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Description
Technical Field

[0001] The present invention relates to an array type
ultrasonic transducer for use in an electronic scanning
ultrasonic wave diagnosis apparatus.

Background Art

[0002] In recent years, an ultrasonic wave diagnosis
method has been widely propagated for diagnosing the
internal human body by imaging an echo signal obtained
by irradiating an ultrasonic wave within the abdomen by
using an ultrasonic endoscope. For this, it is necessary
to insert, into the abdomen, an insertion part equipped
with an ultrasonic transducer on the tip thereof for gen-
erating an ultrasonic wave and receiving an ultrasonic
wave reflected within the abdomen in order to obtain an
image in the inside of the abdomen by using an ultrasonic
wave diagnosis method.

[0003] Fig. 1A is a cross-sectional diagram of a con-
ventional array-type ultrasonic wave probe. Fig. 1B is a
side cross-sectional diagram of the array-type ultrasonic
probe shown by Fig. 1A in the perpendicular direction
with its part being enlarged.

[0004] Referring to Figs. 1A and 1B, the array type
ultrasonic transducer 101 primarily comprises piezoelec-
tric elements 102, electrodes 103a and 103b, a flexible
board 104, matching layers 105 and 106, an acoustic
lens 107, an insulating layer 108, a dumping layer 109,
flexible leads 110a and 110b, adhesive 111 and a gap
area 112.

[0005] Anarray type piezoelectric element 102 is com-
prised by thinly (in a small width) slicing in the vertical
direction a piezoelectric elementplate (e.g., PZT allowing
polarization in the direction of thickness of the plate), and
by arraying them in parallel with each slice being slightly
separated from the adjacent one. A vapor deposited sil-
ver, for example, is applied to both surfaces of the pie-
zoelectric element 102 in the thickness direction to form
the electrodes 103a and 103b. The surface of the elec-
trode 103a on the side of transmitting and receiving ul-
trasonic waves is disposed as a ground-side electrode.
The conductive plate shape flexible electrode 104 main-
tains the conductivity of each electrode 103a.

[0006] Furthermore, formed in a layer on the flexible
electrode 104 are the first acoustic matching layer 105
and the second acoustic matching layer 106 which are
thinly formed by the same feature as each of the piezo-
electric elements 102 and are adhered. Formed on the
upper surface of the second acoustic matching layer 106
is the acoustic lens 7 having a convex surface at the
center of the longitudinal direction of each of the piezo-
electric elements 102.

[0007] Meanwhile, featured on the surface of the elec-
trode 103b of each of the piezoelectric elements 102 is
the insulating layer 108 which composes an insulating
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member. The dumping layer 109 is fixed onto the insu-
lation layer 108. Each transducer elementis formed using
this method.

[0008] Theelectrode 103bis drawn outfrom both sides
of the dumping layer 109 to the rear side by the flexible
lead 110b. The ground-side electrode 103ais also drawn
out to the rear side of the dumping part 109 by the flexible
lead 110a.

[0009] The insulation layer 108 is fixed onto the dump-
ing part 109 by an adhesive 111, such as an epoxy resin.
[0010] The first acoustic matching layer 105 and sec-
ond acoustic matching layer 106 are set up with an in-
termediate value of acoustic impedance between the pi-
ezoelectric element 102 and the inner wall of the abdo-
men. This configuration makes it possible to transmit an
ultrasonic wave from (or received by) the piezoelectric
elements 102 efficiently (or by minimizing a reflection)
with respect to the inner wall of an abdomen to which the
front (orthe top) surface of the acousticlens 107 contacts.
The configuration further makes double-layered acoustic
matching layers 105 and 106, thereby enabling a further
smooth matching of acoustic impedance.

[0011] An ultrasonic wave is transmitted from each of
the piezoelectric elements 102 being excited by an ultra-
sonic wave pulse applied to both of the electrodes 103a
and 103b. Here, the dumping layer 109 is disposed for
preventing degraded resolution as a result of an ultra-
sonic wave (reflected on the rear surface of the dumping
layer 109) being divided by dumping the ultrasonic wave
transmitted out toward the rear surface thereof.

[0012] The dumping layer 109 can be configured to
possess an adequate attenuation function by making its
thickness large enough for use within the abdomen. How-
ever, because the dumpinglayer 109 should have a thick-
ness enough to attenuate ultrasonic wave when the
dumping layer 109 is used within the abdomen, a small
thickness is required.

[0013] The dumping layer 109, accordingly, is made
from a tungsten powder dispersed in an epoxy resin, a
silicone resin, a vinyl chloride resin, and so forth. Here,
the tungsten powder is dispersed in a resin so that the
dispersed amount thereof is about 95-weight percent,
thereby accomplishing approximately satisfactory atten-
uation.

[0014] In the case of using the dumping layer 109 of
the above noted material, the ultrasonic wave transmis-
sion/reception surface side is set as the ground electrode
while the dumping layer 109 side is set as the signal
applied electrode for ensuring the safety of the human
body because the electrical resistance of the material is
low. Because of this, if the dumping layer 109 comes in
directly contact with the signal applied electrode side, a
failure occurs in which each ultrasonic transducer ele-
ment (that is divided) in array is conducted with low im-
pedance of a member forming the dumping layer 109.
Therefore, the dumping layer 109 is insulated from the
signal applied electrode 103b by the insulating layer 108.
[0015] Incidentally, each ultrasonic transducer can be
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equipped with a gap area between adjacent elements in
order to prevent crosstalk between each element. Fur-
thermore, it is possible to prevent such crosstalk more
securely by not only equipping a gap area between the
individual elements, but also equipping a gap area 112
for three layers including the first acoustic matching layer
105 and second acoustic matching layer 106.

