiment

[0142] Hereinafter, the second embodiment of the present
invention is described with reference to FIG. 10. FIG. 10 is a
cross-sectional view of the transducer element according to
the second embodiment.

[0143] The second embodiment differs from the first
embodiment only in the configuration of the region where the
electret is formed. Therefore, only the different point is
described. The same components as those in the first embodi-
ment are attached with the same reference numerals, and the
descriptions thereof are appropriately omitted.

[0144] Compared with the first embodiment, the transducer
element of the present embodiment has a configuration in
which the region of a transducer element 33a where the
electret 130 is formed does not project from the region where
the transducer cells 100 are formed, in the transmitting direc-
tion of ultrasonic waves, as shown in FIG. 10.

[0145] The transducer element 33a of the present embodi-
ment eliminates the irregularity of the surface on the trans-
mitting side of ultrasonic waves by forming a recessed por-
tion 101« in the region on the silicon substrate 101 where the
electret 130 is formed.

[0146] With such a configuration, the patterning accuracy
in the semiconductor process of forming the transducer cells
100 is improved in the transducer unit as the ultrasonic trans-
ducer of the present embodiment.

[0147] That is, the transducer element of the present
embodiment can improve the accuracy of the dimension of
the transducer cells 100 compared with the first embodiment,
thereby enabling the transducer cells 100 having uniform
acoustic characteristics to be formed.

Third Embodiment

[0148] Hereinafter, the third embodiment of the present
invention is described with reference to FIGS. 11 and 12. FIG.
11 is atop view of an ultrasonic transducer element 233 of the
present embodiment. FIG. 12 is a cross-sectional view along
the XII-X1I line in FIG. 11.

[0149] The third embodiment is different from the first
embodiment only in the positional relationship between the
region where the transducer cells are formed and the region
where the electrets are formed. Therefore, only the different
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point is described below. The same components as those in
the first embodiment attached with the same reference numer-
als and description thereof appropriately omitted.

[0150] As shown in FIG. 11, the transducer element 233 of
the presentembodiment is configured by including a plurality
of transducer cells 200 aligned in rows and columns when
viewed from above (transmitting direction of ultrasonic
waves) and a plurality of electrets 230 formed in a region
separated from the transducer cells 200 when viewed from
above. In FIG. 11, for convenience of description, patterns
formed by the same conductive layer as upper electrodes 220
of the transducer cells 200 are shown by solid lines, patterns
formed by the same conductive layer as lower electrodes 210
are shown by dashed lines, and regions where the electrets
230 are disposed are shown by two-dot chain lines.

[0151] Specifically, when focusing on the transducer cells
200 at four places aligned adjacently one another in two rows
and columns, which are a part of the transducer element 233,
the electret 230 is disposed at a position of equal distance
from all of the transducer cells 200 at the four places, in the
direction perpendicular to the transmitting direction of ultra-
sonic waves. That is, on the cross section (FIG. 12) cut by the
plane which contains a center of the transducer cells 200 at
two places positioned at opposing corners of the transducer
cells 200 at the four places in two rows and two columns and
is parallel to the transmitting direction of ultrasonic waves,
the region where the transducer cells 200 are disposed and the
region where the electrets 230 are disposed are alternately
aligned.

[0152] As shown in FIG. 12, as in the first embodiment, the
transducer element 233 of the present embodiment is formed,
by the micromachining technology using a semiconductor
process and the like, on a silicon substrate 201 configured of
a low-resistance silicon semiconductors, which includes on
both surfaces thereof a first insulating film 202 and a rear
surface insulating film 209 that are silicon oxide films having
electric insulation.

[0153] Since the configurations of the transducer cells 200
and the region where the electrets 230 are disposed are the
same as those in the first embodiment, the detailed descrip-
tions thereof are omitted and only the configurations thereof
are described below.

[0154] The transducer cell 200 is configured by including
the lower electrode 210 as a substantially circular-shaped
conductive layer when viewed from above, the upper elec-
trode 220 as a substantially circular-shaped conductive layer
when viewed from above, which is disposed so as to face the
lower electrode, and a cavity 207 as a substantially cylindri-
cally-shaped air gap portion interposed between the lower
electrode 210 and the upper electrode 220. For the purpose of
electrically insulating the lower electrode 210 and the upper
electrode 220, a second insulating film 203 and a third insu-
lating film 204 are disposed respectively on the cavity 207
sides of the lower electrode 210 and the upper electrode 220.
Inaddition, a protective film 205 and a paraxylylene resin film
206 are disposed on the upper electrode 220.

[0155] The transducer cell 200 of the present embodiment
transmits and receives ultrasonic waves by vibration of a
membrane 200a (vibration membrane) which is a film-like
structure with elasticity configured of the upper electrode 220
of the above-described transducer cell 200, the third insulat-
ing film 204, the protective film 205, and paraxylylene resin
film 206.
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[0156] On the other hand, the region where the electret 230
is disposed is configured of a lower conductive layer 214
electrically connected to the lower electrode 210 of the trans-
ducer cell 200, an upper conductive layer 224 electrically
connected to the upper electrode 220, and the electret 230
interposed between the lower conductive layer 214 and the
upper conductive layer 224. In addition, an air gap portion
231 as an insulating layer is interposed between the electret
230 and the upper conductive layer 224.

[0157] Furthermore, in the upper conductive layer 224 and
the protective film 205 that are disposed above the electret
230 are drilled a myriad of microscopic through holes 232
penetrating the upper conductive layer 224 and the protective
film 205 in a thickness direction.

[0158] In addition, as shown in FIG. 11, in the present
embodiment, in regions other than the regions where the
transducer cells 200 and the electrets 230 are disposed, the
patterns Conned by the same conductive layer as the upper
electrode 220 (the solid lines in FIG. 11) and the patterns
formed by the same conductive layer as the lower electrode
210 (the dashed lines in FIG. 11) are disposed so as not to
overlap with each other.

[0159] That is, in the present embodiment, an upper elec-
trode wiring 221 electrically connecting the plurality of upper
electrodes 220 and the plurality of upper conductive layers
224 and a lower electrode wiring 211 electrically connecting
the plurality of lower electrodes 210 and the plurality of lower
conductive layers 214 are disposed alternately or at different
angles in regions different from each other when viewed from
above.

[0160] Thus, by disposing the upper conductive layers 224
and the lower conductive layers 214 so as not to overlap with
each other when viewed from above, generation of a parasitic
capacitance is prevented in the wiring portions.

[0161] The transducer element 233 having the above-de-
scribed configuration further includes the effects below in
addition to the effects same as those in the first embodiment.

[0162] Inthe transducer unit of the present embodiment, by
disposing the electrets 230 between the plurality of trans-
ducer cells 200, when viewing the transducer elements from
the transmitting direction of ultrasonic waves, the area of the
region not contributing to the transmission and reception of
ultrasonic waves can be made smaller than that in the first
embodiment. That is to say, utilization efficiency of the ultra-
sonic waves transmitting/receiving surfaces of the transducer
element can be improved.

[0163] Therefore, the transducer element of the present
embodiment is capable of providing a smaller-sized ultra-
sonic diagnostic apparatus which can transmit and receive
ultrasonic waves with higher efficiency.

[0164] Note that, the electrets 230 would suffice to retain an
amount of charge sufficient to apply direct current voltage to
the transducer cells 200 of the transducer element, and the
electrets 230 do not have to be disposed in all the regions
between the plurality of transducer cells 200, as shown in
FIG. 11.

[0165] In addition, though the electrets are disposed divid-
edly in a plurality of regions in the above-described present
embodiment, the electrets may be disposed in a single con-
tinuous shape as long as the electrets are disposed in a sepa-
rated region which is different from the region where the
transducer cells are formed.
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[0166] For example, as shown in FIG. 13, electrets 230a
may be disposed in a lattice-shaped region to fill in the regions
between the plurality of transducer cells 200 aligned in rows
and columns.