[0016] Note that the ultrasonic transducer, separated
by the gap area 112, is formed in the following manner.
For example, at the beginning, a piezoelectric element
plate and the first and the second acoustic matching
plates being stacked are integrated. This piezoelectric
element plate includes electrodes formed on both sur-
faces thereof, and is fixed onto the insulating layer 108.
The next is to cut it using dicing saw so as to separate
the electrode 103b by cutting into a part of the insulating
layer 108. In this case the flexible printed circuit (FPC)
104 is formed in a manner to make contact with the
ground electrode 103a after the cutting.

[0017] In a thusly configured conventional ultrasonic
transducer, the adjacent piezoelectric elements 102 are
separated from each other (including the matching layers
105 and 106), and therefore crosstalk is adequately pre-
vented. However, each element is arrayed in a thin and
long state, and the both ends are unsupported, therefore
having a severe shortfall of mechanical strength.
[0018] Another problem includes the issue that mois-
ture may seep into the gap area 112 due to humidity, for
example, may remain therein for an extended period of
time. This causes the silver on the electrodes 103a and
103b (applied onto both surfaces of each of the piezoe-
lectric elements 102) to migrate, creating a risk of a de-
graded function of transmitting and receiving ultrasonic
waves and further deterioration, possibly causing a short-
ing in a severe case.

[0019] Accordingly, patent document 1 has proposed
a technique for preventing crosstalk and moisture from
seeping into by filling the gap area between the elements
with hollow members 122 made of hollow glass balls as
shown in Fig. 1C in order to improve the above described
shortfall.

document 1: Laid-Open Japanese Patent Application
Publication No. Sho 60-89199

Disclosure of Invention

[0020] According tothe presentinvention, an ultrason-
ic transducer is configured comprising an transducer el-
ement (which includes a piezoelectric resonator oscillat-
ing for emitting an ultrasonic wave and one or more
acoustic matching layer(s)), and an acoustic lens (where-
in a gap area between the adjacent transducer elements
is filled with the same constituent material as that of the
acoustic lens).

[0021] The ultrasonic transducer according to the
present invention is also configured to cover an external
surface thereof with the same constituent material as that
of the acoustic lens.
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[0022] The ultrasonic transducer according to the
present invention is also configured in a manner such
that a constituent material of the acoustic lens is a gra-
dient material.

[0023] The ultrasonic transducer according to the
present invention is also configured in a manner such
that the gradient material is a dispersing inorganic fine
particulate powder in a silicone resin, with the filling den-
sity of the inorganic fine particulate powder decreasing
with the direction from an oscillation generation surface
of the piezoelectric element to the bordering surface be-
tween the acoustic lens and acoustic matching layer.
[0024] The ultrasonic transducer according to the
present invention is also configured in a manner such
that the inorganic fine particulate powderincludes atleast
one of the following: tungsten, tungsten oxide, aluminum
oxide and zirconium oxide.

[0025] The ultrasonic transducer according to the
present invention is also configured in a manner such
that particulates, each of which has a hollow structure
and a smaller specific gravity than a silicone resin, are
dispersed in the silicone resin for the gradient material
with the filling density of the inorganic fine particulate
powder decreasing with the direction from an oscillation
generation surface of the piezoelectric element to the
bordering surface between the acoustic lens and acous-
tic matching layer.

[0026] The ultrasonic transducer according to the
present invention is also configured in a manner so that
a glass material constitutes the particulate.

[0027] The ultrasonic transducer according to the
present invention is also configured in a manner such
that a polymer material constitutes the particulate.
[0028] The ultrasonic transducer according to the
present invention is also configured in a manner to make
a thin film layer with a corrosion resistance property or
humidity resistance property intervene between a sur-
face where a material, which forms the acoustic lens and
fills between the transducer elements and the transducer
element contact with each other.

[0029] The ultrasonic transducer according to the
present invention is also configured in a manner such
that the thin film layer includes a nano-coating layer con-
taining an inorganic compound component.

[0030] The ultrasonic transducer according to the
present invention is also configured in a manner such
that the inorganic compound componentincludes at least
one of the following: silicone, titanium, and zirconium.
[0031] The ultrasonic transducer according to the
present invention is also configured to make a thin film
layer having a corrosion resistance property or humidity
resistance property exist on a covered surface of the ul-
trasonic transducer that is covered with the same con-
stituent material as that of the acoustic lens.

[0032] The ultrasonic transducer according to the
present invention is also configured in a manner such
that the thin film layer includes a nano-coating film con-
taining an inorganic compound component.
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[0033] The ultrasonic transducer according to the
present invention is also configured in a manner such
that the nano-coating film contains at least one of the
following: silicone oxide, titanium oxide, and zirconium
oxide.

[0034] The ultrasonic transducer according to the
presentinvention is also configured to form a silver nano-
coating film on a surface of the thin film layer.