Fourth Embodiment

[0167] Hereinafter, the fourth embodiment of the present
invention is described with reference to FIG. 14. FIG. 14 is a
cross-sectional view of the transducer element according to
the fourth embodiment.

[0168] The fourth embodiment is different from the first
embodiment in the configuration of the region where the
electrets are formed. Therefore, only the different point is
described. The same components as those in the first embodi-
ment are attached with the same reference numerals, and the
descriptions thereof are appropriately omitted.

[0169] As shown in FIG. 14, in the transducer element of
the present embodiment, compared with that in the first
embodiment, a first conductive layer 1145 electrically con-
nected to the lower electrode 110 of the transducer cell 100 is
disposed above an electret 1305, and a third conductive layer
1245 having the same electrical potential as that of the upper
electrode 120 of the transducer cell 100 is disposed beneath
the electret 130, in the region of the transducer element 335
where the electret 1305 is formed.

[0170] More specifically, between the electret 1305 and the
silicon substrate 101 as a ground potential is disposed the
third conductive layer 1245 electrically connected to the sili-
con substrate. In addition, the first conductive layer 1145 is
disposed above the electret 1305 in a facing manner, through
the air gap portion 131.

[0171] The first conductive layer 1145, which is disposed
above the electret 1304, is provided with a myriad of through
holes 1325 drilled so as to penetrate the first conductive layer
1146 in the thickness direction, in a region overlapping with
the electret 1306 when viewed from above, that is, in the
ultrasonic wave transmitting direction.

[0172] As in the first embodiment, the charging processing
on the electret 1305 of the present embodiment is performed
through the through holes 1324 after the first conductive layer
1145 has been formed above the electret 1305. That is, even if
the first conductive layer 114 electrically connected to the
lower electrode 110 is formed above the electret 1300 as in the
present embodiment, the same effects as those in the first
embodiment can be obtained.

Fifth Embodiment

[0173] Hereinafter, the fifth embodiment of the present
invention is described with reference to FIG. 15. FIG. 15is a
cross-sectional view of the transducer element according to
the fifth embodiment.

[0174] The fifth embodiment is different from the first
embodiment only in the configuration of the region where the
electret is formed. Therefore, only the different point is
described. The same components as those in the first embodi-
ment are attached with the same reference numerals, and the
descriptions thereof are appropriately omitted.

[0175] Specifically, an electret 330 of the present embodi-
ment is interposed between a first conductive layer 314 elec-
trically connected to the lower electrode 110 of the transducer
cell 100 and a second conductive layer 324 electrically con-
nected to the upper electrode 120.
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[0176] Here, in the present embodiment, the first conduc-
tive layer 314 and the second conductive layer 324 are plate-
shaped electrodes disposed facing in parallel to each other,
and the surfaces facing each other are disposed so as to be
substantially parallel to the normal line direction of the sur-
face of the silicon substrate 101. That is, the first conductive
layer 314 and the second conductive layer 324 respectively
have plane portions substantially parallel to the transmitting
direction of the ultrasonic waves of the transducer element
33c, and are disposed such that the plane portions face each
other.

[0177] Therefore, the electret 330 of the present embodi-
ment is held between the first conductive layer 314 and the
second conductive layer 324 in a direction substantially par-
allel to the surface of the silicon substrate 101, that is, the
direction substantially perpendicular to the transmitting
direction of ultrasonic waves.

[0178] That is, the electret 330 of the present embodiment
applies apotential difference between the lower electrode 110
and the upper electrode 120 of the transducer cell 100, as
described above, the direction of the electrical field generated
by the electret 330 is substantially perpendicular to the trans-
mitting direction of ultrasonic waves of the transducer cell
100, that is, the layer direction of the lower electrode 110 and
the upper electrode 120.

[0179] In yet other words, the electret 330 interposed
between the first conductive layer 314 and the second con-
ductive layer 324 is disposed such that at least a part thereof
is exposed more externally than the first conductive layer 314
and the second conductive layer 324, in the transmitting
direction of ultrasonic waves of the transducer element 33c,
thatis, in the layer direction of the lower electrode 110 and the
upper electrode 120 as the pair of electrodes of the transducer
cell 100.

[0180] In addition, an air gap portion 331 as an insulating
layer is interposed between the electret 330 and the second
conductive layer 324. In the present embodiment, the air gap
portion 331 is formed by the sacrificial layer etching as a
known technology. Note that the air gap portion 331 may be
other insulating films, for example, a silicon oxide film, sili-
con nitride film and the like, as long as the film electrically
insulates the electret 330 and the second conductive layer
324.

[0181] The protective film 105 having electrical insulation
is formed on the first conductive layer 314, the second con-
ductive layer 324, the electret 330, and the air gap portion
331. In addition, the paraxylylene resin film 106 is formed on
the protective film 105.

[0182] In addition, as shown in FIG. 15, in the transducer
element 33c, the region where the electret 330 is disposed is
formed so as to project upward (in the transmitting direction
of ultrasonic waves) more than the region where the trans-
ducer cells 100 is formed. Specifically, in the transducer
element 33c, the thickness We of the region where the electret
330 is disposed becomes larger than the thickness We of the
region where the transducer cells 100 are formed.

[0183] Thus, with the configuration in which the region
adjacent to the transducer cells 100 projects in the transmit-
ting direction of ultrasonic waves more than the region where
the transducer cells 100 are formed, the transducer element 33
of the present embodiment can prevent destruction of the
membranes 100a of the transducer cells 100 resulting from a
contact with other objects, as in the first embodiment.
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[0184] Inthe transducerelement 33¢ as the ultrasonic trans-
ducer of the present embodiment having the above-described
configuration, the charging processing on the electret 330 by
the corona discharge is performed after completion of the
processes of forming the transducer cells 100 part and the
region where the electret 330 is disposed using the semicon-
ductor process.

[0185] That is, the charging processing on the electret 330
by the corona discharge is performed through the protective
film 105 after the protective film 105 has been formed. Then,
after the charging processing has been performed on the
electret 330, the paraxylylene resin film 106 is formed by the
spin coat method or the like, thereby completing the structure
of the cell forming surface side of the transducer element 33c¢.

[0186] Below, description is made on the effects of the
ultrasonic transducer and the ultrasonic diagnostic apparatus
of the present embodiment that have the above-described
configuration.

[0187] Inthe transducerelement 33¢ ofthe present embodi-
ment, when viewed from the transmitting direction of ultra-
sonic waves, that is, the layer direction of the lower electrode
110 and the upper electrode 120 as the pair of the electrodes
of the transducer cell 100, the electret 330 is disposed in a
region not overlapping with and separated from the trans-
ducer cell 100. Therefore, in the transducer element 33¢ of the
present embodiment, the thickness of the electret 330 and the
distance between the lower electrode 110 and the upper elec-
trode 120 can be set independently.

[0188] Therefore, compared with a conventional capacitive
ultrasonic transducer including an electret disposed between
a pair of parallel plate electrodes, in the transducer element
33c¢ of the present embodiment, the distance (gap) between
the pair of parallel plate electrodes (the lower electrode 110
and the upper electrode 120 in the present embodiment) can
be made smaller and the electret 330 as the charge retention
means can be made thicker.

[0189] Accordingly, with the present embodiment, the dis-
tance between the lower electrode 110 and the upper elec-
trode 120 is made smaller than in the conventional transducer
to increase the capacitance between the electrodes, which can
improve the sound pressure of the transmitted ultrasonic
waves and the sensitivity to the received ultrasonic waves and
make the electret 330 to have a thickness to allow permanent
and stable charge retention.

[0190] In addition, the transducer element 33¢ of the
present embodiment can be configured to be thinner than the
conventional capacitive ultrasonic transducer, since the lower
electrode 110 and the upper electrode 120, and the electret
330 are not disposed in a layered manner in the thickness
direction.