[0035] Accordingtothe presentinvention, a production
method for an array type ultrasonic transducer
comprises : a junction process for joining an electrode
surface of a flexible board to a piezoelectric transducer,
so as to connect an electrode of the piezoelectric trans-
ducer to the electrode surface of the FPC; an acoustic
matching layer junction process for joining one or more
acoustic matching layers to a joined body joined by the
junction process; a backing material layer junction proc-
ess for joining a layered body generated by the acoustic
matching layer junction process onto a backing material
retaining the layered body; a dicing process for applying
a dicing process to the layered body; a ground wire con-
nection process for connecting a common ground wire
for making a ground side of a piezoelectric transducer
element formed by the dicing process a common poten-
tial; a primer treatment process for applying a primer
treatment to a groove formed by the dicing process; and
a resin precursor curing process for fixing the layered
body obtained as a result of the primer treatment process
to a preconfigured mold, making a resin precursor, which
becomes covered parts of an acoustic lens, of a filling
material for the groove and of an outside of the layered
body, contact with the part applied by the primer treat-
ment, and curing the resin precursor.

[0036] The production method for an array type ultra-
sonic transducer, according to the present invention, is
also contrived in a manner such that the primer treatment
process is followed by carrying out a nano-coating film
layer forming process for forming a nano-coating film lay-
er for the part applied by the primer treatment.

[0037] The production method for an array type ultra-
sonic transducer according to the present invention is
also contrived in a manner such that the resin precursor
curing process is followed by carrying out a nano-coating
film layer forming process for forming a nano-coating film
layer on the cured resin precursor body.

[0038] The production method for an array type ultra-
sonic transducer according to the present invention is
also contrived in a manner such that the resin precursor
contains a silicone elastomer precursor and a dilute sol-
vent.

[0039] Accordingtothe presentinvention, aproduction
method for an array type ultrasonic transducer
comprises : an transducer element forming process for
forming an transducer element, including a piezoelectric
resonator for emitting an ultrasonic wave and one ormore
acoustic matching layers; and a resin precursor curing
process for curing a resin precursor by fixing a layered
body, which is obtained by the transducer element form-
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ing process, to a preconfigured mold and making the lay-
ered body contact with the resin precursor which covers
parts of an acoustic lens with a filling material in between
the transducer elements and of an outside of the layered
body.

[0040] An array type ultrasonic transducer according
to the present invention is equipped on an ultrasonic
wave endoscope apparatus.

[0041] An array type ultrasonic transducer produced
by the production method according to the present in-
vention is equipped on an ultrasonic wave endoscope
apparatus.

Brief Description of Drawings
[0042]

Fig. 1A is a cross-sectional diagram of a convention-
al array type ultrasonic wave probe;

Fig. 1B is a side cross-sectional diagram of the array
type ultrasonic wave probe shown by Fig. 1A in the
perpendicular direction with its part being enlarged;
Fig. 1C shows how hollow members made of glass
balls being hollow are filled in a gap area between
elements of a conventional array type ultrasonic
wave probe;

Fig. 2A is a diagram showing an external view (i.e.,
a diagonal side view) of an array type ultrasonic
transducer 1 according to a first embodiment;

Fig. 2B is a diagram showing an external view (i.e.,
a long side view) of the array type ultrasonic trans-
ducer 1 according to the first embodiment;

Fig. 2C is a diagram showing an external view (i.e.,
a short side view) of the array type ultrasonic trans-
ducer 1 according to the first embodiment;

Fig. 3A is a diagram observed from a side of the
array type ultrasonic transducer 1 according to the
first embodiment;

Fig. 3B is a cross-sectional diagram observed from
a perpendicular direction of Fig. 3A;

Fig. 3C is a cross-sectional diagram observed from
an upper direction of Fig. 3A;

Fig. 4Ais a diagram (i.e., a long side cross-sectional
view) showing an internal configuration of the array
type ultrasonic transducer 1 according to the firstem-
bodiment;

Fig. 4B is adiagram (i.e., a short side cross-sectional
view) showing an internal configuration of the array
type ultrasonic transducer 1 according to the firstem-
bodiment;

Fig. 5Ais a diagram (i.e., a long side cross-sectional
view) showing an array type ultrasonic transducer
according to the second embodiment;

Fig. 5B is a diagram (i.e., a part of a short side cross-
sectional view) showing the array type ultrasonic
transducer according to the second embodiment;
Fig. 6 is a diagram showing a structure of a protection
film according to the second embodiment;
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Fig. 7Ais a diagram (i.e., a long side cross-sectional
view) showing an array type ultrasonic transducer
according to the third embodiment;

Fig. 7B is a diagram (i.e., a part of a short side cross-
sectional view) showing the array type ultrasonic
transducer according to the third embodiment;

Fig. 8 is a diagram showing an array type ultrasonic
transducer according to the fourth embodiment;
Fig. 9 is a diagram showing an array type ultrasonic
transducer according to the fifth embodiment;

Fig. 10Aisadiagram (i.e., alongside cross-sectional
view) showing an internal configuration of an array
type ultrasonic transducer 1 according to the sixth
embodiment;

Fig. 10B is a diagram (i.e., a part of a short side
cross-sectional view) showing the array type ultra-
sonic transducer according to the sixth embodiment;
Fig. 11A is a diagram showing a condition of a pro-
duction process according to the seventh embodi-
ment (part 1);

Fig. 11B is a diagram showing a condition of the pro-
duction process according to the seventh embodi-
ment (part 2);

Fig. 11C is a diagram showing a condition of the
production process according to the seventh embod-
iment (part 3);

Fig. 11D is a diagram showing a condition of the
production process according to the seventh embod-
iment (part 4); and

Fig. 11E is a diagram showing a condition of the pro-
duction process according to the seventh embodi-
ment (part 5).

Best Mode(s) for Carrying Out the Invention
<First Embodiment>

[0043] Inthe conventional method, an acoustic lens is
adhered to a matching layer by using an adhesive, re-
sulting in an excessive amount of the adhesive flowing
into the gap area 112. There is a fluctuation in the amount
of the adhesive flowing from a gap area 112 to the next,
with the fluctuation causing a variation of an ultrasonic
wave characteristic.