[0191] In addition, in the present embodiment, the electret
330isheld in the direction substantially parallel to the surface
of the silicon substrate 101, that is, in the direction substan-
tially perpendicular to the transmitting direction of ultrasonic
waves. Therefore, the thickness of the electret 330 is defined,
as shown by the reference symbol t in FIG. 15, by the dimen-
sion of the electret 330 in the direction in which the electret
330 is held between the first conductive layer 314 and the
second conductive layer 324.

[0192] Thatis, in the presentembodiment, the thickness t of
the electret 330 can be set independently of the thickness of
the transducer element 33c in the transmitting direction of
ultrasonic waves. Therefore, with the present embodiment,
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the transducer element 33¢ can be formed to be thinner in the
transmitting direction of ultrasonic waves.

[0193] Furthermore, compared also with a conventional
capacitive ultrasonic transducer in which a transducer cell
and an electret are layered in the thickness direction instead of
disposing the electret between a pair of the electrodes, the
transducer element 33¢ of the present embodiment can be
made thinner in the transmitting direction of ultrasonic
waves.

[0194] Therefore, the transducer element 33¢ as the ultra-
sonic transducer of the present embodiment is thinner and has
a higher sound pressure of the transmitted ultrasonic waves
and a higher sensitivity to the received ultrasonic waves than
the conventional one, and in addition, can permanently main-
tain the characteristics.

[0195] In other words, at the time of exerting a predeter-
mined sound pressure of the transmitted ultrasonic waves and
sensitivity to the received ultrasonic waves, the present
embodiment realizes an ultrasonic transducer which main-
tains the initial performance over a long period of time, and is
thinner and can be driven at lower voltage compared with the
conventional ones.

[0196] In addition, the present embodiment enables the
ultrasonic diagnostic apparatus including the transducer ele-
ment 33¢ which is thin and can be driven at a low voltage to
have a longer operation life and a reduced size than the
conventional one. For example, with the ultrasonic endo-
scope 1 shown in FIG. 1, the outer diameter of the transducer
array 31 can be made smaller than the conventional ones,
which realizes a diagnosis at low burden for the patient.

[0197] In addition, in the transducer element 33¢ of the
present embodiment, the electret 330 is disposed such that at
least a part thereof is exposed in the transmitting direction of
ultrasonic waves of the transducer element 33¢ relative to the
first conductive layer 314 and the second conductive layer
324, and only the protective film 105 and the paraxylylene
resin film 106 are formed on the region where the electret 330
is exposed. Note that it is preferable that the paraxylylene
resin includes fluorine (F), since its chemical resistance is
high.

[0198] Inthe transducer element 33¢ of the present embodi-
ment having such a configuration, the process of performing
the charging processing on the electret 130 by the corona
discharge can be easily performed after the protective film
105 has been formed. In other words, in the present embodi-
ment, after all the layer structures to be formed by the semi-
conductor process have been formed, the charging processing
is performed on the electret 330. After the charging process-
ing has been performed on the electret 330, a process of
heating the electret 330 up to a high temperature, for example
the process like the CVD, does not exist.

[0199] Generally, the electret as the charge retention means
has such a property that the charge is discharged and the
retaining charge amount decreases when the electret tempera-
ture is increased. For example, in the electret 330 of the
present embodiment which is made of the silicon oxide film,
when the temperature thereof is increased to about not less
than 400 degrees Celsius, decrease in charging amount
occurs. Since decrease in the charging amount retained by the
electret 330 leads to decrease in direct-current voltage com-
ponents to be applied between the lower electrode 110 and the
upper electrode 120, the sensitivity to the received ultrasonic
waves of the element 33¢ decreases in particular.
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[0200] However, with the present embodiment, as in the
first embodiment, the transducer element 33¢ can be manu-
factured without heating the electret 330 subjected to the
charging processing up to a temperature at which the charge
amount retained by the electret 330 decreases.

[0201] Therefore, the transducer element 33¢, as the ultra-
sonic transducer of the present embodiment, allows the
charge amount retained by the electret 330 to be higher, and
has a higher sensitivity to the received ultrasonic waves when
driven at a low voltage, compared with conventional trans-
ducers.

[0202] Furthermore, since the transducer element 33¢ of
the present embodiment does not require the semiconductor
process performed at a relatively lower temperature, for
example, at a processing temperature not more than 400
degrees Celsius, the transducer element 33¢ can be manufac-
tured at low cost by a more universal semiconductor manu-
facturing apparatus.

[0203] Furthermore, in the forming process of the trans-
ducer element 33¢ of the present embodiment, unlike the first
embodiment, the charging processing on the electret 330 by
the corona discharge is performed in a state where the con-
ductive layer does not exist on the upper layer side of the
electret 330. Therefore, compared with the first embodiment,
the charge to be injected into the electret 330 does not leak out
through the conductive layer at the time of the charging pro-
cessing in the present embodiment, which enables the charg-
ing processing to be more effectively performed on the elec-
tret.

[0204] Note that in the above-described present embodi-
ment, though it is described that the electret 330 is formed by
performing the charging processing on the single-layer or
multi-layer inorganic film such as a silicon oxide film, the
configuration of the electret 330 is not limited to this.

[0205] For example, the electret 330 may be made of an
organic film, and particularly, may be formed by charging the
fluorocarbon resin, which is generally called as FEP, by the
corona discharge, or configured of another organic film such
as of fluorocarbon resin other than FEP, polyimide, polypro-
pylene, polymethylpentene, and the like.

[0206] The electrets made of these organic films have been
conventionally used in other fields and known to be able to
stably retain the charge over a long period of time. However,
the electrets made of the organic films have such a property
that the retaining charge amount decreases when heated to a
high temperature, and in particular, the decrease in the retain-
ing charge amount occurs at about 100 to 200 degrees Celsius
which is lower than in the case of the electrets made of
inorganic films. Therefore, it has been difficult to apply the
electrets made of organic film to the capacitive ultrasonic
transducer formed by the semiconductor process.

[0207] However, in the transducer element 33¢ of the
present embodiment, since the charging processing is per-
formed on the electret after completion of the semiconductor
process as described above, even if the electret is configured
of an organic film, the charge amount retained by the electret
is not decreased.

[0208] Therefore, with the present embodiment, the elec-
tret of the transducer element 33¢ can be configured of the
organic film capable of stably retaining the charge over a
longer period of time than in prior arts, which can provide a
capacitive ultrasonic transducer having longer operation life
than in prior arts.
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[0209] 1Inaddition, in the above-described present embodi-
ment, the electret 330 retaining negative charge is formed so
as to contact the first lower conductive layer 314 electrically
connected to the lower electrode 110 of the transducer cell
100. Tn addition, an air gap portion 331 as an insulating layer
is interposed between the electret 330 and the second con-
ductive layer 324.

[0210] Such aconfiguration is effective in a case where the
voltage signal outputted from the driving circuit 34 to be
applied to the lower electrode 110 at the time of transmitting
the ultrasonic waves by the transducer element 33¢ has a
negative polarity. This is because such a configuration allows
the direct-current voltage components of the negative polarity
to be applied between the lower electrode 110 and the upper
electrode 120 by the electret 330, which can prevent the
charge retained by the electret 330 from flowing out from the
upper conductive layer 324 as the ground potential.

[0211] In addition, in order to more certainly ensure the
charge retention by the electret 330, it is effective to cover the
entire surface of the periphery of the electret 330 with an
insulating film. Note that it is needless to say that the insulat-
ing film covering the entire surface of the periphery of the
electret 330 may be divided into a plurality of insulating films.
[0212] For example, as shown in FIG. 16 as a modified
example of the present embodiment, if the electret 330 is
configured such that the periphery thereof is covered by an
insulating film by forming an insulating layer 339 between
the electret 330 and the air gap portion 331, the charge reten-
tion by the electret 330 can be more ensured. In the modified
example of the present embodiment shown in FIG. 16, when
the electret 330 is configured of a silicon oxide film, it is
preferable that the second insulating film 104, the protective
film 105, the insulating layer 339 which cover the electret 330
are made of a silicon nitride film.