[0044] A description of the present embodiment refers
toan ultrasonic transducer that integrally forms an acous-
tic lens and a groove-filling material by using the same
material.

[0045] Figs. 2A through 2C show external views of the
array type ultrasonic transducer 1 according to the
present embodiment. Fig. 2A is an external diagnal side
view of the array type ultrasonic transducer 1 according
to the present embodiment. Fig. 2B is an external long
side view of the array type ultrasonic transducer 1 ac-
cording to the presentembodiment. Fig. 2C is an external
short side view of the array type ultrasonic transducer 1
according to the present embodiment.

[0046] Referringto Figs. 2A through 2C, the upper side
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of a backing material 4 is covered with an acoustic lens
and external cover 2 (noted as "acoustic lens / external
cover 2" hereinafter for this compound component).
Across the side and bottom surfaces of the backing ma-
terial 4 is equipped with a flexible printed circuit (FPC) 3.
Note that on the surface of the FPC 3 is laid a cable for
transmitting and receiving a signal, except that it is omit-
ted in these drawings. A numerical 201 indicates a part
forming an acoustic lens of the acoustic lens / external
cover 2. A numerical 202 indicates a part forming an ex-
ternal cover (or a side resin film).

[0047] Figs. 3A through 3C show diagrams of obser-
vations, from their respective directions, of the array type
ultrasonic transducer 1 according to the present embod-
iment. Fig. 3A is a diagram observing from a side. Fig.
3B is a cross-sectional diagram observed from a perpen-
dicular direction of Fig. 3A. Fig. 3C is a cross-directional
diagramof Fig. 3A observed from above, corresponding
to a cut plane represented by the dotted line X shown in
Fig. 3B.

[0048] The present embodiment is configured such
that an transducer element (or it is also simply called
"element" herein) is constituted by a piezoelectric reso-
nator (i.e., a piezoelectric element) 5, a first acoustic
matching layer 6 and a second acoustic matching layer
7. The piezoelectric element 5 oscillates upon receiving
a voltage signal, generating an ultrasonic wave. When
emitting an ultrasonic wave, as is, into air, water or a
living body, the ultrasonic wave is not effectively emitted
as a result of being reflected by the boundary face be-
cause there is an acoustic impedance difference be-
tween the piezoelectric resonator and other bodies such
as air, water or a living body. Equipping the first acoustic
matching layer 6 and second acoustic matching layer 7
with appropriate materials suppresses the ultrasonic
wave from being reflected or attenuated by the boundary
face, thereby enabling an effective emission of the ultra-
sonic wave.

[0049] The backing material 4 is used for retaining the
piezoelectric resonator 5 on the back (i.e., backing the
piezoelectric resonator 5). The backing material 4 is also
used for obtaining a wide band ultrasonic wave by atten-
uating an ultrasonic transducer. This, on the other hand,
reduces sensitivity proportinately with bandwidth.
[0050] The upper part of the backing material 4 is
equipped with a plurality of elements. The upper part of
the left and right ends of the piezoelectric resonator 5 is
placed a common groundwire 12 which is placed across
the elements. Note that a dotted line Y is drawn in Figs.
3B and 3C. The following drawings are cross-sectional
diagrams cut by the dotted line Y.

[0051] Figs. 4A and 4B are diagrams showing an in-
ternal configuration of the array type ultrasonic transduc-
er 1 according to the present embodiment. Fig. 4A is a
long side cross-sectional view. Fig. 4B shows a part of a
short side cross-sectional view. The lower surface of the
piezoelectric element 5 is equipped with a wiring elec-
trode 10. The upper surface of the backing material 4 is
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equipped with a FPC 9, which is wired in a stripe. The
structure is designed such as to adhere, by using an ad-
hesive 11, the wiring on the board 9 with the wiring elec-
trode 10 on the lower surface of the piezoelectric element
5. As described above, a plurality of elements is placed
on the backing material 4, and the acoustic lens / external
cover 2 exists in a manner to cover these elements.
[0052] The acousticlens/external cover 2 has primary
parts 201, 202 and 203. The part 201 forms an acoustic
lens. The part 202 forms an external cover (or a side
surface resin film). The part 203 is used as a groove filling
part which fills groove existing between elements. The
parts 201, 202 and 203 are all constituted by the same
resin material. This material needs to be selected from
ones with a large attenuation effect of an ultrasonic wave.
Also necessarily considered is the material-specific
sound propagation speed. Considering this, the present
embodiment is configured to use a silicone resin (e.g.,
"ELASTOSIL®," manufactured by Wacker Asahikasei
Silicone Co., Ltd.).

[0053] Meanwhile, fixing not only the groove 203 but
also the external cover 202 with the silicone resin results
in increasing the mechanical strength of the element. An
integral forming of the acoustic lens and groove filling by
using the same material eliminates the use of an adhe-
sive, thereby preventing variations in an ultrasonic wave
characteristic as a result of uneven flow of an excessive
amount of adhesive in between elements.

<Second Embodiment>

[0054] A description of the present embodiment refers
to the array type transducer according to the first embod-
iment further using a protective film 13 which is inciden-
tally a film (i.e., a nano coating film) constituted by par-
ticulates of a nanometer size.

[0055] Figs. 5A and 5B show an array type ultrasonic
transducer 1 according to the present embodiment. Fig.
5A is a long side cross-sectional diagram. Fig. 5B is a
part of a short side cross-directional diagram. The con-
figuration shown by Fig. 5B is such that the element, ad-
hesive layer 11 and common ground wire 12 are covered
with the protective film 13 and further covered with the
acoustic lens and external cover .

[0056] The array type ultrasonic transducer 1 is a part
of a medical instrument for use in an ultrasonic wave
endoscope, thus necessitating a cleaning and a sterili-
zation before or after a use of the ultrasonic wave endo-
scope. A disinfectant used here, however, penetrates a
silicone resin forming the acoustic lens / external cover
2. Consequently, there is a possibility of the penetrated
disinfectant seeping into the lowest part of a silicone resin
layer where the piezoelectric element 5 exists. It is also
possible for vapor to penetrate under a pressurized con-
dition.

[0057] In these cases, a piezoelectric resonator may
be shorted or corroded by the penetrated disinfectant or
vapor. Also conceivable is the case that a normal diag-
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nosis image cannot be obtained.

[0058] Accordingly, placing a thin film layer (i.e., a pro-
tective film) having a corrosion resistance property and/or
a humidity resistance property between a silicone resin
and an element (i.e., a boundary face) makes it possible
to protect a piezoelectric resonator from the disinfectant
or vapor penetrating a silicone resin. The present em-
bodiment is configured to use a coating thin film layer.
This is described in association with Fig. 6.

[0059] Fig. 6 shows a configuration of a protective film
(i.e., product name: x-protect DS 3010, produced by NA-
NO-X GmbH) according to the present embodiment. The
protective film 13 is constituted by inorganic components
of silicone (Si), zirconium (Zr) and titanium (Ti), oxygen
(O), and other organic components (i.e., polymer com-
pounds), and is of a mesh structure, as shown in Fig. 6.
This structure is obtained by hydrolyzing a metal alcoxide
compound such as silicone (Si), zirconium (Zr) and tita-
nium (Ti).

[0060] As shown in Fig. 6, the organic components as
substrate exist in a manner to twine the mesh structure
of the inorganic components. While the structure is
formed in mesh across the entirety of the film, an areain
which the mesh structure of the inorganic components
is not twined by the organic components is formed by a
production method. Having been spared the organic
component twining, the organic components exist as na-
no particulates free from the mesh structure. Therefore,
whether the structure of the nano-coating film is made of
nano-particulates (which also have a mesh structure) or
a mesh structure twined by the organic components ex-
tending across the entirety of the film can be controlled,
for example, by allocating production conditions, such as
a difference in heating condition, methods of hydrolysis,
PH adjustments, and so forth. Note that an inorganic
compound component of nanometer size may be consti-
tuted of silicone, titanium or zirconium, or may be a com-
bination thereof; it also may be constituted of silicone
oxide, titanium oxide or zirconium oxide, or a combination
of those, thereof. A protective film having these inorganic
compounds as the components possesses a corrosion
resistance property and/or humidity resistance property.
[0061] Alternatively, a silver nano-coating maybe
formed on the surface of the formed thin film layer de-
scribed above. That is, referring to Figs. 5A and 5B, a
silver nano-coating film may be formed on the boundary
face between the protective film 13 and a silicone resin.
The characteristics of silverinclude an antibacterial effect
because a microscopic organism is negatively (-)
charged and therefore its cell is destroyed when contact-
ing with a positively (+) charged silver ion, and hence the
microscopic organism is exterminated.

[0062] The silver nano-coating film comprises the en-
tirety of the film by dispersing silver particulates of a na-
nometer size in an imide resin compound, for example,
where the imide resin twining the mesh of the nanometer
size silver particulates has a mesh structure.

[0063] As described above, use of the nano-coating
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film, having a component such as silicone, titanium or
zirconium, enables the accomplishment of an array type
ultrasonic transducer possessing a corrosion resistance
property and/or a humidity resistance property. Further-
more, the forming of the silver nano-coating film makes
it possible to create an array type ultrasonic transducer
possessing an antibacterial effect. This configuration en-
ables the safer use of the ultrasonic endoscope for the
abdomen.

<Third Embodiment>

[0064] The second embodiment forms a layer of a pro-
tective film on the boundary face between a silicone resin
and an element. Comparably, the present (third) embod-
imentis configured to cover the surface of a silicone resin,
that is, the acoustic lens / external cover 2, with a pro-
tective film, thereby preventing a penetration of a disin-
fectant or vapor into the silicone resin.

[0065] Figs. 7A and 7B show an array type ultrasonic
transducer according to the present embodiment. Fig.
7A is a long side cross-sectional diagram. Fig. 7B is a
diagram showing a part of a short side cross-sectional
diagram. This array type ultrasonic transducer is the one
shown in Fig. 4 with the surface of its acoustic lens /
external cover 2 contacting the exterior thereof (i.e., the
outside surface) being covered with the protective film
14 as described above for the second embodiment.
[0066] The present embodiment is configured to com-
prise the protective film (i.e., the thin film layer) 14, which
has a corrosion resistance property and a humidity re-
sistance property, by nano-particulates comprising anin-
organic compound component as in the second embod-
iment. A component of nano-particulates comprising an
inorganic compound component may be silicone, titani-
um or zirconium, or may be a plurality thereof as in the
second embodiment. It may also be silicone oxide, tita-
nium oxide or zirconium oxide, or may be a plurality there-
of. A silver nano-coating may be formed on a surface of
the thin film layer as in the second embodiment.