Sixth Embodiment

[0213] Hereinafter, the sixth embodiment of the present
invention is described with reference to FIG. 17. FIG. 17 is a
cross-sectional view of the transducer element according to
the sixth embodiment.

[0214] The sixth embodiment is different from the fifth
embodiment only in the configuration of the region where the
electret is formed. Therefore, only the different point is
described. The same components as those in the fifth embodi-
ment are attached with the same reference numerals, and the
descriptions thereof are appropriately omitted.

[0215] Compared with the transducer element in the fifth
embodiment, the transducer element of the present embodi-
ment has a configuration in which the region of a transducer
element 33e where an electret 330e is formed does not project
in the transmitting direction of ultrasonic waves from the
region where the transducer cells 100 are formed, as shown in
FIG. 17.

[0216] The transducer element 33e of the present embodi-
ment eliminates the irregularity on the surface on the ultra-
sonic waves transmitting side by forming a recess portion
101e in the region on the silicon substrate 101 where the
electret 330e is formed.

[0217] With such a configuration, the patterning accuracy
in the semiconductor process of forming the transducer cells
100 is improved in the transducer element 33e as the ultra-
sonic transducer of the present embodiment.

[0218] That is, the transducer element 33e of the present
embodiment can improve the accuracy of the dimensions of
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the transducer cells 100 compared with the fifth embodiment,
thereby enabling the transducer cells 100 having uniform
acoustic characteristics to be formed.

Seventh Embodiment

[0219] Hereinafter, the seventh embodiment of the present
invention is described with reference to FIGS. 18 and 19. FIG.
18 is atop view of an ultrasonic transducer element 433 of the
present embodiment. FIG. 19 is a cross-sectional view along
the XIX-XIX line in FIG. 18.

[0220] The seventh embodiment is different from the fifth
embodiment only in the positional relationship between the
region where the transducer cells are formed and the region
where the electrets are formed. Therefore, only the different
point is described. The same components as those in the fifth
embodiment are attached with the same reference numerals,
and the descriptions thereof are appropriately omitted.
[0221] As shown in FIG. 18, the transducer element 433 of
the present embodiment is configured by including a plurality
of transducer cells 400 aligned in rows and columns when
viewed from above (transmitting direction of ultrasonic
waves) and a plurality of electrets 430 formed in a region
separated from the transducer cells when viewed from above.
As shown in FIG. 18 for convenience of description, patterns
formed by the same conductive layer as upper electrodes 420
of the transducer cells 400 are shown by solid lines, patterns
formed by the same conductive layer as lower electrodes 410
are shown by dashed lines, and regions where the electrets
430 are disposed are shown by two-dot chain lines.

[0222] The electrets 430 are disposed in the respective
regions between the plurality of transducer cells 400 aligned
in rows and columns. For example, in the present embodi-
ment, the electrets 430 are disposed between the respective
transducer cells 400 aligned in the line direction. That is, on
the cross section (FIG. 19) cut by the plane containing the
center of the plurality of transducer cells 400 aligned in the
same row and parallel to the transmitting direction of ultra-
sonic waves, the region where the transducer cells 400 are
disposed and the region where the electrets 430 are disposed
are alternately aligned.

[0223] AsshowninFIG. 19, as in the fifth embodiment, the
transducer element 433 of the present embodiment is formed
by the micromachining technology using a semiconductor
process and the like on a silicon substrate 401 configured of a
low-resistance silicon semiconductors, which includes on
both surfaces thereof a first insulating film 402 and a rear
surface insulating film 409 that are silicon oxide films having
electric insulation.

[0224] Since the configurations of the regions where the
transducer cells 400 and the electrets 430 are disposed are the
same as those in the fifth embodiment, the detailed descrip-
tions thereof are omitted and only the configuration thereof'is
described below.

[0225] The transducer cell 400 is configured by including
the lower electrode 410 as a substantially circular-shaped
conductive layer when viewed from above, the upper elec-
trode 420 as a substantially circular-shaped conductive layer
when viewed from above, which is disposed so as to face the
lower electrode, and a cavity 407 as a substantially cylindri-
cally-shaped air gap portion interposed between the lower
electrode 410 and the upper electrode 420. For the purpose of
electrically insulating the lower electrode 410 and the upper
electrode 420, a second insulating film 403 and a third insu-
lating film 404 are disposed respectively on the cavity 407
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sides of the lower electrode 410 and the upper electrode 420.
In addition, a protective film 405 and a paraxylylene resin film
406 are disposed on the upper electrode 420.

[0226] The transducer cell 400 of the present embodiment
transmits and receives ultrasonic waves by vibration of a
membrane 400a (vibration membrane) which is a film-like
structure with elasticity configured of the upper electrode 420
of the above-described transducer cell 400, the third insulat-
ing film 404, the protective film 405, and paraxylylene resin
film 406.

[0227] On the other hand, the region where the electret 430
is disposed is configured of the first conductive layer 414
electrically connected to the lower electrode 410 of the trans-
ducer cell 400, the second conductive layer 424 electrically
connected to the upper electrode 420, and the electret 430
interposed between the first conductive layer 414 and the
second conductive layer 424. In addition, an air gap portion
431 as an insulating layer is interposed between the electret
430 and the second conductive layer 424.

[0228] Theelectret 430 is held between the first conductive
layer 414 and the second conductive layer 424 in a direction
substantially parallel to the surface of the silicon substrate
401, that is, the direction substantially perpendicular to the
transmitting direction of ultrasonic waves.

[0229] In other words, the electret 430 interposed between
the first conductive layer 414 and the second conductive layer
424 is disposed such that at least a part thereof is exposed
more externally than the first conductive layer 414 and the
second conductive layer 424, in the transmitting direction of
ultrasonic waves of the transducer element 433, that is, in the
layer direction of the lower electrode 410 and the upper
electrode 420 as the pair of electrodes of the transducer cell
400.

[0230] In addition, as shown in FIG. 18, in the present
embodiment, in regions other than the regions where the
transducer cells 400 and the electrets 430 are disposed, the
patterns formed by the same conductive layer as the upper
electrode 420 (the solid lines in FIG. 18) and the patterns
formed by the same conductive layer as the lower electrode
410 (the dashed lines in FIG. 18) are disposed so as not to
overlap with each other.

[0231] That is, in the present embodiment, an upper elec-
trode wiring 421 electrically connecting the plurality of upper
electrodes 420 and the plurality of second conductive layers
424 is disposed in the row and column directions. On the other
hand, a lower electrode wiring 411 electrically connecting the
plurality of lower electrodes 410 and the plurality of first
conductive layers 414 is disposed so as to form an angle of 45
degrees to the upper electrode wiring 421 when viewed from
above.

[0232] Thus, by disposing the second conductive layers
424 and the first conductive layers 414 so as not to overlap
with each other when viewed from above, generation of a
parasitic capacitance is prevented in the wiring portions.
[0233] The transducer element 433 having the above-de-
scribed configuration further includes the effects below in
addition to the effects same as those in the fifth embodiment.
[0234] In the transducer element of the present embodi-
ment, by disposing the electret 430 between the plurality of
transducer cells 400, when viewing the transducer elements
from the transmitting direction of ultrasonic waves, the area
of the region not contributing to the transmission and recep-
tion of ultrasonic waves can be made smaller than that in the
fifth embodiment. That is to say, utilization efficiency of the
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ultrasonic waves transmitting/receiving surface of the trans-
ducer element can be improved.

[0235] Therefore, the transducer element of the present
embodiment is capable of providing a smaller-sized ultra-
sonic diagnostic apparatus which can transmit and receive
ultrasonic waves with higher efficiency.

[0236] Note that the electrets 430 would suffice to retain an
amount of charge sufficient to apply direct current voltage to
the transducer cells 400 of the transducer element 433, and
the electrets 430 do not have to be disposed in all the regions
between the plurality of transducer cells 400, as shown in
FIG. 18.

[0237] In addition, though the electrets are disposed divid-
edly in a plurality of regions in the above-described present
embodiment, the electrets may be disposed in a single con-
tinuous shape as long as the electrets are disposed in a sepa-
rated region different from the region where the transducer
cells are formed.

[0238] Forexample, as shown in FIG. 20, when focusing on
the transducer cells 400 at four places aligned adjacently one
another in two rows and columns, the electrets 430a may be
disposed at positions at equal distance from all of the trans-
ducer cells 400 at the four places in the direction perpendicu-
lar to the transmitting direction of ultrasonic waves.

[0239] As the method of charging processing to be pet-
formed on the electrets according to the above-described first
to seventh embodiments, the corona discharge method has
been described. However, the method of charging processing
is not limited to the corona discharge method, and may be an
electron beam irradiation method, an ion implantation
method, for example, or may be other methods that can form
a fixed charge in the layers.

Eighth Embodiment

[0240] Hereinafter, the eighth embodiment of the present
invention is described with reference to FIGS. 21 to 26.
[0241] Below, only the difference with the first embodi-
ment is described. The same components as those in the first
embodiment are attached with the same reference numerals,
and the descriptions thereof are appropriately omitted.
[0242] FIG. 21 is a top view of the transducer unit viewed
from the transmitting/receiving side of ultrasonic waves. That
1s, in FIG. 21, ultrasonic waves are transmitted in the direction
perpendicular to and away from the paper surface.

[0243] FIG. 22 is a cross-sectional view along the XXII-
XXI1 line in FIG. 21. FIGS. 23 to 25 are views describing the
manufacturing method of the transducer unit.

[0244] As shown in FIG. 21, a transducer unit 32f of the
present embodiment is configured of a plurality of transducer
elements 33/ aligned therein. In FIG. 21, an elongated region
surrounded by a dashed line represents one piece of trans-
ducer element 33/

[0245] The transducer element 33f1s configured by includ-
ing a plurality of transducer cells 100. In addition, the trans-
ducer element 33f1s configured by including an electret 530
electrically connected to each of the plurality of transducer
cells 100 configuring the transducer element 33f; the signal
electrode pad 38, and the ground electrode pad 39.

[0246] Theelectret 530, which will be detailed later, retains
acharge and supplies a DC bias voltage to the transducer cells
100. In addition, in the transducer unit 32/ of the present
embodiment, one piece of electret 530 is electrically con-
nected to the plurality of transducer elements 33/to supply the
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DC bias voltage to the plurality of transducer cells 100 con-
figuring each of the transducer elements 33f.

[0247] In the present embodiment, the transducer element
33fincludes eight transducer cells 100 linearly aligned in the
longitudinal direction of the elongated region, and the one
piece of electret 530 disposed at one end of the elongated
region and electrically connected in parallel to all of the eight
transducer cells 100.

[0248] In the same transducer element 33/, the transducer
cells 100 are all electrically connected in parallel each other,
and inputted with a driving signal from the ultrasonic obser-
vation apparatus through the signal electrode pad 38, thereby
simultaneously transmitting ultrasonic waves having the
same phase.

[0249] Furthermore, the signal electrode pads 38 of all of
the transducer elements 33/ configuring the same transducer
unit 32fare electrically connected to each other. Therefore, as
described above, the one piece of transducer element 33/
configures a minimum driving unit for transmitting and
receiving ultrasonic waves.

[0250] As shown in FIG. 22, the transducer element 33f'of
the present embodiment is a capacitive ultrasonic transducer
having a layer structure formed on the silicon substrate 101
composed of the low-resistance silicon semiconductors by
the micromachining technology using a semiconductor pro-
cess and the like, as in the first embodiment.

[0251] Since the configuration of the region where the
transducer cells 100 are formed is the same as that in the first
embodiment, the description thereof is omitted. Below,
detailed description is made on the region of the ultrasonic
transducer of the present embodiment, where the electret 530
is disposed.

[0252] In the present embodiment, the electret 530 as
charge retention means is disposed and attached with an
adhesive that cures at normal temperature on the end portion
of the transducer element 33/ having the elongated shape
when viewed from above. The electret 530 has a function of
permanently retaining a charge of positive or negative polar-
ity.

[0253] The electret 530 of the present embodiment is made
of an organic film, and particularly, formed by charging the
fluorocarbon resin which is generally called as FEP, by the
corona discharge. Note that the electret 530 may be config-
ured of another organic film such as fluorocarbon resin other
than FEP, polyimide, polypropylene, and the like.

[0254] In addition, specifically as shown in FIG. 22, the
electret 530 of the present embodiment includes a lower
conductive layer 531 and an upper conductive layer 532
formed on at least a part of both surfaces thereof in the
thickness direction. The lower conductive layer 531 and the
upper conductive layer 532 are metal films having a conduc-
tive property, such as copper, gold, and aluminum, and are
disposed on the both surfaces of the electret 530 by known
metal film-forming technology such as vapor deposition,
CVD, adhesive bonding, ink-jet method, and the like.
[0255] Inthe transducer element 33/ 0f the present embodi-
ment, the lower conductive layer 531 formed on the lower
side surface of the electret 530 is electrically connected to the
lower electrodes 110 of the plurality of transducer cells 100
through a lower electrode wiring 514 (a first conductive layer)
having a conductive property. On the other hand, the upper
conductive layer 532 (a second conductive layer) formed on
the upper side surface of the electret 530 is electrically con-
nected to the upper electrodes 120 of the plurality of trans-
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ducer cells 100 through an upper electrode wiring 524 having
a conductive property. The upper electrode wiring 524 is a
film having a conductive property formed by an existing low
temperature film-forming technology.

[0256] That is, in the one transducer element 33/, the elec-
tret 530 is electrically connected to the lower electrodes 110
and the upper electrodes 120 of the plurality of transducer
cells 100. Here, since the upper electrode 120 of the trans-
ducer cell 100 is grounded, the electret 530 applies a potential
difference between the lower electrode 110 and the upper
electrode 120 as the pair of electrodes of the transducer cell
100.

[0257] In addition, as in the transducer cells 100 part, the
paraxylylene resin film 106 is formed above the electret 530
and the upper conductive layer 532 and the upper electrode
wiring 524 which are disposed above the electret 530. Note
that it is more preferable that the paraxylylene resin film 106
includes fluorine (F) having high chemical resistance.
[0258] A method of manufacturing the transducer unit 32/
of the present embodiment having the above-described con-
figuration is described below. Note that, in the following
description, the method of manufacturing parts other than the
region where the electret 530 is formed is a well-known
method performed by the semiconductor process. Therefore,
the description thereof is omitted or made simply.

[0259] First, as shown in FIG. 23, by the sacrificial layer
etching as a known technology in the technical fields of the
semiconductor process and the so-called MEMS, the lower
electrode 110 and the upper electrode 120 as the pair of
parallel plate electrodes configuring the transducer cell 100
and the cavity 107 interposed between the electrodes are
formed on the low-resistance silicon substrate 101 including
on both surfaces thereof the first insulating film 102 and the
rear surface insulating film 109 which are the silicon oxide
film.

[0260] Specifically, the conductive layer made of Mo is
patterned to form the plurality of electrodes 110 and the lower
electrode wiring 514 which is electrically connected to the
plurality of lower electrodes 110 and extended to the end
portion of the transducer element 33/’ Next, the second insu-
lating film 103 and the third insulating film 104 are formed on
the plurality of lower electrodes 110, and the plurality of
cavities 107 are further formed between the second insulating
film 103 and the third insulating film 104 by the sacrificial
layer etching.