[0067] Such a configuration prevents a disinfectant or
vapor from penetrating the silicone resin structuring the
acoustic lens / external cover 2; it therefore prevents the
piezoelectric element from being shorted or corroded.
Note that a forming of protective film layers in between
the acoustic lens / external cover 2 and element, and an
externally contacting surface of the acoustic lens / exter-
nal cover 2, respectively, as a combination of the second
and third embodiment, further improves the corrosion re-
sistence and humidity resistance properties.

<Fourth Embodiment>

[0068] A description of the present fourth embodiment
refers to the case of using a gradient material (i.e., a
material developing a new function by a gradient distri-
bution of ingredient composition and microscopic organ-
ization internally to the material) as a material of the
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acoustic lens / external cover 2.

[0069] Fig.8showsanarray type ultrasonictransducer
according to the present embodiment. Fig. 8 shows the
case of using hollow-structured inorganic fine particulate
powder 15 in between each of elements of the array type
ultrasonic transducer shown in Fig. 4. The inorganic fine
particulate powder comprises ingredients including, at
least, tungsten, tungsten oxide, aluminum oxide or zir-
conium oxide. The inorganic fine particulate of the pow-
der has a hollow structure. The inorganic fine particulate
may be made of a hollow glass material or hollow polymer
material.

[0070] Such a hollow particulate uses a material of a
specific gravity smaller than a silicone resin, because it
is necessary to make the hollow particulate within a sili-
cone resin rise by buoyancy. As a result, it is possible to
make the hollow particulates disperse in-between ele-
ments filled with a silicone resin with a gradient dispersion
density.

[0071] The structure is configured such that the dis-
persion density of the hollow particulates becomes in-
creases (i.e., a filling ratio of the hollow particulates be-
comes decreases) in proportion with a distance from an
ultrasonic wave emission surface of the piezoelectric res-
onator. That is, as the hollow particulate comes closer to
the piezoelectric resonator, the dispersion density of the
hollow particulates becomes decreases (i.e., afilling ratio
of the hollow particulates becomes increases). Compa-
rably, as the hollow particulate goes away from the pie-
zoelectric resonator (i.e., as it goes upward of the ele-
ment), a dispersion density of the hollow particulates be-
comes increases (i.e., a filling ratio thereof becomes de-
creases). Between elements, crosstalk tends to occur
most between piezoelectric resonators on the lower side
of the element. Due to this, making a filling ratio of the
hollow particulates high in the neighborhood of the pie-
zoelectric resonator enables effective suppression of the
crosstalk.

[0072] The hollow particulates are dispersed in-be-
tween elements, with the dispersion density being in-
creased toward the upper part of the elements (i.e., a
filling ratio of the hollow particulates is decreased toward
the upper part of the elements). However, the dispersion
is to be limited in-between elements. Thatis, care is taken
to prevent the hollow particulates from overflowing from
between the elements and reaching at the part 201 form-
ing the acoustic lens. The reason is that an ultrasonic
wave characteristic is degraded if the hollow particulates
disperse to the acoustic lens 201 as a result of controlling
a mixing ratio of the hollow particulates.

[0073] The hollow particulates are also dispersed in a
gradual gradient from the lower part to upper part of the
element so as to avoid a rapid change of the dispersion
density, because arapid change of the dispersion density
causes such a part to become a boundary face resulting
in reflecting an ultrasonic wave.

[0074] Incidentally, the size of the hollow particulates
used is between ones micrometer and ten micrometers,
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althoughitdepends on the size of agroove width or depth.
This is not important, however.

[0075] Itis also possible to use hollow particulates of
a small specific gravity and of a large specific gravity by
mixing them together. In such a case, a use of a later
described production process to be shown in Fig. 11A
through 11E distributes hollow particulates of a small
specific gravity first in a deeper part of the groove and
ones of a large specific gravity in a shallower part of the
groove. This configuration makes it possible to reduce
crosstalk.

[0076] The above-described configuration makes it
possible to effectively prevent crosstalk between the ad-
jacent elements and further improve mechanical
strength.

<Fifth Embodiment>

[0077] The present (fifth) embodiment is a modified
example of the fourth embodiment, above, which uses
hollow particulates, whereas the present embodiment
uses non-hollow particulates (e.g., content-filled partic-
ulates).

[0078] Fig.9showsanarraytype ultrasonictransducer
according to the present embodiment. The configuration
shown by Fig. 9 uses content-filled particulates 16 in
place of the hollow particulates 15 (which are used in Fig.
8) . This configuration makes it possible to obtain a similar
effect as in the fourth embodiment.

[0079] The above-described configuration makes it
possible to effectively prevent crosstalk between adja-
cent elements and further improve mechanical strength.

<Sixth Embodiment>

[0080] A description of the present (sixth) embodiment
refers to the situation in which an array type ultrasonic
transducer comprising elements, each of whichis applied
by dicing from the front and rear surfaces, respectively,
is used.

[0081] Figs. 10A and 10B show an array type ultrason-
ic transducer according to the present embodiment. Fig.
10Ais a long side cross-directional diagram. Fig. 10B is
adiagram showing a part of a short side cross-directional
diagram. In the configuration shown by Figs. 10A and
10B, the lower part 51 of a piezoelectric element 5 is
larger than the upper part 52 thereof, and there are bot-
tom groove filling parts 8 between the lower parts 51 of
the adjacent piezoelectric resonators, as compared to
the configuration shown in Figs. 4A and 4B. Note that
the filling parts between the upper parts of elements are
called the upper filling parts, as opposed to the bottom
groove filling parts 8.

[0082] The production process for the configuration
shown by Figs. 10A and 10B is first to comprise a joined
body by joining the piezoelectric element 5, first acoustic
matching layer 6 and second acoustic matching layer 7,
followed by dicing the surface on the piezoelectric ele-
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ment 5 side for forming a bottom groove (which is the
part corresponding to the bottom groove filling part 8),
and by dicing the surface on the second acoustic match-
ing layer 7 side for forming an upper groove (which is the
part corresponding to the upper filling part) in a larger
width than the bottom dicing width.

[0083] Such a design enables the transducer element
to resist falling because the width on the bottom side is
wider, thereby making it possible to improve mechanical
strength. Note that the element of the form used for the
present embodiment can be used for any configuration
of the first through fifth embodiments.

<Seventh Embodiment>

[0084] A description of the present (seventh) embod-
iment refers to a production method for the array type
ultrasonic transducer described for the above described
embodiment.

[0085] Figs. 11A through 11E collectively show a con-
dition of a production process of the array type ultrasonic
transducer according to the present embodiment. The
next description is of the production process for the array
type ultrasonic transducer according to the present in-
vention while referring to these drawings. Note that any
applicable drawing corresponding to the steps S1
through S3 among the following processes is omitted.

S1: First is to connect the electrode 10 of the piezo-
electric resonator 5 to the electrode surface of the
flexible printed circuit board 9 (whatis joined is called
a joined body).

S2: Next is to make the first acoustic matching layer
6 and second acoustic matching layer 7 join the
joined body, followed by placing the thusly obtained
layered body on the backing material by joining it
thereon.

S3: Next is to apply a dicing process to the layers of
the joined layered body constituted by the flexible
printed circuit board 9, piezoelectric resonator 5, first
acoustic matching layer 6 and second acoustic
matching layer 7. As a result of the dicing process,
a plurality of elements and the grooves 17 which are
generated by the dicing process in between the el-
ements are formed.

S4 : Next is to connect a common ground wire 12
for making, as a common electrode, the ground elec-
trodes of the piezoelectric transducer elements
formed by the dicing (refer to Fig. 11A).

S5: Following that is to apply a primer treatment to
the dicing grooves 17, in order to improve the adhe-
siveness to a resin precursor adhering in a later de-
scribed process. The primer treatment may be car-
ried out by dipping the above described joined lay-
ered body in a primer treatment fluid, for example,
followed by blowing it away by a spray gun or by
using another known method. As a result of the treat-
ment, the surface of the diced joined body is covered
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with a primer treatment film 18 (refer to Fig. 11B).
S6: Next, possibly forming a protective film using the
nano-coating film 19 (i.e., product name: x-protect
DS 3010, produced by NANO-X GmbH) in the case
of the second embodiment (refer to Fig. 11C). The
forming of the protective film 19 may be carried out
by dipping the diced joined layered body, followed
by blowing itaway by a spray gun, among other blow-
ing instruments, as in the same manner as forming
the primer treatment film 18 by the primer treatment,
or may be by using another known method. Follow-
ing the forming of the protective film 19, a primer
treatment is applied again for covering the surface
ofthe diced joined layered body with the primer treat-
ment film 18.

S7 : Next is to fix the primer-treated joined layered
body to a mold 21, followed by pouring a resin pre-
cursor, which covers parts of the acoustic lens,
groove filling, and external surface, and curing the
resin precursor (refer to Figs. 11D and 11E). The
resin precursor comprises a silicone elastomer pre-
cursor and a dilute solvent. A product named "ELAS-
TOSIL" produced by Wacker Asahikasei Silicone
Co., Ltd. is used as the silicone elastomer (i.e., the
silicone resin), while a product named "ISOPAR E"
(sold by Exxon Mobile Chemicals) is used as the
dilute solvent. The above described process forms
the acoustic lens / external cover 2.

[0086] Here, the resin precursor cures in two hours
under the condition of 55°C. In this event, added is a
dilute fluid (i.e., a solvent of an aromatic series) so that
the cured resin possesses an adequate degree of vis-
cosity. A use of the dilute fluid, however, leaves a residual
odor after the curing. A further post-curing treatment for
36 hours at 85°C is effective for eliminating the residual
odor.

[0087] Note that the silicone resin of the gradient ma-
terial may be formed in the S7 as described for the fourth
embodiment. In this case, pouring an acoustic lens pre-
cursor, which is dispersed with hollow particulates, into
the silicone resin, followed by turning it upside down by
the mold 21 per se (i.e., making in the state of Fig. 11D)
causes the hollow particulates to rise toward the deeper
part of the groove by the effect of specific gravity.
[0088] Also, in order to accomplish the third embodi-
ment, the process of S7 may be followed by further form-
ing a nano-coating film layer on the surface of the acous-
tic lens / external cover 2, thereby making it as the third
embodiment.

[0089] As described above, covering the above con-
figured structure body with the acoustic lens / external
cover 2 makes it possible to produce the array type ul-
trasonic transducer according to the present invention.
[0090] Note that the first through sixth embodiment
may be combined in any manner depending on the use.
Also note that, while the first through seventh embodi-
ments use two acoustic matching layers, (i.e., the first
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and second acoustic matching layers), there may be one
or two or more acoustic matching layers, for example, in
lieu of being limited by the embodiments.