[0261] Next, the conductive layer made of Al is patterned to
form the upper electrodes 120 on positions respectively fac-
ing the plurality of lower electrodes 110 through the cavities
107. Next, the protective film 105 having electrical insulation
is formed so as to cover over the upper electrodes 120.
[0262] Then, a via hole 524a penetrating the protective film
105 in the thickness direction and electrically connected to
the upper electrodes 120 is formed on the end portion side of
the transducer element 33fwhere the electret 530 is disposed.
[0263] In the state where the above processes are termi-
nated, on the cell forming surface side ofthe silicon substrate
101, the lower electrode wiring 514 electrically connected to
the lower electrodes 110 and the via hole 524a formed on the
protective film 105 and electrically connected to the upper
electrodes 120 are exposed upward, that is, in the transmitting
direction of ultrasonic waves, on the end portion side of the
region serving as the transducer element 33/, where the elec-
tret 530 is disposed. Here, the lower electrode wiring 514 and
the via hole 524a are formed in different regions separated
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from each otherina state where the cell forming surface ofthe
silicon 101 is viewed from above.

[0264] Next, as shown in FIG. 24, the electret 530, which
has been formed in a process other than the process of form-
ing the layer structure on the silicon substrate 101 by the
above-described semiconductor process, is attached on the
lower electrode wiring 514 with an adhesive that cures at
normal temperature.

[0265] Here, the electret 530 is formed by charging the
fluorocarbon resin called FEP by the corona discharge as
described above, and includes the lower conductive layer 531
and the upper conductive layer 532 which are metal films
formed on both surfaces thereof. Therefore, by attaching the
electret 530 on the lower electrode wiring 514 by the adhe-
sive, the lower electrode wiring 514 and the lower conductive
layer 531 are electrically connected.

[0266] Note that the process of forming the lower conduc-
tive layer 531 and the upper conductive layer 532 on the
electret 530 subjected to the charging processing is per-
formed under the condition of a temperature at which the
charge retained by the electret 530 is not lost. For example, in
a case where the electret 530 is formed by performing the
charging processing on the fluorocarbon resin called FEP as
in the present embodiment, if the electret 530 is heated up to
a temperature not less than 100 degrees Celsius, the retained
charge amount decreases. Therefore, in the present embodi-
ment, the process of forming the lower conductive layer 531
and the upper conductive layer 532 on the electret 530 is
performed under the condition that the temperature of the
electret 530 is not more than 100 degrees Celsius.

[0267] Similarly, the process of attaching the electret 530
on the lower electrode wiring 514 by the adhesive is also
performed under the condition of a temperature at which the
charge retained by the electret 530 is not lost. In the present
embodiment, this process is performed under the condition
that the temperature of the electret 530 is not more than 100
degrees Celsius.

[0268] Inaddition, the method of disposing the electret 530
on the lower electrode wiring 514 is not limited to the one
using the adhesive, and may be any method in which the lower
electrode wiring 514 and the lower conductive layer 531 are
electrically connected and the process is performed under the
condition of a temperature at which the charge retained by the
electret 530 is not lost.

[0269] In the state where the above processed are termi-
nated, on the cell forming surface side of the silicon substrate
101, the via hole 524q electrically connected to the upper
electrodes 120 and the upper conductive layer 532 formed on
the electret 530 are exposed upward, that is, in the transmit-
ting direction of ultrasonic waves, on the end portion side of
the region serving as the transducer element 33f, where the
electret 530 is disposed.

[0270] Next, as shown in FIG. 25, the upper electrode wir-
ing 524 which is a metal film having a conductive property is
formed so as to electrically connect the via hole 524a formed
on the protective film 105 and the upper conductive layer 532.
[0271] The upper electrode wiring 524 is formed by a
known low temperature metal film-forming technology in the
present embodiment. By this process, the upper electrodes
120 and the upper conductive layer 532 formed on the electret
530 are electrically connected.

[0272] Note that the method of electrically connecting the
via hole 524a formed on the protective film 105 and the upper
conductive layer 532 is not limited to the present embodi-
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ment, and may be any method in which the upper electrode
wiring 524 and the upper conductive layer 532 are electrically
connected and the process is performed under the condition
of a temperature at which the charge retained by the electret
530 is not lost. For example, the present invention may have
a configuration in which an electrode pad electrically con-
nected to the via hole 524a and an electrode pad electrically
connected to the upper conductive layer 532 are electrically
connected by a low temperature wiring forming process such
as wire bonding, wire welding, and the like. In addition, for
example, the present invention may adopt the method of
attaching a metal film by an adhesive or a configuration in
whicha conductive paste is used for drawing the wiring by the
ink-jet method or dispense method.

[0273]  After the above processes described with reference
to FIGS. 23 to 25, by further forming the paraxylylene resin
film 106 on the upper layer side by the low temperature
process such as the spin coat method and the vapor deposition
method, the transducer unit 32/ of the present embodiment
shown in FIGS. 21 and 22 is formed. Note that the paraxy-
lylene resin film 106 may be formed after the transducer unit
32f1s mounted on the FPC 35.

[0274] Below, description is made on the effects of the
ultrasonic transducer and the ultrasonic diagnostic apparatus
according to the present embodiment having the above-de-
scribed configuration.

[0275] In the transducer unit 32f of the present embodi-
ment, when viewed from the transmitting direction of ultra-
sonic waves, that is, the layer direction of the lower electrode
110 and the upper electrode 120 as the pair of electrodes of the
transducer cell 100, the electret 530 is disposed in a region not
overlapping with the transducer cell 100. Therefore, the trans-
ducer unit 32fof the present embodiment can be configured to
be thinner than the conventional ultrasonic transducer in
which the c-MUT and the electret are layered in the thickness
direction, that is, the transmitting direction of ultrasonic
waves.

[0276] Incidentally, it is preferable that the thickness of the
electret 530 is several micrometers to several tens of
micrometers to allow the electret to have a high-density
charge and a sufficient resistance to deterioration. On the
other hand, in order to obtain in an ordinary ¢-MUT a capaci-
tance between the electrodes enough to realize a sufficient
sound pressure of ultrasonic waves and sensitivity to ultra-
sonic waves, the distance between the electrodes is preferably
not more than 1 micrometer. That is, in the conventional
¢-MUT including the electrets disposed between the elec-
trodes, the distance between the electrodes enough to obtain
a necessary capacitance can not be ensured, and as a result, it
has been impossible to transmit and receive ultrasonic waves
at sufficient sound pressure and sensitivity.

[0277] On the other hand, the transducer unit 32f of the
present embodiment can independently set the thickness of
the electret 530 and the distance (gap) between the lower
electrode 110 and the upper electrode 120. That is, the present
embodiment improves the degree of freedom in the design of
the transducer unit 32f, thereby, e.g.. allowing to make the
distance between the lower electrode 110 and the upper elec-
trode 120 smaller than that in the conventional transducer unit
to increase the capacitance between the electrodes and
improve the sound pressure of the transmitted ultrasonic
wave and the sensitivity to the received ultrasonic waves, and
allowing the electret 530 to have a thickness to permit per-
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manent and stable charge retention. In addition, in this state,
the transducer unit 32f can be configured to be thinner than
conventional ones.

[0278] Therefore, according to the present embodiment,
the transducer unit 32f7is thinner in the transmitting direction
of ultrasonic waves and has a higher sound pressure of the
transmitted ultrasonic waves and a higher sensitivity to the
received ultrasonic waves than conventional transducer units,
and the electret 530 has performance more stable than con-
ventional transducer units. Therefore, the performance of the
transducer unit can be maintained over a longer period of
time.

[0279] Inother words, the transducer unit 32/ of the present
embodiment can realize an ultrasonic transducer with higher
efficiency than conventional ones, and in a case of exerting
predetermined sound pressure of the transmitted ultrasonic
waves and sensitivity to the received ultrasonic waves, the
transducer unit 32/can realize an ultrasonic transducer which
maintains the initial performance over a long period of time,
and which is thinner and drivable at a lower voltage than the
conventional ones.

[0280] Incidentally, in the case of the conventional ultra-
sonic transducer in which the ¢c-MUT and the electret are
layered in the thickness direction, that is, the transmitting
direction of ultrasonic waves, there is a problem that the
performance of the electret is deteriorated by the influence of
components, humidity, and temperature of the atmosphere in
the manufacturing process performed after the charging pro-
cessing on the electret.

[0281] For example, in the conventional ultrasonic trans-
ducer configured by layering the ¢-MUT and the electret,
after forming the electret, it is required to further form the
layer structure such as of a silicon oxide film using the semi-
conductor process. That is, the electret is heated up to several
hundred degrees Celsius in a later semiconductor process.
Therefore, in the conventional ultrasonic transducer, it is
impossible to use as an electret an organic film such as FEP
whose retaining charge disappears at approximately 100
degrees Celsius.

[0282] In order to prevent the disappearance of the charge
retained by the electret, the conventional electret is config-
ured of an inorganic film made of, for example, a silicon
compound capable of retaining a charge at a higher tempera-
ture in the conventional ultrasonic transducer.

[0283] However, the electret configured of the inorganic
film made of'the silicon compound and the like suffers from
aproblem of a lower charge retention capacity after subjected
to the charging processing and difficulty to permanently and
stably retain the charge, compared with an electret configured
of an organic film. That is, in a conventional ultrasonic trans-
ducer configured by including an electret made of an inor-
ganic film, charactetistics such as the sound pressure of the
transmitted ultrasonic waves and the sensitivity to the
received ultrasonic waves change over time.

[0284] On the other hand, in the present embodiment, the
electret 530 is formed in a process different from the semi-
conductor process of forming the transducer cells 100, in
which the electret 530 is attached on the transducer unit 32/
after all the layer structures configuring the transducer cells
100 have been formed. In addition, the electret 530 1s attached
on the transducer unit 32funder the condition of a tempera-
ture at which the retaining charge is not lost, and also electri-
cally connected to the lower electrodes 110 and the upper
electrodes 120 of the transducer cells 100. In other words, in



US 2009/0058228 A1l

the present embodiment, after the charging processing, the
electret 530 made of the organic film is not heated to a tem-
perature at which the retaining charge decreases or disap-
pears.

[0285] Therefore, unlike the conventional ultrasonic trans-
ducer including the electret made of the inorganic film, the
transducer unit 32f"as the ultrasonic transducer of the present
embodiment is capable of using an electret made of an
organic film which can stably retain the charge over a longer
period of time. The transducer unit 32f is thus enable to
maintain characteristics constant over a longer period of time.
[0286] Note that, in order to shield the exogenous noise and
improve the S/N ratio, ultrasonic diagnostic apparatuses
including an ultrasonic transducer in some cases to cover the
ultrasonic transducer with a shield layer as a conductive layer
grounded electrically independently of the ultrasonic trans-
ducer.

[0287] Inthe case of applying the shield layer to the above-
described embodiment, for example, if the process of cover-
ing the transducer cells 100 with the shield layer is performed
at a temperature at which the charge amount retained by the
electret 530 decreases, the process of disposing the electret
530 on the lower electrode wiring 514 is performed after the
shield layer has been formed on the transducer cells 100.
However, the above is not the case, if the process of covering
the transducer cells 100 with the shield layer is performed at
a temperature lower than the temperature at which the charge
amount retained by the electret 530 decreases, for example.
[0288] In addition, though in the above-described embodi-
ment, the electret 530 is electrically connected to the silicon
substrate 101 as the ground potential through the upper con-
ductive layer 532, the upper electrode wiring 524, and the
upper electrode 120, the upper conductive layer 532 may be,
for example, directly connected to the electrode pad formed
on the silicon substrate 101 by wire bonding and the like.

Ninth Embodiment

[0289] Hereinafter, the ninth embodiment of the present
invention is described with reference to FIG. 26. FIG. 26 is a
cross-sectional view of the transducer element according to
the ninth embodiment.

[0290] The ninth embodiment is different from the eighth
embodiment only in the configuration of the region where the
electret is disposed. Therefore, only the different point is
described. The same components as those in the eighth
embodiment are attached with the same reference numerals,
and the descriptions thereof are appropriately omitted.
[0291] Inthe transducer unit of the present embodiment, an
air gap portion 533 is interposed between the lower electrode
wiring 514 formed in an extended manner to one end of a
transducer element 33g and the electret 530 disposed above
the lower electrode wiring 514.

[0292] Specifically, spacers 534 are formed on the lower
electrode wiring 514 to separate the electret 530 from the
lower electrode wiring 514 by a predetermined interval, and
the electret 530 is attached on the spacers 534.

[0293] For example. as in the above-described eighth
embodiment, when the lower conductive layer 531 and the
upper conductive layer 532, which are conductive layers, are
disposed directly on the surfaces of the electret 530, the
charging state of the electret 530 is in some cases neutralized
by the charge trapped in a deficiency in the vicinity of an
interface between the electret 530 and the conductive layers,
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which as aresult renders the electret 530 into the same state as
that in which the retaining charge amount thereof has
decreased.

[0294] However, in the transducer element of the present
embodiment, the air gap portion 533 is provided between the
electret 530 and the lower electrode wiring 514 electrically
connected to the lower electrodes 110 to which a signal volt-
age is supplied, which can eliminate influences caused by the
charge trapped in the deficiency in the vicinity of the inter-
faces of the conductive layers.

[0295] That is, according to the present embodiment, the
charge retained by the electret 530 can be more efficiently
utilized as direct current voltage components to be supplied
between the lower electrodes 110 and the upper electrode 120
of the transducer cells 100, thereby enabling to configure a
transducer element having a higher sound pressure of the
transmitted ultrasonic waves and a higher sensitivity to the
received ultrasonic waves.

Tenth Embodiment

[0296] Hereinafter, the tenth embodiment of the present
invention is described with reference to FIG. 27. FIG. 27 is a
top view of the ultrasonic transducer array 731 of the present
embodiment.

[0297] The above-described eighth embodiment is config-
ured such that one electret is electrically connected to the
plurality of transducer elements and to supply the direct cur-
rent voltage components to each of the plurality of transducer
cells configuring the transducer element. On the other hand,
the present embodiment is configured such that one electret is
electrically connected to a plurality of transducer units.
[0298] As shown in FIG. 27, an ultrasonic transducer array
731 as an ultrasonic transducer of the present embodiment is
configured such that a plurality of transducer units 732 com-
posed of a plurality of transducer cells 100 are mounted on a
mounting surface of an FPC 735.

[0299] When focusing on the one transducer unit 732, on
the FPC 735 are formed a lower electrode wiring 614, a lower
electrode pad 631a, a signal electrode wiring 636a and a
signal electrode pad 636, all of which are electrically con-
nected to the lower electrodes 110 of all of the transducer cells
100 configuring the one transducer unit 732.

[0300] Note that, among the lower electrode wiring 614, the
lower electrode pad 631a, the signal electrode wiring 636a
and the signal electrode pad 636 which are electrically con-
nected to the lower electrodes 110, the lower electrode wiring
614 and the signal electrode wiring 6364 are formed as con-
ductive patterns on a lower layer side of the FPC 735 and are
insulated from the surface of the FPC 735. On the other hand,
the lower electrode pad 631a and the signal electrode pad 636
are conductive patterns formed so as to be exposed on the
uppermost surface of the mounting surface side of the FPC
735.

[0301] In addition, one electret 630a is attached on and
electrically connected to the plurality of lower electrode pads
631a provided corresponding to the plurality of transducer
units 732. Furthermore, on the surface of the electret 630,
which is opposite to the surface attached to the lower elec-
trode pad 631a, that is, the surface on the opposite side of the
FPC 735, the upper conductive layers 632a are formed cor-
responding to the positions of the lower electrode pads 631¢.
[0302] Each of the upper conductive layers 6324 is electri-
cally connected to the upper electrodes 120 of all the trans-
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ducer cells 100 configuring the one transducer unit 732,
through the upper electrode wiring 624 formed by the wire
bonding and the like.

[0303] Moreover, all of the plurality of upper conductive
layers 632a formed on the electret 630a are electrically con-
nected to a common ground electrode pad 637 formed so as to
be exposed on the uppermost surface on the mounting surface
side of the FPC 735, through a ground electrode wiring 637a.
That is, in the transducer array 631 of the present embodi-
ment, the upper electrodes 120 of the transducer cells 100 of
all of the transducer units 732 are electrically connected to the
common ground electrode pad 637.