[0091] As described thus far, a use of the present in-
vention enables the integrated forming of the acoustic
lens material and groove filling materials by using the
same material, thus eliminating a use of a specific adhe-
sive. This accordingly makes it possible to prevent a var-
iation in characteristic of an ultrasonic wave by an ex-
cessive amount of adhesive otherwise flowing unevenly
in between elements. It also makes it possible to prevent
a crosstalk and improve the mechanical strength so as
to prevent an element from leaning over.

Claims

1. Anultrasonic transducer comprising an resonator el-
ement, which includes a piezoelectric resonator os-
cillating to cause the emission of an ultrasonic wave
and one or more acoustic matching layer(s), and an
acoustic lens, wherein
agap area between the adjacentresonator elements
is filled with the same constituent material as that of
the acoustic lens.

2. The ultrasonic transducer according to claim 1,
wherein
an outer surface of the ultrasonic transducer is cov-
ered with the same constituent material as that of
said acoustic lens.

3. The ultrasonic transducer according to claim 1,
wherein
a constituent material of said acoustic lens is a gra-
dient material.

4. The ultrasonic transducer according to claim 3,
wherein
said gradient material is one dispersing inorganic
fine particulate powder in a silicone resin with afilling
density of the inorganic fine particulate powder be-
coming lower with the direction from an oscillation
generation surface of said piezoelectric element to
the bordering surface between said acoustic lens
and acoustic matching layer.

5. The ultrasonic transducer according to claim 4,
wherein
said inorganic fine particulate powder includes at
least one of tungsten, tungsten oxide, aluminum ox-
ide and zirconium oxide.

6. The ultrasonic transducer according to claim 3,
wherein
particulates, each of which possesses a hollow struc-
ture and a smaller specific gravity than a silicone
resin, are dispersed in the silicone resin for said gra-
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dient material with a filling density of the inorganic
fine particulate powder decreasing with the direction
from an oscillation generation surface of said piezo-
electric element to the bordering surface between
said acoustic lens and acoustic matching layer.

The ultrasonic transducer according to claim 6,
wherein
said particulate is constituted of a glass material.

The ultrasonic transducer according to claim 6,
wherein
said particulate is constituted of a polymer material.

The ultrasonic transducer according to claim 2, mak-
ing

a thin film layer having a corrosion resistance prop-
erty or humidity resistance property intervene be-
tween a surface where a material, which forms said
acoustic lens and fills between said oscillation ele-
ments, and the oscillation element contacts with
each other.

The ultrasonic transducer according to claim 9,
wherein

said thin film layer includes a nano-coating layer con-
taining an inorganic compound component.

The ultrasonic transducer according to claim 10,
wherein

said inorganic compound component includes at
least either one of silicone, titanium, or zirconium.

The ultrasonic transducer according to claim 2, mak-
ing

a thin film layer having a corrosion resistance prop-
erty or humidity resistance property exist on a cov-
ered surface of said ultrasonic transducer which is
covered with the same constituent material as that
of said acoustic lens.

The ultrasonic transducer according to claim 12,
wherein

said thin film layer includes a nano-coating film con-
taining an inorganic compound component.

The ultrasonic transducer according to claim 13,
wherein

said nano-coating film contains at least either one of
silicone oxide, titanium oxide, or zirconium oxide.

The ultrasonic transducer according to claim 14,
forming

a silver nano-coating film on a surface of said thin
film layer.

A production method for an array type ultrasonic
transducer, comprising:
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a junction process for joining an electrode sur-
face of a flexible board to a piezoelectric reso-
nator so as to connect an electrode of the pie-
zoelectric resonator to the electrode surface of
the flexible board,;

an acoustic matching layer junction process for
joining one or more acoustic matching layers to
a joined body joined by the junction process;

a backing material junction process for joining a
layered body generated by the acoustic match-
ing layer junction process onto a backing mate-
rial retaining the layered body;

a dicing process for applying a dicing process
to the layered body;

a ground wire connection process for connect-
ing a common ground wire for making a ground
side of a piezoelectric resonator element formed
by the dicing process a common potential;

a primer treatment process for applying a primer
treatment to a groove formed by the dicing proc-
ess; and

a resin precursor curing process for fixing the
layered body obtained as a result of the primer
treatment process to a preconfigured mold;
making a resin precursor, which becomes cov-
ered parts of an acoustic lens, of a filling material
for the groove and of an outside of the layered
body, contact with the part applied by the primer
treatment, and curing the resin precursor.

The production method for an array type ultrasonic
transducer according to claim 16, further comprising:

a nano-coating film layer forming process for
forming a nano-coating film layer for the part ap-
plied by the primer treatment after the primer
treatment process.

The production method for an array type ultrasonic
transducer according to claim 16, further comprising:

a nano-coating film layer forming process for
forming a nano-coating film layer on the cured
resin precursor after the resin precursor curing
process.

The production method for an array type ultrasonic
transducer according to claim 16, wherein

said resin precursor contains a silicone elastomer
precursor and a dilute solvent .

A production method for an array type ultrasonic
transducer, comprising:

an transducer elementforming process for form-
ing an transducer element including a piezoe-
lectric resonator for emitting an ultrasonic wave
and one or more acoustic matching layers; and
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aresin precursor curing process for curing ares-
in precursor by fixing a layered body, which is
obtained by the transducer element forming
process, to a preconfigured mold and making
the layered body contact with the resin precursor
which covers parts of an acoustic lens, of afilling
material in between the resonator elements, and
of an outside of the layered body.

An ultrasonic wave endoscope apparatus compris-
ing the array type ultrasonic transducer according to
claim 1.

An ultrasonic wave endoscope apparatus compris-
ing an array type ultrasonic transducer produced by
the production method according to claim 16.
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