[0304] In the ultrasonic transducer array 731 having the
above-described configuration, the plurality of transducer
units 732 are electrically connected to the one electret 630a,
and the one transducer unit 732 configures the minimum
driving unit for transmitting and receiving ultrasonic waves.
In addition, the electret 630a applies a potential difference
between the lower electrodes 110 and the upper electrodes
120 ofthe transducer cells 100 configuring the transducer unit
732.

[0305] According to the above-described present embodi-
ment, it is possible to form the chip-shaped transducer units
732 and the electret 630a applying a potential difference to
the transducer cells 100 of the transducer units 732, in differ-
ent regions not overlapping with each other on the FPC 735.
[0306] That is, the present embodiment can further reduce
the entire thickness of the transducer array, compared with the
eighth embodiment in which the electret is disposed for each
transducer unit.

[0307] Furthermore, compared with the eighth embodi-
ment, the size of the electret can be increased, which can
facilitate the processes of forming and attaching the electret.

Eleventh Embodiment

[0308] Hereinafter, the eleventh embodiment of the present
invention is described with reference to FIG. 28. The eleventh
embodiment applies the ultrasonic transducer according to
the above-described present invention to an ultrasonic micro-
scope. FI1G. 28 is a view describing the configuration of the
ultrasonic microscope of the present embodiment.

[0309] An ultrasonic microscope 800 applies a high-fre-
quency signal generated by a high-frequency oscillator 801 to
an ultrasonic transducer 803 according to the present inven-
tion through a circulator 802 and converts the high-frequency
signal into ultrasonic waves. The ultrasonic waves are con-
verged by an acoustic lens 804, and a sample 805 is placed on
the converging point of the acoustic lens 804. The sample 805
is held by a sample holder 806, and a coupler 807 such as
water is filled between the sample 805 and a lens surface of
the acoustic lens 804. Reflected waves from the sample 805
are received by the transducer 803 through the acoustic lens
804 to be converted into an electrical reflected signal. An
electric signal corresponding to the received ultrasonic waves
outputted from the ultrasonic transducer 803 is inputted to a
display device 808 through the circulator 802. The sample
holder 806 is driven in directions of two axes X, Y in a
horizontal surface by a scan device 810 controlled by a scan
circuit 809.

[0310] The ultrasonic microscope 800 thus configured can
quantify the elastic property of the sample 805 and evaluate
the structure of a thin film by irradiating ultrasonic waves to
the sample 805 and evaluating the acoustic property of the
sample 805.
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[0311] Note that the present invention is not limited to the
above-mentioned embodiments, but may be properly
changed without departing from the gist and spirit of the
present invention readable from the appended claims and the
entire specification, and an ultrasonic transducer, a method of
manufacturing the ultrasonic transducer, a ultrasonic diag-
nostic apparatus, and an ultrasonic microscope with such
changes are also included in the technical field of the present
invention.

[0312] Having described the preferred embodiments of the
invention referring to the accompanying drawings, it should
be understood that the present invention is not limited to those
precise embodiments and various changes and modifications
thereof could be made by one skilled in the art without depart-
ing from the spirit or scope of the invention as defined in the
appended claims.

What is claimed is:

1. An ultrasonic transducer comprising:

a transducer cell including: a first electrode; a vibration
membrane disposed on the first electrode, separated by
an air gap portion; and a second electrode supported by
the vibration membrane;

a first conductive layer electrically connected to the first
electrode;

asecond conductive layer disposed facing the first conduc-
tive layer and electrically connected to the second elec-
trode;

an electret for retaining a charge and applying a predeter-
mined potential difference between the first electrode
and the second electrode, the electret being disposed in
a region between the first conductive layer and the sec-
ond conductive layer, where at least a part of the electret
do not overlap with the transducer cell when viewed
from a transmitting direction of ultrasonic waves genet-
ated by vibration of the vibration membrane.

2. The ultrasonic transducer according to claim 1, wherein
the electret has a region exposed in the transmitting direction
of ultrasonic waves, relative to at least one of the first con-
ductive layer and the second conductive layer.

3. The ultrasonic transducer according to claim 2, wherein
the second conductive layer is disposed above the first con-
ductive layer, and a through hole is formed in a region on the
second conductive layer, which overlaps with the electret
when viewed from the transmitting direction of ultrasonic
waves.

4. The ultrasonic transducer according to claim 2, wherein
the first conductive layer and the second conductive layer are
disposed facing each other in a direction perpendicular to a
direction in which the first electrode and the second electrode
face each other.

5. The ultrasonic transducer according to claim 2, wherein
the electret is disposed on a third conductive layer having the
same potential as that of the second electrode, and

wherein the first conductive layer is disposed above the
electret, and a through hole is formed in a region on the
first conductive layer, which overlaps with the electret
when viewed from the transmitting direction of ultra-
sonic waves.

6. The ultrasonic transducer according to claim 1, further

comprising

a protective film for covering a surface on a side of the
transmitting direction of ultrasonic waves,

wherein a region on the protective film, which overlaps
with the electret, is projected in the transmitting direc-
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tion of ultrasonic waves more than a region on the pro-
tective film, which overlaps with the transducer cell.

7. The ultrasonic transducer according to claim 1, further
comprising

a protective film for covering a surface on a side of the

transmitting direction of ultrasonic waves,

wherein a surface of the protective film on the side of the

transmitting direction of ultrasonic waves has a plane
shape.

8. The ultrasonic transducer according to claim 1, wherein
an insulating layer is interposed between the electret and the
first conductive layer, or between the electret and the second
conductive layer.

9. The ultrasonic transducer according to claim 8, wherein
a distance between the first conductive layer and the second
conductive layer separated by the insulating layer is larger
than a distance between the first electrode and the second
electrode separated by the air gap portion in the transducer
cell.

10. The ultrasonic transducer according to claim 1,
wherein the electret is attached on the first conductive layer.

11. The ultrasonic transducer according to claim 10,
wherein the electret is attached over a plurality of the first
conductive layers.

12. The ultrasonic transducer according to claim 10,
wherein an air gap portion is interposed between the electret
and the first conductive layer or between the electret and the
second conductive layer.

13. An ultrasonic diagnostic apparatus comprising the
ultrasonic transducer according to claim 1.

14. The ultrasonic diagnostic apparatus according to claim
13, wherein the ultrasonic diagnostic apparatus is an ultra-
sonic endoscope including the ultrasonic transducer disposed
in an insertion portion to be introduced in a living body.

15. An ultrasonic microscope comprising the ultrasonic
transducer according to claim 1.
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16. A method of manufacturing an ultrasonic transducer,
the ultrasonic transducer including:

a transducer cell having a first electrode formed on a sub-
strate, a vibration membrane disposed on the first elec-
trode, separated by an air gap portion, and a second
electrode supported by the vibration membrane; and

an electret made of an organic film for retaining a charge
and applying a predetermined potential difference
between the first electrode and the second electrode, the
method of manufacturing the ultrasonic transducer com-
prising:

a process of forming the transducer cell on the substrate;

a process of forming a first conductive layer electrically
connected to the first electrode of the transducer cell, and
extended in a region not overlapping with the transducer
cell on the substrate;

a process of forming the electret independently of the pro-
cesses of forming the transducer cell and the first con-
ductive layer;

a process of attaching the electret on the first conductive
layer in a region on the substrate which does not overlap
with the transducer cell.

aprocess of forming a second conductive layer on a surface
of the electret which is on an opposite side of a surface
facing the first conductive layer; and

a process of electrically connecting the second conductive
layer with the second electrode.

17. The method of manufacturing the ultrasonic transducer
according to claim 16, wherein the process of attaching the
electret on the first conductive layer, the process of forming
the second conductive layer, and the process of connecting
the second conductive layer with the second electrode are
performed at a temperature not more than a predetermined
temperature at which decrease in a charge amount retained by
the electret occurs.
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